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INTRODUCTION
Tuberculosis (TB) is the most powerful communicable bacterial diseases 
caused by Mycobacterium tuberculosis.1,2 It has a good impact on the 
history of infection on humankind and was called “Captain Among 
These Men of Death” in 18th and 19th century. It was declared as “Global 
Public Health Emergency” by WHO.3,4 Highest total number of TB cases 
worldwide in 2010 was reported in India, in part due to poor disease 
management within the public and private health care sector. Programs 
such as the Revised National Tuberculosis Control Program are working 
to reduce TB levels among people receiving public health care.5 The 
increase in the numbers of death cases were based upon the decrease 
in the efficacy of first four line drugs and increase in resistance to at 
least isoniazid and rifampicin which was called Multidrug Resistance 
tuberculosis (MDR-TB). 
As a consequence of multiple mutations in specific resistant-associated 
genes of Mycobacterium tuberculosis (inhA,katG, rpoB, gyrA, rrs, tlyA 
and eis), extensively drug-resistant (XDR) TB has arisen.6 It was shown 
that treatment of XDR-TB by using isoniazid and rifampicin plus a 
fluoroquinolone derivative and amikacin, kanamycin or capreomycin 
is ineffectual. In view of the frequency and emergence of MDR and 
XDR tuberculosis and consequences of acquired resistance to clinically 
employed drugs, researchers have persisted in performing synthesis 
and anti-tuberculosis evaluation of novel compounds bearing various 
chemical entities.

Pyrazoline (Dihydropyrazole) is a heterocyclic scaffold of interest to a 
synthetic chemist, as it has a broad spectrum of pharmacological activity 
and its ease of synthesis. Pyrazolines possess a sundry of activities 
including antimicrobial,7 anti-diabetic,8 antitumor,9 antiarrythmic,10 
anti-inflammatory,11 analgesic,12 anti-malaria,13 anti-oxidant,14 CNS 
activity,15 carbonic anhydrase inhibition,16 as glycogen synthase kinase 
(GSK) inhibitors,17 cyclin dependent kinase (CDK) inhibitors,18 epidermal 
growth factor receptor (EGFR) inhibitors,19 dual src/Ab1 kinase 
inhibitors.20 Considering the findings above and in continuation of our 
efforts for the development of anti-tubercular agents, we undertook the 
design and synthesis of some novel prototypes which possess advantage 
of the two pharmacophores of pyrazolines and benzo[d]oxazole in single 
molecular backbone

MATERIALS AND METHODS
The organic solvents such as methanol, ethanol, acetone, chloroform,  
n-hexane and ethyl acetate were of spectral grade and used as such without  
further purification. Some of the solvents were purchased from the local 
distributors of S.D. Fine Chem. Ltd., Mumbai, India.
All the chemicals used in the synthesis were obtained from standard 
commercial sources. 4-fluoro-3-methyl-acetophenone was purchased 
from Avra chemicals. Reactions were monitored by TLC using silica 
gel-G (Merck grade) as the adsorbent and the solvent systems are 
indicated at appropriate places. Silica gel (100-200 mesh, Merck grade) 
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ABSTRACT
A new series of 2-(benzo[d]oxazol-2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-
(substituted aryl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6a-6j) were designed 
and synthesized from the intermediate chalcones (1a-1j). The synthesized 
compounds were characterized by FT-IR, 1H-NMR, Mass spectroscopy and 
bases of elemental analysis. The agar dilution method (In vitro M. tuberculosis 
method) was employed for anti-tubercular screening. From the study, it was 
revealed that compounds 6b and 6h showed increased potency. In phenyl 
ring attached to 4,5-dihydropyrazole ring presence of electron donating 
substituent like dimethylamino, hydroxy and methoxy moiety mightbe 
responsible for the powerful anti-mycobacterial activity displayed by 
derivatives 6b and 6h. Further docking studies were performed to predict 
the interactions of the target compounds 6a-6j within the Mycobacterium 
tuberculosis enoyl reductase enzyme by their scores and mode of binding 
to amino acids. In addition, drug-likeness score and molecular properties 
responsible for a good pharmacokinetic profile were calculated by Osiris 

property explorer and Molinspiration online toolkit, respectively. From the 
results, it was revealed that the synthesized compounds with electron 
releasing groups showed the most potent activity compared to that of 
standard drug.
Key words: Anti-tubercular activity, Benzo[d]oxazole-2-thiol, Chalcones, 
Docking studies, Pyrazolines.
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has been used for column chromatography. Each fraction of 100 ml 
was collected. The separations of the compounds were checked on TLC 
under UV lamp and also by spraying the plates with 10 % sulphuric acid.
All the melting points were determined in open capillaries, using Boitus 
digital melting point apparatus, expressed in ºC and are uncorrected. 
The 1H NMR spectra of the compounds were recorded on Bruker Ultra 
Shield (400 MHz) NMR spectrometer in CDCl3 using tetramethylsilane 
[(CH3)4Si] as the internal standard. Chemical shift (δ) are expressed  
in ppm.
The Mass spectra were obtained on a JEOL-SX-102 instrument using  
electron impact ionization. All the IR spectra were recorded in KBr  
pellets on a Jasco FT-IR 410 spectrometer. Elemental analyses were  
performed on a Perkine Elmer model 240c analyzer and were within 
±0.4% of the theoretical values.

Experimental
Preparation of (E)-3-(substituted phenyl)-1-(4-fluoro-3-
methylphenyl)prop-2-en-1-one (3a-3j) 
The key intermediates (E)-3-(substituted phenyl)-1-(4-fluoro-3-
methylphenyl)prop-2-en-1-one (3a-3j) were prepared according to 
the reported  literature.21 The starting material 4-fluoro-3-methyl 
acetophenone (2.5 mmol) was treated with aromatic aldehydes (2.5 
mmol) in presence of catalytic amount of lithium hydroxide. Ethanol 
(20ml) was used as a solvent. The reaction mixture was kept for constant 
stirring using a multistage magnetic stirrer at room temperature until the 
solution turns turbid. The reaction was monitored by TLC (n-hexane: 
acetone - 7:3). Then the reaction mixture was poured into crushed ice and 
neutralized with the help of dil. HCl. The precipitate was filtered under 
vacuum, washed with cold ethanol and distilled water. The obtained 
chalcones were purified by recrystalization and column chromatography.

(E)-1-(4-fluoro-3-methylphenyl)-3-(thiophen-2-yl)prop-2-en-1-one (3a)
Greenish yellow crystals (EtOH), Yield = 81%; mp 101-103°C. FT-IR  
(KBr) cm-1: 1657 (C=O, Chalcone), 1585 (C=C), 1149 (C-F), 2949  
(C-CH3), 1HNMR(400 MHz, CDCl3, δ ppm): 2.358(s, 3H, CH3), 7.430  
(d, 1H, α-H), 7.921 (d, 1H, β-H), 7.42 (s, 1H, Ar-H), 7.32 (d, 1H, Ar-H),  
7.848 (d, 1H, Ar-H), 7.86 (d, 1H, Ar-H), 7.433 (d, 1H, Ar-H), 7.972  
(s, 1H, Ar-H). MS (EI) m/z: 247 (M+). Anal. Calcd for C14H11FOS: C, 68.27;  
H, 4.50; F, 7.71; O, 6.50; S, 13.02.

(E)-1-(4-fluoro-3-methylphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-
1-one (3b)
Lemon yellow crystals (EtOH), Yield = 86%; mp 95-97ºC. FT-IR (KBr)  
cm-1: 1651 (C=O, Chalcone), 1585(C=C), 1244 (C-O-CH3), 2924  
(C-CH3), 1122 (C-F). 1HNMR(400 MHz, CDCl3, δ ppm): 2.38(s, 3H, 
-CH3), 3.952 (d, 9H, -OCH3), 7.758 (d, 1H, α-H), 7.926 (d, 1H, β-H),  
7.719 (s, 1H, Ar-H), 7.14(d, 1H, Ar-H), 6.889 (d, 1H, Ar-H), 7.12(s, 1H,  
Ar-H), 7.28(s, 1H, Ar-H). MS (EI) m/z: 331 (M+). Anal. Calcd for 
C19H19FO4: C, 69.08; H, 80; F, 5.75; O, 19.37.

(E)-3-(2-bromophenyl)-1-(4-fluoro-3-methylphenyl) prop-2-en-1-one (3c) 
Yellow crystals (EtOH), Yield = 76%; mp 100-102ºC. FT-IR (KBr) cm-1:  
1658 (C=O, Chalcone), 1588(C=C), 2924 (C-CH3), 1153(C-F), 752,9  
(C-Br). 1HNMR(400 MHz, CDCl3, δ ppm): 2.384 (s, 3H, -CH3), 7.374  
(d, 1H, α-H), 8.155 (d, 1H, β-H), 7.119-7.93 (d, 7H, Ar-H). MS (EI) m/z: 
319 (M+). Anal. Calcd for C16H12BrFO: C, 60.21; H, 3.79; F, 5.95; O, 5.01; 
Br, 25.04.

(E)-1-(4-fluoro-3-methylphenyl)-3-(2-nitrophenyl)prop-2-en-1-on (3d)
Orange crystals (EtOH), Yield = 77%; mp 94-96ºC. FT-IR (KBr) cm-1:  
1674 (C=O, Chalcone), 1513(C=C), 2878 (C-CH3), 1292 (C-F), 1341  

(C-NO2). 1HNMR(400 MHz, CDCl3, δ ppm): 2.39 (s, 3H, CH3), 7.86  
(d, 1H, α-H), 8.09 (d, 1H, β-H), 7.585 (s, 1H, Ar-H), 7.173 (d, 1H, Ar-H),  
7.71 (d, 1H, Ar-H) 8.15 (s, 1H, Ar-H), 8.112 (d, 1H, Ar-H), 7.582 (d, 1H,  
Ar-H), 7.928 (d, Ar-H). MS (EI) m/z: 284 (M+). Anal. Calcd for C16H12FNO3:  
C, 67.36; H, 4.24; F, 6.66; N, 4.91;O,16.83. 

(E)-3-(4-bromophenyl)-1-(4-fluoro-3-methylphenyl) prop-2-en-1-one (3e) 
Yellow crystals (EtOH), Yield = 76%; mp 100-102ºC. FT-IR (KBr) cm-1:  
1645 (C=O, Chalcone), 1593(C=C), 2941 (C-CH3), 1103(C-F), 759  
(C-Br). 1HNMR(400 MHz, CDCl3, δ ppm): 2.371 (s, 3H, -CH3), 7.342  
(d, 1H, α-H), 8.015 (d, 1H, β-H), 7.109-7.92 (d, 7H, Ar-H). MS (EI) m/z: 
319 (M+). Anal. Calcd for C16H12BrFO: C, 60.21; H, 3.79; F, 5.95; O, 5.01; 
Br, 25.04.

(E)-3-(3,4-dimethoxyphenyl)-1-(4-fluoro-3-methylphenyl) prop-2-en-1-
one (3f)
Lemon yellow crystals (EtOH), Yield = 81%; mp 85-87ºC. FT-IR (KBr)
cm-1: 1656 (C=O, Chalcone), 1583(C=C), 2930 (C-CH3), 1254(C-F), 
1142 (C-OCH3). 1HNMR(400 MHz, CDCl3, δ ppm): 2.35 (s, 3H, CH3), 
3.936 (d, 6H, -OCH3), 7.739 (d, 1H, α-H), 7.905 (d, 1H, β-H), 7.38 (s, 1H, 
Ar-H), 7.25 (d, 1H, Ar-H), 7.864 (d, 1H, Ar-H), 7.23 (s, 1H, Ar-H), 7.080 
(d, 1H, Ar-H), 6.913 (d, 1H, Ar-H). MS (EI) m/z: 301 (M+). Anal. Calcd 
for C18H17FO3: C, 71.99; H, 5.71; F, 6.33; O, 15.98.

(E)-3-(4-chlorophenyl)-1-(4-fluoro-3-methylphenyl) prop-2-en-1-one 
(3g) 
Lemon yellow crystals (EtOH), Yield = 77%; mp 101-103ºC. FT-IR (KBr) 
cm-1: 1663 (C=O, Chalcone), 1591(C=C), 2960 (C-CH3), 1243(C-F), 819  
(C-Cl). 1HNMR(400 MHz, CDCl3, δ ppm): 2,38 (s, 3H, CH3), 7,591  
(d, 1H, α-H), 7,93 (d, 1H, β-H), 7,58 (s, 1H, Ar-H), 7,433 (d, 1H, Ar-H), 
7,61 (d, 1H, Ar-H), 7,60 (s, 1H, Ar-H), 7,75 (d, 1H, Ar-H), 7,47 (d, 1H, 
Ar-H). MS (EI) m/z: 275 (M+). Anal. Calcd for C16H12ClFO: C, 69.95; H, 
4.40; Cl, 12.91; F, 6.92; O, 5.82.

(E)-3-(4-(dimethylamino)phenyl)-1-(4-fluoro-3-methylphenyl)prop-2-
en-1-one (3h)
Bright red crystals (EtOH), Yield = 83%; mp 93-95ºC. FT-IR (KBr) cm-1: 1651  
(C=O, Chalcone), 1593(C=C), 2923 (C-CH3), 1243(C-F). 1HNMR(400 MHz,  
CDCl3, δ ppm): 2.37 (s, 3H, CH3), 3.06 (s, 6H, N(CH3), 7.913 (d, 1H, 
α-H), 7.577 (d, 1H, β-H), 7.34 (s, 1H, Ar-H), 7.03 (d, 1H, Ar-H), 7.849 
(d, 1H, Ar-H), 7.78 (s, 2H, Ar-H), 6.734 (d, 2H, Ar-H). MS (EI) m/z: 284 
(M+). Anal. Calcd for C18H18FNO: C, 76.30; H, 6.40; F, 6.71; O, 5.65; N, 
4.94.

(E)-1-(4-fluoro-3-methylphenyl)-3-(4-hydroxy-3-methoxy-5-nitrophenyl)
prop-2-en-1-one. (3i) 
Pale yellow crystals (EtOH), Yield = 78%; mp 91-93ºC. FT-IR (KBr) cm-1:  
1684 (C=O, Chalcone), 1546(C=C), 2944 (C-CH3), 1103(C-F), 1230  
(C-OCH3), 1366 (NO2), 3200 (OH). 1HNMR(400 MHz, CDCl3, δ ppm) 
CH3: 2.186 (s, 3H, CH3), 1.727 (s, 1H, OH) 4.043 (s, 3H, -OCH3), 7.664 
(d, 1H, α-H), 8.245 (d, 1H, β-H), 7.285-8.245(m, 5H, Ar-H). MS (EI) 
m/z: 331,09 (M+). Anal. Calcd for C17H14NO5: C, 61.63; H, 4.26; F, 5.73; 
N, 4.23; O, 24.15.

(E)-3-(5-bromo-2-hydroxy-3-methoxyphenyl)-1-(4-fluoro-3-
methylphenyl)prop-2-en-1-one (3j)
Orange crystals (EtOH), Yield = 69%; mp 93-95ºC, FT-IR (KBr) cm-1: 
1656 (C=O, Chalcone), 1581(C=C), 2923 (C-CH3), 1195 (C-F), C-OH 
(3243), C-OCH3 (1255), C-Br (705): 1HNMR(400 MHz, CDCl3, δ ppm): 
1,617 (s, 3H, CH3), 7,34 (d, 1H, α-H), 9,879 (s, 1H, β-H), 7,203 (d, 5H, 
Ar-H), 7,285(s, 1H, OH), 3,943(s, 3H, C-OCH3): MS (EI) m/z: 365 (M+): 
Anal. Calcd for C17H14FBrO3: C, 55.91; H, 3.83; Br, 21.88; F, 5.20; O, 13.14.
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Preparation of 3-(3-chloro-4-fluorophenyl)-5-(substituted phenyl)-4,5-
dihydro-1H-pyrazole (4a-4j)
The previously synthesized (E)-3-(substituted phenyl)-1-(4-fluoro-3-
methyl phenyl) prop-2-en-1-one (2.5mmol) was refluxed with hydrazine  
hydride (5mmol) upto 6 to 8h in presence of 20ml of glacial acetic acid.22  
Further, the reaction was monitored by TLC and the solvent was 
evaporated in vacuum. The crushed ice was added to the residue while 
mixing thoroughly after completion of the reaction. The precipitate 
formed was filtered under vacuum. The crude products were recrystallized 
from a suitable solvent to yield the analytically pure product.

3-(4-fluoro-3-methylphenyl)-5-(thiophen-2-yl)-4,5-dihydro-1H-pyrazole. 
(4a)
Dark greenish crystals (MeOH), Yield = 70%; mp 94 – 96ºC. FT-IR (KBr) 
cm-1: 1008 (C-F), 2941 (C-CH3 Str), 1590 (C=N), 1463 (CH2 bend), 3657  
(Ar-CH). 1HNMR(400 MHz, CDCl3, δ ppm) 2.332 (s, 3H, CH3), 1.213-
1.304 (d, 2H, C4-H Pyrazoline), 3.491 (t, 1H, C5-H pyrazoline), 4.928  
(d, 1H, NH), 6.87 – 7.38 (6H, Ar-H). MS (EI) m/z: 260 (M+): Anal. Calcd  
for C14H13FN2S: C, 71.40; H, 5.09; N, 8.33. Found: C, 71.25; H, 4.97;  
N, 8.24.

3-(4-fluoro-3-methylphenyl)-5-(3,4,5-trimethoxyphenyl)-4,5-dihydro-
1H-pyrazole (4b)
Reddish crystals (MeOH), Yield = 62%; mp 102 – 104ºC. FT-IR (KBr) 
cm-1: 992 (C-F), 2924 (C-CH3 Str), 1561 (C=N), 1468 (CH2 bend), 3481 
(Ar-CH), 1132 (O-CH3). 1HNMR(400 MHz, CDCl3, δ ppm) 2.219 (s, 3H,  
CH3), 1.246-1.251 (d, 2H, C4-H Pyrazoline), 4.081 (t, 1H, C5-H Pyrazoline),  
3.813, 3.663, 3.522 (s, 9H, O-CH3), 5.126 (d, 1H, NH), 6.75-7.72  
(5H, Ar-H). MS (EI) m/z: 344 (M+). Anal. Calcd for C19H21FN2O3:  
C, 66.27; H, 6.15; N, 8.13. Found: C, 65.86; H, 6.07; N, 8.04.

5-(2-bromophenyl)-3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-
pyrazole (4c) 
Reddish brown colour crystals (MeOH), Yield = 64%; mp 98 - 100ºC. 
FT-IR (KBr) cm-1: 1013 (C-F), 2944 (C-CH3 Str), 1564 (C=N), 1355 (CH2 
bend), 3425 (Ar-CH), 771 (C-Br). 1HNMR(400 MHz, CDCl3, δ ppm)  
2.311 (s, 3H, CH3), 1.610-1.241 (d, 2H, C4-H Pyrazoline), 3.911-3.938  
(t, 1H, C5-H Pyrazoline), 4.843 (d, 1H, NH), 7.08-7.68 (7H, Ar-H). MS  
(EI) m/z: 332 (M+). Anal. Calcd for C16H14BrFN2: C, 57.68; H, 4.24;  
N, 8.41. Found: C, 57.62; H, 4.01; N, 8.31

3-(4-fluoro-3-methylphenyl)-5-(2-nitrophenyl)-4,5-dihydro-1H-pyrazole 
(4d) 
Red crystals (MeOH), Yield = 70%; mp 89 - 91ºC. FT-IR (KBr) cm-1:  
1081 (C-F), 2926 (C-CH3 Str), 1574 (C=N), 1352 (CH2 bend), 3309 (Ar-CH),  
1527 and 1495 (C-NO2, Str). 1HNMR(400 MHz, CDCl3, δ ppm) 2.335  
(s, 3H, CH3), 1.625 (d, 2H, C4-H Pyrazoline), 4.059 (t, 1H, C5-H  
Pyrazoline), 5.213 (d, 1H, NH), 6.92-7.72 (7H, Ar-H). MS (EI) m/z: 299 
(M+). Anal. Calcd for C16H14FN3O2: C, 64.21; H, 4.71; N, 14.04. Found: 
C, 64.18; H, 4.64; N, 14.01

5-(4-bromophenyl)-3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-
pyrazole (4e) 
Maroon colour crystals (MeOH), Yield = 68%; mp 104 - 106ºC. FT-IR 
(KBr) cm-1: 1171 (C-F), 2941 (C-CH3 Str), 1583 (C=N), 1391 (CH2 
bend), 3321 (Ar-CH), 776 (C-Br). 1HNMR(400 MHz, CDCl3, δ ppm)  
2.333 (s, 3H, CH3), 1.610-1.243 (d, 2H, C4-H Pyrazoline), 3.981-3.938  
(t, 1H, C5-H Pyrazoline), 5.016 (d, 1H, NH), 6.921-7.867 (7H, Ar-H). MS  
(EI) m/z: 333 (M+). Anal. Calcd for C16H14BrFN2: C, 57.68; H, 4.24;  
N, 8.41. Found C, 57.57; H, 4.16; N, 8.35. 

5-(3,4-dimethoxyphenyl)-3-(4-fluoro-3-methylphenyl)-l-4,5-dihydro-1H-
pyrazole (4f)
Yellowish crystals (MeOH), Yield = 70%; mp 84 - 86ºC. FT-IR (KBr) 
cm-1 :1057 (C-F), 2981 (C-CH3 Str), 1531 (C=N), 1383 (CH2 bend), 3434 
(Ar-CH), 1030 (O-CH3). 1HNMR(400 MHz, CDCl3, δ ppm) 2.244 (s, 3H,  
CH3), 3.944 (d, 6H, OCH3), 1.551 (d, 2H, C4-H Pyrazoline), 2.396  
(t, 1H, C5-H Pyrazoline), 4.964 (d, 1H, NH), 6.87-7.76 (6H, Ar-H).  
MS (EI) m/z: 314 (M+). Anal. Calcd for C18H19FN2O2: C, 68.77; H, 6.09; 
N, 8.91. Found: C, 68.72; H, 5.99; N, 8.84 

5-(4-chlorophenyl)-3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-
pyrazole (4g)
Orange crystals (MeOH), Yield = 68%; mp 100 - 102ºC. FT-IR (KBr) cm-1 :  
1070 (C-F), 2924 (C-CH3 Str), 1542 (C=N), 1436 (CH2 bend), 3361 (Ar-CH). 
1HNMR(400 MHz, CDCl3, δ ppm) 2.905 (s, 3H, CH3), 2.44-2.680 (d, 2H, 
C4-H Pyrazoline), 4.41-4.52 (t, 1H, C5-H Pyrazoline), 5.121 (d, 1H, NH), 
7.31-8.01 (7H, Ar-H). MS (EI) m/z: 288 (M+), 290 (M+2): Anal. Calcd for 
C16H14ClFN2: C, 66.55; H, 4.89; N, 9.70. Found: C, 66.52; H, 4.81; N, 9.61

4-(3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-pyrazol-5-yl)-N,N-di-
methylaniline (4h)
Orange red crystals (MeOH), Yield = 72%; mp 89 - 91ºC, FT-IR (KBr) 
cm-1 :1024 (C-F), 2966 and 1357 (C-CH3 Str), 1684 (C=N), 1609 and 1472  
(C=C), 1392 (CH2 bend), 3060 (Ar-CH). 1HNMR(400 MHz, CDCl3,  
δ ppm) 2.38 (s, 3H, CH3), 3.15 (s, 6H, N-CH3), 1.70-1.85 (d, 2H, C4-H  
Pyrazoline), 3.61-3.84 (t, 1H, C5-H Pyrazoline), 4.861 (d, 1H, NH), 6.71-
7.72 (m, 7H, Ar-H). MS (EI) m/z: 297 (M+). Anal. Calcd for C18H20FN3: 
C, 72.70; H, 6.78; F, 6.39; N, 14.13. Found C, 72.64; H, 6.28; N, 14.06.

4-(3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-pyrazol-5-yl)-2-
methoxy-6-nitrophenol (4i) 
Orange crystals (MeOH), Yield = 70%; mp 93-95ºC. FT-IR (KBr) cm-1: 
1108 (C-F), 2921 and 1299 (C-CH3 Str), 1651 (C=N), 1374 (CH2 bend), 
1017 (OCH3), 3116 (Ar-CH), 3317(OH), 1554 and 1374 (C-NO2, Str). 
1HNMR(400 MHz, CDCl3, δ ppm) 2.365 (s, 3H, CH3), 1.684-1.80 (d, 2H, 
C4-H Pyrazoline), 4.42-4.58 (t, 1H, C5-H Pyrazoline), 3.39(s, 3H, OCH3), 
5.27 (s, 1H, NH), 7.19-7.91 (5H, Ar-H). MS (EI) m/z: 346 (M+). Anal. 
Calcd for C17H16FN3O4: C, 59.13; H, 4.67; N, 12.17. Found: C, 59.03; H, 
4.56; N, 12.09

3-bromo-2-(3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-pyrazol-5-yl)-
6-methoxyphenol (4j)
Greenish crystals (MeOH), Yield = 70%; mp 102 - 104ºC. FT-IR (KBr) 
cm-1 :991 (C-F), 2882 (C-CH3 Str), 1512 (C=N), 1464 (CH2 bend), 3212 
(Ar-CH). 1HNMR(400 MHz, CDCl3, δ ppm) 2.09 (s, 3H, CH3), 1.41-1.90  
(d, 2H, C4-H Pyrazoline), 4.55-4.71 (t, 1H, C5-H Pyrazoline), 3.412  
(s, 3H, O-CH3), 5.102 (d, 1H, NH), 5.87 (s, 1H, OH), 6.84-7.94 (5H, Ar-H).  
MS (EI) m/z: 378 (M+). Anal. Calcd for C17H16BrFN2O2: C, 53.84; H,  
4.25; N, 7.39; Found: C, 53.76; H, 4.18; N, 7.31

Preparation of 2-(benzo [d] oxazol-2-ylthio) - 1 - (3- 
(4-fluoro-3-methyl phenyl) -5-(substituted phenyl)-4,5-
dihydro-1H-pyrazol-1-yl)ethanone (6a-6j)
3,5-Diaryl-2-pyrazoline (4a-4j) (2mmol) and triethylamine (2mmol)  
were added to acetone (30 mL) and dissolved with constant stirring.  
Later, the mixture was cooled in an ice bath and chloroacetylchloride 
(0.02 mol) was added drop wise with constant stirring. The reaction 
mixture thus obtained was further agitated for 1 h at room temperature. 
Benzo[d]oxazole-2-thiol (0.01 mol) and K2CO3 (0.01 mol) was added to 
the reaction mixture and refluxed for 8 h.23 The reaction was monitored 
using TLC. After completion of the reaction, the reaction mixture was 
cooled and the solution was evaporated until dryness. The residue was 
washed with water and recrystallized from ethanol.
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2-(benzo[d]oxazol-2-ylthio)-1-(5-(4-chlorophenyl)-3-(4-fluoro-3-
methylphenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6g)
Yield = 78 %, m.p. 233-235°C. IR (KBr) cm-1: 3091 (Ar-CH), 2946 (CH3-CH), 
1781 (C=O), 1621 (C=N), 1608 (C=C), 1161 (C-F), 1026 (C-O-C) and  
684 (C-Cl). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.04-8.12 (m, 11H,  
Ar-CH), 4.68-5.06 (t, 1H, C5-H of pyrazole), 4.30 (s, 2H, SCH2CO), 2.12 
(s, 3H, CH3), 1.57-1.92 (d, 2H, C4-H of pyrazole). EI-MS m/z: 525 (M+2), 
523 (M+). Anal. Calcd for C25H19ClFN3O2S: C, 62.56; H, 3.99; N, 8.76. 
Found: C, 62.45; H, 3.87; N, 8.67

1-(5-(4-dimethylaminophenyl)-3-(4-fluoro-3-methylphenyl)-4,5-
dihydropyrazol-1-yl)-2-(benzo[d]oxazol-2-ylthio)ethanone (6h)
Yield = 71 %, m.p. 226-228°C. IR (KBr) cm-1: 3351 and 3220 (NH2), 3044 
(Ar-CH), 2934 (CH3-CH), 1731 (C=O), 1664 (C=N), 1625 (C=C), 1228 
(C-F) and 1045 (C-O-C). 1H-NMR (CDCl3, 400 MHz) δ ppm: 6.80-7.51 
(m, 11H, Ar-CH), 4.99-5.20 (t, 1H, C5-H of pyrazole), 4.17 (s, 2H, NH2), 
3.82 (s, 2H, SCH2CO), 3.11 (s, 6H, N-CH3), 2.17 (s, 3H, CH3), 1.68-
1.85 (d, 2H, C4-H of pyrazole). EI-MS m/z: 460 (M+). Anal. Calcd for 
C25H21FN4O2S: C, 65.20; H, 4.60; N, 12.17. Found: C, 65.12; H, 4.55; N, 
12.10

2-(benzo[d]oxazol-2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-(4-
hydroxy-3-methoxy-5-nitro phenyl)-4,5-dihydro-1H-pyrazol-1-yl)
ethanone (6i)
Yield = 73 %, m.p. 233-235°C. IR (KBr) cm-1: 3467 (OH), 3032 (Ar-CH), 
2952 (CH3-CH), 1739 (C=O), 1636 (C=N), 1627 (C=C), 1545 and 1352 
(NO2), 1234 (C-F) and 1031 (C-O-C). 1H-NMR (CDCl3, 400 MHz) δ 
ppm: 7.23-8.19 (m, 9H, Ar-CH), 5.46 (s, 1H, OH), 4.82-5.11 (t, 1H, C5-H 
of pyrazole), 4.09 (s, 2H, SCH2CO), 3.50 (s, 3H, OCH3), 2.52 (s, 3H, 
CH3), 1.89-2.04 (d, 2H, C4-H of pyrazole). EI-MS m/z: 536 (M+). Anal. 
Calcd for C26H21FN4O6S: C, 58.20; H, 3.95; N, 10.44. Found: C, 58.11; H, 
3.85; N, 10.36.

2-(benzo[d]oxazol-2-ylthio)-1-(5-(6-bromo-2-hydroxy-3-
methoxyphenyl)-3-(4-fluoro-3-methyl phenyl)-4,5-dihydro-1H-pyrazol-
1-yl)ethanone (6j)
Yield = 77 %, m.p. 263-265°C. IR (KBr) cm-1: 3429 (OH), 3027 (Ar-CH), 
2949 (CH3-CH), 1715 (C=O), 1640 (C=N), 1601 (C=C), 1242 (C-F) 1027 
(C-O-C) and 629 (C-Br). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.18-8.35 
(m, 9H, Ar-CH), 5.41 (s, 1H, OH), 4.83-5.06 (t, 1H, C5-H of pyrazole), 
4.06 (s, 2H, SCH2CO), 3.49 (s, 3H, OCH3), 2.14 (s, 3H, CH3), 1.73-1.98 
(d, 2H, C4-H of pyrazole). EI-MS m/z: 571 (M+2), 569 (M+). Anal. Calcd 
for C26H21BrFN3O4S: C, 54.74; H, 3.71; N, 7.37. Found: C, 54.57; H, 3.61; 
N, 7.25

Docking studies
To know the plausible mode of interactions of the target compounds 
6a-6j within the Mycobacterium tuberculosis enoyl reductase enzyme, 
docking studies24 were performed using the X-ray crystal structure 
of Mycobacterium tuberculosis enoyl reductase (INHA) complexed 
with reference inhibitor 1-cyclohexyl-n-(3,5-dichlorophenyl)-5-
oxopyrrolidine-3-carboxamide having resolution 1.62 Å obtained from 
Protein Data Bank (PDB ID: 4TZK). Docking studies were performed 
using Autodoc 4.2 software. Preparation of enzymes (Addition of polar 
hydrogens, addition of AD4 type atoms, removal of water molecules 
and heteroatoms) were done with Autodoc 4.2 software as per default 
settings. Binding site was determined using the previous knowledge 
of the original ligand’s interaction site. For the stimulation runs, each 
ligand was kept flexible, but the aminoacid residues of active site were 
kept rigid and default parameters values were taken.
The docking results reveals the energy associated with intermolecular 
interactions (affinity in kcal/mol) obtained upon computational docking 

2-(benzo[d]oxazol-2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-
(thiophen-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6a)
Yield = 76 %, m.p. 261-263°C. IR (KBr) cm-1: 3029 (Ar-CH), 2970  
(CH3-CH), 1732 (C=O), 1639 (C=N), 1608 (C=C), 1254 (C-F) and 1026 
(C-O-C). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.06-8.12 (m, 7H, Ar-CH), 
6.38-6.60 (m, 3H, CH of thiazole), 5.10-5.19 (t, 1H, C5-H of pyrazole),  
4.85 (s, 2H, SCH2CO), 2.93 (s, 3H, CH3), 1.98-2.07 (d, 2H, C4-H of  
pyrazole). EI-MS m/z: 451 (M+). Anal. Calcd for C23H18FN3O2S2:  
C, 61.18; H, 4.02; N, 9.31. Found: C, 61.07; H, 3.95; N, 9.12.

2-(benzo[d]oxazol-2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-(3,4,5-
trimethoxyphenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6b)
Yield = 74 %, m.p. 244-246°C. IR (KBr) cm-1: 3058 (Ar-CH), 2963  
(CH3-CH), 1710 (C=O), 1648 (C=N), 1612 (C=C), 1223 (C-F) and 1032  
(C-O-C). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.09-8.04 (m, 9H, Ar-CH), 
4.98-5.11 (t, 1H, C5-H of pyrazole), 4.36 (s, 2H, SCH2CO), 3.91 (s, 3H,  
OCH3), 3.65 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 2.12 (s, 3H, CH3), 1.58-1.80  
(d, 2H, C4-H of pyrazole). EI-MS m/z: 535 (M+). Anal. Calcd for 
C28H26FN3O5S: C, 62.79; H, 4.89; N, 7.85 Found: C, 62.68; H, 4.75; N, 
7.75.

2-(benzo[d]oxazol-2-ylthio)-1-(5-(2-bromophenyl)-3-(4-fluoro-3-
methylphenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6c)
Yield = 72 %, m.p. 234-236°C. IR (KBr) cm-1: 3095 (Ar-CH), 2961 (CH3-
CH), 1721 (C=O), 1649 (C=N), 1623 (C=C), 1229 (C-F), 1013 (C-O-C) 
and 623 (C-Br). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.09-8.05 (m, 11H, 
Ar-CH), 4.68-4.94 (t, 1H, C5-H of pyrazole), 4.73 (s, 2H, SCH2CO), 2.52 
(s, 3H, CH3), 1.69-1.94 (d, 2H, C4-H of pyrazole). EI-MS m/z: 525 (M+2), 
523 (M+). Anal. Calcd for C25H19BrFN3O2S: C, 57.26; H, 3.65; N, 8.01. 
Found: C, 57.14; H, 3.60; N, 7.93.

2-(benzo[d]oxazol-2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-(2-
nitrophenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6d)
Yield = 78 %, m.p. 256-258°C. IR (KBr) cm-1: 3039 (Ar-CH), 2937(CH3-CH), 
1757 (C=O), 1642 (C=N), 1619 (C=C), 1536 and 1340 (NO2), 1225 (C-F)  
and 1022 (C-O-C). 1H-NMR (CDCl3, 400 MHz) δ ppm: 6.91-7.99  
(m, 11H, Ar-CH), 4.67-4.90 (t, 1H, C5-H of pyrazole), 3.71 (s, 2H, SCH2CO),  
2.36 (s, 3H, CH3), 1.68-1.92 (d, 2H, C4-H of pyrazole). EI-MS m/z: 490 
(M+). Anal. Calcd for C25H19FN4O4S: C, 61.22; H, 3.90; N, 11.42. Found: 
C, 61.15; H, 3.81; N, 11.36.

2-(benzo[d]oxazol-2-ylthio)-1-(5-(4-bromophenyl)-3-(4-fluoro-3-
methylphenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (6e)
Yield = 76 %, m.p. 230-232°C. IR (KBr) cm-1: 3045 (Ar-CH), 2926 (CH3-CH),  
1738 (C=O), 1645 (C=N), 1628 (C=C), 1154 (C-F), 1021 (C-O-C) and  
684 (C-Br). 1H-NMR (CDCl3, 400 MHz) δ ppm: 7.04-8.12 (m, 11H,  
Ar-CH), 4.68-5.06 (t, 1H, C5-H of pyrazole), 4.30 (s, 2H, SCH2CO), 2.12 
(s, 3H, CH3), 1.57-1.92 (d, 2H, C4-H of pyrazole). EI-MS m/z: 525 (M+2), 
523 (M+). Anal. Calcd for C25H19BrFN3O2S: C, 57.26; H, 3.65; N, 8.01. 
Found: C, 57.16; H, 3.61; N, 7.92.

2-(benzo[d]oxazol-2-ylthio)-1-(5-(3,4-dimethoxyphenyl)-3-(4-fluoro-3-
methylphenyl)-4,5-dihydro -1H-pyrazol-1-yl)ethanone (6f)
Yield = 70 %, m.p. 239-241°C. IR (KBr) cm-1: 3066 (Ar-CH), 2915 (CH3-CH), 
1752 (C=O), 1679 (C=N), 1619 (C=C), 1204 (C-F) and 1010 (C-O-C). 
1H-NMR (CDCl3, 400 MHz) δ ppm: 7.14-8.09 (m, 9H, Ar-CH), 4.86-5.06 
(t, 1H, C5-H of pyrazole), 4.58 (s, 2H, SCH2CO), 3.61 (s, 3H, OCH3), 3.41 
(s, 3H, OCH3), 2.04 (s, 3H, CH3), 1.51-1.86 (d, 2H, C4-H of pyrazole). 
EI-MS m/z: 505 (M+). Anal. Calcd for C27H24FN3O4S: C, 64.14; H, 4.78; 
N, 8.31. Found: C, 64.06; H, 4.70; N, 8.21.
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for all compounds (6a-6j) within INHA active site and hydrogen bonding 
interactions between the amino acid residues and functional groups of 
compounds are summarized in Table 2.

Calculation of pharmacokinetic parameters
Molinspiration online property calculation toolkit and Osiris property 
explorer were used to check the pharmaceutical fidelity of the drug 
candidates. Molecular descriptors, such as number of hydrogen bond 
donors, the number of hydrogen bond acceptors, the molecular mass 
of the compounds, topological polar surface area (TPSA), number of 
rotatable bonds, were calculated using Molinspiration online property 
calcula-tion toolkit. Percentage of absorption (%ABS) was calculated by: 
%ABS =109-[0.345× TPSA] 

Calculation of toxicity potential
Osiris Property Explorer was used to analyze various attributes of the 
drugs, such as toxicity, drug-likeness, and drug score.

Biological Activity
Anti-tubercular activity
Anti-tubercular potency of title compounds were estimated by agar 
dilution method (In vitro M. tuberculosis method).25,26 Using OADC 
growth supplement in Middle brook 7H11 agar slants each test analogs 
were incorporated in 10 fold serial dilutions. M. tuberculosis H37RV 
inoculums were prepared using OADC growth supplement in fresh 
Middle brook 7H11 agar slants adjusted to 1 mg/ml in 0.05 % tween 
80 saline diluted to 10-2 (107 cfu/ml concentration approximately). 
In 7H11 agar tubes per ml 10 fold serial dilutions of test analogs 5 µl 

Scheme 1: Synthesis of Pyrazoline derivatives (6a-6j).
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bacterial suspension was added. At 37°C incubated the tubes and after 
28 days final readings were measured. Results obtained on test tubes 
(Test analog, medium and H37RV) were compared with control tubes 
(Medium and H37RV). The concentration at which complete inhibition 
of M. tuberculosis growth occurs is known as MIC (minimum inhibitory 
concentration). INH (Isoniazid), Rifampicin and Ethambutol was used 
as standard drug for comparing MIC of the title analogs and the obtained 
results are depicted in Table 1.

RESULTS AND DISCUSSION
Chemistry
The protocol for the synthesis of target compounds 6a-6j was shown in 
Scheme 1. In this study, a series of novel pyrazoline derivatives 6a–6j 
were synthesized by substituting various aromatic rings at 5-position 

Figure 1: SAR of novel benzoxazole substituted 4,5-dihydropyrazoles (1-10).

Figure 2: A view of docked poses between the synthesized compounds and 
the enzyme.

and 2-benzo[d]oxazol-2-ylthio ethanone moiety at 1-position. By a 
multistep synthesis, a sequence of new 2-(benzo[d]oxazol-2-ylthio)-1-
(3-(4-fluoro-3-methylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-
pyrazol-1-yl)ethanone 6a-6j were synthesized from aromatic aldehydes 
2a-2j and 4-fluoro-3-methyl acetophenone 1a. Initially 4-fluoro-3-
methyl acetophenone 1a was treated with various aromatic aldehydes 2a-
2j to obtain chalcones 3a-3j by Clasein-Schmidt condensation reaction. 
Latter, obtained chalcones 3a-3j undergone reaction with hydrazine 
hydrate in Presence of glacial acetic acid and produced 3-(3-chloro-4-
fluorophenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole (4a-4j). 

Table 1: MIC (Minimum inhibitory concentration in µg/ml) of synthesized 
compounds.

Compounds M. tuberculosis

1 > 125

2 1.95

3 62.5

4 125

5 62.5

6 3.9

7 31.25

8 1.95

9 7.81

10 3.9

Isoniazid 0.12

Rifampicin 0.12

Ethambutol 1.95
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Table 2: Docking scores of the synthesized compounds.

S.No. Compound Docked energy (kcal/mol) No.of hydrogen bonds Distance (Å) from main residue Aminoacid interactions

6a -8.02 2
2.115 Ser20

2.238 Ile21

6b -9.12 2
2.032 Lys165

1.94 Ser94

6c -8.6 1 1.893 Lys165

6d -9.92 2
1.812 ILE21

2.237 Lys165

6e -8.56 1 1.824 Ser20

6f -8.99 1 2.173 Lys165

6g -8.92 1 1.798 Ser20

6h -10.48 2
2.01 Ser94

2.238 Ser20

6i -7.96 1 2.01 Ile21

6j -8.25 1 1.92 Lys165

Table 3: Drug-likeness/scores and toxicity calculations of ginger compounds based on Osiris property explorer

Compound TPSA % ABS HBD HBA n-ROTB
Drug-

likeness
Drug 
Score

Mutagenic Tumerigenic Irritant
Reproductive 

effect

6a 112 70.36 0 5 5 1.39 0.51 green green green green

6b 111.69 70.46 0 8 8 3.07 0.48 green green green green

6c 84 80.02 0 5 5 -3.57 0.22 green green green green

6d 129.82 64.21 0 8 6 -7.08 0.30 green green green green

6e 84 80.02 0 5 5 -0.52 0.30 green green green green

6f 102.46 96.8 0 7 7 1.83 0.48 green green green green

6g 84 80 0 5 5 2.43 0.46 green green green green

6h 87.24 78.9 0 6 6 -0.21 0.23 green red green green

6i 159.28 54.14 1 10 7 -4.40 0.30 green green green green

6j 113.46 69.85 1 7 6 -1.35 0.25 green green green green

Note: topological polar surface area (TPSA); percentage of absorption (%ABS); number of hydrogen bond donors (HBD); number of hydrogen bond acceptors 
(HBA); number of rotatable bonds (n-ROTB).

In the succeeding step, compounds (4a-4j) were treated with triethyl 
amine, chloroacetylchloride and benzo[d]oxazole-2-thiol to yield the title 
compound (6a-6j). Thin-layer chromatography (TLC) was performed 
throughout the reactions to optimize the reactions for purity and 
completion.
Infrared (IR), nuclear magnetic resonance (NMR), mass spectra and 
elemental analyses of the synthesized compounds are in accordance with 
the assigned structures. The IR spectra of all synthesized compounds 
showed some characteristic peaks indicating the presence of particular 
groups. The formations of intermediate chalcones (2a-2j) were confirmed 
by the presence of IR peak in the region of 1700 to 1600 cm-1 range  
(CH=CH-C=O). The presence of fluoro group in the chalcones was  
characterized by the appearance of a strong band in its IR spectrum at 
1149 cm-1. The presence of methyl group was confirmed by 1H NMR 
peak at δ 2.3 ppm and IR peak in the region of 2924 cm-1. The IR peak in 
the region of 1530 cm-1 to1597 cm-1 range corresponds to C=N stretching 
vibrations with medium intensity indicates the formation of pyrazolines 
(4a-4j). Its 1H NMR spectrum showed a singlet peak at a range of δ 1.226 
– 2.70 ppm due to the proton at the fourth position in the pyrazoline ring 

confirms its formation. The appearance of IR peak at 1022 cm-1 reveals 
the attachment of 2-benzo[d]oxazol-2-ylthio ethanone to pyrazoline 
ring in the final product. The 1H NMR spectrum showed a singlet peak at 
δ 4.09 ppm also supports thio ethanone linkage between pyrazoline and 
2-benzo[d]oxazol. The disappearance of 1H NMR peak at 4.96 proved  
the formation of the title compound (6a-6j). Further mass spectrum  
confirmed their purity and molecular weight.

Anti-tubercular Activity
In vitro anti-tubercular activity of all title analogs were screened against 
M. tuberculosis (H37Rv strain) and MIC of entire tested analogs were 
determined and presented in Table 1. Simultaneously MIC of Isoniazid, 
Rifampicin and Ethambutol was also measured in order to control the 
sensitivity of the test organisms. From the results it was found that in 
varying degree synthesized compounds inhibited the growth of M. 
tuberculosis. Among various tested compounds, analogs such as 6b and 
6h inhibited the growth of M. tuberculosis at a low concentration (MIC: 
1.95 µg/ml) which is equal to standard drug Ethambutol. Compound 
6b possess three methoxy groups and compound 6h possess strong 
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electron donating dimethylamino moiety at phenyl ring attached 
to 4,5-dihydropyrazole ring. MIC of test compounds 6f and 6j were 
found to be 3.9 µg/ml may be due to presence of hydroxy and methoxy  
substituent in phenyl ring. Even though, derivative 6i containing  
methoxy and hydroxyl moiety completely inhibited the growth of  
M. tuberculosis only at 7.81 µg/ml concentration because it also contains 
strong electron withdrawing nitro group. The MIC of analogs 6g was 
found to be 31.25 µg/ml and test compounds 6c and 6e were found to  
be 62.5 µg/ml. Only at higher concentration compounds 6a and 6d  
displayed activity (MIC: ≥125 µg/ml). The MIC of standard drugs  
isoniazid, Rifamipicin and Ethambutol were found to be 0.12 µg/ml,  
0.12 µg/ml and 1.95 µg/ml, respectively.

Structural Activity Relationship 
SAR of synthesized compounds is depicted in Figure 1. In this study 
overall it was found that title analogs 6b and 6h exhibited good anti-
tubercular activity; title analogs 6f and 6j showed moderate anti-
tubercular activity; whereas all other title analogs (6a, 6c, 6d, 6e, 6g and 
6i) produced only less anti-tubercular activity. In phenyl ring attached 
to 4,5-dihydropyrazole ring presence of electron donating substituent 
like dimethylamino, hydroxy and methoxy moiety might be responsible 
for the powerful anti-bacterial activity displayed by derivatives 6b and 
6h. Generally from the SAR study it was found that 4,5-dihydropyrazole 
derivatives possessing electron releasing group 6b, 6f and 6h, 6j exhibited  
superior anti-tubercular potency than corresponding 4,5-dihydropyrazole 
derivatives possessing electron withdrawing moieties 6c, 6d, 6e and 6g. 
while, thiazole analog 6a displayed least activity. In addition it was also 
found that position of the substituent doesn’t play any important role 
in anti-microbial activity because ortho substituted analogs 6c showed 
equal activity to corresponding para substituted analogs 6e. Out of ten 
title compounds, the potent compounds was found to be 2-(benzoxazol-
2-ylthio)-1-(3-(4-fluoro-3-methylphenyl)-5-(3,4,5-trimethoxyphenyl)-
4,5-dihydro-1H-pyrazol-1-yl)ethanone 6b and 1-(5-(4-dimethylamino 
phenyl)-3-(4-fluoro-3-methylphenyl)-4,5-dihydro-1H-pyrazol-1-yl)-2-
(benzoxazol-2-ylthio) ethanone 6h.

Docking Studies
The docking studies,  of the title compounds were carried out with  
Mycobacterium tuberculosis enoyl reductase (INHA) (4TZK.pdb) by using 
Autodock 4.2 software. The interaction of molecule with Mycobacterium 
tuberculosis enoyl reductase (INHA) enzyme is shown in Figure 2. The 
docking results of the target compounds revealed that all the compounds 
were energetically favorable in terms of Autodock score (Table 2). The 
Autodock score of the most potent compounds, 6b and 6h were −9.12 
and −10.48 respectively. The dock score of the less active compounds 
was found more when compared to the active compounds. These results 
indicate that the more potent compounds require less energy for good 
binding interaction with the receptor enzyme, whereas the less active 
compounds require more energy than the high active molecules. The 
binding interaction of the most active compound, 6b showed that the 
ketone linkage at N1 of pyrazoline binds with the amino acid residues 
LYS165 through hydrogen bonding. These binding interactions reveal  
the importance of the N1 ketone linkage for favorable binding interaction,  
so that better Mycobacterium tuberculosis enoyl reductase inhibitory  
activity is expected.

Toxicity risks and drug score assessment
Nowadays, it is much more convenient to predict the toxicity risks of 
compounds through reliable bioinformatics tools. In the present study, 
toxicity risks parameters such as mutagenicity, tumorigenicity, irritation, 
and reproductive or developmental toxicity of all the synthesized 

compounds (6a-6j) was calculated by using Osiris property explorer 
(Table 3). The predictions are based on the functional group similarity for 
the query derivatives with the in vitro and in vivo validated compounds 
present in the database of this online program. The toxicity risk predictor 
locates fragments within a molecule, which indicate a potential toxicity 
risk. The results can be visualized using color codes; green color shows 
low tendency of toxicity, yellow shows the mediocre, and red color shows 
potent tendency of toxicity. However, compound 6h indicated high 
risk of tumerogenicity. In addition, the bioavailability of synthesized 
compounds was judged through TPSA analysis.
This descriptor has been reported to correlate with passive molecular 
transport through membranes and therefore, allows prediction of 
transport properties of drugs and has been linked to drug bioavail¬ability. 
Veber’s rule states that for good oral bioavailability of a drug, the number 
of rotatable bond must be ≤10, and TPSA values ≤ 140 Å2.27 The number 
of rotatable bonds has been shown to be a very good descriptor of oral 
bioavailability of the drugs. Rotatable bond is defined as any single non-
ring bond, bounded to non-terminal heavy (ie, non-hydrogen) atom. 
Amide C–N bonds are not considered because of their high rotational 
energy barrier. Number of rotatable bonds was found to be appropriate 
in all the compounds. Percentage of absorption was estimated using the 
equation: %ABS =109-0.345× TPSA, according to Zhao et al.28 TPSA was 
also calculated using Molinspiration online property calculation toolkit 
according to the fragment-based method of Ertl et al.29

CONCLUSION
In conclusion, we synthesized new 2-pyrazoline derivatives bearing 
2-benzo[d]oxazol ring and aromatic substitutions by the reaction of 
chalcones with hydrazine hydride and 2-benzo[d]oxazol thiol. The 
structures of obtained compounds were confirmed by spectroscopic 
methods. All newly obtained pyrazoline derivatives were tested in vitro 
against Mycobacterium  strain:  H37Rv. The most active compopunds 
against Mycobacterium tuberculosis  are compounds  6b and 6h  with 
trimethoxy phenyl group and 4-dimethylamino phenyl group. The 
molecular docking studies investigating pyrazoline derivatives using 
the enzyme Mycobacterium tuberculosis enoyl reductase (INHA) as 
their potential biological target indicated that the substituted group on 
pyrazoline spacer play an important role in interactions with the active 
site of INHA, LYS165, PHE149, ASP148, MET147, TYR158, ILE21 and 
SER20 as the most active amino acid residues. In the in silico studies, these 
test compounds showed minimum binding energy with Mycobacterium 
tuberculosis enoyl reductase (INHA) enzyme. So the present study 
provides us insight for the further development of better antitubercular 
agents as Mycobacterium tuberculosis enoyl reductase (INHA) inhibitors
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INTRODUCTION
The oral route is the most preferred route of drug administration due to 
its convenience, good patient compliance and low medicine production 
costs. In order to a drug to be absorbed into the systemic circulation  
following oral administration, the drug must be dissolved in gastric  
fluids. For hydrophobic drugs, the dissolution process acts as the rate 
controlling step, which determines the rate and degree of absorption.  
Thus, one of the major challenges to development today is poor solubility,  
as an estimated 40% of all newly developed drugs are poorly soluble or 
in soluble in water.1

Bioavailability of poorly water soluble hydrophobic drugs (class II and 
class IV in biopharmaceutical classification system) is limited by solubility 
and dissolution rate. The dissolution rate of these drugs can be improved 
by decreasing particle size, decreasing crystallinity and/or increasing 
surface area. Several studies have been carried out to increase the rate 
of drugs dissolution by increasing the particle size. However, the fine 
drug particles have high tendency to agglomerate due to Vander Waals 
attraction or hydrophobicity, which both result in decrease in surface 
area over time.2,3 

The enhancement of oral bioavailability of such poorly water soluble 
drugs remains one of the most challenging aspects of drug development.  
The development of nano co-crystals as a practically viable method  
to enhance bioavailability of poorly water soluble is to overcome the  
limitations of previous approaches such as salt formation, solubilization 
by co-solvents, particle size reduction and solid dispersion.4

One of the challenging tasks in the pharmaceutical industry is to discover  
ways of improving the physicochemical properties of active pharmaceutical  

ingredients (APIs). The solubility, dissolution rate, melting point, moisture 
sorption tendency and compressibility of APIs and/or recipients affect  
the bioavailability, design, processing, manufacturing and stability of the 
resultant dosage form.5 Pharmaceutical co-crystals are attractive to the 
pharmaceutical industry because they offer multiple opportunities to  
modify the chemical and/or physical properties of an API without making  
or breaking covalent bonds.
Co-crystals may be defined as crystalline materials that consist of two 
or more molecular species held together by non covalent forces. In the 
recent years Pharmaceutical nano co crystals are highly promising in 
enhancing the dissolution rates and thus, improved bioavailability and 
efficacy of medication.6 In pharmaceutical industry, it has been a major 
lucrative wherein the solid properties of pharmaceutical active agents  
have been modulated using complementary molecules in the form of  
co crystal formers (CCFs).  Co-crystals containing an active pharmaceutical 
ingredient (API) can improve the physiochemical properties such as 
solubility/dissolution rate, stability and mechanical properties of an 
API. Nano-scaling will further advance these characteristics compared 
to their conventional forms because of a larger surface to volume ratio 
of nano sized particles, one can further improve properties of an API 
(e.g. dissolution rate). The enhanced dissolution rate of a nanocrystal  
is mainly due to the increased surface area. A slight increase in solubility  
owing to the curvature and the high-energy surfaces of nanosized  
particles will also contribute to faster dissolution. The components in a 
co-crystal exist in a definite stiochiometric ratio and assemble via non-
covalent interactions such as hydrogen bonds, ionic bonds, - or Vander 
Waals interactions rather than by ion pairing. Further, co-crystals have 
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ABSTRACT
Background: Co-crystals have been highly promising for tailoring physico-
chemical properties of Active pharmaceutical ingredient (API) by coupling  
with co-former. Objectives: The objective of the present work was to 
prepare and characterize novel nano co-crystals of Ezetimibe by different 
methods in various ratios of co-formers and to optimize the formulation 
based on the enhancement in solubility and dissolution rate. Methods: 
Ezetimibe nano co-crystals were prepared employing oxalic acid, succinic  
acid and maleic acid as co-formers by solvent evaporation method and  
anti-solvent method. Results: Instrumental analysis of co-crystals (DSC,  
IR, SEM and XRD) was performed to characterize the novel nano co-crystals. 
Dissolution studies and chemical stability were assessed and compared 
with pure Ezetimibe. The formulation with maleic acid as a co-former in  
the molar ratio of Ezetimibe and maleic acid (0.4:0.4) was found to be  
efficient than oxalic acid and succinic acid. The co-crystal dissolution profile 
in distilled water containing 0.5% SLS showed 18.8 folds increase in the  

dissolution efficiency and was found to be 95.2% within 45 min. Conclusion:  
The results demonstrate feasibility of co-crystallization method using  
maleic acid as co-former to enhance the solubility of poorly soluble drug 
Ezetimibe.
Key words: Anti-solvent, Co-Formers, Maleic Acid, Oxalic acid, Solubility, 
Solvent evaporation, Succinic acid.
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different crystal structures than the pure components, contain different 
intermolecular packing patterns and as such they often exhibit widely 
different physical properties than the pure components.7

MATERIALS AND METHODS
Materials
Ezetimibe was gifted by Lupin Pharmaceuticals Ltd., whereas Oxalic acid,  
Maleic acid, Succinic acid, Methanol and Ethyl acetate was gifted by  
SD-Fine chemicals.

