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Abstract.

BACKGROUND: Seabuckthorn (SBT) leaves are used for extraction of health promoting compounds and product develop-
ment.

OBJECTIVE: The aim of the work was to find out gender differences and seasonal variation in total polyphenol content
(TPC) and total antioxidant capacity (TAC).

METHOD: Leaves of six natural population of SBT, which comprised 200 plants (100 males, 100 females) from the
trans-Himalaya were harvested, and their methanolic and acetone extracts were studied for TPC and TAC.

RESULTS: Males exhibit significantly higher TPC (100.8 £23.9 mg GAE/g DW) than females (95.0 +23.8 mg GAE/g
DW). Similarly, ferric reducing activity was significantly higher in males (6.5 4= 1.1 Fe>* mmol/g DW) than females (6.1 & 1.2
Fe?* mmol/g DW). Significant increase in TPC was observed in male leaves from July to October followed by a significant
decrease in November. However, a trend of increase in TPC upto August and a steady decline thereafter was observed in
leaves of female SBT. Similarly a trend of an increasing TAC was observed in both the sexes but female leaves were observed
to be on an increasing TAC from July to October.

CONCLUSION: Male SBT leaves exhibit higher TPC and TAC than females; October is the best time for harvesting SBT
leaves and; SBT leaves contain significantly higher hydrophilic than lipophilic phenolics and antioxidants.
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1. Introduction

Seabuckthorn (Hippophae rhamnoides L.) is an ecologically and economically important plant [1]. The species
is native to Europe and Asia, but nowadays it is widely grown all over the world. Seabuckthorn (SBT) is dioecious
and wind pollinated plant. Traditionally, every part of the plant is being used for a variety of purpose. There are
over a hundred popular SBT-based formulations in various pharmacopoeias of Sowa Rigpa (Tibetan medicine) [2].
Although the nutritional and medicinal properties of SBT berries are usually the focus of attention, SBT leaf has
been receiving much attention in recent years for its medicinal and therapeutic applications. SBT leaves possess
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antimicrobial [3-5], anti-viral [6], anti-radiation [7], hepatoprotective [8], cytoprotective [3], adaptogenic [9] and
immunoprotective [10] activities. Many of these activities are attributed to high antioxidant capacity including
the phenolics. Dried SBT leaves are used for tea and processed for nutraceuticals products.

Antioxidant properties of SBT leaves have been extensively studied [4, 8, 11, 12]. However, SBT is a dioecious
plant and hence sexual differences in presence of health promoting compounds in its vegetative parts is expected
due to greater reproductive effort in females. Limited studies have been carried on sex-related differences in
antioxidant activity and phenolic content in SBT leaves. Gérnas et al. [13] studied lipophilic antioxidants in
mixed SBT samples of two females and 10 males. It was found that lipophilic antioxidant is higher in male as
compared to female leaves. In contrast, Sné et al. [14] reported higher total phenolics and antioxidant in female
SBT leaves. The antioxidant compounds viz. a-tocopherol, 3-tocopherol, y-tocopherol, plastochromanol-8 and
[B-carotene were observed to be higher in female than in male SBT leaves [15]. In view of the contrasting results
from limited studies, it is felt that more studies involving larger number of samples are needed to better understand
the sexual differences in TPC and TAC. Besides the gender differences, the season of harvesting is also known to
have a significant effect on the content of antioxidant compounds in leaves [16—19]. SBT leaves can be harvested
from June to November with a varying ease of harvesting. But only a small number of studies have been carried
on to see the influence of season of harvesting on antioxidant properties of SBT leaves. Morgenstern et al. [20]
studied change in antioxidant capacity and phenols during SBT leaf development from April to July. Gérnas
et al. [13] studied antioxidants in mixed SBT samples of two female and 10 male harvested in June and October.
To the best of our knowledge, studies involving a large number of samples over an extended period of harvesting
have not been conducted thus far. In view of emerging importance of SBT leaves for medicinal and therapeutic
applications, the present study was undertaken on a larger number of samples with the objective to investigate the
role of sexual differences and seasonal variation in phenolic content and antioxidant capacities in SBT leaves.

