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Background: The crude extracts from Bupleurum subovatum plant were used to
screen the presence of secondary metabolic products, to estimate the total phenol
content and free radical scavenging activity for the plant extracts.
Methods:Antioxidant activity was evaluated by using 2,2-diphenyl-1-picryl-hydrazylhydrate (DPPH) assay, while total phenol content was determined by using Folin
Ciocalteu' s method. Result:The phytochemical analysis confirmed the presence of
phenol, proteins, starch, reducing sugars, tannins, volatile oils, cardiac glycosides,
steroid, and huge amounts of saponins. Total phenolic content in the methanolic
extract was 9.05 mg/g Gallic acid. At the same time, methanolic extract showed a mild
potential oxygen free radical scavenging ability as well as the IC50 for the plant was
18.60 ± 0.36 µg/ml, which justified its uses in the folkloric medicine and could be
further subjected for the isolation of their therapeutic active compounds.
Conclusion:The results of this study revealed the antioxidant activity and confirmed
the therapeutic usage of Bupleurum subovatum in the traditional medicine.
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Introduction
Crude herbal products and their isolated compounds
have been traditionally used for the treatment of
various diseases; they are still the richest source for
novel medications to elevate the human health care
systems all over the word.1,2 Moreover, it estimated
that about 60% of the dosage forms in the
pharmaceutical markets were derived from natural
products.3
In the recent years, there is a growing interest in the
utilizations of herbal products. Among medications
prescribed by physicians worldwide, about 25% were
from herbal origin and 11% are exclusively from pure
herbal origin as digoxin, theophylline and
physostigmine. Large number of the prescribed drugs
are semi-synthetic medications synthesized from
natural precursors combined with synthetic chemicals
as neostigmine from physostigmine, aminophylline
from theophylline and others.4
A genus Bupleurum is wildly distributed in the nature
with 200 species especially in the northern regions of
the hemisphere, North Africa and Eurasia. It belongs to
the Apiaceae (Umbelliferae) family, only 150 species
of them screened phytochemically and biologically.

