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a b s t r a c t 

Fatigue increases oxidative stress which damages body cells and increases the risk for the development of various 
chronic diseases. In this study, the anti-fatigue activity of Piyarom date extract was evaluated in fatigue-induced 
rats using a forced swimming test (FST). Results showed that rats treated with 500 mg/kg BW date extract 
exhibited enhanced energy production with a highest endurance capacity (632.9 ± 28.7 min). The date-treated 
rats also had lower blood lactate, indicating efficient energy utilization with lower fatigue as compared to normal 
and fatigued rats. Moreover, the serum lactate dehydrogenase levels in 250 and 500 mg/kg BW date extracts and 
caffeine groups were significantly lower compared to the fatigued rats. Creatine kinase activity was the lowest in 
the group fed with 500 mg/kg BW date extract. The treated rats showed an amelioration of lipid profiles, while 
the histological study revealed improvement in various organs. Rats treated with 500 mg/kg BW date extract 
demonstrated an enhancement in energy production and improved energy metabolism which could be due to 
the presence of bioactive compounds in the dates. Piyarom date extract demonstrated anti-fatigue property and 
could be used as a functional ingredient in the development of beverages or snacks that address fatigue associated 
maladies. 
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. Introduction 

Fatigue is a common, non-specific symptom experienced by many
eople and demonstrated in different health conditions. Physical fatigue
s associated with a reduction in performance as a result of inefficient
nergy utilization ( Kim et al., 2002; Wan et al., 2017 ) and is further
efined as an overwhelming sense of tiredness, lack of energy, and a
eeling of exhaustion that is related to difficulty in initiating or sustain-
ng voluntary activities ( Kadum et al., 2018 ; Li et al., 2020 ). Fatigue
ncreases oxidative stress that can damage cells and increase the risk for
he development of various chronic diseases ( Lee et al., 2018; Osman
nd Mohamed, 2018 ). 

Ergogenic property is the ability of substances to enhance energy
roduction and utilization ( Halim et al., 2018 ). For example, athletes
nd active people benefit from ergogenic aid that helps to boost their
ompetitive performance and to improve energy utilization ( Kreider
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t al., 2010; Silver, 2001 ). Ergogenic aid helps to improve the produc-
ion of energy and thus prevent fatigue by lowering oxidative stress
nd improving health in general ( Halim et al., 2017 ; Osman and Mo-
amed, 2018 ). There is an increasing trend toward the use of natural
roducts as ergogenic aid to replace and/or reduce the use of synthetic
ompounds in preventing oxidative stress-related fatigue. 

Dates ( Phoenix dactylifera Linn) are rich in various bioactive com-
ounds and have been reported to be an effective part of a diet that
elps to protect against chronic diseases ( Al-Alawi et al., 2017 ). More-
ver, dates are known to be rich in antioxidant compounds such as phe-
olics including flavonoids, phenolic acids, ascorbic acid, tocopherols
nd carotenoids ( Al-Farsi and Lee, 2008; Shabani et al., 2016 ). In pre-
ious studies, we demonstrated that Piyarom and Rabbi dates exhibited
he highest antioxidant, antimicrobial and anti-elastase activities among
ve tested varieties of dates ( Kadum et al., 2019 ). The beneficial activ-

ties noted in the studies could be attributed to the identified metabo-
ites in the dates which include ascorbic acid, epicatechin, citric acid
ber 2021 
ticle under the CC BY-NC-ND license 
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nd gallic acid. This outcome was done based on a correlation study
rom Partial Least Squares biplot obtained from a metabolomics study
f the different date extracts ( Kadum et al., 2019 ). The above-mentioned
ntioxidants are known to exhibit radical scavenging activity which is
rucial in alleviating oxidative stress and associated fatigue ( Zhu et al.,
021 ). In addition, we also showed that Piyarom dates consist of ade-
uate levels of electrolytes and sugars that are known to have ergogenic
ttributes ( Kadum et al., 2018 ). In the present study, we aimed to eval-
ate the anti-fatigue and ergogenic properties of Piyarom date extract
nd determine its effects on the energy metabolism of fatigue-induced
prague Dawley rats. 

. Materials and methods 

.1. Plant materials and extraction 

Piyarom dates were purchased from a local store in Kuala Lumpur,
alaysia and were free from defects and contaminants. The seeds were

emoved, and the edible parts were cut into pieces and dried at 40°C.
he dried pieces were then ground into powder, aseptically dispensed

nto sterile plastic bags and stored at − 80°C. Extraction was carried out
sing 80% ethanol at 25°C for 24 h as optimized in the previous study
 Kadum et al., 2019 ). The solvent was evaporated using a rotary vacuum
vaporator (EYELA A-1000S, USA) at 40°C, and the resultant extract was
reeze-dried and stored in dark bottles at 4°C. 

