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Abstract. Fibromyalgia (FM) is a chronic complex musculo-
skeletal disorder characterized by widespread musculoskeletal 
pain accompanied by fatigue, sleep disturbance, memory 
defects and mood changes. Fisetin, a plant flavonoid polyphenol, 
has been reported to possess potent antioxidant, antinocicep-
tive and neuroprotective activities. The present study aimed 
to evaluate the efficacy of fisetin against reserpine‑induced 
FM (RIF) in rats. RIF was induced in male Wistar rats 
(180‑220 gm) using reserpine (1 mg/kg; subcutaneous; once 
daily for 3 consecutive days) and the rats were treated with 
fisetin (5, 10 and 25 mg/kg) for 21 days. Various behavioral, 
biochemical and molecular parameters were evaluated. 
Administration of reserpine induced allodynia, hyperalgesia 
and depression, which were significantly ameliorated (P<0.05) 
by fisetin (10 and 25 mg/kg), as reflected by an increase in 
paw and tail withdrawal latency, increased paw withdrawal 
threshold, and decreased immobility time. Reserpine led 
to decreased biogenic amine levels [5‑hydroxytryptamine 

(5‑HT), noradrenaline (NA) and dopamine (DA)] and increased 
the ratio to their metabolite 3,4‑dihydroxyphenylacetic acid. 
5‑hydroxyindoleacetic acid in the spinal cord, thalamus and 
prefrontal cortex was significantly decreased (P<0.05) by 
fisetin. Immunohistological analysis of brain tissue revealed 
that fisetin significantly inhibited (P<0.05) reserpine‑induced 
depletion of 5‑HT. It also significantly inhibited (P<0.05) 
elevated oxido‑nitrosative stress and reactive oxygen species 
(ROS) levels, as analyzed by flow cytometry in RIF rats. 
Fisetin exerts its antinociceptive and anti‑depressive potential 
via modulation of decreased levels of biogenic amines (5‑HT, 
NA and DA), elevated oxido‑nitrosative stress and ROS to 
ameliorate allodynia, hyperalgesia, and depression in experi-
mental RIF.

Introduction

Fibromyalgia (FM) is a chronic musculoskeletal syndrome, 
mainly characterized by widespread musculoskeletal pain 
accompanied by fatigue, neuropathic pain, memory and 
neurocognitive impairment, chronic fatigue syndrome, joint 
stiffness, sleep disturbance, emotional distress, restless leg 
syndrome, depression, mood disorders and dysmenorrhoea (1). 
It has been documented that dysregulation of pain pathways 
triggers central sensitization, which increases the sensitivity to 
pain during FM (2). Thus, allodynia, hyperalgesia and impul-
sive pain are the clinicopathological features of neuropathic 
pain due to FM (2). A study estimated that 3‑6% of the world 
population is ‑affected by FM and that it causes substantial 
morbidity and disability, predominantly in women (3). Previous 
studies have suggested that FM significantly affects daily living 
activities and the health of patients, worsening their quality of 
life and leading to a loss of productivity (2,4,5). The estimated 
cost of treatment for FM is between $12‑14 billion per year, 
whereas the mean annual cost per patient is $2,274‑9,573, 
worldwide  (6). Thus, FM imposes a significant economic 
burden on healthcare systems.

Although the exact molecular mechanism responsible for 
the induction of FM remains to be elucidated, an imbalance 
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in biogenic amines [including 5‑hydroxytryptamine (5‑HT), 
norepinephrine (NE) or noradrenaline (NA), and dopamine 
(DA)] is thought to play an important role in the pathogen-
esis of central nervous system (CNS) pain during FM (7,8). 
Clinically, it has been shown that FM is associated with 
decreased levels of these biogenic amines in the cerebrospinal 
fluid of patients (9). A previous study noted that DA plays a vital 
role in pain control (7) whereas, two inhibitory neurotransmit-
ters, NE and 5‑HT, are important for the response to harmful 
stimulation (10). Oxidation of DA and NE in the cytosol causes 
cellular damage (11). Therefore, various efforts have been 
taken to ameliorate the pain symptoms in FM via an increase 
in the activity of neurotransmitters (7). Previous studies have 
also reported that elevated oxidative stress and an altered anti-
oxidant status are responsible for the induction of FM (12,13). 
Patients with FM exhibit elevated levels of reactive oxygen 
species (ROS) in mononuclear cells, suggesting the crucial 
role of oxidative stress in FM (14). Studies have also reported 
that alterations in the hypothalamic‑pituitary‑adrenal axis, 
central sensitization, muscular dysfunction and alterations in 
endogenous pain‑modulating systems are several other under-
lying mechanisms of FM (7,8).

The current treatment strategy for FM, which includes 
non‑steroidal anti‑inflammatory drugs (such as ibuprofen, 
diclofenac and naproxen), selective serotonin re‑uptake 
inhibitors (including dapoxetine, fluoxetine and paroxetine) 
and opiate antagonists (naltrexone), mainly focuses on symp-
tomatic relief of pain and depression (15‑17). However, these 
treatment regimens involve various unwanted side effects, 
including serotonin syndrome, the risk of seizures, anxiety, 
drowsiness and loss of appetite (18). Progress has been made 
in the development of non‑pharmacological therapies for FM, 
which include cognitive behavioral therapy, acupuncture and 
aerobic exercise (19). However, these non‑pharmacological 
interventions provide relief in only a fraction of patients, 
which limits their clinical application. Thus, there is a need for 
the development of a new therapeutic entity with a multidisci-
plinary approach for more effective and specific management 
of FM. The antinociceptive efficacy of antioxidant compounds 
has been reported clinically (20). Recently, a potent antioxi-
dant, α‑lipoic acid, has been proposed for the management of 
musculoskeletal pain associated with FM (21). A number of 
animal models that mimic FM have been employed for the 
development of new therapeutic moieties for the management 
of FM (22). Reserpine, a rauwolfia indole alkaloid, has been 
widely used as an antihypertensive agent, but its chronic 
administration is associated with major depression and muscu-
loskeletal pain (22). Thus, reserpine‑induced FM (RIF) is a 
well‑established and widely used animal model that mimics 
the etiological and clinical features of FM, including decreased 
levels of biogenic amines, depression‑like syndrome and the 
induction of musculoskeletal pain reflected by an increased 
paw or tail withdrawal threshold (22).

