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Abstract:

Seasonal and geographical variations have impact on secondary plant metabolites in medicinal plants. In the
present study an attempt was made to evaluate the phytochemical variation and its effect on the medicinal properties
of Tribulus terrestris which was collected from two different seasons (Summer and winter) and from two different
geographical regions i.e. Rafha, and Riyadh, Saudi Arabia (hot desert climate) and Bangalore, India (tropical
savanna climate).The amount of Phenolic acids and flavonoids was evaluated by Folin ciocalteu method and
Aluminum chloride colorimetric method respectively. Anti-oxidant activity was carried out for all the extracts by the
DPPH method .The results revealed that the amount of phenolic acid and flavonoid was found to be higher i.e. 428
ugm and 295 ugm respectively in TT1-S which was in the sample collected during summer from the Rafha region.
To further investigate the best season of collection of samples in Rafha, HPLC analysis was carried out for TTI-S
and TT1 —W extracts using rutin and gallic acid as the standards; the amount of rutin and gallic acid was found to
be higher in TTI-S. Furthermore analgesic activity was carried out for these extracts and the sample collected
during summer exhibited significant activity when compared to the sample collected during winter. The results of
this study give evidence that the season and geographical variations bring about a change in the plant metabolites
which in turn affect the medicinal properties .From the results it is evident that the best season to collect the plant is
during summer in Rafha as the amount of phytoconstituents is found to be more during this season
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INTRODUCTION:

The variability in the phytoconstituents in medicinal
herbs due to genetic, cultural and environmental
factors has made the use of herbal medicines more
challenging. Season and geographical variations has
impact on secondary plant metabolites (active
principles) in medicinal plants. The therapeutic
efficacy of the plants varies during different times or
seasons of the year. The quantity of the
phytoconstituents varies quantitatively at different
seasons of the year and the majority of plants are
usually collected during season when the herbs are at
peak maturity and concentration [1]. Literature in the
ancient Ayurvedic texts has mentioned the awareness
of the physicians about relation between period of
collection and distribution of active principles [2].
Secondary metabolites play a major role in the
adaptation of plants to the environment.
Environmental factors like temperature, humidity,
light intensity, etc influence the growth of a plant and
secondary metabolite production [3]. Literature
reveals that temperature stress can affect the
secondary metabolites and other compounds that
plants produce which are usually the basis for their
medicinal activity [4,5]. Many researchers have
demonstrated that plants collected from different
geographical regions are diverse in the chemical
composition[6,7]

Tribulus terrestris is an annual or perennial herb,
belonging to the family Zygophyllaceae .It is
commonly referred to as English plantain, buckhorn
plantain, and lamb's tongue. In Arabic it is called by
various names some of them being Darisa , dacn-ash-
sheikh; kharshoom-an-naga; kotaba.

The plant is native to warm temperate and tropical
regions of the Old World in Southern Europe,
southern Asia, throughout Africa, and Australia. It
can survive even in desert climate [8]. It is known for
its use in the traditional medicine of many countries
for treatment of cardiac diseases, edema, skin itch,
acute conjunctivitis, headache, vertigo, edema,
abdominal distention, anthelmentic, vitiligo .1t is also
used in the folk medicine of India in Ayurveda for its
anti-urolithiatic, diuretic and aphrodisiac properties
[8-11]. Local Bedouin use the plant in the treatment
of urinary disorders, impotency, and liver diseases.
The seeds are used to treat hemorrhages, kidney stone
and gout. The fruit is considered to be tonic, diuretic,
aphrodisiac and hepatoprotective .The other activities
reported are in infertility therapy antioxidant, tective ,
anti-inflammatory, antispasmodic, anti-
hyperglycemic, cardio protective, antitumor [12-19]
In the present study an attempt was made to evaluate
the phytochemical variation in the plants collected
from two different seasons(Summer and winter) and
from two different geographical regions i.e. Ratha
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and Riyadh, Saudi Arabia (hot desert climate) and
Bangalore, India( tropical savanna climate).

Rafha is a town in the Northern Border province of
Saudi Arabia close to the border with Iraq. It is
located at around 29°38'19"N 43°30'5"E. It is the
second largest city in the Northern Borders Province
(also known as Al-Hudud ash Shamaliyah). Kdppen-
Geiger climate classification system classifies its
climate as hot desert [20].

