
Indian Journal of Experimental Biology 
Vol. 40, November 2002. pp. 1240- 1244 

Role of antioxidants in chronic fatigue syndrome in mice 
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The present study was carried out using mice model of chron ic fati gue syndrome (CFS) in which mice were forced to 
sw im everyday for 7 days for a 6 min sess ion. There was a significant increase in despair behavior (immobility period) in sa­
line treated mice on success ive days. Treatment wit ll potel1l antiox idants earved ilol (5 mg/kg, ip) and melatoni n ( 10 mg Ik g, 
ip) produced a signi fican t reduction in immobility period. Simi lar results were observed with herbal products Sl. John 's 
Wort (HypericuIII pel.fo/'{/IlII1I.L) ( 10 mg/kg, po) and GS-02 (20 mg Ikg, po). Fluoxeti ne, a se lecli ve serotonin reuptake in­
hibitor produced a significa l1l effect on ly on first and second day of its treatmenl. Biochemical analysis revealG that chron ic 
sw im tesl sign ilican tl y increased lipid perox idation and cata lase levels in whole brains of mice. There was a decrease in the 
levels of super ox ide dismutase (SOD) and glulathione reductase (GS H) in the brain . Administration of carved ilol, mela­
tonin, GS-02 and Sl. John 's Wort restored the leve ls of lipid peroxidat ion and glu ta lhione. The enzymes SOD and catalase 
were also .reslOred. Fluoxet ine affected the biochemic I variables not to the same exten t as other lreatments. The findings of 
lhe present slUdy suggest lhat oxidat ive st ress might playa significant role in the pathophysiology of CFS. Thus antioxidanls 
and herbal products like Sl. Johns wort and GS-02 cou ld be useful in the lreatment of CFS. 

The chronic fatigue syndrome (CFS) is a heterogene­
ous disorder of unknown eti ology characteri zed by 
fatigue, neuropsychiatric symptoms, and various other 
somatic complaintsl

. Fatigue is associated with im­
munoligical disturbances, which is ev ident in two­
third of the patients. Much of thi s depression seen 
may be react ive but the prevalence exceeds that in 
other chronic medical illnesses. The vari ous neuroen­
docrine abnormalities also occur which again contrib­
ute to the impaired energy and mood. Further, it has 
been proposed that chronic fati gue syndrome is fun­
damentall y a psychiatric di sorder and varioll s neuro­
endocrine and immune disturbances arise secondaril y 

. 1 
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There is no definite diagnos is and trcatment for this 
syndrome. Vari ous drugs have been proposed for its 
treatment and more recentl y role of antiox idants in 
diet have been considered use ful in thi s syndrome3

. 

Carvedilol is a lipophilic nonselecti ve ~-adrenoreceptor 

antagonist with strong antiox idant propert ies4
. 

Carvedilol is approximately IO-fold more potent as an 
antiox idant than vitamin E5. M elatonin synthesized 
exclusive ly in the pinea l gland, plays an important 
ro le in establi shing circad ian rhythms. It has been re-
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cently reported to have potent free radi ca l scavenging 
property and is capable of stimulating endogenous 
anti-oxidants activity superoxide dismutase (SOD) 
and glutathione peroxidase (GSH-Px/'. HypericlIlII 
pelfOrallll1l .L (St. Johns wort) contains a wide variety 
of active constitucnts including f1 avanoids, phu­
lorogucinols and essential oil s. H. Peljora lul11 extracts 
have repeated ly shown significant antidepressive ef­
fects in various animal models '01' depress ion but the 
mechanisms responsible are as yet incompletely un­
derstood7

. 

The method of chronic 7-day exposure of mouse to 
forced swim test has been successfully val idated as an 
animal model of CFS2. Using thi s model in the pre­
sent study the role of fluoxetine, carved ilol, H perfo-
1'01/111/ , GS-02 and melatonin was ex plored in CFS . 
Biochemica l estimates were also can'ied out to estab­
li sh whether the antioxidant activity of these com­
pounds was responsible for their effective action. 

