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Abstract: In order to manufacture imidazo[1‐b][1,3,4]thiadiazole, the beginning 

components that are used are the 2,4-dinitro benzoic acid and the thiosemicarbazide. 

The synthesis of the corresponding imidazolthadiazole derivative was brought about 

as a consequence of their interaction with phenacyl bromides, which are also referred 

to as p-substituted phenacyl bromides. The structure of these compounds was validated 

since the spectrum features of the compounds that were discussed before were taken 

into consideration. A couple of these compounds were shown to have an effect that 

varied from mild to moderate against the microorganisms Staphylococcus aureus, 

Candida albicans, Pseudomonas aeruginosa, and Escherichia coli. This was identified 

via the process of discovery. 
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Introduction  

Imidazo Synthesis [2,1-b] Intricate Thiadiazoles (1) are heterocyclic systems that fall within 

this category. The imidazole and 1,3,4-thiadiazole rings fuse together in these systems due to 

the presence of a nitrogen atom at the bridgehead. It was discovered for the first time during 

the start of the nineteenth century's 1950s. Numerous imidazo[1‑b][1,3,4]thiadiazole 

compounds have been synthesized, and their biological activities have been extensively 

documented in the scientific literature. These compounds vary in the substitutions made at the 

C-2, C-5, and/or C-6 positions of the basic structures. It is well known that molecules exhibiting 

a wide range of antibacterial action include 2-amino-1,3,4-thiadiazole derivatives [3]. These 

compounds are produced by using Schiff base after the corresponding aldehydes have been 

used [4].They seemed to be the most useful method for dealing with fused imidazo[2,1-b]-

1,3,4-thiadiazole rings [13], which may have interesting applications down the road. Several 

of these substances have antitubercular, analgesic, antisercetory, antibacterial, antifungal, 

anticonvulsant, anticancer, and antiapoptotic properties. [4] Antitubercular substances have 



                                                               Journal of Cardiovascular Disease Research 
ISSN: 0975-3583, 0976-2833     VOL 15, ISSUE 2, 2024 

 

925 

 

anticancer properties as well. A few compounds containing the imidazo[2,1-b]-1,3,4-

thiadiazole moiety are also used in the synthesis of pigments and in the management of 

inflammatory, cardiotonic, diuretic, and herbicidal conditions. Having taken all of this into 

account, the current work concentrated on synthesizing a number of novel fused imidazo[2,1-

b]-1,3,4-thiadiazole rings and evaluating their reactivity against Staphylococcus aureus, 

Candida albicans, Pseudomonas aeruginosa, and Escherichia coli in addition to electrophilic 

substitution processes. 
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Chemistry 

Synthesis of fused imidazo[2,1-b][1,3,4]thiadiazole III(A-R) is outlined in Scheme 1.  5-(3,5-

dinitrophenyl)-1,3,4-thiadiazol-2-amine is prepared as per the reported method 

[6].Condensation of 1 with respective bromoacetyl compound in ethanol and 

dimethylformamide yields imidazo thiadiazole 2 and 5 in good yields. VilsmeiereHack reaction 

of imidazo thiadiazole 2 and 5, in DMF and POCl3 provided respective 5-formyl derivatives 3 

and 6 . The aldehyde functional group when treated with amines gave the corresponding imine 

derivatives III(A-R). The detail reaction mechanism is depicted in physical data is given in 

Table 1. 

Table 1. Physical Data of synthesized compounds 
Sr. No  

 

Compound Molecular Formula Molecular 

Weight 

Yield 

IIIA 

  

Cl
N

N

S

N

NNO2

NH2

 

C23H15ClN6O2S 474.07 45% 
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IIIB 

Cl
N

N

S

N

NNO2

NH2

Br  

C23H14BrClN6O2S 553.82 72% 

IIIC 

Cl
N

N

S

N

NNO2

NH2

Br

Br

 

C23H11Br2ClN6O4S 662.697 43% 

IIID 

Cl
N

N

S

N

NNO2

NH2

N(CH3)2

 

C25H20ClN7O2S 517.99 62% 

IIIE 

Cl
N

N

S

N

NNO2

NH2

NO2  

C23H14ClN7O4S 519.92 72% 

IIIF 

Cl
N

N

S

N

NNO2

NH2

OCH3  

C24H17ClN6O3S 504.95 82% 

IIIG 

Cl
N

N

S

N

NNO2

NH2

OCH3

 

