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Abstract
Fatigue is a complex phenomenon that is explained as difficulty starting or keeping voluntary physical or mental activity 
leading to negative impacts on life and work performance. This study aimed to investigate the anti-fatigue effects of Viola 
odorata L. in an animal model. Aqueous and ethanol extracts of V. odorata were prepared and total phenolics content was 
determined. Then, the anti-fatigue activity of the extracts was evaluated via a weight-loaded forced swimming test in the rat. 
To this end, 48 male Wistar rats were randomly classified into 6 groups. The control group using distilled water and other 
groups with ethanol (EVO; 50, 100, 200 mg/kg) and aqueous extracts of V. odorata (WVO; 50, 100mg/kg) were gavaged 
once daily for four weeks. Then, the forced swimming was conducted and swimming time, as a fatigue factor was measured. 
In addition, to validate the effect of V. odorata on the endurance capacity of the rats, biochemical factors including glucose, 
lactate dehydrogenase (LDH), and tumor necrosis factor (TNF-α) were examined in the serum. Hepatotoxicity was also 
assessed using hematoxylin-eosin staining. Our data indicated that the forced swimming time of the EVO-100, EVO-200, 
and WVO-100 groups was significantly increased. The serum glucose in the group which received EVO-200 was increased 
significantly; while serum LDH levels in all treated groups were significantly decreased. Also, the serum level of TNF-α in 
the groups which received EVO-100 or 200 was increased significantly. However, there was no considerable difference in 
serum TNF-α level and no hepatotoxicity within aqueous extract groups. Pathology results showed fewer effects of the aque-
ous extract rather than ethanol extract on the liver. The results provide evidence for the development and use of V. odorata 
aqueous extract as an anti-fatigue supplement.
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Introduction
Fatigue is a complex phenomenon that is explained 
as mental or physical weariness leading to negative 
influences on exercise severity, family life, and work 
performance. The incidence of physical fatigue can be 
described through at least two mechanisms of energy 
exhaustion and oxidative stress. Exhaustion theory in-

dicates that fatigue results from energy source deple-
tion, extra metabolite accumulation, and reactive free 
radicals leading to tissue damage [1]. Fatigue catego-
rize as secondary, chronic, or physiologic. Secondary 
fatigue is caused by disturbed sleep, excess exertion, 
depression, and side effects of medication. Chronic 
fatigue syndrome includes determined unexplainable 
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Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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fatigue taking for over 6 months; however, there is no 
clear etiology [2]. Physiological fatigue is the conse-
quence of extreme physical loading, mental pressure, 
and insufficient rest that further categorize as periph-
eral and central fatigue [3]. Up to now, pharmacolog-
ical drugs or treatments for fatigue cannot yet satisfy 
the requirement of people; therefore, along with the 
speed of modern life and increasing fatigue in society, 
the requirement to find out anti-fatigue health, natural 
foods, and medications with no side effects is crucial.
The useful effects of nutraceuticals and herbal medi-
cine on physical fatigue have been broadly explored 
in recent years [4]. So far, several plant species have 
been used to relieve fatigue and many of them have 
been retrieved from traditional or folklore medicine. 
Ethnobotanical investigations performed by Tradi-
tional Medicine and Materia Medica Research Center 
(TMRC) to assess the utilization of medicinal plants 
by local people [5] have proved the usage of Viola 
odorata as an anti-fatigue tea in the Golestan province 
of Iran.
The medicinal plant, V. odorata L. (Violaceae), is 
commonly identified as “Banafshah” and sweet vio-
let in north & west Asia and north Europe. Accord-
ing to numerous studies, V. odorata was reported to 
demonstrate extensive bioactivities, such as antihy-
pertensive, antidyslipidemic, antimutagenic, diuretic, 
laxative, expectorant, antibacterial, antimalarial, and 
antioxidant effects [6,7]. However, inadequate evi-
dence exists regarding the effects of V. odorata on 
exercise performance and physical fatigue. The evi-
dence demonstrates the advantageous effects of an-
tioxidants on fatigue. Different defensive paths were 
expressed by antioxidants versus the free radical-in-
duced oxidative stress, some of them can play role in 
reducing physical fatigue [8]. Several pharmacolog-
ical models exist for evaluating anti-fatigue proper-
ties. The forced swimming test is a rodent behavioral 
test for examining the anti-fatigue effect of agents 
[9]. In this study, the anti-fatigue effect of V. odorata 
has been investigated through the forced swimming 
test in rats.

Materials and Methods 
 
Ethics
The processes in this study were consistent with the 
Animal Ethics Committee of the Shahid Beheshti Uni-
versity of Medical Sciences (code: IR. SBMU. RE-
TECH. REC. 1398. 030).