Bangalore is the capital of South Indian state of
Karnataka, India; at a height of over 900 m (3,000 ft)
above sea level, Bangalore is known for its pleasant
climate throughout the year. It is located at 12.97°N
77.56°E. It has a tropical savanna climate (K&ppen
climate classification) [21]

MATERIALS AND METHODS:

1. Collection of the plant:

Tribulus terrestris which are wildly grown ,were
collected from (a)Ratha, Northern Border Province
Saudi Arabia, (b) Bangalore, Karnataka, India; in two
seasons i.e. summer and winter in 2016 and one
sample was collected from(c) Riyadh province
(winter).The samples were shade dried, pulverized
and stored in the research lab of Faculty of
Pharmacy,Ratha, Northern Border University . Hence
forth the sample collected from Ratha, Saudi Arabia
will be referred to as TT1 [TT1-S (Collected in
summer) and TT1-W (collected in winter)], Sample
collected from Bangalore, India will be referred to as
TT2 [TT2-S (Collected in summer) and TT2-W
(collected in winter)], while the sample collected
from Riyadh is TT3 [TT3-W (collected in winter)]

2. Extraction of the plant material:

The different samples of the plant were subjected to
extraction with methanol. Extracts were collected,
evaporated and vacuum dried.

3. Phytochemical analysis:

3(a) Preliminary phyto chemical analysis: The
various extracts of the plant were subjected to
qualitative analysis for the phytoconstituents like
alkaloids, carbohydrates, glycosides, steroids,
tannins, proteins, amino acids and flavonoids as per
the standard procedures[22].

3(b) Determination of total phenolic content in
Tribulus terrestris [23]

The total phenolic content was estimated by the Folin
ciocalteu method for all the extracts. Different
concentrations of gallic acid were prepared using
methanol for plotting the standard graph. For the test
samples 1ml each was pipetted out and 9 ml of
distilled water was added. A blank was maintained by
taking 10 ml of distilled water and to this 1 ml of
Folin ciocalteu reagent was added. Mixed well, after
five minutes 10 ml of 7% standard sodium carbonate
solution was added to the flasks. Made up the volume
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of all the flasks up to 25 ml with distilled water. The
absorbance was recorded at 750 nm in the UV
spectrometer. A standard graph plotting absorbance
versus the concentration was obtained from the
standard gallic acid. The total phenolic content was
expressed as gallic acid equivalent.

3(c) Determination of flavonoids in 7ribulus
terrestris

The flavonoid content of the plant extracts was
evaluated by the Aluminum chloride colorimetric
method [23].The sample of the plant extract was
mixed with 1.5 ml of methanol, 0.1 ml of 1M
potassium acetate 0.1 ml of 10 % aluminum chloride
and 2.8 ml of distilled water .The absorbance of this
mixture was measured at 415 nm. A calibration curve
for the standard quercitin was obtained by taking
different dilutions. The total flavonoid contents were
calculated as quercitin equivalent from the calibration
curve by plotting the absorbance versus
concentration.

3(d).Colorimetric estimation of condensed tannins
by vanillin assay®:

Aliquots of the standard Catechin in the range of 50-
350 pg/ml were transferred to two sets of tubes and
the volume in each of the tubes was brought to 1 ml
by methanol. The tubes were incubated at 30° C in a
water bath. Five ml of working reagent was added at
an interval of 1 min to one set of the tubes and 5 ml
of 4 % HCI was added to the second set at intervals
of 1.0 min (blank).The samples were kept in the
water bath for 20 min and the absorbance was
recorded at 500 nm. The absorbance of the blank was
subtracted from that of the sample containing vanillin
reagent. The same procedure was followed for the
sample. The amount of condensed tannins contents
were calculated as Catechin equivalent from the
calibration curve of standard Catechin by plotting the
absorbance versus concentration.

3(e).HPLC Analysis

Shimadzu High Performance Liquid
Chromatographic system equipped with LC-10ATVP
pump, a rheodyne injector, SPD M10AVP Photo
Diode Array Detector in combination withCLASS-
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VP 6.12 SP5 integration software.Running conditions
included: injection volume 50 pl, mobile phase,
Acetonitrle : Phosphate buffer(0.005M) pH3, ratio of
70:30,rate, 1 ml/min, detection at 254nm, Elution
Type: Isocratic. Gallic and rutin were used as
standards and were identified by comparing the
chromatographic peaks with the retention time of the
standards.
4.Medicinal properties:
4(a)Anti-oxidant activity [24]:
The anti-oxidant activity of the extracts was
evaluated by using 1,1-Diphenyl-2-picryl-hydrazyl
(DPPH). The stock solution of the extracts was
prepared in methanol. The working solutions of the
extracts were prepared using suitable dilutions. The
anti-oxidant activity was determined based on the
radical scavenging effect of the stable 1,1-Diphenyl-
2-picryl-hydrazyl. DPPH was prepared as 0.002 %
solution in methanol and mixed with 1ml of both the
standard and the samples. The prepared solutions
were kept in the dark for %2 an hour and the
absorbance was measured at 517 nm.
The % absorbance was calculated using the formula:
% Absorbance = A — B x 100