Material and Methods 
An illlals - M ale laka mice (20-25 g) bred in the 

Central Animal House (CAH) of Panjab University 
were used for the study. The animal were housed 
under standard laboratory conditions and were sup­
pl ied with food and water ad IibilulII . The animals 
were maintained at 12 hI' day/night cyc le and were 
acclimatized to the laboratory conditions prior to ex-
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peri mentation . All the experiments were carri ed out 
between 10 00 hrs and 17 00 hrs. The animals were 
drawn at random for the study. The instituti onal ani­
mal ethi cal committee approved the experimental pro­
tocols. 

Experimental procedure-The animals were 
fo rced to swim indi viduall y in a glass jar (25 x 12 x 25 
cm) contalnlllg water at room temperature 
(22°C ± 3°C)8. The height of water level was adjusted 
to 15 em and kept constant th roughout the ex peri ­
ments. After an initi al peri od of vigorous acti vity each 
ani mals assumed a typical immobile posture. The to­
tal durati on of immobility was measured during a to­
tal period of 6 min2

. The mi ce were judged immobil e, 
when they ceased struggling and made minimal 
movement of their limbs to keep the head above water 
level. This procedure was foll owed for 7 days. This 
chroni c fo rced swimming produced depress ion and 
fatigue resembling chronic fa tigue syndrome (C FS ). 

Dissection and homogenization-On the 8th day of 
study, the animals were sacri fi ced by decapitation. 
The brains removed, rinsed in isotonic saline and 
weighed. A 10% (w/v) ti ssue homogenate was pre­
pared in 0.1 M phosphate buffer (p H 7.4). The post 
nuclear fraction of catalase assay was obtained by 
centri fugation of the homogenate at 1000 g fo r 20 
min , at 4°C and for other enzy me assay the homoge­
nate was centri fuged at 12000 g for 60 min , at 4°C 

Lipid peroxidation-The quantitati ve measure­
ment of lipid peroxidation in the whole brain was 
measured according to the method of Will s9

. The 
amount of malondialdehyde (MDA) formed was 
measured by the reaction with thiobarbituric ac id at 
532 nm using Perkin Elmer lambda 20 spectropho­
tometer. The results were expressed as nmol of 
malondi aldehyde/mg protein using the molar extinc­
tion coefficient of chromophore (1.56 x 10 M-1 cm- I

). 

Estimation of reduced glutathione-Reduced glu­
tathi one in the forebrain was estimated according to 
the method of Ellman lO

. A, 0.75 ml of homogenate 
was precipitated with 0.75 ml of 4% sulfosalicylic 
ac id . The samples were centri fuged at 1200 g fo r 15 
min at 4°C. The assay mi xture contained 0.5 ml of 
supernatant and 4.5 ml of O.OIM DTNB. The ye llow 
color developed was read immedi ately at 412 nm us­
ing Perkin Elmer lambda 20 spectrophotometer. The 
results were expressed as nmol GSH/mg protein. 

Enzyme assays 
Superoxide dismutase-Superoxide dismutase ac-

ti vity was assayed according to the method of Kono", 
wherein the reducti on of nitrazoblue tetrazo li um 
(NBT) was inhibited by superox ide di smutase is 
measured at 560 nm using Perkin Elmer lambda 20 
spectrophotometer. B ri efl y, the reacti on was in i tiated 
by the addi tion to the reaction mi xture contain ing 
NBT and post nuclear fracti on of the homogenate. 
The results were expressed as units per mg protein , 
where one unit of enzy me is defined as the amount of 
enzy me inhibiting the rate of a reacti on by 50%. 