2. Materials and methods
2.1. Sample collection

Six natural population of Hippophae rhamnoides subsp. turkestanica consisting of 100 male and 100 female
plants were sampled across the major distribution sites from the Indian trans-Himalaya in October 2014 to study
the gender-related differences in TPC and TAC in leaves. Leaves (5 g/plant) were harvested and freeze dried in
a Laboratory freeze dryer (ALPHA 2-4 LD plus, Fisher Bioblock Scientific, France) and stored until analysis.
The altitude of collection sites ranged from 3203 to 3885 m asl (Table 1). Altitude and location of study sites
was established using GARMIN GPS 72, Olathe, Kansas, USA. Ten individual plants (five male and five female
each) growing at experimental farm at Defence Institute of High Altitude Research (DIHAR) were selected for
studying the seasonal variations in TPC and TAC. Leaves (2 g/plant) were harvested every month in the first
week of July to November, freeze dried and stored until analysis.

2.2. Chemicals

Solvents and Folin-Ciocalteu reagent were obtained from Merck, Germany. 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), gallic acid and ferrous sulfate hexahydrate, were from Sigma-
Aldrich, USA. All the other chemicals used were of analytical grade.

2.3. Extraction

Two cycles of extraction, hydrophilic and lipophilic, were performed using the method previously described
[21]. Hydrophilic extraction was performed with methanol while lipophilic extraction was done with acetone.
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Table 1

Locations of six natural populations of H. rhamnoides L. from Indian trans-Himalaya

Sampling Locations Population ID Latitude (N) Longitude (E) Altitude (m) ASL Sample size (numbers)
Male Female
Spituk SPT 34°07'7" 77°30'4" 3203+5.6 20 20
Chuchot CHU 34°05'4" 77°35'9" 3239+£5.0 17 17
Shey SHY 34°04'1” 77°377" 3260+ 4.6 17 17
Phyang PHY 34°11'5"” 77°30'1" 3636 +£49.6 16 16
Horzey HOR 34°12'1” 77°35'3" 3812+24.8 15 15
Sakti SKT 34°02'1” 77°48'6" 3885+37.3 15 15

Powdered leaf samples (20 to 40 mg) was extracted (n=3) for 15 min with 1.5 ml methanol in a 2 ml micro
centrifuge tube and vortexed at room temperature. The sample was centrifuged at 5600 g for 10 min and
the supernatant was recovered. The residue was mixed with 1.5 ml of acetone and the process was repeated
as described above. TPC and FRAP were measured directly in the methanolic and acetone extracts and
the values were combined mathematically. DPPH was measured in the combined methanolic and acetone
extract.

2.4. Determination of total phenolic content

The Folin-Ciocalteu reagent assay was used to determine the TPC [22]. An aliquot of the samples (30 l) was
introduced into 96 well micro-plate followed by 150 pl Folin-Ciocalteu reagent, which was previously diluted
with distilled water (1 : 10) and 120 w1 sodium carbonate (75 g/1). The micro-plates were vortexed, covered with
parafilm and allowed to stand for 30 min. Absorbance at 765 nm was recorded in a micro-plate reader (SpectroMax
M2 e, Molecular Devices, Sunnyvale, CA, United States). TPC was expressed in gallic acid equivalents (GAE
mg/g DW). The calibration equation for gallic acid was y=0.014 x —0.003 (R? =0.995) where y is the absorbance
at 765 nm and x is the concentration of gallic acid in mg/I.

2.5. Determination of antioxidant capacity

Ferric reducing antioxidant potential (FRAP) assay was conducted using the method previously described
[23] with minor modifications [21]. A total of 7.5 ul of extract and 22.5 pl of distilled water were added
to 225 pl of freshly prepared FRAP reagent (10 parts of 300 mmol/l sodium acetate buffer at pH 3.6, one
part of 10mmol/l 2,4,6-tri (2-pyridyl)-s-triazine (TPTZ) solution and one part of 20 mmol/l FeCl30.6H,0)
and the reaction mixture was incubated for 30 min. The increase in absorbance was measured at 593 nm. The
FRAP value was expressed as FeSO40.7H,0 mmol/g DW. The calibration equation for FeS040.7H>,O was
y=0.323 x —0.103 (R? =0.983) where y is the absorbance at 593 nm and x is the concentration of FeSO40.7H,O
in mM. Free radical scavenging method by DPPH developed by Brand-Williams et al. [24] was followed with
minor modification [21]. A 0.1 mmol/l solution of DPPH in methanol was prepared and 300 .1 of the solution
was treated with 15 pl of the methanolic and acetone extracted sample. Control was treated with 15 1 of solvent
instead of the extract. The mixture was left to stand at room temperature for 30 min before the decrease in
absorbance at 517 nm was recorded. Antioxidant value was expressed as ICsg, the amount of sample extracted
into 1 ml solution necessary to decrease by 50% the initial DPPH concentration. IC5g was derived from the %
disappearance vs. concentration plot (concentration means mg of SBT leaf on DW basis extracted into 1 ml
solution).
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2.6. Statistical analysis