.2. Animal experimentation 

Male Sprague Dawley rats (aged 5-6 weeks, average body weight of
04.5 g) were purchased from the Animals Resource Unit (ARU), Fac-
lty of Veterinary Medicine, Universiti Putra Malaysia (UPM), and ap-
roval for the study was obtained from the Animal Ethics Committee of
PM (UPM\IACUC\AUP-R037\2017). The rats were allowed to accli-
atize to the standard laboratory conditions for 1 w andwere also given

ree access to tap water and chow diet throughout the one-week period.
hey were randomly divided into groups including Normal Group (NG),
ormal Fatigue Group (NFG), Group subjected to 250 mg/kg BW Date
xtract (LDFG) (250 Date), Group subjected to 500 mg/kg BW of date
xtract (500 Date) and Group subjected to 5 mg/kg BW of caffeine (5
). 

.3. Experiment design 

Male Sprague Dawley rats ( n = 60) were randomly divided into two
lusters as follows: cluster 1 (NG) ( n = 12) which was named the non-
atigue control group; and cluster 2 ( n = 48) which was subjected to
he Forced Swimming Test (FST). Once becoming fatigued, the rats in
luster 2 were divided into four different groups. Two groups were fed
ith date extract at 250 mg/kg BW (low dose), and 500 mg/kg BW

high dose) as described in a previous study ( Sheikh et al., 2016 ). One
roup served as a positive control and was fed 5 mg/kg BW caffeine,
nd a control group was subjected to the FST but did not receive any
reatment. The animals were fed their diets, and dosages of the date
xtract were administered through gastric intubation. Date extract and
affeine were given to the respective groups continuously every day for
 w per the study design. 

.4. Forced swimming test 

The rats were subjected to the FST in order to induce fatigue and
etermine their endurance capacities following the method described
y Prasad and Khanum (2012) . Briefly, a water tank containing wa-
er 50 cm in depth and maintained at 25 ± 2°C was used. Steel wash-
rs weighing approximately 7% of each rat’s body weight were tied to
he tails. The animals were then carefully placed into the tank, and the
2 
ime taken for each one to swim before exhaustion was recorded. Ex-
austion/fatigue was determined when the rat’s head failed to surface
ithin 7 s. The experiment was repeated every 2 w over a period of 8
 of treatment. 

.5. Blood and organ collection 

Fasting blood samples were collected from the rats at weeks 0 and 4
y retro-orbital vein collection, and, at the end of the treatment (week
), by cardiac puncture under general anesthesia using ketamine and
ylazine. All of the blood samples were transferred into EDTA containing
ubes, centrifuged at 3500 rpm at room temperature for 15 min, and
lasma was collected and stored at -80 °C until further analysis. After
 w of treatment, the organs (liver, kidney, heart, lung, muscle) were
ollected for analysis. 

.6. Biochemical analyses 

Various biochemical parameters related to energy metabolism were
easured in this study. Serum was used to analyze glucose, serum urea
itrogen (SUN), lactate (LAC), lactate dehydrogenase (LDH), creatine
inase (CK), and creatine (Cr). All biochemical parameters were as-
ayed based on standard procedures provided by commercially avail-
ble assay kits (Span diagnostic Ltd., India). The units for SUN and
r were mg/dL, while LDH and CK were expressed in IU/L. Serum

ipid profiles were also assayed (triglycerides, TG, total cholesterol, TC,
ow-density lipoprotein cholesterol, LDL-C, and high-density lipoprotein
holesterol HDL-C). Liver and kidney function tests were performed, and
heir assayed markers were alanine aminotransferase (ALT), aspartate
minotransferase (AST), and gamma-glutamyl transferase (GGT). The
oche/Hitachi Cobas C system procedure was followed. 

.7. Histological study of selected organs 

The collection of organs of interest (liver, kidney, heart, and muscle),
as followed by weighing and then storage in 10% formalin. The heart

issue was cut transversely in order to obtain ventricular sections, the
our-chamber cross-sections and the liver and muscle tissues (soleus)
ere minced and dipped in paraffin and then hematoxylin and eosin

H&E) for staining. The tissue examination by a veterinary pathologist
 Huang et al., 2015 ) was conducted under a light microscope equipped
ith a CCD camera (BX-51, Olympus, Tokyo, Japan). 