However, our studied species in this research are not
yet mentioned in any literature.5
Bupleurum subovatum English common names are
lance leaf and thorow-wax while the synonym Latin
scientific names are Bupleurum aegyptiacum Wild. Ex
Steud, Bupleurum granulatum Gaudin, Bupleurum
intermedium (Loisel.) Steud., Bupleurum lancifolium
subsp. subovatum (Link ex Spreng.) O. Bolos and
Vigo, Bupleurum panacifolium Hornem. ex Steud.,
Bupleurum perfoliatum var. longifolium Desf.,
Bupleurum protractum Hoffmanns. & Link, Bupleurum
rotundifolium subsp. intermedium (Loisel.) DC.,
Bupleurum savignonii De Not. It is annual herbaceous
plant, about 50 cm tall with hermaphrodite and
compound umbel borne on a peduncle entire, smooth or
very finely granulose yellow flowers, the stems are
glabrous, waxy, hairless and erect, the leaves are dark
green, simple, apiculate, perfoliate, nearly lanceted to
oval shaped, narrow, alternates with a smooth and
entire cartilaginous margins, the fruits are strongly
tuberculate and have schizocarp form.6-8
B. subovatum plant grows wildly and widely in
Palestinian territory, especially in the Semi-steppe,
deserts, woodlands, fields and scrublands areas.9-11
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Early 19th century studies on the B. subovatum plant
focused only on the folk uses. The plant leaves were
used for treatment of various infectious diseases and
inflammations,12-13 while the roots extracts were used
to treat hemorrhoids, brain
and gastrointestinal
disorders.14,15-17 The leaves were also used for female
reproductive problems,18 improving the liver functions
and the whole plant is traditionally used for prevention
and treatment of cancers.19
Recently, published studies proved the presence of
several compounds in Bupleurum plant which have
relevant physio-biological activities. These ingredients
are triterpenoid sapogenin (saikosaponins),20,21 volatile
oils (germacrene D, pinene, heptanal, spathulenol,
undecane),22,23 complex polysaccharides,24 caffeic acid
derivatives,25 flavonoids,26 and lignans 14. The physiobiological activity of these compounds include
antiviral,27 immune-modulator,28 anti-ulcer 29 and antiinflammatory
activities30
and
antiproliferative
31
activity.
Saikosaponins-D and saikosaponons-A in particular
and other saikosaponins saponins have been proved to
have many pharmacological effects including
hepatoprotective,14 anthelmintic,32 anti-inflammatory,33
and analgesic activities.26
Materials and Methods
Collection and preparing plant materials
The B. subovatum plant was collected in June, 2014
from the mountains of Jerusalem/Palestine. The plant
was botanically identified by Dr. Nidal Jaradat from the
Pharmacy Department at An-Najah National
University. Voucher specimen was deposited in the
Herbarium of the Pharmaceutical Chemistry and
Technology Division (Laboratory of Pharmacognosy)
and its voucher specimen code is (Pharm-PCT-453).
All plant parts were dried at controlled temperature (25
± 2 ᵒC) and humidity (55 ± 5 RH). The plant materials
were then powdered using mechanical grinder and
placed into a well closed glass containers for future
use.
Instrumentation
Shaker device (Memmert shaking incubator, Germany),
rotary evaporator (Heidolph OB2000 Heidolph
VV2000, Germany), spectrophotometer (Jenway 7135,
UK), freeze dryer (Mill rock technology, model BT85,
Danfoss, china), grinder (Moulinex model, Uno,
China), balance (Rad wag, AS 220/c/2, Poland), filter
paper (Machrery-Nagel, MN 617 and Whatman no.1,
USA).
Chemical Reagents
For phytochemical screening the following reagents
were used: Millon’s reagent (Gadot, USA), Ninhydrain
solution (Alfa Agar, England), Benedict’s reagent
(Gadot, USA), Molish’s reagent, H2SO4 and iodine
solution (Alfa aesar, England), NaOH (Gadot, USA),
chloroform and HCl (Sigma Aldrich, Germany)
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magnesium ribbon and acetic acid (frutarom LTD,
Haifa), FeCl3 (Riedeldehan, Germany).
Total phenol content: Folin-Ciocalteu reagent was
purchased from Sigma Aldrich, Germany.
For evaluation of antioxidant activity the following
reagents were used: Methanol (Lobachemie, India), nhexane (Frutarom LTD, Haifa), Trolox ((s)-(-)-6
hydroxy -2, 5, 7, 8-tetramethychroman- 2-carboxylic
acid) (Sigma Aldrich, Germany), 2,2-Diphenyl-1picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany).
Preparation of plant extracts for phytochemical
screenings
The phytochemical extraction was performed using
organic solvent which was performed by Soxhlet
apparatus taking 20 gm of dried powdered plant with
250 ml of methanol. The extract was then heated using
water bath at 35 ºC until all the solvent evaporated. The
dried plant crude extract was kept in refrigerator at 2-8
ºC for further use.
The aqueous extraction was performed by taking five
grams of the powdered plant and mixed with 200 ml of
deionized water in a beaker. The mixture was heated to
30-40 ºC and mixed with continuous stirring for 20
minutes. The mixture was filtered and the filtrate was
used for the further phytochemical analysis.
Preparation of plant extracts for antioxidant
evaluation
The grounded plant powder (10g) was soaked in 1 liter
of methanol (99%) and placed in a shaker device at 100
rounds per minute for 72 hours at room temperature.
Then it was stored in refrigerator for 4 days. The
extract was then filtered using whatman filter paper
no.1 and concentrated under vacuum on a rotator
evaporator. Finlay, the crude extract was stored at 4 ºC
in the refrigerator for further use.
Antioxidant activity
Trolox standard and plant working solutions
A stock solution of a concentration of 1 mg/ml in methanol was prepared for the plant extract and trolox. The
working solutions of the following concentrations (1, 2,
3, 5, 7, 10, 20, 30, 40, 50, 80, 100 μg/ml) were
prepared by serial dilution with methanol from the
stock solution.
Spectrophotometric measurements
DPPH was freshly prepared at a concentration of 0.002
% w/v. The DPPH solution was mixed with methanol
and the above prepared working concentration in a
ration of 1:1:1 respectively. The solutions were
incubated in dark for 30 minute at room temperature
before the absorbance readings were recorded at 517
nm.
Percentage of inhibition of DPPH activity
The percentage of antioxidant activity of the plant and
the Trolox standard were calculated using the following
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formula:
Percentage of inhibition of DPPH activity (%):
(A-B)/A ×100%
Eq.(1)
Where: A, is the optical density of the blank and B, is
the optical density of the sample.
The antioxidant half maximal inhibitory concentration
(IC50) for the plant samples and the standard were
calculated using BioDataFit edition 1.02 (data fit for
biologist).
Phytochemical qualitative analysis
The plant aqueous and methanolic extracts were
screened for the presence of the phytochemical classes
using the standard following methods.34 Testing for
proteins was performed using Millon’s test by mixing 2
ml of Millon’s reagent to test the presence of protein in
the plant. The Ninhydrin test was also carried out by
boiling 2 ml of 0.2% Ninhydrin solution to test the
presence of proteins and amino acids. The presences of
carbohydrates were performed using different test.
These include Fehling’s test to test the presence of
reducing sugars. Benedict’s reagent test was also
performed to test the presence of carbohydrates.
Moreover, Molisch’s solution test carried out to
confirm the presence of the carbohydrate. Testing for
phenols and tannins was performed by mixing FeCl3
solution with the crude extract to test for the presence
of tannins and phenols.
The presence of flavonoids was tested using Shinoda
test. Testing for saponins was performed by taking five
milliliter of distilled water then added to crude plant
extract in a test tube and it was shaken vigorously. The
foam formation indicated the presence of saponins.
Testing for glycosides was done using Liebermann’s
test to test for the presence of aglycone steroidal part of
glycosides and Salkowski’s test was performed to
examine the presence for steroidal aglycone part of the
glycoside. Keller-kilani test was performed to examine
for the entity of cardiac steroidal glycosides. Test for
steroid was performed by taking two milliliter of
chloroform and concentrated H2SO4 and were then
mixed with the crude plant extract in the lower
chloroform layer to produce red color that indicates the
presence of steroids. Another test was performed by
mixing 2 ml of each of acetic acid with H2SO4
concentrated and crude extract with 2 ml of
chloroform. Green color indicated the entity of steroids.
Testing for terpenoids was performed by mixing two
milliliter of chloroform with the plant extract and
evaporated on the water path then boiled with 2 ml of
H2SO4 concentrated. A grey color produced indicates
the entity of terpenoids.
Determination of total phenol content
Total phenol content in the plant was determined using
methanolic extracts by spectrophotometric method with
some modifications.35 1 mg/ml aqueous solutions for
both methanolic extracts were prepared in the analysis.
The reaction mixture was prepared by mixing 0.5 ml of

