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Abstract 

Berberis aristata (Berberidaceae) is an influential medicinal plant and 
found in the different provinces of the world. It has compelling medicinal value 
in the traditional Indian system of medicine. More multitudinous secondary 
metabolites are contemporary within the plants, which helps to cure the 
disease. The chromatographic techniques have significant role in natural 
products chemistry and discovery of innovative compounds of pharmaceutical 
and biomedical importance. The aim of the present study is to evaluate 
sequestration of secondary metabolites using column-chromatographic 
techniques and this metabolites can be further secluded, identified by using 
LC-ESI-Q-TOF-MS system and also performed its antimicrobial activity. 
These metabolites were characterized for determination of medicinal 
properties. This study helps to identify the presence of secondary metabolic 
compounds in the plant. 
 
Keywords: Berberis aristata root, column chromatography, LC-ESI-Q-TOF-
MS, antimicrobial activity. 
 

Introduction 
Phytoconstituents obtained from medicinal plants are effective for 

treating various human ailments. The traditional medicine practice is 
widespread in India and medicinal plant metabolites are successfully used to 
treat various communicable and non-communicable diseases1,2. 
Phytoconstituents of medicinal plants are admirably coping number of deadly 
diseases such as cancer, hepatitis, AIDS etc. and considered safe future 
medicines 3. The chemical exploration of these medicinal plants to discover 
hidden drug leads potential could be critical in the treatment of present and 
future human ailments.  

Berberis aristata have its place in the Berberidaceae family (Fig. 1,2). 
Turmeric is indigenous to Himalayas in India. It is exorbitantly used in 
Ayurvedic medicine. It is commonly known as Zarishk and Daruhaldi4,5. It is 
mostly used for the medicaments piles, liver like diseases jaundice, diabetes 
and urinary problems.  The plant contains multiple alkaloids like berberine, 
epiberberine, dehydrocaroline, oxycanthine, jatrorhizine and columbamine, 
karachine6,7.  
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Fig. 1: Berberis aristata Plant, stem and root 

 

 
Fig. 2: Possible conversation routes for Berberis 
aristata 

 
The isoquidoline alkaloids are the major 

bioactive constituents present in plant8. These 
alkaloids possess anti-inflammatory, 
immunestimulating, hypotensive, antiprozoal and 
antimicrobial activities9. The root bark decoction is 
,used as a wash for ulcers and is said to enhance their 
aspects and encourage cicatrisation10-16. 
Metabolomics is non-selective, comprehensive 
analytical approach used to identify and quantify 
metabolites from biological samples. Metabolomics 
focuses on global detection of small molecules in 
samples with a molecular weight below 1500 Da 17. A 

summary of the importance and applications of Berberis 
aristata Plant were provided in Fig. 3. 

 

 
Fig. 2: Importance and implications of Berberis 

aristataPlant 
 

Mass spectrophotometry (MS) imaging such 
as Q-TOF LC/MS is a tag free procedure also 
therefore, be able to employ deprived of previous 
knowledge of the analytes from biological samples 18, 

19. The metabolic fingerprinting from biological 
samples using Agilent 6550 iFunnel Q-TOF LC/MS 
System (6550 Q-TOF) has been reported earlier 20. 
Therefore, in the present study authors isolated 
pharmacologically relevant plant secondary 
metabolites using high resolution mass spectrometry 
(HR-LCMS) and also test the antimicrobial activity 
of berberis aristata root. 

 
Materials and Methods: 
           Berberis aristata roots (500 gm) were 
procured from local market of Aurangabad (MS) 
India. The roots were cleaned using distilled water 
then allowed to dry around room temperature (27 ºC). 
The root rhizome cut into small pieces and grind into 
powder using grinder mixer. Solvent extracted by 
adding dried powder (100 gm) in 500 ml ethanol 
(Rankem, USA) using Soxhlet apparatus for 8 h. The 
resulting extract (80 gm) filtered through Whatman 
filter paper no. 44 and evaporated to dryness at 
constant temperature then stockpiled at 4 ºC for later 
usage. 
 