Flavonoids are polyphenolic compounds which are widely 
known for their antioxidant, anti‑inflammatory and antinoci-
ceptive potential (23). Fisetin (7,3',4'‑flavon‑3‑ol) is an important 
dietary plant polyphenol flavonoid that possesses a broad range 
of pharmacological properties including anti‑inflammatory, 
antioxidant, anticarcinogenic, neuroprotective, cardioprotec-
tive, antiulcer and antiallergic effects (24,25). A previous study 

demonstrated that the administration of fisetin modulated the 
levels of 5‑HT, DA, epinephrine and NE in the brain via the 
inhibition of monoamine oxidase activity in astrocyte cells (26). 
Fisetin exhibits potential against an array of neurological 
diseases including epilepsy, Huntington's disease, Parkinson's 
disease and Alzheimer's disease (25,27‑33). Zhen et al (34) 
reported that fisetin ameliorates allodynia and hyperalgesia by 
inhibiting the release of NT in the dorsal root ganglion, spinal 
cord and sciatic nerve of experimental animals. Another study 
reported that reserpine‑induced depressant‑like effect was 
significantly ameliorated by fisetin via inhibition of the deple-
tion of brain monoamines (34). However, to the best of our 
knowledge, the effect of fisetin on RIF is yet to be elucidated. 
Hence, the present study was designed to evaluate the poten-
tial of fisetin against the modulation of various behavioral, 
biochemical and molecular alterations induced by reserpine in 
an experimental FM‑like murine model.

Materials and methods

Animals. A total of 72 adult male Wistar rats (weight, 
180‑200 g; age, 8‑10 weeks) were obtained from the National 
Institute of Biosciences (Pune, India). The animals were housed 
in groups of 7  inside solid‑bottomed polypropylene cages 
(435x290x150 mm). They were maintained at 24±1˚C, with 
a relative humidity of 45‑55% and 12‑h light/dark cycle. The 
acclimation period for the animals was two weeks, and they 
were maintained under pathogen‑free conditions. The animals 
had free access to standard pellet chow (Nav Maharashtra 
Chakan Oil Mills, Ltd.) and water throughout the duration of 
the experiments. All experiments were carried out between 
09:00 a.m. and 5:00 p.m. The experimental protocols were 
approved by the Institutional Animal Ethics Committee of 
Poona College of Pharmacy (Pune, India) and performed in 
accordance with the guidelines of the Committee for Control 
and Supervision of Experimentation on Animals, Government 
of India, on animal experimentation (35).

Drugs and chemicals. Fisetin (≥98%), reserpine, 5‑HT, 
DA, NE, 5‑hydroxyindole‑3‑acetic acid (5‑HIAA), 
3,4‑dihydroxyphenylacetic acid (DOPAC), fluorescein isothio-
cyanate‑Annexin V, and propidium iodide were purchased from 
Sigma‑Aldrich; Merck KGaA. 1,1',3,3'‑Tetraethoxypropane, 
crystalline beef liver catalase, reduced glutathione (GSH), 
5,5'‑dithiobis (2‑nitrobenzoic acid) (DTNB) were purchased 
from S.D. Fine Chemicals, Ltd. The serotonin receptor C 
(SR‑2C) (D‑12; cat. no. sc‑17797) rabbit polyclonal antibody 
was purchased from Santa Cruz Biotechnology, Inc.

Habituation. During the first 5 days of the procedure, the 
animals were habituated to researcher handling, as well as 
to the different maneuvers, in order to reduce any discomfort 
caused by the experiments. The purpose of the habituation 
process was to minimize the bias that a stress response could 
introduce into the results.

RIF. FM was induced in rats according to a previously reported 
method  (22,36). After the habituation process, reserpine 
(1 mg/kg, once daily) was administered by subcutaneous (s.c.) 
injection over the flank and repeated for 3 consecutive days, 
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with varied sites of injection at the flank. Reserpine was diluted 
in glacial acetic acid to a final concentration of 0.5% acetic 
acid in distilled water (vehicle). Animals from the normal 
group received the same volume of vehicle, but they were not 
administered reserpine. Then animals were divided randomly 
into 6 groups with 12 rats/group as follows. i) Normal group: 
The rats received distilled water (1 mg/kg, s.c.) for 3 consecu-
tive days, but they were not administered reserpine. They 
were treated with 1% DMSO solution for the next 21 days. 
ii) Vehicle control group: The rats received reserpine (1 mg/kg, 
s.c.) for 3 consecutive days. They were treated with 1% DMSO 
solution for the next 21 days. iii) Fisetin (5 mg/kg)‑treated 
group [F(5)]: The rats received reserpine (1 mg/kg, s.c.) for 
3 consecutive days. They were treated with fisetin (5 mg/kg) for 
the next 21 days. iv) Fisetin (10 mg/kg)‑treated group [F(10)]: 
The rats received reserpine (1 mg/kg, s.c.) for 3 consecutive 
days. They were treated with fisetin (10 mg/kg) for the next 
21 days. v) Fisetin (25 mg/kg)‑treated group [F(25)]: The 
rats received reserpine (1 mg/kg, s.c.) for 3 consecutive days. 
They were treated with fisetin (25 mg/kg) for the next 21 days. 
vi) Pregabalin (30 mg/kg)‑treated group  [P(30)]: The rats 
received reserpine (1 mg/kg, s.c.) for 3 consecutive days. They 
were treated with pregabalin (30 mg/kg) for the next 21 days.

Fisetin was dissolved in 1% DMSO. The different doses of 
fisetin, namely 5, 10 and 25 mg/kg, and the dose of pregabalin 
(30 mg/kg) were selected based on previous studies (29,36).

All the behavioral assays were performed by an observer 
blinded to the drug administration on days 0, 7, 14 and 21 in 
the morning, and doses were administered immediately after-
wards (37‑39). An observer blinded to the drug administration 
performed the open field test and motor incoordination test 
(rotarod test) on day 21. At the end of the study (the 21st day) 
the rats were sacrificed under ether anesthesia, the brain was 
collected, and kept in liquid nitrogen (‑196˚C) until analyzed.