Catalase activity-Catalase acti vity was assayed 
by method of Luck 12 , wherein the breakdown of H20 ] 
being measured at 240 nm. Briefl y the assay mi xture 
consisted of 3 ml of H20 2 phosphate buffer ( 1.25 x 10 
- 2 H20 2 moles) and 0.05 ml of supern atant of ti ssue 
homogenate (10%) and the change in the absorbance 
was recorded at 240 nm using Perkin Elmer lambda 
20 spectrophotometer. The results were ex pressed as 
Kfmin/mg protein . 

Protein estimation-The protein content was 
measured according to Lowry' 3 using bov ine serum 
albumin as standard . 

Drugs, sources and treatment-Fluoxetine (Dr 
Reddy laboratories), GS-02 (Himalaya Drug com­
pany, Banglore Indi a), melatonin (Dabur India Li m­
ited, Delhi India), carvedil ol (Sun Pharma Mu mbai 
India), and Hypericum peljoratum.L (St. Johns wort) 
(Panacea Biotech Ltd . Lalru Punjab) were used. GS-
02, carvedil ol and St. Johns Wort were suspended in 
0.5 % w/v carboxymethylcellulose and admini stered 
orally (po) . Melatonin was dissolved in mini mal 
quantity of DMSO and the volume was made up with 
di stilled water and administered intraperitoneall y (ip), 
flu oxetine was dissolved in saline and admini stered 
intraperitoneall y. All the test drugs were admini stered 
hal f an hour before the test. 

Statistical analysis-The data were ex pressed as 
mean ± SE, immobility duration and co mpared with 
control group. The data were analyzed by using 
analysis of variance (ANOY A- one way) followed by 
Dunner' s test. In all the tests, the criterion fo r statisti­
cal significance was P < 0.05 . 

Results 
Effect of fiuoxetine, carvedilol and melatonin 0 11 

mean immobility period during 7 days of chronic 
swimming-Chronic forced swimming for 6 min ses­
sion per day for 7 days produced depression and fa­
tigue in control animals resembling chronic fa tigue 
syndrome. As indicated by increase in the mean im-
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mobility time, treatment with fluoxetine ( 10 lllo/ ko il)) o b' 

once dail y prior to the ex posure to forced swimming 
(30 min before) signi f icantl y reduced the immobility 
pe ri od on first and second day, but the antidepressant 
effect di sappeared on other days w ith a little effect on 
7th day. Carvedilol (S mg/kg, ip), melatonin ( 10 
mg/kg, ip) when administered, once dail y prior to the 
exposure to fo rced swimming (30 min before) signifi­
cantly reduced the immobility peri od from 2,,,1 day to 
7th day of the study (Fig. I a). 

Effect (~f St. Johlls II'o rt and G5-02 0 11 ill/lllobility 

period during 7 days of chronic swilllllling- St. 
Johns wort ( 10 mg/kg, po) and GS-02 (20 mg/kg, po), 
herbal preparations were given once da il y pri or to the 
exposure to fo rced swimming (30 min be fore) signifi ­
cant ly reduced the immobility period on all days of 
the trea tment (Fig. I b). 

Effect offll lOxeline, corvedilol, lIIelalOnin G5-02, 
and St. Johns Ivort on whole brain enzyme levels ill 

fa tigued lIIice-Chronic fo rced swimming for 6 min 
session per day for 7 days induced ox idati ve stress as 
indicated by a signi f icant raise in the whole brain 
MDA and catalase levels, and a decrease in GSH and 
SOD levels, contro l animals as compared to untreatcd 
group not subjected to chroni c forced swimming. 
Carvedilol (S mg/kg, ip), melatonin (S mg/k g, ip) Sl. 
j ohn ' s wort ( 10 mg/kg, po) and GS-02 (20 mg Ikg, 
po) Gi ven once da ily 30 min prior to the test signifi ­
cantl y reversed the extent of ox idati ve stress as com­
pared to cont ro l groups, ind icated by a decrease in 
MDA, and catalase leve ls and a signifi cant increase in 
GSH and SOD levels. (n=6 P <O.S) Fluoxetine ( 10 
mg/kg, ip) did not show signifi cant changes in the 
above enzyme levels. (Table I ). 