Extraction & fractionation for column 
chromatography: 

In preliminary fractionation, dried plant 
material (80 gm) was gradually immersed with non-
polar towards polar solvents (Fig. 4). Extraction of 
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dried powder using solvents such as n-hexane, 
CHCl3, Ethyl acetate and CH3OH in which 
methanolic sample extracts gave highest 
antimicrobial activity. By administering the linear 
gradient of methanol with chloroform to the 
methanolic extract, it was evaporated over and 
treated to column chromatography. Fraction 4 was 
the most antimicrobially active of the ten fractions 
(200 mL) sampled. As a result, same fraction was 
chosen for ESI-Q-TOF-MS analysis to identify 
metabolites.    

 

 
Fig. 4: Schematic representation of fractionation from 

Berberis aristataroots 
 

Antimicrobial screening activity 
Antimicrobial activity was investigated 

utilising disc diffusion method. Antimicrobial 
activity assays were performed on clinical isolates 
containing Gram-positive & Gram-negative bacteria 
obtained out from Department of Botany research 
laboratory. Micro dilution procedures employing 
fractions sequentially diluted in sterile nutrient broth 
were also employed to identify the minimal 
concentration roots isolates to control the bacteria. 
Ciproflaxin (2 µg/disc) and Fluconozale (10 µg/disc) 
were used as references drugs for bacteria and fungi 
respectively.  
 
Equipment and conditions 

At SAIF, IIT, Bombay, researchers 
identified metabolites from ethanolic extract. A LC-

ESI-Q-TOF-MS (Agilent Technologies 6550 i-
Funnel) system comprising a G4220B pump, 
G4226A auto sampler, and G1316C, as well as a 
diode array detector (DAD), was used to examine the 
samples. The gradient system of 0.1 percent formic 
acid into water (A) then acetonitrile (B) at a flow rate 
of 0.3 ml/min was chosen as the elution solvent. The 
gradient system began with 95 percent A: 5 percent B 
and progressed to 5 percent A: 95 percent B in 50 
minutes, before returning to the initial composition of 
95 percent A: 5 percent B in 10 minutes and 
remaining at that composition for 5 minutes. ESI 
positive ionization mode was adopted for the MS 
analysis. The following were the MS basis settings: 
3500 V capillary voltage, 250oC gas temperature, 13 
L/min drying gas flow, 300oC sheath gas 
temperature, 11 sheath gas flow, 35 (psig) gas 
pressure for nebulizing, fragment or 175 V, Skimmer 
65 V, Octopole RF Peak at 750 V, with mass range 
m/z 50-1000. The FWHM resolution was 40,000. To 
structure compliance, the Metlin database was 
employed.  
 
Results and Discussion   

The different concentration methanol extract 
of Berberis aristata roots shows antimicrobial 
activity against the tested organism in the order of 
Bacillus subtilis (9.5 mm), Staphylococcus aureus 
(10.5 mm), Escherichia coli (12 mm), Pseudomonas 
aeruginosa (8 mm). The maximum antibacterial 
activity was observed against Escherichia coli.  

 
In case of fungi activity against tested organism 

was in the order Aspergillus niger (11.5 mm), 
Aspergillus  fumigatus (8.5 mm), Penicillium 
digitatum (7 mm), Penicillium notatum (8 mm), 
Fusarium oxysporum (9.5 mm).The maximum 
antifungal activity was observed against Aspergillus 
niger (11.5 mm) as shown in (Table 1). 

 

Table 1: In vitro antimicrobial activity of 
methanolic extracts of Berberis aristata roots 

 Name of 
organism 

Diameters of zone of 
inhibition (mm/ml)  

50 µl 100 
µl 

150 
µl 

A 

 
Bacteria 

Bacillus subtilis 2.0 5.5 9.5 10.0 
Staphylococcus 
aureus 

3.5 4.0 10.5 14.0 

Escherichia coil 4.0 7.5 12.0 17.0 
Pseudomonas 
aeruginosa 

2.5 5.0 8.0 10.0 
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Fungi 

Aspergillus niger 10.2 11 11.5 13.0 
Aspergillus  
fumigates 

5.5 6.0 8.5 10.0 

Penicillium 
digitatum 

3.0 5.5 7.0 9.0 

Penicillium 
notatum 

4.5 6.5 8.0 9.0 

Fusarium 
oxysporum 

7.0 8.5 9.5 12.0 

 
 
Identification of metabolites by ESI-Q-TOF-MS 

Metabolomics has become an indispensable 
tool for advancing our understanding of common and 
bioactive metabolites in plants 12. The ESI-Q-TOF-
MS generated metabolomic chromatogram of 
methanol extract of berberis aristata root is depicted 
in Table 2. Fatty acids, phenolics, organic 
compounds, alkaloids, pyrimidines, amino 
dipeptides, and tripeptides were discovered in the 
examination of metabolites (Table 2).  
Table 2: Major abundant metabolites of berberis 
aristataroot 

Sr
. 
N
o. 