Behavioral tests
Randall‑Selitto paw pressure test. Mechanical nociceptive 
threshold, an index of mechano‑hyperalgesia, was assessed 
according to a previously described method (38,39). The noci-
ceptive flexion reflex was quantified using the Randall‑Selitto 
paw pressure device (UGO Basile Biological Research 
Apparatus, SRL). Nociceptive threshold was expressed in 
grams, as measured by applying increasing pressure to the left 
hind paw. Withdrawal of the hind paw was used to assess the 
nociceptive threshold.

Hargreaves test. The Hargreaves test was specifically designed 
to assess thermal pain sensation in rodents and it was performed 
according to a method described previously (38,39) using stan-
dard apparatus (UGO Basile Biological Research Apparatus, 
SRL). The test consisted of placing the rat in a transparent acrylic 
box, with a mobile infrared heat lamp positioned underneath the 
targeted hind paw. A thermal radiant stimulus was then applied 
to the plantar surface, and the latency of the paw withdrawal 
response was measured automatically with the help of a photo-
electric‑sensitive device. The latency of the withdrawal response 
(the reaction time of each hind paw) was determined.

Von Frey hair test. Rats were placed individually on an elevated 
mesh (1 cm2 perforation) in a clear plastic cage and adapted to 

the testing environment for at least 15 min. Von Frey hairs (IITC 
Life Science, Inc.) with calibrated bending forces (in grams) of 
different intensities were used to deliver punctuated mechanical 
stimuli of varying intensity. Starting with the lowest filament 
force, von Frey hairs were applied from below the mesh floor 
to the plantar surface of the hind‑paw, with sufficient force to 
cause slight bending against the paw, and held for 1 sec (38,39). 
Each stimulation was applied five times, with an inter‑stimulus 
interval of 4‑5 sec. Care was taken to stimulate random loca-
tions on the plantar surface. A positive response was noted if 
the paw was forcefully and immediately withdrawn. Paw with-
drawal threshold was defined as the minimum pressure required 
to elicit a withdrawal reflex in the paw, at least once in the five 
trials. Voluntary movement associated with locomotion was 
not considered as a withdrawal response. Mechanical allodynia 
was defined as a significant decrease in withdrawal thresholds 
associated with von Frey hair application.

Tail immersion or flick test. Spinal thermal sensitivity was 
assessed via the tail immersion test according to a method 
described elsewhere (38,39). Briefly, the terminal part of the 
tail (1 cm) of the rat was immersed in a water bath maintained 
at 55˚C until tail withdrawal or signs of struggle were observed 
(the cut‑off time was 15 sec). The duration of the tail with-
drawal reflex was recorded.

Forced swim test (FST). The FST was performed according to 
a previously reported method (38,39). The experiments were 
carried out using a polyvinyl chloride cylinder (18.5 cm diam-
eter, 25 cm height) filled with water to a height of 17 cm. Water 
was maintained at 23±2˚C. Rats were placed into the water to 
quantify the immobility time, which was defined as an absence 
of all movement except motions required for keeping the head 
above the water. The time during which the rats remained 
immobile was recorded, in sec, during a period of 1 min.

Tail suspension test (TST). The TST is based on the observa-
tion that a rat suspended by the tail shows alternate periods 
of agitation and immobility (38,39). Animals were suspended 
50 cm above the floor by means of adhesive tape, placed 
approximately 1 cm from the tip of the tail. The sum time of 
the immobility periods during was measured during a test 
period of 1 min. Rats were considered immobile only when 
they hung passively and remained completely motionless.

Motor co‑ordination test (Rota‑Rod test). Motor coordina-
tion was evaluated by a Rota‑Rod device, which was used 
according to a previously described method (38,39). Rats were 
placed on the rotating rod of the Rota‑Rod apparatus (Techno 
Electronics) for 1 min. The time taken for the rat to fall from 
the rotating rod during the 1 min period=was recorded.

Biochemical estimations
Estimation of oxidative stress biomarkers in brain tissue. 
Thalamus samples (50  mg) were rinsed with cold saline 
(0.9% sodium chloride), minced and homogenized at 1,077 x g 
(4˚C for 5 min) in chilled Tris buffer (10 mM, pH 7.4) and 
diluted up to 5 ml. The homogenates were centrifuged at 
10,000 x g at 0˚C for 20 min and divided into aliquots to deter-
mine superoxide dismutase (SOD), GSH, malondialdehyde 
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(MDA) and nitric oxide (NO) content according to previously 
described procedures (40‑44).

Determination of SOD content. Briefly, 0.5 ml tissue homog-
enate was diluted with 0.5 ml of distilled water, to which 
0.25 ml ice‑cold ethanol and 0.15 ml ice‑cold chloroform were 
added. This was mixed well using a cyclomixer and centri-
fuged at 748 x g at 4˚C for 15 min. To 0.5 ml supernatant, 
1.5 ml carbonate buffer and 0.5 ml EDTA solution were added. 
The reaction was initiated by the addition of 0.4 ml epineph-
rine and the change in optical density/min was measured at 
480 nm against a reagent blank. Epinephrine was added before 
assessing the optical density (OD). Change in OD (per min) 
at 50% inhibition to adrenochrome transition by the enzyme 
was taken as one enzyme unit. SOD activity was expressed as 
units/mg protein.

Determination of GSH content. Briefly, equal volumes of 
tissue homogenate (supernatant) and 20% trichloroacetic acid 
(TCA) were mixed. The precipitated fraction was centrifuged 
at 748 x g at 4˚C for 15 min and 2.0 ml DTNB reagent was 
added to 0.25 ml supernatant. The final volume was made up 
to 3.0 ml with phosphate buffer. The developed color was read 
at 412 nm against a reagent blank. The amount of GSH was 
expressed as µg GSH/mg protein.

Determination of MDA content. Briefly, 2.0 ml of the tissue 
homogenate (supernatant) was added to 2  ml of freshly 
prepared 10% w/v TCA and the mixture was allowed to stand 
in an ice bath for 15 min, the precipitate formed was separated 
by centrifugation at 748 x g at 4˚C for 15 min and 2.0 ml of 
clear supernatant solution was mixed with 2.0 ml of freshly 
prepared TBA. The resulting solution was heated in a boiling 
water bath for 10 min. It was then immediately cooled in an ice 
bath for 5 min. The developed color was measured at 532 nm 
against a reagent blank. The results were expressed as nM of 
MDA/mg protein.