Discussion 
The role of ox idati ve stress in CFS is an important 

area fo r current and future research as it suggests the 
use of ant iox idants in the management of CFS 14. In 
the present study forced swimming- induced immobil ­
i ty test model was used. PorsoltX first described this 
model and has been extensively validated for study ing 
the antidepressant profi Ie of new drugs. The model 
measures behav ioral depression. In thi s, mice when 
exposed to avers ive situation from which there is no 
possibility to escape, eventuall y stops struggling and 
assume a typica l immobile posture indicative of be­
ha vioral dcprcssion2 

[n the present study there was a significant increase 
in the immobility time each day, when mice were sub-
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Fig. I - Effect of Iluoxeti ne ( I Omg/kg, ip), carved ilol (5 mg/kg, 
ip) melaton in ( 10 mg/kg, ip), SI. Johns Wort ( 10 mg/kg, po) and 
GS-02 (20mg/kg, po) O l~ mean immobil i ly li me on days 1-7. 
* p<0.O.5.( A OVA fo llowed by Dunnet ' test) as comparee to the 
conlrol group, n =(6 for each group) 

j ected to chronic swim test fo r 7 days w ith the m' xi­
mum effect on 6th and 71h day of the study. There was 
a considerable increase in the lipid perox idation and 
decrease in the glutathione levels in bra ins of the mice 
subjected to chronic swim test as compared to normal 
mice not subjected to chronic swim test. These results 
were also well supported by the enzymatic es timati on 
of SOD and catalase. These results clearl y indicate an 
increased ox idati ve stress in brains of mice subjected 
to chronic sw im tes t and thus ind icate the possible 
involvement of ox idative stress in the pathogenesis of 
CFS. 

Pretreatment w ith already well estab li shed antiox i­
dants carved ilol, melatonin, 30 min before the tes t on 
each clay not only reduced the immobility time but 
also decreased lipid perox idation and increased the 
glutathione levels, aga in well supported by the enzy­
matic essays of SOD and catalase. These drugs were 
effective on all the clays of the treatment. There are 
multiple mechanisms th rough which carvedilol and 
melatonin ac t. The antiox idant action of carvedilol 
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Table I - Effect of fluoxetine, melatonin, carvedi lo l, GS-02 ano St. johns wort on MDA (mal onaldih yde). 
GSH (reouced g lutathi o ne), SOD (super ox ide dismutase) and catalase levels 

IV alues arc mean ± SE from 6 observations in each groupl 

Treatment MDA GSH SOD Catalase 
(n mol M DA/ Ill!! protein) (n mol/mg prote in ) (Units/ mg protein x 10'.1 ) (K/m inl(r') 

Normal @ 303 ± 7.7 o.n ± 0.01 250 ± 2 13 ± 0.3 

Control " 362 ± 8.9" 0 .56 ± 0 .01 " 140 ± 3" 2 1 ± 0 .2" 

Fluoxetine 344 ± 9.9 0.67±0.0 1* 160 ± 13* 18 ± 0 .1 
( IOmg/kg ip) 

Melaton in 320 ± 7.8* 1.0 ± 0 .02* 373± 13' 6R ± 0.1 * 
( 10 mg/kg ip) 

Carvedi lol 277±17.4* 0 .99 ± 0 .02* 389 ± 33' 70 ± 0 .3* 
(5 mg/kg ip) 

GS-02 3 15 ± 4 .R* 1.1 ± 0.02* 340 ± 12* 65 ± 0 .3* 
(20 mg/kg po) 

St. Johns Wort 266 ± 5.3* 1.2 ± 0 .06 * 380 ± II ' 59 ± 0.1 * 
10 mg/kg po) 