Name RT Mas
s 

Formul
a 

M/
Z 

Ion DB 
diff. 
(pp
m) 

a Veratric acid 
glucuronide 

0.98
2 

358.
09 

C15H18O
10 

381.
08 

(M+ 
Na)+ 

-
1.01 

b Lactulose 1.00
0 

342.
11 

C12H22O
11 

365.
10 

(M+ 
Na)+ 

-2.5 

c Triparanol 1.00
2 

143.
09 

C7H13N
O2 

144.
10 

(M+ 
H)+ 

-
2.67 

d Scopoline 1.01
4 

155.
09 

C8H13N
O2 

156.
10 

(M+ 
H)+ 

-2.6 

e Histidine 1.03
2 

155.
07 

C6H9N3

O2 
156.
07 

(M+ 
H)+ 

-
3.46 

f Dienestrol 4.68
1 

266.
13 

C18H18O
2 

289.
12 

(M+ 
Na)+ 

-
23.6

7 
g 3-(3-Indolyl)-

2-
oxopropanoic 
acid 

7.11
3 

203.
05 

C11H9N
O3 

204.
06 

(M+
H)+ 

-
1.02 

h 7,8-
Dihydroxyfla
vone 

7.90
0 

254.
05 

C15H10O
4 

255.
06 

(M+ 
H)+ 

-
0.97 

i Dihydrostrept
omycin 

9.22
7 

567.
28 

C21H41N
7O11 

568.
29 

(M+
H)+ 

-
5.91 

j Acetohexami
de 

9.33
9 

324.
11 

C15H20N
2O4S 

347.
10 

(M+ 
Na)+ 

2.1 

k Protorifamyci
n I 

9.67
6 

639.
31 

C35H45N
O10 

640.
31 

(M+ 
H)+ 

-
8.93 

l Spaglumic 
acid 

10.3
75 

304.
08 

C11H16N
2O8 

305.
09 

(M+ 
H)+ 

18.6
3 

m 2,4-
Dihydroxy-
3,4-
dimethoxy-4-
ethoxybenzop
henone 

10.3
76 

318.
17 

C17H18O
6 

319.
11 

(M+
H)+ 

-
4.43 

n Elephatopin 10.3
78 

360.
12 

C19H20O
7 

361.
13 

(M+
H)+ 

-
5.13 

o Piperine 11.2
00 

285.
13 

C17H19N
O3 

286.
14 

(M+
H)+ 

-
1.19 

p Traumatic 
acid 

13.0
33 

228.
13 

C12H20O
4 

229.
14 

(M+
H)+ 

0.03 

q Dextromoram
ide 

13.5
97 

392.
25 

C25H32
N2O2 

393.
26 

(M+
H)+ 

-
197

1 
r Propofol 13.8

6 
178.
13 

C12H18O 179.
14 

(M+
H)+ 

0.36 

s 3-deoxo-3--
acetoxydeoxy 
dihydrogedun
in 

17.6
32 

512.
28 

C30H40O
7 

535.
27 

(M+ 
Na)+ 

-
6.79 

 
The foremost plentiful metabolites 

recognized in methanol extract of berberis 
aristataroot thru ESI-QTOF-MS examination were 
(a) Veratric acid glucuronide, (b) Lactulose, (c) 
Triparanol, (d) Scopoline, (e) Histidine, (f)  
Dienestrol, (g) 3-(3-Indolyl)-2-oxopro panoic acid, 
(h) 7,8-Dihydroxyflavone, (i) Dihydrostreptomycin, 
(j) Acetohexamide, (k) Protorifamycin I, (l) 
Spaglumic acid, (m) 2,4-Dihydroxy-3,4-dimethoxy-
4-ethoxy benzophenone, (n) Elephatopin, (o) 
Piperine, (p) Traumatic acid, (q) Dextromoramide, (r) 
Propofol, (s) 3-deoxo-3-β-acetoxydeoxy 
dihydrogeduninof mass 358.09, 342.11, 143.09, 
155.0, 155.07, 266.13, 203.05, 254.05, 567.28, 
324.11, 639.31, 304.08, 318.11, 360.12, 285.13, 
228.13, 392.25, 178.13 and 512.28 respectively 
(Figure 5a-s). Table 2 displays the mass, retention 
time, molecular formula, as well as DB difference 
(ppm) of major as well as minor metabolites. 

