
Stress of chronic food restriction attenuates the development 
of adjuvant arthritis in male Long Evans rats

J. Jurcovicova, M. Stanciková1, K. Svík1, O. Ondrejicková2, D. Krsova, J. Seres,
R. Rokyta 

Department of Normal, Pathological and Clinical Physiology, Third Faculty of Medicine of 
Charles University, Prague, Czech Republic; 1Research Institute of Rheumatic Diseases, Piest’any,

2Institute of Experimental Pharmacology, Slovak Academy of Sciences, Bratislava, Slovakia 

Abstract
Objective

To study the effect of the stress of chronic food restriction on the development of adjuvant arthritis in Long Evans
male rats. 

Methods
Four groups of animals were compared: non-treated control (C) and arthritic (AA) rats, both with free access to food

and water and two analogous groups with a 40% food restriction, i.e. non-treated (FR) and arthritic (AA-FR) 
animals. All rats were killed 22 days following the injection of complete Freund’s adjuvant. The parameters measured

were: serum levels of albumin (ALB), nitrate, glucose, insulin, corticosterone (CORT), prolactin (PRL) and PRL
mRNA in the adenopituitaries. In addition the activity of gamma-glutamyl transpeptidase (GGTP) was measured in
the spleen. The pain threshold was determined by the tail flick method. The body weight of the animals was recorded

on day 0, 3, 7, 11, 15 and 18 of the disease.

Results
Arthritis caused swelling of the hind paw (2.37 ± 0.15 ml vs 1.1 ± 0.05ml in controls, p < 0.01) which was prevented
in the AA-FR group (1.44 ± 0.13 ml, not significant against controls). Arthritis increased serum NO and reduced ALB

levels; both changes were significantly restored in the FR-AA group. Food restriction did not alter the activation of
GGTP, or the decrease of PRL mRNA observed in the AA group. Serum CORT was elevated in rats with food 

restriction (15.49 ± 2.1 vs. 3.7 ± 0.87 g/dL) and remained enhanced to the same extent in AA and FR-AA groups.
The tail flick latency prolonged in the AA group was reduced by food restriction.

Conclusion
These results show that 40% food restriction associated with elevated CORT levels mitigated the inflammatory 

parameters activated during AA.
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Introduction
The severity and outcome of rheuma-
toid diseases are modulated by the
activity of the endocrine system, the
hy p o t h a l a m i c - p i t u i t a ry - a d re n o c o rt i c a l
(HPA) axis in particular. The immune
and endocrine systems are linked by a
negative feedback loop. Increased pro-
duction of different cytokines activates
the HPA axis while the enhanced corti-
c o s t e rone (CORT) secretion preve n t s
the overreaction of the immune system
due to its immu n o s u p p re s s ive action
(1). In rats during adjuvant art h ri t i s
(AA), the HPA axis is chronically acti-
vat e d. The enhanced cort i c o s t e ro n e
( C O RT) levels are of crucial impor-
tance; adrenalectomy leads to exacer-
bation of the symptoms and death of
the animals as shown by Harbuz et al .
(2). Prolactin (PRL) has in contrast a
positive, albeit less conspicuous role.
Suppression of PRL secretion amelio-
rates the symptoms of AA as described
by Berczi et al. (3) and confirmed by us
in an earlier communication (4).
The most common situation with the
activated HPA axis is stress. However,
the effect of stress on the course and
severity of rheumatic diseases is vari-
ous and depends on the nature and tim-
ing of the stressor. Usually the symp-
toms of rheumatoid arthritis (RA) in
humans flare up after repeated psycho-
logical stressors and high stress at the
onset of RA may worsen the prognosis
of the disease (5, 6). In an experimental
model of collagen induced arthritis in
rats, noise stress led to the exacerbation
of symptoms. (7). Repetitive restraint
s t ress suppressed synovial plasma
extravasation and thus potentiated the
inflammatory response (8). In contrast,
the same type of stressor ameliorated
the signs of experimental autoimmune
encaphalomyelitis (9). 
In this study we examine the effect of
long lasting stress associated with a
continuous elevation of CORT on AA
in rats. Since the full development of
the disease re q u i re s ap p rox i m at e ly 3
weeks, we selected chronic 40% food
restriction as a suitable stressor. It pro-
duces continuous unremitting stre s s
with a marked persistent elevation of
serum CORT levels (10,11). Moreover
this type of stressor has already been

shown to ameliorate the symptoms of
SLE (12) and carrageenan-induced in-
flammation in mice (13).

