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ABSTRACT 

The present study evaluated phenolic compounds and antioxidant properties of leaf, stem and root methanolic extracts of a high 
altitude species, Hippophae rhamnoides L. ssp. turkestanica Rousi (Elaeagnaceae). H. rhamnoides ssp. turkestanica was collected 
from four distantly located populations in Cold Desert Biosphere Reserve. Total phenolic contents across populations were ranged 
from 62±2.81 to 78±0.61; 80±2.67 to 98±0.62 and 77±3.83 to 97±0.35 mg GAE g-1 of extracts in leaves stems and roots, respectively. 
Flavonoid contents across populations ranged from 26±0.48 to 36±0.48; 34±4.38 to 53±5.59 and 65±0.48 to 75±0.28 mg QE g-1 of 
extracts in leaves, stems and roots, respectively. Phenolic and flavonoid contents were significantly higher in the stem and root 
extracts as compared to leaf extracts. One way analysis of variance (ANOVA) revealed significant variation among populations. All 
extracts exhibit strong antioxidant activity determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS) and reducing power, assays. The percent inhibition was found to 
increase with every unit increase in concentration. The DPPH and ABTS radical scavenging reached up to 88.38 % and 99.49 % at a 
concentration of 400 𝜇g mL-1, respectively. Reducing power ranged from 0.203 to 0.593 at concentrations ranging from 50 to 400 µg 
mL–1. Therefore, present study strongly supports Hippophae rhamnoides ssp. turkestanica as a potent source of antioxidant and 
could be utilised as natural source of antioxidants in pharmaceuticals and food industry.  

Keywords: Hippophae rhamnoides L. ssp. turkestanica Rousi; Phenolic contents; flavonoid contents; antioxidant activity; DPPH; 
ABTS; cold desert; Trans Himalaya. 

 
INTRODUCTION 

ntioxidants, present in plants at high levels, 
identified as a good sources of functional 
ingredients1. An antioxidant is a compound that 

inhibits or delays the oxidation of substrate even if the 
compound is present in a significantly lower 
concentration than the oxidized substrate2. Antioxidant 
compounds play a vital role as reducing agents and free 
radical scavengers. Free radicals either formed by cellular 
metabolism, exogenous chemicals or stress is capable of 
oxidative damage to various biomolecules in cells, such 
as, DNA, carbohydrates and proteins which in turn lead to 
various chronic and degenerative diseases, including, 
atherosclerosis, ischemic heart disease, ageing, diabetes 
mellitus, cancer, immunosuppression, inflammation, 
neurodegenerative diseases and others3,4,5. Plants have 
long been a source of natural antioxidants and effective 
phenolic compounds, which act as scavengers of free 
radicals and inhibitors of lipid peroxidation6. The natural 
antioxidants are an interesting alternative to synthetic 
antioxidants due to safety concerns and limitation of 
usage7. The phenolic and flavonoid compounds of plants 
have been reported to exert multiple biological effects 
including antioxidant, free radical scavenging abilities, 
anti-inflammatory, anti-carcinogenic, inhibition of 
hydrolytic and oxidative enzymes etc8. Therefore, there is 
an urgent need to find some external natural source of 

antioxidants. The high altitude medicinal plants are 
considered as a good source of natural antioxidants. 

Hippophae rhamnoides ssp. turkestanica popularly known 
as “Seabuckthorn” is an ancient, deciduous shrub with 
good adaptability to various climate conditions with 
extensive genetic variability9. The genus belongs to the 
family Elaeagnaceae, which consists of 7 species (H. 
tibetana, H. rhamnoides, H. gyantsensis, H. salicifolia, H. 
neurocarpa, H. gonoicarpa, and H. litangensis) and 11 
subspecies, out of which H. rhamnoides includes 9 
subspecies (sinensis, yunnanensis, turkestanica, 
mongolica, fluviatilis, carpatica, rhamnoides  wolongensis 
and caucasica), among which the most economically 
important one is Hippophae rhamnoides ssp. turkestanica 
(Figure 1)9,10. Seabuckthorn (SBT) is a high altitude 
species, widely distributed throughout the temperate 
zone of Asia, Europe and all over sub-tropical zone11. It 
has also been introduced in North and South America12.  