METHODOLOGY
Preparation of Nano Co-crystals of Ezetimibe by Solvent 
evaporation method
Drug and the co-former (oxalic acid, succinic acid, maleic acid) in both 
w/w (1:0.25, 1:0.50, 1:0.75, 1:1) and mmol in a ratio of (0.1:0.1, 0.2:0.2, 
0.3:0.3 and 0.4:0.4) were dissolved in desired amount of ethyl acetate.  
This mixture was kept on hot plate at 75°C with continuous stirring.  
After getting clear solution the mixture was kept aside for two days. 
Nano co-crystals thus formed were collected and crystals were stored 
away from light and moisture.

Preparation of nano cocrystals of ezetimibe using 
antisolvent method7

Drug and the co-former (oxalic acid, succinic acid, maleic acid) in both 
w/w (1:0.25, 1:0.50, 1:0.75, 1:1) and mmol in a ratio of (0.1:0.1, 0.2:0.2, 
0.3:0.3 and 0.4:0.4) were separately dissolved in methanol. This solution 
was injected slowly into anti-solvent (water) at room temperature with 
moderate stirring. The formed product was dried at room temperature 
for 2 days. The formed Nano co-crystals was collected and stored away 
from light and moisture.

Evaluation of Nano Co-Crystals
Solubility studies
Saturated solutions of samples were prepared and these samples were 
kept in orbital shaker for 24 hrs. After 24 hr the samples were centrifuged 
for 15-20 min and then they were analyzed at 233 nm (UV).

Solubility studies of pure drug in purified water
Solubility of ezetimibe in purified water was determined.

Dissolution
Dissolution studies were performed with prepared nano co-crystals  
using USP II (paddle) apparatus in distilled water containing 0.5% SLS, 
at a temperature of 37.5°C; 75 RPM. Samples were withdrawn at regular 
intervals and were analyzed at 233nm (UV).

Assay
Assay of prepared nano co-crystals were determined in distilled water. 
Accurately weighed amount of nano co-crystals equivalent to 10 mg of 
drug was taken in 100 ml volumetric flask, 20 ml of methanol was added 
and shaken to dissolve the drug. The volume was made up to 100 ml 
with distilled water. These were filtered and 1ml of aliquot of the above  
solutions were taken and diluted to 10 ml with distilled water. The  
absorbance of these solutions was determined at 233 nm against blank. 
The percentage assay was calculated from the standard curve.

Drug- Excipient Compatibility Studies
The optimized formulations were evaluated for drug Excipient interaction  
studies via differential scanning calorimetry (DSC), X-ray diffractometry  
(XRD) and Fourier transformer Infrared spectroscopy (FTIR).

Particle size
The particle size of optimized formulation SE8 was determined by  
diluting or redispersing the samples with deionized water to ezetimibe 
concentration of 0.2 mg/ml prior to determination. The particle size was  
measured at 25°C using light scattering by Malvern Zetasizer. The  
polydispersity index was used to measure the size distribution. Measurement  
was performed in triplicates and the mean values were recorded.

Differential Scanning Calorimetric
The thermal properties of samples were characterized by DSC on  
SHIMADZU DSC-60 differential scanning calorimeter (Japan). Samples 
were placed on the non-hermetic aluminum pans. The sample cell was 
equilibrated at 25°C and heated at a rate of 10°C/min over the range of 
25-250°C.

Fourier Transform Infrared Spectroscopy
SHIMADZU 8400s FTIR Spectrophotometer (Japan) was used for the 
characterization of samples and KBR pellet method was used for the 
characterization

X-ray diffraction (XRD)
XRD analysis was performed using SHIMADZU XRD 7000 (Japan).  
Shimadzu X-ray diffract meter XRD-7000 is a compact and general  
purposed X-ray. Diffract meter equipped with a - gone meter as standard.  
The goniometry is scanned in vertical direction with high precision in 
angle, so it makes us capable to measure various types of samples, the 
powder samples, thin film samples are hard to set and the samples are 
easy to dissolve by heat. The data processing software work under the 
latest OS “Windows.NT/2000”.

Analytical methodology for estimation of ezetimibe
The analytical method for estimation of ezetimibe for the determination 
of its max and quantification of nano co-crystals before proceeding the 
experiment. Drug concentration of 30 µg/ml was scanned in distilled 
water with 0.5% SLS. An absorption maximum of 233 nm is obtained. 
The standard graph of ezetimibe in distilled water with 0.5% SLS was 
prepared at this max.

RESULTS
Evaluation of Nano Co-Crystals
Nano co-crystals were prepared by two methods. They are solvent 
evaporation method, anti-solvent method according to their formulation 
codes. These are evaluated for solubility, assay and dissolution studies.

Assay
The assay of optimized ezetimibe SE8 ezetimibe, maleic acid co-crystals 
(mmol) (0.4:0.4) was performed and was found to be 99.4%pure.

Solubility studies
Solubility of ezetimibe in purified water was found to be 0.072 mg/ml. 
With the solvent evaporation method maximum solubility of 1.36 mg/
ml was observed with the drug. It has been observed that as the particle 
size decreases the solubility of ezetimibe ( mmol) increases in solvent 
evaporation method. This may be due to the formation of hydrogen 
bonds between the drug and maleic acid.8 hence solvent evaporation 
method was optimized.
Solubility studies of ezetimibe was performed by increasing the amount 
of maleic acid and it was observed that even after increasing the amount  
of maleic acid , solubility of ezetimibe was not increased. Hence SE8  
formulation was optimized.
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Figure 1: Percentage release profile of Ezetimibe nano co-crystals containing 
maleic acid in 0.5%SLS.

Figure 2: FTIR of Ezetimibe; FTIR of formulation SE8.
Note: SE8= Ezetimibe-Maleic acid co-crystals

Dissolution studies
Dissolution studies of all the formulations were performed according 
to the parameters the given Ezetimibe has shown only 20% release in 
45 min. this was observed due to the poor solubility of the drug which  
belongs to BCS class II.9

In-vitro dissolution profile of nano co-crystals by Solvent 
evaporation method
Dissolution studies of all the formulations were performed according to 
the parameters. Formulation containing 0.4 Mmol (drug and co-former 
ratio) showed maximum release of 95.2% in 45 min.

Interaction studies of Ezetimibe by FTIR
FTIR studies were done to verify if there was any interaction between 
the pure drug and various co-formers employed. The FTIR graphs, with 
drug and various co-formers were mixed and the blend was formulated 
into IR pellet and scanned. The different plots are given below.
• FTIR spectra of Ezetimibe and maleic acid have bands at 3266.29 cm-1  

and 3058.89 cm-1 which are corresponding to (O-H) respectively 
which have been shifted to 3279.10 in the co-crystals formed . 

• The bands at 1721.32 cm-1 of Ezetimibe and 1706.86 cm-1 of maleic  
acid which are corresponding to (C=O) respectively have been 
shifted to 1730.21 cm-1 in the co-crystals formed.

• The bands at 1446.51 cm-1 of Ezetimibe which is corresponding to 
(C-N) has been shifted to 1450.52 cm-1 which is likely due to the  
charge transfer of interaction between tertiary nitrogen of Ezetimibe  
with maleic acid.
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• These peak shifts strongly indicates the formation of hydrogen  
bond and other weak interactions between the Ezetimibe and  
maleic acid. 

Particle size
The particle size of prepared nano cocrystals was found to be 226.4 ± 53 nm  
and had a polydispersity index value of 0.540.

Thermal Analysis By Dsc
Pure drug and formulation were subjected for DSC analysis to evaluate  
the change in crystalline of formulations. DSC thermo grams are illustrated  
through following figures
From the DSC analysis, it was observed that the thermo grams of the  
co-crystals Figure 3. are showing melting point (130°C) that is less than  
the API. This difference in pattern can be attributed to formation of  
eutectic, melting at a lower temperature than either of the two pure  
components drug (163.5C) and maleic acid (135oC)10 From the results it 
appears that co-crystals obtained from API may be promoting additional 
co-crystallization and therefore maximizing the yield of co-crystals.

Crystallinity by XRD
Pure API and co-crystal formulation subjected for XRD analysis and  
following figures are their respective XRD graphs.
Co-crystal formation was confirmed by the presence of characteristic 
ezetimibe peaks at 15.6°, 17.1°, 18.6°, 19.2°, 20.8, 21.6°,22.6°, 23.3°, 25.1°, 
28.0° and 29.9° which are according to the previous literatures and were 
observed with intense peak at 19.24 . 
Ezetimibe – maleic acid co-crystals in Figure 4 exhibited a unique 
XRD pattern that allowed them to be distinguished from Ezetimibe 
and maleic acid individually. It had peaks at the following 2 angles 
18.5°,18.8,19.4°,20.7°, 21.1°, 21.8°,22.6°,23.2°, 23.5°,24.3°,25.2°, 26.2°, 
27°, 27.7°, 28.1° and 30° and were observed with intense peak  27.7.

Major peak at 19.2° of pure Ezetimibe Figure 4 was missing in the  
co-crystal phase, whereas, peak at 27.7° was observed. This confirms the  
formation of a new co-crystal phase. The probable conclusion which  
can be drawn from the XRD results is that the process facilitates  
co-crystallization.11

SEM Results
Surface morphology was studied using scanning electron microscope.  
Significant changes in the surface morphology were observed due to  
formulation process. Below mentioned figures represents the SEM results.
Ezetimibe, as obtained from the supplier featured smaller particles 
as shown in Figure 5. The drug- maleic acid co-crystals formed from 
conventional sized ezetimibe were irregular shaped flake structures, as  
shown in Figure 5. Some of the crystals featured sharp edges while  
others had less defined edges and more irregular shape. Different surface 
morphology for co-crystals can be attributed to the particle size of API 
chosen for the formulations which in turn have influence on the crystal 
lattice during crystallization. 

DISCUSSION
Solubility enhancement of Ezetimibe was performed by using nano-
cocrystal engineering technique by using two different methods .i.e, by 
using solvent evaporation method and anti-solvent method.
Ezetimibe - oxalic acid, maleic acid and succinic acid are connected by 
N…H hydrogen bonds between the basic N atom of Ezetimibe and H  
atom of oxalic acid, maleic acid and succinic acid. Supra molecular  
synthons that can occur in common functional group such as carboxylic 
acids, amides and alcohols are particularly amenable to form supramolecular 
hetero synthons. The strong hydrogen bond includes (N-H…O),  
(O-H…O), (N-H…N) and (O-H…N). The weak hydrogen bond  
includes –C-H...O and C-H…O=C.
Ezetimibe is containing two hydrogen bond donors and three hydrogen  
bond acceptors.12 Two molecules of ezetimibe – maleic acid are  
connected by strong N-H…O hydrogen bonds forming a hydrogen bond 
dimer in a cyclic motif,13 which indicates potential for co-crystal formation  
based on molecular hydrogen bonding. Maleic acid being strong hydrogen  
bond acceptor and receptor was selected as the co-former to prepare 
co-crystals. Co-crystals of nevirapine prepared by using maleic acid as 
a co-former the aqueous solubility was enhanced14,15 and Co-crystals of 
exemestane and maleic acid showed high dissolution rate.16

Solvent evaporation method in mmol (0.4:0.4) using maleic acid as a 
co-former was observed to enhance the solubility of ezetimibe upto 18.8 
folds compared to anti-solvent method in mmol (0.4:0.4) basis and this  
is because, for co-crystals solubility increases with the solubility of  
co-crystal conformers, co-former transition concentration increases  
with co-crystal and co-former solubilities,17 maleic acid being highly  

Figure 3: DSC curve of pure drug; Maleic acid; formulation SE8.

Figure 5: SEM Image of Ezetimibe; SEM Image of Formulation SE8.

Figure 4: XRD patters of pure drug; Maleic acid; formulation SE8.
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water soluble enhances the solubility of the co-crystals compared to 
Ezetimibe pure drug. 
A check was done by increasing the amount of maleic acid in mmol, 
but it was observed that though the amount of maleic acid there was no 
further increase in the solubility of ezetimibe.
In anti-solvent method, both methanol and water are polar, both molecules 
exhibit hydrogen bonding where the hydrogen in one molecule is weakly  
covalently bonded to the oxygen in an adjacent molecule.17 The co-crystals 
prepared by this anti-solvent method demonstrated high solubility than  
that of pure drug because of the addition of anti solvent reduces the  
solute solubility in the resultant system.11 Out of the three co-formers  
used in this process, co-crystal prepared using maleic acid as a co-former 
showed better solubility than that of oxalic and succinic acid. Maleic  
acid has a higher dipole moment which enables intermolecular bonding  
with water molecules.14 But the dissolution profile of maleic acid was  
decreased in this method.
The dissolution data was evident that the pure drug was showing slow 
release than the formulation containing a co-former. The formulation  
prepared by solvent evaporation method showed a good release in  
45 min compared to the pure drug and anti-solvent method, suggesting  
that co-crystallization of ezetemibe with maleic acid has favored the  
dissolution of ezetemibe by molecular hydrogen bonding. It is speculated 
that maleic acids strong hydrogen bonding ability to ezetimibe might 
have increased the ability of co-crystal to interact with water molecules.  
We have concluded that dissolution was influenced by the co-former  
and also by changes in the particle size increasing surface area which 
contribute to faster dissolution.17

In anti-solvent method, both methanol and water are polar, both molecules 
exhibit hydrogen bonding where the hydrogen in one molecule is weakly  
covalently bonded to the oxygen in an adjacent molecule.14 The co-crystals 
prepared by this anti-solvent method demonstrated high solubility than  
that of pure drug because of the addition of anti solvent reduces the  
solute solubility in the resultant system.11 Out of the three co-formers  
used in this process, co-crystal prepared using maleic acid as a co-former 
showed better solubility than that of oxalic and succinic acid. Maleic  
acid has a higher dipole moment which enables intermolecular bonding  
with water molecules.14 But the dissolution profile of maleic acid was  
decreased in this method.
Further the optimized formulation was evaluated for SEM, XRD and 
DSC.
The FTIR studies were done and the peak shifts strongly indicates the 
formation of hydrogen bond and other weak interactions between the 
ezetimibe and maleic acid. 
SEM results indicated significant changes in the surface morphology due 
to formulation process. The drug-maleic acid co-crystals formed from 
conventional sized ezetimibe were irregular shaped flake structures, as 
shown in Figure 5 some of the crystals featured sharp needle edges while 
others had less defined edges and more irregular shape. Different surface 
morphology for co-crystals can be attributed to the particle size of API 
chosen for the formulations which in turn have influence on the crystal 
lattice during crystallization. The particle size of prepared co-crystals 
was found to be 226.4 ± 53 nm and had a polydispersity index value of 
0.540 indicating that the optimized formulation is polydiperse in nature.
DSC analysis, it was observed that the thermograms of the co-crystals 
had shown melting point (130°C) that is less than the API. This difference 
in pattern can be attributed to formation of eutectic, melting at a lower 
temperature than either of the two pure components drug (163.5°C) and 

according to the previous literature maleic acid is showing a melting 
temperature of (142°C). The thermal behavior of co-crystals was distinct 
with a different melting temperature from that of pure compound this  
suggests the formation of new phase. So the co-crystals formed from  
the API may be promoting additional co-crystallization and therefore 
maximizing the yield of co-crystals.
XRD studies have shown an intense peak at 27.7° which indicated the  
formation of a new co-crystal phase. The probable conclusion which  
can be drawn from the XRD results is that the process facilitates  
co-crystallization.

CONCLUSION
In the present study, Nano co-crystals of ezetimibe were prepared and 
evaluated using different methods (Solvent evaporation method and  
Anti solvent method) employing different ratios of co-formers. The  
formulations were optimized in comparison with solubility of pure drug.
The combination of a suitable conformer (Maleic acid) and a simple 
methodology (Solvent evaporation process) has allowed us to obtain  
nano sized cocrystals with significantly increased solubility and dissolution,  
which contribute to enhanced oral bioavailability of poorly water soluble 
drugs.

Future scope
The formulation can be further developed as conventional tablets with 
enhanced dissolution and bioavailability studies need to be performed 
on animals.
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INTRODUCTION
Concept of novel drug delivery system arose to overcome certain 
aspect related to physicochemical properties of drug and the related 
formulations. The important physiological factor which is responsible 
for the reduction in efficacy of oral formulations is gastric residence 
time (GRT). GRT considerably affects the bioavailability of the drug. 
Variable and short gastric emptying time results in incomplete drug 
release from oral formulations which leads to reduction in efficacy of 
the administered dose. GRT is affected by both the fasting as well as fed 
states of the stomach. 
Gastroretentive systems are designed so that they are retained in the 
upper part of the gastrointestinal (GI) tract for several hours thereby 
prolong the gastric residence time of drugs. Floating systems or 
dynamically controlled systems are low-density systems that have 
sufficiently buoyancy to float over the gastric contents and remain 
buoyant in the stomach without affecting the gastric emptying rate for a 
prolonged period of time. This results in an increase in gastric retention 
time and a better control of fluctuation in plasma drug concentration.1-4

Clopidogrel is a thienopyridine class inhibitor of P2Y12 adenosine 
5′-diphosphate (ADP) platelet receptors and used to inhibit blood clots in 
coronary artery disease, peripheral vascular disease and cerebrovascular 
disease. Clopidogrel is a pro-drug of carboxyl clopidogrel activated in the 
liver by cytochrome P450 and CYP2C19 enzyme. The active metabolite 
has an elimination half-life of about 7-8 h and acts by forming a disulfide 
bridge with the platelet ADP receptor. Following oral administration, 
it is well absorbed with bioavailability of about only 50% due to poor 
water solubility. The main side effects of the drug are gastric bleeding and 

clopidogrel drug resistance during chronic treatment. A sustained release 
floating clopidogrel formulation may be desired for several reasons, such 
as improving the bioavailability and to minimize the side effects of the 
drug such as gastric bleeding and to prevent the development of drug 
resistance wherefore to improve patient compliance.
Acetylsalicylic acid as an anti-inflammatory and anti-rheumatic agent 
may be due to inhibition of synthesis and release of prostaglandins. 
Acetylsalicylic acid appears to produce analgesia by virtue of both a 
peripheral and CNS effect. Peripherally, acetylsalicylic acid acts by 
inhibiting the synthesis and release of prostaglandins. Acetylsalicylic 
acid directly and irreversibly inhibits the activity of both types of 
cyclooxygenase (COX-1 and COX-2) to decrease the formation of 
precursors of prostaglandins and thromboxane from arachidonic acid.5-8

The aim of the present study was to formulate and to characterize floating 
tablets of clopidogrel bisulphate and aspirin using the natural polymers 
such as guar gum, karaya gum, locust bean gum, xanthun gum, sodium 
bicarbonate, citric acid and PVPK-30 with increased bioavailability and 
sustained release.

MATERIALS AND METHODS
Materials 
Clopidogrel bisulphate, aspirin, guar gum, karaya gum, locust bean gum, 
xanthun gum, sodium bicarbonate, citric acid and PVPK-30. 
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ABSTRACT
Objectives: In present investigation, an attempt was made to develop  
bilayered floating tablets of clopidogrel bisulfate and aspirin using natural 
gums as release retarded material. Clopidogrel bisulfate and aspirin are  
anti-platelet agents. Methodology: Clopidogrel bisulfate is a suitable  
candidate for formulating as gastro retentive dosage form as it has  
absorption window in stomach and solubility in the acidic pH. Sodium  
bicarbonate and citric acid were used to get desired floating properties. 
The effect of formulation variables on floating properties and drug release 
were investigated. Results: The tablets so designed were evaluated and 
found to have acceptable physicochemical properties, floating lag time, 
floating time and drug release. Among all the bilayered formulations, CBXA 
with susutained.release layer containing xanthan gum (2 ratio with drug), 
sodium bicarbonate (15% w/w) and citric acid (1.2% w/w) and immediate  
release layer containing sodium bicarbonate (10% w/w) and guar gum  
(4% w/w) has shown optimum results. Sustained release layer has shown 
dissolution of 99.03±0.42 % in 12 hrs whereas immediate release layer 
has shown 99.4±0.44 % in 30mins.CBXA has shown optimum floating 
properties with in vitro floating lag time of 4 min and floating time of >12 hr.  

In vivo buoyancy study revealed that the floating time of CBXA was greater 
than 6 hr. The in vitro release data of optimized formulation was treated 
with mathematical equations and was evident that drug release followed 
zero order kinetics with case II transport mechanism. Conclusion: Based 
on the results it can be found that bilayered floating tablets of clopidogrel 
bisulfate and aspirin containing xanthan gum provides a better approach for 
sustained release and improved bioavailability. 
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Experimental methods
Preparation of formulation
Development of bilayered floating tablets of clopidogrel bisulfate and 
aspirin were prepared using natural gums as release retarded material. 
Two layers such as immediate release (IR) layer and sustained release 
(SR) layer were formulated separately using different concentration of 
polymers in different ratios. After optimization of individual layers by  
in-vitro studies, bilayer tablets were prepared using optimized formula.  
Bilayer tablets were prepared on rotary tablet compression machine. 
First the extended release tablets were pre-compressed on compression 
machine manually and the immediate release layer was loaded on top of 
pre-compressed layer and punched.

Evaluation parameters
Pre compression parameters
All the flow properties were studied such as bulk density, tapped density, 
Carr’s index, Hausner’s ratio and angle of repose.

Post compression parameters
Bilayered floating tablets were evaluated for hardness, weight variation, 
friability and content uniformity. Sustained release floating layer was 
also evaluated for.

Lag time
The in vitro buoyancy was determined by the lag time. The tablets were 
placed in a 100 ml beaker containing 0.1 N HCl. The time required for 
a tablet to rise to the surface for floating was determined as the lag time.

Floating time
The tablets were placed in a 100 ml glass beaker containing 0.1 N HCl. 
The time required for which the tablet remained floating on the surface 
of medium was determined as floating time.

Swelling index
The swelling index of tablets was determined in 0.1 N HCl at room  
temperature. The swollen weight of the tablets was determined at  
predefined time intervals. The swelling index was calculated by the  
following equation. Determinations were made in triplicate.

% Swelling Index
W W

W
t

t

=
−

×0 100

Where, W0 is the initial weight of tablet, Wt is the weight of the tablet at 
time.

RESULTS AND DISCUSSIONS
Analytical method development for clopidogrel 
bisulfate and aspirin
Scan for absorption maxima (λmax) of clopidogrel 
bisulfate and aspirin
The analytical method development for clopidogrel bisulfate and aspirin  
were performed for the determination of absorption maxima using  
10 µg/ml of standard solution on a double beam spectrophotometer 
against 0.1N HCl as the blank.

Drug-excipients compatibility study by FTIR
From IR spectra shown in the Figure 1, 2 and 3 the peaks representing 
the pure drugs were similar in all the graphs suggesting that there are no 
interactions and the pure drugs were not altered functionally.

Pre compression parameters
It was found that the Angle of repose, Hausner’s ratio and Carr’s index  
of clopidogrel bisulfate and the its powder blends were in the range of 
44.92 to 53.3°, 1.32 to 1.46 gm/cm3 and 22.46 to 29.67 % respectively as 
shown in the Table 1. This indicates that they do not possess required 
flow characteristics for direct compression.8 Hence sustained release 
clopidogrel bisulfate layer was prepared by using .wet.granulation. 
Whereas aspirin has shown angle of repose, hausner’s ratio and Carr’s  
index values of 31.2°, 1.15 gm/cm3 and 13.38 % respectively. This  
indicates that aspirin have enough flow properties for direct compression.
From Table 2 Angle of repose, Hausner’s ratio and Carr’s Index was found  
in the range of 30.21-38.9°, 0.66-0.79 gm/cm3 and 8.9-14.9% which indicates  
that granules of all the formulations possess good flow properties.8

Figure 1: Spectral scan of clopidogrel bisulfate and aspirin.

Figure 2: FTIR spectra of i) Clopidogrel bisulfate ii) Xanthan gum  
iii) Clopidogrel bisulfate +Xanthan gum.
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Figure 3: FTIR spectra of i) Aspirin ii) Clopidogrel bisulfate + Aspirin  
iii) Clopidogrel bisulfate + Aspirin +xanthan gum.

Table 1: Pre compression parameters of the powder blends.

Ingredients Angle of repose Hausner’s ratio
Carr’s index 

(%)

Clopidogrel bisulfate 53.3±0.54 1.40±0.093 29.67±0.22 

CB+ karaya gum 44.92±0.13 1.32±0.041 22.46±0.15 

CB+ xanthan gum 50±0.49 1.46±0.027 24.1±0.17

Aspirin 31.265±3.9 1.15±0.035 13.38±0.33 

Table 2: Pre compression parameters of the granules.

CODE Angle of repose Bulk density (gm/cm3) Tapped density (gm/cm3) Hausner’s ratio Carr’s Index (%)

CBK1 32.05±0.12 0.75±0.016 0.84±0.02 1.12±0.05 10.93±0.09
CBK2 37.26±0.19 0.73±0.063 0.80±0.014 1.01±0.016 12.32±0.014
CBK3 30.21±0.22 0.79±0.034 0.86±0.04 1.09±0.053 11.15±0.018
CBK4 36.74±0.37 0.73±0.023 0.84±0.014 1.15±0.055 10.27±0.025
CBK5 38.63±0.18 0.71±0.07 0.79±0.015 1.11±0.049 11.285±0.07
CBK6 37.06±0.05 0.7±0.05 0.75±0.056 1.07±0.079 13.38±0.082
CBK7 34.33±0.27 0.73±0.022 0.78±0.01 1.07±0.033 14.65±0.031
CBK8 35.54±0.44 0.79±0.09 0.84±0.09 1.05±0.012 9.785±0.047
CBK9 37.95±0.96 0.72±0.06 0.79±0.03 1.09±0.05 11.345±0.07

CBK10 37.36±0.43 0.71±0.011 0.74±0.073 1.03±0.01 13.88±0.014
CBK11 36.26±0.34 0.68±0.51 0.77±0.8 1.13±0.12 11.55±0.23
CBX1 36.63±0.18 0.7±0.025 0.75±0.012 1.06±0.034 8.9±0.14
CBX2 36.36±0.72 0.72±0.033 0.81±0.018 1.12±0.038 10.65±0.23
CBX3 37.27±0.8 0.75±0.065 0.78±0.05 1.03±0.022 11.39±0.07
CBX4 38.63±0.97 0.66±0.03 0.71±0.07 1.08±0.05 10.57±0.51
CBX5 36.55±0.14 0.66±0.062 0.7±0.024 1.06±0.09 13.78±0.27
CBX6 37.67±0.56 0.68±0.09 0.74±0.013 1.09±0.063 11.84±0.19
CBX7 38.92±0.42 0.75±0.023 0.83±0.045 1.1±0.035 14.89±0.15
CBX8 38.47±0.69 0.67±0.094 0.74±0.015 1.1±0.023 14.37±0.055
CBX9 35.76±0.3 0.72±0.089 0.80±0.03 1.12±0.05 13.39±0.038

CBX10 38.95±0.42 0.76±0.033 0.87±0.056 1.14±0.049 11.33±0.16
CBX11 37.15±0.57 0.7±0.01 0.78±0.012 1.1±0.037 11.75±0.12
CBX12 38.32±0.48 0.68±0.081 0.72±0.014 1.05±0.022 9.65±0.037
CBX13 37.49±0.32 0.75±0.016 0.84±0.02 1.11±0.05 10.95±0.09

Note: All the values are expressed as Mean ±SD, n = 3

EVALUATION OF TABLETS
Prepared floating tablets were evaluated for physiochemical properties.
The hardness of clopidogrel bisulfate sustained release tablets was found 
to be in the range of 6.7 to 7.05 kg/cm2. The thickness of the tablets was 
found to be in the range of 4.08 to 4.18 mm. Weight variation, friability 
and drug content were in the range of 385 to 400 mg, 0.1 to 0.52 % and 
94 to 99.3 % respectively as shown in the Table 3. Thus all the parameters 
of the tablets were within compendial standards.8

The hardness of clopidogrel bisulfate sustained release tablets was found 
to be in the range of 6.78 to 7.12 kg/cm2. The thickness of the tablets was 
found to be in the range of 4 to 4.17 mm. Weight variation, friability and 
drug content were in the range of 378 to 392 mg, 0.1 to 0.43 % and 94 to 
99.6 % respectively as shown in the Table 4. Thus all the parameters of 
the tablets were within compendial standards.9-11

The hardness of aspirin immediate release tablets was found to be in the 
range of 3 to 3.2 kg/cm2. The thickness of the tablets was found to be 
in the range of 2.08 to 2.24 mm. Weight variation, friability and drug 
content were in the range of 242 to 249 mg, 0.38 to 0.68 % and 95.86 
to 98.1 % respectively. All the formulations have shown disintegration 
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Table 3: Physiochemical evaluations of clopidogrel bisulfate matrix tablets.

Code Hardness (kg/cm2)a Thickness (mm)b Weight variation (%)c Friability (%)d Drug content (%)e

CBK1 6.77±0.26 4.1±0.056 389±3.1 0.25±0.07 98±0.9

CBK2 6.94±0.25 4.13±0.059 398±0.2 0.37±0.011 98.7±0.18

CBK3 6.26±0.23 4.02±0.091 400±-0.1 0.39±0.018 99.3±0.94

CBK4 7.05±0.25 4.19±0.063 387±0.96 0.3±0.017 95.3±0.91

CBK5 7±0.16 4.08±0.08 399±0.17 0.34±0.098 95.3±0.82

CBK6 7.03±0.15 4.09±0.044 385±1.35 0.52±0.04 95.3±0.9

CBK7 6.96±0.27 4.2±0.055 392±1.7 0.14±0.018 96±0.88

CBK8 6.95±0.26 4.18±0.067 395±0.8 0.27±0.019 99.6±0.97

CBK9 7±0.26 4.05±0.08 386±1.2 0.32±0.036 94±0.84

CBK10 7.05±0.16 4.03±0.074 391±0.57 0.3±0.019 98±0.94

CBK11 6.99±0.22 4.08±0.068 393±0.15 0.16±0.032 97.3±0.8

Note: All the values are expressed as Mean ±SD. a, b: n=5, c: n=20, d, e: n=10

Table 4: Physiochemical evaluations of clopidogrel bisulfate matrix tablets.

Code Hardness (kg/cm2)a Thickness (mm)b Weight variation (%)c Friability (%)d Drug content (%)e

CBX1 6.97±0.01 4.1±0.017 385±0.021 0.4±0.019 98.9±0.14

CBX2 7.04±0.025 4.07±0.02 381±0.028 0.32±0.037 99.3±0.94

CBX3 7.05±0.022 4.01±0.06 388±0.053 0.23±0.017 97.3±1.9

CBX4 7.07±0.013 4.06±0.024 391±0.027 0.43±0.018 95.3±0.9

CBX5 7.02±0.023 4.03±0.062 397±0.073 0.31±0.036 94±0.81

CBX6 7±0.024 4.11±0.039 384±0.051 0.14±0.018 97.3±0.94

CBX7 6.78±0.019 4.05±0.023 383±0.077 0.39±0.017 97.3±0.19

CBX8 6.96±0.019 4.1±0.034 394±0.015 0.15±0.098 99.3±0.9

CBX9 7.2±0.068 4.12±0.046 380±0.03 0.24±0.019 97.3±1.4

CBX10 7.04±0.023 4.04±0.033 387±0.078 0.17±0.01 95.6±0.37

CBX11 6.95±0.022 4.17±0.05 378±0.02 0.1±0.02 97.6±0.32

CBX12 7.12±0.013 4.08±0.037 392±0.034 0.28±0.054 96.7±0.47

CBX13 7.02±0.02 4.15±0.016 384±0.02 0.26±0.05 95.3±0.68

Note: All the values are expressed as Mean ±SD. a, b: n=5, c: n=20, d, e: n=10

Table 5: Physiochemical evaluations of immediate release tablets.

Code Hardness (kg/cm2)a Thickness (mm)b Weight variation (%)c Friability (%)d Drug content (%)e Disintegration (Mins)f

A1 3.2±0.017 2.1±0.045 243±0.87 0.45±0.016 97.84±0.45 5

A2 3.14±0.029 2.15±0.061 247±0.71 0.38±0.028 95.86±0.57 3

A3 3±0.021 2.08±0.086 242±-0.68 0.58±0.018 97.6±0.90 1

A4 3.07±0.013 2.24±0.021 249±0.26 0.68±0.06 96.06±0.91 2

A5 3.12±0.031 2.17±0.016 248±0.17 0.42±0.014 98.14±0.22 4

A6 3.17±0.024 2.13±0.02 243±0.5 0.54±0.017 97.45±0.55 6

A7 3.11±0.019 2.19±0.03 243±0.26 0.65±0.06 96.13±0.56 6

A8 3.09±0.013 2.17±0.041 247±0.15 0.52±0.016 97.06±0.42 4

A9 3.21±0.068 2.13±0.016 245±0.53 0.48±0.08 97.8±0.51 5

Note: All the values are expressed as Mean ±SD. a, b: n=5, c: n=20, d, e: n=10, f: n=6

Table 6: Physiochemical evaluations of bilayered floating tablets.

Code Hardness (kg/cm2)a Thickness (mm)b Weight variation (%)c Friability (%)d Drug content (%)e

CBKA 6.4±0.23 5.89±0.15 648±0.7 0.16±0.4 97.6±0.41

CBXA 6.34±0.19 5.77±0.2 643±0.6 0.23±0.6 98.96±0.6

Note: All the values are expressed as Mean ±SD. a, b: n=5, c: n=20, d, e: n=10
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formulations CBK8, CBK9, CBX6, CBX9, CBX11, CBX13 have lost 
integrity though they have shown floating lag time less than 30 mins. 
So, formulations CBK7, CBK10, CBK11, CBX1, CBX2, CBX7, CBX8, 
CBX10, CBX12 were selected and subjected to dissolution studies for 
optimization. Figure 4 indicates in vitro buoyancy of CBX12

In vitro drug dissolution testing of floating table
It was observed that increasing the amount of karaya gum in the  
formulation, resulted in slower rate and decreased amount of drug  
release from the tablet. This slow release is because of the formation of 
more thick gel like structure around karaya gum that delays release from 
tablet matrix and retarding further penetration of dissolution medium, 
prolong the drug release. Among all the formulations CBK10 has shown 
maximum drug release i.e. 98% over a period of 12 h as shown in the 
Table 9 and Figure 5, 6 and 7.
It was observed that increasing the amount of gum in the formulation, 
resulted in slower rate and decreased amount of drug release from the 
tablet. Comparison between xanthan.gum and karaya gum based tablets, 
release of drug from xanthan gum based tablet was found to be more 
slowly compared to karaya gum based tablet. This slow release is because 
of the formation of more thick gel like structure around the matrix of 
xanthan gum compared to karaya gum that delays release from tablet  
matrix and retarding further penetration of dissolution medium, prolong  

less than 6 mins as shown in the Table 5. Among all the formulations 
A3 have shown less disintegration time. Thus all the parameters of the 
tablets were within compendial standards.
The hardness of bilayered floating tablets was found to be in the range 
of 6.34 to 6.4 kg/cm2. The thickness of the tablets was found to be in the 
range of 5.77 to 5.89 mm. Weight variation, friability and drug content  
were in the range of 643 to 648 mg, 0.16 to 0.23 % and 97.6 to 98.96 %  
respectively as shown in the Table 6. Thus all the parameters of the tablets  
were within compendial standards. 

In vitro buoyancy
Buoyancy test was conducted for the formulations CBK1 to CBK11. 
Among these formulations CBK7, CBK8, CBK9, CBK10, CBK11 have 
shown lag time less than 30 min as shown in the Table 7.
Buoyancy test was conducted for the formulations CBK1 to CBK11 and 
CBX1 to CBX13 as shown in the Table 8.
Buoyancy test was conducted for the formulations CBK1 to CBK11 
and CBX1 to CBX13.Among these formulations CBK7, CBK8, CBK9, 
CBK10, CBK11, CBX1, CBX2, CBX6, CBX7, CBX8, CBX9, CBX10,  
CBX11, CBX12, CBX13 have shown lag time less than 30 mins. But,  

Table 7: Floating lag time and floating time of sustained release tablets 
(Karaya gum).

CODE Floating lag time (min.) Floating time (hrs)

CBK1 35 6

CBK2 38 10

CBK3 47 8

CBK4 51 10

CBK5 41 NO INTEGRITY

CBK6 33 NO INTEGRITY

CBK7 20 11

CBK8 5 NO INTEGRITY

CBK9 2 NO INTEGRITY

CBK10 21 >12

CBK11 11 8

Table 8: Floating lag time and floating time of sustained release tablets 
(Xanthan gum).

CODE Floating lag time (mins) Floating time (hrs)

CBX1 28 8

CBX2 28 10

CBX3 40 11

CBX4 43 10

CBX5 39 NO INTEGRITY

CBX6 25 NO INTEGRITY

CBX7 17 9

CBX8 4 11

CBX9 3 NO INTEGRITY

CBX10 19 10

CBX11 3 NO INTEGRITY

CBX12 7 >12

CBX13 6 NO INTEGRITY

Figure 4: In-vitro buoyancy of optimized formulation.

Figure 5: Dissolution profiles of different formulations.
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Table 9: Dissolution profiles of sustained release matrix tablets (Karaya gum).

TIME (hrs) %Drug release

CBK1 CBK2 CBK3 CBX4 CBK7 CBK10 CBK11

1 13.8±0.96 15.6±0.21 13.2±0.13 10.2±0.74 12.6±0.54 10.5±0.4 15.9±0.49

2 25.8±0.79 29.4±0.62 24.6±0.74 18.6±0.18 24.6±0.85 16.1±0.14 27.5±1.7

3 38.4±0.06 43.2±0.77 31.8±0.74 28.2±0.13 32.4±0.69 25.8±0.16 40.68±1.2

4 51±0.83 54±0.64 39±0.18 36.6±0.68 39±0.84 34.6±0.25 51.8±0.7

5 60.6±0.67 63.6±0.4 47.4±0.53 45.7±0.43 45.6±0.39 44.2±2.38 58.6±0.83

6 67.2±0.35 69.6±0.96 56.4±0.31 54.6±0.29 57±0.85 51.5±0.35 68.1±0.04

7 83.4±0.56 75±0.61 61.8±0.27 60.6±0.48 61.8±0.81 60.1±0.02 75.2±0.37

8 90.6±0.37 81.6±0.29 67.8±0.45 66.6±0.97 67.8±0.54 68.3±0.19 81.8±0.15

9 96.1±0.88 86.4±0.71 75.6±0.32 72.6±0.83 74.4±0.69 75.5±0.11 87.2±0.1

10 - 91.8±0.42 83.4±0.19 77.4±0.28 82.2.±0.5 83.1.±0.13 92.5±0.09

11 - 96.6±0.42 89.4±0.2 81.6±0.57 88.8±0.69 91.5±0.48 96±0.26

12 - - 95.4±0.46 84.6±0.24 94.2.±0.24 98.±0.24 -

Note: All the values are expressed as mean± SD, n=3

Table 10: Dissolution profiles of sustained release matrix tablets (Xanthan gum).

TIME (hrs) %Drug release

CBX1 CBX2 CBX3 CBKX4 CBX7 CBX8 CBX10 CBX12

1 12.6±0.38 12.1±0.95 9.71±0.63 7.3±0.12 13.8±2.5 12.6±0.84 13.2±0.43 12.2±0.04

2 23.4±0.46 23.4±0.63 17.4±54 13.8±0.75 23.4±0.85 23.4±0.84 23±0.03 19.8±0.3

3 35.3±0.39 31.3±0.07 25.8±0.25 20.1±0.62 32.4±1.69 31.2±0.00 31.4±0.44 31.3±0.3

4 46.7±0.98 40.2±0.32 33.1±0.32 26.4±0.55 40.8±1.7 38.4±1.69 38.3±0.73 40.3±0.28

5 56.4±0.54 48.6±0.15 40.2±0.66 31.5±0.81 51.6±0.39 47.4±2.55 46.4±0.26 49.6±0.51

6 64.2±0.78 55.8±0.64 47.41±0.85 37.2±0.42 61.8±0.54 55.8±0.85 51.6±0.5 56.84±0.19

7 73.3±0.24 62.4±0.41 54.67±0.3 45.6±0.13 69±0.84 61.8±0.85 58.2±0.21 64.9±0.2

8 81.1±0.77 69.8±0.2 60.9±0.57 50.1±0.27 77.4±0.54 69±0.85 65.6±0.2 73±0.14

9 89.4±0.72 75.6±0.62 67.8±0.38 56.4±0.78 84.6±0.85 74.4±1.7 74.5±0.39 80.7±0.47

10 97.2±0.5 82.2±0.57 72.6±0.22 63.8±0.95 92.4±0.69 83.8±1.7 83.5±0.67 87.9±0.27

11 - 89.4±0.77 77.3±0.91 66.7±0.77 99±0.84 89.4±0.85 89.9±0.16 94.7±0.26

12 - 94.1±0.16 82.2±0.71 72.7±0.12 - 94.2±0.85 95.9±0.1 99.3±0.08

Note: All the values are expressed as mean± SD, n=3

Figure 6: Dissolution profiles of different formulations.

the drug release.11 Among all the xanthan gum based formulations, 
CBX12 has shown the maximum drug release of 99.3% over a period of 
12 as shown in the Table 10. 
Among all the formulations of immediate release aspirin layer formulation 
A4 with 5% sodium bicarbonate and 3% guar gum was optimized as it has 
shown release within 30 mins12 as shown in the Table 11.
In bilayered tablet, Sustained release matrix layer with 1:2 ratio of 
clopidogrel bisulfate: xanthan gum has shown 99.03±0.42 release in 12 
hrs whereas immediate release layer with 5% sodium bicarbonate and 3% 
guar gum has shown 99.4±0.44 % release within 30 min13-16 as Table 12 
and Figure 8.

Drug release kinetics
Model dependent Method: Drug release profiles of all the formulations 
into zero order release model, first order release model, Higuchi model 
and korsmeyer-peppas model as the Table 13. 
Based on the results of model dependent kinetic analysis of dissolution 
profiles of formulation CBXA, it was found that the release of the drug 
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from these formulations followed zero order kinetics and mechanism of  
release was found to be case II transport as shown in the Table 14.  
Indicates model dependant kinetics of CBX12.

In vivo Buoyancy Study
In vivo buoyancy study was performed on healthy rabbit. The animal 
dose was calculated using dose translation based on Body Surface Area  
(BSA). From the obtained results it was observed bilayered floating  
tablets (CBXA) remained in the gastric region for 6 hr of administration 
indicating good retention of the tablets in the stomach region.
Figure 9 indicates position of bilayered floating tablet at different time 
intervals. In vivo floating time was greater than 6 hrs as shown in the 
Figure 9 i, ii, iii, iv whereas after 6 hrs floating ability of tablet was lost as 
shown in the Figure 9 v.

STABILITY STUDIES
Optimized formulation was subjected for stability studies. Based on the  
results it can be concluded that, optimized tablets were stable during  
accelerated stability studies, with insignificant change in the floating lag 
time, floating time, drug content and in vitro drug release characteristics 
as shown in the Figure 10.

CONCLUSION
Bilayered floating matrix tablets of clopidogrel bisulfate and aspirin can 
be formulated as an approach to increase gastric residence time and 
thereby improving its bioavailability. Sustained release matrix layer of 
clopidogrel bisulfate was been prepared using guar gum, karaya gum, 

Figure 7: Dissolution profiles of different immediate release formulations.

Figure 8: Dissolution profiles of CBXA a) Sustain release b) Immediate 
release.

Table 11: Dissolution profiles of immediate release tablets.

TIME (hrs)
%Drug release

A4 A5 A6 A7 A8 A9 CBX10 CBX12

5 23.1±0.54 15.7±0.9 14.2±0.18 24.5±0.36 24.5±0.36 15.2±0.54 13.2±0.43 12.2±0.04

10 41.1±0.36 28.3±0.72 23.7±0.36 38.4±0.54 38.4±0.54 29.2±0.18 23±0.03 19.8±0.3

15 57.2±0.72 43.9±0.36 38.9±1.2 51.3±0.36 30.38±0.7 44±0.18 31.4±0.44 31.3±0.3

20 72.3±0.18 56±0.18 47.5±0.36 63.7±0.18 41.5±0.54 56.7±0.36 38.3±0.73 40.3±0.28

25 85±0.72 67.2±0.18 54.4±0.00 73.8±0.39 50±0.36 66.9±0.72 46.4±0.26 49.6±0.51

30 95.6±0.9 79.7±0.36 64.7±0.9 92±0.54 59.7±0.00 77.6±0.36 51.6±0.5 56.84±0.19

40 - 95.5±0.72 74.3±0.7 99.6±0.36 76.6±0.7 96.1±0.5 58.2±0.21 64.9±0.2

50 - - 89±0.18 - 94.6±0.18 - 65.6±0.2 73±0.14

60 - - 97.7±0.54 - - - 74.5±0.39 80.7±0.47
Note: All the values are expressed as mean± SD, n=3

Table 12: Dissolution profiles of optimized bilayered tablet.

Time (Hrs)
% Drug release of 
sustained release 

matrix layer
Time (Min.)

% Drug release of 
immediate release 

layer

1 14±0.28 5 26.04±0.4

2 22.4±0.07 10 48±0.95

3 30.5±0.6 15 62.8±0.6

4 37.1±0.03 20 77.7±0.7

5 46.4±0.09 25 89.3±0.17

6 54.4±0.5 30 99.4±0.44

7 61.2±0.08 - -

8 68.9±0.37 - -

9 75.6±0.1 - -

10 84.7±1.6 - -

11 92.5±0.46 - -

12 99.03±0.42 - -

Note: All the values are expressed as mean± SD, n=3
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Table 13: Model dependent kinetics of sustained release formulations.

CODE
Zero order First order Higuchi Korsmeyer-Peppas

Release Mechanism
R2 R2 R2 R2 n

CBK1 0.991 0.82 0.99 0.98 0.89 Case II transport

CBK2 0.951 0.79 0.99 0.93 0.74 Anomalous transport

CBK3 0.991 0.55 0.91 0.83 0.71 Anomalous transport

CBK4 0.980 0.76 0.97 0.95 0.77 Anomalous transport

CBK7 0.998 0.9 0.91 0.98 0.78 Anomalous transport

CBK10 0.998 0.84 0.97 0.96 0.61 Anomalous transport

CBK11 0.992 0.93 0.94 0.99 0.78 Anomalous transport

CBX1 0.989 0.97 0.71 0.95 1.75 Super case II transport

CBX2 0.992 0.92 0.94 0.99 0.539 Anomalous transport

CBX3 0.993 0.97 0.95 0.97 1.18 Super case II transport

CBX4 0.997 0.98 0.82 0.93 1.37 Super case II transport

CBX7 0.994 0.78 0.98 0.85 1.34 Super case II transport

CBX8 0.991 0.81 0.98 0.87 1.87 Super case II transport

CBX10 0.994 0.86 0.97 0.89 1.48 Super case II transport

CBX12 0.993 0.97 0.84 0.88 1.57 Super case II transport

Table 14: Model dependent kinetic analysis of optimized bilayered formulation

CODE
Zero order First order Higuchi Korsmeyer- Peppas

Release Mechanism
R2 R2 R2 R2 n

CBKA 0.991 0.871 0.98 0.972 0.73 Anomalous transport

CBXA 0.999 0.925 0.91 0.993 0.89 Case II transport

Figure 9: X-ray photographs of GIT of rabbit at different time intervals after 
administration of bilayered floating tablet. Figure 10: Percentage drug release of optimized formulation during ASS.
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locust bean gum and xanthan gum as rate control polymers, sodium 
bicarbonate and citric acid as gas generating agents. Immediate 
release layer of aspirin have been prepared using sodium bicarbonate 
as disintegrant and PVP K-30, guar gum and gum acacia as binders. 
Among all the bilayered formulations, CBXA with susutained.release 
layer containing xanthan gum (2 ratio with drug), sodium bicarbonate 
(15% w/w) and citric acid (1.2% w/w) and immediate release layer 
containing sodium bicarbonate (10% w/w) and guar gum (4% w/w) has 
shown optimum results. Sustained release layer has shown dissolution 
of 99.03±0.42 % in 12 hr whereas immediate release layer has shown 
99.4±0.44 % in 30min. CBXA has shown optimum floating properties 
with in vitro floating lag time of 4 min and floating time of >12 hr. In vivo 
buoyancy study revealed that floating time is greater than 6 hr. Based on 
the results of model dependent kinetic analysis of CBXA, it was found 
that the release of the drug followed zero order kinetics and mechanism 
of release was found to be case II transport.
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INTRODUCTION
Schizophrenia is a neurological disorder characterized by increased levels  
of dopamine in brain. It is a chronic and severe mental disorder that  
affects how a person thinks, feels and behaves, People with schizophrenia 
may seem like they have lost touch with reality. It is treated with both  
typical and atypical anti-psychotic drugs. Amisulpride is an atypical  
anti-psychotic drug with D2/D3 receptor blocker activity and effective 
in both positive and negative symptoms of schizophrenia. The limitation 
in oral bioavailability of amisulpride was due to poor aqueous solubility 
and first pass metabolism.1,2 For higher dug absorption and to increase 
drug concentration in brain, nasal route is preferred hence selected for 
the studies. Blood-brain barrier and cerebrospinal fluid barrier are the 
major obstacles that limit delivery of drugs to brain, which is avoided in 
nasal route.3,4,5

Intra-nasal therapy has been recognized form of treatment in the 
Ayurveda system of Indian medicine. It is known as ‘Nasya Karma’, one 
of the panchakarma of Ayurveda.6 It has been given a new lease of life. 
It’s a useful delivery method for drugs that are active in low doses and 
show no or minimal oral bioavailability such as proteins and peptides.
Nasal mucosa has been considered as a potential administration route  
to achieve faster and higher level of drug absorption, due to rich vasculature 
of nasal mucosa,7,8 Degradation of drug due to pH, metabolizing  
enzymes is negligible when compared to GIT. Hepatic first pass metabolism  
can be avoided.

Olfactory region (smelling area in nose) and trigeminal nerve pathways 
of nasal mucosa that provide a direct connection between nose and brain 
is used for treatment of CNS disorders.9-12

Microemulsions are colloidal dispersions composed of oil phase, aqueous 
phase, surfactant and co surfactant at appropriate ratios. Itis optically 
isotropic and thermodynamically stable liquid solution.Microemulsions 
have good solubilizing capacity and could be employed as an effective 
carrier for the poorly soluble drugs. Also due to the nano sized globules, 
the absorption of micro emulsion is higher than simple solution. Hence 
microemulsions were selected for the present study.13-17

MATERIALS AND METHODS
Materials
Amisulpride was gifted by Dr. Reddy’s (Hyderabad, India). Labrasol, 
Transcutol P, lauroglycol 90, capmul MCM were received as gift samples 
from Gattefosse Company (Mumbai, India). Polyethylene glycol 400 
(PEG 400), Polysorbate 80, Oleic acid, coconut oil, Tween 20, Propylene 
glycol, potassium chloride, Oleic acid, Arachis oil, sodium hydroxide,  
potassium dihydrogen orthophosphate, potassium chloride were  
purchased from SD fine chem Ltd (Mumbai, India) are of analytical 
grade. Methanol and Acetonitrile were purchased from Merck Limited  
(Mumbai, India). All other chemicals were analytical grade and  
purchased commercially. Double distilled water was used throughout 
the study.
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ABSTRACT
Amisulpride is an atypical antipsychotic drug with dopamine (D2/D3) receptor 
blocker activity. The oral bioavailability of amisulpride was below 48% due 
to first pass metabolism and poor aqueous solubility. In order to improve  
bioavailability and targeting to brain, amisulpride microemulsions for intranasal 
delivery were developed and evaluated. The amisulpride microemulsions  
were prepared by water titration method and optimized. The optimized  
formulation ME10 was composed of 5% Oleic acid, 65% of Smix (Tween 
80 and PEG 400 in 2:1 ratio) and 30% of water and showed mean globule 
size of 117.6 nm, PDI 0.259, zeta potential -23.8 mV, steady state flux of 
217.16 µg/cm2/hr and was selected as optimized formulation. The influence  
of Chitosan on permeability was studied and formulation MME1 containing  
0.1% Chitosan showed mean zeta size of 112.5 nm, PDI 0.210, zeta  
potential +15.2mV, pH 6.1, steady state flux of 245.77 µg/cm2/hr. The 
steady state flux of optimized formulation MME1 was 1.17 times of ME 
10 formulation and 3.88 times of Drug solution. The optimized formulation 
MME1 did not showed significant toxicity in histopathological evaluation 
on porcine nasal mucosa treated for 1hr. Locomotor activity was evaluated 
on psychosis induced male Wistar rats using +MK-801 by Photoactometer. 

The antipsychotic activity of MME1 treated group was 93.85%, nasal drug 
solution treated group was 65.07% and in oral drug Solution treated group 
was 41.47% measured in terms of reduction of counts in comparison to 
positive control. The intranasal MME1 showed significantly high efficiency  
(P<0.001) Compared to ME nasal and DS oral. Therefore intranasal  
administration of Amisulpride in microemulsion form could be of potential 
benefit compared to oral route.
Key words: Amisulpride, Brain targeting, Chitosan, Intranasal delivery,  
Microemulsion, Schizophrenia.
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Solubility
2 ml of each of the selected vehicle was taken in glass vial to which 
excess of Amisulpride was added. They were mixed using a cyclomixer 
to facilitate uniform dispersion. Then the mixtures were agitated in a 
shaker at room temperature. Samples were collected at 48 hrs intervals, 
centrifuged at 400 rpm for 10 min and filtrated through 0.45 µm 
membrane filter. The concentration of drug was quantified by U.V. visible 
spectrophotometer.18,19

Construction of Pseudo Ternary Phase Diagram
Phase diagrams were constructed using CHEMIX software version 7.00. 
Plots were constructed at different ratios of surfactant mixture (Smix) 
1:9, 2:1, 3:1, 2:1,). The weight ratio of oil to surfactant mixture (Smix) was 
varied as 1:9, 2:8, 3:7, 4:6, 5:5, 6:7, 7:3, 8:2 and 9:1. To the homogenous 
mixture of oil and surfactant, water was added incrementally. Following 
each addition, the mixture in test tube was vortexed for 2-3 mins. the 
point at which the mixture becomes turbid was considered as the end 
point of titration and recorded. They were allowed to settle for 30 min. 
The mixture was examined visually for phase separation or transparency.  
If transparent, water was added further till it becomes turbid and quantity  
of water was noted. 13,18,19

Preparation Methods
Microemulsions
Microemulsions were prepared by water titration method. Accurately 
weighed amount of drug was dissolved in weighed quantities of oil, Smix 
by vortexing. Measured volume of distilled water was added dropwise to 
the above mixture and vortexed to obtain transparent microemulsion.20,21 

The composition of microemulsions was showed in Table 1.

Mucoadhesive Microemulsions
Mucoadhesive microemulsions were prepared by adding chitosan  
dissolved in 1% acetic acid to microemulsion formulation with intermittent  
mixing.22-25

Characterization
Transmittance
The percentage transmittance of the ME and MME was measured against 
distilled water using UV-Visible spectrophotometer at a wave length of 
633 nm.19

Mean Globule Size, PDI
The mean globule size and PDI of MEs and MMEs were determined  
using Zeta sizer (Nano-ZS 90, Malvern instruments Ltd. UK) on 100 times  
diluted sample. The mean globule size was measured at 90oC angle at 
room temperature.26,27

Zeta Potential
Zeta potential of MEs, MMEs were determined using zeta sizer  
(Nano-ZS 90, Malvern instruments Ltd. UK) on 100 time’s diluted sample.  
The zeta potential was measured at 90° angle at room temperature.26,27

pH and Viscosity
The pH of microemulsion formulations was determined using calibrated  
digital pH meter at room temperature. Viscosity of ME and MME  
were determined using Brookfield viscometer (Brookfield, model No. 
LVDV-E 8542328, USA) at single mode (spindle C-50).28

Drug Content
Accurately weighed microemulsions were suitably diluted with methanol, 
sonicated, filtered through 0.45 µm filter and analysed by HPLC 
method.29

In vitro Drug Permeation Study of Microemulsions
Invitro drug permeation studies were assessed using Franz diffusion cell. 
Microemulsion formulation equivalent to 12.5 mg of Amisulpride was 
placed in donor compartment separated from receptor compartment by 
a dialysis membrane of 12000 - 14000 Daltons pore size cut off. Aliquots  
of samples were withdrawn from the receptor compartment at 
predetermined time intervals and replaced with fresh medium. The 
samples were analysed for drug content by UV-Visible spectrophotometer 
at 224 nm.30

Ex vivo Permeation Studies
Procedure for Isolation of Nasal Mucosa
On the day of experiment, the isolated nose of porcine was collected  
from local slaughter house and kept in Krebs bicarbonate ringer’s solution,  
immediately after slaughtering. The nasal mucosa was isolated carefully 
using scalpel blade, blunt forceps made free from adhered tissues and 
used immediately.31

Ex vivo Permeation Studies
Exvivo permeation were performed on excised porcine nasal mucosa  
using Franz diffusion cells of vertical type (volume 23 mL), with effective 
surface area of 4.9 cm2. The isolated porcine nasal mucosa was mounted 
on Franz diffusion cells and allowed to equilibrate for 30 min in PBS 
pH 6.4 at room temperature. After equilibrium the donor chamber was 
replaced with formulation/drug solution and the receptor compartment  
was filled with fresh medium. Samples were withdrawn at regular  
intervals up to 8 hr and replaced with fresh medium. The samples were 
analysed by UV visible spectrophotometer at 224 nm.31

Nasal Cilio Toxicity Studies
Nasal mucosae mounted on Franz diffusion cell was treated individually 
for 1 h with formulations, isopropyl alcohol (positive control) and PBS 
6.4 (negative control). The mucosae after treatment was rinsed with PBS 
pH 6.4 and preserved in 10% v/v formalin solution. The mucosal section 
obtained by microtome technique was stained with haematoxylin-eosin 
and observed under digital microscope to evaluate the damage to nasal 
mucosa.19

Scanning Electron Microscopy (SEM)
The morphology of optimized mucoadhesive microemulsion was studied 
by scanning electron microscope (JSM-6510LA, JEOL, Indonesia). The  
sample of microemulsion formulation was adhered on to the carbon-
coated metallic stub, sputter coated with platinum coating machine (JFC-
1600 Auto coater, JEOL). Image was taken out under high vacuum.32

Stability Studies
Freeze thawing was employed to evaluate the physical stability of the 
optimal formulations. The formulations in glass vials were subjected to 
freeze-thaw cycles, which include freezing at -20°C for 24 hr followed 
by thawing at 40°C for 24 hr. After completion of freeze-thaw cycles, 
samples were centrifuged at 3000 rpm for 5 min and observed for phase 
separation and precipitation of drug.19

Optimized microemulsion and mucoadhesive microemulsion were  
subjected to sterilization in an autoclave at 121°C for 15 min and  
observed for phase separation and precipitation of drug.
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DSC Thermogram
Equal ratios of formulation and neusilin as adsorbent taken in chaina  
dish were triturated well. About 15 mg of triturate was weighed into  
aluminium pan and crimped after placing the lid. The sample was 
scanned between the temperature range of 50-400oC at a heating rate of  
10C/min. Nitrogen gas was served as purged gas. Empty aluminium pan 
was used as reference cell (DSC-800, Perkin Elmer, USA).19,31

In vivo Studies
Animals
Male Wister rats weighing between 200-250 gm were used in 
Pharmacodynamic studies. All experiments were conducted as per 
CPCSEA guidelines and approved by institutional animal ethical 
committee, Kakatiya University, Warangal vide No IAEC/32/UCPSc/
KU/2019.