A
Where A is the absorbance of the blank and B is the
absorbance of the sample.

4(b) Analgesic activity

The analgesic activity of TT1-S and TT1-W was
evaluated using Eddy’s hot plate [23]. Rats of either
sex weighing 250-275 g were used. The animals were
divided into groups; Group 1 served as the control,
group 2 as standard and group 3 and 4 were used for
the higher and lower dose of TT1-S while group 5
and 6 for TT1-W .The animals were placed on the hot
plate and the time taken for licking was be recorded.

RESULTS AND DISCUSSION:

Tribulus  terrestris were collected from the
geographical regions as shown in table 1. They were
shade dried in the research lab of Faculty of
Pharmacy, pulverized and stored until further use

Table 1: Geographical details:

Sample Place Latitude Longitude | Altitude Climate
ITT Ratha -Saudi Arabia 29°38'19"N | 43°30'5"E | 508m Hot desert
TT2 Bangalore —India 12.97°N 77.56°E 900 m Tropical savanna climate
TT3 Riyadh-Saudi Arabia | 24.7136° N | 46.6753° 612 m Hot desert
E
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Table 2: Amount of total phenolics, flavonoids and condensed tannins in the extracts

Extract Total phenolics Total flavonoid Condensed tannins
pHgm Mgm pgm

TT 1-S 428 295 212

TT 1-W 195 206 138

TT 2-S 325 218 282

TT2-W 238 124 230

W-TT3 186 210 200

The extracts were subjected to preliminary
phytochemical analysis which revealed that the plant
under investigation contained alkaloids, glycosides,
tannins, flavonoids, saponins, sterols, carbohydrates
and proteins. The deserts plants almost contain
variety of secondary metabolites like flavonoids and
phenolic acids to protect themselves from herbivores.
Thus it was valuable and interesting to perform a
comparative study selecting a plant that grows in a
desert as well as tropical climate and also to study the
variation in the amount of phytoconstituents due to
this change in the geographical terrain and at the
same time identifying the ideal season for collection.
Literature survey reveals that plant metabolites like
phenolic compounds, flavonoids, tannins sterols etc.
play an important role in many of the activities some
of which being the anti-oxidant and analgesic
activities [25]. The bioactive phytochemicals and
other secondary metabolites are particularly prone to
qualitative and quantitative variations depending on
several factors like temperature, season of collection,
developmental stages, geographical variation etc.
Secondary metabolites play an important role in the
adaptation of plants to the environment and in
overcoming stress conditions. Drought, high salinity,
and freezing temperatures are environmental
conditions that cause adverse effects on the growth
and metabolite production of the plant [26]. With an
aim to study the difference in the phytoconstituents
due to variation in season of collection and the
geographical source the total phenolic acids, total
flavonoids and condensed tannin content were
evaluated. The amount of total phenolics, flavonoids
and condensed tannins in the extracts are as shown in
table 2.

The amount of total phenolic acid was evaluated by
the Folin Ciocaltteu method. It is one of the
important methods for the quantification of plant
phenolics, it measures the amount of the substance
(sample) that is needed to inhibit the oxidation of the
reagent i.e. Folin Ciocaltteu reagent. It is evident
from the results of the phytochemical analysis that
the amount of phytoconstituents like flavonoids and
phenolic acids were significantly higher in the plant

