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Abstract  The edible berries of three plants indigenous to the Tibetan plateau, namely Nitraria tangurorum B. 
(NTB), Hippophae rhamnoides L. (HRL) and Berberis dasystachya M. (BDM), have been used for medicinal 
purposes for a long time. For these three berries that occur in the wild, it is important to understand the differences 
between the content and biological activity of their seed oils. Therefore, this study was designed in order to 
determine the total polyphenol content (TPC), carotenoid content (TCC), steroid content (TSC) and fatty acid 
composition of seed oils obtained from these three berries, using standard analytical methods. In addition, in vivo 
anti-fatigue activity of three seed oils were investigated using forced swimming mice. Free radical scavenging 
activity and antioxidant capacity were estimated using different assays. The results indicated that seed oil of these 
three berries contained a variety of active compounds. BDM seed oil showed a higher TPC concentration of 281.61 
± 19.06 µg/g compared to the other berries; HRL seed oil showed a higher TSC concentration of 329.06 ± 16.53 
µg/g compared to the other berries. The total content of polyunsaturated fatty acids in seed oils from the three berries 
was found to be 331.6, 342.91 and 305.39 µg/mL for NBT, HRL, and BDM, respectively. The antioxidant assay 
results indicated that the seed oil obtained from HRL was significantly more active in scavenging free radicals 
compared to the other seed oils. Therefore, the results indicate that such seed oil supplements could prevent lipid 
oxidation in forced swimming mice. 
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1. Introduction 
Fatigue, depending on its origin, can be classified as 

physical (caused by excessive exercise) or mental (caused 
by sleep deprivation) [1]. Physical fatigue is an important 
factor affecting bodily performance, and often leads to 
premature aging, cancer, depression and other underlying 
physical disorders [2]. In recent years, researchers’ efforts 
have mainly focused on several factors contributing to 
physical fatigue such as the consumption of energy 
sources [3], accumulation of metabolic products [4], and 
production of reactive oxygen species (ROS) [5,6]. The 
concept of swimming to exhaustion is an experimental 
model used to evaluate anti-fatigue [3]. Anti-oxidant 
compounds such as polyunsaturated fatty acids (PUFA), 
polyphenols, and carotenoids, are known to exhibit a 
protective activity against various chronic diseases that are 
caused by ROS [7,8,9]. 

Three indigenous medicinal fruits that grow in the 
Tibetan plateau have been studied: Nitraria tangurorum B. 

(White-thorn), Hippophae rhamnoides L. (Black-thorn), 
and Berberis dasystachya M. (Yellow-thorn). All three 
plants are collectively referred to as the ‘three thorns’. The 
berries of the three thorns have been eaten and used for 
medicinal purposes for centuries [10]. The plants or plant 
derived products seem to possess moderate efficacy with 
either no toxicity, or a lower toxicity, than synthetic drugs, 
making them attractive candidates for drug development 
research programs. Since the 1980’s, the berries from the 
three thorns have been processed and marketed. Two such 
products are ‘The Cream of Three Thorn’ and ‘The Three 
Thorn Juice’. It is known that these three berries contain a 
large amount of bioactive compounds, including 
phytosterols, organic acids, carotenoids, and polyphenols 
[11,12]. In traditional Tibetan medicine, a variety of 
native plants and their berries were used to alleviate 
fatigue caused by oxygen deficiency [13]. Research 
studies have shown that the seed oil extracted by solvent 
solution from N.tangurorum [14], and the water-extracted 
compound of H. rhamnoides exhibit anti-fatigue activity 
[15]. The seed oils extracted with organic solvents from N. 
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tangurorum and H. rhamnoides have been shown to 
contain polyunsaturated fatty acids (N. tangurorum 
92.27 % of total fatty acid content; H. rhamnoides 
88.40 % of total fatty acid content [16]. Studies on the 
active phyto-chemicals present in seed oil of B. 
dasystachya Maxim, lacked characterization analysis and 
investigation of the pharmacological activities. The 
popularized three berries are high-quality medicinal and 
edible berries occurring indigenously in the Tibetan 
plateau. However, it is not known whether there are 
significant differences in the seed oil content and 
biological activity between the three berries. 

In the majority of investigations to date, the seed oils 
were extracted with organic solvents. Instead, continuous 
mechanical expression (screw pressing) is used to extract 
natural products intended for use as food or 
pharmaceutical products [17]. Compared to conventional 
extraction with organic solvents, screw press expression 
possesses many advantages as it is non-toxic, cost-
efficient, and has a lower-process temperature. Thus, it 
meets the growing requirements of the market for wholly 
‘natural’ products [18]. However, to the best of our 
knowledge, the composition, antioxidant properties, and 
anti-fatigue effects of seed oils obtained by screw pressing 
from the three thorns have not been compared before. The 
main objective of this study is to analyze and compare the 
phyto-chemical composition of seed oils obtained by 
screw press expression from Nitraria tangurorum B., 
Hippophae rhamnoides L., and Berberis dasystachya M., 
evaluate the in vitro effects of the seed oils on free radical 
scavenging and to investigate any relevant anti-fatigue 
effect on forced swimming mice. 

2. Materials and Methods 

2.1. Materials 
The berries of Nitraria tangurorum B., Hippophae 

rhamnoides L., Berberis dasystachya M. were collected 
from Dulan town (N 36.321, E 98.111; altitude: 3100 m), 
Tianjun town (N 39.23, E 97.54; altitude: 3600 m), Men-
Yuan town (N 37.52, E 102.21; altitude: 3400 m), Haixi 
national municipality of Mongo land Tibetan, Qinghai, 
China. Freshly collected specimens were identified by 
Prof. Xuefeng Lu, Northwest Plateau Institute of Biology, 
Chinese Academy of Sciences in Xining, China. The 
herbarium samples were numbered as NT20140910 for 
Nitraria tangurorum B.(the species was consistant with Ni 
et.al [18], NO. NT20110802), HR20140823 for 
Hippophae rhamnoides L. (the species was consistant 
with Ni et.al [18], NO. HR20110805) and BD20140826 
for Berberis dasystachya M., and deposited at Qinghai 
Key Laboratory of Tibetan Medicine Research. The seeds 
were separated from the berries and the moisture content 
of three seeds was lowered to about 5% (db) by air-drying 
in the vacuum oven. 

2.2. Preparation of Seed Oil 
Oil expression was carried out using a screw press 

(S60model, WanLong Machinery, China). The preparation 
conditions were as follows: the screw rotation speed was 
set to 64 rpm/min, the preheating temperature of the screw 
head was 120°C and the screw time was 45 min. The 

crude oil was then centrifuged (10 min, 3,000 rpm/min, at 
room temperature) to separate the oil out [19]. Oil 
extraction yield was defined as the ratio of oil extracted 
from screw press, to the amount of oil originally present in 
the seeds. The seed oil of the three berries were stored at - 
20°C for further use. 