Plant material and extraction
Viola odorata was collected from Mazandaran, Lavij 
to Lariz, Baharsare region in spring 2018 and identi-
fied in the herbarium of TMRC with voucher number 
1467.

Preparation of aqueous extract
The total part of V. odorata was crushed into small 
parts and infused for 10 min at 90°C with water (1:10). 
The extract (WVO) was centrifuged at 2000 rpm for 5 
min and the supernatants were filtered via filter paper 
and dried by freeze-drying method.
 
Preparation of ethanol extract
Dried powder of V. odorata was extracted by ethanol 
96% (1:10), three times. The filtered ethanol extract 
(EVO) was evaporated to dryness using a rotary evap-
orator at 40°C.

Total phenolic contents investigation
The total phenolic content of aqueous and alcoholic 
extracts was determined using the Folin-Ciocalteu re-
agent [10,11].

Animals and experiment design 
Total of 48 male Wistar rats (180-200 g, 12 weeks old) 
were bought from the animal care laboratory of Sha-
hid Beheshti University of Medical Sciences. The rats 
were kept at %40-60 relative humidity and ambient 
temperature (23±2°C), with a 12:12 hour light-dark 
cycle. Water and food were made available.
One week before the experiments, the animals were 
adapted to the diet and environment. First, the rats 
were classified into six groups (8 rats in each group): 
the control group receiving 0.5 mL D.W, EVO-50, 
EVO-100, and EVO-200 groups which received eth-
anol extract including 50,100,200 mg/kg/day respec-
tively, WVO-50 and WVO-100 groups receiving the 
aqueous extract of V. odorata with 50 or 100 mg/kg/
day. All groups were administered 0.5 mL samples by 
oral gavage once daily for four weeks.

Forced swimming test
The forced swimming test was performed for one hour 
followed by the last administration [1]. The rats were 
located individually in a container (a radius of 20 cm 
and length of 65 cm) filled with 40 cm fresh water 
depth kept at 25 ± 1°C. A constant weight equal to %5 
of body weight was attached to the rat tail’s root. Fa-
tigue was defined by detecting loss of harmonized ac-
tions and failure in returning to the surface within 10 
seconds while recording the swimming time directly.

Biochemical parameters
After the swimming test, the blood was sampled from 
the cardiac puncture and collected in a micro-tube 
without the anti-coagulant. The blood samples were 
centrifuged at 2000 rpm for 10 min for separating 
the serum. Serum glucose and lactate dehydrogenase 
(LDH) levels were determined using an auto-analyzer 
and the serum level of tumor necrosis factor α (TNF-α) 
was evaluated by ELISA reader.
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Histopathology in liver
In the end, the animals were killed to collect their liver 
tissues and fix them in 10% buffered formalin. Then 
they were embedded in paraffin and then cut into slic-
es with 4-mm thickness. Tissue slices were marked 
with hematoxylin and eosin for histological examina-
tion.

Statistical analysis
All data were processed utilizing prism v6.07 and ex-
pressed as means ± SEM. Statistical analysis was done 
through one-way analysis of variance (ANOVA). A 
p-value less than 0.05 was considered statistically sig-
nificant.

Results 

Total phenolics contents
The results showed that the phenolics content in aque-
ous and alcoholic extracts using pyrogallol for stand-
ard calibration curve was 5.075% and 14.15%, respec-
tively.

Effects of V. odorata on swimming time
As shown in figure 1, the administration of 100 mg/
kg (p<0.001) and 200 mg/kg (p<0.05) of ethanol ex-
tract of V. odorata significantly increased the duration 
of forced swimming in rats compared to the control 
group. Also, 100 mg/kg of the aqueous extract group 
compared to the control group led to a significant 
increase in the duration of forced swimming in rats 
(p<0.05), while 50 mg/kg aqueous and ethanolic ex-

tracts could not significantly increase the duration of 
forced swimming.