collect during summer (TT1-S) from the desert
region of Rafha, Saudi Arabia. The sample collected
from Rafha and Riyadh Province during winter (TT1-
W and TT3-W respectively) did not show any
significant variation in the amount of phenolic acids
and flavonoids this could probably be because of
similarity in the climatic conditions. The amount of
phenolic acid was found to be more in TT1-S, i.e.
428 pugm, followed by TT2-S, i.e. 325 pgm of gallic
acid. Similarly the amount of flavonoids present in
TT1-S was the highest 295 pgm when compared to
the other extracts. The higher content of phenolic
acids and flavonids in TT 1-S maybe attributed to the
adaptation of plants to stress in the desert area.
Literature reveals that the plants those grow on low
nutrient soils and under harsh climatic conditions
(extreme temperatures, intense solar radiation, and
water scarcity) are specifically susceptible to oxidant
stress. Hence they have efficient defense systems. It
has been reported that the desert plants seem to
particularly adapt themselves so as to protect them
against the ravages of a harsh environment [27]. The
amount of condensed tannins was found to be more
in TT2-S i.e. 282 pgm while there was no significant
difference in the amount of condensed tannins in the
other extracts. A similar study conducted in Israel
reported higher content of anthocyanins, a class of
flavonoids in pomegranates from the desert climate
when compared to those from the Mediterranean
climate [28].

High performance liquid chromatography is one of
the important and popular methods for analysis of
plant extract. Each phytoconstituent has a
characteristic peak and is detected by the detector.
The HPLC analysis was carried out using rutin and
gallic acid as biomarkers representing the two
important class of phytoconstituents i.e. flavonoids
and phenolic acids. Rutin has been reported to be one
of the important bioactive phytoconstituents in
Tribulus Terrestris [29] .TT1-S and TT1-W extracts
were selected for HPLC analysis as the interest of our
research lies in finding out the period of collection of
this plant in Ratha, Saudi Arabia.
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HPLC analysis of the two extracts has shown a
difference in the amount of gallic acid and rutin.
Rutin showed a retention peak at 2.3 while gallic acid
showed a retention peak at 7.3.In the HPLC
chromatogram of the methanolic extract of TT1-S the
area under the curve for rutin was found to be
1122640 and for gallic acid it was found to be
2819753, while that for TT1-W the area under the
curve for rutin was found to be 466571 and for gallic
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acid was found to be 1607811. The result of the
HPLC analysis reveals that the amount of rutin and
gallic acid was found to be more in the TT1-S when
compared to TT1-W. The results indicate that the
season of plant growth influences the amount of
chemical constituents and summer season was ideal
for the collection of the plant as the amount of
phytoconstituents was more during this season.
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Table-3: Anti-oxidant activity of the extracts:

pg/m S -TT1 TT1-W S -2T1 TT2-W TT3-W

Abs % Inh | Abs %Inh Abs %Inh Abs %Inh Abs % Inh
10 0.030 90.32 0.061 80.32 0.040 87.09 0.045 85.48 0.070 77.41
20 0.027 91.29 0.056 81.93 0.038 87.74 0.040 87.09 0.065 79.03
40 0.023 92.58 0.051 83.54 0.035 88.70 0.041 86.77 0.063 79.67
80 0.019 93.87 0.048 84.51 0.030 90.32 0.037 88.06 0.054 82.58
100 0.019 93.87 0.047 84.83 0.025 91.93 0.030 90.32 0.050 83.87
120 0.018 94.19 0.044 85.80 0.021 93.22 0.028 90.96 0.044 85.80
140 0.017 94.51 0.041 86.77 0.020 93.54 0.025 91.93 0.042 86.45
180 0.017 94.51 0.038 87.74 0.020 93.54 0.024 92.25 0.041 86.77
200 0.016 94.83 0.037 88.06 0.019 93.87 0.021 93.22 0.041 86.77

Analgesic activity was evaluated by Eddy’s hot plate method for the extracts TT1-S and TT1-W .The results are as

shown in table 3.

Table 4: Analgesic activity of the methanolic extracts of TT1-S and TT1-W:

Reaction time in seconds
Groups Dose 0 min 15 min 30 min 60 min 120 min
Control 3.12+0.51 2.87+0.76 2.74+0.75 2.46+0.42 2.67+0.39
Indomethacin 2mg/ml | 3.09+0.15 4.3+0.36 +1.10*7.02 6.9+0.49* 6.68+£0.82
1TI-S 250mg 2.59+0.21 3.9+0.58 5.544+0.73 6.78 +0.66* 6.66+:0.96
500mg 2.82+0.70 7.5+£0.62* 8.9+0.28** 8.78+0.51%** +0.48*%7.43
TTI-W 250mg 2.63£0.29 4.69+1.09 5.99+1.03 5.07+1.46 4.55+1.21
500mg 2.98+0.30 7.2440.27* 8.1+1.01** +0.87%*8.3 7.33£1.57

All values are mean + SEM, n=5, *P<0.05 indicates significant and **P<0.001 is extremely significant when

compared with control

Taking forward the research to co-relate the effect of
phytoconstituents on medicinal properties. Anti-
oxidant activity was evaluated for all the five extracts
by DPPH method. The absorbance and % inhibition
of the extracts are as shown in the table-3.The results
revealed that TT1-S showed the best antioxidant
activity.