2.3. Determination of Phyto-chemical 
Composition of Oil 

FTIR spectrometer (Bruker Tensor 27) was used during 
the FIR spectra acquisition. A FTIR spectrum of the 
sample was determined in the frequency range of 4000-
400 cm-1.  

Total polyphenol content (TPC) was estimated using 
the Folin-Ciocalteu method. The calibration curve was 
prepared with standard gallic acid at different 
concentrations [20,21]. The seed oil was extracted with 10 
ml of methanol (80 %) in an ultrasonic cleaner (60 Hz, 2 h) 
at room temperature, and then filtrated and the residue was 
re-extracted with 10 ml of methanol [20]. After filtration, 
the filtrate was mixed with Folin-Ciocalteu reagent and 
sodium carbonate. The absorbance of the mixture was 
then measured at 765 nm after 1 h. TCC was determined 
according to the method of Ilyasoğlu [22]. The carotenoid 
curve was prepared with β-carotene at different 
concentrations, and the seed oil was extracted with 10 ml 
of hexane. The absorbance of the filtrate was then 
measured at 450 nm. Total Steroid Content (TSC) was 
determined according to the method of Li et al. [23]. The 
steroid curve was prepared with β-sitosterol at different 
concentrations. The absorbance of the filtrate was 
measured at 703 nm.  

Gas chromatography-mass spectrometry (GC-MS) was 
used for analyzing compositions of the fatty acids in seed 
oil. An Agilent 112-8867 GC-MS was carried out using a 
HP-88 MS column (60 m × 0.25 mm × 0.25 μm, 250°C, 
He as the carrier gas) with flame ionization detection 
(FID). The oven temperature program was as follows [24]: 
the initial temperature of the column was 40°C, held for 3 
min, first, a 40°C/min ramp to 120°C, and held for 1 min, 
then an 8°C/min ramp to 160°C, and held for 10 min, then 
a 3°C/min ramp to 181°C, and held for 5 min. Finally, a 
2°C/min ramp to 212°C, and held for 15 min. The carrier 
gas was helium, which was set at a flow rate of 40 ml/min, 
the split ratio was 400:1, and the injection quantity was 1 
μL. The fatty acids of the seed oil were derivatized into 
methyl esters before GC-MS analysis. 

2.4. Determination of Anti-oxidant Activities 
in vitro 

2.4.1. Preparation of Samples 
There are several considerations regarding the 

methodology to evaluate the antioxidant capacity. Due to 
the complex nature of seed oils, and taking in 
consideration the different mechanisms of antioxidant 
activity, more than one method for measuring antioxidant 
activity should be employed in order to estimate the total 
antioxidant capacity. The seed oils were prepared using a 
method previously described by Lin et al. [25], although 
with slight modification. The seed oil was obtained by 
screw press expression (64 rpm/min, 120°C, 45 min), then 
mixed with ethanol/petroleum ether (1:1 v/v) to achieve 
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several different concentrations (12.0, 10.0, 8.0, 6.0, 4.0, 
2.0, and 1.0 mg/mL). The mixture was then shaken 
vigorously so that the whole seed oil was dispersed in the 
solvent. The seed oil solutions were stored at - 20°C for 
further use. 

2.4.2. DPPH Radical Scavenging Activity 
The 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) 

radical scavenging assay was carried out using the method 
described by Lin et al. [25], although with a slight 
modification. Briefly, 1 mL of the seed oil solution was 
added into 2 mL of DPPH solution (0.2 mM in dehydrated 
alcohol). The mixture (seed oil mixed with DPPH) was 
shaken vigorously and incubated in the dark for 30 min at 
room temperature, then measured at 517 nm with a UV-
vis spectrophotometer (UV759, Shanghai Precision & 
Scientific Instrument Co., Ltd, Shanghai, China). The test 
was replicated three times, and the radical-scavenging 
activity of the samples was calculated according to 
equation (1). 

 Inhibition of DPPH radical 100%
control sample

control

A A
A

−
= × 
 
 

 (1) 

Acontrol is the absorbance at 517 nm of the DPPH solution 
without sample, and Asample is the absorbance of the DPPH 
solution with sample. 

2.4.3. ABTS Radical Scavenging Activity 
The 2, 2-azino-bis (3-ethylbenzothiazoline-6-sulfonic 

acid) diammonium (ABTS) radical scavenging activity 
was carried out using the method described by Díaz-
Reinoso et al. [26], with some modifications. Briefly, 2.45 
mmol/L potassium persulphate was mixed with 7 mmol/L 
aqueous ABTS as the radical solution, and the mixture 
incubated in the dark at room temperature. The ABTS 
radical solution was diluted with PBS (pH=7.4) to an 
absorbance of 0.70 ± 0.02 at 734 nm. The sample solution 
was mixed with ABTS radical solution at a ratio of 1:20. 
The mixture of seed oil solution and ABTS was shaken 
vigorously and incubated in the dark for 6 min at room 
temperature, and then the absorbance measured at 734 nm. 
The test was replicated three times, and the radical 
scavenging activity of each sample was calculated 
according to equation (2). 

 Inhibition of ABTS radical = 100%
Acontrol Asample

Acontrol
−

× 
 
 

(2) 

Acontrol is the absorbance at 734 nm of the ABTS solution 
without sample, and Asample is the absorbance of the ABTS 
solution with sample. 

2.4.4. Reduction Assay 
The reduction assay was used according to that 

previously published by Ferreira et al. [27], with some 
modifications. Phosphate buffer at a concentration of 
0.2mmol/L (pH=6.6) was mixed with 1% KOH solution, 
then 1.0 mL of the sample mixture was added and 
incubated in a water bath at 50 ℃for 20 min. After that, 
10% trichloroacetic acid solution was added to the mixture 
in order to stop the reaction. The mixture was centrifuged 
at 5,000 rpm for 10 min, and then the supernatant was 
mixed with 0.1 % ferric chloride solution. The absorbance 

was measured at 700 nm, as a measure of the reduction 
capacity. 

2.5. Anti-fatigue Experimental Design 

2.5.1. Mice and Maintenance 
Healthy male Kunming mice, weighing between 18 g 

and 20g, were purchased from the Center of Laboratory 
Animal of Gan Su University traditional Chinese medicine, 
Gansu, China. The mice were housed in standard cages 
(21.5 cm × 32 cm × 14 cm, five mice per cage) under 
controlled conditions of temperature (24 ± 1°C), humidity 
(60 ± 1%). The mice were subjected to 12/12 h light/dark 
cycle, and allowed free access to standard rodent food and 
water during the experiments. Animal handling 
procedures were conducted under the principles of 
laboratory animal care and use guidelines [28]. The 
institution’s Animal Ethics Committee reviewed the entire 
animal protocol, prior to the experiments being conducted. 
The mice were allowed to adapt to our laboratory housing 
for at least one week. 