 
 

a 

 

B 

 
C 
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k 

 

l 

 
m 

 
N 

 
O 

 
P 

 
Q 

 
R 

 
S 

 
Fig. 5: Major abundant metabolite ESI-Q-TOF-MS spectra 
in berberis aristataroot (a) Veratric acid glucuronide, (b) 
Lactulose, (c) Triparanol, (d) Scopoline, (e) Histidine, (f) 
Dienestrol, (g) 3-(3-Indolyl)-2-oxopro panoic acid, (h) 7,8-
Dihydroxyflavone, (i) Dihydro-streptomycin, (j) 
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Acetohexamide, (k) Protorifamycin I, (l) Spaglumic acid, 
(m) 2,4-Dihydroxy-3,4-dimethoxy-4-ethoxybenzophenone, 
(n) Elephatopin, (o) Piperine, (p) Traumatic acid, (q) 
Dextromoramide, (r) Propofol, (s) 
acetoxydeoxydihydrogedunin. 

These nineteen major metabolites discovered in 
Berberis aristata root are reported to have featured 
chemical and structural properties with therapeutic 
values as investigated from several sources earlier 
reviewed here. The findings of current st
compared with those earlier reports in the treatment 
of constipation and hepatic encephalopathy 
(Pubchem CID: 11333). 

 
Triparanol was the first synthetic

lowering drug (Pubchem CID: 6536). 
used to treat menopausal symptoms
CID: 667476).  

 
7,8-Dihydroxyflavone (Tropoflavin

found to act as a potent and selective
molecule agonist of tropomyosin receptor kinase B, 
the core gesticulating receptor of 
neurotrophic factor24 that is brain
Tropoflavin can pass across the blood-
26 and is orally accessible. (Pubchem CID: 1880).
Dihydrostreptomycin: It is derivative of streptomycin 
that has a bactericidal property.  It's a semi
aminoglycoside antibiotic used in the treatment of 
tuberculosis (Pubchem CID: 439369).
Acetohexamide (trade name Dymelor
treat diabetes mellitus type 2. (Pubchem CID: 1989).

 
 Rifamycin I is a mycobacteria-specific antibiotic 

that is intended to cure tuberculosis, leprosy, & 
mycobacterium avium complex (MAC) infections
(Pubchem CID: 6324616). Spaglumicacid
an antiallergic medication in eye drops and nasal 
preparations28. (Pubchem CID: 
Elephatopinit has been used for stomach ailment, 
hepatitis, nephritis, and bronchitis in folk medicine
Piperine, it has been used in some forms 
of traditional medicine30, (Pubchem CID: 
Traumatic acid: Traumatic acid is a potent wound 
healing agent in plants ("wound hormone")
(Pubchem CID: 5283028). Propofol used for
epilepticus if other medications have not worked
(Pubchem CID: 4943). Moreover, there w

Caribbean Journal of Science and Technology, 2021, 9(1), 

(l) Spaglumic acid, 
ethoxybenzophenone, 

Piperine, (p) Traumatic acid, (q) 
 3-deoxo-3- β-

These nineteen major metabolites discovered in 
root are reported to have featured 

chemical and structural properties with therapeutic 
values as investigated from several sources earlier 
reviewed here. The findings of current studies were 

n the treatment 
and hepatic encephalopathy 21-22. 

synthetic cholesterol-
(Pubchem CID: 6536). Dienestrolis is 

symptoms23. (Pubchem 

Tropoflavin) has been 
selective small-

tropomyosin receptor kinase B, 
 neurotrophin a  

that is brain-derived. 
-brain barrier25-

em CID: 1880). 
Dihydrostreptomycin: It is derivative of streptomycin 
that has a bactericidal property.  It's a semi-synthetic 
aminoglycoside antibiotic used in the treatment of 
tuberculosis (Pubchem CID: 439369). 