Procedure for Intranasal Administration
Rat intranasal catheter device (ICD) is specially designed to deliver 
therapeutics to the olfactory region of the rat nasal cavity. It consists of 
catheter guide, catheter tube, base and Hamilton syringe. Catheter tube 
passes through catheter guide, which is slightly bent such that the tube 
can be guided on to the olfactory bulb. The Hamilton syringe filled with 
dose, is kept ready by attaching to the other end of the catheter tube. 
After ensuring the proper positioning of the tube, the dose is pushed into 
the nose. Rat nasal catheter device (Impel Neuro Pharma, version 2.1)  
was used for the intranasal administration of formulations. The 
formulations were administered to anaesthetized rats.19,33 

Study Protocol
Male Wistar rats weighing between 200-250 g were divided into six  
groups; each group consists of 6 rats. The dose and route of administration  
was mentioned in the Table 6.19,33

Description of the Procedure
Photoactometer is used to evaluate antipsychotic activity. First the  
amisulpride dose was given through the respective routes mentioned in  
Table 6. After 30 min of treatment MK-801 was administered via  
intraperitoneal route to all rats except group 1 rats. The rats were placed  
in photoactometer and the movement of rats passing in counts were  
recorded at 15, 30, 45, 90 min and compared to positive control.

RESULTS AND DISCUSSION
Solubility
The solubility of amisulpride in various oils, surfactants and co-surfactants  
and various buffers was shown in the Figure 1. Based on solubility of  

amisulpride, Oleic acid, Tween 80 and PEG 400 were selected as oil,  
surfactant and co-surfactant.

Pseudo Ternary Phase Diagrams
Pseudo ternary phase diagrams drawn with different ratios of tween 80: 
PEG 400 (1:1, 2:1, 3:1, 1:2) (surfactant and co-surfactant) were shown in 
Figure 2. Tween 80 and PEG 400 Smix at 2:1 ratio, Figure 2(b) yielded  
maximum microemulsion region. Hence 2:1 ratio of Tween 80 and  
PEG 400 was selected for microemulsion formulations. Tween 80 is a 
biocompatible emulsifier. PEG 400 is a stabilizer and cosurfactant which 
imparts flexibility to the surface of the globules.

Characterization
The microemulsions and mucoadhesive microemulsions were 
characterized for globule size, PDI, zeta potential, pH, drug content as 
per the procedure described above and the results were shown in Table’s 
2 and 3.

Table 1: Microemulsion formulations.

S.no Formulation code Oil (%) Smix (%) Water (%)

1 ME 1 15 65 20

2 ME 2 15 62.5 22.5

3 ME 3 15 60 25

4 ME 4 15 57.5 27.5

5 ME 5 12.5 65 22.5

6 ME 6 12.5 62.5 25

7 ME 7 12.5 60 27.5

8 ME 8 7.5 65 27.5

9 ME 9 7.5 62.5 30.5

10 ME 10 5 65 30

Figure 2 (a, b, c, d): Pseudo ternary phase diagrams composed of oil  
(oleic acid) Smix (Tween 80: PEG 400 and water. Shaded area represents 
microemulsion region.

Figure 1: Solubility of amisulpride in various oils, surfactants, co-surfactants 
and in various buffers.
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Transmittance

All the formulations were transparent when measured at 693 nm by UV 

spectrophotometer, indicating the nano sized globules of ME.

Size, PDI

The mean globule size of design microemulsion formulations was in the 

range of 112.6 nm to 319.9 nm. Table 2. The globule size of optimized 

microemulsion was 117.6 nm. The PDI of the design formulations was 

in the range of 0.210 to 0.390 indicating uniform dispersion of globules. 

The globule size of optimized mucoadhesive microemulsion MME 1 was 

112.6 nm with PDI of ±0.210. Table 2.

Zeta Potential
The zeta potential is a key factor for the stability of the colloidal dispersion. 
Zeta potential of the MEs were observed as negative value. Table 2. The 
high zeta potential of the ME was because of the presence of oleic acid. 
Oleic acid is a long chain fatty acid, ionization of oleic acid imparts high 
negativity charge. The zeta potential of MME were observed as positive 
value due to the presence of chitosan.

Measurement of pH
The pH of the design formulations was found to be within the range of 
5.2 to 6.7. The pH of the optimized microemulsion was 5.7. The pH of 
the optimized MME 1 was 6.1. In general the pH of nasal secretions is 
between 4.5 and 6.4. As the optimized formulation was within the range  
of nasal secretions, formulations could be non-irritant to the nasal  
mucosa.

Table 2: Characterization of microemulsions.

Formulation code Drug content (%)±SD Size (nm)±SD PDI±SD ZP(mv)±SD pH Transmittance % Kp .10-3 cm2/h

ME 1 97.42±1.9 179±3.95 0.228±0.02 32.70±1.21 5.3 99.2 11.39

ME 2 95.6± 1.43 192.0± 3.95 0.258±0.02 -31.06±0.56 5.2 99 8.53

ME 3 96.3±1.39 198.0± 4.58 0.271±0.05 -31.53±1.00 5.5 98.2 8.05

ME 4 96.4±1.98 319.9± 5.1 0.390±0.08 -31.73±0.47 5.6 98 -

ME 5 97.1±1.56 155. ± 10.3 0.230±0.01 -29.66±1.34 5.2 97.09 11.73

ME 6 98.2±1.72 159.8±7.08 0.227±0.02 -27.53±0.55 5.7 97.06 10.38

ME 7 96.5± 1.92 170.4± 4.88 0.252±0.03 -24.30±2.06 5.4  99.03 9.33

ME 8 96.1±1.08 134.2±5.29 0.279±0.02 -25.40±0.50 5.3 98.2 15.92

ME 9 95.7±1.75 148.6±9.50 0.263±0.01 -25.36 0.40 5.7 96.2 14.08

ME 10 95.2±1.87 117.6±7.37 0.259±0.05 -23.83±1.16 5.7 99.2 16.78

mean± SD; n=3

Table 3: Characterization of optimized microemulsions, mucoadhesive microemulsions and drug solution.

Formulation code Size (nm) PDI Zeta potential (mV) Drug content (%) pH Kp.10-3cm2/h)

ME 8 134.0±5.29 0.279±0.02 -25.40±0.50 96.1±1.08 5.3 15.58

ME 9 148.6±9.50 0.263±0.01 -25.36±0.40 95.7±1.75 5.7 12.86

ME 10 117.6±7.37 0.259± 0.05 -23.83±1.16 95.6±1.12 5.7 17.37

MME 1 112.6±7.37 0.210±0.03 +15.2±2.02 95.6±1.12 6.1 19.66

MME 2 115.9±8.5 0.275±0.08 +23.3±2.01 96.7±1.87 6.4 20.50

MME 3 115.98.5 0.2980.05 +27.5±2.05 95.8±1.56 6.7 15.81

Drug solution - - - 95.4±1.89 6.1 5.06

mean± SD; n=3

Table 4: Cumulative amount (mg) of amisulpride permeated through dialysis membrane(mean±SD, n=3).

Time(hrs) ME 1 ME 2 ME 3 ME 5 ME 6 ME 7 ME 8 ME 9 ME 10

0.08 0.13±0.09 0.08±0.01 0.05±0.01 0.01±0.0 0.01±0.0 0.09±0.0 0.20±0.00 0.20±0.07 0.15±0.01

0.25 0.45±0.11 0.36±0.08 0.25±0.07 0.41±0.09 0.28±0.09 0.42±0.08 0.44±0.08 0.38±0.09 0.43±0.03

0.5 0.62±0.11 0.45±0.1 0.43±0.1 0.50±0.08 0.36±0.03 0.52±0.07 0.57±0.09 0.47±0.08 0.52±0.02

1 0.99±0.10 0.68±0.08 0.66±0.06 1.01±0.08 0.97±0.08 0.73±0.06 1.10±0.07 0.96±0.09 1.02±0.08

2 1.25±0.9 1.29±0.1 1.26±0.08 1.37±0.09 1.49±0.05 1.35±0.09 2.26±0.09 1.92±0.03 2.30±0.07

3 1.51±0.9 1.92±0.10 1.85±0.09 2.0±0.09 2.28±0.09 2.00±0.98 3.14±0.078 3.62±0.07 4.25±0.12

4 1.79±0.1 2.68±0.8 2.49±0.1 2.96±0.10 3.41±0.72 2.94±0.08 4.28±0.09 5.13±0.10 5.25±0.10

6 2.23±0.1 3.26±0.9 3.38±0.10 4.16±0.12 4.07±0.10 3.71±0.92 5.42±0.12 6.23±0.09 6.63±0.09

8 2.92±0.9 4.13±0.1 3.77±0.11 5.80±0.12 4.98±0.12 4.46±0.11 6.71±0.11 7.51±0.11 7.87±0.13
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Figure 3: In vitro permeation profiles of Amisulpride microemulsions ME, 
MME, drug solution.

Figure 4: Ex vivo permeation profiles of Amisulpride microemulsions ME, 
MME, drug solution.

Table 5: Cumulative amount (mg) of amisulpride permeated through nasal mucosa (mean±SD, n=3).

Time ME 8 ME 9 ME 10 MME 1 MME 2 MME 3 Drug solution

0 0 0 0 0 0 0 0

0.083 0.06±0.0 0.10±0.01 0.12±0.02 0.23±0.03 0.26±0.03 0.36±0.02 0.18±0.01

0.25 0.19±0.02 0.21±0.03 0.33±0.02 0.37±0.03 0.40±0.01 0.65±0.03 0.35±0.03

0.5 0.45±0.07 0.56±0.09 0.47±0.09 0.53±0.06 0.82±0.01 1.02±0.09 0.47±0.09

1 0.92±0.02 1.10±0.08 1.31±0.02 1.40±0.08 1.50±0.09 1.39±0.7 0.59±0.08

2 1.79±0.09 1.74±0.10 2.24±0.09 2.96±0.10 3.34±0.08 2.86±0.98 0.99±0.07

3 2.66±0.09 2.45±0.12 3.20±0.08 4.14±0.13 4.50±0.12 4.20±0.12 1.19±0.09

4 3.49±0.11 3.28±0.09 4.27±0.09 5.26±0.12 5.72±0.15 5.37±0.14 1.50±0.10

5 4.53±0.12 4.16±0.13 5.27±0.10 6.35±0.11 6.73±0.11 6.26±0.11 1.71±0.10

6 5.68±0.09 4.78±0.11 6.14±0.12 7.49±0.16 7.85±0.19 7.13±0.17 1.96±0.0.09

7 6.69±0.10 5.75±0.12 7.56±0.15 8.59±0.13 8.97±0.16 8.27±0.19 2.15±0.11

8 7.62±0.9 6.55±0.13 8.43±0.12 9.52±0.18 9.93±0.18 9.20±0.12 2.49±0.10

Drug Content
The drug content of all formulations was within the range of 95±4%. 
Amisulpride was loaded at 1.2% concentration of the formulation.

In-vitro Drug Permeation Studies
In-vitro drug permeation studies were conducted in phosphate buffer  
saline pH 6.4 using Franz diffusion cells. The release profiles were shown 
in Table 4. And Figure 3. The formulation with lower size shown higher 
release, the release pattern is ME 10> ME 8> ME 9> ME 5> ME 6> ME 
7> ME 2> ME 3> ME 1. The ME 10, ME 9, ME 8 formulations showed 
highest drug permeated (70.26%) in 8 hrs. Hence selected for further 
invivo studies.

Ex vivo Drug Permeation Studies
The ex vivo permeation studies were conducted using Franz diffusion 
cell on porcine nasal mucosa using PBS pH 6.4. Cumulative amount of  
drug permeated, Flux at steady state (Jss), Kp, were calculated. The  
donor compartment was loaded with formulation equivalent to 12.5 mg 

of drug. The cumulative amount of drug permeated in 8 hr was shown 
in (Table 5), the permeation profiles were shown in (Figure 4). Flux 
at steady state was obtained from slope of straight line linear portion. 
Steady state flux values of design formulations were in between 63.28 
and 256.32 µg/cm2/hr. (Figure 6). Optimized microemulsion (ME 10) 
showed a flux of 217.16 µg/cm2/hr.
Mucoadhesive microemulsions containing chitosan at 0.1, 0.3 and  
0.5 % w/w showed flux of 245.77, 256.32 and 237.16 µg/cm2/hr respectively.  
As MME 1 and MME 2 containing 0.1 and 0.3% chitosan showed 
significantly high flux, MME 1 shown high flux and pH was within 
the nasal secretions range hence selected for Pharmacodynamic study. 
Increasing the concentration of chitosan above 0.3 % decreased the flux, 
which may be due to increase in formulation viscosity.
Flux of MME 1 was significantly high compared to drug solution 
(P<0.001) and ME 10 (P<0.0001). The enhancement ratio of MME1 was 
3.88 folds when compared to drug solution and 1.17 folds compared to 
microemulsion (ME 10)
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1 and PBS pH 6.4 (negative control) did not showed any damaged of the 
mucosal epithelial layer, cilia and glands. From observation of images in 
Figure 5 (a, b, c, d,) one can conclude that MME 1 were safe without any 
significant toxicity.

Scanning Electron Microscopy (SEM)
Optimized microemulsions and mucoadhesive microemulsions were  
subjected to SEM studies. The SEM image of mucoadhesive microemulsion  
formulation contained spherical shaped globules (Figure 6)

Stability Studies
Physical stability of optimized microemulsion (ME 10), optimized  
mucoadhesive microemulsion was evaluated and found stable

Physical Stability by Freeze-Thawing
Optimized microemulsion (ME 10) and optimized mucoadhesive  
microemulsion (MME 1) formulations were subjected to freeze-thawing 
for 3 cycles and phase separation was not observed.

Effect of Autoclave
Before autoclave and after autoclave, phase separation and drug 
precipitation was not observed in optimized microemulsion and 
mucoadhesive microemulsion.

DSC Thermogram
DSC thermogram of optimized formulation (MME 1) was shown in  
Figure 7. Absence of sharp endothermic peak at 126°C, corresponding to 
the melting point of Amisulpride in DSC of formulation MME 1 indicate 
the absence of crystalline drug.

Selection of Dose for Animal Studies
The dose of amisulpride selected for intranasal administration was  
1.2 mg/kg which was calculated based on the human dose using the  
formula,
AED=HED*(animal weight in kg/human weight in kg)-0.33

AED=animal equivalent dose in mg/kg.
HED=human equivalent dose in mg/kg.

Permeation coefficients (Kp) of design MEs were in the range of 12.86 to 
20.50 cm-3/h (Table 4.14). Kp of MME1 was 1.13 folds, when compared 
to ME 10 and 3.88 folds when compared to drug solution.
Significantly high value of flux and kp of optimized microemulsion 
(ME 10) and mucoadhesive microemulsion (MME 1) when compared 
to drug solution were observed. This results proven the superiority of 
microemulsion and MME formulation over drug solution. This can be  
attributed to the nano sized globules present in thermodynamically  
active microemulsion form. The role of chitosan as permeation enhancer 
was also proved as MME 1 exhibited maximum flux, significantly high 
compared to microemulsion.

Nasal Cilio Toxicity Studies
Nasal cilio toxicity studies were conducted as per the procedure  
described in section 2.7. Mucosa treated with formulations ME 10, MME 

Figure 5: (a, b, c, d): Histopathology of porcine nasal mucosa after treatment 
formulations.

Figure 6: SEM image of optimized Formulations MME. Figure 7: DSC thermogram of optimized MME 1 formulation.

Table 6: Study protocol of locomotor activity in Male Wistar rats.

Name Group-1 (Normal 
saline )

Group-2 (positive 
control )

Group-3 (Oral Drug 
solution)

Group-4 (Nasal Drug 
solution)

Group-5 (MME1)

Amisulpride (mg/kg) Normal saline (i.p) --- 1.2
(oral route)

1.2
(Nasal route)

1.2
(Nasal route)

MK-801 (mg/kg) ---- 0.3 0.3 0.3 0.3
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Pharmacodynamic Activity
Locomotor activity was evaluated on psychosis induced rats using  
MK-801 by photoactometer as described in section 2.10. The photo-
actometer counts were Figure 8.
Photoactometer counts decreased by 93.85% in nasal MME1 treated  
group, 65.07% in nasal drug solution treated group and 41.47% in  
oral drug solution treated group in comparison to positive control. The  
intranasal MME1 has showed significantly high efficiency (p<0.001). 
Therefore we conclude that intranasal microemulsion administration 
could be potential benefit compared to oral route.

CONCLUSION
In the present study we could develop mucoadhesive microemulsion of  
amisulpride for intranasal administration successfully. Ex vivo permeation  
of MME and ME formulations was significantly higher than drug  
solution. The antipsychotic activity of MME was significantly high  
compared to nasal drug solution and oral drug solution. Nasal drug  
solution also showed significantly high activity compared to oral drug  
solution. Therefore we conclude that intranasal microemulsion 
administration could be potential benefit compared to oral route.
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INTRODUCTION
Nanoparticles are defined as particulate dispersions or solid particles  
having size within the range of 10-1000nm. The drug is dissolved,  
attached, encapsulated or entrapped, into the nanoparticle’s matrix.1 
Polymeric nanoparticles (PNPs) are prepared from a synthetic or semi  
synthetic polymeric block to increase the circulation half-life and to  
reduce phagocytic uptake and inactivation of the therapeutic moiety  
and can be used to deliver and target therapeutic agents.2 They are  
formulated by incorporating biodegradable polymers in order to  
maximize tissue compatibility and minimize cytotoxicity. It has been 
reported that higher entrapment efficiency in PNPs can be achieved by 
incorporation of drug during their preparation rather than adsorption 
on preformed nanoparticles.2,3 Drug release takes place in polymeric  
nanoparticles through their simultaneous biodegradation, followed  
by desorption, diffusion, or erosion. The major goals in designing 
nanoparticles as a delivery system are to control particle size, surface 
properties and release of pharmacologically active agents in order to 
achieve the site-specific action of the drug at the therapeutically optimal  
rate and dose regimen.1-3 Chitosan is a natural polymer obtained by  
deactivation of chitin. It is biologically safe, non-toxic, biocompatible 
and biodegradable polysaccharide. Chitosan nanoparticles are formed 
based on electrostatic interaction between amine group of chitosan and 
negatively charge group of polyanion such as tripolyphosphate by ion 
gelation method.4 In Desolvation method the protein or polysaccharide  
in aqueous phase are often desolvated by pH change or change in  
temperature by adding appropriate amount of counter ions.4,5 It contains  
three steps: protein dissolution, protein aggregation and protein  

deaggregation. With the acceptable levels of desolvation and resolvation, 
the aggregate size might be maintained and eventually the mixtures of  
nanoparticles are cross linked using glutaraldehyde. The process of  
removing/replacing solvating water molecules, by a non-solvent, from 
the hydration shell of a  macromolecule is named desolvation.4,6

Linagliptin is a BCS class III (high solubility and low permeability) drug 
used in treatment of diabetes. Though it has high solubility and half-life 
of 12hrs, bioavailability is only 30%, due to its low permeability.7,8 In the 
present study floating polymeric nanoparticles of linagliptin were aimed 
as a novel approach to increase the residence time of drug in stomach by 
controlling drug delivery over a prolonged period of time and to increase  
permeability by nanosized particles, there by bioavailability can be  
increased. Nanoparticles are prepared by (ion gelation and desolvation 
methods) with ethyl cellulose, chitosan and gelatin as polymers. These  
are further converted into floating drug delivery with sodium bicarbonate  
and prolonging drug delivery using hydrophobic polymers like ethyl  
cellulose.

MATERIALS AND METHODS
Materials
Linagliptin was procured from Dr. Reddy’s laboratories Ltd. Chitosan,  
Gelatin, sodium tri poly phosphate (STPP), glutaraldehyde, sodium  
bicarbonate, acetone, were procured from SD fine chemicals limited. 
Ethyl cellulose and HPMC E15M were procured from Yarrow Chem. 
Products.

Formulation and Evaluation of Floating Polymeric Nanoparticles 
of Linagliptin in Capsules
D. Prasanthi*, J. Krishna Kumari, S. Hymavathi
Department of Pharmaceutics, G. Pulla Reddy College of Pharmacy, Mehdipatnam, Hyderabad, Telangana, INDIA.

ABSTRACT
Objectives: Linagliptin is a BCS class III drug used in treatment of diabetes.  
In the present study floating polymeric nanoparticles of linagliptin are  
formulated to increase the residence time of drug in stomach by controlling 
drug delivery over a prolonged period of time and to increase permeability  
by nanosized particles, there by bioavailability can be increased. Methods: 
Polymeric nanoparticles were prepared by desolvation and ion gelation  
method. The prepared polymeric nanoparticles were evaluated for entrapment 
efficiency, drug content, percentage yield, diffusion studies and dissolution  
studies. Results: Among various formulations, GF2 formulation by ion  
gelation method, CF5 by desolvation (continuous addition) method and IF1 
by desolation (intermittent addition) method have shown % drug release 
of 91.8±0.50%, 92.8±0.33% and 91.5±31% in 210min respectively. GF2 
was considered as the optimized formulation based on its high entrapment  
efficiency of 88.6±1.09%, cumulative amount permeated of 997.0±2.15µg/cm2  

for 4hrs, Zeta potential (-20.3mV), particle size (396 nm) and SEM (spherical 
and smooth surface). The GF2 formulation was converted into floating drug 
delivery system with sodium bicarbonate and different concentration of  

ethyl cellulose, HPMC E15M. GF2 (1:2 ratio of drug:ethyl cellulose) was 
optimized as it showed prolonged drug release by retaining drug through  
mucosa of goat with % drug release (53.1±0.50 % at 5.5 hrs) in comparison  
with pure drug (99.8±0.19% at 1 hr) and it was stable as per ICH guidelines. 
Conclusion: Hence the drug release has been retarded, permeation has  
been enhanced and residence time of drug in the stomach has been  
extended by floating polymeric nanoparticles.
Key words: Floating Drug Delivery, Nanoparticles, Polymeric Nanopar-
ticles, Desolvation Method, Ion Gelation Method, Linagliptin.
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Preparation
Ion Gelation Method
The polymeric nanoparticles were prepared by Ion Gelation method, 
chitosan was soaked in 10ml of 1%v/v glacial acetic acid. To this mixture 
at 700rpm, 3ml of sodium tri poly phosphate (STPP) was added drop 
wise and continued stirring for 30 minutes to form a nanosuspension 
containing nanoparticles. Nanoparticles were filtered through Whatman’s 
filter paper, washed and dried.9 100mg of drug (linagliptin) was added to 
chitosan solution before addition of STPP. Drug: polymer ratio ranged 
from 1:0.25 to 1:1.25, which were coded as GF1 (1:0.25); GF2 (1:0.5); 
GF3 (1:0.75); GF4 (1:1) and GF5 (1:1.25) respectively.

Desolvation method
The polymeric nanoparticles were prepared by Desolvation method using  
gelatin as polymer. To 10ml of gelatin solution acetone was added  
either continuously (1ml/min) or intermittently (1ml for every 5min) 
at 700rpm to form turbid solution. To this nanosuspension few ml of 
25%v/v glutaraldehyde was added with continuous stirring for 12hrs. 
Then the solvent was removed in rotary flash vacuum evaporator and  
nanoparticles obtained were kept for air drying.10,11 Linagliptin was  
added to gelatin solution. Linagliptin: gelatin ratio ranged from 1:0.25 
to 1:2, which were coded as CF1 (1:0.25); CF2 (1:0.5); CF3 (1:0.75); CF4 
(1:1); CF5(1:1.25); CF6(1:1.5); CF7(1:1.75); and CF8 (1:2) respectively 
for continuous addition of acetone and as IF1 (1:0.25); IF2 (1:0.5); IF3  
(1:0.75); IF4 (1:1); IF5(1:1.25); ICF6(1:1.5); IF7(1:1.75); and IF8 (1:2)  
respectively for intermittent addition of acetone.

Preparation of floating polymeric nanoparticles of 
linagliptin
optimized polymeric nanoparticles (GF2 formulation by ion gelation  
method) were converted to floating by addition of 10% of sodium  
bicarbonate and different concentrations of ethyl cellulose and HPMC E 
15M as polymers which were filled into size ‘5’ capsules. Quantities taken 
are given in Table 1.

Drug-excipient compatibility was studied by FTIR and 
DSC
The spectrum analysis of pure drug and physical mixture of drug with 
different polymers (chitosan and gelatin) which are used for preparation  
of nanoparticles was studied by FTIR and DSC. FTIR spectra were  
recorded by preparing potassium bromide (KBr) disks using a shimadzu 
(Koyto, Japan) facility (model-8400S). Potassium bromide (KBr) disks 
were prepared by mixing few mg of sample with potassium bromide by 
compacting in a hydraulic press under vacuum at 6-8 tons pressure. The 
resultant disc was mounted in a suitable holder in IR spectrophotometer 
and the IR spectrum was recorded from 4000cm to 500 cm in a scan 
time of 12 min. The resultant spectrum was compared for any spectra 
changes. They were observed for the presence of characteristic peaks for 
the respective function functional group.12

DSC (differential scanning calorimetry) analysis was performed by using  
Q-1000 TA Instruments, USA. The instrument was calibrated with  
indium standard. Accurately 3-5 mg samples were weighed and placed 
in a closed, hermetic sample pans with pin hole. Thermo grams were 
obtained by heating the sample at a constant rate 10°C/min. A dry purge 
of nitrogen gas (50ml/min) was used for all runs. Samples were heated 
from 0°C to 350°C. The melting point, heat of fusion, disappearance of 
the crystalline sharp peak of the drug and appearance of any new peak 
and peak shape were noted.12

Evaluation of polymeric nanoparticles and floating 
polymeric nanoparticles

Percentage yield
The prepared drug loaded polymeric nanoparticles were collected and 
weighed. The weight obtained is noted as practical yield. The percentage 
yield was calculated by following formula.13

    Practical yield
 % yield =                                    X 100
    Theoretical yield

Determination of Drug content
Polymeric nanoparticles equivalent to 5mg of drug were dissolved  
in methanol and kept for stirring at 600 rpm for 3 hours respectively.  
The amount of the drug present in the supernatant was determined  
spectrophotometrically.14

Drug Entrapment Efficiency
Polymeric nanoparticles equivalent to 5mg of drug were taken in 
2ml of distilled water and separated from the aqueous medium 
by ultracentrifugation at 10,000 rpm for 30 min at 5°C. Then the 
resulting supernatant solution was decanted and dispersed into 
0.1NHCL. The amount of drug entrapped in the nanoparticles 
was determined as the difference between the total amount 
of drug used to prepare the nanoparticles and the amount of 
drug present in the aqueous medium.15 The determination  
of entrapment efficiency was repeated three times per sample. The  
percentage drug entrapment was calculated using the following equation: 

% Drug entrapment
Amount of entrapped drug recovered

Total amount o
=

ff drug
×100

The polymeric nanoparticles of linagliptin and floating polymeric 
nanoparticles were filled in size ‘5’ capsules with drug equivalent amount 
and evaluated for following parameters,

Table 1: Preparation of floating polymeric nanoparticles of linagliptin.

Ingredients GF2(1:0.5) GF2(1:1) GF2(1:1.5) GF2(1:2) GF2(1:2)EH

Polymeric 
nanoparticles 

(mg) 

Equivalent 
amount 
of drug 

dose(7.5) 

Equivalent 
amount 
of drug 

dose(7.5) 

Equivalent 
amount 
of drug 

dose(7.5) 

Equivalent 
amount 
of drug 

dose(7.5) 

Equivalent 
amount 
of drug 

dose(7.5) 

Ethyl 
cellulose (mg) 

3.75 7.5 11.25 15 7.5 

HPMC E 
15M (mg) 

   -    -    -    - 7.5 

Total 
weight(mg)

12.37 16.5 20.62 24.75 24.75 

Note: Where, GF2 (1:0.5) = formulation with 1% GF2 and 0.5% ethyl cellulose 
as polymer;
GF2 (1:1) = formulation with 1% GF2 and 1% ethyl cellulose as polymer;
GF2 (1:1.5) = formulation with 1% GF2 and1.5% ethyl cellulose as polymer;
GF2 (1:2) = formulation with 1% GF2 and 2% ethyl cellulose as polymer;
GF2 (1:2) EH= formulation with 1% GF2 and 2% ethyl cellulose and HPMC  
E 15 M (in1:1) as polymer;
1% GF2 = equivalent amount of drug dose;
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Ex-vivo permeability studies
Ex-vivo permeability studies were carried out for optimized formulations 
(i.e. GF2 (1:2), GF2 formulations). Fresh intestinal tissue was removed 
from gastro intestinal tract (GIT) of goat obtained from local slaughter 
house. It was stored in saline water at frozen condition. The intestinal 
tissues were filled with formulations, tied to paddle by making them as  
pouch and the dissolution studies were carried out same as above  
procedure using 0.1 N HCl as medium. From this, % drug permeated  
was calculated and was plotted against the function of time to study the 
pattern of the drug release.19

In-vitro drug release kinetics
To study the mechanism and release kinetics, in-vitro release data were  
fitted with Zero order, First order, Higuchi release and Korsemeyer-Peppas  
mathematical models.12 

Stability study 
Optimized formulation i.e. GF2 (1:2) formulation was tested for 
stability in ambered colored bottle containers. It was stored at 
accelerated stability conditions (40°C ± 2°C /75% ± 5%RH) as per ICH  
guidelines over a period of 1month in a humidity chamber and in  
between the capsules were evaluated for drug content and in-vitro drug 
release every week.12

RESULTS
Polymeric nanoparticles were prepared using gelatin and chitosan  
polymers. And floating polymeric nanoparticles were prepared using 
ethyl cellulose and HPMC E15M. Drug-excipient compatibility with all  
polymers was studied by FTIR and DSC. The spectra of pure drug and 
optimized formulation GF2 (1:2) is given in Figure 1, which shows  
characteristic peaks at 1400, 1540, 1780cm-1 representing C-N(stretching), 

Weight variation 
Twenty capsules were selected at random and were weighed collectively 
and individually. From the collective weight, average weight was 
calculated. The % weight variation is calculated.

Content Uniformity
Twenty capsules were randomly selected from each batch of the prepared  
polymeric nanoparticles of linagliptin filled in capsules and their  
contents were removed and powdered. From this sample, powder 
(equivalent to drug dose) is accurately transferred in to 10ml volumetric  
flask. The volume is made up with methanol and sonicated for 30 min. 
Then, 1ml of the above solution is transferred in to 10ml volumetric flask 
and the volume is made up to the mark with 0.1N HCl. The solution is 
filtered through whatman filter paper and suitably diluted and the drug 
content was estimated spectrophotometrically by measuring absorbance 
at 238nm.

Zeta potential and particle size
The particle size and zeta potential were measured by photon correlation 
spectroscopy (Delsa Nano, Beckman Coulter Inc. UK).16

SEM
Scanning electron microscopy (SEM) was used to characterize the surface 
morphology of the prepared nanoparticles. Nanoparticle suspension was 
mounted on a clear-glass stub, air-dried, gold coated with Polaron E5100  
sputter coater (Polaron, United Kingdom) and visualized under scanning  
electron microscope (Jeol 5400, Japan).17,18

Floating time
In this test the capsule filled with drug equivalent amount of linagliptin  
loaded floating polymeric nanoparticles is introduced into a 100ml  
beaker containing 0.1N HCl and the total duration of time for which 
dosage form remain floating is called floating time.19

In-vitro drug diffusion studies
Diffusion studies were performed using Franz diffusion cell with dialysis  
membrane. The cell was locally fabricated and therefore the volume of  
receptor compartment was 25 ml. The dialysis membrane used for  
diffusion studies was placed between donor and receptor compartment. 
Drug equivalent polymeric nanoparticles was placed on membrane and 
clamped together. The receptor compartment was filled with 0.1 N HCl and 
maintained by continuous stirring at 400 rpm with a magnetic bead and  
maintained at 37°C. At predetermined time intervals, 1ml samples 
were withdrawn and replaced with an equal volume of buffer. The 
samples were analysed after appropriate dilution at λmax of 238nm 
using spectrophotometer. From this cumulative amount permeated was 
calculated and plotted against function of time to study the pattern of 
drug permeated.13

In-vitro drug Dissolution studies
Dissolution studies were performed through dissolution apparatus using 
USP type-I (basket type) apparatus. The release of Linagliptin from the  
polymeric nanoparticles was studied using 0.1 N HCl in a dissolution  
apparatus with a rotating basket stirrer at a stirring speed of 50 rpm and a 
temperature of 37 ± 1°C. Drug equivalent amount of nanoparticles filled 
in size ‘5’ capsules were used in each test and these were placed within  
each basket. Samples were withdrawn at different time intervals and  
replaced with 5ml of fresh dissolution medium. The withdrawn samples  
were assayed at 238 nm for linagliptin content using a UV visible  
spectrophotometer.16 

Figure 1: FTIR spectra of linagliptin and optimized floating polymeric 
nanoparticles formulation.
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N-H(Bending), C=O(Stretching) respectively. DSC scan of pure drug 
and optimized formulation GF2 is given in Figure 2. The pure linagliptin 
showed melting endothermic peak at 206°C, physical mixture showed 
endothermic peak at 223°C.
Percentage yield, drug content, entrapment efficiency, weight variation and  
content uniformity results of polymeric nanoparticles are given in Table 2.
Floating polymeric nanoparticles filled into capsules showed weight  
variation in range of 94.4±2.65mg to 107.1±2.59mg and content uniformity 
from 90.6±0.59% to 98.4±0.29%.
Zeta potential, particle size and SEM of optimized formulation GF2 is 
given in Figure 3, Figure 4 and Figure 5 respectively.
Floating time results of formulations is given in Table 3.
In-vitro drug diffusion studies of polymeric nanoparticles prepared by  
ion-gelation method showed cumulative amount permeation from  
733.7±3.00 µg/cm2 to 997.0±2.15 µg/cm2 in which GF2 formulation  

Figure 2: DSC scan of linagliptin and optimized floating polymeric nano-
particles formulation.

Figure 3: Zeta potential of GF2 formulation.

Table 2: Evaluation parameters of polymeric nanoparticles.
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GF1 99.2±0.23 93.8±0.12 80.6±1.23 88.3±1.32 91.4±0.09

GF2 100±0.46 98.09±0.12 88.6±1.09 89.5±2.08 98.9±0.24

GF3 100±0.49 75.7±0.08 74.0±0.75 90.7±2.08 96.8±0.24

GF4 100±0.27 74.1±0.46 73.0±0.81 92.5±2.52 97.3±0.17

GF5 100±0.66 72.3±0.78 71.6±0.43 93.3±3.05 93.1±0.50

CF1 100±0.17 87.6±0.24 69.3±0.26 88.2±2.49 97.4±0.33

CF2 90.6±0.50 71.9±0.33 68.8±0.26 88.9±4.12 95.2±0.46

CF3 84.0±0.34 82.8±0.33 52.5±0.45 89.2±3.27 92.4±0.73

CF4 100±1.09 74.2±0.49 68.6±1.24 92.0±2.49 91.1±0.66

CF5 88.0±0.81 90.9±0.19 58.9±0.31 91.8±2.53 93.1±0.12

CF6 77.6±0.99 89.5±0.19 74.5±1.09 91.7±3.21 92.5±0.11

CF7 80.7±1.23 76.1±0.50 74.0±1.09 93.2±2.65 98.8±0.32

CF8 73.3±0.49 77.6±0.50 76.5±0.81 93.1±4.37 90.8±0.49

IF1 98.4±0.66 98.0±0.42 63.4±0.78 88.1±3.00 95.4±0.49

IF2 93.3±0.81 80.4±0.08 69.2±0.42 89.0±2.09 97.1±0.72

IF3 61.1±0.73 83.8±0.12 61.6±0.94 87.3±2.49 93.5±0.19

IF4 74.5±0.73 81.4±0.78 66.6±0.94 89.4±2.37 96.3±0.36

IF5 93.7±1.00 99.5±0.64 58.0±0.27 92.0±2.37 95.4±0.24

IF6 96.4±0.85 70.4±0.24 59.7±0.44 94.0±2.49 98.1±0.59

IF7 97.4±0.97 97.1±0.67 61.8±1.02 95.6±2.19 90.9±0.59

IF8 82.3±0.50 70.9±0.78 67.3±0.48 94.3±2.07 92.2±0.37

Values are expressed as mean ±SD, n=3.

Figure 4: Particle size of GF2 formulation.
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Figure 5: SEM photograph of GF2 formulation.

Figure 6: Percentage drug release of floating polymeric nanoparticles of 
linagliptin.

Figure 7: Percentage drug permeated in ex-vivo studies in comparison with 
pure drug.

showed highest cumulative amount permeated of 997.0±2.15 µg/cm2 
at 240min and GF5 showed lowest cumulative amount permeated  
of 733.7±3.00 µg/cm2 at 150min. In desolvation method by continuous  
addition, range of permeated amount was from 720.1±3.25 µg/cm2 to 
924.1±0.90 µg/cm2. CF5 formulation showed highest cumulative amount 
permeated of 924.1±0.90 µg/cm2 at 240min and CF2 formulation showed 
lowest cumulative amount permeated of 720.1±3.25 µg/cm2 at 150min. 
In intermittent addition, 616.1±0.70 µg/cm2 to 993.1±3.24 µg/cm2 range 
of drug permeation was seen with formulations. Within these, IF1 showed 
highest cumulative amount permeated of 993.1±3.24 µg/cm2 at 240min 
and the IF6 formulation showed lowest cumulative amount permeated 
of 616.1±0.70 µg/cm2 at 120min.
Dissolution studies of polymeric nanoparticles prepared by ion gelation 
method showed drug release range from 91.8±0.50% to 97.4±0.12 % in 
210 min, continuous addition in desolvation method showed 91.0±0.46% 
to 99.8±0.08% in 150 min and in intermittent addition range was from 
91.5±0.31% in 210 min to 99.2±0.19 in 60 min. GF2 formulation showed  
the drug release of 91.8±0.50% in 210 min, CF5 of 92.8±0.33% at 210 min  
and IF1 of 91.5±0.31% at 210 min indicating the sustained / delayed  
release of drug from the formulation.
Percentage drug release of floating polymeric nanoparticles is given in 
Figure 6.
Ex-vivo permeability studies of optimized formulations GF2 nano-
particles, GF2 nanoparticles in capsule, GF2 (1:2) floating polymeric 
nanoparticles were performed in comparison with pure drug using fresh  
intestinal tissue of goat. The percentage drug permeated is given in  
Figure 7.
In-vitro drug release kinetics of optimized formulations GF2, CF5, IF1 
and GF2 (1:2) are given in Table 4.
A stability study of optimized floating polymeric nanoparticles was  
performed for one month according to ICH guidelines. Physical  
appearance, drug content and percentage drug release parameters were 
evaluated every week. 

DISCUSSION

Polymeric nanoparticles were prepared by ion gelation method and  
desolvation method. The wave numbers of the principal peaks of  
linagliptin appeared as characteristic peaks in the IR graphs of physical 
mixture of drug with excipient. Thermal behaviour of pure linagliptin 
and their physical mixture indicates no interaction between drug and 
excipient. Thus the excipients were found to be compatible.12

The prepared nanoparticles were evaluated for various physico chemical  
properties and IF3 formulation showed the lowest percentage yield of 
61.1±0.73% while rest of the formulations are within the acceptable limits 
i.e., within the range of 70-100%. Drug content of all the formulations  
are within the acceptable limits i.e., within the range of 70-100% indicating  
that there is no loss of drug. Formulation GF2 showed the highest  
entrapment efficiency of 88.6±1.09%, formulation IF5 showed the  
lowest entrapment efficiency of 58.0±0.27% while rest of the formulations 
showed entrapment efficiency in the range of 60% to 80%. All the  
capsules passed the weight variation test as the average percent weight  
variation was within 7.5% limits as prescribed in the pharmacopoeia.  
GF2 (1:2) formulation showed the highest content uniformity of 
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98.4±0.29% and the other formulation showed the content uniformity 
ranging from 90.6% to 97.1%.
Zeta potential is useful in knowing the surface charge of the particle 
which can determine its stability.20 Nanoparticles with a zeta potential 
above (±) 30 mV have been shown to be stable in suspension, as the 
surface charge prevents aggregation of the particles. The formulation GF2 
has shown a Zeta potential of -20.3 mV. Particle size and size distribution 
are the most important characteristics of nanoparticle systems.21 The 
particle size distribution of particles is expressed in PDI. GF2 has shown 
a particle size of 396 nm and PDI of 1.0 from which it can inferred 
that nano range has been formulated and the particle size possess large 

interfacial surface area for drug absorption. The linagliptin nanoparticles  
were evaluated for their surface morphology using SEM. The nano-
particles were found to be discrete, spherical with smooth surface.22,23 
From in vitro drug release studies, even though GF2 formulation by ion 
gelation method, CF5 by desolvation (continuous addition) method and 
IF1 by desolvation (intermittent addition) method can be optimized 
based on their percent drug release of 91.8±0.50%, 92.8±0.33% and 
91.5±31% in 210min respectively. GF2 was considered as the optimized 
formulation based on its high entrapment efficiency and cumulative 
amount permeated of 997.0±2.15µg/cm2 for 240min (4hrs). Thus GF2 
formulation obtained by ion gelation method was further converted into 
floating delivery system to increase the drug residence time by making 
them to float, which enhance the permeability thereby the bioavailability 
can be increased. GF2 (1:2) formulation showed highest floating time of 
8 hrs. Since the lag time depends upon amount of sodium bicarbonate 
involved in carbon dioxide formation and polymer used, tough the same 
concentration of sodium bicarbonate (10%) was used in all formulations, 
floating time is varying based on the concentration of polymer used.  
However all formulations exhibited satisfactory floatation ability and  
remained floating for 6-8hrs in the dissolution medium (0.1N HCL). GF2 
(1:2) showed the delayed drug release of 91.5±0.50% at 7 hrs, indicating 
the increase in the residence time of the drug in the stomach. The pure 
drug showed the permeation across the goat intestine of 99.8±0.19% at 
1hr, where as GF2 (1:2) formulation showed permeation of 53.1±0.50% 
in 5.5 hrs by retaining the drug. Hence the increase in permeation of the 
drug has been achieved. It is observed from release kinetics GF2 (1:2) 
formulation followed zero order release kinetics with super case –II 
transport mechanism. The formulation was also stable for one month at 
accelerated stability conditions according to ICH guidelines.12 

CONCLUSION
Floating polymeric nanoparticles of linagliptin prepared by ion gelation  
method using chitosan and ethyl cellulose were able to increase the  
residence time of drug in stomach by floating and retarding drug release, 

permeability of drug was enhanced by nano size of particles. Hence the 
objective of enhancing bioavailability is achieved.
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Table 3: Floating time of floating polymeric nanoparticles formulations 
of linagliptin.

Formulation code Floating time

GF2(1:0.5) 6hrs 47min

GF2(1:1) 7 hrs

GF2(1:1.5) 7 hrs 20min

GF2(1:2) 8 hrs

GF2(1:2)EH 7hrs 56min

Table 4: Drug release kinetics of optimized formulations.

Formulation code
R2

Korsmeyer-Peppas
n

  Drug transport mechanism
Zero First Higuchi Korsmeyer-Peppas

GF2 0.988 0.856 0.944 0.957 0.526 Anomalous transport.

CF5 0.957 0.895 0.985 0.991 0.508 Anomalous transport.

IF1 0.989 0.947 0.988 0.986 0.480 Fickian diffusion

GF2(1:2) 0.994 0.978 0.962 0.991 1.07 Super case-II transport
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INTRODUCTION
Proton pump inhibitors (PPIs) are very effective in the treatment of 
symptoms and healing of erosive and ulcerative disease in the spectrum 
of acid-related disorders. PPIs produce significantly more effective and  
prolonged acid suppression than H2-receptor antagonists (H2-RAs) and 
currently available PPIs, at higher daily doses or administration frequencies, 
can maintain a pH >4 for up to 16–18 h ⁄ day. It has been shown that 
healing in acid-related disorders is directly related to the degree and 
duration of acid suppression and the length of treatment. However, a  
significant number of patients with acid-related disorders do not  
adequately respond to once or even twice daily PPI therapy.1 A 
suboptimal symptomatic response to PPI therapy commonly 
leads the physician to double the PPI dose. The pharmacokinetic 
properties of the currently available PPIs limit their ability to 
produce prolonged acid suppression, leading to markedly reduced 
efficacy during the nocturnal period (Figure 1 and 2).2 PPIs  
produce greater acid suppression if taken before food, because the  
maximum number of acid pumps is inserted into the canalicular  
membrane and they require an acidic intra-canalicular environment 
with active acid secretion in the gastric parietal cell to permit conversion 
to the active sulphenamide and covalent binding of the sulphenamide to 
effect inhibition of acid secretion. As current PPIs all have similar plasma 
half-lives between 1 and 2 h, any proton pumps synthesized or activated 
after the plasma level of the PPI falls below threshold will not be blocked  
from secreting acid, with the possible exception of sulphenamide derivatives,  
trapped at high concentration in the secretory canaliculi.3

Tenatoprazole is a new PPI that has a prolonged plasma half-life of 
around 9 h which is 5–7 fold longer than the currently available PPIs. In 
contrast to current PPIs, characterized by pyridine and benzimidazole  
moieties, tenatoprazole has an imidazopyridine ring in place of the  
benzimidazole moiety. The results of several studies indicate that racemic  

tenatoprazole produces more prolonged suppression of intragastric  
acidity than esomeprazole, an S-enantiomer of omeprazole that is more 
effective than its parent racemic compound. STU-Na is the S-enantiomer 
of tenatoprazole and, preliminary pharmacological studies indicate that 
it too may be more effective than its parent racemic compound.4,5

MATERIALS AND METHODS
Materials: Tenatoprazole sodium was received as a gift sample from  
LARA DRUGS PVT LTD, Hyderabad. Carbopol-941P, Carbopol-974P-NF,  
Methocel K4M, Methocel K100 LV, Eudragit-S 100, L-100, RS100, RL-100  
was supplied by Yarrow Chem Products, Mumbai. PVP-K 30, IPA, Aerosil,  
Magnesium Stearate and Microcrystalline Cellulose was supplied by  
Signet Chem Mumbai.

METHODS
Preformulation Studies
Standardization of Tenatoprazole sodium by UV-Visible 
Spectrophotometry
a) In 0.1 N Hcl Solution
i) Preparation of stock solution: Stock solution 100µg/ml Tenatoprazole  
sodium was prepared in 0.1N Hcl solution. This solution was 
approximately diluted with 0.1N Hcl to obtain a concentration of 10µg/
ml. The resultant solution was scanned in range of 200- 400nm using UV 
double beam spectrophotometer (Lab India UV-3000+).
ii) Standard calibration of Tenatoprazole sodium in 0.1N Hcl: 100mg 
of Tenatoprazole sodium was accurately weighed and dissolved in 100ml 
of 0.1N Hcl to obtain a concentration of 1000µg/ml. From the above 
10ml was withdrawn and diluted to 100ml to obtain a concentration of 
100µg/ml. From this stock solution aliquots of 0.5ml, 1ml, 1.5ml, 2ml  
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and 2.5ml were diluted in 10ml volumetric flask with phosphate buffer to  
give concentrations in range of 5µg/ml to 25µg/ml respectively, absorbance  
was measured at 236nm.
b) In pH 6.8 phosphate Buffer (Table 4)
i) Preparation of stock solution: Stock solution 100µg/ml of Tenatoprazole 
sodium was prepared in phosphate buffer of pH 6.8. This solution was  

Table 1: Composition of extended release matrix tablets of Tenatoprazole sodium using synthetic polymers.

INGREDIENTS F1 F2 F3 F4 F5 F6 F7 F8 F9

Tenatoprazole sodium 40 40 40 40 40 40 40 40 40

Carbopol-941P 40 60 80 --- --- --- --- --- ---

Carbopol-974P-NF --- --- --- 40 60 80 --- --- ---

Methocel K4M --- --- --- --- --- --- 40 60 ---

Methocel K100LV --- --- --- --- --- --- --- --- 40

PVP-K 30 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5

Sodium bicarbonate 10 10 10 10 10 10 10 10 10

IPA QS QS QS QS QS QS QS QS QS

Aerosil 5 5 5 5 5 5 5 5 5

Mg.Stearate 5 5 5 5 5 5 5 5 5

MCC 137.5 117.5 97.5 137.5 117.5 97.5 137.5 117.5 137.5

Total Weight(mg) 250 250 250 250 250 250 250 250 250 

approximately diluted with phosphate buffer of pH 6.8 to obtain a  
concentration of 10µg/ml. The resultant solution was scanned in range 
of 200- 400nm using UV double beam spectrophotometer (Lab India 
UV-3000+).
ii) Standard calibration of Tenatoprazole sodium in phosphate buffer 
of pH 6.8: 100mg of Tenatoprazole sodium was accurately weighed and 
dissolved in100ml of pH 6.8 phosphate buffer to obtain a concentration 
of 1000µg/ml. From the above 10ml was withdrawn and diluted to 100ml 
to obtain a concentration of 100µg/ml. From this stock solution aliquots 
of 0.5ml, 1ml, 1.5ml, 2ml and 2.5ml were diluted in 10ml volumetric 
flask with phosphate buffer to give concentrations in range of 5µg/ml to 
25µg/ml respectively, absorbance was measured at 238nm.6

FORMULATION DEVELOPMENT OF TABLETS
Preparation of Tablets
Wet granulation method: All the powders were passed through 80 
mesh. Required quantities of Tenatoprazole sodium, polymer, binder 
(PVPK30), Sodium bicarbonate were mixed thoroughly and a sufficient 
volume of granulating agent (Isopropyl alcohol) was added slowly. After 
enough cohesiveness was obtained, the mass was sieved through 22/44 
mesh. The granules were dried at 40°C for 12hrs. Once, dry the granules 
retained on 44 mesh were mixed with 10% of fine granules that passed 
through 44 mesh (Figure 3, 4). Aerosil and magnesium stearate were 
added as glidant and lubricant. Finally MCC is added to make up 250mg. 
In all formulations, the amount of the active ingredient is equivalent to 
40 mg of Tenatoprazole sodium (Table 1, 2)

Evaluation of Tenatoprazole sodium ER matrix tablets 
Evaluation of granules
Angle of repose
The angle of repose of granules was determined by the funnel method.  
The granules were allowed to flow through the funnel freely onto the  
surface. The diameter of the powder cone was measured and angle of 
repose was calculated using the following equation.

Tan θ = h/r
Where h and r are the height and radius of the powder cone.

Bulk Density
Both loose bulk density and tapped bulk density were determined and 
calculated by using the following formulas.

Figure 1: Standard graph of Tenatoprazole sodium pH 6.8 phosphate buffer.

Figure 2: Dissolution profiles of Formulations F1-F6.
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Table 2: Composition of extended release matrix tablets of Tenatoprazole sodium using synthetic polymers.

INGREDIENTS F10 F11 F12 F13 F14 F15 F16 F17 F18

Tenatoprazole sodium 40 40 40 40 40 40 40 40 40

Eudragit-S 100 --- 40 60 --- --- --- --- --- ---

Eudragit-L 100 --- --- --- 40 60 --- ---- --- ---

Eudragit-RS 100 --- --- --- 40 60 --- ---

Eudragit-RL 100 60 --- --- --- --- --- --- 40 60

Sodium bicarbonate 10 10 10 10 10 10 10 10 10

PVP-K 30 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5

IPA QS QS QS QS QS QS QS QS QS

Aerosil 5 5 5 5 5 5 5 5 5

Mg.Stearate 5 5 5 5 5 5 5 5 5

MCC 117.5 137.5 117.5 137.5 117.5 137.5 117.5 137.5 117.5

Total Weight(mg) 250 250 250 250 250 250 250 250 250

LBD = weight of the powder / volume of the packing 
TBD = weight of the powder / tapped volume of the packing
Compressibility Index: The compressibility index of the granules was 
determined by Carr’s compressibility index. 

Carr’s index (%) = [TBD-LBD] × 100/TBD
Hausner’s ratio: The Hausner’s ratio is a number that is correlated to the  
flowability of a powder or granular material. The ratio of tapped density to  
bulk density of the powders is called the Hausner’s ratio. It is calculated 
by the following equation.7

H = Tapped density / Bulk density

Evaluation of tablets
Average weight: To study weight variation, 20 tablets of each formulation  
were weighed using an electronic balance (Sartorius India, limited) and 
the test was carried according to the Indian Pharmacopoeia.8

Drug Content: Five tablets were weighed individually and the drug was 
extracted in pH 6.8 phosphate buffer. The drug content was determined 
according to the IP. 
Hardness and Friability: The hardness and friability were determined 
using the Monsanto hardness tester (Cadmach, Ahmedabad, India) and  
the friability testing apparatus (Indian equipments, Mumbai, India),  
respectively.9

Figure 3: Dissolution profiles of Formulations F7-F12.

Table 3: Observations for graph of Tenatoprazole sodium in 0.1N HCl 
(236nm).

S.No Concentration(μg/ml) Absorbance(nm)

1 0 0

2 5 0.111

3 10 0.216

4 15 0.303

5 20 0.406

6 25 0.511

Figure 4: Dissolution profiles of Formulations F13-F18.

Table 4:  Observations for graph of Tenatoprazole sodium in pH 6.8  
phosphate buffer (238nm).

S.No Concentration(μg/ml) Absorbance(nm)

1 0 0

2 5 0.092

3 10 0.200

4 15 0.289

5 20 0.385

6 25 0.486



Divya, et al.: Development of Extended Release Tablets of Tenatoprazole Sodium

S42 Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020

Table 5: PRE Compression Parameters.
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F1 0.426±0.28 0.524±0.39 1.230±0.32 18.70±0.37 24.12±0.24

F2 0.431±0.36 0.537±0.17 1.245±0.09 23.20±0.13 24.65±0.18

F3 0.412±0.09 0.479±0.15 1.162±0.17 13.98±0.05 25.77±0.27

F4 0.467±0.37 0.558±0.14 1.371±0.16 16.51±0.68 26.09±0.34

F5 0.574±0.33 0.602±0.16 1.048±0.58 12.98±0.36 27.18±0.06

F6 0.471±0.15 0.588±0.17 1.248±0.05 19.89±0.24 25.08±0.17

F7 0.543±0.28 0.646±0.15 1.189±0.11 15.94±0.47 23.33±0.26

F8 0.481±0.32 0.542±0.16 1.126±0.08 19.06±0.14 25.11±0.25

F9 0.452±0.11 0.629±0.23 1.391±0.23 21.67±0.03 24.72±0.43

F10 0.536±0.34 0.650±0.26 1.212±0.17 17.46±0.48 26.67±0.28

F11 0.564±0.22 0.602±0.19 1.067±0.14 20.59±0.43 26.13±0.43

F12 0.581±0.37 0.599±0.15 1.031±0.08 17.29±0.28 24.52±0.44

F13 0.431±0.07 0.497±0.17 1.153±0.17 19.83±0.16 22.06±0.13

F14 0.544±0.19 0.602±0.04 1.106±0.99 21.05±0.25 26.64±0.08

F15 0.490±0.19 0.552±0.27 1.126±0.12 18.49±0.06 25.89±0.15

F16 0.436±0.18 0.586±0.22 1.344±0.16 17.14±0.06 27.13±0.17

F17 0.412±0.07 0.477±0.13 1.157±0.08 20.14±0.03 22.27±0.18

F18 0.503±0.13 0.598±0.29 1.1899±0.04 19.61±0.11 23.43±0.05

The data are presented as mean value ± S.D. (n = 3)

Table 6: Evaluation of sustained release matrix tablet.