The effects of V. odorata on serum biochem-
ical parameters
According to figure 2, the EVO-200 group showed 
a significant increase in serum glucose (p<0.05). Al-
though, the glucose level in other groups was higher 
than in the control group but there was no considera-
ble difference.
As illustrated in figure 3, the serum level of LDH 
in the group that received the ethanol extract at the 
concentrations of 50, 100, and 200 mg/kg was sig-

Figure 1. Effect of Viola odorata on swimming time in 
the rat. Rats were pretreated with distilled water, ethanol 
extracts (EVO-50, EVO-100, and EVO-200), and aqueous 
extracts (WVO-50, WVO-100) for 30 days and then 1 h lat-
er underwent an exhaustive swimming test with a 5% body 
weight load attached to the rat tail. Data are mean ± SEM (n 
=8). *p < 0.05, ***p <0.001

Figure 2. Effects of V. odorata on serum Glc level in the rat. 
Rats were pretreated with distilled water, ethanol extracts 
(EVO- 50, EVO-100, and EVO-200), and aqueous extracts 
(WVO-50 and WVO-100) for 30 days and then experienced the 
forced swimming test. Data are mean ± SEM (n =8). *p < 0.05

Figure 3. Effects of V. odorata on serum LDH level in the 
rat. Rats were pretreated with distilled water, ethanol ex-
tracts (EVO- 50, EVO-100, and EVO-200), and aqueous ex-
tracts (WVO-50 and WVO-100 mg/kg) for 30 days and after 
the forced swimming test. Data are mean ± SEM (n =8). 
***P < 0.001, ****p<0.0001 
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nificantly reduced compared to the control group 
(p<0.0001). Serum LDH in the group that received 50 
mg/kg (p<0.0001) and 100 mg/kg (p<0.001) of aque-
ous extract decreased significantly compared to the 
control group.
Diagram 4 shows the comparison of serum levels of 
TNF-α in the control and treatment groups. Admin-
istering the 50 mg/kg of ethanol extract did not cause 
any changes in the serum level of TNF-α compared 
to the control group (p>0.05). While the serum level 
of TNF-α in the group that received the 100 mg/kg 
(p<0.01) and 200 mg/kg (p<0.0001) ethanol extract 
increased significantly compared to the control group. 
The administration of the 50,100 mg/kg aqueous ex-
tracts did not cause any changes in the serum level of 
TNF-α in rats compared to the control group (p>0.05).

Effect of V. odorata on histopathology
To investigate the hepatotoxicity of V. odorata, 100 
mg/kg of ethanol and aqueous extracts were exam-
ined by histopathology through hematoxylin-eosin  
staining.

As shown in figure 5, liver parenchyma with mild por-
tal lymphocytic inflammation was seen in the control 
group (A). No significant liver fibrosis was observed. 
Also, no evidence of bile duct injury was realized. In 
group B which received EVO-100, liver tissue with 
moderate eosinophil-rich, lymphoplasma cell inflam-
mation in the parenchyma and portal tract with inter-
face hepatitis was observed. Mild hydropic change, 
few piecemeal necroses, and portal and periportal fi-
brosis were seen. No steatosis and cholestasis were 
found. 
 Liver parenchyma in group C showed mild hydrop-
ic changes, with mild eosinophilic inflammation 
and no confluent necrosis. The Portal tract indicated  
mild lymphocytic inflammation and minimal 
 fibrosis.
                                   
Discussion 
The energy metabolism over muscular activity level 
determines physiological fatigue. The fatigue behav-
iors are decreased in the muscle strength and the high-
est output power of the motion energy system. Exer-
cise durability is a key variable in assessing delayed 
fatigue treatment [1]. Medicinal plants are rich in 
natural anti-fatigue compounds that many researchers 
have been interested in them to find their anti-fatigue 
effects [12].
So far, many plants have been researched to relieve 
fatigue. Many mechanisms are involved in the anti-fa-
tigue properties of plants including the level of blood 
lactate and serum urea nitrogen reduction, the malon-
dialdehyde content decrease, mitochondria protection, 
antioxidant superoxide dismutase enhancement, blood 
sugar, and triglyceride levels improvement [13]. For 
example, Pinus koraiennsis extract has demonstrat-
ed significant anti-fatigue effects by increasing the 
swimming time of mice and restoring muscle and liver 
glycogen loss [14]. 
In another research, Wang et al. observed that poly-
saccharides of Radix Astragali can prevent fatigue and 
prolong forced swimming time of mice, delaying the 
increases of blood lactic acid, and increasing the tis-
sue glycogen [13].

Figure 4. Effects of V. odorata on serum TNF-α level in 
the rat. Rats were pretreated with distilled water, ethanol 
extracts (EVO- 50, EVO-100, and EVO-200), and aqueous 
extracts (WVO-50 and WVO-100 mg/kg) for 30 days and 
after the swimming test. Data are mean ± SEM (n =8). **p 
< 0.01, ****p<0.0001.