Determination of nitrite level. The NO level was estimated 
as nitrite via the acidic Griess reaction after the reduction of 
nitrate to nitrite with vanadium trichloride. The Griess reac-
tion relies on a simple colorimetric reaction between nitrite, 
sulfonamide and N‑(1‑naphthyl) ethylenediamine to produce 
a pink azo‑product with a maximum absorbance at 543 nm. 
The concentrations were determined using a standard curve of 
sodium nitrate and the results were expressed as µg/ml.

Estimation of the biogenic amine and metabolite content. The 
amount of DA, NE, 5‑HT, DOPAC and 5‑hydroxyindoleacetic 
acid in the spinal cord, thalamus and prefrontal cortex were 
measured using high‑performance liquid chromatography, 
according to a previously reported method (45). The tissue 
samples were weighed and homogenized in an ultrasonic 
homogenizer with 0.2  M perchloric acid and 0.1  mM 
EDTA‑2Na. After centrifugation (15,000 x g for 15 min at 
4˚C), the pH of the supernatant from each sample was adjusted 
to pH 3.5 with sodium acetate. The adjusted supernatants were 
filtered and injected onto a reverse‑phase column (SC‑5ODS 
3.0, 150 mm; Eicom Co., Ltd.) with an ECD‑300 electrochem-
ical detector (750 mV). The mobile phase consisted of 0.1 M 

sodium acetate buffer, 0.1 M citrate buffer, 5 mg/l EDTA‑2Na, 
190 mg/l sodium octane sulfonic acid and 17% methanol. The 
flow rate was maintained at 0.5 ml/min. The amounts (ng/g 
wet tissue weight) of DA, NE, 5‑HT and their metabolites in 
each tissue were quantified by comparing sample peak areas 
with those of standards run on the same day (n=4).

Preparation of single Schwann cell (SC) suspensions. 
Preparation of single SC suspensions and determination of 
apoptotic cell populations were performed as previously 
described (38). Briefly, brain samples were extensively perfused, 
in situ, in PBS to remove blood and then irrigated in a buffer 
containing HEPES (10 mM), KCl (3 mM), NaCl (130 mM), 
NaH2PO4, H2O (1 mM) and glucose (10 mM, pH 7.4). The brain 
thalamus tissue was homogenized and suspended in Hanks' 
balanced salt solution. The homogenate was then treated with 
trypsin for 10 min at 25˚C and trypsin inhibitor for 5 min at 
37˚C. The cell suspension was obtained by passing the tryp-
sinized brain tissue through a nylon mesh. Cells were washed 
twice with cold PBS and then resuspended in 1X binding 
buffer at a concentration of 1‑2x106 cells/ml.

ROS production in SC by dichlorodihydrofluorescein diace‑
tate (H2DCFDA) probe using flow cytometry. ROS production 
was quantified using the H2DCFDA dye method based on the 
ROS‑dependent oxidation of DCFH‑DA to DCF, according to 
a previously described method (46). An aliquot of 100 µl thal-
amus cell suspension was transferred to a Falcon tube (Becton, 
Dickinson and Company) and incubated with 10 µl of 10 mmol 
H2DCFDA for 15 min in the dark. The H2O2, OH‑ and ONOO‑ 
produced during the cellular oxidative response oxidized the 
nonfluorescent intracellular DCFH into highly fluorescent 
DCF. DCF fluorescence was assayed at 530 nm after excitation 
of cells at 488 nm. Acquisition and analysis of the processed 
sample were performed on a flow cytometer using CellQuest 
software (version 5.1; Becton, Dickinson and Company).

Determination of 5‑HT by immunohistochemistry in the rat 
brain thalamus. The flash‑frozen brain was stored at ‑80˚C and 
immunohistochemistry for 5‑HT protein was carried out as 
previously described (47). The SR‑2C (D‑12; cat. no. sc‑17797) 
antibody (Santa Cruz Biotechnology, Inc.; 1:100; incubated 
for 45 min at room temperature) is a rat monoclonal antibody 
raised against amino acids 374‑458 mapping at the C‑terminus 
of SR‑2C of human origin, and it was counterstained with 
cresyl violet (0.5% in sodium acetate; pH 3.5) for 5 min. The 
5‑HT‑positive neurons were identified by the presence of dense 
immunohistochemical staining within the thalamus under a 
light microscope. The images were analyzed using ImageJ 
(version 1.33; National Institutes of Health)

Statistical analysis. Data analysis was performed using 
GraphPad Prism 5.0 (GraphPad Software, Inc.). Statistical 
comparisons were made between drug‑treated groups 
and vehicle control animals. Data from the open field test 
were analyzed by non‑parametric Mann‑Whitney multiple 
comparison test, whereas the remaining data were analyzed 
by one‑way ANOVA or two‑way ANOVA followed by Tukey's 
multiple range test. P<0.05 was considered to indicate a statis-
tically significant difference.
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Results

Effect of fisetin on reserpine‑induced alterations in mechan‑
ical hyperalgesia and allodynia, thermal hyperalgesia and 
allodynia, and duration of immobility in rats. No significant 
differences were observed in mechanical hyperalgesia and 
allodynia, thermal hyperalgesia and allodynia or duration 
of immobility in normal and vehicle control rats before the 
administration of reserpine. Subcutaneous administration 
of reserpine resulted in significantly increased (P<0.05) 
mechanical hyperalgesia, mechanical allodynia and thermal 
hyperalgesia and allodynia, and it significantly increased 
(P<0.05) the duration of immobility in the FST and TST in 
vehicle control rats compared with normal rats. Administration 
of fisetin (10 and 25 mg/kg) significantly attenuated (P<0.05) 
reserpine‑induced alterations in mechanical hyperalgesia 
and allodynia, thermal hyperalgesia and allodynia, and the 
duration of immobility compared with vehicle control rats. 
Pregabalin (30 mg/kg) treatment also significantly attenuated 
(P<0.05) reserpine‑induced alterations in mechanical hyper-
algesia, mechanical allodynia, and thermal hyperalgesia and 
allodynia, and significantly decreased (P<0.05) the duration of 
immobility in the FST and TST compared with vehicle control 
rats. However, pregabalin (30 mg/kg) treatment showed a 
more significant (P<0.05) attenuation in reserpine‑induced 
alterations in mechanical hyperalgesia and allodynia, thermal 
hyperalgesia and allodynia, and duration of immobility 
compared with fisetin treatment (Figs. 1 and 2).