F.Code Weight 
variation(mg) *

Thickness 
(mm) ¥

Hardness
(kg/cm2) Ӝ

Friability
(%) ψ

% Drug 
Content €

F1 250±0.41 3.66±0.23 4.98±0.56 0.78±0.04 98.19±0.53

F2 249±0.72 3.99±0.19 4.79±1.18 0.65±0.03 99.51±0.98

F3 250±0.98 4.13±1.44 5.04±0.35 0.52±0.02 97.14±0.79

F4 248±1.16 3.57±0.19 4.35±0.42 0.56±0.27 100.48±0.07

F5 250±0.09 3.78±0.36 4.69±0.29 0.57±0.25 99.98±0.23

F6 250±1.79 3.89±0.14 5.14±0.35 0.55±0.04 97.54±1.16

F7 248±2.04 4.07±0.17 4.38±0.05 0.77±0.18 96.74±1.72

F8 250±0.21 3.69±0.24 4.35±0.18 0.55±0.19 98.14±0.98

F9 249±1.17 4.15±1.13 5.06±0.07 0.43±0.11 98.88±0.59

F10 250±0.28 3.06±0.99 4.58±0.16 0.89±0.07 101.26±0.15

F11 249±1.26 3.67±0.34 4.44±0.62 0.52±0.13 99.14±0.09

F12 250±0.89 3.15±0.18 4.47±0.31 0.68±0.24 99.22±0.08

F13 249±1.31 3.98±0.44 4.99±0.15 0.67±0.05 98.69±0.22

F14 248±1.87 3.33±0.27 5.11±0.13 0.44±0.22 101.04±0.98

F15 250±0.26 3.59±0.63 4.15±0.94 0.54±0.03 98.96±0.66

F16 250±0.94 3.99±0.74 4.14±1.26 0.57±0.12 99.16±0.03

F17 249±1.44 3.89±0.19 4.55±0.27 0.75±0.54 99.25±0.95

F18 250±0.88 3.44±0.06 4.96±0.24 0.57±0.16 98.86±0.24

∗ = n= 20, ¥ = n =10, Ӝ=n=5, ψ=n=10, €=n=5

In-vitro release studies
Dissolution Conditions
1) Dissolution Medium and time
a) Gastric Resistance: 0.1N HCl for 2 hours.
b) Dissolution: phosphate buffer pH 6.8 for 10 hrs.
2) Volume: 900ml
3) Apparatus: Type II (paddles)
4) Rotation Speed: 75 rpm
5) Temperature: 37°C + 0.5°C
USP dissolution apparatus type II (Electrolab TDT-08L, Mumbai, India) 
was used to determine the in vitro release of Tenatoprazole sodium from 
the prepared formulations. The dissolution medium was 900 ml of acidic 
buffer 0.1 N HCl for 2 h and phosphate buffer (pH 6.8) for 12 hrs. The 
tablet was kept in to the basket at 37 ± 0.5°C and 75 rpm. Samples (5 mL) 
were withdrawn at regular time intervals and the dissolution medium 
was replaced with equal volume fresh dissolution medium. The samples 
were measured by UV spectrophotometer at 270 nm against a blank.10,11

RESULTS AND DISCUSSION
Pre formulation studies
Development of calibration curve for Tenatoprazole sodium: The 
scanning of the drug solution in the UV range showed maximum 
absorbance at 236 nm and hence, the calibration curve was developed at 
this wavelength. The values are given in Table 3.

Physical characteristics of blends and tablets
The blends of different formulations were evaluated for angle of repose, 
Carr’s compressibility index etc., the results of Angle of repose and Carr’s  
compressibility Index (%) ranged from 22.06-27.2 and 12.98-23.2  
respectively which showed that blends from all the formulations having 
good flow property. The hardness and percentage friability ranged from 
4.1-5.1 kg/cm2 and 0.22-0.55% respectively. (Table 5-10)

Table 7: Dissolution release profiles of Formulations (F1-F5).

S. No Time
(hours)

Cumulative % drug release*(%)

F1 F2 F3 F4 F5

1 0 0 0 0 0 0

2 1 4.28±0.32 9.64±0.33 4.65±0.27 3.82±0.53 2.06±0.56

3 2 8.62±0.36 18.56±0.46 8.39±0.48 10.62±0.57 8.57±0.24

4 3 16.85±0.12 24.09±0.27 14.16±0.63 19.43±0.61 17.09±0.11

5 4 24.61±0.48 28.91±0.28 18.67±0.87 25.40±0.73 26.35±0.61

6 5 30.97±0.63 39.39±0.81 19.08±0.38 30.01±0.47 35.19±0.73

7 6 45.36±0.75 46.21±0.53 26.36±0.59 35.07±0.56 43.98±0.46

8 7 51.49±0.51 53.08±0.32 37.33±0.79 42.66±0.54 53.37±0.67

9 8 58.66±0.43 59.29±0.47 46.17±0.71 54.65±0.63 67.53±0.61

10 9 65.28±0.61 68.11±0.63 59.29±0.42 60.09±0.39 76.69±0.13

11 10 75.31±0.87 75.56±0.69 68.12±0.68 66.08±0.58 82.84±0.59

12 11 84.27±0.18 80.13±0.57 78.71±0.54 75.64±0.41 93.26±0.35

13 12 92.91±0.25 82.58±0.46 89.45±0.71 83.95±0.65 99.47±0.22

The data are presented as mean value ± S.D. (n = 3)

In-vitro Dissolution Studies
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Table 8: Dissolution release profiles of Formulations (F6-F10).

S. 
No

Time
(hours)

Cumulative % drug release*(%)

F6 F7 F8 F9 F10

1 0 0 0 0 0 0

2 1 8.62±0.47 10.81±0.35 10.88±0.58 11.60±0.32 11.78±0.47

3 2 15.60±0.16 14.44±0.41 14.29±0.69 16.29±0.47 15.96±0.59

4 3 28.73±0.49 21.99±0.36 19.51±0.17 25.45±0.36 22.38±0.52

5 4 33.49±0.41 35.58±0.59 27.57±0.43 31.21±0.45 30.97±0.48

6 5 47.61±0.54 46.76±0.33 37.85±0.65 40.07±0.48 39.66±0.36

7 6 56.41±0.45 56.37±0.64 49.26±0.77 57.02±0.53 44.28±0.55

8 7 64.18±0.68 69.83±0.38 55.03±0.65 59.63±0.45 50.58±0.64

9 8 71.26±0.61 75.42±0.52 67.95±0.52 66.55±0.67 56.37±0.13

10 9 79.30±0.59 82.94±0.37 73.63±0.49 72.13±0.59 65.54±0.29

11 10 86.09±0.61 89.15±0.64 84.77±0.57 76.54±0.69 70.08±0.33

12 11 88.21±0.55 92.26±0.46 89.86±0.11 80.48±0.75 75.73±0.14

13 12 94.64±0.16 96.18±0.38 92.59±0.58 86.96±0.79 83.84±0.15

The data are presented as mean value ± S.D. (n = 3)

Table 10: Dissolution release profiles of Formulations (F15-F18).

Time
(hrs)

Time(hrs) Cumulative % drug release*(%)

F15 F16 F17 F18

0 0 0 0 0 0

1 1 8.59±0.72 9.21±0.49 9.28±0.25 9.22±0.51

2 2 17.56±0.67 18.98±0.25 13.40±0.41 17.97±0.76

3 3 25.70±0.82 29.85±0.45 19.75±0.29 28.22±0.25

4 4 39.05±0.46 40.51±0.31 26.05±0.36 37.35±0.36

5 5 44.9±0.17 52.28±0.42 30.58±0.52 44.10±0.39

6 6 58.54±0.27 59.84±0.51 40.04±0.55 53.34±0.46

7 7 63.54±0.63 68.87±0.35 47.96±0.42 62.23±0.62

8 8 65.47±0.33 73.11±0.68 58.45±0.37 68.76±0.55

9 9 70.17±0.64 81.29±0.59 66.11±0.36 73.38±0.38

10 10 74.36±0.67 87.74±0.47 72.74±0.59 79.45±0.72

11 11 79.67±0.58 91.66±0.35 80.04±0.67 84.56±0.89

12 12 85.75±0.69 94.56±0.26 84.74±0.83 90.12±0.43

The data are presented as mean value ± S.D. (n = 3)

Table 9: Dissolution release profiles of Formulations (F11-F14).

S. 
No

Time(hrs) Cumulative % drug release*(%)

F11 F12 F13 F14

1 0 0 0 0 0

2 1 9.85±0.34 7.23±0.51 7.13±0.27 7.65±0.41

3 2 13.06±0.27 13.94±0.43 16.71±0.81 19.76±0.56

4 3 27.75±0.45 29.06±0.25 20.24±0.72 29.82±0.39

5 4 30.71±0.14 38.25±0.36 23.16±0.63 37.36±0.53

6 5 37.07±0.29 49.68±0.58 33.44±0.79 45.48±0.27

7 6 51.52±0.16 54.57±0.97 38.16±0.51 59.94±0.19

8 7 59.15±0.37 69.77±0.77 51.34±0.67 67.82±0.22

9 8 63.65±0.25 71.50±0.65 62.36±0.44 70.13±0.81

10 9 72.89±0.55 82.60±0.63 73.35±0.52 74.36±0.42

11 10 78.33±0.64 87.94±0.51 79.81±0.49 80.04±0.36

12 11 86.76±0.73 90.67±0.72 86.54±0.87 83.29±0.47

13 12 94.16±0.27 93.23±0.49 91.55±0.23 89.13±0.45

The data are presented as mean value ± S.D. (n = 3)

ACKNOWLEDGEMENT
The author would like to give sincere gratitude to the Progenerics Pharma 
Pvt. Ltd., Hyderabad, for providing all requirements for this Research  
work. I am also thankful to Brilliant Group of Institutions, R.R Dist, for 
providing valuable support in doing my Ph.D work.

CONFLICT OF INTEREST
The authors declared none.

ABBREVIATIONS
ER: Extended Release; PPI: Proton Pump Inhibitor; HPMC: 
Hydroxypropyl Methyl cellulose.

REFERENCES
1. Anroop N, Rachna G, Rachna K, Shery J, Mahesh A. Formulation and evaluation 

of enteric coated tablets of proton pump inhibitor. J of Basic and Clini Pharma. 
2010; 1(4): 215-21.

2. Abul Bashar, Pulak Deb. Evaluation of Different Marketed Brands of Pantoprazole  
Sodium Tablets: A Comparative Study. Ijppr. 2017; Vol. 9 (3): 134-40. 

3. Bell NJ, Hunt RH. Role of gastric acid suppression in the treatment of gastro 
esophageal reflux disease. Gut.Bmj.1992; 33: 118–24.

4. Galmiche JP, Sacher-Huvelin S, Bruley des Varannes S. A comparative study of  
the early effects of tenatoprazole 40 mg and esomeprazole 40 mg on intragastric  
pH in healthy volunteers. Aliment Pharmacol Ther.2005; 21: 575–82.

5. Hunt RH, Armstrong D, James C. Effect on intragastric pH of a PPI with a  
prolonged plasma half-life: comparison between tenatoprazole and esomeprazole  
on the duration of acid suppression in healthy male volunteers. Am J Gastroenterol.  
2005; 100: 1949–56.

6. Dinesh Mohan S, Rama mohan gupta V, Manaswini Y. Impact of over coat  
Application on enteric coated drug pellets: Designed to protect from stomach 
environment. Int Res J Pharm. 2016; 7(10): 14-18.

7. Sourav Tribedi, Mahantesh, Sabitha JS, Rinku Mathappan, Prasanth VV. Formu-
lation and evaluation of enteric coated tablets of pantoprazole. Int J Pharma and 
Chem Sci. 2013; 2(3): 1454- 61.

8. Vamshidhar Reddy D, Ambati Sambashiva Rao. Formulation and evaluation  
of extended release tablets of Tapentadol hydrochloride using hydrophilic- 
hydrophobic polymer combinations. J Pharm Res. 2014; 8(10): 1368-74.

9. Hashmat D, Shoaib MH, Mehmood ZA, Bushra R, Yousuf RI, Lakhani FM.  
Development of Enteric Coated Flurbiprofen Tablets using Opadry /acryl-eze 

CONCLUSION
The Present Research work was to formulate and evaluate extended  
release Matrix tablets of Tenatoprazole sodium was prepared by wet 
granulation technique by using different polymers of Carbopol, HPMC 
and Eudragit grades. Formulations (F1-F18) fulfill the official limit for 
Physico Chemical parameters like weight Variation, hardness, friability 
and drug content uniformity. In-vitro dissolution studies showed that  
Tenatoprazole sodium tablets of in 1:1(Drug: Polymer) proportion, prepared 
by wet granulation method is the best to increase extended effect due to 
the polymer concentration. Formulation F5 (drug: Carbopol-974P-NF in 
ratio of 1:1.5) Shows extended drug release of 99.47±0.22 % in 12 hours 
so it was selected as the best formulation among all the formulations.



Divya, et al.: Development of Extended Release Tablets of Tenatoprazole Sodium

S44 Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020

Article History: Submission Date : 20-03-2020; Revised Date : 29-04-2020; Acceptance Date : 23-05-2020.
Cite this article: Divya B, Sreekanth J, Satyavati D. Formulation and Evaluation of Extended Release Matrix Tablets of Tenatoprazole Sodium using Synthetic 
Polymers. J Young Pharm. 2020;12(2)Suppl:s39-s44.

System - A Technical Note. AAPS Pharm Sci Tech. 2008;9(1):116-21.
10. Kranz H, Gutsche S. Evaluation of the drug release patterns and long term  

stability of aqueous and organic coated pellets by using blends of enteric and 
gastrointestinal insoluble polymers. Int J Pharm. 2009;380:112-9.

11. Dashevsky A, Kolter K, Bodmeier R. PH-independent release of a basic drug 
from pellets coated with the extended release polymer dispersion Kollicoat SR 
30 D and the enteric polymer dispersion Kollicoat MAE 30 DP. Eur J Pharm 
Biopharm. 2004;58:45-9.



J Young Pharm, 2020; 12(2) Suppl: s45-s50
A multifaceted peer reviewed journal in the field of Pharmacy
www.jyoungpharm.org | www.phcog.net 

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S45

Original Article

INTRODUCTION
Zidovudine (Retrovir), a nucleoside reverse transcriptase inhibitor, is  
indicated in combination with other antiretroviral agents for the treatment 
of HIV-1 infection. The apparent volume of distribution of zidovudine, 
following oral administration, is 1.6 ± 0.6 L/kg; and binding to plasma 
protein is low, <38%. After oral administration, it is rapidly absorbed  
from the gastrointestinal tract with a peak serum concentration occurring  
in about 1 h. However, oral bioavailability of AZT is not very high, with 
a range of 52% to 75%, due to the first-pass metabolism and the mean 
half-life is approximately 1 hr.
In order to maintain therapeutic levels, large doses should be given  
frequently in oral route.1 This dosage often causes toxic levels in blood 
and severe adverse effects such as granulocytopenia or anemia occurs. 
The side effects of AZT are usually associated with excessive plasma level  
of AZT immediately after intravenous or oral administration. Therefore,  
when compared to a delivery from oral pathway, delivery from the  
transdermal route may be helpful in maintaining suitable plasma  
concentration and in improving bioavailability and patient compliance  
and avoiding side effects. Zidovudine (AZT) is a polar molecule, diffusion  
of AZT across highly lipophilic stratum corneum is poor and below the 
level to achieve effective therapeutic plasma concentration. Hence, using  
terpenes (anethole) along with polyol such as propylene glycol and  
polyethylene glycol as penetration enhancers could be an effective in 
achieving therapeutic plasma levels for AZT.2-4

MATERIALS AND METHODS
Materials
Zidovudine was obtained from Aurobindo pharmaceuticals. Terpene 
was obtained from Alfa aesar Johnson Matthey Chemicals India Pvt. Ltd. 

PVA was obtained from NP Chemicals, PVP was obtained from Yarro 
Chemicals, Propylene glycol was obtained from Otto,. Eudragit RL 100  
was purchased from Evonik industries, HPMC was brought from  
Burgoynr Burbidges % Co. All other chemicals were of analytical grade.

Methods
Preparation of transdermal patches
Dose calculations of drug5-7

Transdermal dose = oral dose * bioavailability
Transdermal dose = 40*65/100=26 mg
Diameter of Teflon plate: 6cm
Area of petri plate= 28.26 sq.cm
No. of 2.3*2.3 cm area films in a petri plate =28.6/5.3 =5.33
Each film contains 26mg drug, drug to be taken per petri plate= 
5.33*26=138.58 mg (139 including practical loss).

Preparation of patches8,9

All the ingredients were weighed accurately and dissolved in a suitable 
solvent with continuous stirring. Then plasticizer was added to the above  
solution. The resultant solution was stirred for 15 min to get a clear  
solution and was kept aside for some time to get a bubble free solution, 
these solutions were casted slowly on a Teflon plate with a continuous 
flow to avoid bubble formation and the plates were kept at room 
temperature for 24 hrs. An inverted funnel was placed over the plate to 
control the rate of drying. (Table1)
After 24 hr, formed patch was taken out and checked for its complete 
dryness. The dried patch was gently separated from the Teflon plate and 
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cut into separate patches 2.3cm*2.3cm area. (Figure 1) The patches were 
preserved by wrapping in aluminum foil. These patches were used for 
evaluation tests further.

Preparation of Azt Loaded Transdermal Patches using 
Combination of Synthetic Polymers
Physicochemical Evaluation of Transdermal Patches
Patches were evaluated for their visual inspection, film formation, weight 
variation, folding endurance, content uniformity, assay, thickness, drug  
content, in-vitro studies, ex-vivo studies, skin irritation studies and  
stability studies.10-16 Results were given in Table 5 and 6

(A) Visual inspection and film formation
The patch was evaluated visually for its clarity, transparency and stickiness.  
If it was satisfactory, then it was taken for further evaluation. If the patches  
were not satisfactory, then they were discarded.

(B) Assay
The assay was performed to ensure the drug loading in each patch. The 
assay was performed by taking out a 5.29 cm2 (2.3cm*2.3cm) area of 
patch from the whole patch. It is dissolved in 100ml of phosphate buffer 
saline pH 7.4 with the aid of stirring. The volumetric flask was kept on a  
magnetic stirrer for 6 hr and sonicated for 15 mins for mixing. The solution 
was filtered through the Whatman filter paper, diluted appropriately  
and the drug content was measured spectrophotometrically against  
corresponding placebo patches at a wavelength of 267.6nm.

(C) Thickness variation test
The thickness of the patches was measured at three different points using 
a micrometer screw gauge and mean values were calculated.

(D) Weight variation test
This test ensures the uniformity of the formed patch. From the whole 
patch three small pieces were cut randomly, each of 4cm2 (2*2cm) area 
and were weighed individually. The standard deviation from the mean 
value was reported.

(E) Folding endurance
Folding endurance of patches was determined by repeatedly folding a 
small strip of patch till it broke; the number of times, the patch could 
be folded at the same place without breaking gave the value of folding 
endurance.

(F) Moisture content
The prepared films weighed individually and kept in a dessicators  
containing calcium chloride at room temperature for 24 hr. The films 
are weighed again after a specified interval until they show a constant  
weight. The percent moisture content was calculated by following  
formula.
% Moisture content= [Inital weight – Final weight / Final weight] × 100

(G) Moisture uptake
Weighed films were kept in desicators at room temperature for 24hr.  
These were taken out and exposed to 84% relative humidity using  
saturated solution of potassium chloride in a desicators until a constant 
weight is achieved.
% Moisture uptake= [Final weight – Initial weight / Initial weight] × 100

(H) Water Vapor Transmission Rate (WVTR) studies
Glass vials of equal diameter were used as transmission cells. The 
transmission cells were washed thoroughly and dried in oven at 100°C 
for some time. About 1g anhydrous calcium chloride was placed in the 
cells and respective polymer film (1 sqcm) was fixed over the brim. The 
cells were accurately weighed and kept in a closed desicator containing 
saturated solution of potassium chloride (200 ml) to maintain a relative 
humidity of 84%. The cells were taken out after 24h and weighed after  
storage. The amount of water vapor transmitted was found using the  
following formula.

WVT=WL/S
Where,
W= water vapor transmitted in gm,
L= thickness of the film in cm,
S= exposed surface area in square cm.

Figure 1: Prepared transdermal patch of Zidovudine.

Table 1: Formulation of Zidovudine patch using different synthetic polymers with t-anethole as permeation enhancer.

Ingredients TPS1 TPS2 TPS3 TPS4 TPS5 TPS6 TPS7 TPS8 TPS9

Zidovudine 138 138 138 138 138 138 138 138 138

PVA (mg) 100 200 300 - - - 100 100 100

PVP K30 (mg) 400 300 200 - - - - - -

Eudragit RL 100 (mg) - - - 400 300 200 - - -

HPMC E 15LV(mg) - - - 100 200 300 - - -

Na CMC (mg) - - - - - - 100 200 300

T-Anethole 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Solvent (10ml) water Water water Dcm:Et Dcm:Et Dcm:Et water water water

Plasticizer glycerol glycerol glycerol PG PG PG PG PG PG

NOTE: All the ingredients are dissolved in 10 ml of solvent
Dcm:Et-Dichloromethane:ethanol in 1:1 ratio
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It is expressed as the number of grams of moisture gained/h/cm2.

Ex-vivo Permeation Studies
Preparation of goat skin for ex-vivo studies
Fresh abdominal skin of the goat was collected from the slaughter house.  
Abdominal skin hair was removed using an animal hair clipper, a portion  
of skin was separated andadipose tissue was surgically removed and  
dermis side was wiped with isopropyl alcohol to remove residual adhering  
fat.The skin was washed with phosphate saline buffer (PBS) pH 7.4 and 
was stored at −20°C and used within four days.17-19

Ex-vivo Permeation studies using goat skin
For the permeation studies locally fabricated Franz diffusion cells with 
25 ml receptor volume were used. The thawed rat skin was mounted 
onto diffusion cell such that the dermis side was in constant contact with 
receptor solution. Patch was applied to the stratum corneum facing the 
donor compartment and the receptor fluid was agitated at 100 rpm by 
magnetic stirrer and the temperature was maintained at 32±0.5°C. 1 ml 
sample was withdrawn at predetermined time intervals for 8 hrs and 
drug content was analyzed by UV-VIS double beam spectrophotometer 
at 267.6 nm.20,21

Calculation of permeability parameters

(A) Steady state flux (µg/cm²/hr)
Steady state flux (Jss) is defined as the rate of diffusion or transport of 
a substance through a permeable membrane. After reaching the steady 
state of drug permeation, the flux was calculated using the following 
equation.

Jss dM
s

dt=

dM-amount of drug permeated
S-unit cross-section area
t -time (t).
The steady state flux obtained by plotting the cumulative amount of drug 
permeated in micrograms per square centimeter versus time in hours 
and the slope is the flux. Lag time is X intercept of this graph.22,24

(B) Permeability coefficient (cm/hr)
The permeability coefficient (Kp) was calculated with the following 
equation: 

Kp Jss
cv

=

Where, cv is the total donor concentration of the formulation25

(C) Enhancement ratio
Enhancement ratio (ER) used to evaluate the effect of permeation  
enhancer on the diffusion and permeation of selected drug molecules 
and is calculated by

ER
Jss of drug with enhancer

Jss of drug alone
=

Where, Jss - Steady state flux26

(D) Lag time (min)
Lag time is the time required for the drug to get released from the reservoir. 
It is calculated by plotting the cumulative amount of drug permeated v/s 
time. The x-intercept value gives the lag time. 

Calculation of model dependent kinetics for prepared 
patch formulations
Various models were tested for explaining the kinetics of drug release. 
To analyze the mechanism of the drug release rate kinetics of the dosage 
form, the obtained data were fitted into zero-order, first order, Higuchi 
and Korsmeyer-peppas release model, to study the drug release from the 
dosage form.27-29

Drug kinetics
In order to understand the mechanism and kinetics of drug release 
from the drug reservoir through rate controlling membrane, the in-vitro 
data was related with the following mathematical models as shown in  
Table 2 and 3.

Skin Irritation Studies
Skin irritation studies were performed on rabbits after the approval by 
the Institutional animal Ethical Committee (IAEC) in G. Pulla Reddy 
College of Pharmacy, Registration number 320/CPCSEA and ID no: 
GPRCP/IAEC/10/18/02/PCE/AE-4.
A primary skin irritation test was performed.Since, skin is the vital organ 
through which the drug is transported. The test was carried out on two 
healthy rabbits weighing between 1.5-2 kg. The test was conducted on an 
unbraided skin of rabbits. The unbraided skin was cleaned with rectified 
spirit for placing the patches. The control patch was placed on the left 
dorsal surface of each rabbit, whereas the test patch with the drug was 
placed on the right dorsal surface of the same rabbit and the other rabbit 
was kept as control. The patches were removed after 24 hrs and the skin 
was examined for erythema/ oedema.30,31

Table 2: Model dependent kinetics.32-34

Model Equation Plot of graph Parameters

Zero order Qt =Q0 + K0t % drug release 
versus time

Ko - release rate 
constant

First order ln Qt = ln Q0 + K1t log % drug release 
versus time

K1- release rate 
constant

Higuchi 
release

Qt = KH t1/2 % drug release 
versus square root 

of time

KH-Higuchi 
constant

Korsmeyer-
Peppas

Qt/Q∞ = Kk tn log % drug release 
versus log time

n–release 
exponent

Regression coefficient (r2) was calculated for all the formulations. Release  
component “n” was calculated from Korsmeyer-peppas equation. These calculations  
were carried out using MS-office excel.

Table 3: Interpretation of diffusion release mechanism from “n” 
values.35,36

Release Exponent (n) Drug transport mechanism Rate as a function 
of time 

< 0.5 Fickian diffusion t-0.5

0.5<n<1.0 Anomalous transport tn-1

1.0 Case-II transport Zero order release

Higher than 1.0 Super case-II transport tn-1
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Stability Studies
Stability is defined as the extent to which a product retains within the 
specified limits and throughout is period of storage and use i.e., shelf life. 
Stability studies were carried out on optimized formulation according to 
International Conference on Harmonization (ICH) guidelines.
The formulation packed in aluminum foil was subjected to stability testing  
in aluminum foil for a month at room temperature. Samples were taken 
at regular time intervals of 15 days for over a period of 1 month and 
analyzed for the change in physical appearance and the drug content by 
procedure stated earlier. Tests were carried out in triplicate and mean 
value of the observed values was noted along with standard deviation.
Ex-vivo permeation rate studies such as % drug release, steady state  
transdermal flux (SSTF), permeability coefficient, lag time and 
enhancement ratio of percutaneous absorption of zidovudine were 
calculated.39-41

Evaluation Tests for Transdermal Patches Containing 
Synthetic Polymers

Ex-vivo Diffusion Studies of Transdermal Patch 
Containing Synthetic Polymers 

Evaluation of Control Patch
Control patches were prepared similar to the optimized formulation 
TPS4 without terpene.
Evaluation and Ex-vivo diffusion studies were performed. The results 
were shown in Table 8-11.
From the results of ex-vivo drug release kinetics for optimized patch 
formulations as shown in Table 4. It was found that formulations follow 
first order release kinetics.
From the values of release component “n”, it can be concluded that both 
the formulations have anamolous diffusional release mechanism. Drug  
release has shown peppas release mechanism, this may be due to  
presence of swelling polymers in the patch. Anamolous diffusion or non- 
fickian diffusion refers to a combination of both diffusion and erosion 
controlled release. The release process involves the penetration of solvent 
into the patch followed by swelling of the polymer and the diffusion of 
the drug dissolved in the matrix.

Stability Studies
Stability studies were done for the optimized formulation TPS4. There 
were no insignificant physical changes in appearance and flexibility. 
After subjecting the optimized formulations to the accelerated stability 

Table 4: Grading scale of the Draize method.37,38

S.No Grade Formation of erythema and edema

1 0 None

2 1 Slight

3 2 Well defined

4 3 Moderate

5 4 Severe erythema and edema

Table 5: Evaluation tests for transdermal patches containing synthetic 
polymers.

Formulation 
code

Weight 
variation

Folding 
endurance

Thickness 
(mm)

Drug 
content

TPS1 133±1.7 120 0.21±0.01 97.05±2.23

TPS2 135±1 146 0.22±0.01 96.44±1.94

TPS3 134±2.08 185 0.26±0.02 95.75±3.23

TPS4 167±0.57 158 0.23±0.01 97.23±1.08

TPS5 141±0.57 130 0.23±0.02 97.60±1.87

TPS6 166±3.21 168 0.25±0.01 97.98±1.05

TPS7 76±2 285 0.16±0.01 97.27±1.90

TPS8 93.3±1.15 >300 0.17±0.01 96.89±2.9

TPS9 138.6±1.15 184 0.19±0.01 98.11±1.35

n=3, Results are the mean of triplicate observations ± S.D values.

Table 6: Evaluation tests for transdermal patches containing synthetic 
polymers.

Formulation 
code 

Moisture uptake Moisture 
content

WVTR 
( gm/cm2/hr)

TPS1 6.9±0.17 2.30±0.05 0.018

TPS2 7.42±0.41 2.27±0.2 0.032

TPS3 6.74±0.42 3.07±0.16 0.03

TPS4 2.13±0.07 1.22±0.8 0.017

TPS5 2.42±0.18 2.17±0.82 0.028

TPS6 3.23±0.04 1.82±0.24 0.019

TPS7 3.95±0.03 2.7±0.19 0.024

TPS8 2.91±0.17 1.41±0.24 0.022

TPS9 3.18±0.19 2.66±0.31 0.028

All the values are expressed as mean ± SD, n=3

Table 7: Ex-vivo diffusion studies of transdermal patch containing synthetic polymers.

Time (hrs) TPS1 TPS2 TPS3 TPS4 TPS5 TPS6 TPS7 TPS8 TPS9

1 12.22±0.19 15.02±0.10 20.63±0.4 18.6±0.19 19.05±0.52 13.3±0.41 20.45±0.42 17.29±0.35 18.64±0.50

2 19.23±0.22 20.23±0.08 23.35±0.34 24.75±0.09 29.05±0.15 19.05±0.17 21.18±0.53 18.96±0.42 24.52±0.31

3 25.7±0.23 28.37±0.09 29.19±0.26 30.95±0.27 36.02±0.09 29.05±0.39 24.52±0.26 24.8±0.65 27.06±0.36

4 38.24±0.11 36.74±0.11 36.74±0.25 41.54±0.33 38.1±0.07 38.1±0.09 35.16±0.19 30.8±0.47 39.59±0.52

5 43.76±0.24 43.67±0.24 44.71±0.15 57.01±0.02 41.9±0.82 41.9±0.41 40.36±0.18 39.59±0.20 41.81±0.19

6 65.61±0.26 56.11±0.09 57.01±0.28 62.9±0.15 62.44±0.55 42.58±0.82 44.16±0.36 41.27±0.44 54.75±0.31

7 76.02±0.09 79.64±0.07 60.63±0.14 80.54±0.39 71.95±0.39 64.25±0.83 57.01±0.54 65.61±0.41 76.02±0.11

8 83.26±0.07 88.69±0.14 89.59±0.26 93.21±0.15 81±0.33 76.47±0.39 89.59±0.12 84.16±0.19 85.52±0.12

All the values are expressed as mean ± SD, n=3
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Table 8: Physico Chemical parameters of control patches.

Formulation 
code

Weight 
variation (mg)

Folding endurance Thickness (mm)

TPS 159±0.02 145 0.22±0.01

Table 9: Ex-vivo drug release profile of control zidovudine patch  
formulations.

Time
(hrs)

Cumulative % drug release

TPS

1 9.72±0.51

2 16.33±0.96

3 18.77±0.48

4 27.01±0.89

5 30.67±1.03

6 38.37±0.65

7 43.75±0.56

8 67.42±1.51

Note: All the values are expressed as mean ± SD, n=3

Table 10: flux of control formulation.

Formulation code Flux (µg/cm2/hr)

TPS 381.15

Table 11: Ex-vivo drug release kinetics of optimized formulations.

Formulation 
code

r²
n

Drug 
transport 

mechanismZero First Higuchi Peppas

TPS4 0.979 0.987 0.927 0.959 0.815
Anomalous 
transport

Table 12: Stability study data.

Parameters
Formulation 

code Initial
After 15 

days
After 1 
month

Folding 
endurance TPS4 154 150 143

Drug content 
(%) TPS4 97.05 96.23 93.02

studies, the results shown (Table 12) that there were no major changes in 
drug content. Hence the formulation was found to be stable.

CONCLUSION
Zidovudine transdermal patches were successfully prepared by solvent 
casting method using different natural and synthetic polymers using  
permeation enhancers and various concentrations of the same were  
optimized. Drug excipient compatibility studies concluded that the drug  
and excipient are compatible with each other. Formulations containing  
4% Eudragit RL 100 and 1% HPMC (TPS4) were optimized among  
transdermal patch formulations containing synthetic polymers.

The prepared patches were evaluated for physico-chemical parameters to 
justify their suitability for transdermal use. About 67.42% of drug release 
was observed for TPS without permeation enhancer whereas for TPS4 
patche containing t-anethole as permeation enhancer, drug release at 
the end of 8h was found to be 93.21%. This clearly shows the effect of 
permeation enhancer, t-anethole along with plasticizer propylene glycol 
(which is also a permeation enhancer) in the formulation in enhancing 
drug release.
Ex vivo studies indicated that formulations TPS4 shown better release of 
zidovudine for 8 hrs with flux and 614.05µg/cm2/hr. Skin irritation studies 
were performed and it indicated that the control and optimized patches 
did not cause any skin irritation. The optimized patch formulations were 
found to be stable for one month at room temperature.

Future Scope
Further studies are recommended to prove its therapeutic utility in 
animals by conducting pharmacokinetic and pharmacodynamics 
studies.
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INTRODUCTION
Valsartan belongs to a class of antihypertensive agents called angiotensin 
II receptor blockers (ARBs).1-3 Valsartan is a specific and selective type-1 
angiotensin II receptor (AT1) antagonist which blocks the blood pressure 
increasing effects of angiotensin II via the renin-angiotensin-aldosterone  
system (RAAS). It is used to treat a variety of cardiac conditions  
including hypertension, diabetic nephropathy and heart failure. The 
IUPAC name of valsartan is N-pentanonyl-N-[2´-(1H-tetrazol-5-yl) 
biphenyl-4-ylmethyl]-L-valine. Its molecular formula and molecular 
weight are C₂₄H₂₉N₅O₃ and 435.5 g/mole respectively.4-6

Hydrochlorothiazide (HCTZ) acts as a diuretic and chemically it is 
6-chloro-3, 4-dihydro-2H-1, 2, 4 benzothiadiazine- 7- sulphonamide 1,  
I-dioxide. A fixed-dose combination of antihypertensive drugs can  
simplify dosing regimens, improve compliance, improve hypertension 
control, decrease dose dependent side effects and reduce cost as the first 
line treatment of hypertension.7

Chemometrics is computer software which converts the raw data into 
useful information. It is a chemical discipline that uses mathematical  
and statistical methods to design or to select optimal measurement  
procedures and to provide maximum chemical information by analyzing  
chemical data. It is a multivariate data analysis which is highly visual  
approach that helps to identify and understand patterns in large and 
complex data sets. Easily accessible raw data plots are very useful tool  
in the analysis. Visual inspection using a line plot of several scans  
provides insights into the profile of the data and is a good first check  

that the data are consistent. It helps in isolating the poor scans or regions 
of high noise.
Literature review reveals that there are several UV-spectrophotometric, 
HPLC, HPTLC, QbD, LC-MS-MS, RP-HPLC, Paper chromatography, 
UPLC, Hydrotropic solublization and Fourier transform convolution  
emission methods has been reported so far for the simultaneous  
estimation of valsartan and hydrochlorothiazide drugs alone and in 
combination with other drugs. There are no chemometric assited FTIR 
spectroscopic methods8-17 for simultaneous determination of valsartan 
and hydrochlorothiazide in pure and marketed formulations as per  
literature.18-29

MATERIALS AND METHODS
Reagents and Chemicals: Valsartan used is a gift sample from Alembic 
Pharmaceuticals Ltd., Hyderabad and Hydrochlorothiazide from Abbott 
laboratories pharmaceutical products Ltd, Hyderabad. VALZAAR 
H® tablets (Torrent Pharmaceuticals Ltd.) were purchased from local 
market. All other chemicals used were of analytical grade.
Instrumentation: FTIR instrument- Shimadzu 8400S composed 
of DLATGS detector, IR solution software and HPLC instrument-  
Shimadzu LC 20AT, with a phenomenex C18 (150 mm × 4.6 mm) × 5 μm 
column, with the LC solution software were used in the analytical work.
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ABSTRACT
Objectives: To develop a new Chemometric assisted Fourier transform  
infrared (FTIR) spectroscopic method for the simultaneous estimation of 
valsartan and hydrochlorothiazide in pharmaceutical dosage forms. Methods:  
The method involves the preparation of solid pellets of valsartan and  
hydrochlorothiazide using KBr and direct measurement using reduced path 
length cell. The wave numbers for quantitative estimation were selected  
with aid of chemometrics software and the spectra were measured in  
absorbance mode. Results: The infrared spectra showed different peaks 
with baseline correction, among which intense, clear and proportionate 
peaks were selected at 1600 cm-1 and 3361 cm-1 corresponding to amide  
(C=O) and amine (N-H) functional groups for valsartan and hydrochloro-
thiazide respectively for quantitative estimation were assessed using  
Chemometrics. Beer Lambert’s law was obeyed over the concentration 
range of 5-25µg/mg for valsartan and 10-50 µg/mg for hydrochlorothiazide. 
The method was validated according to ICH guidelines. Conclusion: The  

developed method was cost effective and fulfilled most validation require-
ments in a range of concentrations suitable for quality control of both in 
pure and solid dosage form. This method can be used as an alternative 
method for HPLC, UV or pharmacopoeial methods as quality control check 
in pure and marketed formulations.
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Method Development:30-32 FTIR spectroscopic method was developed 
by using solid sampling technique. The following parameters were 
optimized during method development.
Selection of measurement mode: IR spectra of valsartan and 
hydrochlorothiazide were taken in absorbance mode for quantitative 
analysis. Absorbance of peaks at different wave numbers corresponding to 
different functional groups was measured.
Selection of apodization: The “apodization” function used to calculate 
the power spectrum through fourier transform of the interferogram. The 
apodization function gives effects on the resolution and the S/N ratio of  
spectra. As the resolution is higher, noise on the balance is larger.  
Apodization function “Happ-Genzel” was selected.
Selection of beam: Beam parameter is used to switch the beam operation.  
The parameter “internal” was selected for the measurement of sample 
in main unit.
Selection of detector: The standard DLATGS detector is selected. The 
“standard” parameter was selected for DLATGS detector.
Selection of mirror speed-Mirror speed “2.8 (mm/sec)” was selected for 
the standard DLATGS detector.
Selection of sampling technique:33 Liquid sample technique is not  
suitable as functional group peaks are not clear in IR spectra of valsartan  
and hydrochlorothiazide in chloroform and dimethyl sulphoxide  
(DMSO). Pressed pellet technique was selected for quantitative  
estimation, the concentrations of sample by pressed pellet technique 
were prepared with the aid of geometric mixing and were analyzed by 
using sample cells in FTIR.
IR Spectrum analysis for functional group assessment:34 Functional 
group assessment was carried out using line spectra, matrix spectra 
in unscrambler version 10.5.1 X. IR spectra of valsartan and 
hydrochlorthiazide taken in absorbance mode were analyzed and 
functional peaks whose absorbance showed a proportionate increase in 
absorbance with an increase in conc. were selected for the quantitation 
of two drugs.
Preparation of standard solutions of Valsartan and Hydrochlorthiazide: 
To the accurately weighed 10 mg of valsartan and hydrochlorthiazide, 100 
mg of dried KBr was mixed with the aid of geometric mixing individually. 
This forms the stock of 100µg/mg. From the stock (100 µg/mg) 12.5, 25, 50, 
75, 100mg of Valsartan and was weighed accurately and diluted to 50mg 
with dried KBr to make the final concentration of 25, 50, 75, 100, 125μg/
mg of valsartan respectively. From the stock (100μg/mg of HCTZ) 5, 10, 
15, 20, 25mg of Hydrochlorothiazide weighed accurately and diluted to 
50mg with dried KBr to make the final concentration of 10, 20, 30, 40, 
50μg/mg of HCTZ respectively.

Method Validation35

The developed method was validated according to the ICH guidelines 
Q2 (R1): Validation of Analytical Procedures: Text and Methodology for 
the following parameters:
Linearity and Range: Each of the working standard solutions 25, 50, 75, 
100, 125μg/mg of valsartan and 10, 20, 30, 40, 50μg/mg hydrochlorothiazide 
were prepared and analyzed in FTIR instrument. Absorbance of the peaks 
at 1600 cm-1 and 3361 cm-1 were recorded for these standard solutions. 
Standard calibration curves were plotted between concentration and 
absorbance. Linearity was established by regression analysis; regression 
equation and coefficient of determination are reported.
Limit of Detection (LOD) and Limit of Quantitation (LOQ): The sensitivity 
of proposed method for measurement of valsartan and hydrochlorothiazide 
was estimated in terms of LOD and LOQ. The limit of detection (LOD) 
and the limit of quantitation (LOQ) were determined using standard 

deviation method. Standard deviation and slope were calculated from 
the calibration curve established for linearity parameter.
Sandell’s sensitivity- The sandell’s sensitivity was calculated using the 
following formula.
Sandell’s sensitivity (p) =  Concentration (µg/100mg) × 0.001/ 

absorbance value
Precision- Precision of the method was established by reporting 
repeatability, interday precision.
Repeatability- Repeatability was determined by analyzing 6 replicates of  
50µg/mg of valsartan and 50µg/mg of hydrochlorothiazide concentration  
respectively. The % relative standard deviation (RSD) was calculated.
Interday precision- Interday precision of the developed method was  
determined by analyzing three replicates of different concentration  
samples (50µg/mg, 75µg/mg, 100µg/mg for valsartan and 10µg/mg, 
20µg/mg, 30µg/mg for hydrochlorothiazide) for two consecutive days. 
The % relative standard deviation (RSD) was calculated on day 1 and day 2.
Accuracy- Accuracy may be reported as the percentage recovery of a 
known added amount of analyte to a sample or as the difference between  
the mean value obtained and the accepted true value of a sample,  
together with an associated confidence interval.
For drug product- Accuracy study was carried out by calculating % recovery  
of valsartan and hydrochlorothiazide by standard addition method.  
Known amounts of standard mixture of valsartan and hydrochlorothiazide 
(32, 40 and 48μg/mg), were added respectively to a pre-quantified test 
mixture of VAL and HCTZ respectively (40μg/mg). The % recovery was  
calculated by measuring absorbance and fitting these values into the  
regression equation of the calibration curve. The % relative standard  
deviation (RSD) was calculated at each level.
Assay of valsartan and hydrochlorothiazide tablets- Twenty 
tablets (Valzaar H® containing 160mg of valsartan and 12.5mg of 
hydrochlorothiazide) were triturated after taking their average weight. 
The tablet powder equivalent to 1 tablet was accurately weighed and made 
up to 100 mg with dried KBr and triturated well to get a concentration 
of 100µg/mg. Further dilutions were made from this stock mixture to 
prepare the pellet of desired concentration. The amount of two drugs 
present in the tablet is calculated using below formula.

Assay

Concentration g mg dilution factor
average weight of t

=

× ×( )µ /
hhe tablet

Weight of tablet powder taken mg
label claim of drug

( )×
×1000

RESULTS AND DISCUSSION
Development and optimization of FTIR method: IR spectra of standard 
valsartan and Hydrochlorthiazide were taken by pressed pellet technique 
using KBr and liquid sampling technique using chloroform and DMSO are 
shown in Figure 1 and 2.
The FTIR spectra of valsartan and hydrochlorothiazide standard prepared 
in potassium bromide disks exhibits numerous well defined bands, thus 
including that direct sample measurements, such as solid attenuated 
total reflectance (ATR) or diffuse reflectance (DRIFT), could be an 
alternative for fast sample analysis, but using also multivariate calibration 
techniques.
Various trails were performed for optimizing the FTIR conditions. 
The optimized conditions were found as below in Table 1. Valsartan IR 
spectrum showed peaks at 3380cm-1, 2962 cm-1, 1730 cm-1, 1600 cm1, 
1473 cm-1 and 1105 cm-1. Among which 1600 cm-1 group showed clear, 
intense peak which increased linearly as the concentration increases, was 



Rahman, et al.: Simultaneous Estimation of Valsartan and Hydrochlorothiazide in Pure and Pharmaceutical Dosage Forms

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S53

quantitative analysis of hydrochlorothiazide. Functional group peaks 
were selected for quantitative estimation using chemometrics software. 
The line and matrix spectra are shown in Figure 3-5.
The linearity of the method was established by performing linear regression 
analysis for the calibration curve constructed between concentration and 
absorbance. Calibration curve and calibration curve data of valsartan 
and hydrochlorthiazide is given in Table 2 and Figure 6. LOD and LOQ  
were found to be 3.71ug/mg and 11.25ug/mg for valsartan and 1.52ug/mg  
and 4.61ug/mg for hydrochlorothiazide respectively. This indicates the 
sensitivity of the method.

selected for quantitative analysis of valsartan. Hydrochlorothiazide IR 
spectrum showed peaks at 3361cm-1, 1600cm-1, 1374cm -1 and 776cm-1. 
Among which N-H (stretching) group showed clear, intense peak which  
increased linearly as the concentration increases was selected for  

Table 1: Optimized FTIR conditions.

Measurement mode Absorbance mode

Apodization Happ-Genzel

Method of Making Pellets Direct mixing method

Final Weight of Pellets 50 mg

Frequency Range 400-4000 cm-1

Peak selection
1600 cm-1 for Valsartan

3361 cm-1 for HCTZ

Number of Scans 45

Resolution 8.0 cm-1

Table 2: Standard calibration curve data for valsartan and  
hydrochlorothiazide.

S.No Concentration (µg/mg) Absorbance* at 1600 cm-1

VAL HCTZ VAL HCTZ

1 25 10 0.2978 0.1561

2 50 20 0.5029 0.2726

3 75 30 0.6919 0.4162

4 100 40 0.9171 0.5456

5 125 50 1.2483 0.6727

Figure 1: IR spectrum of Valsartan in absorbance mode.

Figure 2: IR spectrum of Hydrochlorthiazide in absorbance mode.

Figure 3: Line spectra of Valsartan and Hydrochlorthiazide.

Figure 4: Matrix spectra of Valsartan.

Figure 5: Matrix spectra of Hydrochlorthiazide.

Figure 6: Calibration curve of Valsartan and Hydrochlorthiazide.

Table 3: Repeatability data of valsartan and hydrochlorothiazide.

Conc. 
(µg/mg)

Absorbance Mean ± standard deviation
(n=6)

% RSD

VAL HCTZ VAL HCTZ VAL HCTZ

50 0.672 0.619

0.676±0.000169 0.628±0.00764 1.92 1.12
50 0.658 0.630

50 0.669 0.636

50 0.686 0.618

50 0.682 0.631

50 0.694 0.635
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Assay was performed for the tablets and the percentage purity was found 
to be within limits and results of marketed tablets are given in Table 7.

CONCLUSION
The developed chemometric assisted FTIR spectrophotometric method  
for analysis of valsartan and hydrochlorothiazide in pharmaceutical  
formulation was simple and cost effective, as FTIR technique needs small 
volume of solvent. The KBr pellet technique used for sample preparation 
in this method was precise and fulfilled most validation requirements in 
a range of concentrations suitable for quality control of both in pure and 
solid dosage form. This method can be used as an alternative method for 
HPLC, UV or pharmacopoeia methods as quality control check in pure 
and marketed formulations.
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ABBREVIATIONS 
FTIR: Fourier transform infrared; ICH: International council for  
harmonization; PLSR: Partial least square regression; PCR: Principal 
component regression; PLSR: Partial least square regression; SVMR: 
Support vector machine regression; LWR: Locally weighted regression;  
PCA: Principal component analysis; PLSDA: Partial least square  
discriminant analysis; HCA: Hierarchical cluster analysis; kohonen 
SOM: kohonen self-organizing map; PLS: Partial least square; SDFCL: 
SD fine chemicals limited; KBR: Potassium bromide; VAL: Valsartan; 
HCTZ: Hydrochlorothiazide; LOD: Limit of detection; LOQ: Limit of 
quantitation.

SUMMARY
A new Chemometric assisted FTIR spectroscopic method for 
simultaneous estimation of Valsartan and Hydrochlorothiazide in 
pure and pharmaceutical dosage forms was developed and validated. 
Literature review reveals that there are several UV-spectrophotometric, 
HPLC, HPTLC, QbD, LC-MS-MS, RP-HPLC, Paper chromatography, 
UPLC, Hydrotropic solublization and Fourier transform convolution 
emission methods has been reported so far for the simultaneous 
estimation of valsartan and hydrochlorothiazide drugs alone and in 
combination with other drugs. There are no chemometric assited 
FTIR spectroscopic methods for simultaneous determination of 
valsartan and hydrochlorothiazide in pure and marketed formulations 
this method involves the preparation of solid pellets of valsartan and 
hydrochlorothiazide using KBr with the aid of geometric mixing and 
direct measurement using reduced path length cell. The spectra were 
measured in absorbance mode and the equipment was configured to 
take spectra at 8 cm-1 resolution in IR range. Chemometrics applied to 
the FTIR spectra in the region of 1600cm-1and 3361 cm-1 for VAL and 
HCTZ respectively. The proposed FTIR method reduces the solvent 
consumption and also eliminates the use of reagents. The developed 
method was simple cost effective precised and fulfilled most validation 
requirements in a range of concentrations suitable for quality control of 

Table 4: Interday precision data of valsartan.

Conc. 
(µg/mg)

Absorbance Mean ± standard deviation
(n=3)

% RSD

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

50
0.682 0.674

0.678±0.01058 0.681±0.00754 1.54 1.100.686 0.682

0.666 0.689

75
0.701 0.702

0.702±0.00173 0.705±0.00308 0.24 0.430.703 0.705

0.704 0.708

100
0.915 0.921

0.916±0.00170 0.925±0.00406 0.185 0.480.916 0.925

0.917 0.929

Table 5: Interday precision data of hydrochlorothiazide.

Conc 
(µg/mg)

Absorbance Mean ± standard deviation
(n=3)

% RSD

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

30
0.401 0.409

0.401±0.00902 0.408±0.00703 1.8 1.70.402 0.401

0.410 0.415

40
0.532 0.542

0.535±0.00360 0.545±0.00360 0.67 0.660.536 0.546

0.539 0.549

50
0.619 0.620

0.628±0.00818 0.623±0.00608 1.3 0.970.630 0.630

0.635 0.619

Table 6: Recovery data for VAL and HCTZ drug product.

Spike 
level

Absorbance * Concentration 
recovered

% Recovery

VAL HCTZ VAL HCTZ VAL HCTZ

80% 0.993 0.424 36.9 26.16 115% 81.7%

100% 1.234 0.619 46.19 42.41 109% 106%

120% 1.369 0.736 52.03 52.17 106% 108%

Table 7: Assay results of marketed tablets.

Brand name Drug Functional 
groups

Abs* Label claim (mg) % 
purityActual Found

VALZAAR H® Valsartan 1600 cm-1 0.901 160 158.6 99.1%

Hydrochloro
thiazide

3361 cm-1 0.619 12.5 12.48 99.8%

The precision of the developed analytical method was reported in terms 
of repeatability and Interday precision. The results were found to be 
within the limits i.e., <2%. Results are reported in Table 3-5.
Accuracy study was carried out by calculating % Recovery of the valsartan  
and hydrochlorothiazide by standard addition method respectively.  
Recovery data for VAL and HCTZ drug product are reported in Table 6. 
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both in pure and solid dosage form. Thus the developed method offers 
a good alternative for the quantitative estimation of valsartan and 
hydrochlorothiazide in bulk and pharmaceutical dosage forms.

REFERENCES
1. Tripathi KD. Essentials of medical pharmacology. 6th edition. New Delhi: Jaypee 

brother’s medical publishers (p) ltd. 2008. 
2. Thomas DG, Barry JM, Jay NC, John BK. Definition and Classification of 

Hypertension: An Update. The Journal of Clinical Hypertension. 2009;11(11):611-
4. 

3. Rang HP, Dale MM, Ritter JM, Flower RJ, Henderson G. Pharmacology. 7th 
edition. Spain: Elsevier Churchil Livingstone. 2012. 

4. Government of India Ministry of Health and Family Welfare. Indian 
Pharmacopoeia. Ghaziabad: Indian Pharmacopoeial Commission. 2010;1451-
1452,2286- 2287. 

5. United States pharmacopoeia. Revision Bulletin. 2015. 
6. Pub chem of valsartan. https://pubchem.ncbi.nlm.nih.gov/compound/valsartan. 
7. Pub Chem of Hydrochlorothiazide. https://pubchem.ncbi.nlm.nih.gov/com-

pound/ hydrochlorothiazide. 
8. William K. Organic spectroscopy. 3rd edition. New york: Palgrave Publishers. 

2005. 
9. Sharma YR. Organic spectroscopy principles and chemical applications. 4th edi-

tion. New Delhi: S. Chand Publishers. 2011. 
10. Skoog HN. Principles of instrumental analysis. 6th edition. Haryana: Baba 

Barkha nath Printers. 2007. 
11. Gurdeep RC, Sham KA. Instrumental methods of chemical analysis. 5th edition. 

Mumbai: Himalaya Publishers. 2005. 
12. Barbara S, Bill G, Peter M. Modern infrared spectroscopy. New Delhi: Wiley 

India Publishers. 2008. 
13. Goran N. Fourier transforms-new analytical approaches and FTIR strategic. 

USA: Wiley India Publishers. 2011. 
14. Michael Bradley. Advantages of Fourier transform spectrometer. USA: Thermo 

Fischer Scientific. 2008. 
15. Pavia L, Kriz V. Introduction to spectroscopy. California: Brookescole Publishers. 

2008. 
16. Doyle WM. Principles and applications of FTIR process analysis. Amsterdam: 

Elsevier Science Publications. 1991. (updated 1991 July; cited 1991 september 
9). 

17. Robert MS, Francis XW. Spectroscopic identification of organic compounds. 6th 
edition. John Wiley and sons, Inc. 2005. 

18. Jyoti VJ, Kishore KB. Spectrophotometric simultaneous estimation of valsartan 
and hydrochlorothiazide in pharmaceutical dosage form using mixed Hydrotropic 
Solubilisation approach. Govt College of Pharmacy. 2017. 

19. Ashok KS. Development and Validation of a Stability-Indicating 
Liquid Chromatographic method for determination of Valsartan and  
Hydrochlorothiazide using Quality by Design. Oriental Journal of Chemistry. 
2016;32(02):777-88. 

20. Monika LJ, Manoj VG, Shripad KT, Manish SJ. Development and Validation 
of Spectrophotometric Methods for Simultaneous Estimation of Valsartan 
and Hydrochlorothiazide in Tablet Dosage Form. International Journal of 
Spectroscopy. 2014.

21. Antil P, Kaushik J, Srinivas Indu Thakur. UPLC Method for Simultaneous 
Determination of Valsartan and Hydrochlorothiazide in Drug Products. Research 
Article of Chromatographic Separation Technique. 2013;4(5):1-5. 

22. Sunil S, Ajit KY, Hemendra G. Simultaneous estimation of valsartan and 
Hydrochlorothiazide in solid dosage form Using UV spectroscopy. Bulletin of 
Pharma ceutical Research. 2011;1(03):10-2. 

23. Sivasubramanian L, Karunanidhi SL. Simultaneous spectrophotometric 
determination of valsartan and hydrochlorothiazide by H-point standard addition 
method and partial least squares regression. Acta Pharm. 2011;61(1):37-50. 

24. Bhatia NM, Bhatia MS, Choudhari PB, Ingale KB. Development and validation 
of spectrophotometric and ion pair chromatographic technique for estimation 
of valsartan and hydrochlorothiazide. Journal of Pharmaceutical Research and 
Health Care. 2010;2(01):2-14. 

25. Shah NJ, Suhagia BN, Shah RR, Patel NM. HPTLC method for the simultaneous 
estimation of valsartan and hydrochlorothiazide in tablet dosage form. 
International Journal of Pharmaceutical Sciences. 2009;71(1):72-4. 

26. Hiten S, Naresh BK, Gunta S, Chgan NP. Simultaneous LC–MS–MS Analysis 
of Valsartan and Hydrochlorothiazide in Human Plasma. Chromatographia. 
2009;69(09):1055-60. 

27. Sayyed HA, Hassan T, Mohammad RS, Majid A. Simultaneous Infrared 
Spectrometric determination of Lisinopril and Hydrochlorothiazide in Tablets 
by Chemometric Methods. Jordan Journal of Pharmaceutical Sciences. 
2015;108(3329):1-9. 