Figure 5. Effect of V. odorata treatment on the morphology of liver tissues. Rats were pretreated with (A) control; (B) ethanol 
extract (EVO-100); (C) aqueous extract (WVO-100) for 30 days. Samples were photographed with a light microscope (hema-
toxylin and eosin staining)
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Among plants, V. odorata is used in folklore medi-
cine of the Golestan province of Iran as an anti-fatigue 
agent. In this study, we examined the anti-fatigue ef-
fects of this medicinal plant in the forced swimming 
test in rats. Dawson and Horvath indicated the advan-
tages of swimming over other kinds of exercise, such 
as the treadmill [15]. 
Our result suggested that V. odorata (EVO-100, 200; 
WVO-100) could encompass the forced swimming 
time of rats which suggests that V. odorata might have 
anti-fatigue activity. Some biochemical variables, in-
cluding glucose, LDH, and TNF-α are imperative in-
dicators of post-exercise muscle fatigue. During exer-
cise, plasma glucose increase through the combined 
effect of norepinephrine, epinephrine, glucagon, and 
cortisol. Although glucose is activated by insulin to 
enter cells, it decreases during prolonged exercise. 
Blood glucose is a key fuel for increasing ATP pro-
duction upon skeletal muscle contraction during exer-
cise, and skeletal muscle glucose uptake is enhanced 
by muscle contraction during exercise using a mech-
anism independent of the insulin signaling pathway 
[16,17]. Our results indicated that plasma glucose at 
200 mg/kg of V. odorata was considerably greater 
than the control group followed by immediate fatigue. 
This result may be because of secondary metabolites 
of V. odorata such as flavonoids [6]. 
The excessive free radicals generated by intense ex-
ercise lead to lipid peroxidation and loss of DNA in-
tegrity [6]. Moreover, skeletal muscle contractile dys-
function is promoted by high reactive oxygen species 
levels leading to muscle fatigue [18]. Accumulating 
the reactive free radicals will cause oxidative stress 
and hurt organs [19]. Under oxidative stress-induced 
cellular damage, the cell membrane integrity is dam-
aged while penetrating the cytosolic enzymes into the 
serum. Those enzymes, such as LDH, creatine kinase 
(CK), alanine aminotransferase, and aspartate ami-
notransferase are the parameters revealing the tissue 
damage under high-intensity exercise [20]. Moreo-
ver, LDH catalyzes the interconversion of lactate and 
pyruvate. Thus, the LDH level increments immediate-
ly after exercise [21]. Remarkably, in this research, 
the serum LDH level of all groups decreased signif-
icantly in comparison to the control group after the 
forced swimming test.
In normal conditions, the muscle cell construction 
is healthy, and LDH hardly permeates the cell mem-
brane. High-intensity exercise can cause tissue injury, 
which is connected to exercise-induced fatigue; thus, 
LDH is found plentifully in plasma.
The results of our study demonstrated that the activity 
of LDH in different groups of V. odorata was signif-
icantly lower than those in the control group. Conse-
quently, one possible explanation of the anti-fatigue 
activity of V. odorata is that it could preserve and 

keep the integrity of the cell membrane after forced 
swimming. Consistent with our data, Zhou et al. ob-
served that turnip extract could powerfully improve 
muscle damage by reducing the LDH and CK activi-
ties in plasma [22]. 
Recent studies indicated that TNF-α is synthesized 
mechanically by receiving the stress via the muscle 
cells that probably have a key role to initiate fatigue. 
Moreover, the intracellular glycogen stock is reduced 
by pro-inflammatory cytokines, interleukin-6 and 
TNF-α, leading to fatigue [23]. 
In this study, although the 200 mg/kg of V. odorata 
ethanol extract could increase the serum glucose and 
decrease serum LDH level, it increases the level of 
serum TNF-α which suggested this response may be 
caused by an acute period of physical activity that 
is similar in numerous aspects to those triggered by 
sepsis, infection, or trauma [15]. Therefore, ethanol 
extract of V. odorata is not a suitable candidate as an 
anti-fatigue treatment.
The aqueous extract of V. odorata had an anti-fatigue 
effect in rats, as demonstrated by the increased forced 
swimming. Also, in addition to serum LDH reduction, 
no significant difference in the serum level of TNF-α 
was observed in the WVO-100 group. Pathology re-
sults showed that the aqueous extract has fewer side 
effects on the liver during 4 weeks. Considering all the 
aspects, it can be concluded that the aqueous extract is 
a suitable candidate as an anti-fatigue agent, although 
clinical trials and toxicity studies are necessary.

Conclusion
Our findings showed that V. odorata aqueous extract 
improved the swimming time of the rat test, by de-
creasing the serum level of LDH and no change in 
TNF-α level. Therefore, the aqueous extract of V. od-
orata is suggested as an anti-fatigue supplement.
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