Materials and methods
Animals
Seven- to 8-week old male Long Evans
rats bred in the Department of Normal,
Pat h o l ogical and Clinical Phy s i o l ogy
Third of the Medical Faculty of Charles
University, Prague, were used. Five rats
per cage we re housed in an animal
room with a 12 h light/dark cycle, con-
trolled humidity and temperature. They
had free access to water but controlled
access to a standard pelleted diet. The
experiments were performed in accor-
dance with the national law of the
Czech Republic on the use of laborato-
ry animals # 167/1993.

Adjuvant arthritis induction
Heat killed Mycobacterium butyricum
(D I F C O L ab o rat o ri e s , D e t ro i t , M I ,
USA) was suspended in paraffin oil,
saline and Tween 80 (1:1:0.08) to the
concentration of 5 mg/ml. AA was in-
duced by a single intradermal injection
of 50 g of the suspension at a site
located 2 cm from the base of the tail.

Experimental design
The study was performed on two occa-
sions 2 months apart. Four groups of
rats were used, each time with 5 rats
per group. The first group of intact ani-
mals with free access to food served as
the controls (C). Animals in group two
received 60% of the food consumed by
the control group on the previous day
and served as food restricted controls
(FR). The animals in group three (AA)
were injected with complete Freund’s
adjuvant (cFA) to induce AA. They had
free access to food. In group four AA
was induced and the animals received
60% of the food consumed by the
arthritic rats (group 3) on the previous
day. 
Twenty-one days after the inoculation,
food was withdrawn from all animals at
5:00 p.m. to maintain basal insulin and
glucose levels. On the next day all the
rats were sacrificed by decapitation af-
ter a 15-16 hour fast. Trunk blood was
collected and the serum was separated
by centrifugation and stored at -20°C.
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Hind paw swelling was measured volu-
metrically. Spleens and adenopituitar-
ies were dissected, snap frozen in liq-
uid nitrogen and stored at -70°C.

Analysis
Serum CORT was extracted with meth-
ylenechloride and analyzed by radio-
immunassay using specific antibodies
(Sigma Aldrich, Deisenofen, Germany)
and [1,2,4,7-3H]-corticosterone (Amer-
s h a m , B u ck i n g h a m s h i re, E n g l a n d ) .
Free and bound hormones were sepa-
rated on dextran-coated charcoal. Con-
trol serum was included in each assay.
The coefficient for intra-assay variance
was 2.3% and the inter-assay variance
was 5.6%. Serum PRL was estimated
by radioimmunoassay using the double
antibody technique. [125I]-rPRL (NEN
L i fe Sciences Pro d u c t , B o s t o n , M A ,
USA) was used as the ra d i o l ab e l l e d
h o rm o n e. The re fe rence prep a rat i o n
and specific antibodies we re fro m
NHPP Ogden Bioservices Corporation
(Maryland, MD, USA). Free and bound
h o rmones we re sep a rated by swa i n
anti-rabbit antibodies. The coefficient
was 12% for the intra-assay variance
and 9.5% for the inter-assay variance.
The results were expressed in terms of
rPRL-RP-3 standards. 
PRL mRNA was estimated by dot-blot
hybridization. Total RNA from adeno-
pituitaries was extracted by the guani-
dinium isothiocya n ate method using
RNAZOL™ (Cinna Biotech, Houston,
TX, USA). Samples of one g of total
RNA were immobilized to a Hybond-
N+ m e m b rane (Amers h a m , B u ck i n g-
hamshire, England) in a dot-blot appa-
ratus (BIO-RAD, Hercules, CA, USA).
Hybridization with the random primed
(Megaprime™ DNA Labeling System,
A m e rs h a m , B u ck i n g h a m s h i re. Eng-
land) cDNA probe encoding rat pitu-
itary PRL (provided by Dr. R. Maurer,
U n ive rsity of Iowa , I owa City, I A ,
USA) was performed as detailed previ-
ously (4). PRL mRNA was expressed
in arbitrary densitometric units per 1

g of total RNA. 
Serum insulin was estimated by radio-
immunoassay using a rat insulin RIA
kit (LINCO Research Inc., St. Charles,
MO, USA). Serum glucose was analyz-
ed by the glucose oxidase method