All the experiments were performed in triplicate. The experimental results were expressed as mean =+ standard
deviation (SD) using statistical analysis with SPSS (Statistical Program for Social Sciences, SPSS Corporation,
Chicago, Illinois, USA). One way analysis of variance (ANOVA) and post hoc analysis with 2-sided Tukey’s
HSD at p <0.05 level were performed. Student’s ¢ test and Pearson’s correlation analysis were performed to
compare and find the correlations among parameters. Regression was performed using MS Excel. Box plots
were produced using XLSTAT software.

3. Results and discussion
3.1. Effect of plant sex on total polyphenol content and antioxidant activity

High variability in TPC within and among genotypes from different populations was observed. The TPC
ranged from 47.2 to 173.1 in male and 29.9 to 165.8 mg GAE/g DW in female between genotypes. Therefore,
a variation of 1-3.7 fold in male and 1-5.5 fold in female in TPC was observed. Effect of plant sex on TPC
is presented in Table 2. Significantly high variability was observed between the populations. Males showed
significantly higher TPC than females (P <0.001, Student’s t-test) in three out of the six populations. Females
showed higher values in two populations and no significant gender differences was observed in the remaining
single population. However, the overall mean TPC value of the six population was significantly higher in males
(100.8 £23.9 mg GAE/g DW) than females (95.0 & 23.8 mg GAE/g DW) at p <0.01. In contrast, Sné et al. [14]
reported higher total phenolics in female SBT leaves which could be because of small sample size as observed
in PHY and HOR populations in the present study. The overall difference in TPC between male and female SBT
leaves in the present study was 5.8%, which is significantly lower than 45% higher TPC reported in male Ginkgo
biloba leaves that females [25].

FRAC and DPPH assay are widely used method to test the antioxidant capacity in berries [26, 27]. The ferric
reducing activity ranged from 3.9 to 9.5 in male and 2.6 to 9.1 Fe>* mmol/g DW in female. The difference in
FRAP value between the genotypes showing the highest and lowest value was 1-2.4 fold in male and 1-3.5 fold
in female. Gender effect on FRAP is presented in Table 3. Significantly high variability was observed between
the populations. Males showed significantly higher ferric reducing activity than females (P <0.001, Student’s
t-test) in two populations and no significant gender differences was observed in the remaining four populations.
However, the overall mean FRAP value was significantly higher in males (6.5 4 1.1 Fe?>* mmol/g DW) than
females (6.1 + 1.2 Fe?t mmol/g DW). The result is in agreement with studies by Gérnas et al. [13] who reported
higher antioxidant activities in mixed 10 SBT males than two females. In contrast, Sné et al. [14] reported
higher ferric reducing activity in female than male SBT leaves. The antioxidant compounds viz. a-tocopherol,
B-tocopherol, y-tocopherol, plastochromanol-8 and [3-carotene were observed higher in female than in male
SBT leaves [15].

Free radical scavenging activity of leaves extract expressed as ICsq is presented in Table 3. A single population
showed significantly higher scavenging activities in males than females (P <0.001, Student’s #-test) and no
significant gender differences was observed in the remaining five populations. The overall mean scavenging
value was higher in males but the difference was not statistically significant. Higher TPC and TAC with acetone
suggests that SBT leaves contains significantly higher hydrophilic than lipophilic antioxidants.

Higher TPC and TAC in male leaves in the present study is in agreement with the fact that in dioe-
cious species the cost of reproduction involves prioritization of resources in fruit development rather than
in vegetative growth or protection in females. A major investment in reproduction is generally associ-
ated with the disadvantage in terms of oxidative stress and cellular injuries, particularly under adverse
conditions [28].
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Table 3

Sexual difference in total antioxidant capacity of H. rhamnoides (100 males, 100 females) leaves

Population Male leaves Female leaves
ID 'FRAP (FeSO,.7H,0 mmol/g DW) 2ICso (mg/ml) 'FRAP (FeSO4.7H,0 mmol/g DW)  2ICso (mg/ml)
Hydrophilic Lipophilic 3Combined 4Combined  Hydrophilic ~ Lipophilic ~ *Combined *Combined