In India, SBT is widely distributed in the cold desert region 
of Himachal Pradesh. It is a multipurpose shrub of cold 
desert region, used by tribal communities for making jam, 
jellies, tea, etc.; considered as a good source of fuel and 
fodder and also used for making hedge around their 
agricultural fields. In addition, SBT is widely used for 
controlling soil erosion due to its long and extensive 
roots. Its roots are associated with a symbiotic 
mycorrhizal fungus (Frankia), which forms root nodules 
and can fix the maximum amount of atmospheric 
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nitrogen. The estimated capacity of SBT roots to fix 
nitrogen (180 kg of nitrogen/ha/year) is twice that of 
soybean13. It is also a fast growing and pioneer species, 
which increase soil fertility by increasing the nitrogen, 
phosphorus and organic matter contents in soil. It has 
attracted international attention as a high potential 
species as livelihood of the inhabitants. It is said to have 
“momentous economic potential” and is predicted by 
some as the “next major health food fad”14. All parts of 
the plant are very good source of large number of 
bioactive substances like carotenoids (α, β, ð-carotene 
and lycopene), flavonoids (isorhamnetin, quercetin, 
myricetin, kaempferol and their glucoside compounds), 

vitamins (A, C, E, riboflavin, folic acid and K), organic acids 
(malic acid and oxalic acid), sterols (ergosterol, 
stigmasterol, lanosterol and amyrins) and some essential 
amino acids15. It has been traditionally used in the 
treatment of various diseases, like cough, gastric ulcers, 
asthma, flu, cardiovascular diseases, lung disorder and 
skin related problems7,16. SBT is highly valued for its 
antioxidant, anti-diabetic, anti-atherogenic, 
cardioprotective, anti-carcinogenic, hepatoprotective, 
immunomodulatory, antiviral, antibacterial, anti-
inflammatory and vasorelaxant effects17. Isorhamnetin 
isolated from SBT, showed significant antioxidant activity 
in several antioxidant assays18.  

 

 

Figure 1: Hippophae rhamnoides ssp. turkestanica; (a) female plant with heavy fruiting, and (b) enlarged view 

The review of literature revealed that there are lots of 
studies are available related to antioxidant properties of 
H. rhamnoides at international and national levels6,7,9,19-26. 
While, in Himachal Pradesh such studies on this species 
mainly focused on berries and seeds7,27-29, except, a single 
study on the antioxidant potential of H. rhamnoides 
methanolic leaf extract16. Therefore, apart from well 
documented data on H. rhamnoides berries and seeds, 
data on antioxidant potential of whole plant is lacking in 
respect to H. rhamnoides ssp. turkestanica growing 
widely in Cold Desert Biosphere reserve, Lahaul Spiti 
district, Himachal Pradesh. Therefore, present study has 
been carried out to investigate antioxidant properties of 
H. rhamnoides ssp. turkestanica and focuses on; (i) total 
phenolic contents of leaf, stem and root extracts as gallic 
acid equivalents and total flavanoid content as quercetin 
equivalent, and (ii) antioxidant activity profiles of these 
plant extracts by using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging assay, 2,2'-azinobis- (3-
ethylbenzothia zoline-6-sulfonic acid) diammonium salt 
(ABTS) radical scavenging assay and reducing power 
assays. 

MATERIALS AND METHODS 

Collection of plant material 

The leaves, stems and roots of H. rhamnoides ssp. 
turkestanica were collected in the month of August 2013, 
from four distantly located populations (i.e., Lidang-3583 
m amsl, Lingti-3619 amsl, Rangrik-3613 m amsl and Rama 

Khas-3572 m amsl) of Cold Desert Biosphere Reserve 
(CDBR). These populations represented by road side, dry 
slope, riverine and agricultural land habitats, respectively. 
Specimens of the species collected and identified with the 
help of flora of Lahaul-Spiti: A cold desert in North West 
Himalaya30. Voucher specimen of plant has been 
preserved.  