.8. Statistical analysis 

One-way ANOVA followed by Tukey’s HSD test was used to ob-
ain statistical differences between the samples and the controls. Results
ere expressed as mean ± standard deviation (SD). A difference in the
ean values with p < 0.05 was considered to be statistically significant,

nd obtained data was analyzed using MINITAB version 16 (Minitab,
nc., State College, Pennsylvania, USA). 

. Results and discussion 

.1. Food intake and water consumption 

Results of the study showed no significant differences in the food and
ater intake among the rats ( Fig. 1 A and B). However, rats fed with date

xtract showed a slight body weight gain throughout the experiment
 Fig. 1 C). 

.2. Forced swimming test 

The Forced Swimming Test (FST) represents a valid animal model for
esting the anti-fatigue property of bioactive compounds ( Prasad and



H. Kadum, A. Hamid, F. Abas et al. Future Foods 4 (2021) 100077 

Fig. 1. Effects of date extract on (A) weekly food intake, (B) 
weekly water intake, and (C) body weights of the tested rat 
groups (n = 6). NG: normal group; NFG: normal fatigue group; 
250 Date: group subjected to 250 mg/kg BW date extract; 500 
Date: group subjected to 500 mg/kg BW date extract; 5 C: 
group subjected to 5 mg/kg BW caffeine. 
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hanum, 2012 ; Hao et al., 2014 ; Halim et al., 2017 ). The FST re-
ults clearly showed an anti-fatigue effect of the date extract on the
ats during swimming ( Fig. 2 ). The rats receiving the higher dose of
ate extract (500 mg/kg BW) exhibited the longest endurance capacity
f approximately 632.9 ± 28.7 s, which was significantly ( p < 0.05)
igher compared to that of the groups treated with 250 mg/kg BW
xtract and 5 mg/kg BW caffeine. Interestingly, the enhanced swim-
ing capacity of the rats fed with date extract was observed as early

s the fourth week of the experiment. The prolonged swimming time
f the rats indicated higher resistance towards fatigue during the FST
 Tanaka et al., 2003 ; Ma et al., 2007 ). Similar results have been re-
orted by several researchers who tested the anti-fatigue potential of
lant extracts ( Prasad and Khanum, 2012 ; Xu et al., 2013 ). For instance,
n one previous study, rats fed with holy basil ( Ocimum sanctum ) exhib-
ted better performance against fatigue and prolonged their swimming
imes ( Singh et al., 2012b ). In a recent study, Peruvian ginseng ( Lep-

dium meyenii ) fed to mice at three different doses for 28 d resulted in
nti-fatigue effects, and the researchers suggested that L. meyenii was
n effective ergogenic aid ( Zheng et al., 2018 ). In another report, four
ifferent doses of moringa ( Moringa oleifera ) extracts were given to rats
n order to test their endurance capacity. In that study, the extract was
 o  

3 
ound to have delayed the fatigue time for the rats and enhanced their
wimming capacities ( Lamou et al., 2016 ). In the present study, dates
ave been shown to exhibit potential for application in energy drinks
nd are comparable other natural plant extracts. 

.3. Blood glucose, lactate and lactate dehydrogenase levels 

The extent of fatigue in muscles after exercise can be measured by
arious biochemical markers including glucose, lactate, and lactate de-
ydrogenase. The blood glucose levels of the rats after 8 w of treatment
ere thus measured in order to determine the effects of the date extract.
he results showed no significant differences in glucose levels among the
at groups except for the Normal Fatigue Group (NFG) which was signifi-
antly ( p < 0.05) lower ( Table 1 ). The results indicated protective effects
f the date extract that may be attributed to the ergogenic property of
ates that is ostensibly as good as that of caffeine. In skeletal muscles,
lucose is the fuel for energy generation during exercise, and glycogen
upplies the bulk of it through glycogenolysis in order to maintain the
ow of glycolysis for energy generation. It has been shown that nutri-
ional interventions via the consumption of dates may help in boosting
r maintaining muscle glycogen concentrations both before and during
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Fig. 2. Endurance capacity of the rats as de- 
termined by forced swimming test during eight 
weeks of treatment (n = 6). Data are mean 
with bars indicating standard deviation. Means 
with different letters within the same week are 
significantly different ( p < 0.05 ). NG: normal 
group; NFG: normal fatigue group; 250 Date: 
group subjected to 250 mg/kg BW date extract; 
500 Date: group subjected to 500 mg/kg BW 

date extract; 5 C: group subjected to 5 mg/kg 
BW caffeine. 