2.5.2. The Forced Swim Test 
The procedure used for the forced swim test (FST) was 

as previously described by Porsolt et al. [29]. After the last 
intragastric administration (30 min), the mice were placed 
individually in glass cylinders (height: 35 cm, diameter: 
20 cm), with a depth of ≥30 cm and with a water 
temperature of 25 ± 1°C. A lead block (7 % of their body 
weight) was loaded on the tail root of each mouse (expect 
normal group). The mice were considered to be exhausted 
when they failed to rise to the surface and were struggling 
to breathe within a 10 s period. The swimming period was 
determined as the time spent by the mice swimming or 
floating in the water until exhaustion, and the swimming 
period was recorded. The mice were then sacrificed for 
further examination. 

2.5.3. Mice Treatment 
Mice were trained to adapt themselves to swimming 

twice (10 min per time) in the first week, and the mice that 
did not learn to swim were screened out. Mice were 
randomly divided into the following experimental groups 
(10 mice/group): the normal control group (NC, 0.8 % 
physiological saline, and were not subjected to a 
swimming test), the model control group (MC, 0.8 % 
physiological saline, and were subjected to a swimming 
test) and nine experimental groups (different concentration 
seed oil, and were subjected to a swimming test). The seed 
oil of NTB, HRL, and BDM were formed into an 
emulsion and consecutively administered by intragastric 
administration (at doses of 30, 60 and 120 mg/kg), once a 
day for 21days [30]. The body weights of the mice were 
observed during initial (day 7), intermediate (day 10) and 
terminal (day 21) stages of the test. 

2.5.4. Determination of Antioxidant and Anti-fatigue 
Parameters in Mice 

Mice were anesthetized with an intraperitoneal injection 
of ketamine (80 mg/kg) and xylazine (4 mg/kg). After 
administration of the anesthetic, whole blood was 
immediately withdrawn from the heart in heparinized 
tubes. The serum was prepared by centrifugation at 4 ℃ at 
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3,000 r/min for 10min. Levels of glucose (GLU), lactic 
acid (LC), blood urea nitrogen (BUN), lactic 
dehydrogenase (LDH) and creatine phosphokinase (CK), 
were analyzed with commercial kits (GAGO20 Glucose 
Assay Kit, MAK116 Creatine Kinase Activity Assay Kit, 
Sigma Alorich, China; A019 Lactic Acid Detection Kit, 
C013-1 BUN Kit, A020-2 LDH Detection Kit, Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China).  

Liver and muscle were dissected out, then cleaned 
using normal saline and dried with filter paper. Tissue 
homogenates were prepared in ice-cold medium (pH 7.4, 
10 mM Tris-HCl, 0.1 mM EDTA-2Na, 10 mM Sucrose, 
0.8% NaCl) by tissue homogenization, and were 
centrifuged for 10 min at 5,000 rpm at 4°C to collect the 
supernatant. The saturated Na2SO4 solution was added to 
the supernatant and stirred well. Glycogen was 
precipitated by adding 5 mL of ice cold ethanol to the 
sample mixture and centrifuged at 5,000 rpm for 10 min at 
4°C. One milliliter of HCl (1.2 N) was added to the 
supernatant (1: 1 v/v) and incubated at 85°C for 2.5 h, 
then allowed to cool in an ice bath. The hydrolyzed 
product was evaluated using the DNS method to 
determine tissue glycogen. 

The malondialdehyde (MDA), superoxide dismutase 
(SOD), glutathione peroxidase (GSH-Px) and catalase 
(CAT) were evaluated in muscle homogenates and in 
serum (A003-1 MDA Assay Kit, A001 SOD Assay Kit, 
A005 GSH-Px Assay Kit, and A007-2 CAT Assay Kit, 
Nanjing Jiancheng Bioengineering Institute). The protein 
content was measured using a commercial assay kit 
purchased from Nanjing Jiancheng Bioengineering Institute 
and was assayed according to the manufacturer’s instruction. 

2.6. Statistical Analysis 
The results were presented as mean values ± standard 

deviation and analyzed by Tukey’s post hoc test using 
SPSS version 17.0 software (SPSS, Chicago, IL, USA). 
The difference was considered significant if p<0.05 and 
highly significant if p<0.01. 

3. Results and Discussion 

3.1. Seed Oil Composition 
The seed oil extract from NTB, HRL, and BDM were 

further analyzed by FT-IR spectroscopy. As shown in 
Figure 1, all IR spectra of the seed oils exhibited 
absorbance bands characteristic of hydroxyl groups (3228 
~ 3182cm-1), the outer stretching vibration of olefinic C-H 
groups (3008.78, 3009.54, 3010.27 cm-1) and the 
symmetric and asymmetric stretching vibrations of 
aliphatic CH2 groups (2925.43 ~ 2954.60 cm-1 and 
2849.32 ~ 2854.67 cm-1). The IR spectrum of HRL 
showed a signal at 3472.08 cm-1 characteristic for the 
presence of N-H groups in the compounds. The signal of 
the IR spectrum of HRL at 2028.93 cm-1 represented a 
characteristic absorption peak for C-N. All IR spectra of 
the seed oils showed absorbance bands characteristic of 
functional groups such as-CH2 (around 1460 cm-1), -CH3 
(around 1377 cm-1), and - (CH2)n- (n≥4, around 718 cm-1). 
The IR spectrum of BDM displayed signals at 533.60 and 
521.91 cm-1 corresponding to characteristic absorption 
peaks for an enone group. 

 
Figure 1. Infrared spectra of seed oils obtained from Nitraria tangurorum B. (NTB), Hippophae rhamnoides L. (HRL), and B. dasystachya M. (BDM) 

Note: NTB, seed oil of Nitraria tangurorum B.; HRL, seed oil of Hippophae rhamnoides L.; BDM, seed oil of B. dasystachya M. 
The seed oil yield, total polyphenol content (TPC), total 

carotenoid content (TCC), and total steroids content (TSC) 
of seed oil in NTB, HRL, and BDM were listed in Table 1. 
Significant differences in oil yield obtained by screw 
pressing the three berries could be observed. The HRL 

exhibited the highest yield with 6.12 ± 1.56 % obtained, 
followed by NTB (5.79 ± 1.38 %) and BDM (5.32 ± 
1.72 %). Among the seed oils from the three berries, the 
total polyphenol content (TPC) in BDM (281.61± 19.06 
µg/g) proved to be the highest, followed by HRL (275.32 
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± 28.13 µg/g) and NTB (229.47± 21.91µg/g). The result 
from the TPC analysis indicated that the seed oil extracted 
from BDM might exhibit the highest antioxidant activity. 
Polyphenols have been reported to exhibit a wide range of 
biological activities. The phenolic compounds are a class 
of antioxidant agents, which act as free radical scavengers 
and are considered a major group of compounds that 
contribute to the antioxidant activities of plant materials. 
This is predominantly due to the presence of hydroxyl 
groups that are able to neutralize free radicals [31,32]. 
Furthermore, the polyphenolic compound extracted from 
green tea has been found to significantly increase aerobic 
capacity and to prolong exercise time, possibly due to the 
antioxidant properties [33]. 