Preparation of extracts 

The fresh plant parts cleaned thoroughly, and air dried 
under shade in clean environment. The dried plant parts 
were ground to fine powder using a mechanical grinder. 
The standard one “cold maceration method” was used for 
the extraction of plant material. Powdered plant material 
dipped in sufficient amount of methanol in a stoppered 
container and allowed to stand at cool, dry and dark place 
for a period of 5 days with frequent agitation. After 5 
days, the mixture was filtered and filtrate was taken out. 
The process of filtration was repeated for two more 
times, and then all the filtrates were combined. After 
evaporation of filtrate final extracts were obtained. This 
extract was used for the determination of total phenolics, 
flavonoids and antioxidant properties. 

Determination of total phenolic contents 

Total phenolic contents (TPC) were determined using 
Folin-Ciocalteu method with slight modification31. Gallic 
acid was used as standard for the calibration curve. 1 mL 
of extract (1 mg methanolic extract) was diluted in 46 mL 



Int. J. Pharm. Sci. Rev. Res., 46(1), September - October 2017; Article No. 28, Pages: 146-155                                             ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net 

 

148 

of distilled water. Then, 1mL Folin-Ciocalteu Reagent was 
added and mixed thoroughly. After 3 minutes 3 mL of 2% 
sodium carbonate was added to the mixture and allowed 
to stand for 3 hours with intermittent shaking. The 
mixture absorbance was measured at 760 nm in a UV-
visible spectrophotometer (Ultrospec 2100 Pro, 
Healthcare Biosciences AB, Uppsala, Sweden). Same 
procedure was repeated to all the standards of gallic acid 
solutions. The standard curve was prepared using 0, 50, 
100, 150, 200 and 250 µg mL-1 solutions of gallic acid in 
methanol. TPC in extracts was quantified using standard 
curve and results were expressed as milligrams gallic acid 
equivalent (GAE) per gram of extract.  

Determination of total flavonoid contents 

Total Flavonoid contents (TFC) was determined by 
aluminium chloride colorimetric method32. Quercetin was 
used as the standard for the calibration curve. Briefly, 50 
μL of crude extract (1 mg mL-1) was made up to 1 mL with 
methanol and diluted with 4 ml distilled water. Then, 0.3 
mL of 5% NaNO2 solution along with 0.3 mL of 10% AlCl3 

solution was added. The mixture was incubated for 5 
minutes and then allowed to stand for 6 minutes. After 
that 2 mL of 1M L-1 NaOH solution was added, and 10 mL 
double-distilled water was added to make the final 
volume of the mixture. After, 15 minutes the absorbance 
of resulting reaction mixture was measured at 510 nm. 
Same procedure was repeated to all the standards of 

quercetin solutions. The calibration curve was prepared 
by using quercetin solutions at concentrations 0, 50, 100, 
150, 200 and 250 µg mL-1 in methanol. TFC of the extracts 
was calculated in terms of quercetin equivalent using the 
standard curve and expressed as milligram quercetin 
equivalent (QE) per gram of extract. 

Measurement of antioxidant activity 

Radical scavenging activity (DPPH) assay 

DPPH is a stable free radical and very popular for the 
study of natural antioxidants. On accepting hydrogen 
from a corresponding donor, its solutions lose the 
characteristic deep purple (λmax 515–517 nm) colour33. 
Free radical scavenging activity of methanolic extracts of 
H. rhamnoides ssp. turkestanica was measured by using 
DPPH assay as described by Shimada et al34. 1 ml of DPPH 
solution (0.1 M) mixed with 3 ml of leaf, stem and root 
extracts in water at varying concentrations (50–400 µg 
mL-1). The mixture was shaken vigorously and kept in dark 
at room temperature for 30 minutes. Reduction in the 
absorbance at 517 nm was recorded by 
spectrophotometer. Lower the absorbance higher the 
free radical scavenging activity of the reaction mixture. 
The scavenging reaction between DPPH• and an 
antioxidant (H-A) can be written as  

 

 

 
 

The percent DPPH scavenging effect was calculated using 
the following equation: 

DPPH scavenging effect (%) = [(Ac– At) / Ac × 100]  

Where, Ac is the absorbance of the control reaction, and 
At is the absorbance of the extract. The extract 
concentration providing 50% inhibition (IC50) was 
calculated from the graph of inhibition percentage 
plotted against extract concentration. 