Table 1 

Effects of date extract on the levels of glucose, lactate, and LDH in the 
blood samples of the studied rat groups (n = 6). 

Group Glucose mmol/L Lactate mmol/L LDH (U/L) 

NG 5.64 ± 0.667 a 14.41 ± 0.898 a 287.83 ± 8.147 b 

NFG 3.98 ± 0.548 b 16.35 ± 0.187 a 588 ± 13.305 a 

250 Date 5.43 ± 0.521 a 12.08 ± 0.457 b 316.16 ± 27.580 b 

500 Date 5.88 ± 0.641 a 10.73 ± 0.309 b 297 ± 29.214 b 

5 C 5.41 ± 0.474 a 11.06 ± 0.256 b 305.83 ± 25.918 b 

Data are mean ± standard deviation. Means with different letters within 
the same column are significantly different ( p < 0.05 ). 
Abbreviations: LDH, Lactate dehydrogenase; ALT, alanine transferase; 
AST, aspartate aminotransferase, GGT, gamma-glutamyl transferase, 
NG, Normal Group; NFG, normal fatigue group; 250 Date, Group sub- 
jected to 250 mg/kg BW date extract; 500 Date, Group subjected to 500 
mg/kg BW date extract; 5 C, Group subjected to 5 mg/kg BW caffeine 
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xercise ( Li et al., 2018 , 2017 ). However, it is important to keep blood
lucose levels lower than 6 mol/L in order to avoid complications from
iabetic conditions that may occur when hyperglycemia is allowed to
ersist over a period of time. In a previous study, mice fed with Cis-

anche deserticola extract for 3 w showed increased blood glucose levels
hich resulted in improved energy levels ( Cai et al., 2010 ). In another

tudy, the extract of Radix rehmanniae was reported to be responsible
or anti-fatigue activity due to the increased glycogen stored in the liver
nd decreased build-up of glucose in the blood as a result of glucose
onsumption by muscles ( Liu and Liu, 2016 ; Tan et al., 2012 ). 

Blood lactate, a crucial marker for fatigue during heavy exer-
ise, is used to measure an existing pathology in a routine stress test
 Halim et al., 2017 ). Lactic acid is a product of glycolysis due to anaer-
bic condition which is the primary form of metabolism in the muscles
uring exercise ( Fu et al., 2010; Sun et al., 2014 ). Lactate accumulation
s considered to be a major inducer of fatigue, and thus the inhibition
f lactate accumulation or the reduction of lactate levels represents an
nti-fatigue effect ( Blasiak et al., 2014 ). The results obtained in the cur-
ent study demonstrated significant ( p < 0.05) reduction in lactate levels
etween rat groups treated with date extract and caffeine as compared
o that of normal and normal fatigue groups ( Table 1 ). The lactate lev-
ls were 10.75 ± 0.90, 11.08 ± 0.26, and 12.09 ± 0.761 mmol/L for the
at groups treated with 500 mg/kg BW, caffeine 5 mg/kg BW, and 250
g/kg BW date extract, respectively. The lactate levels for the normal

roup and fatigue groups were 14.41 ± 0.45 and 16.35 ± 0.18 mmol/L,
espectively. The results indicated positive effects from the date extract
hat caused the reduction in lactate levels in the rat groups. The ob-
erved effects could be attributed to the improved performance of the
ats during the FST. This result, in turn, could be due to the reduction in
uscle damage caused by the lower lactate accumulation. In a previous
4 
tudy, rats fed with Amarkand extract had decreased blood lactate and
ncreased endurance associated with fatigue ( Narkhede et al., 2016 ).
he previous report is in agreement with the findings of the present
tudy, indicating the anti-fatigue activity of different plant extracts that
ere able to decrease blood lactate level in the rats, and thereby im-
roved the animals’ performance. 

The presence of high levels of LDH in the blood is an indication of ex-
essive muscle use and is thus a marker for fatigue ( Halim et al., 2017 ).
xcessive LDH is also an indication of necrosis in cells and damage to
issues ( Li et al., 2017 ). Our results showed that FST significantly ( p <
.05) increased the blood LDH levels of the normal fatigue rats (588 ±
3.30 U/L) which was significantly ( p < 0.05) higher than that of rats
ed with 500 mg/kg BW of date extract (297 ± 29.21 U/L), the lower
ose (316.16 ± 27.58 U/L) of date extract and caffeine (305 ± 25.91
/L) after 8 w treatment. It can thus be suggested that the date extract
as able to enhance energy production in rats and consequently reduced
amage to the rat muscle. Our results agreed with those reported previ-
usly by Narkhede et al., (2016) . In that study, Amarkand extracts were
iven to Wistar rats, and after 2 w, there was a significant reduction in
he animals’ blood LDH levels. Similar results have also been reported
n another study in which fatigued rats treated with water extract from
ermented rice bran showed a decrease in serum LDH levels (Kim et al.,
002). 