C24H17ClN6O3S 504.95 42% 

Experimental protocols 

5-(3, 5-dinitrophenyl)-1, 3, 4-thiadiazol-2-amine (I) 

O2N

O2N

S

N

N

NH2  
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IR (KBr) νmax: 1450.12cm-1 (Ar. C=C stretch), 3092.64cm-1 (Ar. C-H stretch), 1075.71cm-1 (C-

N stretch), 1685.68cm-1 (C=N stretch), 3178.16cm-1 (N-H stretch), 1539.80cm-1 & 1345.05cm-

1 (NO2 stretch), 723.13cm-1 (C-S-C stretch), 2942.51cm-1 (C- H stretch). 1H NMR (DMSO-

d6) d ppm: 9.04 (s, 2H, aromatic), 8.72 (s, 1H, aromatic), 6.99 (s, 2H, aromatic C-NH).13CNMR 

(DMSO-d6) d ppm: 161.6 ( C1), 174.1 (C2), 149.3(C3 & C4), 135.3 (C5), 118.1 (C6), 128.9 (C7 

& C8). HRMS (EI) m/z calcd for C8H5N5O4S: 267.01; found: 267.05. 

6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5- 

carbaldehyde (III) 

  

 

O2N

O2N

N
N

S N

CHO

Cl

 

 

IR (KBr) νmax: 1482.93cm-1 (Ar. C=C stretch), 3089.41cm-1 (Ar. C-H stretch), 1169.82cm-

1 (C-N stretch), 1680.77cm-1 (C=N stretch), 662.57 cm-1 (C-Cl stretch), 1543.95cm-1 & 

1344.38cm-1 (NO2 stretch), 729.77cm-1 (C-S-C stretch) 1H NMR (DMSO-d6) d ppm : 9.04 (s, 

2H, aromatic), 8.72 (s, 1H, aromatic), 9.75 (s, 1H, CHO),7.98 (d, 2H, aromatic), 7.55 (d, 

2H,aromatic).13CNMR (DMSO-d6) d ppm: 145.0 (C1), 143.3 (C2), 159.9 (C3), 136.7 (C4), 

134.3 (C5),149.3 (C6 & C7), 135.3 (C8), 132.7 (C9), 129.3 (C10 & C15), 118.1 (C11), 

128.9 (C12 & C13), 131.6 (C14 & C16), 188.9 (C17). HRMS (EI) m/z calcd for 

C17H8ClN5O5S: 428.99; found: 428.94. 

(E)-N-((6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-

yl)methylene)aniline (IIIA) 

 
H2N

O2N

N
N

S N

Cl

 

IR (ATR-FTIR, cm-1): 1486.62cm-1 (Ar. C=C stretch), 3090.96cm-1 (Ar. C-H stretch), 

1090.74cm-1 (C-N stretch), 1676.78cm-1 (C=N stretch), 663.47cm-1 (C-Cl stretch), 

1544.08cm-1 & 1344.68cm-1 (NO2 stretch), 1500cm-1 (NH2 stretch), 729.75cm-1 (C-S-C 

stretch). 1H NMR (DMSO-d6) d ppm :  9.04 (s, 2H, aromatic), 8.72 (s, 1H, aromatic), 7.98 (d, 

2H, aromatic), 7.55 (d, 2H, aromatic), 8.40 (s, 1H, CHO), 7.47 (d,1H, aromatic), 7.45 (t, 2H, 

aromatic), 7.06 (t, 1H, aromatic). 4.0(aromatic C-NH) 13CNMR (DMSO-d6) d ppm: 136 (C1), 

143.3 (C2), 146.0 (C3), 116.4 (C4), 134.3 (C5), 149.3(C6 & C7), 151.2 (C8), 135.3 (C9), 
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132.7 (C10), 129.3 (C11 & C17), 118.1 (C12), 128.9 (C13 & C15), 122.3 (C14 & C18), 

131.6 (C16 & C19), 130.0 (C20 & C21), 127.2 (C22), 151.7 (C23). HRMS (EI) m/z calcd 

for C24H14ClN5O4S: 503.05; found: 503.08. 