Radical scavenging activity (ABTS Assay) 

Traditional ABTS assay as described by Re et al35 with 
slight modification was used for the determination of 
antioxidant activity. A concentration of 7 mM L-1 ABTS 
was prepared in water to make the stock solution. Then, 
an amount of 2.45 mM L-1 potassium persulfate was 
added to the ABTS stock solution and kept in the dark for 
12-16 hours at room temperature for the production of 
ABTS cation (ABTS.+). ABTS.+ solution was diluted with 5 
mM (pH 7.4) phosphate-buffered saline till an absorbance 
of 0.70 at 734 nm. Diluted ABTS.+ solution (1.0 mL) was 
added in 20 µL of methanolic leaf, stem and root extracts 
and the absorbance reading was taken 5 minutes after 
the initial mixing. The percent ABTS scavenging effect was 
calculated as follows: 

ABTS scavenging effect = [(Ac– At) / Ac × 100]  

Where, Ac is the absorbance of the control reaction, and 
At is the absorbance of the extract. The extract 
concentration providing 50% inhibition (IC50) was 
calculated from the graph of inhibition percentage 
plotted against extract concentration. 

Determination of reducing power   

The reducing power of H. rhamnoides ssp. turkestanica 
leaf, stem and root extracts was measured according to 
the method prescribed by Oyaizu36. Different 
concentrations i.e., 50, 100, 200, 250 g mL-1 of extracts 
were prepared in 1 mL of distilled water. After that 
phosphate buffer (2.5 mL, 0.2M, pH 6.6) and potassium 
ferricyanide [K3Fe (CN)6] (2.5 mL, 1%) was added in the 
prepared extracts solutions. The mixture was incubated at 
50°C for 20 minutes, and then 2.5 mL of trichloroacetic 
acid (10%) was added to the reaction mixture. Now the 
prepared reaction mixture was centrifuged at 3000 rpm 
for 10 minutes. About 2.5 mL upper layer of centrifuged 
solution was mixed with 2.5 mL distilled water and 0.5 mL 
(0.1%) ferricchloride (FeCl3). The absorbance of the 
reaction mixture was measured at 700 nm in a 
spectrophotometer. Higher absorbance of the reaction 
mixture indicated greater reducing power.  

               (DPPH•) + (H-A)                 DPPH-H + (A•)  
                      (Purple)                                                  (Yellow)  
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Statistical analysis  

All the experiments were carried out in triplicate and the 
results were expressed as mean ± standard deviation 
(SD). Linear regression analysis was used to calculate the 
IC50 values, by plotting the percentage inhibition versus 
the concentrations. Statistical analysis was performed 
using SPSS 16.0, Sigma Plot 10.0 and Excel 2007. The 
results were also analysed statistically using One Way 
Analysis of Variance (ANOVA). The P value less than 0.05 
(≤ 0.05) was considered to be statistically significant. 

RESULTS 

Total phenolic and flavonoid contents 

Plant phenolic compounds such as flavonoids, phenolics, 
and tannins possess many potential biological activities; 
such activities might be related to their antioxidant 
activity37. Natural phenolic compounds are capable of 
decreasing oxygen concentration and contribute to the 
overall antioxidant activities of the plant foods38. Total 
phenolic and flavonoid contents of all the different 
methanolic leaf, stem and root extracts of H. rhamnoides 
ssp. turkestanica are presented in Figure 2. 