Dymelor) is used to 
(Pubchem CID: 1989). 

specific antibiotic 
that is intended to cure tuberculosis, leprosy, & 
mycobacterium avium complex (MAC) infections27. 

Spaglumicacidis used as 
medication in eye drops and nasal 

(Pubchem CID: 188803). 
it has been used for stomach ailment, 

hepatitis, nephritis, and bronchitis in folk medicine 29. 
it has been used in some forms 

, (Pubchem CID: 638024). 
Traumatic acid is a potent wound 

healing agent in plants ("wound hormone")31. 
used for status 

if other medications have not worked32. 
there was some 

recent report with medicinal valuable
extract of Plocama pendula33. 

 
Conclusion 

To our knowledge, it's the first work to provide 
thorough metabolite profiling of a methanolic excerpt 
of Berberis aristata root utilising the HR
method. According to our findings, B. 
a supplier of key compounds that contribute 
phytopharmacology activity, such as antioxidant 
action, phytochemical research, & antibacterial 
activity.  

 
Acknowledgements   

The authors PVR, ASD and STA
sincerely obliged to IIT, Bombay for ESI
high resolution liquid chromatograph mass 
spectrometry (HR-LCMS) analysis. The researchers 
PVR are grateful to Dr. Arvind S. Dhabe
Department Head, Dr. B.A.M. University, 
Aurangabad to provide research facility.
 
Authors’ Contributions  

PVR and AD: data collection, analysis, 
conceived, designed and performed the experiments; 
STA and RV: wrote and formatted the manuscript for 
publication; All the authors have read the final 
manuscript and approved the submission.
 

ORCID  
Pranita V. Raithak: 0000-0003-2418

Arvind Dhabe: 0000-0001-6734-5802

Sandeep T. Atkore: 0000-0002-0668

Ravi Varala: 0000-0002-6466-9454

Conflict of Interest 
All the authors declare no potential conflicts 

of interest. 
 

References 
1. Yasunaka, K., Abe, F., Nagayama, A., Okabe, 

H., Lozada-Pérez, L., Lopez
Muniz, E. E. Antibacterial activity of crude 
extracts from Mexican medicinal plants an
purified coumarins and xanthones. 
Ethnopharmacology 2005
doi:10.1016/j.jep.2004.11.014. 

2. Yob, N. J., Jofrry, S. M., Affandi, M. M., Teh, 
L. K., Salleh, M. Z., Zakaria, Z. A. 
Corrigendum to “Zingiberzerumbet(L.) Smith: 
A Review of Its Ethnome
and Pharmacological Uses.” 

), 54-61 

59 
 

valuables from root 

To our knowledge, it's the first work to provide 
thorough metabolite profiling of a methanolic excerpt 

root utilising the HR-LCMS 
method. According to our findings, B. aristata root is 
a supplier of key compounds that contribute 
phytopharmacology activity, such as antioxidant 
action, phytochemical research, & antibacterial 

ASD and STA are 
sincerely obliged to IIT, Bombay for ESI-Q-TOF-MS 
high resolution liquid chromatograph mass 

LCMS) analysis. The researchers 
Arvind S. Dhabe  Botany 

Department Head, Dr. B.A.M. University, 
Aurangabad to provide research facility. 

PVR and AD: data collection, analysis, 
conceived, designed and performed the experiments; 
STA and RV: wrote and formatted the manuscript for 
publication; All the authors have read the final 
manuscript and approved the submission. 

2418-8637 

5802 

0668-9027 

9454 

All the authors declare no potential conflicts 

Yasunaka, K., Abe, F., Nagayama, A., Okabe, 
Pérez, L., Lopez-Villafranco, E., 

Muniz, E. E. Antibacterial activity of crude 
extracts from Mexican medicinal plants and 
purified coumarins and xanthones. J. 

2005, 97, 293. 
doi:10.1016/j.jep.2004.11.014.  
Yob, N. J., Jofrry, S. M., Affandi, M. M., Teh, 
L. K., Salleh, M. Z., Zakaria, Z. A. 
Corrigendum to “Zingiberzerumbet(L.) Smith: 
A Review of Its Ethnomedicinal, Chemical, 
and Pharmacological Uses.” Evidence-Based 



CJST  Caribbean Journal of Science and Technology, 2021, 9(1), 54-61 

60 
 

Complementary and Alternative Medicine 
2016, 1, 1. doi:10.1155/2016/8621824.  