(E)-4-Bromo-N-((6-(4-chlorophenyl)-2-(3,5dinitrophenyl)imidazo[2,1b][1,3,4]thiadiazol-

yl)methylene) (IIIB) 

 

Cl
N

N

S

N

NNO2

NH2

Br  

IR (ATR-FTIR, cm-1): 3034cm-1 (CH), 1671cm-1 (C=N), 1551cm-1 (C=C), 708 cm-1 (C-Cl), 

658 cm-1(C-Br) HNMR (DMSO, δppm): 8.04 (s, 1H, CH=N), 6.93-7.88 (m, 11H, Ar-H), 8.05 

(s, 2H, Ar-H), .13C NMR (DMSO-d6) d ppm: 149.4, 145.6, 136.4, 128.4 (imidazo[2,1-

b][1,3,4]thiadiazole) 129.4, 128.9, 118.5 2-(3,5-dinitrophenyl)150.4, 134.8, 131.5, 124.6, 

114.2 (5-methylidene aniline) 135.8, 135.5, 132.8, 133.8,133.6,131.8 (6-phenyl); HRMS (EI) 

m/z calcd for C23H12BrN6O4S: 551.98; found: 551.95 

2,4-dibromo-N-((6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazol 

yl)methylene)benzenamine(IIIC) 

 

 

Cl
N

N

S

N

NNO2

NH2

Br

Br

 
  

IR (ATR-FTIR, cm-1): 3034cm-1 (CH), 1671cm-1 (C=N), 1551cm-1 (C=C), 705 cm-1 (C-Cl), 

651 cm-1(C-Br) HNMR (DMSO, δppm): 8.04 (s, 1H, CH=N), 6.93-7.88 (m, 11H, Ar-H), 8.05 

(s, 2H, Ar-H), .13C NMR (DMSO-d6) d ppm: 149.4, 145.6, 136.4, 128.4 (imidazo[2,1-

b][1,3,4]thiadiazole) 126.4, 125.6, 116.5 2-(3,5-dinitrophenyl) 150.4, 134.8, 131.5, 124.6, 

114.2 (5-methylidene aniline) 135.8, 135.5, 132.8, 133.8,133.6,131.8 (6-phenyl); HRMS (EI) 

m/z calcd for C23H13Br2N6O2S: 629.89; found: 629.85. 

(2-(3-amino-5-nitrophenyl)-6-(4-chlorophenyl) imidazo [2,1-b][1,3,4]thiadiazol-5-

yl)methylene)-N,N-dimethylbenzene-1,2-diamine(IIID) 
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Cl
N

N

S

N

NNO2

NH2

N(CH3)2

 

IR (ATR-FTIR, cm-1): 3036cm-1 (CH), 1681cm-1 (C=N), 1551cm-1 (C=C), 705 cm-1 (C-Cl), 

651 cm-1(C-Br) HNMR (DMSO, δppm): 8.04 (s, 1H, CH=N), 6.93-7.88 (m, 11H, Ar-H), 8.05 

(s, 2H, Ar-H), .13C NMR (DMSO-d6) d ppm: 147.4, 145.6, 136.4, 128.4 (imidazo[2,1-

b][1,3,4]thiadiazole) 129.4, 125.6, 118.5 2-(3,5-dinitrophenyl)148.4, 134.8, 131.5, 124.6, 

114.2 (5-methylidene aniline) 135.8, 135.5, 132.8, 133.8,133.6,131.8 (6-phenyl); HRMS (EI) 

m/z calcd for C23H14BrN6O2S: 517.11; found: 517.17 

N-((6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazol-yl)methylene)–4-

nitroaniline(IIIE) 

 

Cl
N

N

S

N

NNO2

NH2

NO2  

IR (ATR-FTIR, cm-1): 3061cm-1 (CH), 1678cm-1 (C=N), 1581cm-1 (C=C), 1342 cm-1 (NO2), 

1249(C-O), 708(C-Cl),HNMR (DMSO, δppm): 8.62 (s, 1H, CH=N), 7.01-8.14 (m, 1H, Ar-

H), 6.12(s, 2H, CH2), .
13C NMR (DMSO-d6) d ppm: 148.4, 146.6, 145.4, 124.4 (imidazo[2,1-

b][1,3,4]thiadiazole) 128.4, 126.6, 116.5 2-(3,5-dinitrophenyl) 158.4, 154.8, 121.5, 120.6, 

114.2 (5-methylidene aniline) 137.8, 135.5, 132.8, 133.8,132.6,131.8 (6-phenyl); HRMS (EI) 

m/z calcd for C23H14ClN7O4S: 519.05; found: 518.04 

N-((6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazol-yl)methylene)–4-

methoxyaniline(IIIF) 

 