Leaf extracts from different populations differed 
significantly (F = 41.7; P < 0.05) in their TPC, ranged 
between 62±2.81 (Lingti) to 78±0.61 (Rangrik) mg GAE g-1 
of extract with an average value of 69±7.7 mg GAE g-1 of 
extract. The TPC in stem extracts ranged between 
80±2.67 (Lingti) to 98±0.62 (Rangrik) mg GAE g-1 of 
extract. Average value of stem extracts is 89±7.73 mg GAE 
g-1 of extract and variation across populations were 
significant (F = 54.9; P < 0.05). Similarly, the amount of 
TPC in root extracts ranged between 77±3.83 (Lingti) to 
97±0.35 (Rangrik) mg GAE g-1 of extract. Average value of 
root extracts is 84±9.27 mg GAE g-1 of extract and 
variation among population were significant (F = 52.04; P 
< 0.05). The above mentioned results indicated that H. 
Rhamnoides ssp. turkestanica growing in riverine habitat 
(Rangrik) contains significantly higher amount of TPC as 
compared to dry slope habitat (Lingti). Results also 
showed higher amounts of TPC in stem and root extracts 
as compared to leaf extracts.  

Flavonoids are widespread plant secondary metabolites, 
shows considerable effect on human nutrition and 
health39. The TFC in leaf extracts of H. rhamnoides ssp. 
turkestanica varied from 26±0.48 (Lingti) to 36±0.48 
(Rangrik) mg QE g-1 of extract, with an average value of 
33±4.32 mg QE g-1 of extract and variation across 
populations were significant (F = 23.9; P < 0.05) as shown 
in Figure 2. The TFC in stem extracts ranged between 
34±4.38 (Lidang) to 53±5.59 (Rangrik) mg QE g-1 of 
extract, with an average value of 42±9.23 mg QE g-1 of 
extract and variation across populations were significant 
(F = 20.6; P < 0.05). The TFC in the root extracts varied 
from 65±0.48 (Lingti) to 75±0.28 (Rangrik) mg QE g-1 of 
extract. Average value of root extracts is 71±4.2 mg QE g-1 
of extract and variation across populations were not 

significant (F = 1.59; P > 0.05). Riverine habitat also shows 
higher TFC as compared to dry slope. Similarly, the TFC is 
significantly higher in stems and roots than leaves. 

Population

Lidang Lingti Rangrik Rama Khas 
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Phenol leaf extract; F = 41.7; P < 0.05

Phenol stem extract; F = 54.9; P < 0.05

Phenol root extract; F = 52.04; P < 0.05

Flavonoids leaf extract; F = 23.9; P < 0.05

Flavonoids stem extract; F = 20.6; P < 0.05

Flavonoids root extract; F = 1.59; P > 0.05
 

Figure 2: Total phenolic and flavonoid contents of leaf, 
stem and root extracts of H. rhamnoides ssp. 
turkestanica; All values are mean of three measurements  

Antioxidant activity 

DPPH radical scavenging activity 

DPPH is one of the best scavenging methods because of it 
is easy, fast and reliable. It is a stable diamagnetic 
molecule and the reduction capability was determined by 
the decrease in absorbance induced by plant 
antioxidants40. For each sample (leaf, stem and root), four 
concentrations (50–400 𝜇g mL-1) of the extracts were 
tested. The antioxidant activity of leaf, stem and root 
extracts was increased with increasing concentration. IC50 
value is negatively correlated with antioxidant activity, 
the lower the IC50 value, the higher is the antioxidant 
activity of tested sample.  

The DPPH radical scavenging activity of leaf, stem and 
root extracts is shown in Figure 3a, b and c. The highest 
DPPH radical scavenging effect was obtained in leaves 
collected from Lidang village with the lowest IC50 of 
38.78±6.47 𝜇g mL-1 (Table 1) with significant variation 
among populations (F= 920, P < 0.05). While in case of 
stem and root extracts, the highest antioxidant activity 
was observed in plant parts collected from Rangrik village 
(riverine habitat) with lowest IC50 values 37.51±3.45 𝜇g 
mL-1 (F= 129, P < 0.05) and 46.69±3.23 𝜇g mL-1 (F= 1.67, P 
< 0.05), respectively, with significant variation among 
populations as shown in Table 1. While considering 
antioxidant activity riverine habitat (Rangrik) population 
also showed highest scavenging with lowest IC50 value 
(37.51±3.41). The average IC50 values of leaf (90.78 𝜇g mL-

1), stem (78.06 𝜇g mL-1) and root (90.16 𝜇g mL-1) extracts 
showed better scavenging ability of stem and roots. 
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Table 1: DPPH radical scavenging of methanolic leaf, stem and root extracts of H. rhamnoides ssp. turkestanica 

       *Values calculated from three replicates (n=3) were expressed as mean±standard deviation. 