.4. Creatine kinase activity 

Creatine kinase (CK) is an established marker for muscle damage.
he function of CK in the cells is to phosphorylate creatine into a high
nergy compound ( i.e ., activated creatine) and phosphocreatine to be
tilized as a quick source of energy by muscle cells ( Abdul Majid et al.,
020 ). Most of the CK in the body is normally present in the muscle,
nd any increase in the CK levels in the blood could indicate muscle cell
amage ( Brancaccio et al., 2007 ). The results in Table 2 show a low CK
evel in rats treated with 500 mg/kg BW date extract, and it was signifi-
antly ( p < 0.05) lower compared to that of all other groups ( Table 2 ). It
hould be highlighted that our results revealed the protective effects of
ate extract against muscle damage that can be caused during heavy ex-
rcise. It was also observed that the effect of the date extract at a higher
ose was better than that of caffeine. Prasad and Khanum (2012) re-
orted that fatigued rats treated with ethanol extract of O. sanctum had
 decrease in their serum CK level and improved performance. How-
ver, the current study showed that date extract significantly ( p < 0.05)
educed CK levels as compared to the results from several other plant
xtracts. Therefore, date extract has a high potential as a natural anti-
atigue agent that can improve performance and reduce muscle damage
uring exercise or other physical activities. 
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Table 2 

Creatine kinase activity following eight weeks of treatment with date 
extract (n = 6). 

Group Creatine kinase activity (U/L) 

NG 1144.17 ± 103.46 b 

NFG 1295.6 ± 114.79 a 

250 Date 1012.67 ± 155.36 bc 

500 Date 749.17 ± 139.40 d 

5 C 937.83 ± 212.85 c 

Data are mean ± standard deviation. Means with different letters indi- 
cate significant difference ( p < 0.05 ). 
Abbreviations: NG, Normal Group; NFG, normal fatigue group; 250 Date, 
Group subjected to 250 mg/kg BW date extract; 500 Date, Group sub- 
jected to 500 mg/kg BW date extract; 5 C, Group subjected to 5 mg/kg 
BW caffeine 
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Fig. 3. Lipid profiles of the rats following eight weeks of treatment, including 
(A) total cholesterol, (B) triglycerides levels, (C) total LDL levels, and (D) HDL 
levels (n = 6). Data are mean with bars indicating standard deviation. Means 
with different letters are significantly different ( p < 0.05 ). NG: normal group; 
NFG: normal fatigue group; 250 Date: group subjected to 250 mg/kg BW date 
extract; 500 Date: group subjected to 500 mg/kg BW date extract; 5 C: group 
subjected to 5 mg/kg BW caffeine. 
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.5. Lipid profiles 

Various scientific evidence has supported the positive effects of ex-
rcise on the levels of certain lipids in the blood such as HDL, LDL, TG,
nd TC. Interestingly, in our study, there were significant ( p < 0.05) dif-
erences in the lipid profiles for the normal group of rats that did not un-
ergo FST in comparison to the fatigue groups ( Fig. 3 ). The rats fed with
00 mg/kg BW of date extract exhibited significantly ( p < 0.05) lower
holesterol levels as compared to that of the normal and fatigue groups.
owever, the level was not significantly different from that fed with caf-

eine and the low dose of 250 mg/kg BW date extract. Similarly, total
riglycerides for the rats were not significantly different from each other
xcept for the normal group. Results of this study clearly showed that ex-
rcise resulted in a significant reduction ( p < 0.05) of serum TC, TG and
DL ( Fig. 3 ). This study also revealed elevation in the serum HDL levels
bserved for all rats that had undergone FST, with those rats that were
ed higher doses of the date extract having significantly ( p < 0.05) higher
DL levels than those fed with lower doses, although not significantly
ifferent from those fed caffeine. The decreased LDL and increased HDL
evels are useful for protecting the body from cholesterol sedimentation
nd atherosclerosis ( Yang et al., 2005 ). The results agree with those from
 previous study that investigated the effects of Tri-Sura-Phon (TSP) ex-
ract on humans that significantly reduced serum levels of TC, TG and
DL, and increased serum levels of HDL ( Kuamsub et al., 2017 ). In other
tudies, green tea extract significantly reduced total cholesterol, triglyc-
rides, and LDL, and increased serum levels of HDL in obese women
 Hsu et al., 2008 ; Suliburska et al., 2012 ). The reductions observed in
he elevated serum TC, TG, and LDL and increase in the HDL levels of
atigue rats treated with date extract in the present study are suggested
o be due to exercise as well as the anti-fatigue property of the date
xtract. 