28. Wadher SJ, Kalyankar TM, Puranik MP, Swami J. A Stability Indicating Validated 
Method for the Quantitation of hydrochlorothiazide by using Diffuse Reflec-
tance Infrared Fourier Transform Spectroscopy in bulk and tablet dosage form. 
International Journal of Medi Pharm Research. 2016;02(01):32-41. 

29. Ashish P, Arti P, Viral P, Akhil N. Development of a Fourier transform infrared (FT-
IR) spectrometric method for the rapid and direct measurement of Cilnidipine 
in pharmaceutical drugs using solid pellet technique. International Journal of 
Pharma Sciences and Research (IJPSR). 2015;6(7):1033-9. 

30. Xuân TB, Thi KTN, Thi HD, Si HL, Thi TT. FTIR Combined with Chemometrics for 
Fast Simultaneous Determination of Penicillin and Cephalexin in Pharmaceutical 
Tablets. International Journal of Sciences: Basic and Applied Research (IJSBAR). 
2017;36(6):87-94. 

31. MamdouhR R, Naema M. Remalib E, ElAbdel-Aziz BAA. Simultaneous 
determination of valsartan and hydrochlorothiazide in their pharmaceutical 
formula tions. Der Pharma Chemica. 2012;4(01):529-37. 

32. Ferreira MH, Braga JW, Sena MM. Development and validation of a chemometric 
method for direct determination of hydrochlorothiazide in pharmaceuti cal 
samples by diffuse reflectance near infrared spectroscopy. Microchemical 
Journal. 2013;109:158-64. 

33. Venkateswara RB, Vidyadhara S, Basaveswara MVR. A novel stability indicating 
RP-HPLC method development and validation for the determination of valsartan 
and hydrochlorothiazide in bulk and pharmaceutical formulations. Indian Drugs. 
2017;54(08):54-61. 

34. Erdal D, Özgür Ü, Günseli YT, Berna T, Nurten Ö. Continuous wavelet transforms 
methods for the simultaneous determinations and dissolution profiles of 
valsartan and hydrochlorothiazide in tablets. Brazilian Journal of Pharmaceutical 
Sciences. 2017;53(01). 

35. International Conference on Harmonization of Technical Requirements for 
Registration of Pharmaceuticals for Human Use. International Conference 
on Har monization, Q2 (R1): Validation of Analytical Procedures: Text and 
Methodology. India. 2005. 

Article History: Submission Date : 18-03-2020; Revised Date : 13-05-2020; Acceptance Date : 29-05-2020.
Cite this article: Rahman A, Sravani GJ, Srividya K, Priyadharshni AR, Narmada A, Sahithi K, Sai TK, Padmavathi Y. Development and Validation of Chemometric 
Assisted FTIR Spectroscopic Method for Simultaneous Estimation of Valsartan and Hydrochlorothiazide in Pure and Pharmaceutical Dosage Forms. J Young 
Pharm. 2020;12(2)Suppl:s51-s5.



J Young Pharm, 2020; 12(2) Suppl: s56-s62
A multifaceted peer reviewed journal in the field of Pharmacy
www.jyoungpharm.org | www.phcog.net 

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S56

Original Article

INTRODUCTION
Parkinson’s is the second most common progressive neurodegenerative 
disease and affects 1-2% people over the age 50. Levodopa is the drug 
of choice in the treatment of Parkinson’s disease and exhibits low oral 
bioavailability (30%) and very low brain uptake.Currently, so many 
drugs and conventional drug delivery methods have been developed for 
CNS diseases but they failed in showing the concentration required for 
action at targeted site i.e. brain due to BBB (Blood Brain Barrier) and 
BCB (Blood Cerebrospinal fluid Barrier).1,2 Two different approaches 
currently used to deliver therapeutics into the brain bypasses the BBB 
are: Invasive and Non-Invasive methods including BBB disruption, nasal  
delivery or colloidal drug carriers.3,4 Researches reported a direct transport  
of drugs from the nose to the brain via olfactory region. Uptake by the  
olfactory epithelium and transfer via the olfactory bulb into brain  
parenchyma; the nerve cells of the olfactory epithelium project into the 
olfactory bulb of the brain, which provides a direct connections between 
brain and the external environment.5-12

Pharmacosomes, bearing unique advantages over liposome and niosomes 
could serve as a potential alternative to conventional vesicles. These are 
colloidal dispersions of drug covalently bound to lipids and may exist as  

ultrafine vesicular, micellar or hexagonal aggregates, depending on the 
chemical structure of the drug-lipid complex.13 As the system is formed 
by linking a drug (pharmakon) to a carrier (soma), they are termed as 
“Pharmacosomes”. Pharmacosomes are prepared out of natural lipids, 
which are interesting candidates for brain targeting, due to rapid uptake  
by the brain, bioacceptability, biodegradability and less toxicity compared  
to the polymeric nanoparticles. Any drug possessing an active hydrogen 
atom (-COOH, -OH, -NH2, etc.) can be esterified to the lipid, with or 
without spacer chain that strongly result in an amphiphilic compound, 
which will facilitate membrane, tissue, or biological cell wall.14,15

Chitosan has been investigated for particulate delivery to brain for various  
drugs. Chitosan is a linear polysaccharide which is derived from naturally  
occurring chitin by deactivation with exposed amino group responsible  
for rendering the polymer cationic. This property in addition to its  
mucoadhesive nature and its influence on the permeability of epithelial 
membranes.16-19

In an attempt to improve brain uptake and to avoid degradation of  
levodopa in peripheral circulation, brain targeting of levodopa loaded 
pharmacosomes via nasal route has been investigated. The prepared  
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ABSTRACT
Parkinson’s is the second most common progressive neurodegenerative 
disease and affects 1-2% people over the age 50. Levodopa is the drug 
of choice in the treatment of Parkinson’s disease and exhibits low oral 
bioavailability (30%) and very low brain uptake. In an attempt to improve 
brain uptake and to avoid degradation of levodopa in peripheral circulation, 
brain targeting of levodopa loaded pharmacosomes via nasal route has 
been investigated. Pharmacosomes are colloidal dispersions of drug 
covalently bound to lipids and may exist as ultrafine vesicular, micellar or 
hexagonal aggregates, depending on the chemical structure of the drug-lipid 
complex. Pharmacosomes loaded with levodopa were prepared by solvent 
evaporation method and the optimized formulation contained levodopa and 
egg lecithin in the ratio of 1:3. The mean globule size, PDI, zeta potential, 
drug content, entrapment efficiency and drug release of formulation (F5) 
were 123.2nm, 0.211, -29.1mV, 96%, 99.97% and 62.1% respectively. 
Permeation enhancer, chitosan was incorporated at 0.5% concentration to 
optimal formulation (F7). The mean globule size, PDI, zeta potential, drug 
content, entrapment efficiency and drug release of optimised formulation 
(F7) were 125.5nm, 0.115, +33.7mV, 96.5%, 99.98% and 91.2% respectively. 
Formation of covalent bond between levodopa and lecithin was confirmed 
by FTIR spectra showing peak at 1639.9 cm-1. Ex-vivo permeation studies 
using Franz diffusion cell on porcine nasal mucosa showed flux of 96.61 
µg/cm2/h and 302µg/cm2/h. The steady state flux of F5 and F7 formulations 
was significantly high (P<0.001) and enhancement ratio was 2.26 and 3.12 
times respectively compared to drug solution. Anti-parkinson’s activity of 

optimized formulation (F7), drug solution via nasal route was compared 
with drug solution administered orally, in rotenone induced male wistar 
rats. Group treated with optimized pharmacosomes formulation (F7) 
showed significant recovery in rat weight (43%), locomotor activity by 
photo actometer (90%) and grip strength on retard (65%) compared to 
drug solution treated orally showed recovery in rat weight (32%), locomotor 
activity by photo actometer (57%) and grip strength on rotarod(30%). 
Biochemical parameters measured in brain homogenate showed significant 
reduction in induced levels of nitric oxide (82%), total protein (88%) and 
lipid peroxides (73%) and significant increase in reduced Glutathione 
(67%). Whereas drug solution treated via orally showed significantly less 
activity in the reduction of nitric oxide (28%), total protein (59%) and lipid 
peroxidation (33%) and reduced glutathione (10%).
Key words: Brain targeting, Levodopa, Nasal delivery, Parkinson’s disease, 
Pharmacosomes.
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pharmacosomes were optimized for formulation parameters to obtain 
desired mean globule size, PDI, zeta potential, drug content, entrapment 
efficiency and drug release. Ex-vivo permeation studies using Franz 
diffusion cell on porcine nasal mucosa PBS buffer pH 6.4 were carried out. 
In vivo studies in rat model were carried out to account for the recovery 
of the drug in brain following intranasal administration of optimized 
formulation (F7), drug solution via nasal route was compared with drug 
solution administered orally, in rotenone induced male wistar rats. The 
results were determined and compared with the plain drug solution.

Materials
Levodopa was a gift sample from glochem private limited, egg lechitin 
(Tokyo chemical industry, Japan), tetrahydrofuran and low molecular 
weight chitosan were purchased from sigma Aldrich. Water used was 
ultrapure grade Millipore. All other reagents were of analytical reagent 
grade.

Animals
Male Wistar rats, weighing between 300 and 350 g were obtained 
from Sainadh Agencies, Hyderabad, India, after getting approval from 
“Committee for the Purpose of Control and Supervision of Experiments 
on Animals” (CPCSEA) and Institutional Animal Ethics Committee 
(IAEC), Kakatiya University (KU). The approval number IAEC/31/
UCPSc/KU/2019. Animals were provided standard laboratory diet, water 
ad libitum and acclimatized to laboratory conditions (22 ± 2oC, 12-h 
light–dark cycle and 55–65% humidity) 1 week prior to initiation of 
experiments.

MATERIALS AND METHODS
Drug characterization by FT-IR 
Pure drug, phospholipid and optimised formulation were analysed by 
FTIR (Bruker FT-IR Tensor 27) spectroscopy with KBr disc method. The 
spectrum was obtained at a resolution of 4 cm-1 between frequency range 
of 4000–400cm-1.

Estimation by HPLC
The HPLC equiped with Pump, LC 20-AD Prominence; Detector, 
UV-Visible SPD-20A Prominence was used for the estimation. The 
column used was Reverse Phase C18 column, Phenomenix (250×4.6 mm, 
5 μm size). The mobile phase was composed of methanol, 0.5% acetic 
acid in the ratio of 70:30 v/v. The injection volume was 20 µL. The 
detection wave length was 284 nm.20

Different dilutions were made with mobile phase to obtain 0.1, 0.25, 0.5, 
0.75, 1, 2, 3, 4, 5µg/ml with mobile phase. The solutions were injected 
into HPLC column. The standard graph was plotted based on peak area 
from the obtained chromatogram on Y-axis and Drug concentration on 
x-axis. (Peak area Vs concentration).

Preparation of pharmacosomes
Pharmacosomes were prepared by solvent evaporation method. 
Accurately weighed amounts of drug and lipids were dissolved in volatile 
organic solvent such as tetrahydrofuran in a round bottom flask. The 
organic solvent was evaporated at room temperature using a rotary flash 
evaporator which leaves a thin film of solid mixture deposited on walls 
of flask. The dried film was then hydrated with distilled water to form 
vesicles (pharmacosomes) embedded with levodopa.21  The composition 
of various pharmacosomes of Levodopa was given in Table 1.

Characterization of pharmacosomes
Mean globule size, poly dispersity index (PDI) and zeta 
potential
The mean globule size analysis, PDI and zeta potential of formulation 
were determined using Zeta sizer (Nano-ZS 90, Malvern instruments 
Ltd.UK) on 100 times diluted sample.22,23

Drug content
Accurately weighed amount of pharmacosomes were suitably diluted 
with methanol, sonicated, filtered through 0.45µm filter and analyzed 
using UV-Visible spectroscopy.23

Determination of entrapment efficiency 
The free drug in the aqueous phase was determined by separation by 
ultra-filtration using centrisort tubes. The amount of levodopa in the 
aqueous phase was estimated by HPLC method.

Entrapment efficiency = Total drug - Free drug/ Total drug *100

In vitro drug release study of pharmacosomes
In vitro drug release studies were assessed using Franz diffusion cell. 
Pharmacosomes formulation equivalent to 15 mg of levodopa was 
placed in donor compartment separated from receptor compartment 
with dialysis membrane of molecular weight cutoff 1200-14000 daltons. 
Aliquots of samples were withdrawn from the receptor compartment 
at predetermined time intervals and replaced with fresh medium. 
The samples were then analyzed for drug content by UV-Visible 
Spectrophotometer at 280 nm.

Ex vivo permeation studies
Ex vivo permeation studies were performed on porcine nasalmucosa 
using Franz diffusion cells. The isolated porcine nasal mucosa was 
mounted on franz diffusion cells and allowed to equilibrate for 30 min in 
PBS pH 6.4 at room temperature. After equilibration the donor chamber 
was replaced with formulation/drug solution and the receptor was filled 
with fresh medium.24,25 Samples were withdrawn at regular intervals up 
to 8 hrs. And replaced with fresh medium. The samples were analyzed 
by UV Visible spectrophotometer at 280 nm. The cumulative amount of 
drug permeated at different time points was calculated using the following 
formula

Table 1: Composition of various pharmacosomes of levodopa.

Formulations Drug
(mg)

Egg
Lecithin

(mg)

Tetrahydrofuran 
(ml)

Water
(ml)

Chitosan
(%)

F1 75 75 5 5 -

F2 75 112.5 5 5 -

F3 75 150 5 5 -

F4 75 187.5 5 5 -

F5 75 225 5 5 -

F6 75 225 5 5 0.25

F7 75 225 5 5 0.50

F8 75 225 5 5 0.75

F9 75 187.5 5 5 0.50
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Where, Q = Cumulative amount of drug released;Cn= Concentration of 
drug (μg/mL) determined at nth sampling interval; V = Volume of receptor 
compartment; n-1ΣCi S i =1 = Sum of concentration (μg/ml) determined 
at sampling points 1 to n-1 multiplied with sampling volume (S).

Determination of steady state flux (Jss), Permeability 
coefficient (Kp), Enhancement ratio (ER)
The cumulative amount of levodopa permeated through excised porcine 
nasal mucosa was plotted as a function of time. Steady state flux (μg/cm2/h) 
was calculated from the linear portion of the plot by regression. The flux 
at steady-state was calculated as the slope divided by the effective 
nasal mucosa surface area (cm2). Permeability coefficient (Kp, cm/h) 
was calculated by dividing flux (Jss/Cd) initial concentration of the 
drug in the donor cell. Enhancement ratio (ER) was calculated by 
dividing Jss of the respective formulation by Jss of the drug solution.

Nasal cilio toxicity studies
Nasal mucosa mounted on Franz diffusion cell was treated for 1h with 
formulation, Drug solution, isopropyl alcohol (positive control) and PBS 
pH 6.4 (negative control). The mucosa after treatment were rinsed with 
PBS pH 6.4 and preserved in 10% v/v formalin solution. The mucosal 
section obtained by microtome technique was stained with hematoxylin-
eosin and observed under digital microscope to evaluate the damage to 
nasal mucosa.26,27

Scanning electron microscopy (SEM)
The morphology of optimized pharmacosomes was studied by scanning 
electron microscope (JSM-6510LA, JEOL and Indonesia). The sample 
was adhered on to the carbon-coated metallic stub, sputter coated with 
platinum coating machine (JFC-1600 Auto fine coater, JEOL). Image was 
carried out under high vaccum.27

Stability studies
Stability studies were conducted for optimized formulation at room 
temperature and refrigerator conditions for two months. Samples were 
withdrawn at monthly intervals and analyzed for mean globule size, PDI 
and Zeta potential.

In vivo studies
Male Wistar rats were weighed and randomly divided into five 
groups, each group consisting of six rats weighing between 300 and 
350 g. Group -I: Normal Saline (0.9% w/v of NaCl) Intraperitonially (IP) 
(10ml/kg).Group II: Positive control -Rotenone - Intraperitonially (3mg/kg). 
Group III: Rotenone (3mg/kg, 1-11days) + drug solution (oral, 8.8 mg/
kg, 12-21days). Group IV: Rotenone (3mg/kg, 1-11days) +drug solution 
(i.n, 2.5mg/kg, 12-21days). Group V: Rotenone (3mg/kg, 1-11days) + 
optimized Pharmacosome formulation F7 (i.n, 1.25mg/kg, 12-21days).
The behavioural parameters were recorded on 1st, 12th, 15th, 18th and 21st

day. To assessed the anti-Parkinson activities of test formulations. PD 
induction and progression were assessed by recording changes in weight, 
locomotor activity by photoactometer and grip strength by rota rod test. 
Standard calibration curve of levodopa was prepared in rat brain 
homogenate was calculated. Rats were sacrificed on 22nd day by cervical 
dislocation method and brains were isolated. Brain samples were 
homogenized and immediately centrifuged (10 000 rpm) for 10 min 
at ambient temperature. After centrifugation, supernatant plasma was 
transferred into clean, fresh Eppendorf ’s tube and stored in freezer at 

-20oC to estimate biochemical parameters such as reduced glutathione 
(GSH), lipid peroxidation, nitric acid level and total protein.28-32 

RESULTS AND DISCUSSION
Standard graphs of levodopa by HPLC
Dilutions were made as per procedure mentioned above and the 
chromatogram of levodopa was shown in Figure 1.
Characterization
All the formulations were characterized for mean globule size, poly 
disparity index and zeta potential, drug content, entrapment efficiency 
and drug release and results were shown in the Table 2. The mean globule 
size of formulations was in the range of 123nm to 237nm. The PDI of 
formulations was in the range of 0.1-0.4 indicating uniform dispersion 
of globules. Formulations F1 to F5 showed negative zeta potential values 
ranging -18 to -29mv. The zeta potential values of mucoadhesive 
pharmacosomes F6, F7, F8 and F9 were positive and in the range of 
+28.6 to +33.5mV due to the presence of chitosan, a cationic polymer, 
which imparts positive charge to the globules. The drug entrapment 
efficiency of all formulations was above 98%. The drug content of 
different formulations was found to be in the range of 98.92%to 99.99%. 
In vitro drug release was 63.37%.

In- vitro drug release studies
The drug release was measured over a period of 8 hrs in phosphate 
buffer pH 6.4 by Franz-diffusion cell method. The release profiles shown 

Figure 1: Chromatogram of levodopa showing retention time peak at 2.72 min.

Table 2: Mean globule size, PDI, Zeta Potential, Drug content and  
Entrapment efficiency of various formulations.
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F1 237.5±2.7 0.46±0.05 -18.6±1.5 97.2 99.95

F2 216.2±4.3 0.340±0.11 -22.7±0.2 98.8 98.97

F3 199.8±2.8 0.334±0.10 -28.4±1.3 95.6 98.95

F4 145.1±3.6 0.259±0.13 -27.1±0.2 96.8 99.93

F5 123.2±2.9 0.211±0.06 -29.1±0.8 97.0 99.97

F6 128.6±4.3 0.297±0.07 +28.6±0.6 96.8 99.98

F7 125.5±5.2 0.115±0.15 +33.7±0.5 97.5 99.98

F8 126.3±2.7 0.124±0.06 +34.5±1.3 96.3 99.97

F9 140±1.9 0.212±0.11 +31±0.9 96.1 99.95

Each value represents the mean ±SD (n =3).
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in Figure 2. The in-vitro drug release showed higher drug release from 
F7 formulation in 8hrs (75.30%).

Ex vivo permeation studies
The ex-vivo permeation profiles of selected formulations and drug 
solution were shown in Figure 3 and flux values in Table 3. Flux 
value at steady state was observed between 199.26 to 302.13µg/cm2/
hr. Formulation containing chitosan at 0.5%w/w concentration (F7) 
showed maximum flux 302.13µg/cm2/hr of which was significantly 
high compared to drug solution 96.61 ± 1.49 µg/cm2/hr. The 
enhancement ratio of F7 was 3.12 times when compared to drug 
solution and 2.26 times compared to F5 formulation.

FTIR Spectra of optimized formulation F7
FTIR spectra of optimized formulation F7 showing a peak at 1639.9 cm-1 

indicating C=N bond as shown in Figure 4. A covalent bond between 
levodopa and lecithin of pharmacosomes. Amine group of levodopa 
reacts with carbonyl groups of lecithin at C18 and C23 to give imine 

(C=N). Formation of the imine functional group was confirmed by FTIR 
spectra.

Scanning Electron Microscopy (SEM)
Optimized formulation was subjected to SEM to study surface morphology. 
The SEM image of F7 formulation as shown in Figure 5 contained spherical 
shaped globules in group.

Stability studies
Optimized formulations was subjected for stability studies, stored at 
room temperature (25°C) and refrigerated temperature (4°C) for 2 
months and results were Table 4. There was no significant difference 
observed in mean globule size and zeta potential but slight increase in 
PDI was observed.

Nasal toxicity studies
Nasal toxicity studies were conducted and the images of the mucosa 
stained with eosin and hematoxylin were shown in Figure 6. From the 
observations of the images, one can conclude that F7 and drug solution 
were safe without any significant toxicity. The mucosa treated with 
isopropyl alcohol (positive control) showed complete disruption of 
epithelial layer and damage of tissue.

Table 4: Effect of storage conditions on optimized pharmacosome 
formulation F7.

Day Conditions Mean 
globule 

size (nm)

 PDI  Zeta 
potential 

(mV)

1 Room temperature 
(25oC)

125.5±5.2 0.115±0.15 +33.7±0.5

Refrigerated 
temperature (4oC)

125.5±5.2 0.115±0.15 +33.7±0.5

30 Room temperature 
(25oC)

128±5.8 0.148±0.27 +33.4±0.84

Refrigerated 
temperature (4oC)

127±4.4 0.120±0.21 +33.5±0.73

60 Room temperature 
(25oC)

133±4.8 0.26±0.37 +32.9±0.92

Refrigerated 
temperature (4oC)

129±3.7 0.21±0.23 +33.1±0.48

Each value represents the mean ±SD (n =3)

Figure 2: In vitro drug release profiles of pharmacosomes.

Figure 3: Amount of drug permeated (µg) from pharmacosomal formulations 
and drug solution.

Figure 4: FT-IR of optimized formulation F7.

Table 3: Steady state Flux, KP, ER values of selected formulations and 
drug solution.

S.no Formulation
Code

Flux 
 (µg/cm2/h)

Jss

 Kp x10-3
 (cm/h)

Enhancement
Ratio

1. F4 199.26± 1.23 13.16 2.06

2. F5 239.15± 1.05 14.61 2.26

3. F6 270.38± 0.78 18 2.79

4. F7 302.13± 2.01 20.1 3.12

5. F9 255.57±1.57 15.03 2.64

6. DS 96.61 ± 1.49 6.44 1

Each value represents the mean ±SD (n =3)
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Figure 5: SEM image of optimized formulation F7 (5.0mm x 20.0k  
magnification).

Figure 6: Histopathology images of porcine nasal mucosa (a) pH 6.4 PBS (b) 
isopropyl alcohol, (c) drug solution, (d) optimized pharmacosome F7.

Figure 7: Comparison of body weights of rats administered with optimized 
formulation F7, DS oral and DS nasal.
Mean±SD (n =6)

Figure 8: Comparison of locomotor activity of rats administered with  
optimized formulation F7, DS oral and DS nasal.
Mean±SD (n =6)

Figure 9: Comparison of grip strength of rats on rotarod administered with 
optimized formulation F7, DS oral and DS nasal.
Mean±SD (n =6)

PHARMACODYNAMIC STUDY
Estimation of Behavioral Parameter
Pharmacodynamic activity by Rotinone induced model
The results of body weight varation, locomotor activity and grip strength 
on rotarod were plotted as bar graphs and shown in Figure 7-9 respectively. 
In all behavioral parameters, control group was considered as 100%. 
Statistical comparisons were made using GraphPad Prism (viewer 
mode) 8.0.1.

Body weight
When the treated groups were compared to control, body weight in 
pharmacosome F7 was restored to 43.2%, DS nasal to 35% DS oral to 
32.4%.

Locomotors activity
When all the treated groups were compared to control, locomotors activity 
in pharmacosome F7 was restored to 90%, DS nasal to 70%, DS oral to 57%.

Grip strength of rat on rotarod
When all the treated groups were compared to control, grip strength on 
rota rod in pharmacosomes F7 was restored to 65%, DS nasal to 50%, 
DS oral to 30%.

Histopathology of Mid brain of substantial nigra region 
of rat brain after exposure to 11days of treatment
Histopathology of stained sections from mid brain of substantia nigra 
region of rat brain after exposure to 11 days of treatment with Formulation, 
drug solution was Figure 10. The positive control group (rotenone 
induced) showed necrosis of neurons and lesions. The groups treated 
with DS oral and DS nasal showed mild lesions whereas optimised 
formulation F7 treated group not showed any lesions which indicates 
clear recovery from Parkinson’s disease.

Biochemical Parameters
The results of levels of reduced glutathione, nitric oxide, total protein and 
lipid peroxidation were plotted as bar graphs and shown in Figure 11.
In all biochemical parameters, control group was considered as 100%. 
Statistical comparisons were made using Graph Pad Prism (viewer 
mode) 8.0.1.
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Estimation of reduced Glutathione
When the treated groups were compared to control, the level of reduced 
glutathione in pharmacosomes F7 was restored to 67.4%, DS nasal to 
30%, DS oral to 10%.

Estimation of Nitric Oxide
When all the treated groups were compared to positive control, the levels 
of nitric oxide decreased by 82.2% in pharmacosomes F7 treated group, 
54% in DS nasal and 28% in oral group

Estimation of total protein
The total protein in pharmacosomes formulation nasal F7 treated group 
was significantly decreased by 88%, DS nasal by 74% and DS oral by 
55.8%.

Estimation of lipid peroxidation
The levels of lipid peroxidation in pharmacosome F7 treated group was 
significantly decreased by 73%, DS nasal by 63.2% and DS oral by 33%.
Therefore, we conclude that optimized formulation F7 showed signi-
ficantly high (p<0.001) pharmacodynamic activity and biochemical 
parameters when compared to nasal drug solution (p<0.01) and oral 
drug solution (p<0.001).

CONCLUSION
In the present study, pharmacosomes of levodopa were developed for 
delivery via intranasal route and evaluated for the pharmacodynamic 
activity in comparison to oral route. In ex-vivo permeation studies on 
porcine nasal mucosa, formulation F7 and F5 showed 3.12 times and 
2.26 times enhancement in the steady state flux compared to drug 
solution respectively. Antiparkinson’s activity in rats administered with 
Optimized pharmacosomes formulation showed significant increase in 
rat weight, locomotor activity by photoactometer and grip strength on 
rotarod. Biochemical parameters studied on homogenate of brain further 
showed significant reduction in levels of lipid peroxidase, nitric oxide, 
total protein and significant increase in reduced Glutathione (P<0.001) 
compared to drug solution treated via oral (P<0.001) and drug solution 
via nasal route (P<0.01). Also nasal drug solution showed significantly 
high (P<0.001) in pharmacodynamic activity compared to drug solution 
via oral route. Therefore, we conclude that intranasal pharmacosomes 
or solution administration could be potential benefit compared to oral 
route.
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INTRODUCTION
Tigecycline is the first drug clinically available under the class of  
Glycylcyclines which are a new class of antibiotics derived from  
tetracycline. Tigecycline is a new glycylcycline with broad spectrum anti-
biotic activity. It is chemically (4S,4aS,5aR,12aS)-9-[2-(tert-butylamino) 
acetamido]-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11- 
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.1 Chemi-
cal structure of Tigecycline is shown in Figure 1.
Tigecycline inhibits protein translation in bacteria by binding to the 30S 
ribosomal sub-unit and interfering with the entry of amino-acyl tRNA 
molecules into the A site of the ribosome. This blocks incorporation of 
amino acid residues into elongating peptide chains, thereby preventing 
protein synthesis and eventually bacterial cell growth. Glycylcyclines  
appear to bind more effectively compared to tetracycline’s. It has activity 
against a broad range of Gram-positive and Gram-negative bacteria, 
including tetracycline-resistant organisms. This tetracycline analogue 
overcomes tetracycline resistance by two mechanisms namely resistance 
mediated by acquired efflux pumps and ribosomal protection.   It is used  
for the intravenous treatment of complicated skin and skin structure  
infections caused by susceptible organisms.2

Literature survey reveals that there are only limited reported methods  
for analysis of Tigecycline using UV-Visible Spectrophotometry3,4 and  
RP-HPLC.5-8 Also there are few RP-HPLC9,10 and LC-MS/MS11-14 methods 
for analysis of Tigecycline in biological samples. The present research  
work describes the development and validation of a simple, rapid, accurate 
and precise UV Spectroscopic method for estimation of Tigecycline in 

bulk and pharmaceutical formulation. This method can also be extended  
to stress studies to determine the amount of drug degraded under different  
chemical and environmental conditions.

MATERIALS AND METHODS
Instruments
Elico SL 210 Double Beam UV- Visible Spectrophotometer with 1 cm  
matched quartz cells are used for performing spectrophotometric  
measurements and Labman sonicator is used for sonication of the  
sample solution.

Chemicals
Tigecycline pure drug was obtained as gift sample from Gland Pharma 
Hyderabad, India. Tigecycline formulation (TGKEM) was purchased  
from local drug store. HPLC grade Methanol and Acetonitrile were  
purchased form SD Fine Chemicals, Mumbai, India. Hydrogen Peroxide 
(H2O2), Hydrochloric acid (HCl) and Sodium Hydroxide (NaOH) used 
were of analytical grade.

Preparation of Standard Stock Solution
Accurately 10 mg of Tigecycline pure drug was weighed and transferred 
into a 10 ml volumetric flask. The volume was made up to the mark using 
Acetonitrile (ACN) resulting in 1000 μg/ml concentration primary stock 
solution. From this 1 ml aliquot was transferred into a 10 ml volumetric  
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Objective: The present research work aimed to develop and validate 
a simple, rapid, accurate and reproducible UV Spectroscopic method 
for the quantitative estimation of Tigecycline in bulk and pharmaceutical 
dosage form. Method: The method was developed using Acetonitrile as 
diluent. The wavelength of maximum absorbance (λmax) of Tigecycline was 
found to be 250nm. Validation of the developed method was performed 
according to International Conference on Harmonisation (ICH) guidelines 
on validation of analytical procedures: text and methodology Q2(R1). Assay 
of Tigecycline marketed formulation was performed and the amount of 
drug was determined. Forced degradation studies were performed by 
subjecting Tigecycline to stress conditions such as acid & base hydrolysis, 
oxidation, thermal degradation and photolysis. The degraded samples 
were further analyzed by using the developed method to determine the 
degradation behavior and the amount of Tigecycline degraded. Results: 
The method was found to be linear over the concentration range of 2-30μg/
ml with correlation coefficient (r2) 0.999. The analytical method showed 
good precision with % Relative Standard Deviation (%RSD) below 2. 

All the other validation parameters such as accuracy, Limit of Detection 
(LOD) & Limit of Quantification (LOQ), robustness and ruggedness were 
found to be within the limits. The drug degraded more under thermal 
stress condition. Conclusion: The developed method is simple, rapid with 
accuracy and reproducibility therefore it can be applied for the routine 
analysis of Tigecycline in bulk and pharmaceutical dosage form.
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flask and the volume was made up to the mark using ACN to obtain  
100 μg/ml secondary stock solutions.

Preparation of Working Standard Solutions
From the secondary stock solution different aliquots in the range of  
0.2 to 3.0 ml were transferred into series of 10 ml volumetric flasks and 
further diluted with ACN to obtain working standard solutions ranging 
from 2-30 μg/ml.

Determination of λmax

The absorption spectrum for Tigecycline was recorded by scanning  
10μg/ml working standard solution using UV-Visible spectrophotometer  
in the range of 200-400nm. λmax was found to be 250nm. Figure 2 shows 
the spectrum of Tigecycline.

RESULTS
Method Validation: The developed method was validated according 
to ICH Guideline Q2 (R1) Validation of analytical procedures: text and 
methodology. Parameters evaluated were linearity, accuracy, precision,  
Limit of Detection (LOD) and Limit of Quantification (LOQ), robustness  
and ruggedness.15

Linearity: Linearity was performed by measuring the absorbance of  
Tigecycline standard solutions in the range of 2 to 30μg/ml at 250nm.  
Calibration curve was obtained by plotting concentration against  
respective absorbance values. The observations and calibration curve are 
shown in Table 1 and Figure 3 respectively.

Accuracy: The accuracy of the proposed method was assessed by recovery 
studies. Tigecycline Standard solution was spiked to sample solution at 
three concentration levels (50 %, 100 % and 150 %). Three replicates of 
each concentration level were prepared and absorbance was measured 
at 250nm. % Recovery was determined. Table 2 shows accuracy data of 
Tigecycline.

Precision: Precision was examined by measuring the absorbance of six 
replicates of the same concentration Tigecycline standard solution, on 
the same day and under the same experimental conditions. Absorbance 

Table 1: Linearity.

Concentration Absorbance

2 0.1445

4 0.2619

6 0.3986

8 0.5311

10 0.6749

12 0.8243

14 0.9632

16 1.1136

18 1.2251

20 1.3395

22 1.4786

24 1.5934

26 1.7042

28 1.8253

30 1.9786

Table 2: Accuracy.

%
Level

Concentration 
(µg/ml) Absorbance % Recovery

Mean % 
Recovery

Test Standard

50 5 2.5
0.5389 98.08

98.320.5396 98.21
0.5421 98.67

100 5 5

0.7422 99.19

99.400.7455 99.63

0.7437 99.39

150 5 7.5
0.9381 98.90

99.170.9415 99.26
0.9424 99.35

Table 3: Precision.

S.No Absorbance

1 0.6778
2 0.6813
3 0.6785
4 0.6742
5 0.6726
6 0.6739

Mean 0.67638
S.D 0.00305

% RSD 0.00451

Figure 1: Chemical Structure of Tigecycline.

Figure 2: UV Spectrum for determination of Tigecycline λmax.
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of 6 replicates of standard solution was measured at 250 nm and % RSD 
was calculated. Precision data of Tigecycline is shown in Table 3.

% RSD = Standard Deviation/Mean × 100
Limit of Detection (LOD) and Limit of Quantitation (LOQ): The LOD 
and LOQ were calculated according to ICH guidelines, where the factors 
3.3 (for LOD) and 10 (for LOQ) were multiplied by the ratio of standard 
deviation (σ) and the slope. LOD and LOQ values are given in Table 4.
LOD (Detection Limit) = 3.3 σ/ Slope
LOQ (Quantitation Limit) = 10 σ/Slope
Robustness: It was determined by measuring the absorbance of three 
replicates of the same concentration Tigecycline standard solution by 
varying the wavelength i.e. at 250 nm ± 1 nm. % RSD was calculated and 
reported in Table 5.
Ruggedness: Ruggedness of the method was determined by measuring 
the absorbance of six replicates of the same concentration Tigecycline 
standard solution at 250 nm by two different analysts and % RSD was 
calculated and presented in Table 6.

Assay
Tigecycline lyophilized powder formulation was weighed and powder 
weight equivalent to 10 mg was transferred into a 10 ml volumetric flask. 
After dissolving in sufficient amount of ACN the solution was subjected 
to sonication. The volume was made up to the mark using ACN. From  
this 0.1 ml was pipetted out into a 10 ml volumetric flask and diluted  
using ACN. Absorbance of this solution was measured at 250 nm. % Assay  
was calculated and was found to be 99.6 %.

Forced Degradation Studies
Forced degradation is the process of subjecting drug to extreme chemical  
and environmental conditions. Forced degradation studies show the 
chemical behavior of the molecule and provide an approach to analyze 
the stability of drug. It provides an insight into degradation pathways 
and degradation products of the drug substance and helps in elucidation  
of the structure of the degradation products. Forced degradation studies  
are done as per the ICH guidelines: ICH Q1A: Stability Testing of New Drug 
Substances and Products and ICH Q1B: Photo Stability Testing of New  
Drug Substances and Products. Degradation studies are performed under  
acidic, basic hydrolysis, oxidation, thermal and photolytic conditions.16-20

Acid Degradation
From 100μg/ml Tigecycline standard solution 1 ml was pipetted out in  
to a 10 ml volumetric flask. To this 1 ml of 0.1 N HCl was added and  
allowed to stand for 24 hr. Then the solution was neutralized by adding  
1 ml of 0.1 N NaOH and the volume was made up to the mark using 
ACN. Absorbance of the solution was measured at 250 nm and amount 
of drug degraded was calculated.

Alkali Degradation
From 100μg/ml Tigecycline standard solution 1 ml was pipetted out in 
to a 10 ml V.F. To this 1 ml of 0.1 N NaOH was added and allowed to  
stand for 24 hr. Then the solution was neutralized by adding 1 ml of  
0.1 N HCl and the volume was made up to the mark using ACN.  
Absorbance of the solution was measured at 250 nm and amount of drug 
degraded was calculated.

Oxidative Degradation
From 100μg/ml Tigecycline standard solution 1 ml was pipetted out in to 
a 10 ml V.F. To this 1 ml of 3 % H2O2 solution was added and allowed to 
stand for 24 hr. Then the volume was made up to the mark using ACN. 
Absorbance of the solution was measured at 250 nm and amount of drug 
degraded was calculated.

Thermal Degradation
Tigecycline drug was exposed to 40°C temperature in a hot air oven. 
After 4 hr required amount of drug was taken and 10μg/ml solution was  
prepared using ACN as diluent. Absorbance of the solution was measured  
at 250 nm and amount of drug degraded was calculated.

Table 4: LOD and LOQ.

Parameter Value

LOD 0.1527 µg/ml
LOQ 0.4635 µg/ml

Table 5: Robustness.

λmax Absorbance Mean S.D % RSD

249 nm

0.6427

0.6423 0.00092 0.001340.6382

0.6459

250nm

0.6683

0.6702 0.00246 0.003130.6724

0.668

251 nm

0.6573

0.6524 0.00038 0.000550.6508

0.6492

Table 6: Ruggedness.

S. No Analyst I Analyst II

1 0.6713 0.6864

2 0.6893 0.6726

3 0.6892 0.6822

4 0.6876 0.6836

5 0.6824 0.6869

6 0.6785 0.6756

Mean 0.6797 0.6804
S.D 0.0091 0.0071

% RSD 0.0134 0.0104 Figure 3: Calibration Curve for Tigecycline.
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Photolytic Degradation
Tigecycline pure drug was exposed to UV light for 4 hours then required 
amount of drug was taken and 10μg/ml solution was prepared using 
ACN as diluent. Absorbance of the solution was measured at 250 nm 
and amount of drug degraded was calculated.
Graphical representation of the Forced degradation studies data and the 
observations are shown in Figure 4 and Table 7 respectively.

CONCLUSION
A simple, rapid, accurate and reproducible UV Spectroscopic method 
was developed and validated as per the ICH guidelines. The method  
was used for assessing the degradation behavior of the Tigecycline  
under different stress conditions as per ICH guidelines. Results show 
that the drug undergoes most degradation under thermal conditions. All 
the validation parameters were found to be within the limits. Therefore 
this method can be used for routine quality control tests of Tigecycline 
in bulk drug and pharmaceutical formulation.
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acid; NaOH: Sodium Hydroxide.
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Degradation Condition %   of Drug Degraded
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Figure 4: Forced Degradation Studies.
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INTRODUCTION
The importance of medicinal plants is recognized and documented well 
by research scholars since ancient history. Apart from the social benefits 
much attention has been given to the plants of medicinal significance. 
There is a worldwide resurgence in traditional and alternative systems of 
medicine resulting global herbal trade, which stands at US$ 120 billion 
and is expected to reach US $ 7 trillion by 2050. Most of the people in the 
developing nations believe in alternative system of medicine which uses 
medicinal plants for their primary health care. Due to the continuously 
increasing demand for medicinal plants, many herbal research institutes 
across the globe are engaged in research, documentation and developing 
databases on the medicinal plants helping the scientific community.1

The universe presently is facing challenges related to lifestyle and 
non-communicable diseases.  Phytomedicine offer solutions to these 
challenges. Among the sources of medicines, the plants are the primary 
source for most of the lead molecules of therapeutic significance. Till 
date, many of the traditional plants whose therapeutic potential is not 
yet explored.
Galphimia glauca Cav.(Gg) is a shrub which grows up to 2-3 m height, it 
belongs to the family of Malpighiaceae.2 This medicinal shrub is noticed 
growing across the globe. In India, it is found in all the states, specifically 
in Deccan plateau regions and in South India. 
The plant is recognized as “Calderona amarilla” and “Flor estrella.” 3, 4 The 
ethyl acetate extract of Gg aerial parts were reported for its anti-asthmatic 
effects acting through inhibiting the Leukotriene D4 induced muscle 
contraction.5 Del-Rayao-Camacho et al. 2002 reported the isolation of 
Galphin-A, B and C, galphimidin, quercetin, sitosterol 3-O-β-d-glucoside 
and stigmasterol from Gg aerial parts.6 Nader et al. 2006, disclosed the 

production  of triterpenoids in the liquid cultivated hairy root of Gg7. 
Aguilar-Santamaria et al. 2007, disclosed the toxcological and cytotoxic 
actions of Gg aqueous, ethanol and methanol extracts8. Tortoriello et al. 
2011, disclosed the structures of nor-seco-triterpene molecules isolated 
from methanol extract of Gg aerial parts9. Galphimine-A, B and C were 
disclosed by Cardoasa taketa. 2004.10  
The present research on phytomedicine replaces the plant extracts 
with phytomolecules having a potential bioactivity, where effective 
phytomolecules come from medicinal plants.11 The tea made from Gg 
yellow coloured leaves is used traditionally for lowering the fever, to 
relive coronary pain, soothing the nerves and emolliating injuries 12, 13. It 
is a remedy for nervous excitement, pain and inflammation. 14-15

To relate the traditional use, in our previous research we have proved 
that the Gg stem and leaf methanol extracts exhibited significant analgesic, 
anti-inflammatory, CNS depressant and muscle relaxant activities. 12,13, 16, 17  
In the previous studies we have isolated two novel phytomolecules  
showing significant analgesic and CNS effects.18, 19 Seeing the outcomes  
of previous work on Gg stem methanol extract in treating pain and  
inflammation, the current research was performed as an extension of 
earlier work at our lab. This study was mainly concentrated on muscle  
relaxant activity guided isolation and characterization of a novel  
molecule form Gg stems.

MATERIALS AND METHODS
Plant Material
The Galphimia glauca (Gg) was collected from the medicinal garden 
present in the Anurag University, Hyderabad. The stems were collected  
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in July 2019, dried and powdered. The plant was authenticated by  
Dr. E. Narsimha Murthy, Taxonomist, Satavahana University, Karimnagar,  
Telangana, India. A voucher copy is stored with the reference number 
No. 333, in the Department of Pharmacy, Anurag University. 

Chemicals and drugs
The chemicals and Preparative TLC chromatography (# 350) were  
purchased from SD Fine Chemicals, Mumbai, India. Silica gel for  
Column chromatography (# 230-400) was purchased from Finar, India.  
TLC plates were purchased from Merck, Germany. Diazepam was  
purchased from Natco Pharmaceuticals, India.

Preparation of the extract
Gg stem powder (0.20 kg) was subjected to Soxhlet extraction using 
methanol (0.6 litres). The extract was collected, concentrated to dryness 
and stored. The yield obtained for Gg stem methanol extract (GgSME) 
was 0.040 Kg.

Animals
For the current study Swiss albino strain was used. The mice of 42 - 56 days  
old (22.5 ± 2.5 g) of either sex were employed for the study. Mice were  
acclimatized for ten days in the lab environment. The mice were maintained  
with nutrition, hygiene and care under conditions like temperature  
(22 ± 2ºC), light (fluorescent tube lights) and relative humidity (45-55%). 
Twelve hours each of darkness and light was maintained with controlled 
noise ≤ 65 decibels. The studies were performed using six mice of either 
sex in each group. The study protocol was approved by the Institutional 
Animal Ethics Committee of the institute (IAEC), School of Pharmacy, 
Anurag University (the protocol number:  I/IAEC/LCP/032/2018/19).

Acute Toxicity Studies
According to The Organization for Economic Co-operation and  
Development (OECD) guidelines, 423-2d, acute oral toxicity studies 
were conducted.20

Fractionations of Gg stem methanol extract 
In our earlier work the Gg stem methanol extract exhibited significant 
muscle relaxant properties (Baba Shankar et al. 2016).18 Hence, in this 
study 0.040 Kg of Gg stem methanol extract was dissolved in 0.085 litre of 
methanol and fractionated with 0.5 litres each of n-hexane, chloroform,  
ethyl acetate and methanol. The obtained fractions [Gg n-hexane  
fraction (GgH), Gg chloroform fraction (GgC), Gg ethyl acetate fraction  
(GgE) and Gg methanol fraction (GgM)] were concentrated and the 
yield was noted.

Phytochemical screening for the Gg stem methanol extracts fractions 
and BS-4
The Phytochemical screening was done to disclose the nature of phyto-
constituents present in GgH, GgC, GgE and GgM fractions obtained  
from the Gg stem methanol extract and the isolated phytomolecule  
BS-4.21 The methanol fraction (GgM) explored the nature of phyto-
constituents such as Flavonoids, Saponins, Steroids & Terpenoids,  
Tannins and Phenolic compounds whereas the GgH, GgC, and GgE 
fractions showed negative results. The novel isolated phytomolecule 
BS-4 belongs to terpenoid.

Separation of phytoconstituents and characterization 
Preparation of sample for separation
About 0.016 Kg of the Gg methanol fraction (GgM) is dissolved in equal 
volumes of methanol and water (250 ml + 250 ml), extracted (1:1 ratio)  
with ethyl acetate twice. The ethyl acetate fractions were pooled and  
concentrated to 75 ml volume and extracted with hexane in the ratio of  
1:5. The hexane insoluble was separated and concentrated to get in  
powdered form. The powder is then dissolved in a 200 ml of ethyl acetate.

60 grams of silica powder was added to ethyl acetate solution to coat its 
surface. It was then subjected to vacuum evaporation using Heidolph  
rotary evaporator, dried and stored in vacuum desiccator. The silica  
powder was activated at 110°C before using in the column. 

Column chromatography 
The column is a borosilicate column, of about 80 cm length with an 
inside diameter of 3 cm. The Silica gel (230-400 µm) was used for this 
study. 

Procedure
The Column employed was cleaned, dried and rinsed with chloroform 
before using. A cotton piece was inserted in the column at nozzle tip, 
which aids in filtration. Silica gel (150 grams) was used to make a slurry 
using chloroform and used for packing. The excess of solvent was drained 
out. The surface coated silica powder was loaded and a cotton piece was  
placed above it and the column was eluted with chloroform initially  
(300 ml), followed by solvents with changing polarities. 250 ml of ethyl 
acetate in chloroform was used for this purpose in varying percentages 
(0%, 10%, 20%, 30%, 40%, 50%, 52.5%, 55%, 57.5%, 60%, 62.5%, 65%,  
67.5%, 70%, 72.5% 75%, 77.5%, 80%, 90%, and 100%). Individual  
fractions (25 ml) were collected and labelled. 

TLC Studies
All the fractions collected were concentrated to 10 ml and subjected to  
thin layer chromatographic studies (TLC) using ethyl acetate: chloroform 
(80:20) as solvent system. The separated compounds were visualized 
with 10% of sulphuric acid in methanol. The identical fractions were 
pooled and labelled.

Preparative TLC chromatography 
The combined fractions of column chromatography (13-27) were used 
for separation of phytoconstituents.  The slurry was prepared by mixing  
1.5 to 2.5 parts of distilled water to 1 part of silica gel and stirred perfectly.  
The slurry was used for coating the glass plates by pouring method’. 
Twelve glass plates (2 x 4 inch) were arranged in a row. The slurry was  
poured at the centre of glass plate and then distributed all over the  
surface. After leaving it for 15 min, the plates were air dried for 45 min. 
The plates were then activated in hot air oven at 110°C for of 2 hrs. The  
sample was loaded and developed in glass chamber using 10% methanol  
in chloroform as mobile phase. The separated compounds were cut, 
scrapped and collected. 

Characterization of the novel isolated phytomolecule (BS-4)
The isolated phytomolecule was coded as “BS-4” The BS-4 was characterized 
by its Rf value, phytochemical screening, melting point, IR spectral  
data, HPLC, 1H-NMR spectra, 13C NMR spectra and Mass spectral  
studies. The BS-4 was soluble in DMSO-D6 and NMR studies were  
performed using JEOL USA Spectrophotometer (JNM-ECZ500R/S1).

Pharmacological studies on the novel isolated phytomolecule (BS-4)
Studies were conducted to assess the in vivo muscle relaxant activity  
for the isolated phytomolecule (BS-4) to explore its pharmacological  
significance. The dose range of 12.5, 25 and 50 mg/kg b.w was administered  
orally for assessing the studies.

Grouping of animals for muscle relaxant studies
The below mentioned grouping procedure is adopted for investigating 
muscle relaxant activity. The Swiss albino mice employed for the study were  
grouped separately (Group I-V). The mice were treated with 12.5 mg/kg  
(low dose), 25 mg/kg (medium dose) and 50 mg/kg (high dose) respectively.
Group-I: Negative control, treated with distilled water [10 ml/kg, per os (p.o)].
Group II: Positive control group, treated with diazepam [1 mg/kg,  
intraperitoneally (i.p)].
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Group III-V was treated with BS-4 [12.5, 25 and 50 mg/kg, respectively, 
per os (p.o)].

Muscle coordination test

Grip strength test
This procedure was reported by Boissier and Simon (1960).22 Mice were 
screened initially by placing them on a steel rod, which is fixed to a stand 
at a height of 0.5 meter. Mice which failed to remain hanging less than 
sixty seconds were rejected. The mice (Group1-V) fasted overnight were 
used for this study. The control group (Group-I) mice received water.  
After 1 hour post treatment with BS-4 as cited above in grouping of  
animals for muscle relaxant studies and intraperitoneal administration 
with diazepam (1 mg/kg), mice were again tested.  A reduction in time 
for all the groups (Group II-V) is correlated with group-I as an estimate 
of muscle relaxant activity.

Rota rod test
This test was reported by Dunham and Miya (1957) to study effect of drugs  
on  motor coordination.23 The test was performed on the Rota rod apparatus  
which is separated into four individual compartments (V. J, instruments, 
Maharashtra). Animals fasted overnight were used for this study. The 
Group-I animals received water. After 1 hour post treatment with BS-4 
as cited above in grouping of animals for muscle relaxant studies and 
intraperitoneal administration with diazepam (1 mg/kg), mice were 
placed on the rod, revolving at 24 rpm speed and the time of fall from 
the revolving rod is noted for each groups at 30 min, 60 min and 90 min 
respectively. The time of fall for all the groups (Group II-V) is correlated 
with a control group (Group I) as an estimate of muscle relaxant activity.

Statistical analysis
Numerical data was expressed as mean ± SEM (standard error of mean). 
Statistical analysis were performed with one-way analysis of variance  
(ANOVA), followed by Tukeys’ multiple comparison test to compare  
results obtained for all tested groups with each other. P ≤ 0.05 was  
considered to be statistically significant. The statistical analysis was  
carried out with Graph Pad Prism 5.0 software.

RESULTS
Acute toxicity studies
The Gg stem methanol extract, GgM and BS-4 did not exhibit any  
toxic symptoms and also Mortality in the range of 5, 50, 300 and  
2000 mg/kg in mice during the 14 days of study. Hence it can be classified 
as category 5 according to OECD-423, guidelines. Therefore the Gg stem  
methanol extract, GgM and BS-4 were found to be non-toxic to mice. 
Based on the results and the yield of the BS-4, the doses, 12 mg/kg (low 
dose), 25 mg/kg (moderate dose) and 50 mg/kg (high dose) were chosen 
to study the biological activity.

Fractionations of Gg stem methanol extract (GgSME)
The active extract, Gg stem methanol extract (GgSME) was fractionated  
using n-hexane, chloroform, ethyl acetate and methanol. The yield  
obtained for n-hexane fraction (GgH), chloroform fraction (GgC), ethyl 
acetate fraction (GgE) and methanol fraction (GgM) fractions are 5.8%, 
13.4%, 17% and 59.1% respectively.

Separation of phytoconstituents and characterization
Column chromatography
The bio-active fraction (GgM) was subjected to column chromatography.  
All fractions collected in 25 ml volume and labelled for their identification.

TLC Studies
All the fractions of 25 ml volume were collected and subjected to TLC 
studies. From the results, the fractions containing phytoconstituents with 
identical Rf values were grouped and concentrated to dryness (Fraction 
No: 13-27). 

Preparative thin layer chromatography (TLC):
The Preparative TLC was performed using column fractions (13-27) 
to separate phytomolecules. The separated fractions (1-4) were cut and 
collected separately from glass plates labelled A-J. The fraction cut 3 
containing individual separated phytomolecule was boiled with 500 ml 
of methanol in RBF and vacuum filtered. The filtrate was concentrated 
and subjected to hexane treatment. The hexane insoluble portion was 
concentrated to obtain novel isolated phytomolecule (BS-4). The yield 
obtained was 740 mg. The TLC of BS-4 was performed in solvent system 
10% methanol in chloroform.

Characterization of the novel isolated phytomolecule (BS-4)
The novel isolated phytomolecule belongs to terpenoids. The melting 
point is 101.1°C-108.2°C. The Rf value was 0.3. The IR spectra shown in 
Figure 1 revealed the presence of -OH group, aliphatic -CH stretching  
vibrations, the ester carbonyl group, C-O-C stretching and C-O stretching.  
The mass spectra exhibited base peak, molecular ion peak and M+1 
peak were at 663. The 1H-NMR spectrum disclosed the aliphatic group 
in range from 0.7 to 2.8 ppm. The 13C NMR spectra disclosed 113.833 
(C-1), 107.905 (C-2), 100.109 (C-3) and 90.930 (C-4). The HPLC study 
revealed, that the major HPLC peak has shown retention time (tR) of  
2.397 min with 100% purity. The Figure 2 & 3 represents the HPLC peak 
& HPLC purity index of BS-4. The UV λmax was 299 nm.

Pharmacological studies of the novel isolated molecule (BS-4)
Grip strength test
The results are illustrated in Figure-4.  The BS-4 at 50 mg/kg exhibited a 
significant dose dependent activity (P ≤ 0.01) on comparison of the high 
dose with respective to low dose, which was proved by the in competence 
of the mice to hang on to a metal wire. In comparison of BS-4 with the  
control group and standard drug diazepam the percentage of mice loosing  
their grip exhibited a significant activity (P ≤ 0.001).

Rota rod test
The study results are illustrated in Figure-5. There was a significant  
(P < 0.001) decrease in the span of time spent by the mice on revolving 
rod with BS-4 when correlated with control group and standard drug 
diazepam. The BS-4 at 50 mg/kg exhibited a significant dose dependent 
activity (P ≤ 0.01) on comparison of the high dose with respective to low 
dose.

Figure 1: IR Spectra of Novel Phytomolecule BS-4
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DISCUSSION
Many of the bioactive molecules have come from plants. It is a need to 
put efforts to tap the real potential of natural sources of medicines. The 
Gg employed for this study is traditionally reported to treat conditions 
like fear, anxiety, stress and phobia. It also helps in women in labor, to 
lower the fever, to calm the patient and to relief from coronary pain. It is 
an emollient for injuries and for soothing the nerves.24 The significance 
of this work is to isolate, characterize and evaluate the muscle relaxant 
activity of the bio-active phytomolecule from the Gg stems.
In our previous research work carried out on Gg stem methanol extract  
(GgSME), it was found that stem extract exhibited significant muscle  
relaxant activity.17 Based on the results the active extract, Gg stem  
methanol extract (GgSME) was subjected to fractionation using solvents 
of different polarities. The fractions n-hexane (GgH), chloroform (GgC),  
ethyl acetate (GgE) and methanol (GgM) were subjected to phytochemical  
screening to explore the active fraction (GgM) that can be used for the 
isolation of bioactive phytomolecule. The GgM (methanol fraction)  
showed the presence of important phytomolecules like, tannins and  
phenolic compounds, steroids and terpenoids, saponins and flavonoids 
than the remaining fractions GgH, GgC and GgE.
The active fraction GgM was subjected to column chromatography. The 
solvent chloroform and ethyl acetate with changing concentrations from  
100:0 to 0:100 were employed. All the collected fractions were subjected  
to TLC studies. From the TLC results, the identical fraction 13-27  
containing compounds with identical Rf values were pooled and then 
subjected to preparative TLC studies using mobile phase 10% methanol 
in chloroform to separate the bio-active phytomolecule. The separated  
phytomolecule was treated with hexane. The hexane insoluble was  
concentrated to get novel phytomolecule (BS-4). 
The novel isolated phytomolecule belongs to terpenoids. The melting 
point is 101.1°C-108.2°C. The Rf value was 0.3. The IR spectra revealed 
the presence of -OH group, aliphatic -CH stretching vibrations, the ester 
carbonyl group, C-O-C stretching and C-O stretching.  The mass spectra 
exhibited base peak, molecular ion peak and M+1 peak were at 663. The 
1H-NMR spectrum disclosed the aliphatic group in range from 0.7 to 
2.8 ppm. The 13C NMR spectra disclosed 113.833 (C-1), 107.905 (C-2),  
100.109 (C-3) and 90.930 (C-4). The HPLC study revealed, that the  
major HPLC peak has shown retention time (tR) of  2.397 min with 
100% purity. The UV λmax was 299nm.