Effect of fisetin on reserpine‑induced alterations in open field 
test and rotarod test in rats. The activity at center, ambulation, 
total locomotion, rearing, grooming, number of fecal pellets 
and time spent on rotarod decreased significantly (P<0.05) in 
vehicle control rats following subcutaneous administration of 
reserpine compared with normal rats. However, administra-
tion of fisetin (10 and 25 mg/kg) significantly relieved these 
depressive symptoms, as reflected by significantly increased 
(P<0.05) total locomotion, rearing, grooming and number of 
fecal pellets as well as time spent on the rotarod, which reflects 
motor incoordination, compared with vehicle control rats. 
Pregabalin (30 mg/kg) treatment also significantly increased 
(P<0.05) the reserpine‑induced decrease in activity at center, 
ambulation, total locomotion, rearing, grooming, number 
of fecal pellets and time spent on rotarod when compared 
with vehicle control rats. However, these reserpine‑induced 
depressive symptoms and motor incoordination were more 
significantly relieved (P<0.05) by pregabalin (30 mg/kg) treat-
ment compared with fisetin treatment (Table I).

Effect of fisetin on reserpine‑induced alterations in brain 
monoamines their metabolites in rats. There was a significant 
decrease (P<0.05) in the levels of DA, NA and 5‑HT, although 
the ratios of DOPAC/DA and 5‑HIAA/5‑HT increased signifi-
cantly (P<0.05) in the spinal cord, thalamus and prefrontal cortex 
in vehicle control rats compared with normal rats. Treatment 
with fisetin (10 and 25 mg/kg) significantly attenuated (P<0.05) 
the reserpine‑induced decrease in the levels of these biogenic 

Figure 1. Effect of fisetin on reserpine‑induced alterations in (A) mechanical hyperalgesia in the paw pressure test, (B) mechanical allodynia in the von 
Frey hair test, (C) thermal allodynia in the Hargreaves test, and (D) thermal hyperalgesia in the tail flick test in reserpine‑induced fibromyalgia rats. Data 
are expressed as the mean ± standard error of the mean (n=4) and were analyzed by two‑way ANOVA followed by Tukey's multiple range test. *P<0.05 vs. 
vehicle control group, #P<0.05 vs. normal animals and $P<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. Fisetin (5), 5 mg/kg fisetin for 21 days; 
fisetin (10), 10 mg/kg fisetin for 21 days; fisetin (25), 25 mg/kg fisetin for 21 days; pregabalin (30), 30 mg/kg pregabalin for 21 days.
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monoamines and increased the ratios with their metabolites 
in the spinal cord, thalamus and prefrontal cortex compared 
with vehicle control rats. Pregabalin (30 mg/kg) treatment 
also significantly increased (P<0.05) the levels of DA, NA and 
5‑HT as well as significantly decreasing (P<0.05) the ratio of 
DOPAC/DA and 5‑HIAA/5‑HT in the spinal cord, thalamus and 
prefrontal cortex compared with vehicle control rats. However, 
when compared to fisetin treatment, the reserpine‑induced 
decrease in the levels of DA, NA, and 5‑HT in the spinal cord, 
thalamus and prefrontal cortex was more significantly inhibited 
(P<0.05) by pregabalin (30 mg/kg) treatment (Table II).

Effect of fisetin on reserpine‑induced alterations in neural 
ROS in rats. There was significantly increased (P<0.05) neural 
ROS reflected by an increase in H2DCFDA fluorescence 
after s.c. administration of reserpine in vehicle control rats 
compared with normal rats. Administration of fisetin (10 and 

25 mg/kg) significantly attenuated (P<0.05) reserpine‑induced 
increased neural ROS compared with vehicle control rats. 
Pregabalin (30 mg/kg) treatment also significantly decreased 
(P<0.05) neural ROS when compared with vehicle control rats. 
However, attenuation of reserpine‑induced increased neural 
ROS was more significant (P<0.05) following pregabalin (30 
mg/kg) treatment compared with fisetin treatment (Fig. 3). 
Effect of fisetin on reserpine‑induced alterations in SOD, 
GSH, MDA and NO in the thalamus of rats. Subcutaneous 
administration of reserpine resulted in significantly decreased 
(P<0.05) levels of SOD and GSH, but significantly increased 
(P<0.05) MDA and NO levels in the thalamus in vehicle 
control rats compared with normal rats. The reserpine‑induced 
decreased thalamic SOD and GSH levels, as well as increased 
MDA and NO levels, were significantly attenuated (P<0.05) 
by fisetin (10 and 25 mg/kg) treatment compared with vehicle 
control rats. Pregabalin (30 mg/kg) also significantly increased 

Figure 2. Effect of fisetin on reserpine‑induced alterations in the duration of immobility in the (A) forced swim test and (B) tail suspension test in reser-
pine‑induced fibromyalgia rats. Data are expressed as mean ± standard error of the mean (n=4) and analyzed by two‑way ANOVA followed by Tukey's multiple 
range test. *P<0.05 vs. vehicle control group, #P<0.05 vs. normal animals and $P<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. Fisetin (5), 5 mg/kg 
fisetin for 21 days; fisetin (10), 10 mg/kg fisetin for 21 days; fisetin (25), 25 mg/kg fisetin for 21 days; pregabalin (30), 30 mg/kg pregabalin for 21 days.

Table I. Effect of fisetin on reserpine‑induced alterations in the open field test and rotarod test in reserpine‑induced fibromyalgia 
rats.