The carotenoid content of catsup from 13 commercial 
sources has been directly linked to anti-oxidant activities 
in vivo and carotenoids are currently being used as natural 
anti-oxidants [34]. The total carotenoid content of the 
three seed oils varied from 81.21 ± 6.79 to 65.43 ± 5.46 
µg/g, with the seed oil from HRL displaying the highest 
total carotenoid content, and BDM the lowest. 
Accordingly, the TCC results indicated that the seed oil 
from HRL offered the highest anti-oxidant activity. We 
also evaluated the total steroid content (TSC). Our results 
showed that the TSC of HRL (329.06 ± 16.53 µg/g) 
proved to be superior to NTB (301.22 ± 17.19 µg/g) and 
BDM (291.74 ± 22.21 µg/g). Lyder et al. [35] indicated 
that steroids and triterpenoids could also enhance 
swimming endurance in mice. 

Table 1. The yield, TPC, TCC and TSC of seed oils obtained from Nitraria tangurorum B.(NTB), Hippophae rhamnoides L.(HRL), and B. 
dasystachya M. (BDM) 

Seed oil 
 Composition(µg/g) 

Yield(%)a total polyphenol content (TPC) total carotenoid content 
(TCC) total steroids content (TSC) 

NTB 5.79±1.38 229.47± 21.91 79.13± 5.53 301.22 ± 17.19 
HRL 6.21±1.56 275.32± 28.13 81.21±6.79 329.06 ± 16.53 
BDM 5.32±1.72 281.61± 19.06 65.43± 5.46 291.74 ±22.21 
Note: Data are expressed as mean values ± standard deviations (n=5). a Yield was calculated based on dried seeds mass. NTB, Nitraria tangurorum B.; 
HRL, Hippophae rhamnoides L.; BDM, B. dasystachya M; TPC, total polyphenol content; TCC, total carotenoid content; TSC, total steroids content. 

Oleic and linoleic acids are reported to have good 
antioxidant potential [36]. The seed oils of the three 
berries were derivatized to methylesters and analyzed by 
GC-MS (Table 2). Six saturated fatty acids (lauricacid, 
myristic acid, pentadecanoic acid, heptadecylic acid and 
stearic acid) and six unsaturated fatty acids (palmitoleic 
acid, oleic acid, linoleic acid, γ-linolenic acid, α-linolenic 
acid and eicosenoic acid) have been identified. The main 
saturated fatty acids presented in all three berries were 
pentadecanoic acid (65.82% in NBT, 73.94% in HRL, 
74.24% in BDM). The ratio of unsaturated to saturated 
(SFA/UFA) fatty acids is a useful indicator to evaluate 
nutritional and functional oil characteristics. The 
SFA/UFA ratio of seed oils obtained from NBT, HRL, 
and BDM was determined to be 11.79 %, 8.93 % and 
10.38 %, respectively. The total content of polyunsaturated 
fatty acids present in seed oils from the three berries was 
found to be 331.6, 342.91, 305.39 µg/mL for NBT, HRL, 

and BDM, respectively. γ-linolenic acid (GLA) was 
detected in the seed oil of BDM (0.58 ± 0.01 µg/mL), the 
content for the other berries was found to be below the 
detection limit of the instrument. However, the GLA 
content of the studied seed oil of HRL and NBT were in 
good agreement with previously reported values [16]. The 
seed oil of BDM contained a higher amount of α-linolenic 
acid (ALA, 170.59 ± 9.63 µg/mL), indicating that the seed 
oil from BDM provides a good source for α-linolenic acid, 
a prominent fatty acid that has attracted much attention in 
recent years [37]. It must be noted that the UFA and 
PUFA contents from BDM seed oil were lower than in 
NTB and HRL seed oils. Moreover, the HRL seed oil 
revealed a higher level of PUFA than NTB, a finding that 
was not in agreement with the results obtained by Zhang 
et al. [16]. However, the differences observed between 
NTB and HRL might be due to environmental conditions 
such as sampling at different altitudes. 

Table 2.The fatty acid composition of seed oil obtained from Nitraria tangurorum B. (NTB), Hippophae rhamnoides L.(HRL), and B. 
dasystachya M. (BDM) 

Peak No.  
Compound Molecular formula Retention time(min) Composition(µg/mL) 
   NTB HRL BDM 

1 Lauricacid(C12:0) C12H24O2 10.876 ND ND 0.138±0.002  
2 Myristic acid (C14:0) C14H28O2 12.831 0.38±0.01 0.48±0.02 0.79±0.03 
3 Pentadecanoic acid(C15:0) C15H30O2 14.046 ND 0.42±0.02 ND 
4 Palmitic acid (C16:0) C16H32O2 15.318 24.69±0.34 41.86±0.79 26.35±0.23 
5 Heptadecylic acid (C17:0) C17H34O2 16.760 0.28±0.02 0.24±0.01 0.27±0.02 
6 Stearic acid (C18:0) C18H36O2 18.343 12.16±0.37 13.61±0.84 7.95±0.41 
7 Palmitoleic acid (C16:1) C16H30O2 16.114 0.93±0.01 2.23±0.14 0.30±0.01 
8 Oleic acid (C18:1) C18H34O2 19.158 110.01±5.79 115.21±7.94 62.92±4.40 
9 Linoleic acid (C18:2) C18H32O2 20.689 327.09±13.6 192.46±9.34 134.22±6.19 
10 γ-Linolenic acid (GLA)(C18:3) C18H30O2 21.859 ND ND 0.58±0.01 
11 α-Linolenic acid (ALA) (C18:3) C18H30O2 22.685 4.51±1.09 150.45±8.89 170.59±9.63 
12 Eicosenoic acid (C20:1) C20H38O2 23.553 ND 0.76±0.03 ND 
∑SPAa  37.51 56.61 35.49 
∑UFAb  442.55 505.66 368.61 
∑PUFAc  331.6 342.91 305.39 
∑U/∑Sd  11.79 8.93 10.38 
Note: Data are expressed as mean values ± standard deviations (n=3). 
ND, under the detection limit; ∑SPA a, Total saturated fatty acids; ∑UFA b , Total unsaturated fatty acids; ∑PUFAc, The polyunsaturated fatty acids; 
∑U/∑Sd , The ratio of unsaturated to saturated fatty acids; NTB, seed oil of Nitraria tangurorum B.; HRL, seed oil of Hippophae rhamnoides L.; BDM, 
seed oil of B. dasystachya M. 
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A critical feature of the berries obtained from the three 
plant species mentioned was the fact that all of them are 
edible. This property was particularly important in terms 
of food processing as any bioactive compounds in the 
berries do not have to be extracted to be useful in medical 
applications. Theoretically, the berries could simply be 
lyophilized to avoid perishing, and in an effort to ensure 
stability of any bioactive compounds they contain. 
Potential medical administration of these compounds 
could then take place in the form of dried berries. In 