Figure 4 : Effect of BS-4 on Muscle relaxant activity-Grip test in mice.
Values are expressed as Mean ± SEM.; n = 6; the statistical significance done 
by ANOVA, followed by Tukey’s multiple comparison tests and is represented 
by a symbol.
aP ≤ 0.001 indicates comparison with group I
bP ≤ 0.001 indicates comparison with group II
cP < 0.001 indicates the dose dependent activity on comparison of the high 
does with respective low dose of the BS-4.

Figure 5 : Effect of BS-4 on Muscle relaxant activity-Rota rod test.
Time spent (s) by the mice on rota rod a) after 30 min; b) after 60 min; c) after 
90 min
Values are expressed as Mean ± SEM.; n = 6; the statistical significance done 
by ANOVA, followed by Tukey’s multiple comparison tests and is represented 
by a symbol.
aP ≤ 0.001 indicates comparison with group I
bP ≤ 0.001 indicates comparison with group II
cP < 0.001 indicates the dose dependent activity on comparison of the high 
does with respective low dose of the BS-4.

Figure 2: HPLC peak of Novel Phytomolecule BS-4. Peak Retention Time 2.397

Figure 3: HPLC peak purity index of Novel Phytomolecule BS-4.  
Peak Retention Time 2.397
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The models to assess muscle relaxant activity include rota rod test and 
grip strength test.23 The grip test is carried out to explore the muscle 
strength and neuromuscular activity, whereas rota rod experiment is 
carried out to check motor coordination in animals 25, 26. The mouse 
which remained on the revolving rod, for a short span of time suggests 
the muscle relaxant effect. Abundant CNS drugs which were depressants,  
respond well to this test 27, 28. In rota rod test, the BS-4 treated mice  
exhibited significant (P < 0.001) activity. Whereas the hanging time of 
mice was decreased significantly (P < 0.001) in comparison to control  
group. The diazepam exhibits muscle relaxation, acting on GABAA  
receptors involving α2 and α3 subunits, enhancing the potency of GABA 
to increase the chloride conductance causing muscle relaxant effect.29,30,31 
The BS-4 may act similarly to that of diazepam. The results suggest that, 
BS-4 was more potent for muscle relaxant effects

CONCLUSION
The novel isolated phytomolecule (BS-4) belongs to terpenoid. It exhibited 
significant muscle relaxant effects. This study facilitates the exchange of 
research and supports clinical use. The future studies will be focused for 
spectral data like 2-D NMR (HSQC, HMBC, COSY, NOESY etc.).
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INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by chronic  
hyperglycemia with disturbances in carbohydrate, fat and protein  
metabolism resulting from defects in insulin secretion (type 1 DM) or 
insulin action (type 2 DM) or both.1 Diabetes can be classified into three 
major categories: type 1 diabetes, type 2 diabetes and gestational diabetes 
mellitus. Type-2 diabetes mellitus is a common metabolic disorder and 
one of the therapeutic approach for this disease is the maintenance of 
normal blood glucose levels after meal. Postprandial hyperglycemia 
plays an important role in the development of type-2 diabetes and its 
complications.2

Globally, there is rapid increase in people affected with diabetes due to  
an array of clinical factors like aging, smoking, unhealthy diet, 
hyperlipidemia and sedentary life style.3 WHO estimates that diabetes 
was the seventh leading cause of death in 2019. Based on the report 
cited by International Diabetes Federation (2019), diabetes mellitus is 
the major cause of mortality and morbidity, with a projected range of 
463 million adults being affected and 4.2 million people died in 2019. 
In 2045, the incidence of the disease is to be about 700 million and the 
prevalence will be higher in developing countries (Africa, Asia and 
South America) with low and middle-incomes.4

Hypoglycemic activity of therapeutic plants is because of their capacity  
to restore the pancreatic tissues by bringing about an increment in  
insulin yield, hindering the intestinal ingestion of glucose or encouraging  
metabolites in insulin subordinate processes.5 Treatment of type 2 diabetes 
improves patient blood sugar levels and insulin secretion stimulated by 

drugs such as α-glucosidase inhibitors and metformin.6 Improvement  
of the activity of insulin at the objective tissues, with the utilization of 
sensitizers (biguanides, thiazolidinediones); incitement of endogenous 
insulin discharge with the utilization of sulfonylureas (glibenclamide, 
glimepiride) and a decrease of the interest for insulin utilizing particular 
enzyme inhibitors (acarbose, miglitol). For the best of my knowledge, 
previous studies have not investigated the α-amylase and α-glucosidase 
enzyme inhibitory activities of Lindernia ciliata, Phyllanthus reticulatus 
and Bambusa vulgaris. Therefore, this work was undertaken to evaluate 
the probable mechanism behind its hypoglycemic activity.

MATERIALS AND METHODS
Collection of plant materials
Lindernia ciliata, Phyllanthus reticulatus and Bambusa vulgaris were 
collected in August 2019 from Kakatiya University campus, Warangal,  
Telangana, India and authenticated by Dr. V.S. Raju (taxonomist),  
Department of Botany, Kakatiya University and Warangal. The Voucher  
specimen of these plants is deposited in the Department of Pharmacognosy,  
University College of Pharmaceutical Sciences, Warangal, Telangana, 
India.

Preparation of methanolic extracts
The leaves of Lindernia ciliata, Phyllanthus reticulatus and Bambusa 
vulgaris (1kg) were collected, washed under running tap water, 
dried under shade, ground into coarse powder and then macerated 
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concentration of the extract causes the most inhibition. Among all, 
Lindernia ciliata has shown the prominent enzyme inhibitory activity (for 
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comparable with the standard drug acarbose (for α-amylase IC50 5.03 mg/ml  
and for α-glucosidase IC50 5.13 mg/ml). Phytochemical analysis of the  
extracts indicated the presence of alkaloids, flavonoids, steroids/triterpenoids  
and their glycosides, tannins, coumarins, sterols and fatty alcohols. Further,  

the total phenolic and total flavonoid contents were estimated. These  
results substantiate the use of Lindernia ciliata in traditional medicine  
for the treatment of diabetes by controlling postprandial hyperglycemia. 
Conclusion: The antioxidant properties and enzyme inhibition could be 
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with methanol at room temperature. After exhaustive extraction, 
the methanolic extracts were concentrated under reduced pressure 
(Rotavapour, Switzerland) to yield green coloured mass.

Chemicals
α-amylase (porcine pancreas), α-Glucosidase (Saccharomyces cerevisiae),  
P-nitro phenyl α-D-glucopyranoside, 3,5-Dinitro-salicylic acid, acarbose, 
sodium carbonate, sodium potassium tartarate, sodium dihydrogen 
phosphate, potassium dihydrogen phosphate, di-sodium hydrogen 
phosphate and di-potassium hydrogen phosphate, sodium hydroxide  
were procured from Gamut Scientifics (SRL), Secunderabad, India.  
Folin-ciocalteu reagent from Hi-media (Mumbai, India). All other 
chemicals and solvents used are of analytical grade.

Phytochemical Screening
The methanolic leaf extracts of Lindernia ciliata, Phyllanthus reticulatus, 
Bambusa vulgaris were subjected to phytochemical screening using 
dried samples for the presence of different classes of organic compounds 
like alkaloids, flavonoids, steroids/triterpenoids, carbohydrates, tannins, 
saponins, phenolic compounds etc.

Determination of Total phenolic content and Total 
flavonoid content
Total phenolic content
The total phenolic content of the extract was determined using Folin-
ciocalteu colorimetric method as described in the literature.7 The extract 
(100-1000 μg/ml) or standard solution of gallic acid (10-100 μg/ml) was 
added to 25 ml volumetric flask containing 9 ml of distilled water. A 
reagent blank was prepared using distilled water instead of a sample. 
1 ml of Folin-ciocalteus phenol reagent was added to the mixture and 
shaken. After 5 min, 10 ml of 7% aqueous sodium carbonate solution 
was added to the mixture. The solution was diluted to 25 ml with double  
distilled water and mixed. After incubation for 90 min at room temperature,  
the absorption against prepared reagent blank was determined at 760 nm  
(ELICO SL159 UV-Visible Spectrophotometer). Quantification was 
done concerning the standard gallic acid and expressed as gallic acid 
equivalent (GAE) in mg per gram of extract.

Total flavonoid content
The total flavonoid content of the extract was measured by the aluminum  
chloride colorimetric method as described in the literature.8 Extract  
(10-100 μg/ml) or standard solution of Rutin (10-100 μg/ml) was added 
to 10 ml volumetric flask containing 4 ml double distilled water. To the  
flask 0.3 ml of 5%, sodium nitrite solution was added. After 5 min,  
0.3 ml of 10% aluminum chloride solution was added at 6th min, 2 ml 
of 1M NaOH was added and the total volume was made up to 10ml with 
double distilled water. The solution was mixed well and the absorbance 
was measured against prepared reagent blank at 510 nm (ELICO SL159  
UV-Visible Spectrophotometer). The total flavonoid content was  
expressed as Rutin equivalent in mg per gram of extract.

α - Amylase Inhibition Assay
This assay was carried out by using a modified procedure of McCue and 
Shetty.9 Stock solution of extracts was prepared by dissolving up to 10mg 
of each extract in 1ml of DMSO. A total of 250μL of extracts (1.25-10mg/
mL) was placed in a tube and 250μL of 0.02M sodium phosphate buffer 
(pH6.9) containing α-amylase solution (0.5mg/ml) was added. This 
solution was pre-incubated in at 25°C for 10 min, after which 250μL of 1% 
starch solution in 0.02M sodium phosphate buffer (pH6.9) was added at 
particular time intervals and then further incubated at 25°C for 10 min. 
The reaction was terminated by adding 500mL of Dinitrosalicylic acid 

(DNS) reagent. The tubes were then incubated in boiling water for 5min 
and cooled to room temperature. The reaction mixture was diluted with 
5mL of distilled water and the absorbance was measured at 540nm using 
(ELICO SL159 UV-Visible Spectrophotometer). A control was prepared 
using the same procedure replacing the extract with distilled water.

% Inhibition = [(Absorbancecontrol-Absorbanceextract)/Absorbancecontrol] × 100

α - Glucosidase Inhibition Assay
The alpha-glucosidase inhibitory activity was determined according to 
the method described by Apostolidis with some modifications.10 Stock  
solutions of extracts were prepared by dissolving up to 10mg of each  
extract in 1ml of DMSO. A total of 50μL of extracts (1.25-10mg/mL) and 
100mL of yeast alpha glucosidase solution in phosphate buffer (pH-6.9) 
were incubated at 25°C for 10 minutes followed by the addition of 50mL 
of 5Mmol/L p-nitrophenyl-alpha-D-glucopyranoside solution in 0.1M 
phosphate buffer (pH6.9). The reaction mixture was then incubated at  
25°C for 5min the reaction was terminated by adding 3mL of 100Mm  
sodium carbonate solution into the mixture to stop the reaction and  
absorbance of liberated p-nitrophenol was read at 405nm using (ELICO 
SL159 UV-Visible Spectrophotometer). Acarbose was used a positive  
control (standard) and the inhibitory activity of alpha-amylase and  
alpha-glucosidase were calculated by using the following formula

% Inhibition = [(Absorbancecontrol-Absorbanceextract)/Absorbancecontrol] × 100

The IC50 values defined as the concentration of the extract that inhibited 
50% of the enzyme activity were determined from plots of % inhibition  
versus log inhibitor concentration and calculated by logarithmic regression  
analysis from the mean inhibitory values.

RESULTS
Preliminary phytochemical screening of methanolic 
extracts
The preliminary phytochemical screening showed the presence of  
different phytoconstituents such as alkaloids, carbohydrates, flavonoids,  
phenolic compounds, steroidal/triterpenoid compounds and their  
glycosides, saponins, tannins in the methanolic leaf extracts of Lindernia 
ciliata, Phyllanthus reticulatus and Bambusa vulgaris. Results are shown 
in Table 1.

Total phenolic content and Total flavonoid content
The concentration of polyphenols present in the extracts is calculated by  
using a standard curve prepared with Gallic acid. The total phenolic  
content of methanolic extracts of Lindernia ciliata, Phyllanthus reticulatus,  
Bambusa vulgaris was found to be 75.6mg, 47.5mg and 39.4mg of GA 
equivalent per gram of extract respectively.

Table 1: Phytochemical constituents identified in methanolic leaf extracts 
of Lindernia ciliata, Phyllanthus reticulatus and Bambusa vulgaris.

Class of chemical constituents and its tests LCME PRME BVME

Alkaloids - + +

Flavonoids + + +

Steroids/triterpenoids + + -

Carbohydrates + + -

Saponins + + -

Phenolic compounds + + +

Tannins - - +

 +: Present, -: Absent
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The concentration of flavonoid content present in the extracts is calculated  
by using a standard curve prepared with Rutin. The total flavonoid content  
of methanolic extracts of Lindernia ciliata, Phyllanthus reticulatus,  
Bambusa vulgaris was found to be 35.0mg, 23.1mg and 15.2mg of Rutin 
equivalent per gram of extract respectively. Among the three methanolic 
bioactive extracts, total phenolic and flavonoid contents were found to 
be more in Lindernia ciliata. Results are shown in Table 2.

In vitro α-Amylase and α-Glucosidase Inhibitory Activity
In the present study, methanolic leaf extracts of Lindernia ciliata, 
Phyllanthus reticulatus, Bambusa vulgaris and acarbose were evaluated 
for their inhibitory effect on α-amylase and α-glucosidase enzymes 
by the in-vitro method. The methanolic extracts of Lindernia ciliata, 
Phyllanthus reticulatus, Bambusa vulgaris and standard drug Acarbose 
at a concentration of 10mg/ml exhibited 83.1%, 72%, 69.5%, 97.3% 
α-amylase inhibitory activity shown in Figure 1 and 82.8%, 70.8%, 
64.3%, 96.1% α-glucosidase inhibitory activity shown in Figure 2 
respectively. Acarbose was used as a standard reference drug, which 
showed α-amylase inhibitory activity with an IC50 value of 5.03 mg/ml 
and α-glucosidase inhibitory activity with an IC50 value of 5.13 mg/ml. 
Among all the test samples, Lindernia ciliata has shown the prominent 
enzyme inhibitory activity with IC50 6.11 mg/ml (α-amylase) and 
6.10mg/ml (α-glucosidase) which were well comparable with that of 
standard drug acarbose.

DISCUSSION
Management of the blood glucose level is a critical strategy 
in the control of diabetic complications. Inhibitors of 
saccharide hydrolysing enzymes (alpha-amylase and alpha-
glucosidase) have been useful as oral hypoglycemic agents 
for the control of hyperglycemia especially in patients with  
type-2 diabetes mellitus.11 Inhibition of these enzymes delay carbohydrate 
digestion and prolong overall carbohydrate digestion time, causing a 
reduction in the rate of glucose absorption and consequently reducing 
the postprandial plasma glucose rise.12 Alpha-amylase is one of the main 
enzyme in the human body which is responsible for the breakdown of  
starch to more simple sugars. Alpha-amylase hydrolyze complex 
polysaccharides to produce oligosaccharides and disaccharides which 
are then hydrolyzed by alpha-glucosidase to monosaccharide and are 
absorbed through the small intestines into hepatic portal vein therefore 
increases postprandial blood glucose levels.13 
Preliminary phytochemical screening of methanolic leaf extracts of  
Lindernia ciliata, Phyllanthus reticulatus revealed the presence of  
flavonoids, steroids/triterpenoids and their glycosides, carbohydrates, 
saponins and phenolic compounds. While, the methanolic leaf extract 
of Bambsa vulgaris contains alkaloids, flavonoids, tannins and phenolic 
compounds.
The inhibitory properties of alpha-amylase and alpha-glucosidase by 
these plant extracts may be useful in minimizing various side effects like 
flatulence, abdominal distention, meteorism and possibly diarrhoea with  
that of synthetic drugs.14 Present study suggests that one of the mechanism  
by which Lindernia ciliata, Phyllanthus reticulatus and Bambusa vulgaris 
exhibited its anti-hyperglycemic potential is through the inhibition of 
alpha-amylase and alpha-glucosidase enzymes. The inhibitory effects 
of methanolic leaf extracts of Lindernia ciliata, Phyllanthus reticulatus, 
Bambusa vulgaris against porcine pancreatic alpha-amylase and yeast  
alpha-glucosidase were evaluated in comparison with the reference  
anti-diabetic drug Acarbose. 
Lindernia ciliata showed most active alpha-amylase and alpha-glucosidase  
inhibitory activities with IC50 values of 6.11 mg/ml and 6.10 mg/ml  
respectively. It is observed that the prominent percentage of inhibitory 
effect on both α-amylase and α-glucosidase enzymes by the methanolic 
leaf extract of Lindernia ciliata could be due to a major amount of total 
phenol and total flavonoid content found in this extract. α-amylase and 
α-glucosidase enzyme inhibitory activity of methanolic leaf extracts of 
Lindernia ciliata, Phyllanthus reticulatus, Bambsa vulgaris were found to 
be in the order: LCME> PRME > BVME.
The results of the study elaborated scientific support regarding the use 
of three methanolic bioactive extracts i.e., Lindernia ciliata, Phyllanthus 
reticulatus and Bambusa vulgaris to treat diabetes through a mechanism  
based on its alpha amylase and alpha glucosidase enzyme inhibitory  
activity and this therapeutic potentiality could be exploited in the  
management of postprandial hyperglycemia in the treatment of type 2 
diabetes mellitus. However, further studies are needed to confirm these  

Figure 1: Porcine pancreatic α-amylase inhibition by methanolic leaf extracts 
of Lindernia ciliata, Phyllanthus reticulatus, Bambusa vulgaris (LCME, PRME, 
BVME) and acarbose. Data expressed as mean ±SD, (n=3).

Figure 2: Yeast α-glucosidase inhibition by methanolic leaf extracts of 
Lindernia ciliata, Phyllanthus reticulatus, Bambusa vulgaris (LCME, PRME, 
BVME) and acarbose. Data expressed as mean ±SD, (n=3).

Table 2: Total phenolic and flavonoid content of Lindernia ciliata,  
Phyllanthus reticulatus and Bambusa vulgaris.

Methanolic 
plant extracts

Total phenolic content 
(mg of GAE/gm of extract)

Total flavonoid content 
(mg of RE/gm of extract)

LCME 75.6 ± 0.39 35.0 ± 0.22

PRME 47.5 ± 0.68 23.1 ± 0.58

BVME 39.4 ± 0.47 15.2 ± 0.31

Values represent mean ± standard deviation of triplicate experiments
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findings to characterize and determine the bioactive components  
responsible for this effect.

CONCLUSION
The results of the study indicate that methanolic leaf extracts of three 
plants (Lindernia ciliata, Phyllanthus reticulatus and Bambusa vulgaris) 
showed significant alpha amylase and alpha glucosidase enzyme 
inhibitory activity. Among the three bioactive extracts, Lindernia ciliata 
showed more activity and it is well comparable with the standard drug 
acarbose.
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INTRODUCTION
Crinum asiaticum (Common name: Asian poison bulb) locally known 
as kesaracettu, is an evergreen herb that is widely distributed throughout  
India along river beds and also in forest.1 It is known as spider lily,  
Crinum lily and poison bulb in English, naagadamani in Ayurveda, 
bakong in Malaysia and morabau in Papua New Guinea. The plant has 
various ethnomedicinal properties and is used in traditional system of 
medicine. The ethnomedicinal uses of the Crinum asiaticum bulbs are 
bitter, expectorant, laxative, carminative, anthelmintic, aphrodisiac, 
diuretic, urinary problems, diaphoretic, nauseant,1 analgesic and anti-
inflammatory,2 anti-obesity,3 emetic,4 antitumor.5

The stone formation in the urinary system, i.e. in the kidney, ureter, 
urinary bladder and in the urethra is known as urolithiasis. ‘Urolithiasis’ 
derived from, ouron also called urine and litho means stone. It is one a 
foremost disease of the urinary tract and is a basis of morbidity, formation 
of stone the kind of urologic disorders it is occur in roughly 12% of  
the global population and it is occurred 70-81% in males and in females  
47-60%.6

Urolithiasis is a universal trouble, cautious no environmental, artistic 
or ethnic groups. Since before two decades incident of primary bladder 
stones has extensively reduced, but these are even now a day also reported 
in the developing world mostly in patients who are suffered with 
neurogenic bladders and benign prostatic hypertrophy. Around 80% 
of the stones are composed of calcium oxalate (CaOx) and calcium 
phosphate. Urinary stones may source for the hindrance, hydronephrosis, 
illness and gush of blood in the urinary tract system. Surgical operation, 

lithotripsy and local calculus disruption using high-power laser are 
largely used to eliminate the calculi. nevertheless, these are costly and  
with these procedures’ recurrence is quite common. The recurrence rate  
without preventive treatment is approximately 10% at 1 year, 33% at  
5 years and 50% at 10 years. The other therapies may also be involving 
thiazide diuretics and alkali-citrate are used in an endeavor to prevent 
repetition but scientific verification for their worth is less persuasive.7

MATERIALS AND METHODS
Collection of plant material
The Crinum asiaticum plant was collected from the Tirumala hills, Chittoor 
district Andhra Pradesh, India and confirmed by Dr. K. Madhava Chetty,  
Assistant Professor, Department of Botany, Sri Venkateshwara University,  
Tirupati (Voucher Number: 2011, dated 08.08.2017). The whole plant 
was dried in shade; bulbs were separated and pulverized to get a coarse 
powder. 

Preparation of extract
The powered material was subjected for extraction by using ethanol as 
solvent by soxhlation process.

Preliminary phytochemical screening of extract
Crinum asiaticum bulb extracts were subjected to phytochemical testing  
for identification of alkaloids, glycosides, tannins, phenols, steroids,  
flavonoids and terpenoids following the standard procedures.8
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Objectives: To evaluate the antiurolithiatic potential of Crinum asiaticum 
through in vitro and in vivo methods. Materials and Methods: Ethanolic  
extract of Crinum asiaticum (EECA) subjected for phytochemical screening  
and HPTLC fingerprinting. In vitro antiurolithiatic activity of EECA was  
determined by Calcium Oxalate (CaOx) crystal nucleation and aggregation  
assays. Acute toxicity studies were performed as per OECD 423 guidelines.  
For in vivo antiurolithiatic activity 36 male wistar rats divided into six groups. 
Group I served as control, groups II to VI are administered with 0.75 % v/v 
ethylene glycol for 28 days to induce hyperoxaluria where in group II served 
as toxic control and group III as standard. Group IV to VI served as test and  
received respective doses of EECA from 15 to 28 days. After 28 days,  
creatinine, BUN, uric acid was estimated. Calcium, oxalate, phosphate  
were estimated in urine and kidney homogenate also subjected for histo
pathological studies. Results: Phytochemical screening revealed the  
presence of flavonoids, terpenoids, tannins and phenolic compounds.  
HPTLC fingerprinting shows the presence of 7 terpenoids and 7 flavonoids 
at 540nm and 366nm respectively after derivatization. In vitro studies  

showed reduction in CaOx crystal aggregation and promoted nucleation  
after treatment with EECA. In vivo studies also showed reduction in elevated  
levels of serum creatinine, BUN, uric acid and levelsof calcium, oxalate and 
phosphate in urine and kidney homogenate as compared to control group. 
The results were supported by histopathological studies. Conclusion: The 
EECA have shown significant antiurolithiatic activity by reducing calculi.
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HPTLC analysis of ethanolic extract of Crinum asiaticum 
bulbs
The ethanolic extract of Crinum asiaticum bulbs were applied in a  
concentration of 2 μl using CAMAG Automatic TLC sampler4 applicator  
on precoated aluminium sheets with silica gel 60 F254 TLC plates (Merck) 
of 0.2 mm thick, 5 cm × 20 cm, used as a stationary phase. The plates 
were developed in the mobile phase of n-hexane: ethyl acetate (1:1) 
v/v for terpenoids and ethyl acetate: formic acid: acetic acid: water  
(100:11:11:26) v/v/v/v for flavonoids.9 The plates were developed in  
CAMAG – Twin trough glass chamber saturated with saturated pad for 
20 min, at a distance of 70 mm. After development the plates was sprayed 
with Anisaldehyde sulphuric acid reagent and Natural product reagent 
respectively for terpenoids and flavonoids using CAMAG derivatizer. 
The tracks were scanned using CAMAG TLC Visualizer equipped with 
CAMAG software© VisionCATS-Server-PH, version 2.5.18262.1 at a 
wavelength of 540 nm using tungsten lamp and 366 nm using mercury  
lamp and the finger print profiles were recorded for terpenoids and  
flavonoids respectively.

Evaluation of in vitro antiurolithiatic activity
The effect of Crinum asiaticum extracts on CaOx crystallization was  
determined by the measurement of turbidity changes due to the crystal  
nucleation and aggregation. The precipitation of calcium oxalate at 
37°C and pH 6.8 has been examined by the measurement of turbidity at 
620 nm. A spectrophotometer UV/Vis (Lab India) was used to measure 
the turbidity of the augmentation of calcium oxalate.

Nucleation assay
Effect of ethanolic extract of Crinum asiaticum bulbs on calcium oxalate 
(CaOx) crystal formation was determined by means of nucleation assay. 
Individually, calcium chloride(3 mM) and sodium oxalate(0.5 mM) 
solutions were filtered three times through the pore size of 0.22 μm filter, 
from that 950 μL of calcium chloride was took and to this added  100 μL 
of extract at different concentrations (50 μg - 3200 μg/mL). Then add 
950 μL of sodium oxalate solution for initiation of crystals. Then finally 
the solution was magnetically moved at 800 rpm with a stirring bar. The  
temperature 37ºC was maintained. At 620 nm the solution optical  
density has been monitored. The rate of nucleation was determined with 
the comparison of the induction time. (The delay ahead of the exterior of  
crystals that have reached a critical size then consequently become  
optically demonstrable) if the control with the presence of extract no 
need to addition of corm extracts.10

Aggregation assay
Effect of ethanolic extract of Crinum asiaticum bulbs on calcium oxalate 
(CaOx) crystal aggregation was determined by means of aggregation 
assay. 0.8mg/mL COM crystals were used at an ultimate concentration 
buffered with 0.05M Tris containing sodium chloride (0.15M) at pH 6.5.  
Those all were performed at the temperature 37°C in the presence  
and absence of the corm extract after the apprehend of stirring. The of  
aggregation rate was predictable as below mentioned formula, by  
comparing the slope of the turbidity in the sample and with that turbidity  
in the control.11

Ir
Turbidity of sample
Turbidity of control

= ×100

Ir = Percentage aggregation inhibition rate

Evaluation of in vivo pharmacological studies
Healthy wistar albino rats weighing about 150-180 g are procured from 
animal house, CES college of pharmacy, Kurnool. They were housed in  
polypropylene cages and maintained at 27±2°C, relative humidity  
65 ± 10% under 12 h light/dark cycles. The animals were given standard 
diet manufactured by Nutrivet Life Sciences, Pune, India. The study 
protocol was approved by the Institutional Animal Ethics Committee 
(Ref. No.: IAEC/CESCOP/2017-10) constituted in accordance guidelines 
of the CPCSEA (Committee for the purpose of Control and Supervision 
of Experiments on Animals), India.

Acute toxicity studies
The acute oral toxicity study was carried out as per the OECD-423  
guidelines.12 One tenth of the non-median lethal dose (LD50) was taken 
as effective dose.13

Antiurolithiatic activity

Ethylene glycol induced urolithiasis in wistar albino rats
The method described by Atmani et al.14 was used for the evaluation of 
antiurolithiatic activity of ethanolic extract of Crinum asiaticum bulbs 
in albino rats. Thirty-six rats were divided into six groups each group 
consisting of six rats.
Group-1 served as normal control receives regular diet and potable water 
for 28 days 
Group-2 served as disease control receives ethylene glycol (0.75%) in 
drinking water for 28 days 
Group-3 served as standard receives ethylene glycol (0.75%) water for  
28 days and Cystone (750mg/kg) from 15th day-28th day
Group-4-6 served as test groups received ethylene glycol (0.75%) water 
for 28 days and ethanolic extract of Crinum asiaticum bulb at the doses of 
(100mg/kg, 200mg/kg and 400mg/kg) respectively from 15th day-28th 
day.

Assessment of antiurolithiatic activity
Serum analysis
After last dose of the drug treatment, blood was collected through retro-
orbital plexus under slight anaesthetic conditions. Serum was separated 
by centrifugation (Research Centrifuge, R-22, Remi India) at 10,000×g 
for 10 min and analyzed for creatinine, uric acid and blood urea nitrogen 
(BUN). Serum parameters were estimated by semi-auto analyser (Mispa 
Excel Chemistry analyser) with diagnostic kits of Excel Diagnostic Pvt. 
Ltd, Hyderabad. 

Urine analysis
On the 28th day individual animal was kept in separate metabolic cages. 
24 hr of urine sample was collected. Provide the water for rats during the 
urine collection, urine sample was subjected for estimation of Calcium  
(Calcium diagnostic Kit, Agappe Diagnostics Ltd, Kerala, India),  
Oxalate15 and Phosphate.16

Kidney homogenate analysis and histopathology
At the end of the study period, the rats were euthanised by using CO2 
chamber and the abdomen was cut open to remove both kidneys from 
each animal. Isolated kidneys were washed off extraneous tissue, rinse  
out in ice-cold physiological saline and used for histopathology and  
homogenate analysis. The left kidney was finely chopped and 20%  
homogenate was prepared in Tris-Hcl buffer (0.02 mol/l, pH 7.4). Kidney 
homogenate was used for assaying tissue calcium, oxalate and Phosphate. 
The right kidney was fixed in 10% neutral buffered formalin, treated in 
a series of graded alcohol and xylene, fixed in paraffin wax, partitioned 
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at 5μm and stained with Hematoxylin and Eosin for examination under  
polarized light. The histopathological examination of slides was examined  
under polarized light microscope (40X) and photographed by an Olympus  
Digital Camera.

Statistical Analysis
All the values are articulated as mean ± SEM. The data was statistically  
analyzed by using one-way ANOVA followed Dunnett’s t test in GraphPad  
Prism 5.03 version software. 

RESULTS
Preliminary phytochemical screening of extract
Phytochemical screening of the ethanolic extract of Crinum asiaticum 
bulbs revealed the presence of flavonoids, tannins, phenolics, steroids 
and terpenoids.

HPTLC analysis of ethanolic extract of Crinum asiaticum 
bulbs
To obtain the reproducible results with high resolution different 
combinations of solvents with various ratios were tested. Satisfactory 
results were obtained with n-hexane: ethyl acetate (1:1) v/v and ethyl 
acetate: formic acid: acetic acid: water (100:11:11:26) v/v/v/v for 
terpenoids and flavonoids respectively. The 2µl of ethanolic extract of 
Crinum asiaticum bulbs showed the presence of 7 terpenoids, 7 flavonoids 
with different Rf values and % of area when scanned at 540nm (Figure 
1) and 366 nm (Figure 2) respectively for terpenoids and flavonoids after 
derivatization. (Table 1)

In vitro antiurolithiatic activity
In the present study the different graded concentrations i.e. from 50µg/ml 
to 3200 µg/ml of ethanolic extract of Crinum asiaticum bulbs were used 
for in vitro evaluation of antiurolithiatic activity. The reticence of crystal 
formation was directly proportional to the increase in the concentration 
of EECA, with maximum activity was pragmatic at 3200 µg/ml in CaOx 
crystal nucleation and aggregation assays (Graph 1,2).

Evaluation of in vivo pharmacological studies
Acute toxicity studies
The purified and entirely dried ethanolic extract of Crinum asiaticum 
bulbs were subjected for the acute toxicity study to determine the lethal 
dose using wistar albino rats in forced environment. Acute toxicity studies  
were performed according to the OECD 423 guidelines. The limit test was 
performed with the dose of EECA (2000 mg/kg, b. w) was administered 
by oral route to a group of rats using oral feeding needle (22gauge). After 
treatment to rats were monitored for 14 days and it was observed that 
no changes in normal behaviour, hence it was conformed that the EECA  
is virtually non-toxic in normal rats and fall under the sort of GHS  
category 5, according to 1/20th dose (100 mg/kg. b.w), 1/10th of dose 

Figure 1: HPTLC chromatogram of terpenoids in 2µl of EECA.

Figure 2: HPTLC chromatogram of flavonoids in 2µl of EECA.

Table 1: HPTLC analysis of EECA.

Compound Terpenoids Flavonoids

Rf % Area Rf % Area

1 0.070 1.76 0.160 10.09

2 0.111 4.78 0.221 15.57

3 0.287 3.59 0.302 16.78

4 0.451 21.37 0.406 45.34

5 0.592 28.24 0.519 6.00

6 0.790 16.57 0.826 1.37

7 0.872 23.70 0.974 4.85

Graph 1: Effect of different concentrations of EECA on CaOx crystal nucleation.

Graph 2: Effect of different concentrations of EECA on CaOx crystal aggregation.



Sura and Kumar.: Assessment of Antiurolithiatic Potentials of Crinum asiaticum Bulbs 

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S79

Table 3: Effect of ethanolic extract of Crinum asiaticum (bulbs) on urinary 
levels of Calcium, oxalate and Phosphate in ethylene glycol (0.75%) 
induced urolithiasis in rats.

S.no Groups
Calcium
(mg/dl)

Oxalate
(mg/dl)

Phosphate
(mg/dl)

1 Normal 3.38±0.45 1.60±0.32 3.85±0.48

2 Disease Control 8.16±0.39### 4.23±0.55### 7.25±0.51###

3 Standard (Cystone 750mg/
kg,BW, p.o) 3.78±0.321*** 2.26±0.20** 4.15±0.70**

4 EECA (100 mg/kg, BW, p.o) 5.66±0.74** 2.79±0.27* 5.31±0.55ns

5 EECA (200 mg/kg BW, p.o) 4.26±0.23*** 2.73±0.42* 4.63±0.47**

6 EECA (400 mg/kg BW, p.o) 4.05±0.59*** 2.35±0.18** 4.05±0.37***

All values are expressed as mean ±S.E.M for six rats in each group.
Comparisons made between ###p<0.001,##p<0.01,#p<0.05; Normal Vs Disease  
control, 
***p<0.001, **p<0.01, *p<0.05; Disease control Vs Treatment: One-way ANOVA 
followed by Dunnett’s -t test.

Table 2: Effect of ethanolic extract of Crinum asiaticum (bulbs) on serum 
levels of BUN, Creatinine and uric acid in ethylene glycol (0.75%) induced 
urolithiasis in rats.

S.no Groups
BUN

(mg/dl)
Creatinine

(mg/dl)
Uric acid
(mg/dl)

1 Normal 28.28±1.74 0.354±0.09 1.78±0.36

2 Disease Control 47.58±3.27### 2.503±0.29### 4.673±0.54###

3 Standard (Cystone 
750mg/kg,BW, p.o) 30.26±1.85*** 1.10±0.19*** 2.588±0.411*

4 EECA (100 mg/kg, 
BW, p.o) 36.06±1.63* 1.80±0.41ns 2.497±0.76*

5 EECA (200 mg/kg 
BW, p.o) 34.22±3.11** 1.366±0.20* 2.530±0.49*

6 EECA (400 mg/kg 
BW, p.o) 31.76±2.89*** 1.20±0.33** 1.847±0.30**

All values are expressed as mean ±S.E.M for six rats in each group.
Comparisons made between ###p<0.001,##p<0.01,#p<0.05; Normal Vs Disease 
control, 
***p<0.001, **p<0.01, *p<0.05; Disease control Vs Treatment: One-way ANOVA 
followed by Dunnett’s -t test.

Table 4: Effect of ethanolic extract of Crinum asiaticum (bulbs) on Kidney 
homogenate levels of Calcium, oxalate and Phosphate in ethylene glycol 
(0.75%) induced urolithiasis in rats.

S.no Groups
Calcium
(mg/dl)

Oxalate
(mg/dl)

Phosphate
(mg/dl)

1 Normal 2.68±0.85 1.95±0.55 2.95±0.55

2 Disease Control 6.47±0.64### 3.95±0.47### 6.48±0.11###

3 Standard (Cystone  
750mg/kg, BW, p.o) 3.58±0.85*** 2.54±0.70** 3.89±0.70**

4 EECA (100 mg/kg, BW, p.o) 5.42±0.84** 3.55±0.75* 4.56±0.78*

5 EECA (200 mg/kg BW, p.o) 4.95±0.73*** 3.38±0.45* 4.05±0.50**

6 EECA (400 mg/kg BW, p.o) 4.68±0.95*** 3.68±0.74** 3.78±0.77***

All values are expressed as mean ±S.E.M for six rats in each group.
Comparisons made between ###p<0.001,##p<0.01,#p<0.05; Normal Vs Disease 
control, 
***p<0.001, **p<0.01, *p<0.05; Disease control Vs Treatment: One-way ANOVA 
followed by Dunnett’s -t test.

(200 mg/kg. b.w), 1/5th dose (400 mg/kg. b.w) from maximum safe dose 
was considered for further evaluation pharmacological studies.

Ethylene glycol induced urolithiasis in wistar albino rats
Serum analysis
In the present study treatment with ethylene glycol (0.75%) results in 
a significant (###p<0.001) increase in elevated levels of (47.58±3.27, 
2.503±0.29,4.673±0.54) serum BUN, creatinine and uric acid respectively 
when compared to normal group. These changes were restored 
significantly (***p<0.001; 30.26±1.85, 1.10±0.19) BUN, Creatinine 
and (*p<0.05; 2.588±0.411) uric acid in rats treated with the standard 
drug (cystone 750mg/kg, p.o). However, the rats treated with EECA 
(100mg/kg, p.o) pointedly decreases (*p<0.05; 36.06±1.63, 2.497±0.76) 
in BUN, uric acid respectively and creatinine non significantly ((p>0.05; 
1.80±0.41), at the dose of EECA (200mg/kg, p.o) significantly (**p<0.01) 
lowers the BUN (34.22±3.11) and (*p<0.05; 1.366±0.20, 2.530±0.49) 
creatinine and uric acid respectively, at the dose of EECA (400mg/kg, p.o) 
significantly (***p<0.001) lowers the BUN (31.76±2.89) and (**p<0.01; 
1.20±0.33, 1.847±0.30) creatinine and uric acid respectively when 
compared to disease control. (Table 2). 

Urine analysis
The administration of ethylene glycol (0.75%) to wistar albino rats triggers  
hyperoxaluria. Urinary levels of Oxalate, calcium and phosphate 
(8.16±0.39, 4.23±0.55, 7.25±0.51) were unacceptably (###p<0.001) 
increased in the calculi-induced animals. The standard drug cystone 
(750mg/kg, p.o) treated group animals acceptably lowers the levels of 
calcium (***p<0.001; 3.78±0.321), oxalate and phosphate (**p<0.01; 
2.26±0.20, 4.15±0.70) respectively. However, treatment with EECA 
(100mg/kg, p.o) lowered the elevated level of calcium (**p<0.01; 
5.66±0.74), oxalate (*p<0.05; 2.79±0.27) and phosphate (p>0.05; 
5.31±0.55), at the dose of EECA (200mg/kg, p.o) reduces the elevated 
levels of calcium(***p<0.001; 4.26±0.23), oxalate(*p<0.05; 2.73±0.42) 
and phosphate(**p<0.01; 4.63±0.47), at the dose of EECA (400mg/kg, 
p.o) reduces the levels of calcium and phosphate(***p<0.001; 4.05±0.59, 
4.05±0.370 and oxalate (**p<0.01; 2.35±0.18) in urine when associated 
to the disease control group (Table 3).

Kidney Homogenate analysis
Supernatant from the kidney homogenate was collected and subjected 
for evaluation of tissue calcium, oxalate and phosphate. The levels of 
tissue calcium, oxalate and phosphate were significantly (###p<0.001)  
increases (6.47±0.64###, 3.95±0.47###, 6.48±0.11###) compared to normal  
group. The animals treated with standard drug cystone (750mg/kg, p.o) 
significantly reduced calcium (***p<0.001; 3.58±0.85), oxalate (**p<0.01; 
2.54±0.70), phosphate (**p<0.01; 3.89±0.70) and EECA (100mg/kg, 
p.o) significantly reduces the calcium (**p<0.01; 5.42±0.84), oxalate 
(*p<0.05;3.55±0.75), phosphate (*p<0.05; 4.56±0.78), EECA (200mg/
kg, p.o) significantly lowers the calcium (***p<0.001; 4.95±0.73), oxalate 
(*p<0.05; 3.38±0.45) and phosphate (**p<0.01; 4.05±0.50) phosphate 
respectively, EECA (400mg/kg, p.o) significantly lowers the calcium 
(***p<0.001; 4.68±0.95), oxalate (**p<0.01; 3.68±0.74) and phosphate 
(***p<0.001; 3.78±0.77) correspondingly  when compared to disease  
control group. (Table 4)

Kidney Histopathology
Histopathological examination of rat kidneys treated with ethylene  
glycol (0.75% v/v) revealed the presence of calcium oxalate deposits  
inside the renal tubules and dilation of the renal tubules along with  
interstitial inflammation were observed. The number of calcium oxalate 
deposits in the renal tubules and dilation of renal tubules of Groups III 



Sura and Kumar.: Assessment of Antiurolithiatic Potentials of Crinum asiaticum Bulbs 

S80 Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020

out nucleation assay. The reticence of crystal formation was directly  
proportional to the increase in the concentration of EECA, with maximum  
activity was pragmatic at 3200 µg/ml in CaOx crystal nucleation.
This suggests the anticrystallization activity of EECA against CaOx  
crystallization. One possible mechanism of anticrystallization activity of 
EECA could be its proficiency to complex with free calcium and oxalate 
ions, thus blocking the formation of CaOx complexes, as has also been 
suggested for Sarghassum wightti.19

Aggregation is an important factor of crystal retention as large crystal 
agglomerates are the ones that produce renal tubular obstruction thereby 
promoting stone formation.19 EECA showed significant inhibitory effect 
on CaOx crystal aggregation.
Ethylene glycol is the most commonly used inducing agent for inducing 
urolithiasis in rats. The rats fed with ethylene glycol (0.75%v/v) results 
significant increase in serum levels of BUN, creatinine and uric acid 
and promote excessive excretion of urinary levels of calcium, oxalate 
and phosphate, indicate formation of calcium oxalate stones in kidneys. 
However, treatment with EECA, significantly lowers the elevated serum 
levels of BUN, creatinine and uric acid and urinary levels of calcium, 
oxalate and phosphate in a dose dependent manner. 
Microscopic examination of rat kidney sections treated with ethylene 
glycol shows the presence of calcium oxalate deposits, dilatation of renal 
tubules along with interstitial inflammation. However, co treatment with  
EECA reduces the number of calcium oxalate deposits, dilatation of  
renal tubules and prevents the damage to renal tubules in dose dependent  
manner.
The phytoconstituent found in the extract such as flavonoids, tannins, 
phenolics, steroids and terpenoids may be responsible for the activity. In 
earlier literature it was reported that both flavonoids20 and terpenoids21 

play a significant role in antiurolithiatic activity. Attempt also made to 
standardise the extract by performing finger printing of flavonoids and 
terpenoids by HPTLC.

CONCLUSION
In conclusion, the findings of the present study provide clear evidence  
that the EECA inhibits the development of calcium oxalate crystals in  
in vitro. The oral administration of EECA to ethylene glycol induced  
urolithiasis rats’ results in reduction in the elevated serum levels of  
BUN, Creatinine and uric acid and urinary levels of calcium, oxalate 
and phosphate in dose dependent manner. Therefore, EECA exhibited  
significant anti urolithiatic activity against ethylene glycol induced  
urolithiasis in rats.
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INTRODUCTION
A seizure is a paroxysmal event due to abnormal, excessive, hyper
synchronous discharges from an aggregate of central nervous system  
neurons.1 Epilepsy is more likely to occur in young children and the  
elderly. However, it can occur at any time.2,3 Anxiety is an apprehension 
or excessive fear about real or imagined circumstances.4 It is a highly  
prevalent psychological and physiological state characterized by  
psychomotor tension, sympathetic hyperactivity and apprehension and 
vigilance syndromes.5 Anxiety and epilepsy are biotic complaints that 
disturb oneeighth of the entire populace of the biosphere and majority 
of the patients existing in the emerging countries,6 Pharmacotherapeutic  
approaches for the management of these ‘’modernizationborne diseases”  
include psychotropic drugs such as barbiturates, benzodiazepines,  
azapirones, norepinephrine and serotonin reuptake inhibitors, monoamine 
oxidase inhibitors and phenothiazines. Amongst these, benzodiazepines  
are the best suggested humanmade chemical drugs for the cure of  
anxiety, insomnia, epilepsy and stress. Consistent usage of benzodiazepines  
reasons worsening of intellectual working, dependence, corporal necessity  
and tolerance. The standard anticonvulsant and anxiolytic drugs have a 
short range of doings with adverse effects that have limited their clinical  
usefulness and compromised patients’ compliance. Thus, there is a  
requirement to quest for newer agents with improved clinical outlines 
for the release of anxiety indicators and the cure of convulsions. Thus, 
there is a need to search for newer agents with better clinical profiles  
for the relief of anxiety symptoms and treatment of convulsions.7,8  
Researchers of today are exploring natural resources to discover  
safer and costeffective drugs. Investigating plants, based on their use 
in traditional systems of medicine, is a sound, viable and costeffective 
strategy to develop new drugs. 

Acalypha indica Linn. (Family; Euphorbiaceae), commonly known as  
Indian copper leaf in English and other vernacular names includes, 
Kuppameni, Kuppi and Harittamanjari. The whole plant of A. indica 
is used in the traditional medicinal system to treat various diseases. In  
Ayurveda, A. indica used as a laxative, anthelmintic, emetic, expectorant 
and also used to treat scabies, earache, syphilitic ulcers and snake bites. 
In Siddha medicine, A. indica is used to treat diseases associated with  
teeth and gums, stomach aches, irritations, burns, wheezing and  
respiratory diseases. This plant has been studied for antidiabetic, wound  
healing, postcoital infertility, antivenom, antiulcer, antimalarial, anti
inflammatory, antimicrobial, alphaamylase inhibitor, neuroprotective 
and antioxidant activities. Hence the current study has been assumed to 
explicate the anxiolytic and anticonvulsant effect of methanolic extract 
of Acalypha indica Linn.

MATERIALS AND METHODS
Plant material
The whole plant of Acalypha indica was collected from Hyderabad, 
Telangana in November and was identified taxonomically and 
authenticated by P. Suresh Babu, Head Department of Botany, New 
Government Degree College, Kukatpally.

Preparation of methanolic extract
The whole plant of Acalypha indica was collected, cleaned, dried under 
shade for about six days and coarsely powdered in a mixer grinder. The 
powdered material was stored and taken up for the Soxhlet extraction  
process. The 300 g of the powdered plant is packed in the Soxhlet  
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apparatus directly or in a thimble of a filter paper. Later the methanolic  
solvent is allowed to pass through a siphon tube once before heating. 
The organic extracts obtained were evaporated to dryness by keeping at 
room temperature.9

Preliminary phytochemical analysis 
The Methanolic extract of Acalypha indica (MEAI) was subjected to 
preliminary phytochemical investigation.10

Animals
Adult Wistar albino rats (180 200 g) and Swiss albino mice (20 25 g)  
were used for the pharmacological activities. They remained in  
polypropylene cages at 25 ± 2°C with relative humidity 4555% under  
12hr light and dark cycles. All the animals were adjusted to the 
laboratory surroundings for a week earlier use. They were nourished with  
standard animal feed and water ad libitum. All the experimental  
protocols were approved by the Institutional animal ethics committee 
(IAEC).

Acute oral toxicity
Acute toxicity studies for Methanolic extract of Acalypha indica Linn was 
conducted as per OECD guidelines No.425 using Swiss albino mice. The 
animals were administered with a single dose of (2000 mg/kg) of extract 
and perceived for any alterations unceasingly for the first 2h then for 24h 
and 72h for any lethality. And up to 14 days for any toxic symptoms.11

Assessment of antiepileptic activity
Maximum electroshock convulsions test (MES)
The study is carried out for 5 days by taking 24 healthy Wistar albino rats 
of either Sex, weighing 180220 gm. Then the animals were treated with 
distilled water, test drugs and the standard drug Phenytoin (90 mg/kg,  
bd.wt. i.p) before the application of electric shock to the animals. After  
30 and 60 min, convulsions were produced in rats by using 
electroconvulsive meter by delivering a current of 150 mA through 
corneal electrodes for 0.2 sec. The duration of Flexion, extension assessed 
the severity of convulsions and jerky movements are determined.12 

Pentylenetetrazole (Metrazol) Induced convulsions (PTZ)
The method was performed for the anticonvulsant property of drugs by 
taking 24 healthy Swiss albino mice of either sex, weighing 20–25 gm. 
The test drugs are administered orally with the standard drug diazepam  
(2 mg/kg, bd. wt. i.p) 30 min later convulsions were induced by the  
intraperitoneal administration of (90 mg/kg, bd. wt.) of PTZ. Following  
the administration of PTZ, mice were placed in separate cages and  
observed for the occurrence of seizures over 30 min of the period. Later  
the latency of convulsions (the time before the onset of tonic convulsions),  
duration of tonic convulsions and mortality protection (percentage of 
deaths in 24 h) is recorded.13 

Isoniazid induced convulsions (INH)
24 healthy Swiss albino mice of either sex, weighing 20–25 gm, were taken. 
The test drugs are administered orally with the standard drug diazepam  
(4mg/kg, bd .wt. p.o). 30 min later convulsions were induced by the  
subcutaneous administration of (75mg/kg, bd.wt.) of INH. During the 
next 120 min time, the latency of the first clonic convulsions, duration 
and mortality protection (percentage of deaths in 24h) were recorded.14 

Anxiolytic activity
Elevated plus-maze model (EPM)
The Elevated plus maze (EPM) test is used to study the spontaneous 
behavior of animals. It consisted of two open arms (30×5cm) and two  
closed arms (30cm×5cm×15cm) extending from a central platform  

and was elevated to a height of 50 cm above the floor. Albino mice  
weighing 2025 gm were taken. The test drugs are administered orally 
with the standard drug diazepam (3 mg/kg, bd. wt. i.p) one hour after 
the treatment each mouse were individually placed at the centre of the 
maze, their heads facing an open arm and allowed to explore the maze 
for 5 min. During the period, the behaviours of the mice are recorded; 
Number of entries into the open and closed arm, time spent in open and 
closed arms and time spent in neutral zone.15 

Docking studies
Molecular docking is a kind of bioinformatics modelling which involves  
the interaction of two or more molecules to give the stable adduct.  
Depending upon binding properties of legend and target, it predicts the 
threedimensional structure of any complexity. The practical application 
of molecular docking requires data bank for the search of the target with 
proper PDB format and a methodology to prepare legend as a PDB file. 
Glide 5.6 (Schrodinger Inc) was used for generating docking simulation 
studies. Docking simulation was performed in Dell precession T1500 
workstation Intel (R) Core (TM) 
i7 CPU 860@GHz; 12.0 GB Ram, 1 TB Hard disk proteinligand inter
actions were visualized using Maestro 9.1. GABA agonists suppress  
seizures and GABA antagonists produce seizures. GABA seems to show  
a significant role in the pathogenesis of numerous neuropsychiatric  
ailments. The agents which upsurge the brain GABA content and  
administration of centrally active GABA mimetic agents have been used  
as an effective therapeutic approach for the treatment of anxiety and  
epilepsy. The 2D legends (* mol) sketched in chem. draw 8.0 were  
imported into Maestro 9.1 workspace and were exported as * Mae files.  
The energy of the legends was optimized and saved as sdf file. The structure 
of GABA agonist (PDB ID: 4MS4) was retrieved from the RCSB protein 
bank. Receptor grid was generated on the centred legend with scaling 
factor 1. Proteinlegend interactions were stimulated though flexible  
glide legend docking with XP extra precision mode. The resulting docking  
posses were visualized through the maestro 9.1 workspaces. The  
hydrogen bonding and hydrophobic interactions were visualized to  
know the binding interactions between ligands and protein. The best
docked structures were chosen using the glide score function. The more 
negative the glide scores, the more favourable the binding.16 

RESULTS
Preliminary photochemical analysis
Preliminary photochemical analysis of a methanolic extract of Acalypha 
indica showed the presence of Tannins, Saponins, Steroids, Alkaloids, 
Carbohydrates and Flavonoids.

Acute toxicity studies
There was no mortality and noticeable behavioural changes in all  
the groups tested. The extract was found to be safe up to a dose level of 
2000 mg/kg body weight.

Antiepileptic activity
Methanolic extract of Acalypha indica whole plant was explored for its 
antiepileptic activity by Maximal electro shockinduced convulsions in 
rat models. All the results obtained in this study were included below. 

Maximal electro shock-induced convulsions
In maximal electro shockinduced convulsion, there were various phases  
of convulsions when compared with the control group; there were 
significantly decreased in the MEAI extract at a dose of 200 mg/kg. At 
30 min and 60 min, whereas when compared with the control group 
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test extract at a dose of 400 mg/kg were significantly decreased when 
compared to the control group depicted in Table 1.

Pentylenetetrazole induced convulsions
Pentylenetetrazole produced seizures in the entire animals. MEAI, at a 
dose of 200 mg/kg, protected the animals with 33.33% against seizures 
and showed the onset (latency) of seizures significantly. MEAI at a dose 
of 400 mg/kg and standard (diazepam 2 mg/kg) protected 66.66% and 
83.34% of the mice against seizures significantly increased the latency of 
seizures shown in Table 2.

Isoniazid induced convulsions
Isoniazid elicited convulsions in all the animals used. The disease control  
group produced convulsions and showed a latency of 81.1±5.03. The  
methanolic extract of Acalypha indica at a dose of 200 and 400 mg/kg  
significantly delayed the duration of convulsions from 81.1±5.03 to  
267.3±11.2, 341.3±15.1. Diazepam at a dose of 4 mg/kg significantly  
increased the latency of Isoniazid seizures and reduced the duration 
from 57.8±2.67 to 24.8±1.72 with 83.33% protection in Table 3.

Table 1: Effect of MEAI on Maximal electro shock induced convulsions (MES).

Groups
30 min 60 min

Flexion Extension Jerky movements Flexion Extension Jerky movements

Control 22.2±1.4 13.5±0.67 21.3±1.52 23.2±0.74 15.8±1.13 19.3±1.855

MEAI200 mg/kg 13.5±1.05**a 11.6±0.84a 14.6±1.30**b 7±0.36**a 3.5±0.223**ns 7.3±0.333**ns

MEAI400 mg/kg 11.3±0.33**b 6.7±0.66**b 12.6±0.42**ns 4.5±0.34**b 2.8±0.401**ns 4.7±0.210**ns

Phenytoin (90 mg/kg) 7.6±0.42** 2.7±0.42** 9.2±0.79** 2.2±0.30** 1.5±0.223** 4±0.2581**

Values are expressed as Mean ± SEM (n=6). Statistical analysis was performed by using ANOVA followed by
Dunnet’s test. Significant values were expressed as (** = p<0.01) when compared to control group and standard (a = p<0.01, b = p<0.05), ns= non significant.

Table 2: Effect of MEAI on Pentylenetetrazole induced convulsions (PTZ).

Groups
Latency of 

convulsions
Duration of 
convulsions

Mortality
% 

protection

Disease control 91.83±3.32 168.16±2.6760 5/6 16.66

MEAI 200 mg/kg 134.83±3.77**a 154.833±1.77*a 2/6 33.33

MEAI 400 mg/kg 223.66±4.50**a 142.33±2.23**a 4/6 66.66

Diazepam (2 mg/kg) 407.33±6.82** 118.33±2.66** 1/6 83.34

Values are expressed as Mean ± SEM (n=6). Statistical analysis was performed  
by using ANOVA followed by Dunnett’s test. Significant values were expressed as 
(** = p<0.01) when compared to disease control and (a = p <0.01) when compared 
to standard group.

Table 3: Effect of MEAI on Isoniazid induced convulsions.

Groups
latency 
of tonic 

convulsions

Duration 
of tonic 

convulsions
Mortality

% 
protection

Disease control 81.1±5.03 57.8±2.67 6\6 0.0000

MEAI 200 mg/kg 267.3±11.2**a 45.5±2.33*a 4\6 33.33

MEAI 400 mg/kg 341.3±15.1**a 32.8±1.62**b 2\6 66.66

diazepam (4 mg/kg) 505±8.83** 24.8±1.72** 1\6 83.33

Values are expressed as Mean ± SEM (n=6). Statistical analysis was performed by 
using ANOVA 
Followed by Dunnett’s test. Significant values were expressed as (**= p<0.01,  
* = p<0.05) when 
Compared to disease control and (a = p <0.01, b = p<0.05) when compared to 
standard.

Table 4: Effect of MEAI on Anti- anxiety Parameter by Elevated plus maze model.