.6. Toxicity indicator of the treatment 

A large number of plant extracts have been recommended for con-
umption due to their ability to enhance physiological activities of the
ody by virtue of their antioxidant, anti-diabetic and anti-fatigue prop-
rties ( Sallehuddin et al., 2020 ). However, cytotoxicity or safety is the
ain concern when considering the use of specific plant extract for
uman consumption. The toxic effects may cause an increase in liver
nd kidney enzymes such as aspartate transaminase (AST) and alanine
minotransferase (ALT). These enzymes are recognized as markers for
iver and kidney damage with regard to the diagnosis, therapeutic mon-
toring, and evaluation of the toxicity levels and safety risk of plant
xtracts. The results of the 8 w of treatment with date extract at a
ose of 500 mg/kg BW showed significantly ( p < 0.05) lower levels
f AST and ALT as compared to those t of normal group rats ( Table 3 ).
uan et al., (2017) reported the reduction of AST and ALT using luteolin-
-C-neohesperidoside to determine the anti-fatigue effect and dysfunc-
5 
ion of the liver and skeletal muscle induced by oxidative stress by reg-
lating inflammatory and oxidative reactions. 

Urea level represents renal function, and an increased level could
ndicate changes in stress conditions ( Ang et al., 2008 ). Urea is the by-
roduct of gluconeogenesis in which protein and free amino acids are
atabolized during the limited access to carbohydrates and fats supplies
 Lee et al., 2015 ). The results of the current study showed that the treat-
ent with 500 and 250 mg/kg BW date extracts and 5 mg/kg caffeine
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Table 3 

Serum creatinine, urea, ALT, AST, and GGT determined from the blood samples of the tested 
rat groups following eight weeks of treatment with date extract. 

Group 

mmol/L U/L 

Creatinine Urea ALT AST GGT 

NG 42.50 ± 1.52 b 10.33 ± 0.32 bc 65.33 ± 5.25 ab 246.83 ± 8.79 ab 
< 2 

NFG 57.50 ± 1.18 a 16.78 ± 0.26 a 68.33 ± 4.13 a 270.83 ± 15.49 a < 2 

250 Date 36.67 ± 1.17 c 11.0 ± 0.23 b 63.00 ± 4.83 ab 228.33 ± 29.00 bc 
< 2 

500 Date 29.0 ± 1.67 e 7.18 ± 0.21 c 54.33 ± 3.59 c 202.50 ± 9.85 c < 2 

5 C 32.33 ± 0.37 d 8.8 ± 0.31 c 57.17 ± 4.01 bc 212.17 ± 21.70 bc 
< 2 

Data are mean ± standard deviation. Means with different letters within the same column are 
significantly different ( p < 0.05 ). 
Abbreviations: ALT, alanine transferase; AST, aspartate aminotransferase, GGT, gamma- 
glutamyl transferase, NG, Normal Group; NFG, normal fatigue group; 250 Date, Group sub- 
jected to 250 mg/kg BW date extract; 500 Date, Group subjected to 500 mg/kg BW date 
extract; 5 C, Group subjected to 5 mg/kg BW caffeine 
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Fig. 4. Histological study of various organs: (A) heart, (B) kidney, (C) liver, and 
(D) Gastrocnemius muscle of the rats. Representative histological sections of the 
heart, kidney, liver, and Gastrocnemius muscle were stained with haematoxylin 
and eosin. Specimens were photographed using light microscope. (H&E stain, 
magnification: × 400; Scale bar, 50 𝜇m). 1: NG (normal group); 2: NFG (normal 
fatigue group); 3: 250 Date (group subjected to 250 mg/kg BW date extract); 
4: 500 Date (group subjected to 500 mg/kg BW date extract); 5: 5 C (group 
subjected to 5 mg/kg BW caffeine). 