The analgesic activity was evaluated by Eddy hot
plate method. .Two doses were selected i.e. 250
mg/kg (lower dose) and 500 mg/kg (higher). The
extracts at the higher dose showed activity with in the
first 15 mts and lasted for about 120 mts.TT1-S
showed the highest activity at 30 mts which lasted for
about 120mts, while TT1-W showed highest activity
at 60 minutes . The hot plate model for analgesic
activity has been used to study centrally acting
analgesics. In these models, sensory nerves sensitize
the nociceptors and the involvement of endogenous
substances such as prostaglandins are minimized.
Therefore it can be suggested that these extracts may
be acting centrally. This method significantly
inhibited the two measureable behavioral components

of this method i.e. paw licking and jumping; which
are considered to be supraspinally integrated
indicating that the extracts may be acting on the
supraspinal level.

CONCLUSION:

From the results of our studies it was evident that the
season of collection and geographical source of the
plants play an important role in the phytoconstituents
of plants; this in turn affects the medicinal properties
of the plant. The amount of phytoconstituents was
more in the plant collected from the desert region.
And the best season for collection is summer as the
amount of phytoconstituents present in this sample
was more when compared to the sample collected
during winter season.

Acknowledgement:

The authors are grateful to the Deanship of Scientific
Research, Northern Border University, Saudi Arabia
for approving, providing necessary facilities and
financial support by; grant NO. 4721-PHM-2016-1-
6-F in 2016-2017.




TIAJPS 2017, 4 (05), 1045-1051

REFERENCES:

1.Singh A. A note on variation of active principles in
Indian Medicinal Plants and TIM formulations.
Ethnobotanical Leaflets, 2008; 12: 603- 606.

2.Jayanthy A, Prakash KU. Remashree AB.Seasonal and
Geographical Variations inCellular Characters and
Chemical Contents in Desmodium gangeticum (L.) DC. —
An Ayurvedic Medicinal Plant .Inter J Herb Med. 2013; 1
(1): 34-37

3.Schwartz E, Tzulker R, Glazer I, Bar-Ya'akov I,
Wiesman Z, Tripler E, Bar-llan I, Fromm H, Borochov-
Neori H, Holland D, Amir R. Environmental conditions
affect the color, taste, and antioxidant capacity of 11
pomegranate accessions fruits. J Agric Food Chem. 2009;
57(19):9197-209.

4.Zobayed SMA, Afreen F, Kozai T. Temperature stress
can alter the photosynthetic efficiency and secondary
metabolite concentrations in St. John’s wort. Plant Physio
Biochem.2005; 43:977-984.

5.Kirakosyan A, Seymour E, Kaufman PB, Warber S,
Bolling S, Chang SC. Antioxidant capacity of polyphenolic
extracts from leaves of Crataegus laevigata and Crataegus
monogyna (hawthorn) subjected to drought and cold stress.
J Agric Food Chem. 2003;51:3973-3976

6.Cuneyt C, Jolita R, Liudas I, Valdas J, Necdet C.
Changes in the content of bioactive substances among
Hypericum montbretii populations from Turkey. Rev Bras
Farmacogn.2014; 24:20-24.

7.Alok M, Versha P, Deepak K.Quantitative estimation of
Berberine content of Berberis asiatica from different
altitude of Garhwal Himalaya .Asian J Pharm Clin
Res.2014; 7(1): 165-167

8.Tian-SW, Li-Shian S, Shang-CK.Alkaloids and other
constituents from Tribulus terrestris. Phytochemistry,
1999; 50:14111-1415.

9.Yuan WH, Wang NL, Yang YI, Yao XS. Two Furostanol
Saponins from the Fruits of Tribulus terrestris. Chin J Nat
Med.2008;6:172-175.

10. Deepak M, Dipankar G, Prashanth D, Asha MK, Amit
A, Venkataraman BV.Tribulosin and b-sitosterol-D-
glucoside,the anthelmintic principles of Tribulus terrestris.
Phytomedicine, 2002;9:753-756

11.Amin A, Lotfy M, Shafiullah M,Adeghate E.The
protective effect of Tribulus terrestris in diabetes, Annals
of the New York Academy of Sciences.2006; 1084: 391—
401.