3. Hamburger, M., Hostettmann, K. Bioactivity 
in plants: The link between phytochemistry 
and medicine. Phytochemistry 1991, 30, 3864. 
doi:10.1016/0031-9422(91)83425-k. 

4. Sharma, K., Bairwa, R., Chauhan, N., 
Shrivastava, B., Saini, N. K. Berberis aristata: 
A review. Int. J. Res. Ayurveda Pharma 2011, 
2, 383. 

5. Bhawana, R., Juhi, S., Sameksha, K., Kosha, 
R. L. Detailed Pharmacognostical studies on 
Berberis aristata D.C. plant. Anc. Sci. Life 
2013, 32, 234. 

6. Said, S. B., Naz, S. Phytochemical study of 
Berberis aristata. J .Basic & Appl. Sci. 2007, 
1B, 1. 

7. Blasko, G. Karachine. An usual 
Protoberberine alkaloid. J. Am. Chem. Soc. 
1982, 104, 2039. 

8. Bhakuni, D. S., Shoheb Popali,  S. P. 
Medicinal Plants: Chemical constituents of 
Berberis aristata. Ind. J. Chem. 1968, 6, 123. 

9. Das, S., Das, M. K., Mazumdar, P. M., Das, 
B., Basu, S. P. Cyctoxic activity of methanolic 
extract of Berberis aristata DC on colon 
cancer. Glob. J. Pharmacology 2009, 3, 137.  

10. Kirthikar, K. R., Basu, B. D. Indian Medicinal 
Plants. I. Dehradun: International Book 
Distributors. 2005, 1064. 

11. Russell, W., Duthie, G. Plant Secondary 
metabolites and gut health: The case for 
phenolic acids. Proc. Nutr. Soc. 2011, 70, 389. 

12. Belwal, T., Bisht, A., Devkota, H. P., Ullah, 
H., Khan, H., Pandey, A., Bhatt, I. D., 
Echeverria, J. Phytophyarmacology and 
clinical updates of Barberis species against 
diabetes and other metabolic diseases. 
Frontiers in Pharmacology 2020, 18, 11. 

13. Potdar D. Hirwani RR. Dhulap S. Phyto-
chemical and pharmacological application of 
Berberis aristata. Fitoterapia, 2012, 83, 817. 

14. Bhatt, L. R., Wagle, B., Adhlkari, M., Bhusal, 
S., Giri, A., Bhattaral, S. Antioxidant avtivity, 
total phenolic and flavonoid content of 
berveris aristata DC. and berberis 
thomsoniana C.K. Schneid from Sagarmatha 
National Park, Nepal, Pharmacognosy J, 
2018, 10, S167.  

15. Sood, H., Kumar, Y., Gupta, V. K., Arora, D. 
S. Scientific validation of the antimicrobial 
and antiproliferative potential of berberis 
aristata DC root bark, it’s phytoconstitutents 
and their biosagety, AMB Expr. 2019, 9, 143. 

16. Thakur, M., Sharma, K., Mehta, S., Rai, S., 
Sharma, I., Tripathi, A. Phytochemicals, 
Antimicrobial and Antioxidant Potential of 
Methanolic extract of berberis aristata roots. 
Research J. PharM. & Tech. 2020, 13, 5763.  

17. Wolfender, J. L., Marti, G., Thomas, A., 
Bertrand, S. Current approaches and 
challenges for the metabolite profiling of 
complex natural extracts. J. Chromato. A. 
2015, 1382, 136. 
doi:10.1016/j.chroma.2014.10.091.  

18. Balmer, D., Flors, V., Glauser, G., Mauch-
Mani, B. Metabolomics of cereals under biotic 
stress: current knowledge and techniques. 
Frontiers. in Plant Sci. 2013, 4. 
doi:10.3389/fpls.2013.00082.  

19. Ferrer, I., García-Reyes, J. F., Mezcua, M., 
Thurman, E. M., Fernández-Alba, A. R. 
Multi-residue pesticide analysis in fruits and 
vegetables by liquid chromatography–time-of-
flight mass spectrometry. J. Chromato A. 
2005, 1082, 81. doi:10.1016/ 
j.chroma.2005.03.040.  