SPT 7.07+£1.17°  0.13+0.012 7214118  034+£0.10° 7.214+1.04° 0.14£0.02®> 7.35+£1.05 0.3240.18
CHU 7.01+£0.619% 0.14+£0.022°  7.154+0.60°** 0.33 40.03*** 6.054+1.20>  0.18 £0.039*6.23 £ 1.21° 0.37 40.03
SHY 5.7540.71%  0.1540.025 5904073 0404027 563+£0.62 0.17£0.02* 580 £0.62Y 0.4240.29*
PHY 6.86 +0.63°* 0.16 £0.02°*  7.02£0.64°"* 0.38+0.05® 554+0.702 0.15+£0.02° 5.6940.722 0.37 +0.03?
HOR 6.094+091°  0.154£0.02* 6244+091> 046+£0.17* 6.08+0.82° 0.13+£0.02* 6.21+0.83> 0.44+0.132
SKT 5284126 0.15+£0.03** 508+1.80*  0.54+0.20° 507+1.32* 0.13+£0.02* 5194 1.34* 0.65+0.35"
Average 6.37+1.14%* 0.154+0.2 651 +£1.14%* 0414018 5964119 0154003 6.11+£1.20 0434023

Values represented as mean = SD. For each column, different lowercase letters indicate significantly different at p <0.05, as measured
by 2-sided Tukey’s HSD between populations. ' FRAP: Ferric reducing antioxidant potential. 2ICsy: Inhibitory concentration, the amount
of sample extracted into 1 ml solution necessary to decrease by 50% the initial DPPH concentration. *Combined: Values of hydrophilic
and lipophilic extract combined mathematically. *Combined: Values of combined hydrophilic and lipophilic extract measured. **Value

significantly higher than that of opposite sex at p < 0.01, **Value significantly higher than that of opposite sex at p <0.001.

3.2. Effect of harvest season on total polyphenol content and antioxidant activity

Effect of the season of harvest on TPC is presented in Table 4. TPC varied significantly during the sampling
period. Significant increase in TPC was observed in male leaves from July (66.75 +7.16 mg GAE/g DW) to
October (93.25 £7.14 mg GAE/g DW) followed by a significant decrease in November (7390.4 £ 1096.5 mg
GAE/100 g DW). However, increase in TPC was observed upto August in female leaves and then showed a steady
declining trend. Decline in TPC from August onward in female as compare to October in male leaves is may
be due to higher reproductive efforts by female during the study period (July-November), females developing
fruits while males not reproducing. Male contained significantly higher TPC than female leaves from August to
November harvesting months (P <0.001, Student’s ¢-test). Similar trend was observed in TAC in both the sexes
except that female also showed increasing TAC from July to October (Table 4). Progression in harvest season
from July to October is related linearly to the increase in TPC (R?=0.937) and FRAP (R% =0.976) in male leaves
(Fig. 1). However, in females the trend of increase was not observed in TPC. In comparison, Morgenstern et al.
[20] studied the change in antioxidant capacity and phenols during SBT leaves development from April to July.
Antioxidant capacity increased in first week of May and then decreased in third week of the month. A steady
increase was observed from June onwards. The phenols decreased initially and then increased steadily during
the study period. However, changes in antioxidant capacity and phenols were not studied beyond July. Gérnas
et al. [13] studied antioxidants in mixed SBT samples of two female and 10 male harvested in June and October.
Higher antioxidant was observed in samples collected in autumn than in summer in both male and female leaves.
Results obtained in the present study over an extended harvesting period suggest that October is the best time
for harvesting SBT leaves. Ercisli et al. [17] also observed similar trend in antioxidant activity of tea leaves
harvested at three commercial harvest seasons (May 15, July 15, September 15). Highest antioxidant activity
was observed at 2nd harvest. Increase in TPC and TAC from July to October may be linked to accumulation of
health promoting compounds during leaf developmental stages. Decline in TPC and TAC in November may be
due to the beginning of leaf senescence in the plant.