addition, the TPC, TCC, TSC and the fatty acids of the 
three seed oils were significantly different. We 
hypothesize that the seed oil obtained from HRL (TPC 
275.32 ± 28.13µg/g; TCC 81.21 ± 6.79 µg/g; TSC 329.06 
± 16.53 µg/g; ∑PUFA 342.91 µg/mL) was of superior 
quality compared to the others. Therefore, we surmised 
that the seed oil extracted from HRL could have superior 
pharmacodynamic effects as both an antioxidant and anti-
fatigue agent. Therefore, we conducted the present study 
to test this hypothesis. 

 
Figure 2. In vitro anti-oxidant activities of seed oils obtained from Nitraria tangurorum B. (NTB), Hippophae rhamnoides L. (HRL), and B. 
dasystachya M. (BDM). (A) DPPH radical scavenging activities; (B) ABTS radical scavenging activities; and (C) Reducing power. Data 
are expressed as mean values ± standard deviations; n=3 in each concentration. Note: NTB, seed oil of Nitraria tangurorum B.; HRL, 
seed oil of Hippophae rhamnoides L.; BDM, seed oil of B. dasystachya M. 
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3.2. Anti-oxidant Activity in vitro 
The antioxidant activity of the seed oil obtained from 

the three berries was evaluated by conducting a DPPH 
radical-scavenging assay. DPPH is a stable free radical, 
commonly used as an effective reagent for the 
investigation of free radical scavenging in a variety of 
samples. DPPH exhibits a maximum absorption 
wavelength at 517 nm, and changes colour from purple to 
yellow in the presence of anti-oxidants [25]. The 
scavenging activity of the three seed oils on the DPPH 
radical source is depicted in Figure 2 (A). Highly 
concentrated (12 mg/mL) seed oil from NBT, HRL and 
BDM inhibited 70.22 ± 2.8 %, 79.12 ± 2.1 % and 62.37 ± 
3.2 % DPPH radicals, respectively. Presumably, the seed 
oil from the three berries acts as a hydrogen donor to 
convert DPPH to DPPH-H. The concentration of the 
sample that reduced radical absorbance by 50% (IC50) 
served as an index to compare antioxidant activity. A 
lower IC50 value indicates higher antioxidant activity. 
The result indicated that seed oils extracted from NBT, 
HRL and BDM were able to reduce the stable free radical 
DPPH to yellow coloured diphenylpicrylhydrazine with 
an IC50 of 3.536 mg/mL (R2 = 0.0.9225), 1.180 mg/mL 
(R2 = 0.9615) and 5.601 mg/mL (R2 = 0.9731), 
respectively. Moreover, the IC50 results indicated that the 
seed oil obtained from HRL proved to be significantly 
more active in scavenging DPPH radicals compared to the 
other seed oils obtained from NBT and BDM. 

Another radical species, ABTS, has been used to 
measure the antioxidant activity of different substances in 
vitro. In general, antioxidant species donate electrons or 
hydrogen atoms to inactivate radical sources, in this case 
leading to ABTS discoloration [26]. This color reaction 
has been applied to quantify the total antioxidant activity 
of various substances used in a variety of different studies. 
As shown in Figure 2 (B), upon interaction with various 
concentrations of the seed oils from the berries, the 
absorbance of the ABTS+ decreased in a dose-dependent 
manner. It was observed that the more concentrated the 
seed oil, the higher the percentage of scavenging ABTS 
radicals. Highly concentrated (12 mg/mL) seed oil from 
NBT, HRL and BDM inhibited 89.96 ± 0.9 %, 92.21 ± 
1.3 % and 86.19 ± 0.8 % of ABTS radicals, respectively. 
The ABTS radical scavenging activity of NBT, HRL, and 
BDM also occurred in a dose dependent manner, with 

IC50 values of 0.882 mg/mL (R2 =0.9748), 0.606 mg/mL 
(R2 =0.9680) and 1.667 mg/mL (R2 =0.9982), respectively. 
Therefore, the scavenging activity of the three seed oil 
upon addition of ABTS radicals followed the order: 
HRL >NBT >BDM. 

The reducing power evaluates the ability to donate 
electrons and may therefore serve as an indicator of the 
potential antioxidant activity. The stronger the reducing 
power, the stronger the antioxidant activity. In the 
presence of antioxidants, in this assay the color changes 
from yellow to green or blue [38]. Figure 2 (C) showed 
the reducing power of various concentrations of seed oil. 
The reducing power of the seed oil from NBT, HRL and 
BDM increased at concentrations ranging from 0.182 to 
0.703, 0.242 to 0.790, and 0.104 to 0.596, respectively. 
The results demonstrated that all these seed oils exhibited 
scavenging effects and had a positive correlation to their 
individual concentrations.  

The present study confirmed our previous hypothesis of 
a superior activity of HRL compared to the other plant 
species. This sharp contrast might be attributed to the 
composition as well as the concentration of individual 
compounds present in oil, as well as different varieties of 
plant. Free radical theory strengthens the hypothesis that 
aging occurs by the accumulation of oxidative damage, 
such as DNA mutation, and lipid and protein dysfunction. 
Potentially, the seed oil obtained from HRL could prove 
to be more useful in the treatment of various ROS-related 
metabolic disorders. However, all three seed oils exhibited 
excellent antioxidant activity, such that they could find 
future application in medications designed to alleviate 
fatigue or mitigate oxidative damage of tissue in exercised 
stress conditions [39]. 

3.3. Effects on Body Weight and Swimming 
Time 

The body weight of the mice was recorded after the 
experiment 7 days (initial), after 14 days (intermediate) 
and after 21 days (terminal). The changes in body weight 
during the experimental stage were listed in Table 3. 
Unfortunately, no significant differences in the body 
weight of mice could be observed in the three groups 
compared with the MC (model control) group during the 
initial, intermediate and terminal stages of the experiment 
(p > 0.05). 