Cl
N

N

S

N

NNO2

NH2

OCH3  

IR (ATR-FTIR, cm-1): 3078cm-1 (CH), 1656cm-1 (C=N), 1511cm-1 (C=C),  1249(C-O), 

728(C-Cl),HNMR (DMSO, δppm): 8.32 (s, 1H, CH=N), 7.01-8.14 (m, 11H, Ar-H), 3.19(s, 

3H, OCH3), .13C NMR (DMSO-d6) d ppm: 158.4, 156.6, 145.4, 124.4 (imidazo[2,1-
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b][1,3,4]thiadiazole) 138.4, 134.6, 116.5 2-(3,5-dinitrophenyl) 153.4, 150.8, 121.5, 120.6, 

114.2 (5-methylidene aniline) 137.8, 135.5, 132.8, 133.8,132.6,131.8 (6-phenyl); HRMS (EI) 

m/z calcd for C24H17ClN6O3S: 504.08; found: 508.08 

(E)-N-((6-(4-chlorophenyl)-2-(3,5-dinitrophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-

yl)methylene)-3-methylaniline (III G) 

 

Cl
N

N

S

N

NNO2

NH2

CH3  

IR (ATR-FTIR, cm-1): 1482.34cm-1 (Ar.C=C stretch), 3098.91cm-1 (Ar. C-H stretch), 

2924.93cm-1 (Alkane C-H stretch), 1087.46cm-1 (C-N stretch), 1680.92cm-1 (C=N stretch), 

619.42cm-1 (C-Cl stretch), 1545.19cm-1 & 1346.04cm-1 (NO2 stretch),730.02cm-1 (C-S-C 

stretch).1HNMR (DMSO, δppm): 9.04 (s, 1H, CH=N), 6.92-7.88 (m, 12H, Ar-H), 8.05 (s, 

2H, Ar-H),  2.59 (s, 3H, Ar-H).13C NMR (DMSO-d6) d ppm: 150.4, 145.6, 136.4, 122.4 

(imidazo[2,1-b][1,3,4]thiadiazole) 129.4, 124.6, 118.5 2-(3,5-dinitrophenyl)148.4, 144.8, 

131.5, 128.6, 114.2 (5-methylidene aniline) 135.8, 134.5, 132.8, 130.8 (6-phenyl) 24.3 

(CH3); HRMS (EI) m/z calcd for C24H17ClN6O2S: 488.95; found: 518.07. 

Biological Activity 

Antimicrobial activities test were performed on Agar plate diffusion method on E. coli, P. 

aeruginosa and S. aureus. Ciprofloxacin was used as the standard antibacterial agents. The 

bacteria isolates were subcultured on nutrient agar plates and incubated at 37˚C for 24 h. The 

nutrient agar plates was incubated into a nutrient broth (50 ml) at 37˚C for 18 h with vigorous 

shaking. The bacterial strains were grown at 37˚C overnight and maintained on nutrient agar. 

Stock solution of the compounds were prepared in DMF at 50˚C to give a final concentrations; 

after pouring into plates and allow the agar to set, plates were inoculated with standardized 

inocula of the test bacteria, and further incubated at 37˚C for 24h under aseptic conditions.  

The in-vitro antimicrobial activity of the compounds (IIIA-G) showed that the compounds 

were more active against gram positive bacteria as compared to gram negative bacteria. 

Compounds IIIE,IIIF and IIIG exhibited more activity against S. aureus. Compound IIIE  showed 

more activity with zone of inhibition of 2.4cm and 1.4cm against S. aureus and E.coli 

respectively. 

Compounds IIIE and IIIF contains the electronegative groups i.e. methoxy (-OCH3), and 

Nitro (-NO2) respectively which are active with zone of inhibition 1.8cm, 2.3cm, 

respectively. Compounds IIIA and IIIG contains electron releasing groups i.e. proton (-H) 

and methyl (-CH3) respectively which are active with zone of inhibition range 0.9cm and 

1.5cm. So, the presence of electron withdrawing groups on the phenyl ring makes the 

derivatives more potent when compared with the derivatives containing electron releasing 

groups. 

Table 2. In-vitro antimicrobial activity of synthesized compounds (IIIA-G) 
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Derivatives Conc. 