plant extract solution, 2.5 ml of 10% Folin-Ciocalteu’s
reagent dissolved in water and 2.5 ml of 7.5% of
NaHCO3 aqueous solution. The samples were
thereafter incubated in a thermostat at 45 ºC for 45
minutes. The samples were prepared in triplicate for
each analysis and the mean value of absorbance was
obtained using spectrophotometer at wave length 765
nm. The same procedure was repeated for the standard
solution of Gallic acid and the calibration line was
construed. Based on the measured absorbance, the
concentration of Gallic acid equivalent expressed in
terms of (mg of GA/g of extract).36
Data analysis
The antioxidant activity was reported as percentage of
inhibition. The inhibition of B. subovatum plant and
Trolox standard at different concentrations were plotted
and tabulated. The IC50 for each of them was calculated
using the BioDataFit fitting program in which the
sigmoidal fitting model was the adapted model.
Results and Discussion
In the recent time discovering and exploring a
pharmacological potential drugs for treatment and
prevention of cancer and Alzheimer’s disease
(antioxidant agents) from natural plant products still the
main scope for many of the pharmaceutical research
centers and scientists all over the world.37,38
The Phytochemical screening tests results for B.
subovatum extract showed that the plant contain
various phytochemical compounds such as cardiac
glycosides, proteins, starch, reducing sugars, phenols,
volatile oil, tannins and steroids as well as the aqueous
plant extract had very high contents of saponins as
presented in Table 1.
Table 1. Phytochemical tests for the aqueous and methanolic
extracts of B. subovatum.

Phytochemical
compound
Cardiac glycosides
Alkaloids
Proteins and amino acids
Saponin
Starch
Reducing sugars
Phenols
Volatile oils
Tannins
Flavonoids
Steroids

Aqueous
extract
+
++
++++
++
+
+
++
++
+

Methanolic
extract
+
+
++
++
+++
++
++
+

Where; (-) means the absence of the content, (+) means low
content, (++) means mild content and (+++) means high
content.