Table 3. Effects of seed oil on body weight of exhaustive swimming mice 

Group 
Dose(mg/kg) Body weight(g) 
 Initial Intermediate Terminal 

NC - 20.49±0.34 23.825±0.29 26.94±0.17 
MC  20.48±0.35 23.83±0.30 26.94±0.28 
NTB 30 20.00± 0.34 24.60± 0.27 27.19±0.47 
 60 20.16±0.29 24.91±0.30 28.62±0.70 
 120 19.93±0.25 24.72±0.24 29.925 ±0.23 
HRL 30 20.71±0.48 24.90±0.41 27.02±0.36 
 60 20.42±0.44 24.56±0.26 28.67±0.28 
 120 20.31±0.47 27.41±0.48 31.28±0.39a 
BDM 30 19.78±0.35 23.33±0.30 27.18±0.23 
 60 20.08±0.25 23.04±0.21 28.85±0.21 
 120 21.95±0.31 24.46±0.32 30.67±0.33a 
Note: Data are expressed as mean values ± standard deviations. Statistical significance of mean (Forced swimming test with supplementation groups vs. 
model control group, ap<0.05, bp<0.01) was determined by the paired t-test. NC, the normal control group, 0.8 % physiological saline, and were not 
subject to a swimming test; MC, the model control group, 0.8 % physiological saline, and were subjected to a swimming test; NTB, Nitraria 
tangurorum B. seed oil group; HRL, Hippophae rhamnoides L. seed oil group; BDM, B. dasystachya M. seed oil group. 
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The forced swimming test, one of the most commonly 
used animal models for the evaluation of the physical 
endurance capacity [40,41], was selected to investigate 
any potential anti-fatigue effects of seed oil from the three 
berries. The overall duration of the swimming time to 
exhaustion provided quantification for the degree of 
fatigue [39]. Interestingly, our experimental results 
(Figure 3) indicated that a decrease in fatigue could be 
observed because seed oil could prolong swimming time 
after administration of seed oils for 21 days. However, the 
results also indicate that the swimming times for mice 
administrated with seed oil of HRL at a low dose (30 
mg/kg) could not be significantly prolonged (p>0.05). 

Nevertheless, significant time increases could be observed 
upon administration of seed oil at a high dose (120 mg/kg, 
p<0.01) and middle dose (60 mg/kg, p<0.01) providing 
clear evidence for prolonged swimming times of treated 
mice. Furthermore, administration of seed oil from HRL at 
a high dose (14.00 ± 0.23 min) exhibited the highest 
increase in prolonged swimming times; administration of 
seed oil from BDM at high dose (12.07±0.55 min) showed 
weaker effects than that of the seed oil from NTB (13.13 ± 
0.26 min). Presumably, the time differences obtained 
might be due to the composition of the seed oil and 
varying concentrations of bioactive compounds in these 
three berries. 

 
Figure 3. Effects of seed oil obtained from Nitraria tangurorum B. (NTB), Hippophae rhamnoides L. (HRL), and B. dasystachya M. (BDM) on the 
swimming time in exhaustive swimming mice 

Note: The error bars represent one standard deviation.  
Data are expressed as mean values ± standard deviations. Statistical significance of mean (Forced swimming test with supplementation groups vs. model 
control group, ap<0.05, bp<0.01) was determined by the paired t-test. NC, the normal control group, 0.8 % physiological saline, and were not subject to 
a swimming test; MC, the model control group, 0.8 % physiological saline, and were subjected to a swimming test; NTB, Nitraria tangurorum B. seed 
oil group; HRL, Hippophae rhamnoides L. seed oil group; BDM, B. dasystachya M. seed oil group. High dose, seed oil of 120 mg/kg ; Middle dose, 
seed oil of 60 mg/kg; Low dose, seed oil of 30 mg/kg. 

3.4. Effects on Biochemical Serum 
Parameters 

Table 4 shows the effects of seed oil from the three 
berries on biochemical serum parameters of swimming 
mice. The group subjected to the FST (MC group) 
displayed increasing values in BUN, LC, LDH and CK 
levels and a decrease in serum GLU levels in comparison 
with the NC group. It became obvious that the effects of 
the three seed oil in the FST mice delayed the onset of any 
exercise-induced effects on biochemical parameters 
relevant for symptoms of fatigue. A higher blood glucose 
(GLU) value was an indication for higher glycogen 
utilization. That means that the increase in blood GLU 
demonstrated higher efficiency of the utilization of 
glycogen, which could improve exercise endurance and 
delay fatigue. Wang et al. [42] have reported that 
continuous exercise often led to hypoglycemia and could 
suppress the active functioning of the brain. Therefore, the 
amount of blood glucose could illustrate the speed and 
degree of fatigue development. As shown in Table 4, the 
GLU level of seed oil-treated groups increased 

significantly at middle (60mg/kg) and high (120mg/kg) 
doses compared to the MC group (p<0.01). It was found 
that the level of GLU was much higher in all high dose 
(120 mg/kg) treatment groups compared to the model 
control group (p <0.01), with ratio increases of 1.09 -fold 
(NBT), 1.15-fold (HRL) and 1.07-fold (BDM), 
respectively. Blood urea nitrogen (BUN) is a measure of 
the metabolism of protein and amino acids, which will 
drive a catabolic metabolism when the body cannot obtain 
enough energy though carbohydrate or lipid metabolism. 
A lower BUN concentration was indicative of decreased 
protein catabolism. Hence, urea nitrogen and exercise 
tolerance have a positive correlation [43]. As shown in 
Table 4, the content of BUN in the model group was 
9.21±1.35 mmol/L, and showed a significant increase 
compared to the normal group, which was 6.89±0.73 
mmol/L. Therefore, no significant difference could be 
found between the three berries. With an increasing dose 
administrated intragastrically, the BUN level in the serum 
of mice decreased significantly compared to the MC group 
(p <0.05), with clear dose-dependent effects observed 
among the seed oil-treated groups. In other words, the fact 
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that BUN levels were decreased as a result of treatment 
with seed oils indicates a lower level of protein 

metabolism, which in turn may reflect an adaptation for 
exercise. 