using a Beckman Glucose A n a ly s e r
(Fullerton, CA, USA). 
The levels of NO -2/NO-3 in serum were
estimated after reduction to nitrate fol-
lowed by diazotation using Griess re-
agent according to the method of Cor-
tas and Wakid (14).
Serum albumin was measured spectro-
p h o t o m e t ri c a l ly using an A l bu m i n
(BCG)SYS 1 BMI Hitachi kit (Boeh-
ri n ger Mannheim, M a n n h e i m , G e r-
many) based on the formation of albu-
min bromcresol green complex.
The activity of GGTP in spleen homo-
ge n ates was measured according to
Orlowski and Meister (15) Gamma glu-
t a myl p-nitroanilide and methionine
were used as the glutamyl donor and
acceptor. The rate of the reaction was
m e a s u red spectro p h o t o m e t ri c a l ly at
404 nm, using the yellow color origi-
nating from the formation of p-nitro-
aniline.
Protein concentrations in spleen homo-
genates were determined by Lowry’s
method (16).
The pain threshold was measured using
the tail flick analgesia meter (Model 33
IITC Inc. Life Science Instru m e n t s ,
Woodland Hills, CA, USA). The assay
was performed one day before the rats
we re killed and was rep e ated thre e
times for each animal.

Statistics
The results we re analy zed by one-way
A N OVA fo l l owed by the Bonfe rroni test
to compare the means between gro u p s .
When comparing the means after
rep e ated measuring of body we i g h t s ,t h e
G e n e ral Linear Model fo l l owed by Bon-
fe rroni adjustment for multiple compar-
isons was used; p < 0.05 was considere d
as stat i s t i c a l ly signifi c a n t .

Results
The body weights (BW) of the animals
in the diffe rent groups during the
course of the experiment are shown in
Figure 1. The BW of the controls (C)
increased linearly, reflecting the nor-
mal growth of the animals. The arthrit-
ic rats (AA) grew at the same rate for
the first 11 days and then, coincidently
with the development of hind paw
swelling, their BW dropped to the ini-
tial values. Food restriction completely
inhibited weight gain in the FR-AA
group and for the first 11 days also in
the non-treated food restricted animals.
The BW of this latter group then
increased between days 11 and 15 (p <
0.01), but were still far below the BW
of controls. The swelling of the hind
paws in AA group was reduced by food
restriction (FR-AA), and the values did
not differ from those for the fo o d
restricted or intact controls (Fig. 2). In

Fig. 1. Body weight of control rats (C), food restricted rats (FR), and arthritic rats without (AA) or
with food restriction (FR-AA) recorded on days 0,3,6,11 and 18 of the disease. Results are expressed
as means ± S.E.M (*p < 0.05 time course C vs. AA,**p < 0.01 time course C vs. FR,***p < 0.001 time
course C vs. FR-AA, +++p < 0.001 time course AA vs. FR-AA).
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contrast, as shown in the right panel of
Figure 2, the decrease of ALB concen-
tration in the AA rats was only partially
restored in the FR-AA animals. Pro-
duction of the NO radical stro n g ly
enhanced in the AA group (Fig. 3) was

suppressed by food restriction; its con-
centration did not significantly differ
from that in the food restricted control
group (FR). The right panel of Figure 3
shows the GGTP activity in the spleen;
it was elevated in the AA group, but

was not distinctly affected by fo o d
restriction. Serum CORT levels were
s i g n i fi c a n t ly elevated with respect to
the controls (C) in the other thre e
groups without any significant differ-
ences among them (Fig. 4). There were

Fig. 2. The left panel shows the hind paw volumes of the control, food restricted, arthritic, and arthritic rats with food restriction 22 days after the inocula -
tion of cFA. The right panel shows the serum albumin levels. Abbreviations:C:controls,AA:adjuvant arthritis,FR: food restriction,FR-AA:adjuvant arthri-
tis with food restriction (***p < 0.001 vs.controls, ++p < 0.01, +++p < 0.001 vs. AA group).

Fig. 3. The left panel shows the serum levels of nitrite/nitrate in control, food restricted, arthritic and arthritic rats with food restriction. The right panel shows
GGTP activity expressed as the formation of p-nitroaniline per hr and mg protein in spleen homogenates. Abbreviations are the same as in Figure 1 (**p <
0.01 vs. C, ***p < 0.001 vs. C, ++p < 0.01 vs. AA group).

Fig. 4. The left panel shows serum CORT values in the control, food restricted, arthritic and arthritic rats with food restriction. In the right panel, the inner
bars represent serum PRL values and the outer bars PRL mRNA in the adenopituitaries in the mentioned groups. Abbreviations are the same as in Figure 1
(*p < 0.05 vs. C, **p < 0.01 vs. C).
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no significant changes in the PRL lev-
els (Fig. 4; right panel). PRL mRNA
decreased equally in the AA and FR-
AA groups with respect to controls (C).
Serum glucose and insulin levels were
slightly but significantly increased in
the FR group compared to contro l s :
5.10 ± 0.15 vs. 3.88 ± 0.25 mmol/L, p
< 0.01 for glucose and 13.92 ± 0.26 vs.
3.91 ± 0.78 (U/ml, p < 0.01 for insulin.
The levels of glucose and insulin
re s p e c t ive ly in the two other gro u p s
(AA and FR-AA) had interm e d i at e,
non-significant values. The latency of
the tail flick response was conspicu-
ously prolonged in the AA group com-
pared to the controls (C). It was signifi-
cantly reduced in the FR-AA against
AA animals but still remained higher
than in both controls (Fig. 5). 