The estimation of total phenol in the extracts was
determined using Folin Ciocalteu's method and the
standard compound (Gallic acid).
The total phenols results were expressed as mg/g Gallic
acid equivalent using the standard curve equation:
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Y = 0.011X + 0.0898, R2=0.9968
Eq.(2)
Where Y is Absorbance at 765nm and X is total phenol
in the plant extract.
The total phenolic content of the plant extract was
found to 9.05 mg Gallic acid equivalent/g of extract. It
is relatively not high content of phenolic compounds.
The free radical scavenging activity of the methanolic
extract of B. subovatum has been tested by DPPH
radical method using Trolox as a reference standard.
The concentration ranged from 1–100 μg/ml. The zero
inhibition was considered for the solution which
contained only DPPH without any plant extract. The
results are showed in Table 2, and the table readings
are explained in Figure 1.
Table 2. Percentage inhibition activity for Trolox and B.
subovatum.

Concentration
µg/ml
1
2
3
5
7
10
20
30
40
50
80
100
IC50

% of inhibition by
Trolox ±SD
40.6 ± 0.91
48.7 ± 1.32
56.09 ± 0.83
60.12 ± 1.98
80.12 ± 1.06
87.65 ± 1.66
88.21 ± 1.47
91.05 ± 2.71
91.46 ± 1.93
99.05 ± 2.79
99.05 ± 1.87
99.05 ± 2.64
2.75 ± 0.21

% of inhibition by
B. subovatum ±SD
19.29 ± 0.64
23.16 ± 0.74
23.59 ± 1.24
24.21 ± 1.02
24.21 ± 0.96
28.42 ± 1.14
35.79 ± 1.23
39.29 ± 1.04
53.68 ± 1.11
65.96 ± 1.43
95.79 ± 2.81
95.79 ± 1.77
18.60 ± 0.36
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100
80
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Figure 1. Antioxidant inhibition activity of Trolox standard and
B. subovatum.

The half maximal inhibitory concentration (IC50) was
18.60 µg/ml for B. subovatum and 2.75 µg/ml for
Trolox. The antioxidant activity of B. subovatum was
comparatively lower than Trolox reference standard
which is known to have high antioxidant activity.
Conclusion
In conclusion, the phytochemical screening of B.
subovatum proves that it consists of several secondary
208 | Pharmaceutical Sciences, December 2015, 21, 205-210

metabolic products (phenols, proteins, starch, reducing
sugars, tannins, volatile oils, cardiac glycosides,
steroids and saponins). In addition, this species showed
mild antioxidant activity; therefore, this finding
supports the traditional usage of B. subovatum in the
folk medicine. The reported activities are worthy for
further phytochemical and pharmacological studies and
possible isolation of active constituents responsible for
the activities demonstrated.
Conflict of interests
The author claims that there is no conflict of interest.
References
1. Bunalema L, Obakiro S, Tabuti JR, Waako P.
Knowledge on plants used traditionally in the
treatment of tuberculosis in uganda. J
Ethnopharmacol
2014;151:999-1004.
doi:10.1016/j.jep.2013.12.020
2. Ngarivhume T, Vant Klooster CI, De Jong JT, Van
der Westhuizen JH. Medicinal plants used by
traditional healers for the treatment of malaria in the
chipinge district in zimbabwe. J Ethnopharmacol
2015;159:224-237. doi:10.1016/j.jep.2014.11.011
3. Molinari G. Natural products in drug discovery:
Present status and perspectives. Pharmaceutical
Biotechnology. New York:Springer; 2009:13-27.
doi:10.1007/978-1-4419-1132-2_2
4. Rates S. Plants as source of drugs. Toxicon
2001;39:603-613.
doi:10.1016/s00410101(00)00154-9
5. Davis PH, Mill R, Tan K. Flora of turkey and the
east aegean islands. Turkey: Edinburgh University
Press; 1988.
6. Ma XG, Zhao C, Wang CB, Liang QL, He XJ.
Phylogenetic analyses and chromosome counts
reveal multiple cryptic species in bupleurum
commelynoideum (apiaceae). J Syst Evol
2014;53:104-116. doi:org/10.1111/jse.12122
7. Pimenov M, Sutory K. Name typification of
umbelliferae taxa described by joseph franz freyn.
Plant
Biosyst
J
2014;148:1102-1111.
doi:10.1080/11263504.2014.980363
8. Pan SL. Bupleurum species: Scientific evaluation
and clinical applications. Boca Raton: CRC Press;
2006.
9. Danin A. A rare mediterranean enclave at the dead
sea shores. Israel Journal of Botany 1981;30:99101. doi:10.1080/0021213X.1981.10676912
10. Leu S, Mussery AM, Budovsky A. The effects of
long time conservation of heavily grazed shrubland:
A case study in the northern negev, israel. Environ
Manage 2014;54:309-319. doi:10.1007/s00267014-0286-y
11. Atkinson WD, Gammerman A. An application of
expert
systems technology to biological
identification.
Taxon
1987;36:705.
doi:10.2307/1221121
12. Ashour ML, Wink M. Genus bupleurum: A review