Table 4. Effects of seed oil on serum biochemical parameters of exhaustive swimming mice 

Group 

Dose 
(mg /kg) Serum biochemical parameters 

 GLU 
(mmol /L) 

BUN 
(mmol /L) 

LC 
(mmol/L) 

LDH 
(U/gprot) 

CK 
(U /gprot) 

NC - 6.82±1.59 6.89±0.73 11.66±0.01 139.5±30.11 0.75±0.13 
MC - 5.45±0.98 c 9.21±1.35 c 24.32±3.22 d 289.5±22.06 d 2.75±0.21 d 
NTB 30 9.50±1.35a 7.34±0.63a 21.33±3.04 231.51±32.64a 1.92±0.24a 
 60 10.76±1.34 b 6.15±0.70a 19.16±2.29a 194.87±27.30 b 1.85±0.20 b 
 120 11.41±1.67 b 6.06±0.79 b 17.93±4.25 b 168.46±22.69 b 1.61±0.21 b 
HRL 30 10.88±1.49 b 7.21±0.87 a 20.71±2.48 210.77±35.36 a 1.72±0.22 b 
 60 11.08±1.63 b 6.33±0.76 b 18.42±2.44 b 180.93±30.05 b 1.52±0.21 b 
 120 11.76±1.71 b 5.64±0.58 b 16.31±3.47 b 161.68±32.48 b 1.46±0.17 b 
BDM 30 8.92±1.73 a 7.58±0.96 a 21.95±2.31 260.81±32.12 a 2.06±0.26 a 
 60 10.06±1.62 b 6.93±0.87 a 19.68±4.25 a 201.01±25.41 b 1.87±0.28 b 
 120 11.29±1.34 b 6.50±0.81 b 18.78±3.35 b 178.26±22.24 b 1.65±0.26 b 
Note: Data are expressed as mean values ± standard deviations. Statistical significance of mean (Forced swimming test with supplementation groups vs. 
model control group, ap<0.05, bp<0.01) was determined by the paired t-test. Statistical significance of mean (Forced swimming test no supplementation 
group vs. normal control group, cp<0.05, dp<0.01) was determined by the paired t-test. GLU, glucose; BUN, blood urea nitrogen; LC, lactic acid; LDH, 
lactic dehydrogenase; CK, creatine phosphokinase; NC, the normal control group, 0.8 % physiological saline, and were not subject to a swimming test; 
MC, the model control group, 0.8 % physiological saline, and were subjected to a swimming test; NTB, Nitraria tangurorum B. seed oil group; HRL, 
Hippophae rhamnoides L. seed oil group; BDM, B. dasystachya M. seed oil group. 

Muscles in general produce a considerable amount of 
lactic acid through metabolic reaction of lactate 
dehydrogenase when forced to perform an intense exercise 
regimen (or energy exhaustion). This increased 
concentration of lactic acid brings about a lowered pH 
inside the muscles, inducing signs of fatigue, and also 
driving many side effects of various biochemical and 
physiological processes that can be harmful to the body’s 
performance [44]. Therefore, lactic acid (LC) is an 
indicator of the degree of fatigue after exercise and 
condition of recovery. It was found that the content of 
blood lactic acid was much lower in all high dose 
treatment groups compared to the model control group (p 
< 0.01). The measurements were 26.27 % (NBT), 
32.93 % (HRL) and 22.77 % (BDM), respectively. 
Therefore, administration of seed oil from the three berries 
could effectively lower the blood lactic acid produced and 
postpone fatigue. Intensive exercise switches over to 
anaerobic metabolism; oxygen and pyruvic acid are 
consumed by lactic dehydrogenase (LDH) to lactic acid 
(LC). The increased LDH level would elevate the LC 
content, which would affect both the cardio-circulating 
and the skeletal muscle system [39]. As shown in Table 4, 
the level of LDH in the model group was significantly 
increased 1.07-fold compared with that in the normal 
group (p <0.01). This effect was blocked by the 
administration of seed oils. The middle (60 mg/kg) and 
high dose (120 mg/kg) of seed oils reduced the LDH level 
in FST mice compared with the model group (p < 0.01). 
This result indicates that reduced levels of LC and LDH 
may be one way in which the seed oils exert their anti-
fatigue effect.  

A concentration increase of creatine phosphokinase(CK) 
in blood serum indicates that necrosis of muscle cells and 
muscle damage has occurred or is occurring [43]. 
Therefore, the concentration of CK can also be used to as 
a biomarker of muscle fiber damage [45]. As shown in 
Table 4, the levels of CK increased significantly in the 
FST mice compared with normal mice (p < 0.01). 
However, the groups treated with seed oil showed a 

decreased release of serum CK, in a dose-dependent 
manner (p < 0.05 or p < 0.01). Moreover, all seed oils at a 
high dose (120 mg/kg) led to a significant reduction in the 
levels of serum CK when compared to the MC group (p 
<0.01). 

Glycogen is the important source of energy during 
exercise and can supplement the consumption of blood 
glucose in order to maintain glucose in the physiologic 
range [46]. Energy is derived initially from the breakdown 
of glycogen in muscle during intense exercise, and at a 
later stage the energy will be derived from hepatic 
glycogen [47]. Hence, glycogen is a significant index in 
the process of fatigue. The effect of the seed oils from the 
three berries on glycogen content in hepatic (A) and 
muscle (B) are shown in Fig 4. The hepatic and muscle 
glycogen levels in middle and high dose of oils were 
much higher than that in the model group (p <0.05 or p 
<0.01). The liver glycogen (LG) content of NBT, HRL 
and BDM in high dose groups was significantly higher 
than that of the model group (p <0.01), by 1.03 -fold, 1.19 
-fold and 0.94 -fold, respectively. The muscle glycogen 
(MG) content of NBT, HRL and BDM in high dose 
groups was significantly higher than that of the model 
group (p <0.01), by 1.01 -fold, 1.1 3 -fold and 0.82 -fold, 
respectively. These data indicate that seed oils from 
berries could improve the metabolic control of exercise 
and the activation of energy metabolism. However, there 
have been reports that plant extracts such as phenols, 
steroids, carotenoids and unsaturated fatty acids could be 
potent antioxidants, which could scavenge free radicals 
and therefore can act as a nutrient-dense source of energy 
to improve the extent of exercise [41, 48]. It has been 
shown that fatigue induces oxidative damage (lipid 
peroxidation) of the organs, resulting in abnormalities of 
glucose and lipid metabolism in the organic 
microenvironment [49]. Therefore, we propose that seed 
oils from the three berries may regulate or maintain 
glycogen levels by affecting antioxidant enzyme activity 
to recover normality of glucose metabolism [41]. 
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Figure 4. Effects of seed oil obtained from Nitraria tangurorum B. (NTB), Hippophae rhamnoides L. (HRL), and B. dasystachya M. (BDM) on the 
glycogen content of liver and muscle in exhaustive swimming mice. (A) Liver glycogen content. (B) Muscle glycogen content 

Note: The error bars represent one standard deviation.  
Data are expressed as mean values ± standard deviations. Statistical significance of mean (Forced swimming test with supplementation groups vs. model 
control group, ap<0.05, bp<0.01) was determined by the paired t-test. Statistical significance of mean (Forced swimming test no supplementation group 
vs. normal control group, cp<0.05, dp<0.01) was determined by the paired t-test.NC, the normal control group, 0.8 % physiological saline, and were not 
subject to a swimming test; MC, the model control group, 0.8 % physiological saline, and were subjected to a swimming test; NTB, Nitraria 
tangurorum B. seed oil group; HRL, Hippophae rhamnoides L. seed oil group; BDM, B. dasystachya M. seed oil group. High dose, seed oil of 120 
mg/kg ; Middle dose, seed oil of 60 mg/kg; Low dose, seed oil of 30 mg/kg. 