Groups
Time spent in arms Num of entries Time spent in neutral 

zone
Open Closed Open closed

Control 17.5±2.76 269±4.14 3.16±0.31 7.83±0.47 12.6±2.70

MEAI 200 mg/kg 149±13.89**a 121±15.25**a 7±0.5163**a 5.83±0.40*a 28.8±2.32**a

MEAI 400 mg/kg 206±4.93**a 71.6±5.401**b 9.66±0.49**b 5±0.36**b 21.8±2.48*b

Diazepam(3 mg/kg) 258±6.26** 29.6±4.75** 12.5±0.99** 3.5±0.22** 12.6±1.64ns

Values are expressed as Mean ± SEM (n=6). Statistical analysis was performed by using ANOVA followed by Dunnett’s test. Significant values were expressed as  
(** = p< 0.01, * = p<0.05) when compared to control group and (a= p <0.01, b = p<0.05) when compared to standard group.

Elevated plus maze test
The elevated plusmaze test is used to study the spontaneous behaviour 
of animals. MEAI at a dose of 2400 and 400 mg/kg showed a significant 
increase in time spent as well as several entries into open arms and as 
well as an increase in time spent in the neutral zone when compared to 
the control group given in Table 4.

Molecular docking studies
Docking studies are done for the compounds which have good binding 
ability with GABA protein (PDB ID: 4MS4)

DISCUSSION
In the present study, the Antiepileptic activity of Acalypha indica was 
evaluated by three different screening models. MES, PTZ and INH 
induced convulsions. MES is a standard procedure that evaluates the 
testing materials› ability to protect against Hind limb extension in MES. 
It is a suitable model for grand mal epilepsy. The electroshock delivered 
in MES model is known to potentiate the sodium influx through the 
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opening of sodium channels and also increase glutamate levels, which 
binds with NMDA receptors17 MEAI at a dose of 200 and 400 mg/kg  
showed a significant reduction in various phases of convulsions at  
30 and 60 minutes time intervals when compared with the control group 
and showed significant protection against MES model. It is understood  
that the agents which could block the voltagedependent sodium channels  
(Phenytoin, sodium valproate) and the agents that decrease the levels 
of excitatory amino acids or antagonize their actions to be effective in 
MESinduced epilepsy model.18 In PTZ, convulsions are produced due 
to alterations of GABA levels in the brain. It is a suitable model for petit  
mal epilepsy. The basic mechanism of PTZ is that it induces seizures  
by antagonizing the inhibitory GAB Aergic neurotransmission and  
calcium channel blockade and also increasing the level of the excitatory  
neurotransmitter, causing neuronal excite toxicity leads to seizure  
development.19,20 In the present study MEAI at a dose of 200 mg/kg 
protected 33.33% of the mice against seizures and did not affect the 
latency of seizures to any significant extent and at a dose of 400 mg/
kg protected 66.66% of the mice against seizures and significantly (*= p 
<0.0001, **= p=0.002) increased the latency of the seizures. Furthermore, 
PTZinduced seizures can be prevented by drugs that reduce Ttype 

ca²+ currents. INH is regarded as a GABA synthesis inhibitor. In INH 
induced convulsions, they are some proposed mechanisms; one of 
these is pyridoxine deficiency (vita B6) caused by Isoniazid therapy 
that leads to a decrease in GABA, resulting in the reduced threshold 
for convulsions. Pyridoxal 5 phosphate is an active form of pyridoxine, 
and it is a cofactor for glutamic acid decarboxylase, which is required 
for GABA synthesis. Isoniazid inhibits GAD by binding to Pyridoxal 5 
phosphate and reduces the synthesis of GABA.21,22 In the present study, 
INH in disease control group convulsions were produced and showed the 
latency of 81.1±5.03s. In MEAI at a dose of (200400 mg/kg) significantly 
(*= p <0.0001, ** = p<0.05) delayed the duration of tonic convulsions 
from 57.8±2.67s to 45.5±2.33, and 32.8±1.62 respectively. In the present 
study, the anxiolytic activity of Acalypha indica was evaluated by one 
screening model, i.e., Elevated plus maze test to evaluate psychomotor 
performance and emotional aspects of rodents. The exact mechanism 
is not known, but it may be due to the involvement of GABAergic, 
serotonergic involvement.23 MEAI at a dose of 200 and 400 mg/kg 
showed a significant increase in time spent as well as several entries into 
open arms and time spent in the neutral zone when compared to control. 

Docking studies
In silico molecular docking is a method with predicts the preferred 
orientation of a molecule. In the present study, four compounds have 
been docked, i.e., Terpenoids (linalool, 2methylpentadecane, hexanal, 
hexenol). The observed glide scores are linalool (5.82) Hexenol (7.64) 
Hexanal (7.70) 2methylpentadecane (1.41) among this linalool, 
hexenol, and hexanal were found to be ideal and depicted in the  
Figure 13.24 

CONCLUSION
Preliminary phytochemical investigation of methanolic extract of  
Acalypha indica showed the presence of Tannins, Saponins, steroids, 
Alkaloids, carbohydrates, terpenoids and flavonoids. The extract was 
screened for MES induced, PTZ induced and INH induced convulsions  
and was found to possess significant anticonvulsant property by the  
possible mechanisms of MEAI may be due to enhanced GABA levels 
in the brain. The extract significantly increased the time spent as well 
as number of entries into the open arms and time spent in neutral zone 
when compared to control group and was found to possess anxiolytic 
activity. The present study revealed that methanolic extract of Acalypha 
indica possess significant anticonvulsant and anxiolytic effects and these 
findings collaborate with the ethno medicinal uses of this plant. Further  
isolation of active chemicals from this plant might serve as lead compounds  
for the synthesis of drugs which could be used in the management of 
these nervous disorders.

ACKNOWLEDGEMENT
The authors are grateful to the principal and management of the 
Gokaraju Rangaraju College of pharmacy, for the constant support and 
encouragement during the course of the work.

CONFLICT OF INTEREST
All authors have no conflicts of interest to declare
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GABA: Gamma Amino Butyric Acid; MES: Maximum electroshock; 
INH: Isonicotininc acid Hydrazide; IAEC: Institutional animal ethics 
committee; OECD: The Organisation for Economic Cooperation and 

Figure 1: Hydrogen bonding interactions of hex anal with PDB ID: 4MS4 Hex 
anal (total score -7.70) by hydrophobic interactions with Ser 130, Ser 152 and 
Ser 153.

Figure 2: Hydrogen bonding interactions of linalool with PDB ID: 4MS4 
Linalool (total score -5.82) by hydrophobic interactions with Ser 153.

Figure 3: Hydrogen bonding interactions of 2- methyl pentade cane with 
PDB ID: 4MS4, 2- Methyl pentade cane (total score -1.41) by hydrophobic 
interactions withPhe 200, Tyr 157, Leu 99 and Tyr 97.
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Development; EPM: Elevated plusmaze model; NMDA: NmethylD
aspartate.
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INTRODUCTION
Alzheimer’s disease (AD) is an advanced neurodegenerative ailment  
connected with the damage of reminiscence, linguistic and other  
perceptive injuries in the elderly populace. The cause of AD is multi
factorial and entails many issues, including pate shock, heredities, oxidative  
stress, swelling, proteasomal dysfunction and ecological types such as  
aluminium (Al) toxicity. Al is a profusely present neurotoxin, enormously  
exposed to humans and revealed to accrue in AD susceptible brain 
regions such as cortex and hippocampus.1,2 Additionally, Al distracts 
amyloid precursorprotein (APP) digestion from its nonamyloidogenic 
path to the amyloidogenic pathway, thereby favours the formation of 
βamyloid oligomers, fibrils and plaques.3

Haloperidolinduced catalepsy arises owing to the obstruction of 
dopamine (D2) receptors and abridged dopaminergic transmission.3 
The improved stimulus of the integrated central cholinergic system has 
also been concerned in haloperidolinduced catalepsy as it has been 
stated to be strengthened and antagonized by pilocarpine andatropine, 
respectively.4 Evidence also proposes that the central serotonergic 
system modifies nigrostriatal dopaminergic transmission with 5HT3 
antagonists stated to improve narcolepticinduced catalepsy.5 The 
phenomenon of cataleptic immovability brought in rodents by typical 
narcoleptics (e.g., haloperidol) is a vigorous behavioural model to study 
nigrostriatal function and its modulation by cholinergic, serotonergic 
and other neurotransmitter systems.
Terminalia belerica. Roxb (TB) is grown widely throughout the Indian 
subcontinent, Sri Lanka and SE Asia. In the Traditional system of medicine 

(TCM) like Ayurveda, Siddha and Unani, medicinal uses have been  
described as it works in the disease of every system. Glycoside, Tannins, 
Gallic acid, Ellagic acid, Ethylgalate, Gallyl glucose, Chebulanic acid are 
mainly believed to be responsible for its extensive therapeutic actions. It  
is used as an antioxidant, antimicrobial, antidiarrheal, anticancer, anti
diabetic, antihypertensive and hepatoprotective agent. The present article 
attempts to study the antiamnesic activity of Terminalia belerica fruit.6

MATERIALS AND METHODS
Plant collection and extraction
Fruits of Terminalia bellerica were collected from a local market during 
December 2016. Crude plant material was identified and authenticated 
by Botanist (Voucher specimen no., TBR6) from Government Degree 
College Kukatpally, Hyderabad. Fruits were dried in the shade; coarsely 
powdered and powdered material was used for the extraction process.

Chemicals and reagents
Triton X100 used was a product of SRL Chemicals, Sisco Research 
Laboratories Pvt Ltd., Maharashtra, India. Simvastatin drug used was a 
product of Sun Pharmaceuticals India LTD., Mumbai, India. Biochemical 
kits and all other chemicals were of analytical grade.

Preparation of extract
The powdered crude material of Terminalia bellerica fruits was extracted 
with methanol by Soxhlation and crude extract obtained was evaporated 
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ABSTRACT
Objectives: The data presented in the article is related to evaluation of 
Terminalia bellerica fruits methanol extract (METB) for the neurodegenerative 
disorders along with their antioxidant potential. Methods: Various 
phytoconstituents were identified with proximate phytochemical analysis 
of METB. Terminalia species are gallic acid and chebulaginic acid which are 
known to possess neuroprotective activity and are also known to contain 
various flavonoids and phenols as active constituents. The methanolic fruit 
extract of Terminalia bellerica was screened for its Neuroprotective Activity 
against Aluminium Chloride and Haloperidol Induced Amnesia in Mice.  
Results:  In vitro AChEs assay, METB showed IC50 34.5µg/ml and also 
significantly reduced brain AChE. In addition, it exhibited remarkable radical 
scavenging potential in reducing power assay (increasing absorbance) and 
lipid peroxidation assays (IC50 39.25 µg/ml). In vivo neuroprotective activities 
were performed via the passive avoidance, plus maze tasks in aluminium 
chloride induced amnesia model and via rota rod apparatus, standard bar 
test in haloperidol induced catalepsy model. METB showed significant 
(p< 0.01, p< 0.05) improvement in cognitive impairment in aluminium 

chloride induced amnesia animal models and moderate inhibitory activities. 
The results demonstrate that the anti-amnesic effect of METB may be 
mediated via antioxidant capabilities, as well as inhibition of AChEs and 
due to the presence of various terpenoids, flavonoids and phenols as active 
constituents. Conclusion: Furthermore Terminalia bellerica ayurvedic plant 
can be used in various neurological disorders.
Key words: Terminala bellerica, Anti-amnesia, Neuroprotection, Aluminium 
chloride, Haloperidol, Acetylcholinesterase.
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to a solid mass and stored in desiccators to remove remaining moisture, 
if present.

Animals
Wistar albino mice 20 to 25 g were procured from Albino research lab,  
Hyderabad. Data protocol of the present study was carried out in  
CPCSEA approved by IAEC (Reg. No. 1175/PO/ERe/S/08/CPCSEA) 
animal house of Gokaraju Rangaraju College of Pharmacy, Bachupally 
and Hyderabad, India.

Acute toxicity studies
An acute toxicity study up and down procedure (OECD guideline425) 
was carried out for methanolic extract of Terminalia bellerica on female 
Wistar rats.7 

In vitro model
Evaluation of AChE inhibitory activity using AChE inhibitory assay
The acetyl cholinesterase inhibitory activity was evaluated for METB by 
the Ellman’s assay.8

In vivo models
The in vivo evaluation of neuroprotective activity of the methanolic 
extract of Terminalia bellerica fruits was carried out in the following 
models.

Aluminium chloride induced chronic amnesic model
Vigorous Swiss albino mice of both sex weigh up to 2025 g were selected 
for present study and these animals were divided into 5 groups (6 in 
each group). GroupI control mice, GroupII disease control received 
AlCl3(100mg/kg, p.o) for 142 days, GroupIII AlCl3 (100mg/kg, p.o)  
for 141 days + METB (200 mg/kg, p.o) for 2141 day, GroupIV AlCl3 
(100mg/kg, p.o) for 141 days + METB (400 mg/kg, p.o) for 2141 days, 
GroupV AlCl3 (100 mg/kg, p.o) for 41 days + Donepezil (1mg/kg, p.o) 
for 2141 days.
At the predetermined time intervals, i.e., on 20th, 21st and 42nd day the 
behavioural parameters like transfer latency by elevated plus maze and 
time taken to climb pole by using Cook’s pole climbing apparatus were 
evaluated by using exteroceptive screening models.9

Haloperidol induced catalepsy model
Vigorous Swiss albino mice of both sexes weigh up to 2025 g were selected 
for the present study and these animals were divided into 5 groups (6 in 
each group). GroupI control mice, GroupII disease control received 
Haloperidol (1 mg/kg, i.p.), GroupIII METB (200 mg/kg, p.o.) for 
21days + Haloperidol (1mg/kg, i.p.), GroupIV METB (400 mg/kg, p.o.) 
for 21 days + Haloperidol (1 mg/kg, i.p.), GroupV LDOPA+ Carbidopa  
(100 + 25 mg/kg, p.o) for 21 days + Haloperidol (1 mg/kg, i.p.). A cataleptic  
behaviour was measured with a rota rod apparatus (rod rotating at the 
speed of 20 rpm for 5 min.) and a standard bar test method.10

Statistical analysis
The results were expressed as mean ± SEM. The effects were exposed to  
the statistical investigation by using one way ANOVA followed by  
Dunnett’s test p<0.05, p < 0.01 was considered statistically significant.

RESULTS AND DISCUSSION
Methanolic extract of Terminalia bellerica fruit was explored for its neuro 
protective and antiinflammatory activities using suitable animal models  
and its antioxidant activity was also screened by in vitro antioxidant  
assays. All the results obtained in the study were included below.

Table 1: AChE inhibition of methanolic fruit extract of Terminalia bellerica.

S. No. Test compounds IC50 value

1 METB 34.5

2 Donepezil 31.5

Histopathology study of hippocampus region of mice brain in aluminium 
chloride induced chronic amnesic model
On 42nd day, mice were sacrificed to separate brains, which were fixed in 10% 
formalin for 24 h and used for histopathological studies. The pathological  
changes were viewed under light microscope after staining with 
haematoxylin and eosin. The data of histopathological studies were shown 
in Figure 1.

Preliminary Phytochemical analysis
The preliminary phytochemical investigation of methanolic extract of 
Terminalia bellerica fruits showed the presence of phenolic compounds, 
alkaloids, flavonoids, steroids, terpenoids, glycosides, carbohydrates.

Acute toxicity studies
Methanolic extract of Terminalia bellerica fruits was tested on albino 
Swiss mice up to a dose of 2000mg/kg bd. wt. The animal did not exhibit  
any signs of toxicity or mortality up to 2000mg/kg bd. wt. various  
morphological and behavioural characters were observed during the 

A. Control animal showed five to six layers of compactly arranged small  
pyramidal cells with vesicular nuclei in CA1 region of Hippocampus. B. Two 
to three layers of shrinked pyramidal cells of CA1 region of hippocampus 
with irregular arrangement and most of the nucleus appears pale in colour  
was observed Group II (disease control received AlCl3(100mg/kg, p.o).  
C. Increased layer of pyramidal cells with dark prominent nucleus appears 
in CA1 region of hippocampus. Arrangement of neurons is still improper 
in Group III (AlCl3 (100mg/kg, p.o) for 1-41 days + METB (200 mg/kg, p.o for 
21-41 day) mice brain. D. Four to five layers of pyramidal cells with regular 
arrangement at deeper layer was observed in CA1 region of hippocampus in  
Group IV (AlCl3 (100mg/kg, p.o) for 1-41 days + METB (400 mg/kg, p.o) for  
21-41 day) mice brain. E. Five to six layers of regularly arranged pyramidal 
cells with prominent nucleus appearing in CA1 region of hippocampus in  
Group V (AlCl3 (100 mg/kg, p.o) for 41 days + Donepezil (1mg/kg, p.o) for  
21-41 days) mice brain.

Figure 1: Histopathology of hippocampus region of mice brain in aluminium 
chloride induced chronic amnesic model.
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Aluminium chloride induced amnesia model

Table 2: Effect of METB on passive avoidance time using cooks pole 
climbing apparatus.

Groups Treatment
Time taken to climb pole (secs)

0th day 21st day 42nd day

I Normal Control 20.83 ± 0.91 21.83 ± 0.70 19.5 ± 0.43

II Negative control 
(AlCl3 100 mg/kg) 21.83± 0.75 30.33 ± 0.49**,   32.5 ±0.62**, A

III METB (200 mg/kg) 21.5 ± 0.67 29.33 ± 0.67**, A 27 ± 0.68**, A, a

IV METB (400 mg/kg) 19.33 ± 0.76 27.83 ± 0.75**, B, b 25.67 ± 0.76**,B, a

V Donepezil (1mg/kg) 20.17 ± 0.79 25.5 ± 0.43**, b 23.33 ± 0.61**,a

Values were expressed as mean ± SEM (n=6). Statistical analysis was performed 
by using ANOVA followed by Dunnet’s ttest by comparing with control, negative 
control and standard. Significant values are expressed as control group (**p<0.01), 
negative control (a=p<0.01, b=p<0.05) and standard (A=p<0.01, B p<0.05).

Table 3: Effect of METB on Transfer latency time using elevated plus maze.

Groups Treatment
Transfer latency (secs)

0th day 21st day 42nd day

I Normal Control 16.83 ± 0.83 17.83 ± 0.60 16.17 ± 0.70

II Negative control 
(AlCl3 100 mg/kg) 15.83 ± 0.91 29.83 ± 0.70**,A 31.50 ±0.67**, A

III METB (200 mg/kg) 17.33 ± 0.67 27.50 ± 0.43**,A 24.50 ± 0.62**,A, a

IV METB (400 mg/kg) 18.17 ± 0.60 25.67 ± 0.61**,A, a 23.33 ± 0.49**,A, a

V Donepezil (1mg/kg) 16.83 ± 0.83 21.83 ± 0.65**,a 20.33 ± 0.61**,A

Values were expressed as mean ± SEM (n=6). Statistical analysis was performed by 
using ANOVA followed by Dunnett’s ttest by comparing with control, negative 
control and standard. Significant values are expressed as control group (**p<0.01, 
*p<0.05), negative control (a=p<0.01, b=p<0.05) and standard (A=p<0.01, 
p<0.05).

Haloperidol induced catalepsy model

Table 4: Effect of METB on muscle rigidity (Rota rod test).

Groups
Treatment Fall off time (sec)

Day 0 Day 7 Day 14 Day 21

I Normal Control 102.33 ± 0.80 100.17 ± 0.91 98.83 ± 0.65 102.5 ± 0.85

II Negative control (Haloperidol 1 mg/kg) 104.83 ± 0.95 79.17 ± 0.70**, A 59.5 ± 0.85**, A 48.83± 0.87**, A

III METB (200 mg/kg) 101.50 ± 0.56 82.67 ± 0.84**, A,b 86.17 ± 0.75**, A,a 89.17 ± 0.70**,A, a

IV METB (400 mg/kg) 102.17 ± 0.79 84.17 ± 0.91**, B,a 90.17 ± 0.87**, A,a 95.67 ± 0.71**,B, a

V LDOPA+ Carbidopa (100 + 25 mg/kg, p.o) 103.67 ± 0.92 87.5 ± 0.72**, a 94.17 ± 0.83**, a 98.83 ± 0.79*, a

Values were expressed as mean ± SEM (n=6). Statistical analysis was performed by using ANOVA followed by Dunnet’s ttest by comparing with control,  negative 
control and standard. Significant values are expressed as control group (**p<0.01, *p<0.05), negative control (a=p<0.01, b=p<0.05) and standard (A=p<0.01, p<0.05)

Table 5: Effect of METB on cataleptic scores using standard bar test.

Groups
Treatment Cataleptic scores (sec)

30 Min 60 Min 90 Min 120 Min 180 Min 240 Min

I Normal Control 16.17 ± 0.91 17.83 ± 0.7 16.5 ± 0.85 17.17 ± 0.91 17.33 ± 0.99 16.83 ± 0.87

II Negative control (Haloperidol 1 mg/kg) 98.33 ± 0.71**, A 104.5 ± 0.92**, A 112.83 ± 0.95**,A 126.67 ± 0.8**,A 142.67 ± 0.76**,A 163.17 ± 0.91**,A

III METB (200 mg/kg) 91.67 ± 0.88**, A,a 86.17 ± 0.91**,A,a 82.17 ± 0.7**,A,a 76 ± 0.86 **, A, a 70.5 ± 0.85**,A,a 65.5 ± 0.96**,A,a

IV METB (400 mg/kg) 88.33 ± 0.8**,B,a 84.83 ± 0.83**,B,a 80.5 ± 0.81**,B,a 74.67 ± 0.71**,B,a 69.83 ± 0.98**,A,a 63.83 ± 0.95**,B,a

V LDOPA+ Carbidopa (100 + 25 mg/kg, p.o) 85.17 ± 0.75**,a 81.5 ± 0.76**,a 76.5 ± 0.96**,a 71.17 ± 0.95**,a 64.67 ± 0.99**,a 60 ± 0.73**,a

Values were expressed as mean ± SEM (n=6). Statistical analysis was performed by using ANOVA followed by Dunnet’s ttest by comparing with control, negative control  
and standard. Significant values are expressed as control group (**p<0.01, *p<0.05), negative control (a=p<0.01, b=p<0.05) and standard (A=p<0.01, B = p<0.05).

study. The other parameters, like food and water consumption, were 
also observed. All the animals were found to be safe even after 14days of 
observation. Hence the extract was found to be safe up to 2000 mg/kg bd. 
wt. The results of the AChE inhibitory activities of the METB as well as the 
positive control, Donepezil, are provided in Table 1.
In the present study, the methanolic extract of Terminalia bellerica fruits 
was investigated for its neuroprotective activity by using aluminium 
induced amnesia, haloperidolinduced catalepsy animal models 
and various behavioural parameters like passive avoidance time, 
transfer latency and basal activity score were evaluated. Aluminium 
is a ubiquitous metal that has been implicated in the aetiology of 

neurodegenerative disorders where it exacerbates oxidative brain 
damage, neuroinflammation and Aβ deposition. Aluminium is a pro
oxidant and indirectly results in the production of free radicals leading 
to oxidative damage and reduced levels of ROS, which indirectly affect 
acetyl cholinesterase enzyme activity. Aluminium causes disturbances 
in cholinergic neurotransmission and disrupts the cognitive behaviour 
of animals by increasing the stress levels. The parameters like transfer 
latency time and using elevated plus maze and passive avoidance 
time using Cook’s pole climbing apparatus were depicted in Table 2  
and 3. The elevations in AChE are either a direct result of the neurotoxic 
effect of metals or due to increased lipid peroxidation.11 Thus, reduced 
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cholinergic activity due to the neurodegeneration in cortical regions is 
one of the consequences of ailment.
Characteristic neuroleptic mediators such as chlorpromazine, haloperidol 
and reserving persuade a cataleptic state in rodents, which is extensively, 
used as a model to trial the extrapyramidal side effects of the antipsychotic 
agents and the parameters like muscular rigidity and cataleptic scores 
were depicted in Table 4 and 5. Various neurotransmitters like dopamine, 
acetylcholine, serotonin, angiotensin, or uploads have been implicated in 
catalepsy induced by neuroleptic agents proof indicate the drugs which 
trigger the catalepsy rodents may reduce or aggravate extra pyramidal 
side effects in humans.12 In the present study, the extract protected mice 
from catalepsy induced by haloperidol as effectively as standard drug 
scopolamine.
The various phytochemicals identified in the methanolic extract of 
Terminalia bellerica fruits are phenolics like (phenolic acids and gallic  
acid), terpenoids like (β amyrin and erythrodiol), flavonoids (quercetin,  
kaempferol), steroids (β sitosterol, stigmasterol), carotenoids (lutein 
and zeaxanthin) and tocopherol (α and β tocopherol). It can be stated  
that the above said active constituents like phenolics, flavonoids,  
terpenoids and steroids had shown improvement in cognitive function 
by inhibiting AChE.

CONCLUSION
THE methanolic extract of Terminalia bellerica fruits was screened  
for its neuroprotective activity by using aluminium chlorideinduced 
amnesia and haloperidolinduced catalepsy models. The animals have 
shown improvement in cognitive functions, which might be due to the 
presence of active constituents like phenols, flavonoids, terpenoids and  
steroids in the extract. In vitro cholinesterase enzyme content was  
analyzed by using Ellman’s assay at different dose levels significantly  
inhibited the cholinesterase enzyme. The assay reports demonstrate a 
high AChE inhibitory activity of the extract. On the last day of chronic 
amnesic study, the brains of the animals were isolated and subjected 
for estimation of AChE and TBARS levels. Histopathological studies 
substantiated the memory retention activity of the extract. The results  
indicate that the underlying mechanism of learning and memory  
improvement may involve modulations of the cholinergic system and 
the reduction of oxidative stress. These findings thus provide evidence 
for the potential of TCE extract as a natural, alternative treatment for 
amnesia. Additional studies are required to be approved out to isolate 
individual phytochemical constituents of the extract and mechanism for 
its neuroprotective activity.
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INTRODUCTION
Dementia is a parasol stretch that shields diverse kinds of scientific  
conditions such as Alzheimer’s disease (AD), vascular dementia, dementia  
with Lewy bodies, fronto-temporal dementia, Parkinson’s disease, etc. 
In 2001, 24.3 million individuals had dementia and 4.6 million novel 
circumstances are diagnosed each time. It has been predicted that the 
number may double in next 20 years.1 In future India will have one of 
the largest number of elderly with dementia. Memory loss is a shortage  
in memory caused by injury to the brain  or illness, but it can also  
be produced momentarily by the usage of numerous tranquillizer  
medications. Recollection can be either completely or partly absent  
owing to the degree of impairment that was affected. At hand are two  
foremost kinds of oblivion: anterograde amnesia and retrograde amnesia.  
Anterograde amnesia is more severe than retrograde amnesia. Stroke, 
infections, dementia, Alzheimer’s disease, improper oxygen supply to the 
brain, alcohol abuse, lack of acetylcholine and certain medications are 
also the causative agents of amnesia.2,3

Diazepam produces memory loss in brain cells of mice by increasing  
the GABAergic inhibitory facilitation and/or by causing oxidative stress 
by releasing free radicals in the brain cavity. GSH plays a vital part in 
shielding the brain from free radical release by neutralizing these free 
radicals. The harm by free radicals to brain soft tissue is connected with  
neurodegenerative ailments. Diazepam can weaken interim reminiscence  
and knowledge of novel facts and leads to anterograde amnesia, but do 
not cause retrograde amnesia.4

Aluminium (Al) is a permeating lethal metal that chiefly affects the 
mind, skeleton, liver and spleen, whereas the accretion of Al deposits 

in the brain and its successive deadliness leads to neurodegeneration.5,6  
treatment with AlCl3 (100 mg/kg) considerably raised the levels of  
aluminium (Al), acteylcholinesterase (AChE) and amyloid precursor  
protein (APP), β amyloid (Aβ 1-42), β and γ secretases, progress of  
oxidative stress and neuronal apoptosis in the hippocampus which is a 
place for reminiscence formation and synaptic plasticity occurs during 
learning which is similar to the pathogenesis of AD.7

Tecoma stans is an erect, large flowering perennial shrub, spear shaped  
green leaves, branched, yellow bright trumpet like flowers and 5-7 meters in  
height, commonly found in India and belongs to the family Bignoniaceae.  
Leaves of Tecoma stans are used to cure diabetes, stomach pains, digestive  
and diuretic problems and are also reported to possess anti-cancer, 
wound healing, anti-inflammatory,8 anti-spasmodic, analgesic, anti-
hyperlipidemic, antifungal, anti-microbial, anti-arthritic, anti-ulcer and  
anti-oxidant activity.9 The main objective of this exploration was to  
assess the anti-amnesic activity of the methanolic extract of leaves of 
Tecoma stans.

MATERIALS AND METHODS
Chemicals and drugs
Methanol, chloroform, ethyl acetate, acetylcholine iodide, DTNB,  
disodium hydrogen phosphate and sodium dihydrogen phosphate were 
purchased from SD Fine Chemicals Limited, Mumbai. Donepezil was  
purchased from Hetero laboratories, Hyderabad, Diazepam from  
Ranbaxy laboratories and Aluminium chloride from Himedia laboratories  
Mumbai.
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ABSTRACT
Objectives: Herbal therapy is a natural practice of curative or substitute 
remedy to treat disorders or illnesses aimed at the management of cogni-
tive ailments. Memory loss is a shortfall in recollection triggered by brain 
impairment or illness, but it can also be initiated briefly by the usage of nu-
merous tranquilizing and hypnotic medications. Methods: In present study 
the methanolic leaf extract of Tecoma stans (METS) was screened for its 
Anti-amnesic activity in rodent models. The various phytochemical con-
stituents like alkaloids, flavonoids, phenolics, terpenoids, tannins, sterols, 
saponins, glycosides, amino acids and carbohydrates present in the extract 
were identified by using GC-MS analysis. Results: Toxicity studies revealed 
that the extract was safe upto 2000 mg/kg, bd.wt. as per OECD guidelines 
425. In-vivo anti-amnesic activity was accomplished in diazepam and alu-
minium induced amnesic models by actophotometer, rotarod and cook’s 
pole climbing apparatus. Various biochemical estimates like AChE, TBARS, 
GSH and SOD and histopathological studies of mice brain were performed 
in aluminium induced amnesic model. The in- vitro cholinesterase activity is 
evaluated using Ellman’s assay. METS exhibited noteworthy enhancement 

in intellectual diminishing in diazepam and aluminum chloride induced 
amnesic models and also suggestively decreased brain AChE and oxidant 
enzyme factors like TBARS, GSH and SOD levels and moderate inhibitory 
activities in ChE’s assay. Conclusion: From the results it is clear that the 
methanolic leaf extract of Tecoma stans possess anti-amnesic activity.
Key words: Tecoma stans, Anti-amnesia, Memory, Acetylcholinesterase, 
Aluminium chloride, Ellman’s assay.
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Plant collection and authentication
The leaves of Tecoma stans were collected near Osmania University,  
Hyderabad during the month of December and authenticated through a 
Botanist, Dr. Rabiya Sultana, Osmania University, Hyderabad.

Preparation of extract and fractionation
The desiccated constituents of leaves of Tecoma stans (5 kg) were crushed 
into coarse powder and extracted through soxhlation using methanol at 
room temperature for 5 days. The crude methanol extract was subjected  
to partial fractionation with solvents like chloroform, methanol and  
ethyl acetate. The crude methanolic extract was partitioned with chloroform  
and water (2:1). From the chloroform and aqueous layer, aqueous layer 
was again fractionated with methanol and ethyl acetate (8:2) by using 
separating funnel. The obtained methanol and ethyl acetate fraction was 
taken and were evaporated to dryness and used further.10

Preliminary phytochemical analysis
The extract was subjected to primary phytochemical investigations to 
identify various constituents present in the leaves of Tecoma stans.11

Experimental Protocol
Animal procurement
Swiss albino mice (approx. 20 to 25 g) were procured from Albino  
research Laboratories, Hyderabad. The study was reviewed and permitted  
by the IAEC, (Reg. No. 1175/PO/Re/S/08/CPCSEA), GRCP, Bachupally, 
Hyderabad, India.

Animal housing
The animals were accommodated in poly acrylic cages with six animals 
per cage, with light-dark cycle. Mice are allowed to have standard diet  
and drinking water. The mice were permitted to adjust the workroom  
atmosphere for a week earlier to the trial. The caution and preservation 
of the animals were agreed as per accepted procedures of the CPCSEA.

In-vivo methods for evaluation of Anti-amnesic activity 

A. Diazepam induced (acute) amnesic model
The in vivo evaluation of anti-amnesic activity of the METS leaves was  
evaluated in the diazepam induced (acute) amnesic model using 
Actophotometer, Rotarod and Cook’s pole climbing apparatus. At 
predetermined time intervals, i.e. on the 8th and 9th day the interactive 
constraints like basal activity score, fall off time and passive avoidance 
time were evaluated and the design of the study were given in the  
Table 1, 2 and 3.12 30 Healthy Swiss albino mice of both sex weighing 20- 
25 g were carefully chosen and these were divided into 5 groups (n= 6) 
in each group.

B. Aluminium chloride induced (chronic) amnesic model
The in vivo evaluation of anti-amnesic activity of the methanolic extract 
of Tecoma stans was evaluated in Aluminium chloride induced (chronic) 
amnesic model using Cook’s pole climbing apparatus and Elevated plus 
Maze.13 At the predetermined time intervals, i.e. on 20th, 21st and 42nd

 

day the behavioral parameters like a transfer latency time using elevated 
plus maze and time taken to climb pole using the cook’s pole climbing 
apparatus were evaluated and study design is depicted in Table 4 and 5. 
30 Healthy Swiss albino mice of both sex weighing 20-25 g were carefully 
chosen and these were divided into 5 groups (n=6 in each group).

Biochemical estimations
At the finish of the protocol mice were forfeited by cervical disarticulation 
and brains were carefully detached and normalized in phosphate buffer 
pH 7.4 and centrifuged at 4500 rpm for 15 min and supernatants were  

collected and used for the estimation of AChE activity, TBARS, GSH 
and SOD.14-17

Histopathological Studies
In the AlCl3 model after 42 days, one mouse each from five groups 
was euthanized and the brains were isolated via clearing its extraneous 
connections with cranium. Later it was cut in to two vertical halves.  
Hippocampus was separated from the rest of the brain and stored in 10%  
formalin solution; these specimens were stored and used for 
Histopathological studies.

Table 1: Effect of METS on basal activity score using Actophotometer.

Groups Treatment Basal Activity Score

8th day 9th day

I Control 324.16 ± 0.87 320 ± 0.63

II Disease control 
(Diazepam 1mg/kg)

185.33 ± 0.76**A 167.16±0.74**A

III METS (200 mg/kg) 196.16 ± 0.47**aA 246 ± 0.57**aA

IV METS (400 mg/kg) 201.83 ± 0.70**aA 300.66 ± 0.66**aA

V Donepezil (1 mg/kg) 210.66 ± 0.49**a 330.33 ± 0.76**a

Table 2: Effect of METS on fall off time using rotarod.

Groups Treatment Fall off time (secs)

8th day 9th day

I Control 249 ± 0.57 244.16 ± 0.47

II Disease control 
(Diazepam 1mg/kg)

98.16 ± 0.74**A 76.33 ± 0.49**aA

III METS (200 mg/kg) 118.83 ± 0.47**aA 175.5 ± 0.42**aA

IV METS (400 mg/kg) 143 ± 0.36**aA 218.33 ± 0.57**aA

V Donepezil (1 mg/kg) 150.83 ± 0.83**a 250 ± 0.57**a

Values are stated as Mean ± SEM, (n=6). All the groups were related with  
control, disease control and standard using Dunnett’s test. Noteworthy values  
were expressed as control group (**p<0.01), disease control (a=p<0.01) and  
standard (A=p<0.01).

Figure 1: Histopathological images of groups treated with saline, aluminium 
chloride, METS and standard drug Donepezil.
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In vitro Evaluation of AChE Inhibitory Activity using 
Elman’s Inhibition Assay
The acetyl cholinesterase inhibitory activity of the plant extract was 
evaluated by the Ellman reagent. Concisely, 0.1 M Na3PO4 buffer (pH 
8.0,150 μL), 10 μL of test i.e. extract at the concentrations (10-50 μg/mL) 
and enzyme solution (brain homogenate of mice) (0.1units/mL, 20 μL) 
were assorted and reared for 15 min at 25°C. 10 μL of DTNB (10 mM) 
was added and response was started by the adding the substrate (10 μL 
of Acetyl thiocholine iodide, 14 mM solution). Acetyl thiocholine iodide 
hydrolysis can be estimated through the creation of the coloured product 
5-thio-2-nitrobenzoate anion formed by the reaction of DTNB (5, 
5-dithio-bis-[2-nitro benzoic acid] and thiocholine, which is free via the 
cleavage of enzyme. The creation of the tinted produce was determined at 
410 nm wave length after 10 min. In the assay Donepezil at concentrations 
of 10 µM was used as a standard with the same procedure as for the test 
extract. AChE % inhibition was estimated using the formula.18

Inhibition activity (%) =  (1 − Absorbance of sample/ 
Absorbance of control) × 100.

Statistical Analysis
Values are stated as Mean ± SEM, (n=6). All the groups were related with 
control, disease control and standard using Dunnett’s test. Noteworthy 
values were expressed as p < 0.001 and p < 0.05.

RESULTS
Extraction yield
The methanolic extract of leaves of Tecoma stans was prepared via 
Soxhlation technique. The percentage yield of the extract was found to 
be 24.54% and the fraction yield is found to be 33.3%.

Preliminary phytochemical analysis
The preliminary study of the methanolic extract of leaves of Tecoma stans  
exhibited the occurrence of alkaloids, flavonoids, phenolics, sterols,  
terpenoids, tannins, saponins, glycosides, amino acids and carbohydrates.

Acute toxicity studies
Methanolic leaf extract of Tecoma stans was tried on Swiss albino mice 
up to a dose of 2000 mg/kg bd.wt. The animal did not reveal any marks  
of noxiousness or transience upto 2000 mg/kg bd.wt. Various 
morphological and behavioural characters were observed during the study. 
The other parameters like food and water consumption was also observed.  
All the animals were found to be harmless even after 14 days of surveillance.  

Table 3: Effect of METS on Passive avoidance time using cook’s pole 
climbing apparatus.

Groups Treatment Time taken to climb the pole (secs)

8th day 9th day

I Control 12.66 1.27 12.33 ± 0.61

II Disease control 
(Diazepam 1mg/kg)

23 ± 0.68 27.16 ± 0.47

III METS (200 mg/kg) 21.5 ± 0.42**B 18 ± 0.36**aA

IV METS (400 mg/kg) 19.83 ± 0.74*bB 15.33 ± 0.66*aA

V Donepezil (1 mg/kg) 16.83 ± 0.57*a 11 ± 0.51a

Table 4: Effect of METS on transfer latency time using elevated plus maze.

Groups Treatment Transfer latency time (secs)

20th day 21st day 42nd day

I Control 24.83 ± 0.47 24 ± 0.36 22 ± 0.57

II Disease control 
(Diazepam 1mg/kg)
(Alcl3 100 mg/kg)

42 ± 0.68**A 45.16 ± 0.60**A 57.33 ± 1.03**A

III METS (200 mg/kg) 35 ± 0.57**aA 33 ± 0.57**aA 30.66 ± 0.6**aA

IV METS (400 mg/kg) 33.16±0.7**aB 31.5 ± 0.42**aB 27 ± 0.73**aA

V Donepezil (1mg/kg) 30 ± 0.96**a 28.5 ± 0.85**a 23.16 ± 0.47a

Values are stated as Mean ± SEM, (n=6). All the groups were related with control, disease control and standard using Dunnett’s  
test. Noteworthy values were expressed as control group (**p<0.01), disease control (a=p<0.01) and standard (A=p<0.01,  
B= p<0.05).

Pharmacological evaluations were conducted at 200 and 400 mg/kg, 
bd.wt. p.o. 

In vivo Methods for Evaluation of Anti-Amnesic Activity 
Anti-amnesic activity of METS was screened against various models like
1. Diazepam induced acute amnesic model.
2. Aluminium chloride induced chronic amnesic model.
In diazepam induced amnesia, the behavioral parameters like basal activity  
score (BAS), fall off time and passive avoidance time was analyzed by 
actophotometer, rotarod and cook’s pole climbing apparatus. The results 
were depicted in Table 1, 2 and 3.
In the aluminium induced amnesia the behavioral parameters like the  
transfer latency time and passive avoidance time was analyzed using  
elevated plus maze and cook’s pole climbing apparatus. These parameters 
were depicted in Table 4 and 5. Apart from the above-stated behavioral 
parameters various biochemical parameters like acetylcholinesterase 
(AChE) using Ellman’s assay and Thiobarbituric acid reactive species  
(TBARS), GSH and SOD levels were also estimated in aluminium  
chloride induced amnesic model and depicted in Table 6.
1. Diazepam Induced Acute Amnesic Model
a. Basal activity score using Actophotometer
b. Fall off time by Rotarod test
c. Passive avoidance time by Cook’s pole climbing apparatus
2. Aluminium Chloride Induced (Chronic) Amnesic Model 
a. Transfer latency time by Elevated plus Maze
b. Passive avoidance time by Cook’s pole climbing apparatus
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Biochemical Estimations
a. Estimation of whole brain AChE activity
Subsequently behavioral studies the biochemical parameter like AChE 
activity was estimated in mice brain using Ellman’s assay. AlCl3-treated 
mice exhibited a substantial rise in brain AChE activity when compared 
to the control group. Administration of METS (200 and 400 mg/kg,  
bd.wt, p.o.) and standard drug Donepezil (1 mg/kg, bd.wt. p.o) signi-
ficantly decreased the AChE levels when compared to disease control.
b. Assessment of whole brain TBARS level
The biochemical parameter like TBARS activity was determined in mice 
brain AlCl3 treated mice revealed a major increase in brain TBARS level 
when compared to the control group. Administration of METS (200 and 

400 mg/kg, bd.wt. p.o.) and standard drug donepezil (1 mg/kg, bd.wt. p.o)  
significantly decreased the TBARS level when compared to disease control.
c. Assessment of whole brain GSH level
The biochemical parameter GSH activity was estimated in mice  
brain. AlCl3-treated mice indicated a noteworthy reduction in brain  
GSH level when compared to the control group. Administration of  
METS (200 and 400 mg/kg, bd.wt. p.o) and standard drug donepezil  
(1 mg/kg, bd. wt. p.o) significantly  increased the GSH level when  
compared to disease control. 
d. Assessment of whole brain SOD level
The biochemical parameter like SOD activity was estimated in mice 
brain. AlCl3 treated mice revealed a substantial decline in brain 
SOD activity when compared to the control group. Administration of 
METS (200 and 400 mg/kg, bd.wt. p.o.) and standard drug Donepezil 
(mg/kg, bd.wt, p.o) significantly increased the SOD when compared 
to disease control.

In vitro Evaluation of AChE inhibitory activity using 
Ellman’s inhibition assay
In vitro AchE inhibition was performed for methanolic extract of Tecoma 
stans and compared with standard drug donepezil using Ellman’s assay 
and results were given in Table 7.
Subsequently Alzheimer’s disease etiopathogenesis is hypothetically  
accredited to acetylcholine debility and Aβ development; the anti-amnesic 
properties of METS were estimated via inhibition of AChE. It could be 
concluded that the alkaloids, flavonoids, phenolics, sterols, terpenoids,  
tannins, saponins and glycosides from METS might have shown 
inhibitory activity against AChE. Donepezil is a standard and centrally 
acting reversible acetyl cholinesterase inhibitor. Donepezil reverses 
cognitive impairment through inhibition of cholinesterase enzyme.

Table 5: Effect of METS on passive avoidance time using cook’s pole climbing apparatus.

Groups Treatment Time taken to climb the pole (secs)

20th day 21st day 42nd day

I Control 13.33 ± 0.42 13 ± 0.49 12.5 ±0.42

II Disease control (AlCl3 100 mg/kg) 21 ± 0.85**A 23 ± 0.73**A 28 ± 0.36**A

III METS (200 mg/kg) 19.83±0.89**aA 21.5 ± 0.76**A 18.16 ±0.79**aA

IV METS (400 mg/kg) 17.66 ±0.42*a 19 ± 0.85*bB 15.33 ± 0.66*aA

V Donepezil (1mg/kg) 16.83 ± 0.79*a 16.16 ± 0.60*a 11.66 ± 0.42a

Values are stated as Mean ± SEM, (n=6). All the groups were related with control, disease control and standard using Dunnett’s test.  
Noteworthy values were  expressed as control group (**p<0.01, *p<0.05), disease control (a=p<0.01) and standard (A=p<0.01, 
B =p<0.05).

Table 6: Effect of METS on AChE activity and oxidative stress parameters in brain in aluminium chloride model.

Groups AChE activity 
(nM/min/mg of 

protein

TBARS (nM/mg of 
protein)

GSH (nM/mg of 
protein)

SOD (units/mg of 
protein)

Control 0.59 ± 0.005 7.6 ± 0.95 46.33 ± 0.84 8.6 ± 0.34

Disease control (AlCl3100 mg/kg) 1.21 ± 0.010** A 18 ± 0.68**A 23 ± 1.03**A 5.16 ±0.66**B

METS (200 mg/kg ) 0.90 ± 0.03**aA 13.83 ± 0.98**aA 36.83±0.65**aA 6.0 ± 0.42*

METS (400 mg/kg) 0.80 ± 0.012**aA 12.5 ± 0.71**a 38.5 ± 0.42**aA 7.3 ± 0.55*

Donepezil (1 mg/kg) 0.71 ± 0.011**a 10.66±0.66**a 42.33 ±0.57**a 8 ± 0.85b

Values are stated as Mean ± SEM, (n=6). All the groups were related with control, disease control and standard using Dunnett’s test.  
Noteworthy values were expressed as control group (**p<0.01), disease control (a=p<0.01, b=p<0.05) and standard (A=p<0.01, 
B= p<0.05).

Table 7: AChE inhibiton of methanolic extract of leaves of Tecoma stans.

S.No Compounds Concentrations
(µg/ml)

% Inhibition IC50 Values

1 METS 10
20
30
40
50

10.66 ± 0.82
24 ± 0.81
46 ± 2.51
59 ± 2.46

72.3 ± 0.88

33.2

2 Donepezil 10
20
30
40
50

15.5 ± 0.89
28.5 ± 1.81
47.1 ± 1.54
69.6 ± 3.63
86.5 ± 2.42

31
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Donepezil acentrally acting reversible acetyl cholinesterase inhibitor is 
used as a standard. It includes the alterable reticence of cholinesterases 
(eg. acetylcholinesterase), which inhibits the hydrolysis of acetycholine  
and clues to an augmented amount of acetylcholine at cholinergic  
synapses. Substantiation recommends that the anti-cholinesterase  
activity of donepezil is comparatively precise for acetylcholinesterase in 
the brain and henceforth it shows advanced perceptive enactment.24

CONCLUSION
In conclusion, the methanolic extract of Tecoma stans has shown the  
occurrence of bioactive elements like alkaloids, flavonoids, phenolics,  
sterols, terpenoids, tannins, saponins, glycosides, amino acids and  
carbohydrates. The animals have shown improvement in cognitive  
functions which may be owing to the occurrence of active components  
like alkaloids, flavonoids, phenolics, sterols, terpenoids, tannins and  
glycosides in the extract. The extract at different dose levels significantly 
inhibited the cholinesterase enzyme. The assay reports establish a high 
AChE inhibition activity of the extract. Microscopy studies of brain  
tissue of mice revealed enhancement of numeral stratums and 
establishment of pyramidal cells in hippocampus of mice administered 
with the METS and the donepezil.
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INTRODUCTION
Antimicrobial operators are one of the significant segments according 
to clinical thought and assume a critical job in both prophylaxis and 
treatment, separately. The reports recommend that different things, for 
example, their availability, assurance and authentic use are significant 
focuses to be thought of. In many developing nations, the issues identified 
with abuse of antimicrobial’s without specialist’s solution are driving 
reason for against microbial resistance.1 Prophylactic antimicrobials 
are comprehensively used in medical procedures and record for liberal 
enemy of contamination use in various crisis facilities. The inspiration 
driving Surgical antimicrobial prophylaxis (SAP) is to diminish the 
irrational use of anti-infection agents in post-surgical infections at or 
close around the cautious site. By preventing surgical site infections (SSI), 
prophylactic antimicrobial administrators can decrease hospitalization 
costs for certain medical procedures that speak to vital inconveniences 
of Surgical Site Infection (SSI). In this manner, the boorish or capricious 
use of prophylactic antimicrobial can reduce the incidence of antibiotic 
resistance.2 They affect patient’s mortality and morbidity and contribute 
significantly to economic burden. The use of preoperative anti-microbial 
agents by adhering to the antimicrobial guidelines is required to reduce 
both the post-operative infections and emergence of antibiotic resistance.3 
The timing, dose and duration of the antimicrobial prophylaxis plays 
a major role in combatting the antibiotic resistance as its believed to 
be given approximately 1hr before surgery to have maximum effect 
and therapeutic action.4 Previous investigations have been shown that 
antibiotics must act dynamically against major foreseen pathogens and 
more likely than not arrived at adequate focus in the tissue or body liquids 
in danger when of bacterial difficulties. The requirement for proceeding 
with anti-microbial prophylaxis of activity, nonetheless, has been  
unsure. 5 Earlier similar studies have done all over world which concluded 

that there is a high extent of inappropriate antimicrobials use for patients 
who conceded at surgery ward and these investigations have moreover  
proposed purposes behind impropriety as an over the top term of  
treatment, mistaken planning of organization, deficient antibacterial  
range of the medications utilized and pointless blend of two anti-infection  
agents.6-9 This issue is advanced to some extent by inappropriate  
anti-infection agents recommending is conduct and use. Therapeutically  
wrong, inadequate and monetarily unnecessary utilization of antibiotics  
is a typical medicinal services framework issue all through the world 
particularly in the creating comities.10-16 This examination planned for 
distinguishing unseemly utilization of medications specially antibiotics  
for prophylaxis and therapy at surgical ward which fills in as a benchmark 
information for wellbeing authority and policymaker and it helps in 
creating systems which regulates the overuse of medicaments and also  
helps in reducing the economic burden at the clinic level by just following  
the guidelines during emergency clinic administration.17-19

MATERIALS AND METHODS
Study site: It is conducted in Tertiary care Hospital specifically in 
orthopedic ward as the study involves patient’s undergone orthopedic 
surgical procedures.
Study Duration: The study was performed during the period of September  
2019 to December 2019.
Study design: It is a prospective and observational study where the  
sample selection is done by randomization subjects medical records is 
been analyzed to extract the information.
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ABSTRACT
Background: Appropriate utilization of antimicrobial specialists is imperatively 
significant from clinical points. Present anti-microbial agents are one of 
very crucial for clinical consideration and assume a significant job profile,  
both in prophylaxis and treatment of irresistible illnesses. Not with standing,  
their abuse is an overall issue with the degree of the issue being more 
prominent in the developing nations. Objective: To observe the utilization 
of antimicrobials for prophylaxis and treatment among patients who have  
faced orthopedic medical procedure. Methodology: An imminent and  
observational examination was led on 130 clinical records of orthopedic  
patients who experienced medical procedure. Result: We have selected 
the data of 130 patients, comprises of 70 male and 60 female patients  
who underwent the orthopedic medical surgeries. It was observed that the  
most commonly used antimicrobials classes were cephalosporin’s (76.43%)  
and cefuroxime (67.40%), for prophylaxis and treatment, respectively. It 
was find out that almost half of cases for prophylaxis were inappropriate  
whereas around 73.07 % of antibiotics treatment neglected to hold fast  

to guidelines. Conclusion: Generally, this investigation includes the maximum 
numbers of patients from open reduction internal fixation (ORIF) and total 
hip replacement surgeries, respectively. The results of study observed the  
some degree of inappropriateness to some extent in case of surgical  
prophylaxis during orthopedic procedures.
Key words: Antibiotics, Surgery, Prophylaxis, Investigation, Inappropriateness,  
ORIF.
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Eligibility criteria
Inclusion criteria: The study includes the randomly selected clean and 
contaminated surgeries Patients undergoing orthopedic surgery, patients 
of all ages and either gender.
Exclusion criteria: Patients with confirmed microbiological testing  
indicative of infections diabetic patients, minor incisions and pregnancy 
cases were not considered in this section. 
Sample size: The sample size was selected by using the given formula.

N = Z 2 P (1-P) D2

Where: N represents the sample size required; P is for Prevalence rate of 
antibiotics; Z stands here for the standard normal confidence at interval 
of 95% and it equals to value of 1.96. At last the D describes the margin 
of sampling error tolerated.
Sampling technique: Here, stratified random sampling method was  
employed as appropriated method to finally get relevant sample.20-21

Study variables: In present study two types of variables are considered 
viz rationality of antibiotic surgical prophylaxis as a dependent variable 
and other factors such as age of the patients, gender and type of surgery, 
geographical area, antibiotics used and duration of hospital stay as the 
part of Independent variable, respectively. 
Data Collection Tool: A well-defined Performa is designed to get the 
relevant information desired for study.
Data quality control: To expand precision of this investigation, 
information assortment position was approved with its objective and grew  
adequate to achieve the goal of the assessment. This information assortment 
position was pre-tried on almost 5% of patient’s cards from a similar 
source populace before beginning genuine information assortment and  
that were also not considered in the present study. Furthermore, ordinary  
test for fulfillment and steadiness of the information was maintained 
regularly. The consistency and validation of gathered information was 
done by using two fold technique of SPSS® software [22-23]. 
Data analysis and presentation: Information section and investigation 
was completed utilizing factual bundle for sociology (SPSS) rendition 
20.0. Engaging measurements were utilized for factual examination. The 
outcome was broke down and exhibited utilizing tables and diagrams.  
Information accessible was deciphered and talked about with the after 
effects of comparative investigations.24-25

Ethical consideration: A request letter was duly signed from our institute 
that is Lovely Professional University, Punjab, India and the same has 
been sent to hospital where we have planned to conduct the study. After 
prior approval from ethical committee of respected organization to seek 
permission for conduction of study, the work has been carried out.

RESULT AND DISCUSSION
The study was conducted by considering several parameters. The  
obtained results are represented in tabular form focusing on each  
individual parameter. The detailed discussion was carried out in next 
section. The obtained results are as such following:

Socio- demographic characteristics
A total of 130 patients who has undergone orthopedic procedure are 
analyzed. The numbers of patients were categorized into four age groups 
such as between 30-40 years (contributed almost 38.46%), 41-50 years 
(almost 19.23%), 51-60 years (almost 29.23%) and last was those who 
have age more than 60 years. It was found that irrationality of the 
antibiotics were high in 51-60 years of age that is prophylaxis (39.47%) 
and then for treatment (57.89%), as the complete data is shown in Table 
1.

Therapeutic Indication
In present study, various types of surgical procedure such as ORIF, total  
hip replacement, wound debriment, arthroplasty, implants, closed  
reduction-internal fixation (CRIF), total knee replacement surgery 
(TKR) and skin grafting, respectively. It was also found that among all 
most cases were belongs to only open reduction and internal fixation  
(ORIF) (43.07%) followed by total hip replacement (20%), as represented  
in Table 2.

No. of antibiotics prescribed for prophylaxis and treatment
During the study, it was found that cefuroxime, which is a member of 
2nd generation cephalosporin family was most commonly prescribed 
antibiotic. The data suggested that almost its 67.40 and 58.17% followed by 
amikacin 14.91% and 14.90 for prophylaxis and treatment consumptions 
were observed, respectively. The detailed data is represented in Table 3. 

Antibiotic regimen (Single/ Multiple)
The total number of patients treated with single regimen for prophylaxis 
and treatment were 76 (58.91%) and 13 (9.15%), respectively. It was also  
found that treatment regimen had very less percentage of single regimens 
as compared to prophylaxis. Almost 95 patients (66.90%) have received 
the two- drug regimen in case of treatments. At the time of three drugs 
regimen in both cases it around 15 %. But for four drugs therapy, it was 
observed to be 4 (3.10%) and 14 (9.85%), respectively, as represented in 
Figure 1.

Table 1: Representation of socio-demographic characteristics along  
with inappropriateness of antibiotics for orthopedic patients during 
September 2019 to December 2019.

S.No Socio-
demographic 

characteristics

Frequency 
N (%)

Inappropriateness of antibiotic used

For
Prophylaxis N (%)

For
Treatment N (%)

1

Age group (year)

30-40 50 (38.46) 25 (38.46) 39 (41.05)

41-50 25 (19.23) 19 (29.23) 24 (25.26)

51-60 38 (29.23) 15 (23.07) 22 (23.15)

>60 17(13.07) 06 (9.23) 10 (10.52)

Total 130 (100) 65 (100) 95 (100)

2

Sex

Male 70 (53.84) 42 (64.61) 55 (57.89)

Female 60 (46.15) 23 (35.38) 40 (42.10)

N- is the number of patient

Table 2: Diagnosis of orthopedic patients who underwent surgery at 
Tertiary care hospital from September 2019 to December 2019.

Diagnosis Frequency Percentage (%)

ORIF 56 43.07

Total Hip Replacement 26 20

Wound Debriment 13 10

Arthroplasty 10 7.69

Implants 09 6.92

CRIF 10 7.69

TKR 04 3.07

Skin grafting 02 1.53

Total 130 100
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Table 3: Representation of Total antibiotics used for surgical prophylaxis 
and treatment.