t  

o  

p  

r  

w  

s  
ave no significant difference compared to the normal group. Thus, a
ignificant ( p < 0.05) reduction in the serum urea levels of the groups re-
eived the treatment was observed compared to that of the fatigue group
hat did not receive treatment ( Table 3 ). Treatment with 250 mg/kg, 500
g/kg date extracts and 5 mg/kg caffeine decreased serum urea levels

36.67%, 29.0%, and 32.33% respectively) after 8 w of treatment. Sig-
ificantly ( p < 0.05) lower creatinine levels were also observed in rats
ed with date extracts and caffeine. The combination of date extract and
affeine, therefore, help to prevent kidney damage which could occur
n fatigue rats. The levels of urea and creatinine increased in the blood
uring renal dysfunction or renal diseases ( Öner-Iyido ǧan et al., 2013 ).
n a previous study, fatigue rats were observed to have high levels of
rea and creatinine due to the damage caused to the liver and kidney,
hile the treatment with Amarkand extract reduced the presence of urea
nd creatinine ( Narkhede et al., 2016 ). Findings from the study thus re-
ealed that the treatments given were not toxic to the liver or kidney of
he rats. 

.7. Histological examination of heart, kidney, liver and gastrocnemius 

uscle tissues 

Fig. 4 (A–D) shows the histological alterations of major organs of the
ats, including heart, kidney, liver and skeletal muscle tissues stained
ith H & E. It was observed that the treatments affected the organs of

he different groups of rats in different ways. For example, Fig. 4 A1 is
he longitudinal section of cardiac muscle tissue in normal rats, showing
ormal vascularization and inter-muscular tissue. Conversely, A2 shows
he cardiac muscle tissue of fatigue rats, showing inflammation (arrow)
ith excessive cellular infiltration (circle) and massive damaged my-
cytes. Interestingly, A3 (cardiac muscle of fatigue rats fed with low
ose date extract) shows visible improvement and reduction in the in-
ammation cellular infiltration after 8 w of treatment. As expected, A4
nd A5 (cardiac muscle of fatigue rats fed with high dose 500 mg/kg BW
f date extract and caffeine, respectively) showed an excellent improve-
ent with diminished signs of inflammation and cellular infiltration. 

The inflammation and cellular infiltration of the cardiac muscle tis-
ue are signs of oxidative stress and myocyte damage, which were proba-
ly due to the fatigue caused by the FST ( Halim et al., 2017 ; Abdul Majid
t al., 2020 ). The treatment with low and high dose date extracts (500
g/kg BW) significantly improved oxidative damage to the cardiac mus-

le dose dependently. Previously, we reported that Piyarom date extract
xhibited potent radical scavenging activities that are attributed to the
rray of bioactive compounds present ( Kadum et al., 2019 ). The im-
roved cardiac muscles could thus be attributed to these bioactive com-
ounds. This is interesting as the improvement in the muscle was on par
ith that demonstrated by the caffeine treated groups. 

Fig. 4 B shows the transverse sections of kidney tissues of normal,
atigue, low dose, high dose: 500 mg/kg BW of date extract, and caf-
eine treated rats. As expected, B1 (normal rats), shows normal renal
6 
issue and normal vascularization of the cortex and medulla. On the
ther hand, B2 (fatigue rat), shows acute inflammatory infiltration at the
erivascular (single arrows) and periglomerular regions (circle) of the
enal tissue. The photo micrograph also shows that Bowman’s capsule
as undergoing degeneration as indicated by widening of the Bowman’s

pace (double arrow). The renal section of group 3 rats (fatigue + low



H. Kadum, A. Hamid, F. Abas et al. Future Foods 4 (2021) 100077 

Fig. 4. Continued 
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b  
ose date treatment) shows clear improvements in the inflammatory
onditions after 8 w of treatments with date extract. B4 (fatigue + 500
g/kg BW of date extract) shows better improvement with a complete

bsence of inflammatory conditions. However, B5 (caffeine treated rats)
hows the re-emergence of inflammation in the Bowman’s capsule (ar-
ows) cellular infiltration in the cortex regions (circle) after 8 w of treat-
ent with caffeine. 

The FST caused inflammation as clearly seen in the fatigue rats. The
eduction in the inflammatory conditions and closure of the wider Bow-
an’s space were observed in the low and 500 mg/kg BW of date ex-

ract treated groups. This could also de due to the presence of bioactive
ompounds in the dates. The caffeine treated rats continued to have in-
ammation in the glomerular region (arrows) and cellular infiltration

n the medulla (circle). This could be due to the fact that the admin-
stered caffeine was also having a negative effect on the renal cells in
ddition to its positive effect of regeneration of the Bowman’s capsule
 i.e. , closure of the Bowman’s space). 