Quantitative and Qualitative Tests for Bupleurum subovatum

of its phytochemistry, pharmacology and modes of
action. J Pharm Pharmacol 2011;63:305-321.
doi:10.1111/j.2042-7158.2010.01170.x
13. Hiroshima Y, Bando M, Inagaki Y, Kido R,
Kataoka M, Nagata T, et al. Effect of
hangeshashinto on calprotectin expression in human
oral epithelial cells. Odontology 2015:1-11.
doi:10.1007/s10266-015-0196-3
14. Sui C, Chen M, Xu J, Wei J, Jin Y, Xu Y, et al.
Comparison of root transcriptomes and expressions
of genes involved in main medicinal secondary
metabolites from bupleurum chinense and
bupleurum scorzonerifolium, the two chinese
official radix bupleuri source species. Physiol Plant
2015;153:230-242. doi:10.1111/ppl.12254
15. Song M, Kim H, Lee B-Y, Brian H. Analysis of
traditional knowledge of medicinal plants from
residents in gayasan national park (korea). J
Ethnobiol
Ethnomed
2014;10:74.
doi:10.1186/1746-4269-10-74
16. Jang M-J, Kim YS, Bae EY, Oh T-S, Choi H-J, Lee
J-H, et al. Saikosaponin d isolated from bupleurum
falcatum inhibits selectin-mediated cell adhesion.
Molecules
2014;19:20340-20349.
doi:10.3390/molecules191220340
17. Li X, Sun M, Zhao Z, Yang J, Chen K. Research on
effect of minor bupleurum decoction of
proliferation and apoptosis of esophageal cancer
cell strain eca-109 cell. Pak J Pharm Sci
2014;27:1675-1679.
18. Zhu S, Liu D, Huang W, Wang Q, Wang Q, Zhou
L, et al. Post-laparoscopic oral contraceptive
combined with chinese herbal mixture in treatment
of infertility and pain associated with minimal or
mild endometriosis: A randomized controlled trial.
BMC Complement Altern Med 2014;14:222.
doi:10.1186/1472-6882-14-222
19. Hamedi A, Farjadian S, Karami MR.
Immunomodulatory properties of trehala manna
decoction
and
its
isolated
carbohydrate
macromolecules. J Ethnopharmacol 2015;162:121–
126. doi:10.1016/j.jep.2014.12.064
20. Law BY-K, Mo J-F, Wong VK-W. Autophagic
effects of chaihu (dried roots of bupleurum
chinense dc or bupleurum scorzoneraefolium wild).
Chin Med 2014;9:21. doi:10.1186/1749-8546-9-21
21. Liang Z, Oh K, Wang Y, Yi T, Chen H, Zhao Z.
Cell type-specific qualitative and quantitative
analysis of saikosaponins in three bupleurum
species using laser microdissection and liquid
chromatography–quadrupole/time of flight-mass
spectrometry. J Pharm Biomed Anal 2014;97:157165. doi:10.1016/j.jpba.2014.04.033
22. Altantsetseg S, Shatar S, Javzmaa N. Comparative
study of essential oil constituents of bupleurum
species from mongolia. Mong J Chem 2014;13:2830. doi:10.5564/mjc.v13i0.156
23. Yan J, Wei Y, Gu R. Study on composition of
essential oil in above-ground and root of bupleurum