Normal @group comprises sa li ne trea ted animals who were not subjected to chronic swimming. Control" refers to vehi c le 
trea ted group subjec ted to c hronic swim test. "P < O.05 (T -test umpa irecl ) as compared to the normal group. 
' P<0.05(ANOV A followed by Dun net' s test ) as compared to the vehic le trea ted cOIllrol " group -

may be due to the inhibit ion of direct cytotoxic acti on 
of free radicals or prevention of oxygen free radicals 
from act ivating tran scripti on factors such as NF-XB or 
protect ion and replenishing the endogenous antioxi­
dant defense mechanisms or their combinati ons. It has 
also been reported that carved ilol inhibits lipid per­
ox idat ion by scavenging free rad icals5

. M elatonin is 
reported to prevent the ox idat ive stress by free radica l 
scavenging(" and by activating antiox idant defense 

t5 I ' I d . enzymes . t IS a so reporte to scavenge peroxynl -
trate anions and also inhibits nitric ox ide synthase 
(NOS) a known pro-oxidant enzyme t6. Accordingly, 
one of the mechanisms of carved ilol and melatonin 
may contribute to their protective effect towards ox i­
dative stress in CFS. 

Pretreatment w ith GS-02 a mul ti herbal psychotro­
pic preparati on (Hi malay Drug Co) and St. Johns wort 
30 min prior to the test produced a significant de­
crease in the immobility time and also decreased the 
lipid peroxidation, increased glutathione levels, aga in 
well supported by enzymatic estimation of SOD and 
catalase. Studies of St. John 's wort extracts have re­
peatedly shown significant antidepressive effects in 
various animal moJels of depression? The mecha­
nisms responsible are as yet incompletely understood. 
St. John 's wort is a weak MAO inhibitor in vi/ rot ? 
The suggestion, however, that the antidepressant 
action of H. perforatum.L (S t. Johns wort) is due to 

monoamine oxidases (MAO) inhibition is no longer 
cred ited. One of the important constituent of 
H. pel/ora/ IIJ1l is hyperi cin? and more recently it has 
been reported that hypericin scavenges the free radi­
cals in both cell free and human vascular ti ssuetX An­
other important constituent of H. per.fora/lIl/! is 

. 7 II k . 'd t9 quercetIn , a we - nown potent antlOxt ant . 
Quercetin has free radica l scavenging properties; the 
antiox idant property may result from direct scaveng­
ing of free radicals and other ox idizing intermediates, 
or from chelat ion of iron or copper ions and from the 
inhibition of the ox idases2o Thus H. pel.fora/lIl/! ex­
hibit a significant antiox idant property. GS-02 is an 
unknown compound, but it also showed a signifi can t 
antiox idant property. 

Fluoxetine, well -known antidepressant drug had a 
vari ab le effect in the preset study and also the anti­
ox idant profile of the drug was not comparable w ith 
the other drugs used in the study. Fluoxetine is a se­
lective seroton in reuptake inhibitor commonly pre­
scribed for the treatment of depress ion. Case reports 
and uncontrolled studies suggest that f1uoxetine is 
beneficial in CFS. But there are contrad icting reports 
in two studies, which reported serotonergic hypersen­
siti vity in CPS, and from that perspecti ve it may not 

b f"· I? t prove ene -ICta - . 
In conclusions the result of the present study sug­

gest the role of ox idative stress in the pathophysio-
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logy of chroni c fa tigue syndrome thus suggesting the 
use of antiox idants like carvedil ol and melatonin in 
the management or treatment of the syndrome. Herbal 
products li ke St. Johns wort, and GS-02 due to their 
ant iox idant profile may also prov ide an additional 
benefit in the sy ndrome. Since sy nthetic compounds 
carvedil ol and melatonin showed bettcr resul ts than 
th c natural herbal compounds H. peljoratum and GS-
02, the synthetic compounds may be preferred over 
the natural ones in the treatment of CFS . 
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