These results obtained indicate that intragastric 
administration of seed oils from the three berries could 
help mice establish a suitable glycogen metabolism with 
sufficient energy supply (LG and MG), as well as reduce 
protein metabolism to decrease side effects of the intense 
exercise regimen. If translatable to humans, such effects 
might be advantageous in delaying symptoms of fatigue. 
However, further studies of all the bioactive compounds 
involved are required in order to clearly identify the 
biological mechanism driving improved energy 
mobilization. 

3.5. Effects on the Activity of Anti-oxidant 
Enzyme 

The effects of seed oil on the enzymatic antioxidant 
activities in mice are listed in Table 5. Muscle cells in 
general exhibit complex endogenous cell defense 
mechanisms to eliminate reactive oxygen species. Classes 

of enzymes involved in such mechanisms include 
superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px) and catalase (CAT) [6]. The presence of 
antioxidant enzymes is detected, due to an increase in the 
concentration of free radicals inside the muscle cells as 
exercise takes place. Previous results published by Yu et 
al. [50] further confirmed that ingestion of exogenous 
anti-oxidants would led to a decrease of exercise-induced 
oxidative stress, while improving the overall physiological 
conditions. You et al. [40] reported that oxidative stress 
could significantly affect the etiology of chronic fatigue 
syndrome and that antioxidants might be a possible 
treatment. Superoxide dismutase (SOD) can catalyse the 
transformation of superoxide radicals to H2O2 which plays 
an important role in defense against superoxide radicals. 
Glutathione peroxidase (GSH-Px) is a protective enzyme 
as it can decompose H2O2 and lipid peroxides. Catalase 
(CAT) can catalyze the H2O2 to form water and O2 [51]. 
Our study showed that the levels of SOD, GSH-Px, and 
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CAT were increased among these seed oil-treated groups 
and administration doses of middle (60mg/kg) and high 
(120 mg/kg) showed significant changes compared to the 
MC group (p <0.01), which were also dose-dependent.  

Malonic dialdehyde (MDA) is the product of oxidation 
of polyunsaturated fatty acids. MDA has frequently been 
used as an indicator of oxidative stress in response to 
exercise [52]. Further analysis of the MDA level, is 
conducted as a quantitative indicator of lipid pre-oxidation. 
The MDA levels were significantly decreased in seed oil 

administrated mice compared with the MC group (p < 
0.05). The MDA content in the muscle of the NBT, HRL 
and BDM at high dose groups was significantly lower (p 
<0.01) than in that of the MC group, by 43.38 %, 54.83 % 
and 41.94 %, respectively. Furthermore, the levels of anti-
oxidant in the HRL group were superior to the levels of 
the other seed oil-treated groups. However, the three 
antioxidant enzymes of the BDM group at middle (60 
mg/kg) and high (120 mg/kg) doses did not increase in 
comparison to each other. 

Table 5. Effects of seed oil on muscle antioxidant parameters of exhaustive swimming mice 

Group 
Dose (mg /kg) Antioxidant parameters 

 SOD(U/mgprot) GSH-Px(U/mgprot) CAT(U/mgprot) MDA(nmol/mgprot) 

NC - 356.73±10.11 216.45±11.45  340.32±42.54  1.54±0.13 
MC  301.22±7.09 195.03±17.42 c 260.06±25.00 c 3.72±0.22 d 
NTB 30 478.20±8.91 b 220.23±9.15 a 377.34±27.17 a 2.81±0.23 a 
 60 519.67±11.37 b 281.45±9.09 b 438.27±24.78 b 2.17±0.37 b 
 120 568.33±10.06 b 321.69±12.13 b 536.67±37.08 b 1.92±0.22 b 
HRL 30 491.23±9.17 b 253.14±8.18 b 527.70±25.96 b 2.36±0.19 a 
 60 530.48±22.37 b 274.53±4.33 b 556.96±29.62 b 1.87±0.25 b 
 120 587.12±4.03 b 298.04±15.94 b 647.14±20.89 b 1.68±0.42 b 
BDM 30 439.91±11.77 a 216.58±6.10 a 325.17±10.72 a 2.98±0.11 
 60 501.78±9.03 b 272.41±4.54 b 457.23±27.23 b 2.34±0.32 a 
 120 527.32±8.14 b 284.81±6.38 b 526.54±38.31 b 2.16±0.43 b 
Note: Data are expressed as mean values ± standard deviations. Statistical significance of mean (Forced swimming test with supplementation groups vs. 
model control group, ap<0.05, bp<0.01) was determined by the paired t-test. Statistical significance of mean (Forced swimming test no supplementation 
group vs. normal control group, cp<0.05, dp<0.01) was determined by the paired t-test. MDA, malonic dialdehyde; SOD, superoxide dismutase; GSH-Px, 
glutathione peroxidase; CAT, catalase; NC, the normal control group, 0.8 % physiological saline, and were not subject to a swimming test; MC, the 
model control group, 0.8 % physiological saline, and were subjected to a swimming test; NTB, Nitraria tangurorum B. seed oil group; HRL, Hippophae 
rhamnoides L. seed oil group; BDM, B. dasystachya M. seed oil group. 

These data indicate that seed oils from the three berries 
administered by intragastric administration could support 
the ROS-defense mechanisms in mice, by modulating 
antioxidant parameters and could extend the performance 
time frame during intense exercise. Such findings could 
explain protection mechanisms of the corpuscular 
membrane, in an effort to prevent lipid oxidation via 
elevated enzyme activities in forced swimming mice. 
However, in this study, we did not obtain sufficient data to 
pinpoint the relevant compounds in the seed oils 
responsible for the effects observed. Further detailed 
studies will be required to identify the individual 
compounds and are currently underway in our lab. 

4. Conclusions 
In conclusion, the seed oils extracted from Nitraria 

tangurorum B., Hippophae rhamnoides L. and B. 
dasystachya M. proved to be rich in antioxidant 
compounds such as polyphenols, carotenoids, steroids and 
polyunsaturated fatty acids. Our study suggested that the 
seed oils extracted from the three berries could provide 
different antioxidant and anti-fatigue activities. 
Specifically, the effects on ROS were encouraging, and 
are certainly due to several different compounds found 
within the seed oils of the three berries. Further 
investigations will be necessary in order to identify 
individual compounds and the corresponding effects. 
Overall, our study suggested that the seeds and seed oils 
extracted from the three berries could provide an 
inexpensive raw material for the development of natural 
antioxidant food additives, as well as health products. 

Furthermore, the results presented here offer further 
incentives to develop pharmaceutical compounds with 
antioxidant activity and/or bioactive compounds against 
symptoms of anti-fatigue. 
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