ABTS radical scavenging activity 

The ABTS free radical scavenging activities of leaf, stem 
and root extracts of H. rhamnoides ssp. turkestanica are 
shown in Figure 3d, e and f. The ABTS radical scavenging 
ability of all extracts was increased with increasing 
concentration. While considering IC50 value the highest 
radical scavenging effect was obtained in roots 

(229.76±3.4) followed by leaves and stems collected from 
Rama Khas population as shown in Table 2. Significant 
variations were found among leaf (F= 6.19, P < 0.05), 
stem (F= 4.19, P <0.05) and root (F=3.81, P <0.05) 
populations. This radical scavenging method also 
indicated roots as better antioxidant organ.

 

 

Table 2: ABTS radical scavenging of methanolic leaf extracts of H. rhamnoides ssp. turkestanica 

          *Values calculated from three replicates (n=3) were expressed as mean±standard deviation 

 

Conc. 
(µg/ml ± 

S.D.) 

DPPH radical scavenging ability of leaf, stem and root extracts of all populations (% inhibition) 

Lidang Lingti Rangrik Rama Khas 

Leaf Stem Root Leaf Stem Root Leaf Stem Root Leaf Stem Root 

50 
49.24
±0.25 

55.72
±0.39 

46.21
±0.25 

48.82
±0.53 

56.06
±0.25 

45.79
±0.39 

28.79
±1.26 

52.1±
0.64 

50±0.
25 

21.38
±0.81 

53.7±
0.64 

26.42
±3.18 

100 
53.62
±1.05 

73.65
±0.53 

52.86
±0.39 

52.53
±0.25 

71.21
±0.51 

53.54
±0.76 

64.06
±0.39 

64.98
±0.15 

68.43
±0.25 

42.43
±0.43 

64.06
±0.53 

36.4±
0.2 

200 
68.69
±0.51 

78.28
±0.51 

73.23
±0.25 

71.72
±0.51 

76.26
±0.67 

71.63
±0.39 

81.84
±1.02 

77.1±
0.39 

76.43
±0.53 

50.42
±0.64 

81.4±
0.89 

50.08
±0.29 

400 
78.11
±0.29 

88.38
±0.51 

84.34
±0.25 

80.39
±1.25 

88.38
±0.67 

84.01
±0.73 

83.42
±1.25 

86.11
±0.25 

84.85
±0.25 

76.01
±1.34 

85.61
±0.67 

82.16
±1.36 

IC50 
38.78
±6.47 

118.7
7±5.2 

58.34
±1.17 

43.73
±4.38 

98.4±
7.86 

60.56
±3.34 

75.34
±2.5 

37.51
±3.45 

46.69
±3.23 

205.2
6±3.5 

57.55
±5.34 

195.0
3±3.6 

Conc. 
(µg/ml ± 

S.D.) 

ABTS radical scavenging ability of leaf, stem and root extracts of all populations (% inhibition) 