20. Naz, S., Gallart, A. H.., Reinke, S. N., 
Mathon, C., Blankley, R., Chaleckis, R., 
Wheelock, C. E. Development of a Liquid 
Chromatography–High Resolution Mass 
Spectrometry Metabolomics Method with 
High Specificity for Metabolite Identification 
Using All Ion Fragmentation Acquisition. 
Anal. Chem. 2017, 89, 7933. 
doi:10.1021/acs.analchem.7b00925.  

21. Hamilton, R. J. Tarascon pocket 
pharmacopoeia: classic shirt-pocket 
edition (27 ed.). Burlington, Ma.: Jones & 
Bartlett Learning ; 2013, 111. 

22. Shukla, S., Shukla, A., Mehboob, S., Guha, S. 
Meta-analysis: the effects of gut flora 
modulation using prebiotics and synbiotics on 
minimal hepatic encephalopathy. Alimentary 
Pharmacology & Therapeutics. 2011, 33, 662. 

23. Elks, J. The Dictionary of Drugs: Chemical 
Data: Chemical Data, Structures and 
Bibliographies. Springer 1252. 2014; ISBN 



CJST  Caribbean Journal of Science and Technology, 2021, 9(1), 54-61 

61 
 

978-1-4757-2085-3.  
24. Liu, X., Obianyo, O., Chan, C. B., Huang, J., 

Xue, S., Yang, J. J., Zeng, F., Goodman, M., 
Ye, K. Biochemical and biophysical 
investigation of the brain-derived neurotrophic 
factor mimetic 7,8-dihydroxyflavone in the 
binding and activation of the TrkB receptor. J. 
Biol. Chem. 2014, 289 (40), 
27571. doi:10.1074/jbc.M114. 562561. 

25. Liu, X., Chan, C. B., Jang, S. W., Pradoldej, 
S., Huang, J., He, K., Phun, L. H., France, S., 
Xiao, G., Jia, Y., Luo, H. R., Ye, K. A 
synthetic 7,8-dihydroxyflavone derivative 
promotes neurogenesis and exhibits potent 
antidepressant effect.  J. Med. Chem. 2010, 
53(23), 8274. doi:10.1021/jm101206p. 

26. Chen, C., Wang, Z., Zhang, Z., Liu, X., Kang, 
S. S., Zhang, Y., Ye, K. The prodrug of 7,8-
dihydroxyflavone development and 
therapeutic efficacy for treating Alzheimer's 
disease. Proc. Natl. Acad. Sci. U.S.A. 2018, 
115 (3), 578. doi:10.1073/pnas.1718683115.  

27. Lin, S.W., Lin, C. J., Yang, J. C. Rifamycin 
SV MMX for the treatment of traveler’s 
diarrhea. Expert Openion on 
Pharmacotherapy, 2017, 18(12), 1269. doi: 
10.1080/14656566.2017.1353079.    

28. Curatolo, A., Darcangelo, P., Lino, A., 
Brancatia Distribution of N-Acetyl-Aspartic 

And N-Acetyl-Aspartyl-Glutamic Acids In 
Nervous Tissue. J. Neurochem.  1965, 12(4), 
339. doi:10.1111/j.1471-4159.1965. tb06771 
.x.  

29. National Institute for the Control of 
Pharmaceutical and Biological Products. 
China Ethnomedicine Record, Vol.1. Beijing: 
People’s Medical Publishing House; 1984, 
212. 

30. Srinivasan, K. Black pepper and its pungent 
principle-piperine: A review of diverse 
physiological effects. Crit Rev Food Sci and 
Nutri. 2007, 47(8), 735. doi: 
10.1080/1040890601062054.  

31. English, J. Jr., Bonner, J., Haagen-Smit, A. J. 
Structure and synthesis of a plant wound 
hormone. Science, 1939, 90, 329. 

32. Miner, J. R., Burton, J. H. "Clinical practice 
advisory: Emergency department procedural 
sedation with propofol". Annals of Emergency 
Medicine. 2007, 50(2), 182. 

33. Babu, D. K. M. ., Mounika, P. G. ., Kumar, R. 
J. S. D. P. ., Priyanka, N. ., & Sravani, A. D.  
Evaluation of Antidepressant Activity of 
Plocama pendula root extract. Carib. J. Sci. 
Tech.(CJST), 2020, 8(1), 025. 
https://caribjscitech.com/index.php/cjst/article
/view/73.

 