12.Abdul Rahman K. Al-Asmari, Abdulrahman M. Al-
Elaiwi, Md Tanwir A, Mohammad Tariq, Ahmed AE,
Saeed MA. A Review of Hepatoprotective Plants Used in
Saudi Traditional Medicine Evi Bas Comp Alter Med.2014
; ID 890842, 22 pages

13.Zheleva D, Obreshkova D, and Nedialkov P.Antioxidant
activity of Tribulus terrestris—a natural product in
infertility therapy. Inter J Pharm Pharma Sci. 2012; 4(4);
508-511.

14.Baburao B, Rajyalakshmi G, Venkatesham A, Kiran G,
Sunder AS, Rao BG. Anti-inflammatory and antimicrobial
activities of methanolic extract of Tribulus terrestris Linn.
Plant. Inter J Chem Sci. 2009; 7(3), 1867-1872.

Naira Nayeem et al

ISSN 2349-7750

15.Arcasoy B, Erenmemisoglu A, Tekol Y, Kurucu S,
Kartal M.Effect of Tribulus terrestris L. saponin mixture
on some smooth muscle preparations: a preliminary study,
Bollettino Chimico Farmaceutico. 1998; 137( 11), 473-
475.

16.Amina ES, Molham AH, Belges AT, Shaza AM. Anti-
hyperglycaemic Activity of Tribulus terrestris L Aerial
Part Extract in Glucose-loaded Normal Rabbits .Trop J
Pharma Res . 2015; 14 (12): 2263-2268

17.Sailaja KV, Shivaranjani VL, Poornima H,
Rahamathulla MS, Devi KL. Protective effect of Tribulus
terrestris L. fruit aqueous extract on lipid profile and
oxidative stress in isoproterenol induced myocardial
necrosis in male albino Wistar rats. Excli J .2013; 12: 373-
383.

18. Kumar M, Soni AK, Shukla S, Kumar A.
Chemopreventive potential of Tribulus terrestris against
7,12-  dimethylbenz (a) anthracene induced skin
papillomagenesis in mice., Asian Pac J Cancer Prev.
2006;7(2):289-94.

19. Angelova S, Gospodinova Z, Krasteva M, Antov G,
Lozanov V, Markov T, Bozhanov S, Georgieva E, Mitev V.
Antitumor activity of Bulgarian herb Tribulus terrestris L.
on human breast cancer cells. J Bio Sci Biotech 2013, 2(1):
25-32.

20.Ratha - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Ratha (retrieved on
11.5.2016)

21.Bangalore - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Bangalore  (retrieved  on
11.5.2016)

22.Shah CS, Quadry JS. 1995.A text book of
Pharmacognosy. New Delhi India:. Shah Prakashan
23.Naira Nayeem, Mohd. Imran .Phytochemical analysis
and pharmacological screening of some plants of Raftha,
Northern Border Province, Saudi Arabia .Inter J Bio Pharm
Alli Sci .5(4)873-886;2016

24 Naira Nayeem, Karverkar MD. Comparative Anti
Oxidant and Anti Bacterial ~Activity Screening of the
Isolated Compounds from the Leaves of Tectona Grandis. J
Bas Clin Pharm, 2011, 2(4):163-165.

25.Catherine A, Rice E, Nicholas JM, George P.
Antioxidant properties of phenolic compounds.

Trends Plant Sci. 1997;2(4):152-58

26.Akula R, Gokare A, Ravishankar. Influence of abiotic
stress signals on secondary metabolites in plants .Plant
Signal Behav. 2011 ;6(11): 1720-1731.

27 Harborne  J.2014.  Introduction to  Ecological
Biochemistry. Academic Press, Elsevier, London.
28.Schwartz E, Tzulker R, Glazer I, Bar-Ya'akov I,
Wiesman Z,et.al. Environmental conditions affect the color,
taste, and antioxidant capacity of 11 pomegranate
accessions' fruits. J Agric Food Chem.2009; 57(19):9197-
209.:

29.Ivanova A, Irina L, Mechkarova P, Tchorbanov B,
HPLC Method for Screening of Steroidal Saponins and
Rutin as Biologically Active Compounds in Tribulus
Terrestris L.J Biotech Biotechno Equi.2010;24(1):21-23.