(μg/ml) 

Diameter of zone of inhibition (mm) against the bacterial 

Strains 

Gram –ve bacteria 

E. coli 

Gram +ve bacteria 

S. aureus 

T1 T2 T3 Average T1 T2 T3 Average 

IIIA 100 - - - - - - - - 

250 6 5 4 5 6 7 5 6 

500 7 6 7 6.666 7 10 11 9.333 

IIIB 100 - - - - - - - - 

250 8 9 7 8 10 9 7 8.66 

500 12 10 9 10.33 14 17 16 15.66 

IIIC 100 7 6 8 7 6 6 7 6.33 

250 10 10 11 10.333 10 11 13 11.33 

500 11 13 12 12 17 20 19 18.66 

IIID 100 9 7 8 8 19 17 17 17.66 

250 11 10 12 11 21 20 22 21 

500 14 12 13 13 23 22 25 23.33 

IIIE 100 8.5 9 7.2 8.23 13 11 9 11 

250 9 10 12 10.33 22 19 21 20.66 

500 16 14 13.5 14.5 26 23 25 24.66 

IIIF 100 9 11 11 7.333 10 12 11 11 

250 12 13 12 12.333 19 21 19 19.666 

500 16 14 12 14 22 21 23 22 

IIIG 100 16 14 15 15 26 24 25 25 

250 14 15 18 15.666 14 17 16 15.666 

500 22 21 25 22.666 23 21 23 22.333 

Standard 100 21 19 20 20 22 24 22 22.66 

250 24 23 26 24.33 24 26 25 25 

500 27 28 26 27 30 31 28 29.66 

Conclusion 

Novel designed compounds show appreciable growth-inhibitory activity against the bacteria S. 

aureus when compared with the standard compound ciprofloxacin. Maximum inhibition zone 

observed for compounds IIIF and IIIG as compared to standard drug at 500 μg/ml which is 

quite comparable. Compounds IIIE and IIIF contains the electronegative groups i.e. methoxy (-

OCH3), and Nitro (-NO2) respectively which are active with zone of inhibition 1.8cm, 2.3cm, 
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respectively. Compounds IIIA and IIIG contains electron releasing groups i.e. proton (-H) and 

methyl (-CH3) respectively which are active with zone of inhibition range 0.9cm and 1.5cm. So, 

the presence of electron withdrawing groups on the phenyl ring makes the derivatives more 

potent when compared with the derivatives containing electron releasing groups. The novel 

compounds could further be optimized to improve the activity. 

 

References 

1. Christopher B.Chapleo, Malcolm Myers, et al. J.Med.Chem. 1986,29,2273-2280. 

2. Margaret M. Ciotti, Stewart R. Humphreys, John M. Venditti, Nathan O.  Kaplan and 

Abraham Goldin Cancer Research 1960 20, 1195-1201. 

3. Fohlisch B, Braun R. Angew Chem Internat. 1967; 361 

4. Christopher B.Chapleo, Malcolm Myers, et al. J.Med.Chem. 1986,29,2273-2280. 

5. Matasukawa T, Ban S. J Pharm Soc Japan. 1953; 73:159; Chem Abstr. 1953; 47:111858. 

6. Siddiqui. Thiadiazoles : Progress Report on Biological Activities. J. Chem. Pharm. Res. 1, 

19–30 (2009). 

7. Charitos, G., Trafalis, D. T., Dalezis, P., Potamitis, C., Sarli, V., Zoumpoulakis, P., & 

Camoutsis, C.. Arab. J. Chem. 12, 4784–4794 (2019). 

8. Abu-Melha, S., Edrees, M., Salem, H., Kheder, N., Gomha, S., & Abdelaziz, M. MDPI 

Mol. 24, 539 (2019). 

9. Bhardwaj, V., Noolvi, M.N., Jalhan, S. & Patel, H.M. J. Saudi Chem. Soc. 20, S406–S410 

(2016). 

10. Patel, H.M., Noolvi, M.N., Sethi, N.S., Gadad, A.K. & Cameotra, S.SArab. J. Chem. 10, 

S996–S1002 (2017). 

11. Gadad, A. Eur. J. Med. Chem. 35(9), 853–857 (2000).  

12. Gadad, A.K., Noolvi, M.N., Karpoormath, R.K. Bioorg. Med. Chem. 12, 5651-5659 

(2004). 

13. Patel, H., Noolvi M.N., Goyal A., Thippeswamy B.S. Eur. J. Med Chem. 65, 119-133 

(2013). 

14. Ananappa K.Gadad, Chanabasappa S. Mahajanshetti, Sudarshan Nimbalkar, Anandkumar 

Raichurkar Eur J.of med.chem. 2000; 35: 853-857. 

15. Mandal S, Vishvakarma P. Nanoemulgel: A Smarter Topical Lipidic Emulsion-based 

Nanocarrier. Indian J of Pharmaceutical Education and Research. 2023;57(3s):s481-s498. 