	 Open field test
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Activity		  Total			   Number of	 Time spent (s) in
Treatment	 at center	 Ambulation	 locomotion	 Rearing	 Grooming	 fecal pellets	 the rotarod test

N	 20.50±0.52	 107.50±0.52	 128.00±0.52	 16.25±0.52	 23.00±0.52	 5.50±0.52	 52.67±0.99
VC	 2.50±0.55b	 54.25±0.55b	 56.75±0.55b	 6.75±0.55b	 13.25±0.55b	 1.25±0.55b	 6.00±1.37b

F (5)	 4.50±0.78	 59.50±0.78	 64.00±0.78	 7.50±0.78	 17.50±0.78	 2.00±0.78	 13.00±1.32
F (10)	 12.75±0.63a,c	 82.50±0.63a,c	 95.25±0.63a,c	 12.50±0.63a,c	 17.25±0.63a,c	 3.00±0.63a,c	 25.17±0.48a,c

F (25)	 16.25±0.57a,c	 97.00±0.57a,c	 113.25±0.57a,c	 15.00±0.57a,c	 20.00±0.57a,c	 3.50±0.57a,c	 43.67±1.26a,c

P (30)	 18.75±0.28a,c	 107.50±0.52a,c	 123.25±0.28a,c	 15.00±0.28a,c	 23.00±0.28a,c	 5.00±0.28a,c	 47.17±0.70a,c

Data are expressed as mean ± standard error of the mean (n=4). Data from the open field test were analyzed by non‑parametric Mann‑Whitney's 
multiple comparisons test, whereas the data from the rotarod test were analyzed by one‑way ANOVA followed by Tukey's multiple range test. 
aP<0.05 vs. vehicle control group, bP<0.05 vs. normal animals and cP<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. N, normal 
rats; VC, vehicle control rats; F (5), 5 mg/kg fisetin for 21 days; F (10), 10 mg/kg fisetin for 21 days; F (25), 25 mg/kg fisetin for 21 days; 
P (30), 30 mg/kg pregabalin for 21 days.
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(P<0.05) levels of SOD and GSH but significantly decreased 
(P<0.05) MDA and NO levels in thalamus compared with 
vehicle control rats. In addition, inhibition of reserpine‑induced 
alterations in thalamic SOD, GSH, MDA and NO levels were 
more significant (P<0.05) following pregabalin (30 mg/kg) 
treatment compared with fisetin treatment (Table III).

Effect of fisetin on reserpine‑induced alterations in 5‑HT 
expression in the thalamus of rats. The number of 5‑HT posi-
tive neurons was significantly decreased (P<0.05) following 
subcutaneous administration of reserpine in vehicle control rats 
compared with normal rats. However, the reserpine‑induced 
decrease in the number of 5‑HT positive neurons was 

Table III. Effect of fisetin on reserpine‑induced alterations in SOD, GSH, MDA, and NO of the thalamus of reserpine‑induced 
fibromyalgia rats.

Treatment	 SOD (U/mg of protein)	 GSH (µg/mg of protein)	 MDA (nM/mg of protein)	 NO (µg/ml)

N	 12.93±1.12	 1.34±0.12	 0.42±0.12	 106.60±9.99
VC	 3.75±0.91b	 0.28±0.06b	 4.21±0.23b	 280.50±12.05b

F (5)	 5.22±0.54	 0.30±0.05	 3.45±0.28	 239.80±14.55
F (10)	 8.87±0.41a,c	 0.58±0.09a,c	 1.97±0.18a,c	 167.60±19.12a,c

F (25)	 11.43±0.53a,c	 1.25±0.08a,c	 1.37±0.12a,c	 139.20±13.20a,c

P (30)	 11.45±0.85a,c	 1.27±0.11a,c	 0.47±0.67a,c	 128.5±17.75a,c

Data are expressed as mean ± standard error of the mean (n=4). Data were analyzed by one‑way ANOVA followed by Tukey's multiple range 
test. aP<0.05 vs. vehicle control group, bP<0.05 vs. normal animals and cP<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. N, normal 
rats; VC, vehicle control rats; F (5), 5 mg/kg fisetin for 21 days; F (10), 10 mg/kg fisetin for 21 days; F (25), 25 mg/kg fisetin for 21 days; P (30), 
30 mg/kg pregabalin for 21 days; SOD, superoxide dismutase; GSH, reduced glutathione; MDA, malondialdehyde; NO, nitric oxide.

Figure 3. Effect of fisetin on reserpine‑induced alterations in neural ROS of RIF rats. Representative image of intracellular ROS production detected by 
flow cytometry using H2DCFDA probe in (A) normal, (B) vehicle control, (C) Fisetin (10 mg/kg)‑treated, (D) Fisetin (25 mg/kg)‑treated and (E) pregabalin 
(30 mg/kg)‑treateds (E). The quantitative analysis of the effect of fisetin on reserpine‑induced alterations in percentage H2DCFDA fluorescence (F) of RIF 
rats. Data are expressed as mean ± standard error of the mean (n=4) and analyzed by one‑way ANOVA followed by Tukey's multiple range test. *P<0.05 vs. 
vehicle control group, #P<0.05 vs. normal animals and $P<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. ROS, reactive oxygen species; RIF, 
reserpine‑induced fibromyalgia; H2DCFDA, dichlorodihydrofluorescein diacetate; F (5), 5 mg/kg fisetin for 21 days; F (10), 10 mg/kg fisetin for 21 days; F (25), 
25 mg/kg fisetin for 21 days; P (30), 30 mg/kg pregabalin for 21 days.
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significantly increased (P<0.05) by fisetin (10 and 25 mg/kg) 
compared with vehicle control rats. Pregabalin (30 mg/kg) also 
significantly increased (P<0.05) the number of 5‑HT positive 
neurons when compared with vehicle control rats. However, 
the increase in the number of 5‑HT positive neurons was more 
significant (P<0.05) following pregabalin (30 mg/kg) treat-
ment as compared with fisetin treatment (Fig. 4).

Discussion

FM is a complex chronic musculoskeletal disorder character-
ized by chronic fatigue syndrome, neuropathic pain, allodynia, 
migraine, mood disorders, depression, sleep disturbances and 
neurocognitive impairment (13). RIF is highly reproducible 
and a well‑established animal model that induces FM‑like 
symptoms in murine experiments (22,36). Chronic admin-
istration of reserpine (1 mg/kg s.c., for 3 consecutive days) 
causes systemic depletion of biogenic amines (DA, 5‑HT and 
NA), which results in increased nociception and depression 
in experimental rats (22). In the present study, treatment with 
fisetin significantly attenuated the reserpine‑induced changes 
in the paw or tail withdrawal thresholds (as evaluated by the 
von Frey hair test, Randall‑Selitto test and Hargreaves test), 
reserpine‑induced depression (reflected by decreased immo-
bility time in the FST and TST), reserpine‑induced decreased 
levels of biogenic amines (5‑HT, DA and NE) in the spinal cord, 
thalamus and prefrontal cortex, and elevated oxido‑nitrosative 
stress and ROS in RIF rats.