Drug name Prophylaxis Treatment

No of patients 
N (%)

No of patients 
N (%)

Cefuroxime 122 (67.40) 121 (58.17)

Amikacin 27 (14.91) 31 (14.90)

Metronidazole 10 (5.52) 14 (6.73)

Amoxicillin potassium clavulanate 04 (2.20) 04 (1.92)

Ceftriaxone 05 (2.76) 02 (0.96)

Cefoperazone salbactum 03 (1.65) 02 (0.96)

Cefuroxime/ clavulanic acid 02 (1.10) 28 (13.46)

Levofloxacin 02 (1.10) 01 (0.48)

Linezolid 02 (1.10) 03 (1.44)

Cefotaxime 01 (0.55) 00 (00)

Total 178 (100%) 206(100%)

Table 5: Antibiotics regimen (single) prescribed for patients at Tertiary 
care  Hospitals September 2019 to December 2019.

Antibiotic used Prophylaxis No of 
patients N (%)

Treatment No of 
patients N (%)

Total N (%)

Ceftriaxone 158 (98.75%) 83 (96.5%) 241 (97.97)

Ampicillin 2 (1.25%) - 2 (0.81)

Norflaxacillin - 3 (3.5%) 3 (1.22)

Total 160 (100%) 86 (100%) 246 (100)

Table 4: Representation of appropriateness of antibiotic in orthopaedic 
surgery at tertiary care hospital.

Reason for 
use

Appropriateness Frequency Percentage (%)

Prophylaxis

Appropriate 65 50.00

Inappropriate Inappropriate 
choice

32 24.61

unnecessary 
combination

33 25.38

Total 65 50.00

Treatment

Appropriate 35 26.92

Inappropriate Excessive 
duration

40 30.76

Short duration 03 2.30

Inappropriate 
choice

09 6.92

unnecessary 
combination

43 33.07

Total 95 73.07

Appropriateness of antibiotics
Appropriateness of antibiotics used for prophylaxis was found to be 
around 50%. But in case of treatment, adherences to standard guidelines 
were relatively very less and it was around 27%, as data has been shown 
in Table 4.  We have also tried to represent appropriateness of antibiotics 
diagrammatically in Figure 2.

Single regimen
As indicated in Table 5, the drug ceftriaxone was found to be the most 
commonly prescribed antibiotic. According to our results, it accounts  
for almost 98.75 and 96.5% in favor of prophylaxis and treatments,  
respectively. 

Combination regimen
Various types antibiotics combination regimen were used for prophylaxis 
such as Ceftriaxone+ Amikacin+ Cefuroxime (20.68%),  Metronidazole +  
Ampicillin+ Cefuroxime (17.24%), Ceftazidine + Amikacin (17.24%),  

Flouroquinoloes + Amikacin (17.24%), For treatment; Ceftrixone +  
Cefuroxime (34.04%), Ceftrixone + Metronidazole+ Amikacin (23.40%),  
Levofloxacin + Metronidazole+ Amikacin (6.38%), respectively. The  
detailed related data is shown in Table 6. 

Antibiotic Class prescribed

There are large numbers of antibiotics are available in the market. Our 
results showed that in both prophylaxis and treatments cases, maximum 
times only cephalosporin’s (more then 76%) and Penicillin’s (more then 
15.51%) were prescribed, as shown in Table 7.

Figure 1: Showing the antibiotic regimen used for prophylaxis and treat-
ment in orthopedic procedures.

Figure 2: Showing inappropriate antibiotic prescribed for prophylaxis and 
treatment in orthopaedic procedures
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Table 7: Commonly prescribed antibiotic regimen orthopaedic surgery.

Class of antibiotic For prophylaxis 
N (%)

For treatment 
N (%)

Total (%)

Cephalosporin’s 133 (76.43) 157 (76.21) 290 (76.31)

Penicillin’s 27 (15.51) 31 (15.04) 58 (15.26)

Nitro imidazole 10 (5.74) 14 (6.79) 24 (6.31)

Oxazolidinone antibiotic 02 (1.14) 03 (1.45) 05 (1.31)

Fluoroquinolones 02 (1.14) 01 (0.48) 03 (0.78)

Total 174(100) 206 (100) 380 (100)

one of major reason as the limitation of this assessment. It is slightly  
hard to assess how the patients took their medicine and to observe 
any unfortunate effect of the medicines. Being anticipated assessment 
additionally made us not to examine significant factors including 
training level, adherence and calm prosperity pro correspondence and 
provider and prosperity structure related factors.
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INTRODUCTION
Antibiotic agents are one of the mainstays of current clinical consideration 
and assumes significant job both in prophylaxis and treatment of 
irresistible illnesses. The issues of their accessibility, choice and appropriate 
use are of basic significance to the worldwide network. Antibiotic abuses 
are be that as it may, an overall issue with the degree of the issue being more 
prominent in the creating nations through their buy (without solution) 
in nearby drug stores and medication stores and through unseemly 
endorsing propensities and an over-Zealous want to treat serious 
infections.1 Prophylactic antibiotic agents are broadly utilized in surgeries 
and record for generous antibiotic use in numerous emergency clinics. 
The motivation behind SAP is to diminish the commonness of post-
operative injury contamination (about 5% of careful cases by and large) 
at or around the careful site. By forestalling careful site contaminations, 
prophylactic antimicrobial specialists can possibly diminish persistent 
horribleness and hospitalization costs for some surgeries that present 
critical danger of disease. Be that as it may, the advantages of prophylaxis 
are dubious; prophylaxis isn’t defended for some surgeries (e.g., urologic 
tasks in patients with clean pee). Subsequently, the wrong or unpredictable 
utilization of prophylactic anti-infection agents can build the danger 
of medication poisonous quality, determination of safe life forms and 
costs.2 Genuine horribleness and mortalities are related with post-
usable injury contaminations. They enormously affect patient’s personal 
satisfaction and contribute considerably to the monetary expense of 
patient consideration. The utilization of preoperative anti-infection 
agents has become a basic segment of the standard of care in essentially 
all surgeries and has brought about a diminished danger of the post-
usable contamination when sound and fitting standards of prophylaxis 
are applied.3 In 1960s it was accounted for those pathogens are available 

during medical procedure paying little mind to how aseptic the medical 
procedure may show up. Besides, the relationship between’s prophylactic 
antibiotics and post-employable would diseases were illustrated. Hence, 
antibiotic prophylaxis currently utilized in practically all surgeries, the 
preoperative organization of anti-infection agents since it can act when  
the injury is possibly debased that the utilization of antibiotics following  
3-4 hrs of a bacterial entry point is unsatisfactory.4 Previous examinations  
have exhibited that antibiotic must be dynamic against major foreseen  
pathogens and more likely than not arrived at adequate focus in the tissue  
or body liquids in danger when of bacterial difficulties. In the event that  
prophylactic treatment is to be maximally powerful in lessening the  
disease pace of possibly sullied medical procedure. The requirement for 
proceeding with antibiotic prophylaxis of activity, not withstanding, has 
been unsure.5

Various investigations had demonstrated that there is high extent of 
unseemly anti-infection agents use for patients who conceded at careful  
ward and these examinations have likewise proposed explanations  
behind unseemliness as an exorbitant span of treatment, off base planning  
of organization, insufficient antibacterial range of the medications  
utilized and superfluous blend of two antibiotics.6-9 The expansion  
opposition destiny of numerous significant pathogens to as of now most 
accessible anti-toxin has been perceived as a significant and conceivably  
hazardous issue. This issue is advanced partially by nonsensical antibiotic 
endorsing is conduct and use. Restoratively in suitable, in viable  
and financially wasteful utilization of pharmaceuticals is normal social  
insurance frameworks issue all through the world particularly in the  
creating comities.10-16 This investigation planned for recognizing wrong  
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ABSTRACT
Introduction: Appropriate use of antimicrobial agents is important and is 
essential if the usefulness of antibiotic is to be preserved and the further 
spread of resistance is to be limited. Antibiotics are one of the pillars of 
modern medicine are important in prophylaxis and treatment of infectious 
diseases. Objective: To assess rational use of antibiotics for prophylaxis 
and treatment among patients in orthopedic department who undergone 
surgery. Methods: A prospective and observational study was conducted 
on 300 medical records of orthopedic patients who undergone surgery.  
Data was collected by using structured questionnaire from Sep 2019 to  
Dec 2019 and then analyzed using SPSS version 20.0 software. Results: 
Out of 300 patients who undergone surgery 179 patients were male and 
121 patients were females. Based on age group classification 30 – 40 years 
of age i.e. 50 (38.46%) was mostly affected. The most common diagnosis  
was ORIF(43.07%) followed by THR (20%) of cases. The most frequently  
prescribed antibiotics for prophylaxis Cefuroxime (67.40%), amikacin 
(14.91%) and for treatment Cefuroxime (58.17%), amikacin (18.90%). The 
commonly used antibiotics combination for prophylaxis is Ceftriaxone +  

Amikacin+ Cefuroxime (20.68%) and treatment includes Ceftriaxone+  
Cefuroxime + clavulanic acid (34.04%). It was found that 50% of cases for 
prophylaxis was inappropriate where as 73.07 % of treatment antibiotics 
failed to adhere guidelines. Conclusion: Generally, this study indicated that 
orthopedic patients underwent surgical procedures by majority of patients  
were ORIF and THR. Mostly prescribed antibiotics were cefuroxime,  
Amikacin. This study result indicated some level of inappropriateness in 
antibiotic prescription.
Key words: Antibiotics, Surgery, Resistance, Prophylaxis, Treatment.

Correspondence

T.  Veena Priyanka Anand,

Pharm D, Malla Reddy Institute of Pharmaceutical Sciences, Dhulapally,  
Hyderabad, 500014, Telangana, INDIA. 

Email: priyanka98.pa@gmail.com

DOI: 10.5530/jyp.2020.12s.56

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.



Anand, et al.: Assessment of Rational Use of Antibiotics in Orthopedic Surgery Procedures 

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S103

utilization of anti-infection agents for prophylaxis and treatment at  
careful ward which fill in as a pattern information for wellbeing authority  
and arrangement creator and it helps in creating techniques or basic  
medication list rule for sound utilization of medications at the emergency  
clinic level just as for development of medical clinic administration.

MATERIALS AND METHODS
Study setting: The investigation was directed in Tertiary consideration  
Hospital in Orthopedic ward. The examination was directed from  
September 2019 to December 2019. 
Study design: Prospective and Observational examination on appraisal  
of medication use was led utilizing patients’ clinical card. Source populace:  
All clinical records of patients, who experienced significant medical  
procedure from September 2019 to December 2019. 

Eligibility criteria
Inclusive criteria: The investigation incorporates the arbitrarily chosen  
perfect and tainted medical procedures Patients experiencing orthopedic  
medical procedure, patients all things considered and either sex. 
Exclusive criteria: Patients with affirmed microbiological testing 
characteristic of contamination, diabetic patients, minor cuts and 
pregnancy cases were barred from study.
Sample size: The base measurably required example size was determined 
by utilizing the accompanying recipe.

N= Z 2 P (1-P)
D²
Where:
N=Sample size required
P=Prevalence pace of antibiotics
Z=The standard typical Confidence at interim of 95% =1.96
D=The edge of testing blunder endured

Sampling techniques
Stratified arbitrary examining strategy was directed to choose increasingly 
agent test. During study period, to figure test apportioned to every  
stratum proportionate portion was utilized. At that point a straight  
forward irregular testing was finished relying upon the kind of portion.
Where: in is test size of the it stratum
Ni is populace size of the ith stratum

Study variables
Independent variable: Age, Sex, Diagnosis, living arrangement, number 
of antibiotics utilized, term of clinic remain.

Dependent variable
Appropriateness of antibiotic use.

Data collection procedure
Significant data about every patient like segment factors, sort of 
determination, drug history (anti-infection agents utilized for 
prophylaxis and treatment including other prescription utilized), other 
co morbid conditions, spans of hospitalization remain and state of release 
were recorded utilizing all around organized information assortment 
group through checking on clinical records of patients. Other beneficial 
data was acquired from register. Propriety of anti-infection utilize was 
checked by utilizing the W.H.O Standard Guidelines for general medical 
clinics.17 

Data quality control
To amplify precision of this investigation, information assortment  
design was approved with its target and grew enough to evaluate the goal 

of the examination. This information assortment group was pre-tried on 
5% of patient’s cards from a similar source populace before beginning  
genuine information assortment. Patient’s cards which utilized for  
pre-testing isn’t utilized in study.  What’s more, standard test for fulfillment  
and consistency of the information was made on consistent schedule. 
To check the consistency, information were entered in two diverse SPSS 
programs (twofold technique).
A review cross-sectional examination was led on 228 clinical records 
of patients who experienced significant medical procedure at Nekemte 
Referral Hospital during February 2017 to February 2018.Out of 228 
patients who experienced significant medical procedure 177 patients 
were male and 51 patients were females. In light old enough gathering 
grouping <20 (21.1%) was generally influenced. The most widely 
recognized finding was appendectomy (32.9%) followed generous 
prostate hyperplasia (20.2%). The most every now and again endorsed 
anti-infection agents drugs was ceftriaxone (52.88%), trailed by 
Metronidazole (29.58%) for treatment and for prophylaxis ceftriaxone 
(71.96%) followed metronidazole (17.56%). The most utilized class 
of medication for prophylaxis was cephalosporin (72.45%) also, Nitro 
imidazole (17.35%); and for treatment cephalosporin (56.81%) trailed by 
Nitro imidazole (29.58%). this investigation result demonstrated some 
degree of impropriety which high light requirement for mediation.19

This examination was attempted to assess the example of anti-infection 
remedies in an optional social insurance setting in Kyrgyzstan. A review 
investigation was performed of anti-infection solutions in 251 inpatient 
records of patients admitted to the Sokuluk Territorial Hospital. A sum 
of 19 unique anti-infection agents were endorsed. Penicillin G (24.9%), 
gentamicin (16.1%), metronidazole (15.6%) and cefazolin (14.5%) were 
those most as often as possible prescribed.The most regular explanation 
given for impropriety was the unjustified (not showed) utilization of 
anti-infection agents in 143 (48.6%) cases.20

In a study 262 patients were conceded with intestinal obstacle. The 
predominance of intestinal obstacle was 21.8 % and 4.8 % among patients 

Table 1: Socio-demographic characteristics cross tabulation within  
appropriateness of antibiotic used for patients who undergone  
orthopedic surgery at surgical ward of Tertiary care Hospitals from  
September 2019 to December 2019.

S.No.
Socio- 

demographic
characteristics

Frequency 
N (%)

Inappropriateness of antibiotic 
used

For
Prophylaxis 

N (%)

For Treatment 
N (%)

1 Age group (year)

0-10 8(2.6) 2(1.77) 1(0.46)

11-20 13(4.44) 1(0.88) 7(3.25)

21-30 38(12.6) 12(10.6) 22(10.23)

31-40 72(24) 30(26.54) 56(26)

41-50 36 (12) 24 (21.24) 35 (16.27)

51-60 56 (18.66) 20 (17.69) 36 (16.7)

>60 75 (25) 24 (21.24) 58(26.97)

Total 300 (100) 113 (100) 215 (100)

2 Sex

Male 180(59.67) 74 (65.48) 135 (62.79)

Female 120(40) 39 (34.5) 80(37.2)

N- is the number of patients
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Table 2: Types of diagnosis of orthopedic surgery at Tertiary care  
Hospitals from September 2019 to December 2019.

Diagnosis Frequency Percentage (%)

ORIF 117 39
Total Hip Replacement 30 10
Wound Debridement 32 10.7

Arthroplasty 40 13.3
Implants 19 6.3

CRIF 24 8
TKR 35 11.67

Skin grafting 03 1
Total 300 100

Table 3: Total antibiotics used for surgical prophylaxis and treatment 
at for a patient who undergone orthopedic surgery September 2019 to 
December 2019.

Drug name
Prophylaxis Treatment

No of patients N (%) No of patients N (%)

Cefuroxime 247 (70.57) 242 (52.95)

Amikacin 35 (10) 63 (13.78)

Metronidazole 17 (4.85) 30 (6.56)

Amoxicillin/potassium 
clavulanate 17 (4.85) 17 (3.71)

Ceftriaxone 11 (3.14) 07 (1.53)

Cefoperazone / sulbactam 15 (4.28) 17 (3.71)

Cefuroxime/ clavulanic 
acid 02 (0.57) 56 (12.25)

Levofloxacin 02 (0.57) 02 (0.44)

Linezolid 02 (0.57) 05 (1.09)

Cefotaxime 02 (0.57)  14 (3.06)

cefixime - 4(0.87)

Total 350 (100%) 457(100%)

Table 5: Class of antibiotic used for prophylaxis and treatments for 
patient who undergone orthopedic surgery in Tertiary care Hospitals to 
September 2019 to December 2019.

Class of antibiotic
For prophylaxis 

N (%)
For treatment 

N (%)
Total (%)

Cephalosporin’s 277 (79.83) 345 (74.67) 622 (76.88)

Penicillin’s 40 (11.5) 44 (9.52) 84(10.38)

Nitro imidazole 17 (4.89) 30 (6.49) 47 (5.8)

Oxazolidinone 
antibiotic 02 (0.57) 05 (1.08) 07 (0.86)

Fluoroquinolones 02 (0.57) 05 (1.08) 07 (0.86)

Aminoglycosides 8(2.3) 32(6.93) 40(4.94)

carbapenems 1(0.288) 1(0.216) 2(0.25)

Total 347 (100) 462 (100) 809 (100)

allowed from the medical clinic organization. To guarantee secrecy,  
name and different identifiers of patients and prescribers were not  
recorded on the information reflection groups.

RESULTS
Socio-Demographic characteristics

An aggregate of 300 patients’ clinical records that experienced orthopedic 
medical procedure and took anti-infection agents’ drugs were broke 
down. Most of the patients were between 30-40 year, 72 (24%) and  
41-50 years, 36 (12%). Be that as it may, wrongness of antibiotics utilized 
for treatment was higher in age between 51-60 years or more 60 years. 
(Table 1).

Therapeutic indication

Out of 300 patients who underwent orthopedic medical procedure at,  
Tertiary Hospitals from September 2019 to December 2019. The most  
often analyzed malady for which antibiotic showed were ORIF 117 (39%) 
trailed by Total Hip replacement 30 (10%) (Table 2). 

conceded for intense midsection medical procedure and all out careful 
confirmations, individually. In the wake of controlling for conceivable 
perplexing components, the significant indicators of the board result 
of intestinal deterrent were: term of ailment before careful intercession 
(balanced chances proportion (AOR) = 0.49, 95 % CI: 0.25–0.97); intra-
usable discoveries [Viable little inside volvulus (SBV) (AOR = 0.08, 95 % 
CI: 0.01–0.95) and suitable (AOR = 0.17, 95 % CI: 0.03–0.88)]; finishing 
of intra-usable strategies (entrail resection and anastomosis (AOR = 3.05, 
95 % CI: 1.04–8.94); and length of medical clinic remain (AOR = 0.05, 95 
% CI: 0.01–0.16).21

Data analysis and presentation
Information section and examination was completed utilizing factual  
bundle for sociology (SPSS) adaptation 20.0. Enlightening measurements  
were utilized for factual examination. The outcome was broke down and  
introduced utilizing tables and charts. Information accessible was 
deciphered and examined with the aftereffects of comparative 
investigations. 

Ethical considerations
A conventional letter was kept in touch with the Tertiary Hospitals so as  
to get consent to lead the investigation and Official authorization was  

Table 4: The appropriateness of antibiotic used for patients who 
undergone orthopedic surgery at Tertiary care Hospitals September 
2019 to December 2019.

Reason for 
use

    
Appropriateness

Frequency
Percentage 

(%)

Prophylaxis Appropriate 187 62.33

Inappropriate Inappropriate choice 53 17.67

Unnecessary 
combination 40 13.33

Not mentioned 20 6.67

Total 113 37.67

Treatment Appropriate 85 28

Inappropriate Excessive duration 96 32

Short duration 03 1.0

Inappropriate choice 54 18

Unnecessary 
combination 62 20.67

Total 215 71.67
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Table 6: Combination of antibiotics used for prophylaxis and treatment for patients who undergone orthopedic surgery at Tertiary care Hospitals 
September 2019 to December 2019.

Prophylaxis Antibiotic combination Frequency Percentage 

Ceftriazone+ Amikacin+ Cefuroxime 06 11.3

Metronidazole+Amikacin+ Cefuroxime 10 18.8

Ceftazidine+ Amikacin 05 9.4

Flouroquinoloes + Amikacin 05 9.4

Levoflaxacin+Metronidazole+Amikacin 03 5.6

Flouroquinoloes+Amikacin+metronidazole 02 3.7

Ceftazidine+Amikacin+ cefixime 01 1.8

Ceftazidine+ Amikacin+ceftrixone 01 1.8

Ceftrixone+ cefuroxime 01 1.8

Cefoperazone+sulbactum+amoxicillin+clavulanic acid 12 22.6

Cefuroxime+amikacin 01 1.8

amoxicillin+clavulanic acid+ ceftriaxone 01 1.8

Cefuroxime+metronidazole 03 5.6

Cefotaxime+cefuroxime 01 1.8

Ceftriaxone+ amikacin 01 1.8

Total 53 100

Treatment Ceftriaxone+ Cefuroxime + clavunalic acid 18 13.6

Ceftriaxone+Metronidazole+Amikacin 11 8.3

Cefoperazone +cefuroxime/clavinolic acid 23 17.4

Metronidazole+Amikacin 05 3.7

Levofloxacin + Metronidazole +Amikacin 03 2.2

Amikacin+Ceftriaxone 03 2.2

Levoflaxacin+ Amikacin 02 1.5

Ceftazidine+Amikacin+Cefuroxime 01 0.7

Cefoperazone+sulbactum+amoxicillin+clavulanic acid 04 3

Cefoperazone+sulbactum+amoxicillin+clavulani acid+ cefuroxime+clavulanic acid 08 6

Cefotaxim+metronidazole 03 2.2

Cefotaxim+metronidazole+cefuroxime 01 0.7

Cefuroxime+amikacin 17 12.8

Cefuroxime+cefotaxim 03 2.2

Cefuroxime+cefoperazone+sulbactum 02 1.5

Cefuroxime+cefoperazone+sulbactum+amikacin 03 2.2

Cefuroxime+amikacin+metronidazole 11 8.3

Ceftriaxone+cefuroxime 02 1.5

Cefotaxim+amikacin 02 1.5

Cefotaxim+amikacin+metronidazole+cefuroxime 01 0.7

Cefotaxim+amikacin+metronidazole 01 0.7

Ceftriaxone+amikacin+cefuroxime+metronidazole 02 1.5

Ceforperazone+sulbactum+linezolid+levofloxacin 01 0.7

Cefuroxime+cefixime 01 0.7

Meropenem+amikacin 01 0.7

Clindamycin+linezolid 01 0.7

Amoxicillin+clavulanicacid+ciprofloxacin 01 0.7

Amikacin+cefuroxime+levofloxacin 01 0.7

Total 132 100
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the treatment 13 (9.15%) and from hostile to microbial blends, two meds 
blend supported for prophylaxis were 30 (23.25%) and for the treatment 
95 (66.90%) patients and three prescriptions mix for treatment were 
prescribed19(14.72%) and for four medicine routine for prophylaxis 
4 (3.10%) and for treatment 14 (9.85%) which was various with study 
done in drug careful in understanding wards of Tertiary consideration  
emergency clinic portion of them are on single enemy of contamination  
operators 73 (45.1%), two enemy of disease specialists 75 (46.3%) and 
three antimicrobials 14 (8.6%) for prophylaxis. The reason behind the 
qualification could be an immediate consequence of the differentiation 
in study structure as the examination done in Tertiary consideration 
medical clinic was a planned report. 
Limitation of this assessment was that the examination plan we used was 
Prospective and observational examination which is as often as possible 
at risk to tendencies (goofs that impact the impression of an assessment); 
for example, in the combination of information it is hard to assess how 
the patients took their drug and if there is any unwanted effect of the  
prescriptions. Being imminent assessment likewise made us not to  
contemplate significant factors including training level, adherence, calm 
prosperity expert correspondence and provider and prosperity structure 
related factors. Another obstacle was the little model size that we have  
used and that this assessment included only a solitary referral crisis  
facility of the nation.

CONCLUSION
We infer that, the prophylactic anti-microbial essentially diminish 
the rate of post- operative infection. Consistence with the standards 
of suitable antibiotic prophylaxis for medical procedure ought to be 
carefully investigated. To promote the rational use of antibiotics in 
surgical prophylaxis, suggestion for antimicrobial surgical prophylaxis 
is  required. Also, adherence of the antimicrobial prophylaxis to these 
rules should  be assessed routinely. There is a need to emphasize on the 
rational use of antibiotics in order to avoid antibiotic resistance and 
increase awareness among patients regarding the antibiotic usage.
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All antibiotic agents utilized for careful prophylaxis and 
treatment
As appeared beneath in the Table 3, the most usually recommended 
antibiotic for patients who experienced orthopedic medical procedure 
for both Prophylaxis and Treatment Were Cefuroxime 70.57% and 
52.95% individually, trailed by Amikacin 10% and 13.78% (Table 3). 

Total antibiotics used for surgical prophylaxis and treatment
300 patients were treated with various regiments of antibiotic agents’  
drugs. The quantities of patients who were treated with one antibiotic  
agents routine for prophylaxis were 76 (58.91%) and for the treatment  
were 13 (9.15%) and Two antibiotic agents routine was seen as 30 (23.25%)  
and 95 (66.90%), Three antibiotic routine 19 (14.72%) and 20 (14.08%)  
and Four antibiotic routine was seen as 4 (3.10%) and 14 (9.85%)  
separately.

DISCUSSION
This investigation distinguished that the predominance of ORIF was seen 
as (39.07%) trailed by Total hip replacement which as saw in 10% of cases.  
Right now the endorsed antibiotic drugs Cefuroxime (70.57%) for  
prophylaxis and (52.95%) for treatment which was diverse with study 
done in Navy Hospital, Jakarta, Indonesia 87.8% however, gentamycin  
utilize was comparative in the same hospitals 3.66% and 3.7% respectively.13  

In this examination (for treatment) the metronidazole recommended  
were (29.58%), cloxacillin (3.66%), ampicillin(5.5%) and gentamycin 
(3.66%)When we contrast and concentrate done in Manipal Teaching 
Hospital, Pokhara, Nepal12 the most ordinarily utilized individual anti-
infection agents were arrangement of ampicillin and cloxacillin (54.64) 
trailed by metronidazole (31.95), ampicillin (18.34) and gentamicin 
(16.37), which was extraordinary yet there is no more distinction in the 
event of metronidazole.
In current examination the appropriate choice of antibiotic used in 
prophylaxis is 187 (62.33%), and the inappropriate choice is based on 
choice of antibiotics 53 (17.67%), unnecessary combination 40 (13.33%), 
coming to treatment appropriateness of antibiotic 85(28%) and the 
inappropriateness is based on excessive duration 96 (32%), short duration 
3(1.0%), inappropriate choice 54 (18%), unnecessary combination 62 
(20.67%). (Table 4)
In current examination the most endorsed antibiotic were Cefuroxime 
(70.57%), Amikacin (10%) and Metronidazole (4.85%) for prophylaxis 
and 52.95%, 13.78%, 6.56% separately which was distinctive with study 
done in Orthopedic Surgical Unit of a Tertiary Care Teaching Hospital 
in Addis Ababa22 the most regularly recommended antbiotic specialist 
utilized for prophylaxis was ceftriaxone (70%), cloxacillin (9%) and 
Metronidazole (7%) was utilized. Nonetheless, ceftriaxone was likewise 
recommended. The prophylactic antimicrobial regimens included both 
single just as mix regimens; single regimens in prophylaxis took the lion’s 
offer. Right now most usually endorsed routine among the mix regimens 
was Ceftriazone +Amikacin + Cefuroxime (11.3%),and metronidazole+ 
Amikacin + Cefuroxime (18.8%), for treatment it is watched Ceftriaxone 
+ Cefuroxime/Clavunalic corrosive (13.6%) trailed by Ceftriazone + 
Amikacin + Metronidazole (8.3%) (Table 6). This examination uncovered 
orthopedic medical procedure for prophylaxis were cephalosporin 277 
(79.83%), trailed by Penicillin’s 40 (11.5%) and Nitroimidazoles 17 (4.89%). 
(Table 5) Correspondingly an examination done in Medicine careful 
inpatient wards of Basaweswara Medical College Hospital6 the most 
recommended antibiotics were third Generation Cephalosporin’s 108 
(40.7%), trailed by Aminoglycoside 11 (4.2%), Fluoroquinolones 11 
(4.2%) and Penicillin 9 (3.4%). 
The complete number of patients who were treated with mono therapy 
of anti-microbial medications for prophylaxis were 76 (58.91%) and for 
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Original Article

INTRODUCTION
Epidemiological study on myocardial infarction
WHO and Global burden of disease study mainly focuses on increasing  
trends in the years of life lost and disability adjusted life years from  
coronary heart disease in India.
In India, studies have reported aggravating Coronary Heart Disease  
(CHD) prevalence over past 60 years from <1% to 4%-6% in rural 
population and 1% to 9%- 10% in urban population.1 The most popular 
form of coronary heart disease is myocardial infarction and is responsible 
for over 15% of mortality each year, among vast majority of people 
undergo Non-ST Elevated Myocardial Infarction (NSTEMI) than ST-
Elevated Myocardial Infarction (STEMI). The prevalence of myocardial 
infarction is extreme in men in all specific age groups than women.2

By the end of 20th century, Cardio Vascular Diseases (CVD) accounted 
for <10% of all deaths worldwide. At this end, CVD accounted for nearly  
50% of the deaths in the developed world and 25% of the deaths in  
developing world. By 2020, CVD may claim 25 million deaths annually. 
As this trend spreads to and continues in developing countries, CVD 
will dominate as major cause of death by 2020, accounting for atleast 1 in 
every 3 death. Two main factors have been attributed to reduce in CVD 
mortality rates can be therapeutic advances and preventive measures. 
According to WHO, number of persons with diabetes mellitus varies 
from 135 million people in 1995 to 300million in 2025, where a 35% 
raise in worldwide prevalence is seen.3

Statistics on evaluation of risk factors
The funds from US and international studies shows a strong protective 
association between ideal CV health matrices and clinical, preclinical  
conditions. Tobacco use can be a leading cause and is estimated to  

account for 7.2 million deaths worldwide in 2015 and over past 5 years, 
there has been sharp increase in cigarette use among adolescents.
Coronary heart disease (43.8 %) is leading cause of death attributable 
to CVD in US, followed by stroke (16.8 %), hypertension (9.4%), heart 
failure (9%) and other CVD’S (17.9%).4 Among children from 1999 to 
2000, 2000 to 2015, prevalence of non-smoking, ideal total cholesterol 
and ideal blood pressure has been improved. The prevalence of current 
smoking in US in 2016 was 18.5% for adults, 3.4% of adolescents smoked 
cigarette in past month. According to NHANES i.e; National Health and 
Nutrition Exam Survey in 2015-2016 is 39.6% of US adults and 18.5% 
of youth were obese and 87.7% of adults and 5.6% of youth had severe  
obesity. So, on basis of NHANES 2013-2016 data for adults with diabetes  
mellitus, 20.9% had their diabetes mellitus treated but uncontrolled, 
9.2% were aware they had diabetes mellitus but were not treated.5

A better understanding of the risk factors associated Myocardial Infarction  
disease would enable. The development of prevention strategies. No  
previous study, to our knowledge, has reported the common risk factors 
associated with incidence of myocardial infarction. We therefore sought  
to identify risk factors for MI, with a particular emphasis on characteristics  
that are known to be modifiable.

MATERIALS AND METHODS
The study was conducted in the department of cardiology in Malla Reddy 
Narayana Multi-speciality Hospital, Hyderabad, India and the patients 
were enrolled in the health survey from 1st July, 2019 to 31st January, 
2020. A total of 500 patients were involved in the study where 362 men 
and 138 women older than 30 years has been evaluated for risk factors of 
myocardial infarction. Patients were excluded from the current study if 
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mortality indicates a high correlation between expected and observed 
mortality rates for three major risk factors- hypertension, diabetes, smoking. 
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don’t have coronary heart disease. Objectives: To evaluate the risk factors of 
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in order to minimize risk factors. Methods: A prospective and observational 
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was collected by using a case report form from September 2019 to December 
2019 and then analyzed using statistical package for social science (SPSS) 
version 20.0 software. Results: We have assessed around 500 myocardial 
infarction cases, Out of which higher proportion of risk factors in myocardial 
infarction patients has been observed in Coronary Artery Disease (31%), 
Hypertension (20.9%), followed by Diabetes Mellitus (15.01%), Smoking 
(12.5%), Alcohol consumption (12.3%), Obesity (3.09%) and any co-
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more effective approaches to prevent the recurrent chances of myocardial 
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patient is pediatric, if the patient is pregnant or lactating, if the patient is  
suffering from drug induced myocardial infarction, if the patient is  
using recreational drugs (amphetamines, cocaine, LSD). The patients  
have agreed to participate in the baseline health examination which  
indicates written informed consent.

Demographic details
Age and sex were self-reported by the patients. Height and Weight was 
directly measured using a calibrated scale. Blood pressure was measured 
using a manual sphygmomanometer where the patient was seated in a 
comfortable position.

ECG reports
Conduction disorders such as lateral wall infarct, anterior wall infarct, 
inferior wall infarct, posterior wall infarct were manually confirmed for 
the purposes of the present study.

Laboratory measurements
Blood samples were collected to monitor the levels of serum creatinine,  
troponin-1, CKMB, CPK, LDH and plasma glucose using standard  
laboratory techniques. 

Cardiovascular comorbidities
Hypertension is observed when the systolic blood pressure is greater 
than 140 mm Hg, diastolic blood pressure is greater than 90 mm Hg, 
or any past history of hypertension with the usage of anti-hypertensive 
medication. In the same way, Diabetes is observed when a fasting glucose  
level is of at least 200 mg/dL in a single measurement or at least 120 mg/dL  
in 2 separate measurements or usage of any anti diabetic medication.  
Myocardial infarction is diagnosed when any two of clinical features  
are present: a) ischemic chest pain, b) any new abnormal Q waves or ST 
segment changes c) abnormal elevation in cardiac enzymes.

Habits
Alcohol consumption and cigarette smoking were evaluated by using 
questionnaires. Patients were classified as occasional smokers, regular 
smokers, or non-smokers. Patients were also classified based on 
their amount of alcohol intake as chronic alcoholic, ex-alcoholic or  
non- alcoholic.

RESULTS
A total of 500 cases were examined for evaluation of risk factors in 
myocardial infarction patients during the study period, of which 500 
cases were enrolled based on Inclusion and Exclusion criteria. There 
were 138 female patients and 362 male patients enrolled for the study 
period (Table 1 and Figure 1). Of the enrolled 500 patients, recording the 
age wise distribution of subjects with class size of 10 years, it was seen that 
majority of subjects belong to age group of 51-60 years, with mean age 
value of 50.54 years (Table 2 and Figure 2). Among different types of MI, 
the most common types are NSTEMI and STEMI where 366 subjects 
have STEMI and 134 subjects have NSTEMI (Table 3 and Figure 3). 
Of 500 subjects enrolled in this study, the length of hospitalization was 
evaluated where most of the subjects (375 cases) stay for 1-3 days followed 
by 125 cases for 4-6 days (Table 4 and Figure 4). On the whole, this study 
mainly focuses on evaluation of few easily measured, preventable risk 
factors like smoking, alcohol, obesity where higher proportion of risk 
factors in myocardial infarction patients has been observed in Coronary 
Artery Disease (31%), Hypertension (20.9%), followed by Diabetes 
Mellitus (15.01%), Smoking (12.5%), Alcohol consumption (12.3%), 
Obesity (3.09%) and Any co-existing diseases (4.75%) (Table 5 and 
Figure 5).

Table 1: Gender-wise distribution of patients.

Gender Number of cases Percentage

Female 138 27.6%

Male 362 72.4%

Total 500 100%

Table 2: Age–wise distribution of subjects.

AGE No of Cases Percentage

21-30 3 0.6%

31-40 51 10.2%

41-50 129 25.8%

51-60 151 30.2%

61-70 120 24%

71-80 41 8.2%

81-90 5 1%

Total 500 100%

Table 3: Type of myocardial infarction.

Type of MI No of cases Percentage

NSTEMI 134 26.8

STEMI 366 73.2

Total 500 100

Table 4: Length of stay among enrolled subjects.

length of stay number of cases Percentage

1-3days 275 60

4-6days 125 25

7-9days 65 8

10-12days 25 5

13-15days 10 2

Table 5: Risk factors v/s number of subjects.

RISK FACTOR APPERED IN NUMBER OF CASES Percentage

CAD 415 31.32075472

OTHER 63 4.754716981

SMOKING 166 12.52830189

ALCOHOLIC 164 12.37735849

HTN 277 20.90566038

DM 199 15.01886792

Obesity 41 3.094339623

Total 1325 100

The data is analysed using SPSS version 20. Study protocol was prepared 
and submitted to Human Ethical Committee of Malla Reddy Narayana  
Multi-speciality Hospital and it has been approved by the Ethics  
Committee.
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(56.1%) were women,6 where our study was carried out on evaluation 
of risk factors among myocardial infarction inpatients in department of 
coronary care unit(CCU) in territory care hospital. 
There is a need of providing a proper patient education regarding 
disease and its associated risk factors in order to minimize the recurrent 
chances of MI. Hence the results also highlight several areas that need 
improvements. Overall, scope for minimizing risk factor has to be 
existed. When the patients case sheets were screened thoroughly, it was 
seen that majority of subjects belong to age group of 51-60 years, with 
mean age value of 50.54 years of which 138(27.6%) were female patients 
and 362(72.4%) were male patients. 
Joshua Chadwick Jayaraj et al. study concludes that the most popular  
form of coronary heart disease is myocardial infarction and is responsible  
for over 15% of mortality each year, among vast majority of people  
undergo Non-ST Elevated Myocardial Infarction (NSTEMI) than  
ST-Elevated Myocardial Infarction (STEMI)2 where as in our study, we 
found that most of the cardiac patients were more likely affected with 
STEMI i.e; 366 subjects (73.2%) when compared to NSTEMI i.e; 134 
subjects (26.8%).
Out of 500 subjects included in the study, 166(12.5%) subjects had a  
social habit of smoking where few are chronic smokers and few are  
ex-smokers and this report was comparable to Emily Banks et.al study, 
but higher compared to report from Australia during 2006 to 2009.  
However, Current tobacco smokers have at least double the chances of  
developing MI. Risks of MI increases with increase in number of  

Figure 1: Graphical representation of Gender-wise Distribution.

Figure 2: Graphical representation of age- wise distribution.

Figure 3: Pictorial representation of type of myocardial infarction among 
enrolled patients.

Figure 4: Graphical representation of length of stay among enrolled patients.

Figure 5: Pictorial representation types of myocardial infarction.

DISCUSSION
In this present scenario, there has been no proper evidence which  
demonstrate the proportion of risk factors among myocardial infarction  
patients where the reoccurrence chances are higher. Several recent studies  
on this strategy were retrospective or case-control analysis.
A population based cohort study was conducted by TuomasKerola, on 
risk factors associated with MI who concludes that the average age of 
6146 subjects was 49.2 years of which; 2697 (43.9%) were men and 3449 



Sushritha, et al.: Evaluation of Risk Factors in MI Patients 

Journal of Young Pharmacists, Vol 12, Issue 2(Suppl), Apr-Jun, 2020 S111

obesity, psychosocial stress, regular physical activity and consumption  
of fruits, vegetables and alcohol—accounts for 90% or more of the 
PAR for both men and women worldwide. The PAR for abdominal  
obesity in the Latin American countries studied was 48.5%, followed  
by 40.8% for dyslipidemia and 38.4% for smoking. In their study, 
few major gender differences were noted, where men more likely to 
smoke than women (54% versus 12%) and women are more likely 
to have abdominal obesity (35% versus 9%). Intra-abdominal fat  
has been reported to be independently correlated with the metabolic  
syndrome, where the patients have twice the risk of developing  
cardiovascular disease and a 4 times the risk for diabetes.8

4. Saif Al-Shamsi et al. conducted a retrospective cohort study of  
“INCIDENCE OF CARDIOVASCULAR DISEASE AND ITS  
ASSOCIATED RISK FACTORS IN AT-RISK MEN AND WOMEN  
IN THE UNITED ARAB EMIRATES: A 9- YEAR RETROSPECTIVE  
COHORT STUDY” at Tawam Hospital, Al-Ain, during the period of  
April 1, 2008 and December 31, 2008 where 977 subjects are involved.  
In both males and females, a low eGFR was a significant risk factor for 
major CVD. The SBP was a strong predictor of major CVD, where 
the risk increases by 20% and 58% for every 10 mmHg SBP increase 
in men and women, respectively. The major CVD risk increased by 
16% in men and 24% in women for each 1% rise in the HbA1c level. 
In this study, they have found that the incidence rate of major CVD 
was majorly in men than in women. Cigarette smoking influences 
other cardiovascular risk factors, for example, DM and serum lipids 
and it has a multiplicative association with HTN on incident CVD.9
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INTRODUCTION
Voriconazole is a second generation synthetic diazole with a broad-
spectrum of activity offering the potential to treat life-threatening fungal 
infections. It is used to treat invasive fungal infections that are generally 
seen in patients who are immune compromised.1 It is an imidazole 
antifungal derivative and used for the treatment of local and systemic 
fungal infection. These fungal infections include invasive candidasis, 
invasive aspergillosis, fusarium infections and febrile neutropenia not 
responding to antibacterial therapy. Voriconazole has over 95% of oral 
bioavailability. It acts by inhibiting CYP450- dependent 14-alpha sterol 
demethylase which is a vital step in cell membrane ergosterol synthesis 
by fungi. It binds to cytochrome P-450 enzyme lanosterol 14-alpha 
demethylase, which prevents the conversion of lanosterol to ergosterol. 
This results in cell membrane depletion and cell death.2

Voriconazole and itraconazole had the lowest MICs for Candida albicans 
isolates. Overall, voriconazole showed more potency than fluconazole 
or itraconazole for most candida isolates studied. Voriconazole 
demonstrated low MICs for all aspergillus species tested but appeared to 
be most active against Aspergillus fumigates.3

Voriconazole is available commercially for oral administration in tablets 
in brand name of voritek and vfend. Voriconazole determination in 
pharmaceutical formulation by bioassay are scarce, where the majority 
of papers are related to its study include voriconazole determination in 
agar plate using sacharomyces cerevisiae4 and voriconazole in plasma 
levels.5,6

The most commonly described assay methods for voriconazole in 
tablets are UV Visible7-13 and high performance liquid chromatography 
(HPLC)14-29 may be also quantified by bioassay for its activity assessment. 
The purpose of this study was to develop and validate a microbiological 
analytical method to determine the potency of voriconazole in tablets. 
The bioassay results were compared to those obtained by HPLC analysis. 
The chemical structure of Voriconazole is s Figure 1.

MATERIALS AND METHODS
Standards and Reagents
Voriconazole reference standard was obtained by yarrow chem. products, 
Mumbai. Voriconazole tablets (200mg) were obtained from local market 
with brand name voritek. Methanol, sodium chloride, dibasic and mono 
basic potassium phosphate were used for analysis along with distilled 
water, acetonitrile of HPLC grade.

Preparation of buffer solution
2 g of dibasic potassium phosphate and 8 g of monobasic potassium 
phosphate were weighed accurately, transferred to 1000mL volumetric 
flask and volume was made up to 1000mL with distilled water. The pH of 
the prepared buffer solution was adjusted with 18N phosphoric acid or 
10N potassium to 6.0±0.05 using a pH meter.

Preparation of voriconazole standard solutions
For the preparation of voriconazole reference standard stock solution, 
15.0 mg equivalent of voriconazole RS was weighed and then it was 
transferred to a 50 mL volumetric flask and the volume was adjusted 
with methanol to obtain a solution with a concentration of 300µg/mL. 
Aliquots of 0.2, 0.4 and 0.8mL of this solution were transferred to 10 mL 
volumetric flasks and diluted with buffer in order to obtain working 
solutions with concentrations of 6.0, 12 and 24µg/mL voriconazole, 
respectively named as S1, S2 and S3.
These standard solutions were used in bioassay of voriconazole.

Preparation of voriconazole sample solutions
10 tablets of voriconazole (voritek) were weighed and powdered. An 
accurately weighed portion of the tablet powder equivalent to about 
15.0mg of drug was transferred to a 50 mL volumetric flask, to this 15mL 
of methanol was added, shaken for 10 min in sonicator and the volume  
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was adjusted with methanol to obtain a solution with a concentration  
of 300µg/mL. Aliquots of 0.2, 0.4 and 0.8mL of this solution were 
transferred to 10 mL volumetric flasks and diluted with buffer in order 
to obtain working solutions of sample with concentrations of 6.0, 12 and 
24µg/mL, respectively named as T1, T2 and T3 which were used in the 
bioassay.

Preparation of sabouraud dextrose 2% agar medium
40 g of dextrose, 10 g of peptone and 20 g of agar were accurately weighed 
and transferred to 1000mL volumetric flask and volume was made up 
to 1000mL with distilled water. The medium was dissolved by boiling 
and pH was adjusted to 5.6±0.2. Sterilization was done at 15 lbs pressure 
(121°C) for 15 min by autoclaving technique.

Microorganism and Innoculum
Candida albicans NCIM 3471 is used as microorganism for analysis.  
The medium used was sabouraud dextrose agar medium. The strain of  
Candida albicans NCIM was cultivated, inoculated on sabouraud  
dextrose slant agar and incubated for 24hrs at 30°C±2°C. After this  
period, organism was suspended in saline solution (0.9% NaCl) and the 
transmittance was adjusted to 85% at a wavelength of 520 nm, which 
measures 1-5×106 CFU/mL8. For the biological assay of voriconazole, 
1mL of this suspension was added to 100mL sabouraud 2% agar, kept at 
48°C and used as inoculated layer.

Development of Microbiological assay (Diffusion 
method)
A 20mL amount of sabourand 2% agar was poured into petri dishes for 
base layer. After its solidification, a 5mL portion of inoculated sabouraud 
2% agar was poured onto the base layer. The agar was allowed to gel at 
room temperature for 10 to 15 min. After solidification, 5mm- diameter 
wells were bored at six points in each plate. Three alternated cylinders 
were filled with 50µl standard solution and other three with the sample  
solutions. The plates were then incubated at 30°C±2°C for 24 hr.  
After incubation period, the petri dishes were observed (Figure 2) and  
the diameters of inhibition zone of the microorganism growth (mm) 
were measured using antibiotic growth scale. Six assays were performed 
in the same manner using three plates in each one (2 assays each day).

Potency calculation
The potency of voriconazole tablets was calculated by the Hewitt 
equation.30 The assay was treated statistically by the linear parallel model 

and by linear regression analysis. Analysis of variance (ANOVA) was 
used to verify the validity of the assay.

Method Validation
The microbiological method was validated by evaluation of linearity, 
precision and accuracy, according to ICH Q2 R (1) guidelines.31

Linearity: Linearity was performed within the specified range as per 
guidelines. To assess the linearity of the method, replicates of drug 
substance and drug product were evaluated on 3 different days. A calibration 
curve for log concentration of voriconazole versus inhibition zones was 
plotted and the obtained data were subjected to regression analysis using 
the Least Squares Method.
Precision: The intraday precision was evaluated by analyzing six replicates  
of voriconazole solutions, at 100% test concentration (12µg/mL). Similarly, 
the inter-day precision was evaluated on three different days, at three  
concentrations levels of 6.0,12 and 24µg/mL. The concentration of  
voriconazole in tablet samples was determined and the relative standard 
deviation (RSD) was calculated.
Accuracy: It was determined by adding known amount of voriconazole  
reference standard (12µg/mL) to a sample solutions (9.6, 12 and 14.4µg/mL) 
at the beginning of the analyses, corresponding to 80, 100 and 120% of 
the test concentration. At each level, solutions were prepared in triplicate 
and applied to the plate assay described above. The recovery percentage 
of voriconazole was determined. In addition, the bioassay results were 
compared to with that of a second known HPLC method.

Chromatographic analysis
The analysis of voriconazole tablet was performed on a Schimadzu 20AT 
binary gradient system with UV detector and LC solutions software. The  
HPLC analysis was done in gradient mode using the mobile phase  
consisted of acetonitrile and water (60:40v/v).The chromatographic  
separation was carried out on an Enable C18 analytical column  
(250 × 4.6 mm; 5 mm) at a flow rate of 1 mL/min. The volume of the 
injection is 20µL. The peak areas were defined as analytical signs, with 
detection at 256nm. This method was optimized and validated according 
to ICH Q2 R (1) guidelines.

Comparison of Methods
The results of the analysis obtained by the microbiological method in  
this study and chromatographic method were compared statistically  
using student t- test, at a level of significance of 5% using graph pad 
prism software.

Figure 1: Structure of Voriconazole. Figure 2: Microbiological assay S6, S12 S24 are standard solutions and T6, T12 T24 
are test sample solutions with concentrations 6.0, 12 and 24µg/mL.
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The method precision in terms of repeatability and interday was shown 
as %RSD that was less than 2%. This verified the method’s capacity to 
generate reproducible results with the same sample, with low variability 
in the response in separate assays.
The accuracy of method was evaluated at 80, 100 and 120% of the range 
which shown a mean accuracy of 101.77% (Table 2). This confirms the  
ability of method to accurately determine the concentration of 
voriconazole in tablets and shows that the results obtained from bioassay 
were close to the true concentration of sample.
In the HPLC method, the calibration curve of voriconazole was obtained 
by plotting the drug concentration against absorbance. The curve was 
linear in the concentration range of 3.0-48µg/mL, with regression 
coefficient of 0.999 and a linear regression equation of y=19244x+6014. 
The accuracy of the assay was studied, the mean recovery was found to 
be 104.39%.
The data obtained by microbiological method and HPLC method were  
statistically compared by student t-test at a significance level of 5%  
(Table 3). This showed a difference between two methods which is  
consider to be statistically significant at a level of 5%, indicating rejection 
of null hypothesis.
Although the statistical analysis has shown that the HPLC and 
microbiological methods presented statistically similar results in relation 
to the determination of voriconazole in pharmaceutical form, it is 
necessary to highlight that there are difference between these methods. 
The HPLC method is selective, being suitable for the determination of 
degradation products and impurities in the matrix analyzed.
However, it needs the employment of expensive instrumentation, solvents  
and analytical columns, in addition to using large volumes of organic 
solvents as mobile phase, which makes the maintenance of the technique 
costly and leads to occupational and environmental contamination.

RESULTS AND DISCUSSION
In this work, microbiolgical assay method was developed and validated.  
The experimental conditions were standardized to get reproducible  
results. Incubation temperature (30°C) and period (24hr) were optimised. 
A large number of strains of Candida and Sacharomyces were used as 
test organisms for screening antifungal activity. In this study C. albicans 
NCIM3471 was used and found to be adequate for voriconazole activity 
testing. The inocula concentration of 1-5 x105CFU/mL provided the best 
visualization of the inhibition zones compared to the inocula with 103 
and 104CFU/mL, for which zones were not clearly delineated.
An experimental 3×3 design was developed for determination of 
voriconazole in tablets by agar diffusion method. A strain of C. albicans  
NCIM 3471 was selected as test microorganism for quantitation of  
voriconazole. The potency of an antibiotic may be demonstrated under 
appropriate conditions by comparing the growth inhibition of sensitive  
microorganisms generated by known antibiotic concentrations to be  
examined and a reference standard. All assays were performed in a  
laminar air flow cabinet; the material was decontaminated and discarded.  
The analytical curve was constructed from average of three curves  
obtained on three different days. The data obtained from the analytical  
curve were evaluated by the least squares and the study of variance 
(ANOVA) was used to check linearity and parallelism.
The calibration curve for voriconazole values are listed in Table 1
The calibration curve was developed by plotting concentration log (g/mL)  
versus zone diameter (mm) and showed good linearity between  
3.0–48µg/mL ranges. The experimental values obtained for the 
determination of voriconazole in samples are presented in Table 2. As no  
deviation in the linearity and parallelism of two curves was observed in 
obtained results.

Table 1: Overview of the linearity data obtained for voriconazole.

S.no Conc
(µg/mL)

*Zone of inhibition± 
SD (drug substance) 

mm

*Zone of inhibition± 
SD (drug product) 

mm

1 3.0 13.6667±0.882 13.6667±0.882

2 6.0 16±0 16±0

3 12 19.6667±0.882 20±0

4 24 23±0 23±0

5 48 26±0 26±0

Slope 10.51 10.51

Correlation coefficient 0.996 0.995

Table 2: Recovery of voriconazole for accuracy evaluation.

Sample conc 
(µg/ml)

Conc of 
standard 

added (µg/ml)

Conc of standard 
found (µg/ml)*

% Recovered

1 21.6 20.83 96.45

2 24 23.777 99.07

3 26.4 28.988 109.80

*average of three determinations

Table 3: Voriconazole contents in tablet samples obtained by bioassay 
and HPLC methods.

Sample Voriconazole 
Content (%)

HPLC Bioassay

1 93.64 93.61

2 98.665 100.0

3 104.850 107.35

CONCLUSION
A microbiological analytical method was developed and validated for  
determination of potency of voriconazole tablets by using microorganism 
Candida albicans. The developed diffusion agar method provide true 
indication of biological activity and showed adequate linearity, precision 
and accuracy when validated as per ICH guidelines. Microbiological 
methods do not require any specialized equipment and are cost effective.
Although the biological assay methods have a high variability, the  
obtained results demonstrated that the proposed method can be useful 
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for determination of this drug in pharmaceutical dosage forms, as an  
acceptable alternative method for the quality control analysis of voriconazole.
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The Department of  Pharmacy, Anurag University 

(Formerly known as Anurag Group of Institutions), 

Hyderabad, hosted 4th International conference on 

“Innovations in Pharma Industry, Education and 

Research” (IPIER 2020) 27th-28th Feb 2020, at 

MANAS Auditorium, Anurag University. 

The conference was a collaboration with IPA 

Warangal City Local Branch & Publication Partner 

“Journal of Young Pharmacist’s” for a Special 

Issue. 

The theme of the Conference is 

“Innovations in Pharmaceutical Industry, 

Education & Research” (IPIER) 2020. IPIER 202 

was a platform for researchers, scientists, 

academicians and Pharmacists, to exchange their 

innovative ideas and research findings in the field of 

Pharmaceutical Sciences. The international 

conference was witnessed by the gracious presence 

of Dr. T. V. Narayana, President, Indian 

Pharmaceutical Association (IPA) & Dr. A. 

Ramkishan, Deputy Drug Controller, Central Drugs 

Standard Control Organization (CDSCO), Govt. of 

India, as Chief Guest and Guest of Honor. 

The resource persons are drawn from the 

national and the international arena such as KPJ 

Health Care University College, Malaysia, ICT-

Mumbai, CSIR-IICT-Hyderabad, NIN-Hyderabad, 

Granules India Limited and NIPER- Hyderabad. 

The Conference Chairs are Dr. Vasudha Bakshi, 

Dean, School of Pharmacy, AGI, and Dr. N. 

Raghunandan, General Secretary, IPA Warangal.  

 Dr. G. Baba Shankar Rao, Associate 

Professor & Dr. A. Madhu Babu, Professor, School 

of Pharmacy, Anurag Group of Institutions are the 

Conveners for the two day’s international conference 

IPIER 2020.  

The deliberations in the conference were 

mainly focused on innovations, ideas, research and 

developments in the field of pharmaceutical sciences. 

The inauguration was held on 27th Feb 2020 

at 11:30 am at MANAS auditorium. Dr. G. Baba 

Shankar Rao, Convener, IPIER 2020 gave his 

welcome address to IPIER 2020 delegates.  Dr. T. V. 

Narayana, President, Indian Pharmaceutical 

Association, Guest of Honour Dr. A. Ramkishan, 

Deputy Drug Controller, Govt of Inda, Dr. N. 

Raghunandhan, Conference Chair IPIER 2020 & 

General Secretary IPA, Warangal City Branch, Dr. P. 

Rajeshwar Reddy, MLC, Chairman, Rythu 

Samanvaya Samithi, Govt of Telangana & Chairman, 

Anurag Group of Institutions, Dr. K. S. Rao, Director, 

AGI, Dr. G. Vishnu Murthy, Deputy Director, AGI, Dr. 

V. Vijay Kumar, Dean CSE & IT, AGI, Dr. Vasuda 

Bakashi, Dean, School of Pharmacy, AGI, Dr. K. 

Srisailam, Professor, Satavahana University and Dr. 

K. S Laddah addressed to the delegates of 4th 

International conference “Innovations in Pharma 

Industry Education and Research” IPIER 2020.  

A Total of 986  delegates attended from 

Telangana, Andhra Pradesh, Maharashtra, 

Tamilnadu, Karnataka and Rajasthan states and 358 

abstracts were accepted. A total of 259 delegates 

attended from other states.  

The cultural events were organized on day-

1 with about 450 participants Ms. Pooja our 4th year 

GPAT ranker was announced a cash prize of Rs. 

5000 from, Dr. T.V. Narayana, President, IPA, on the 

concluding of inaugural session.  All the GPAT 

Rankers received appreciation and mementos from 

Dr. T. V. Narayana, President, IPA.  

Dr. G. Baba Shankar Rao 

Convener, IPIER-2020 

Associate Professor 

Department of Pharmacy, Anurag 

University 
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