16. Mandal S, Jaiswal DV, Shiva K. A review on marketed Carica papaya leaf extract (CPLE) 

supplements for the treatment of dengue fever with thrombocytopenia and its drawback. 

International Journal of Pharmaceutical Research. 2020 Jul;12(3). 

17. Mandal S, Bhumika K, Kumar M, Hak J, Vishvakarma P, Sharma UK. A Novel Approach 

on Micro Sponges Drug Delivery System: Method of Preparations, Application, and its 

Future Prospective. Indian J of Pharmaceutical Education and Research. 2024;58(1):45-63. 

18. Pal N, Mandal S, Shiva K, Kumar B. Pharmacognostical, Phytochemical and 

Pharmacological Evaluation of Mallotus philippensis. Journal of Drug Delivery and 

Therapeutics. 2022 Sep 20;12(5):175-81. 



                                                               Journal of Cardiovascular Disease Research 
ISSN: 0975-3583, 0976-2833     VOL 15, ISSUE 2, 2024 

 

933 

 

19. Singh A, Mandal S. Ajwain (Trachyspermum ammi Linn): A review on Tremendous 

Herbal Plant with Various Pharmacological Activity. International Journal of Recent 

Advances in Multidisciplinary Topics. 2021 Jun 9;2(6):36-8. 

20. Mandal S, Jaiswal V, Sagar MK, Kumar S. Formulation and evaluation of carica papaya 

nanoemulsion for treatment of dengue and thrombocytopenia. Plant Arch. 2021;21:1345-

54. 

21. Mandal S, Shiva K, Kumar KP, Goel S, Patel RK, Sharma S, Chaudhary R, Bhati A, Pal 

N, Dixit AK. Ocular drug delivery system (ODDS): Exploration the challenges and 

approaches to improve ODDS. Journal of Pharmaceutical and Biological Sciences. 2021 

Jul 1;9(2):88-94. 

22. Shiva K, Mandal S, Kumar S. Formulation and evaluation of topical antifungal gel of 

fluconazole using aloe vera gel. Int J Sci Res Develop. 2021;1:187-93. 

23. Ali S, Farooqui NA, Ahmad S, Salman M, Mandal S. Catharanthus roseus (sadabahar): a 

brief study on medicinal plant having different pharmacological activities. Plant Archives. 

2021;21(2):556-9. 

24. Mandal S, Vishvakarma P, Verma M, Alam MS, Agrawal A, Mishra A. Solanum Nigrum 

Linn: An Analysis Of The Medicinal Properties Of The Plant. Journal of Pharmaceutical 

Negative Results. 2023 Jan 1:1595-600. 

25. Vishvakarma P, Mandal S, Pandey J, Bhatt AK, Banerjee VB, Gupta JK. An Analysis Of 

The Most Recent Trends In Flavoring Herbal Medicines In Today's Market. Journal of 

Pharmaceutical Negative Results. 2022 Dec 31:9189-98. 

26. Mandal S, Vishvakarma P, Mandal S. Future Aspects And Applications Of Nanoemulgel 

Formulation For Topical Lipophilic Drug Delivery. European Journal of Molecular & 

Clinical Medicine.;10(01):2023.  

27. Chawla A, Mandal S, Vishvakarma P, Nile NP, Lokhande VN, Kakad VK, Chawla A. 

Ultra-Performance Liquid Chromatography (Uplc). 

28. Mandal S, Raju D, Namdeo P, Patel A, Bhatt AK, Gupta JK, Haneef M, Vishvakarma P, 

Sharma UK. Development, characterization, and evaluation of rosa alba l extract-loaded 

phytosomes. 

29. Mandal S, Goel S, Saxena M, Gupta P, Kumari J, Kumar P, Kumar M, Kumar R, Shiva K. 

Screening of catharanthus roseus stem extract for anti-ulcer potential in wistar rat. 

30. Shiva K, Kaushik A, Irshad M, Sharma G, Mandal S. Evaluation and preparation: herbal 

gel containing thuja occidentalis and curcuma longa extracts. 

31. Vishvakarma P, Kumari R, Vanmathi SM, Korni RD, Bhattacharya V, Jesudasan RE, 

Mandal S. Oral Delivery of Peptide and Protein Therapeutics: Challenges And Strategies. 

Journal of Experimental Zoology India. 2023 Jul 1;26(2). 

 


	Conclusion