3.3. Correlation analysis

Table 5 displays the correlation between TPC and antioxidant activity. TPC of male, female and combined
samples was significantly correlated with FRAP (0.423, 0.717, 0.581, respectively, p < 0.01) and DPPH (-0.208,



P. Dolkar et al. / Sexual differences and seasonal variations in total phenolics 67

100 ¢ 100 9

2 _
A (Male) R"=0.937 B (Female) R? = 0.196
S 901 S 90¢
z 2
o0 on
= 809 ¢ 2 809
= =
) )
%‘J 70 :’ %‘J 70 9 ®
QO &) P
& 604 & 60
°
50 . z . 50 < s .
7 8 9 10 7 8 9 10
MONTH MONTH
79 2 7
—e5d CMale) R*=0.976 — 654 D Female) R? =0.981
z =3
2 69 2 6
3 3
E 559 E 55
& 51 & 5
& 4.5 4 g 45
: 5
=359 = 35
3 3 2 = 3
7 8 9 10 7 8 9 10

MONTH MONTH

Fig. 1. Relation between total phenolic content (A-B) and antioxidant capacity (C-D) in male and female Seabuckthorn leaves with harvest

season (July-October).

Table 4

Seasonal variation in total phenolic content and total antioxidant capacity of H. rhamnoides (5 males, 5 females) leaves

Month Male Female
ITPC 2FRAP 31Cs ITPC 2FRAP 31Cs

July 66.75+7.152 4.12 4 0.20%** 0.524£0.20° 59.97 4 16.632¢ 3.39 +0.50? 0.69+£0.572
August 81.59 4 10.71be** 5.09 == 0.49b%+* 0.26 4 0095 69.57 £ 13.04¢ 3784037  0.5240.16*
September 87.38 & 6.130d% 5.62 4 0.5] b 0.19 £ 0.082b*** 63.45 4 8.02% 4.27+0.32° 0.734+0.16*
October 93.25 4 7.144%+ 6.74 £ 0574+ 0.12 £ 0.042+* 55.02 4 8.04% 4.98+0.334 0.85+£0.63%
November 73.90 + 10.972b+* 5.68 £ 0.85%* 0.31 4 0.18b** 51.47 4 6.60% 4094047  0.94+0.432
Average 80.57 & 12.68*** 5.45 4 1.02%* 0.28 £0.19%** 59.89 4 12.56 4.10+0.66 0.75 £0.45

Values represented as mean £ SD. For each column, different lowercase letters indicate significantly different at p<0.05, as measured
by 2-sided Tukey’s HSD between months. ! TPC: Total phenolic content (mg GAE/g DW). 2FRAP: Ferric reducing antioxidant potential
(FeS04.7H,0 mmol/g DW). 3ICs: Inhibitory concentration, the amount of sample extracted into 1 ml solution necessary to decrease by
50% the initial DPPH concentration. **Value significantly higher than that of opposite sex at p <0.01; ***Value significantly higher than
that of opposite sex at p <0.001.

—0.551, -0.399, respectively, p < 0.01). Similar result was observed in SBT berry from the trans-Himalaya [29].
Similarly, DPPH scavenging activity (IC50) of male, female and combined samples was significantly correlated
with FRAP (-0.48, —-0.577, —0.533, respectively p < 0.01).
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Table 5

Pearson correlation to estimate the interrelationship between TPC, ICs, and FRAP

Male Female Combined
ITpC 2FRAP 31Cs0 ITpC 2FRAP 31Cs0 ITpC 2FRAP 31Cs0
ITpC 1 0.423** —0.208** 1 0.717** —0.551** 1 0.581** —0.399**
2FRAP 1 —0.481** 1 —0.577** 1 —0.533*
3ICso 1 1 1

**Correlation is significant at p <0.01. 'TPC: Total phenolic content (mg GAE/g DW). 2FRAP: Ferric reducing antioxidant potential
(FeS0O40.7H2,0 mmol/g DW). 31Cs0: Inhibitory concentration, the amount of sample extracted into 1 ml solution necessary to decrease by
50% the initial DPPH concentration.

4. Conclusion

Sexual differences and seasonal variation in TPC and TAC in SBT leaves was demonstrated. Males exhibit
significantly higher TPC and ferric reducing activity than females. Significant seasonal variation in TPC and TAC
was observed in both the sexes. Significant increase in TPC was observed in male leaves from July to October
followed by a significant decrease in November. However, increase in TPC in female leaves was observed upto
August and then a steady declining trend afterwards due to greater reproductive effort in females. October is the
best time for harvesting SBT leaves for higher health promoting compounds content. Leaves contain significantly
higher hydrophilic than lipophilic phenolics and antioxidants. Results obtained in this study can be considered
for harvesting of SBT leaves for extraction of health promoting compounds and product development.
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