Lidang Lingti Rangrik Rama Khas 

Leaf Stem Root Leaf Stem Root Leaf Stem Root Leaf Stem Root 

50 
86.22
±0.5 

76.33
±0.12 

80.16
±0.12 

77.42
±0.45 

71.12
±0.01 

68.26
±0.35 

75.26
±0.01 

66.24
±0.01 

72.10
±0.04 

66.02
±0.22 

68.37
±0.4 

65.15
±0.22 

100 
88.31
±0.43 

78.72
±0.12 

85.43
±0.12 

80.16
±0.12 

78.13
±0.02 

76.23
±0.2 

80.19
±0.10 

77.95
±0.02 

75.34
±0.04 

77.13
±0.12 

74.15
±0.13 

79.08
±0.12 

200 
97.62
±0.22 

81.89
±0.62 

95.31
±0.12 

92.78
±0.45 

82.35
±0.02 

79.25
±0.26 

87.85
±0.06 

78.58
±0.01 

77.06
±0.01 

91.63
±0.12 

83.26
±0.24 

88.38
±0.45 

400 
99.49
±0.12 

89.03
±0.12 

97.55
±0.25 

95.09
±0.45 

88.67
±0.02 

85.28
±0.39 

95.43
±0.03 

80.95
±0.02 

86.76
±0.07 

93.94
±0.22 

89.20
±0.18 

95.53
±0.12 

IC50 
938.1
6±4.7 

705.1
4±4.5 

647.1
1±8.4 

523.3
8±9.3 

497.2
3±0.4 

455.2
9±3.5 

437.5
6±5.5 

646.4
5±0.7 

506.5
8±0.9 

252±5
.2 

318.2
3±8.2 

229.7
6±3.4 
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Figure 3: DPPH radical scavenging of the methanolic (a) leaf, (b) stem and (c) root extracts; and ABTS radical scavenging 
of (d) leaf, (e) stem (f) root extracts of H. rhamnoides ssp. turkestanica; all values are mean of three measurements 

Reducing power  

The reductive ability measurement at low pH, reduction 
of ferric (Fe3+) complex to ferrous form (Fe2+) which has 
an intense blue colour can be monitored by measuring 
the change in absorption. A good correlation between 
antioxidant activity and reducing power in plant extracts 

has been established and used as an indicator of potent 
antioxidant activity. Figure 4a, b and c shows the dose 
response curves for the reducing power of leaf, stem and 
root extracts of H. rhamnoides ssp. turkestanica, 
respectively.
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Figure 4: Reducing ability measurement of the methanolic (a) leaf, (b) stem and (c) root extracts of H. rhamnoides ssp. 
turkestanica; all values are mean of three measurements 

Reducing ability increased with increasing concentration 
of leaf, stem and root extracts. Significantly higher 
reducing power was observed in leaf (0.593±0.003), 
stems (0.547±0.002) and roots (0.506±0.013) collected 
from Rangrik at 400 𝜇g mL-1. This also supports higher 
antioxidant potential in riverine habitat (Rangrik) 
population.  

DISCUSSION  

Antioxidants play an important role in prevention, 
interception and repairing of the body by stopping the 
formation of free radicals and repairing the enzymes 
involved in the process of cellular development41. 
Phenolic compounds are known to exert preventive 
activity against infectious and degenerative diseases, 
inflammation and allergies via antioxidant, antimicrobial 
and proteins/enzymes neutralization/modulation 
mechanisms42. Several investigators recognised H. 
rhamnoides as a good source of high phenolic compounds 
with excellent antioxidant activity6,7,9,12,19-29 and also its 
important therapeutic uses43. In the present study total 
phenolics, flavonoids and antioxidant activity were 
determined to analyse the chemical composition of H. 
rhamnoides ssp. turkestanica leaf, stem and root 
methanolic extracts. Results indicate that considerable 
phenolics, flavonoids and antioxidant compounds were 
present in leaf, stem and root extracts, which can be used 
to improve human health by reducing the oxidative stress 
in cells.  

The mean value of phenolic contents of H. rhamnoides 
ssp. turkestanica across five distantly located populations 
in our studies were 69±7.7 mg GAE g-1 of extract (leaf), 
89±7.73 mg GAE g-1 of extract (stem) and 84±9.27 mg GAE 
g-1 of extract (root) was in accordance to previous studies 
(28.35-402 mg/g in leaf, 25-95 mg/g in stem and 42-139 
mg/g in root) reported by many workers in H. rhamnoides 
at national and international levels6,9,21,23,24. While, it is 
found that in our study the TPC of leaf extracts is slightly 
higher than the other studies carried out on H. 
rhamnoides growing in North West Himalaya16,19. 
Upadhyay et al19 evaluated TPC of SBT leaves in aqueous 
and hydroalcoholic extracts as 40.49 and 56.28 mg GAE g-

1, respectively, and Gill et al16 reported the TPC as 34.6 
mg GAE 100g-1 in SBT leaves. 