It has been documented that reserpine is a potent inhibitor 
of vesicular monoamine transporter 2, which interferes in the 
storage and re‑uptake of monoamine in the vesicles (22,48). 
It further depletes the levels of various monoamines such as 
5‑HT, DA and NA in the brain nerve terminals, resulting in 
the induction of depression‑like syndrome (45). DA has been 
suggested to play a vital role in modulation of pain in the CNS 

and treatment with DA receptor agonists have been shown to 
ameliorate experimental allodynia and hyperalgesia (7). An 
animal model of spinal cord injury also exhibited nocicep-
tive hypersensitivity in response to a decrease in the level of 
DA (49). In addition, the levels of monoamines in the cerebro-
spinal fluid of patients with FM have been found to decrease 
significantly (9). Noxious stimulation in the tibialis muscle 
of patients with FM does not show any significant release 
of DA in the basal ganglia, indicating the potential role of 
DA in pain control (7). On the other hand, NE and 5‑HT are 
important endogenous neurotransmitters which play impor-
tant roles in the descending analgesic pathway from midbrain 
periaqueductal gray matter to the terminus of the spinal 
cord (50). Alterations in the levels of NE and 5‑HT result in 
the generation of noxious pain leading to the intensification 
of the symptoms of central pain in patients with FM (9,51). 
The results of the present study were all in accordance with 
the model established by Nagakura (22), wherein reserpine 
administration altered the levels of biogenic amines (5‑HT, NA 
and DA) as well as their metabolites (5‑HIAA and DOPAC) in 
the CNS (22,36). In the present study, increased DOPAC/DA 
ratio in the CNS suggested the increased activity of cyto-
plasmic substrate amine for DA in the presynaptic neuronal 
ending. Thus, these substrate carriers may be responsible for 
the elevated levels of DA and 5‑HT in the cytoplasm of the 
presynaptic terminal (22,36). Therefore, increased ratios of 
DOPAC/DA and 5‑HIAA/5‑HT were associated with dopami-
nergic and serotonergic control in the spinal cord, thalamus and 
prefrontal cortex. A previous study identified that alterations 
in the levels of these metabolites in the postsynaptic receptors 
are responsible for heat and cold sensitization (45). It has also 
been shown that inhibition of the reuptake of these biogenic 
amines (5‑HT, NA and DA) at the synaptic terminal produces 
antiallodynic and antihyperalgesic effects in FM (45,52). Data 
from the present study demonstrated that the administration of 

Figure 4. Effect of fisetin on reserpine‑induced alterations in 5‑HT expression in the brain thalamus of RIF rats. Representative images (at x40 and x100 magni-
fications) are presented of a section of brain thalamus of (A) normal, (B) vehicle control, (C) fisetin (25 mg/kg)‑treated and (D) pregabalin (30 mg/kg)‑treated 
rats. (E) Quantitative analysis of the effect of fisetin on reserpine‑induced alterations in 5‑HT expression in the brain thalamus of RIF rats. Data are expressed 
as mean ± standard error of the mean (n=4) and analyzed by one‑way ANOVA followed by Tukey's multiple range test. *P<0.05 vs. vehicle control group, 
#P<0.05 vs. normal animals and $P<0.05 vs. 30 mg/kg pregabalin or 5, 10 and 25 mg/kg fisetin. RIF, reserpine‑induced fibromyalgia; 5‑HT, 5‑hydroxytryp-
tamine; F (5), 5 mg/kg fisetin for 21 days; F (10), 10 mg/kg fisetin for 21 days; F (25), 25 mg/kg fisetin for 21 days; P (30), 30 mg/kg pregabalin for 21 days.
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fisetin significantly attenuated the reserpine‑induced decrease 
in the levels of DA, serotonin and NE, as well as increasing 
the ratios of their metabolites in the spinal cord, thalamus and 
prefrontal cortex. The result of the present study is in line with 
the findings of a previous study where fisetin exerts its neuro-
protective potential via modulation of these biogenic amines 
and their metabolites in the CNS (34).

It has been documented that biogenic amines (5‑HT, NA 
and DA) play a vital role in the intrinsic control of central 
as well as peripheral pain  (22). Clinically, brain mapping 
studies have shown that different regions of the brain are 
accountable for responses to various mechanical and thermal 
stimuli against pain (53,54). Alterations in the levels of 5‑HT 
contribute to hyperpolarization or depolarization of primary 
afferent neurons which causes activation of the analgesic 
pathway endogenously (51,55), whereas DA levels are associ-
ated with trigeminal neuronal sensitization (56). Furthermore, 
endogenous NA induces peripheral nociceptive sensitivities to 
a low extent in physiological conditions, whereas it produces 
pronociceptive effects to a greater extent in neuropathic 
conditions  (57). The primary symptoms of FM are wide-
spread musculoskeletal pain, and this clinical characteristic 
is closely mimicked by a reserpine‑induced model (22,36). 
Since repeated administration of reserpine is associated with 
significant alterations in the levels of this biogenic amine (22), 
it induces alterations in allodynia and hyperalgesia (paw or tail 
withdrawal threshold). Previous studies implicated an array 
of therapeutic moieties which exert their potential against the 
modulation of single biogenic amines that influence either 
allodynia or hyperalgesia (53,54). Thus, it has been suggested 
that modulation of multiple biogenic amines is beneficial for 
the significant amelioration of nociception (53,54). Data from 
the present study suggested that the administration of fisetin 
significantly attenuated reserpine‑induced allodynia and 
hyperalgesia by balancing biogenic amines in various regions 
of CNS. A previous study also suggested the ameliorative 
potential of fisetin against allodynia and hyperalgesia, exerted 
via modulation of these biogenic amines, and the results of the 
present study are in accordance with these findings (58).