Fig. 4 C shows the transverse section of hepatocytes of normal, fa-
igue, low dose, high dose, and caffeine treated rats. As expected, the
ormal rats showed normal branches of hepatic artery, portal vein, bile
ucts and well-arranged hepatocytes without any sign of inflammation.
owever, hepatocytes from fatigue rats showed bulging of the portal
ein with increased vascularization (arrow), and the portal area showed
nfiltration with white blood corpuscles (circles) and reversible cellular
njury (signs of hepatic inflammation). Interestingly, C3, which shows
he hepatocytes from fatigue rats fed with low dose date extract (250
g/kg BW), reveals a slight improvement in cellular injury, although
ersistent cellular infiltration around the portal area remained. While
4 shows the hepatocytes from rats fed with high dose of date extract
500 mg/kg BW) which reveals well preserved hepatocytes and the ab-
ence of inflammatory signs after 8 w of treatment. On the other hand,
iver cells from rats fed with caffeine (C5) showed remnants of cellular
amage that were reversible along with cellular infiltration in the re-
ion between the bile duct and the hepatic artery. This would indicate
hat the treatment of 500 mg/kg BW of date extract protected the liver
ells better than that with caffeine. 
7 
The observed cellular infiltration and damage could be caused by
he FST that the rats endured. It could be said that the effect of date
xtract on liver cells following exercise was dose dependent since the
ow dose treatment was not able to completely clear the cellular dam-
ge and infiltration. The complete treatment of these conditions and the
nflammation were seen in the high dose treated group, which showed
uch greater improvement than the caffeine treated group. Therefore,

he high dose date treatment could be used to replace caffeine in the
reatment of inflammation. 

Fig. 4 D is the transverse section of the gastrocnemius tissue from the
ormal, fatigue, low dose, high dose of date extract, and caffeine treated
ats. Normal rats (D1) showed normal longitudinally arranged muscle
bers with peripheral nuclei and transverse striated muscle fibers. How-
ver, the tissue muscle of fatigue rats (D2) revealed excess vascular-
zation of red blood corpuscles in the muscle fiber (arrows). The sar-
oplasm nuclei also had significant darkening (small circle), and the
yofibrils had a relatively reduced striation (big circle) when closely

bserved. In the D3 section, the striation of the muscle fibers had re-
ained shape, and the extra vascularization of the paramecium dimin-
shed. These conditions completely disappeared in the D4 section (high
ose treated rats) after 8 w of treatment. The caffeine treated rats (D5)
lso showed marked improvement in the striation of myofibrils. How-
ver, vascularization of the paramecium remained high. 

These histological changes in the skeletal muscle tissue observed in
he fatigue rats indicated degeneration of muscle tissues (muscle dam-
ge) caused by the FST ( Sari and Das, 2013 ). However, the reduction in
uscle damage observed in the low and high dose treated rats is a sign

f regeneration of damaged muscle tissue. This could be due to the pres-
nce of antioxidant components and protein metabolites in the Piyarom
ate extract used in the treatment ( Kadum et al., 2019 ). The persistent
nflammation observed in the caffeine treated rats could be a side effect
f caffeine despite its regenerative effect on the muscle tissues. 

In general, feeding the rats with date extract and caffeine improved
he muscle damage that may have been caused by excessive oxidative
tress resulting from the FST. Moreover, a histological study revealed the
rotective effect of the date extract against oxidative stress-associated
atigue. 

. Conclusions 

The findings from this study revealed that Piyarom date extract ex-
ibited an anti-fatigue property in Sprague Dawley rats as determined
y an FST. The rats treated with a high dose of 500 mg/kg BW date
xtract demonstrated an excellent endurance capacity that could be at-
ributed to improved energy metabolism. Moreover, the serum levels of
lucose, lactate, LDH, and CK were significantly reduced. The results
hus showed that 500 mg/kg BW is the recommended dose for enhanc-
ng energy generation and lowering tissue damage caused by oxidative
tress- associated fatigue. Histology results also revealed a protective ef-
ect from the date extract against oxidative stress -associated fatigue. Im-
ortantly, the date extract was not toxic to hepatocytes and kidney cells.
urther studies should thus be carried out in order to explore the mech-
nisms involved in the reduction of fatigue by date extract in Sprague
awley rats. Dates could then be recommended as an ergogenic aid to
e used in the development of functional beverages or snacks with er-
ogenic properties. 
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