malconense and root of b. Chinense by amdis and
retention index. China journal of Chinese materia
medica
2014;39:1048-1053.
doi:10.4268/cjcmm20140619
24. Tong H, Tian D, Li T, Wang B, Jiang G, Sun X.
Inhibition
of
inflammatory
injure
by
polysaccharides from bupleurum chinense through
antagonizing
p-selectin.
Carbohydr
Polym
2014;105:20-25. doi:10.1016/j.carbpol.2014.01.039
25. Haghi AH, Mehran M, H Hosseini G. Caffeic acid
derivatives from bupleurum chinense. Res Pharm
Sci 2014;9:323-330.
26. Gevrenova R, Kondeva-Burdina M, Denkov N,
Zheleva-Dimitrova D. Flavonoid profiles of three
bupleurum species and in vitrohepatoprotective
activity of bupleurum flavum forsk. Pharmacogn
Mag
2015;11:14-21.
doi:10.4103/09731296.149680
27. Ashour ML, El-Readi MZ, Hamoud R, Eid SY, El
Ahmady SH, Nibret E, et al. Anti-infective and
cytotoxic properties of bupleurum marginatum.
Chin Med 2014;9:4-11. doi:10.1186/1749-8546-9-4
28. Lin L-T, Hsu W-C, Lin C-C. Antiviral natural
products and herbal medicines. J Tradit
Complement Med 2014;4:24. doi:10.4103/22254110.124335
29. Chatterjee A, Bandyopadhyay SK. Herbal remedy:
An alternate therapy of nonsteroidal antiinflammatory drug induced gastric ulcer healing.
Ulcers 2014;2014:1-13. doi:10.1155/2014/361586
30. Liu S, Tsai H, Guo J, Lee L, Wen Y. Antiinflammatory effect and chemical composition of
bupleurum chinense and bupleurum kaoi. Nat Prod
Chem
Res
2014;2:2.
doi:10.4172/23296836.1000139
31. Mervai Z, Solyomváry A, Toth G, Noszal B,
Molnar-Perl I, Baghy K, et al. Endogenous enzymehydrolyzed fruit of cirsium brachycephalum:
Optimal source of the antiproliferative lignan
trachelogenin regulating the wnt/β-catenin signaling
pathway in the sw480 colon adenocarcinoma cell
line.
Fitoterapia
2015;100:19-26.
doi:10.1016/j.fitote.2014.10.017
32. Zhu S, Ling F, Zhang Q, Liu G, Tu X, Jiang C, et
al. Anthelmintic activity of saikosaponins a and d
from radix bupleuri against dactylogyrus spp.
Infecting goldfish. Dis Aquat Organ 2014;111:177182. doi:10.3354/dao02789
33. Xu W, Wang S, Meng X, Bao Y, Pan Y, Han L.
Studies on activity of effective components in
qizhiweitong granules based on anti-inflammatory
and analgesic effect. Lishizhen Medicine and
Materia Medica Research 2013;2:19-27.
34. Fathiazad F, Matlobi A, Khorrami A,
Hamedeyazdan S, Soraya H, Hammami M, et al.
Phytochemical screening and evaluation of
cardioprotective activity of ethanolic extract of
ocimum basilicum l.(basil) against isoproterenol

Pharmaceutical Sciences, December 2015, 21, 205-210 | 209

Jaradat et al.

induced myocardial infarction in rats. Daru
2012;20:87. doi:10.1186/2008-2231-20-87
35. Sumczynski D, Bubelova Z, Sneyd J, Erb-Weber S,
Mlcek J. Total phenolics, flavonoids, antioxidant
activity, crude fibre and digestibility in nontraditional wheat flakes and muesli. Food Chem
2015;174:319-325.
doi:10.1016/j.foodchem.2014.11.065
36. Slinkard K, Singleton VL. Total phenol analysis:
Automation and comparison with manual methods.
Am J Enol Vitic 1977;28:49-55.

210 | Pharmaceutical Sciences, December 2015, 21, 205-210

37. Lundkvist J, Halldin MM, Sandin J, Nordvall G,
Forsell P, Svensson S, et al. The battle of
alzheimer’s disease–the beginning of the future
unleashing the potential of academic discoveries.
Front
Pharmacol
2014;5.
doi:10.3389/fphar.2014.00102
38. Rizvi SI, Jha R. Strategies for the discovery of antiaging compounds. Expert Opin Drug Discovery
2011;6:89-102.
doi:10.1517/17460441.2011.
533653