Flavonoids are one of the major secondary metabolite 
synthesized by Hippophae species in response to a wide 
range of microbial infection. High levels of phenolic 
compounds in the plant extracts are indicators of the 
better radical scavenging ability. The average value of 
flavonoid contents across population is 33±4.32 in leaves, 
42±9.23 in stems and 71±4.2 mg QE g-1 of extract, in 
roots. It is similar to earlier reported flavonoid contents in 
H. rhamnoides leaves (14.14-74 mg/g) and branches (30-
64 mg/g)6,9. But, TFC in leaf extracts is also slightly higher 
than the study carried out in H. rhamnoides growing in 
North West Himalaya by Upadhyay et al19, they evaluated 
14.90 mg RE g-1 and 20.76 mg RE g-1 TFC in aqueous and 
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hydroalcoholic leaf extracts, respectively. While, Gill et 
al16 reported 18.1 mg QE 100g-1 TFC in SBT leaves. 

In detail, a study performed by Perk et al9 on ethanolic 
and aqueous extract of SBT leaves and branches 
(processed and unprocessed) was evaluated for their TPC 
and TFC. The TPC was ranged between 25.8-75.9 mg GAE 
g-1 and TFC was 21.2-74 mg RE g-1. In another study, 
Michel et al23 investigated antioxidant and 
phytochemicals in SBT leaf, stem and root. The TPC in 
different ethanolic extracts ranged from 53-92 in leaf, 52-
95 in stem and 36-139 mg GAE g-1 in root. Similarly, a 
study on bioactivity guided extraction carried out by 
Kumar et al24 showed TPC in various SBT leaf extracts 
from 35.62-402.19 mg GAE g-1. Likewise, Kim et al21 
studied phenolic and antioxidant activity of SBT leaves 
and found the TPC ranged between 48-477 mg GAE g-1 in 
different extracts. A mini review on phytochemicals of 
SBT carried out by Anbarasu et al26 showed TPC of leaves 
across population ranged from 54.4 to 86.4 mg GAE 
0.25g-1.  

Our study also indicates that H. rhamnoides ssp. 
turkestanica extracts are effective in scavenging ABTS and 
DPPH radicals. This indicates the methanolic extracts have 
strong proton-donating scavenging ability, which could be 
utilized as free radical inhibitors, possibly acting as 
primary antioxidants16. Highest DPPH radical scavenging 
effect observed in leaves collected from Lidang village 
with the lowest IC50 of 38.78±6.47 𝜇g mL-1. Similarly, 
Kumar et al24 observed DPPH IC50 ranged between 5.99 to 
56.07 𝜇g mL-1 in different extracts. 

However, this comparison is difficult because recent 
study shows that storage time, genetic, extrinsic and 
physiological factors have a strong influence on phenol 
contents40. In addition, the chemical and phytochemical 
composition of SBT varies with origin, climate and 
method of extraction43. The variation in TPC and TFC 
contents across populations is due to the variations in 
altitude, slope and habitat. The population growing in 
riverine habitat shows significantly higher concentration 
of phenolic compounds and radical scavenging activity. 
Present study also concluded that stem and roots are the 
best antioxidant organ. Similar results were also observed 
previously by Michel et al23, they recorded roots as the 
antioxidant rich organ. Therefore, the overall study shows 
higher phenolic compounds and free radical scavenging 
capacity of H. rhamnoides ssp. turkestanica and 
considered it as a potential source of antioxidants.  

CONCLUSION 

Habitat-wise investigation of antioxidant potential of H. 
rhamnoides ssp. turkestanica leaves, stems and roots of 
cold desert biosphere reserve, Trans Himalaya have been 
done for the first time. Present study highlights the 
pharmaceutical importance of H. rhamnoides ssp. 
turkestanica. Being a good source of plant phenolic 
compounds and antioxidant activity, it can be taken as 
dietary supplement as well as can be used to prepare 

antioxidant rich herbal tea. Various ecological factors 
combined with processing factors are responsible for 
wide variation in TPC, TFC and antioxidant activities 
across populations. Present study strongly supports its 
ethenobotanical use as traditional medicinal herb and can 
be suggested it as a significant source of natural 
antioxidant and might replace synthetic antioxidants in 
pharmaceutical industries. However, further research is 
required for isolation, identification and investigation of 
other active compounds. 
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