Previous studies have shown that depression‑like symp-
toms and cognitive impairment are other troubling symptoms 
of FM, together with chronic pain  (45,59). Inhibition in 
activity at the DA receptor in the striatal region via a decrease 
in the concentrations of calcium and sodium channels at the 
presynaptic ending results in a significant decrease in loco-
motor activity (60). Thus, DA has been determined to play a 
vital role during the pathogenesis of depression (61). Along 
with DA, 5‑HT has also been suggested as an important 
neurotransmitter that is involved in the pathogenesis of major 
depressive disorders (55). Importantly, it has been reported 
that repetitive administration of reserpine is associated with 
depression, as depression is a serious clinical side effect (62). 
Chronic administration of reserpine induces neurotoxicity via 
hyperactivity of motor neurons, which is thought to be the 
underlying mechanism of depression (63). In animals, chronic 
administration of reserpine also induces depression‑like 
symptoms, and the FST and TST have been widely used 
to evaluate the potential of various agents against depres-
sion (64,65). In the present study, repetitive administration 
of reserpine increased immobility time in the FST and TST, 

suggesting that depression is a common comorbidity along 
with allodynia and hyperalgesia in FM. However, treatment 
with fisetin significantly decreased immobility time in the FST 
and TST, suggesting its anti‑depressive mechanism via modu-
lation of both the noradrenergic and serotonergic systems. The 
results of the present study are consistent with the findings of 
a previous investigation, which showed that fisetin exerts its 
anti‑immobility potential in the FST and TST via endogenous 
inhibition of 5‑HT depletion (34).

A number of studies have suggested that motor symptoms 
are regulated by brain biogenic amines (53,64,66). Blockage 
of DA receptors at the presynaptic level results in an imbal-
ance in postural motor control (66). Chronic administration 
of reserpine induces depletion of DA in nerve terminals via 
modulation of magnesium‑ and ATP‑dependent mechanisms. 
Thus, reserpine induces depletion of brain monoamines, which 
in turn induces the reduction of spontaneous locomotor activity 
that reflects an impairment in motor function (25). The open 
field test and rotarod test are the most common and widely used 
behavioral methods for the assessment of locomotor activity 
in experimental animals (45). A decrease in rearing behavior 
and number of square entries in the open field test, and less 
time spent on the rotarod, indicates a significant decrease in 
locomotor activity (38,39). In the present study, fisetin treat-
ment significantly ameliorates reserpine‑induced decreases 
in locomotor activity via its inhibitory potential against the 
deletion of DA. A study carried out by Maher et al (25) also 
reported the potential of fisetin towards maintaining locomo-
tive activity at normal levels, and the results of the present 
study are in line with the findings of a previous investigator.

Oxidative stress has been suggested as an important patho-
physiological event responsible for the development of various 
neurological disorders, such as anxiety, depression, epilepsy, 
Huntington's disease, Parkinson's disease and Alzheimer's 
disease (12,13). Patients with FM also show decreased plasma 
antioxidant levels and increased activity of lipid peroxida-
tion (14). Furthermore, mitochondrial dysfunction has also 
been demonstrated as an important pathway involved in the 
development of chronic pain syndrome in FM (14). In the 
neural tissue, reduced GSH is present in abundance, which 
has been recognized as a cellular nonprotein thiol as it shields 
neural cells from the damaging effect of free radicals (67). 
GSH serves as an important antioxidant via its ROS scavenging 
potential (14,68). It has been reported that reserpine depletes 
monoamines via autoxidation of DA through inhibition of 
vesicular monoamine transportation or storage  (11,28,69). 
Furthermore, reserpine also induces oxidative catabolism 
through monoamine oxidase (69). These vicious cycles are asso-
ciated with the generation of hydrogen peroxide and quinones 
in DA neurons, which induce alterations in the redox status 
of its neural terminals, reflected by decreased concentrations 
of SOD and GSH (67). A previous study established the link 
between NO and musculoskeletal pain in FM (70). NO is a vital 
molecule involved in neurotransmitter signaling, but its excess 
production leads to neurotoxicity via DA cell apoptosis (71). In 
the present study, RIF rats exhibited decreased levels of SOD 
and GSH, but elevated levels of ROS, MDA and NO. It has 
been suggested that dietary polyphenols such as fisetin have 
the ability to penetrate the blood‑brain barrier, leading to their 
elevated levels in the brain after oral administration, which in 
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turn modulate the activity of intracellular antioxidants (27). In 
the present study, oral administration of fisetin significantly 
attenuates the reserpine‑induced elevated ROS and oxidative 
stress in neural tissue. Similar findings were documented in 
a previous study, where pretreatment with fisetin attenuated 
neurotoxicity via the inhibition of oxidative stress (72).

Currently, pregabalin has been approved by the US Food 
and Drug Administration as a standard treatment for FM and 
related neuropathic pain (21). A previous study demonstrated 
that pregabalin inhibited the release of NE and substance P 
via binding with the α‑2‑Δ subunit of voltage‑gated presyn-
aptic calcium channels to exert beneficial effects in FM 
symptoms (73). However, pregabalin produces only partial 
relief and does not cure FM (74). In the past few decades, 
medicines of herbal origin, including Rhizoma drynariae (75) 
and Baishao zongdai (68), demonstrated significant efficacy in 
terms of safety in the management of FM. Fisetin, a flavonoid 
polyphenol phytoconstituent, also showed promising potential 
for the clinical management of colorectal cancer (76). A few 
human clinical studies have been performed using fisetin as 
a dietary supplement for the management of various disor-
ders, including frailty syndrome, mild cognitive impairment, 
diabetic nephropathy and Gulf War Syndrome (77). Fisetin 
could be a potential clinical candidate for the management 
of RIF. Although fisetin showed a beneficial effect against 
RIF, one limitation of the present study is that the beneficial 
outcomes have limited scope for extrapolation.

In conclusion, the results of the present study revealed that 
fisetin ameliorates allodynia, hyperalgesia and depression in 
RIF. The antinociceptive and anti‑depressive effects of fisetin 
are rendered via modulation of decreased levels of biogenic 
amines (5‑HT, NA and DA), elevated oxido‑nitrosative stress 
and reactive oxygen species in RIF rats.
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