Discussion 
Our results cl e a rly indicate that the
stress of 40% reduction of food intake
s i g n i fi c a n t ly at t e nu ated all the signs
and parameters of AA. This first in-
cludes a large reduction of the swelling
in the hind paws, a conspicuous sign of
the disease. Similarly, FR manife s t ly
reduced the elevated levels of the NO
radical. Since NO p roduction by
m a c ro p h ages and poly m o rp h o nu cl e a r
ly m p h o cytes is activated by elevat e d
levels of cytokines (17), it may be in-
ferred that FR inhibited the production
of these agents. The decrease in serum
ALB was also partially reversed, indi-
cating a muted acute phase response in
a rt h ritic rats due to food re s t ri c t i o n .
GGTP is an enzyme with a consider-
able role in inflammation, cell repair
and growth, where it catalyses the re-
synthesis of the glutathione (GSH)

involved in anti-oxidant processes (18).
Its enhanced activity has been describ-
ed during AA (19), as well as in RA
(20). In our study its elevated activity
in AA rats was not affected by the
stress of food restriction, perhaps due
to the persistent need for the enzyme to
cope with continuing oxidative stress.
Another parameter which was affected
by FR was the pain threshold. Stress of
noxious stimuli can be accompanied by
analgesia or hyperalgesia depending on
the nature of the stimulus used. In our
experiments the enhanced pain thresh-
old found in arthritic rats was attenuat-
ed by food re s t riction. The observe d
pain stress-induced analgesia in arthrit-
ic rats can in part be explained by the
fact that IL-1 and TNF-alpha we re
shown to increase the pain threshold in
rats (21). CRH is another factor which
induces analgesia in chronic pain syn-
dromes at several levels. For the local
analgesic effect of CRH to occur, in-
flammation must be present (22). We
speculate that the shift in pain thresh-
old in FR-AA animals resulted from
the reduced inflammatory reaction in
the paws, and hence a decreased flow
of the pain signals to activate the cen-
tral mechanisms. 
Food restriction had a strong negative
e ffect on the growth of the animals,
speaking for a deficient protein anabo-
lism possibly resulting from an insuffi-
cient dietary supply. The catabolic ef-
fect of CORT may also have been in-
vo l ve d. Except for slightly enhanced
insulin and glucose levels possibly due
to elevated CORT levels, the reduced
food supply had no effect on the para-
meters which we measured, thus allow-
ing a clear distinction of the effect of

arthritis. The only factor common to
both conditions was the elevation of
serum CORT levels. 
The mechanisms of the manifest allevi-
ation of AA after reduced food intake is
not easy to explain. We suppose that
the mitigation resulted from the de-
creased activity of the immune system.
Since PRL and its expression were not
affected by food restriction we assume
that elevated CORT had a major role.
However, the CORT levels in the FR-
AA and AA groups were similar, yet
had apparently different effects. That
is, if CORT in the FR-AA group was
the major effector one possible expla-
n ation is that the sensitivity of the
immune system to its inhibitory activi-
ty was enhanced. Under the condition
of undernutrition there is certainly an
altered state of metabolism. We specu-
late that the cells of the immune system
a re also undern o u rished and become
more susceptible to the effect of CORT.
The same explanation may apply to the
findings of clinical studies indicating
that fasting followed by a strictly vege-
tarian diet alleviated the symptoms of
RA (23,24). Our results are not consis-
tent with those of Strausbaugh et al.
(8), who showed that repeated short-
p e riod re s t raint stress with enhanced
CORT levels produced an inflammato-
ry response. However, any direct com-
parison is difficult because of the dif-
fe rent ex p e rimental paradigms used.
Different stressors can activate several
mechanisms in a stressor-specific fash-
ion, as was shown recently by Pacak
(25). 
In concl u s i o n , our results show that
40% food restriction alleviates all signs
of adjuvant arthritis in rats. The precise
m e chanisms invo l ved wa rrant furt h e r
investigation. 
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Fig. 5. The pain threshold
expressed as tail flick laten-
cy in control, food restricted,
a rt h ritic and art h ritic rat s
with food restriction. Abbre-
viations are the same as in
Figure 1 (***p < 0.001 vs.
controls C or FR, ++p < 0.01
vs. AA group). 
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