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SHORT COMMUNICATION

CERTAIN IMMUNOLOGICAL PARAMETERS IN SUBACUTE COLD STRESS
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Abstract: The effect of subacute cold swimming stress on the immune system of albino rats was
investig3led. Subacute cold stressed animals showed an increase in total WBC count. eosinophils an4
basophils. Phagocytic index and avidity index were also increased indicating hyperactive phagocytic
process. On the other hand NBT reduction and soluble immune complexlevelsde~dsignificantly
in stressed animals. There were no significant changes in the weight of the lymphoid organs.
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INTRODUCTION

Homeostatic mechanisms are geared towards
counteracting the everyday stress of life. However. if
a stress is extreme, unusual or long-lasting, the normal
mechanisms may not be sufficient and to counteract
this instabiHty, physiological systems arc modulated
which results in "General-Adaptation-Syndrome" or
"G-A-S" (1). The most common manifestations of the
G-A-S arc the adrenal enlargement, involution of the
thymicolymphatic organs and gastric ulcers.

. The immune system is a major inteirative network
involved in biological adaptation. Protection of the
body against infections and toxic agents is provided
by the immune system of which the phagocytes provide
the first order of defence. Many workers have shown
that immunity is modulated by stress and the related
neuroendocrine mechanism (2,3.4,5,6,7).

Cold exposure is a potential stressor. People living
in temperate ~gions are exposed to temperature extremes
that occur seasonally within 3 or 4 months. Temperature
change is a potential stressor especially to the aged
people (8).

Though the different aspects of cold stress have
been already studied, the literature is scanty regarding

*Couesponding Author

the effect of cold exposure on immune mechanism.
Hence, this study was undertaken.

METHODS

Animals: Twenty Wistar sLro;lin albino rats of both
sex (13-1400) were used. The animals were housed
in laboratory cages (5/cage), maintained on routine
pellet food. Water and food were available ad libitum
throughout the experiment.,The animals were divided
into two groups. Ten animals .served as controls and
the remaining animals fonned the experimental group.

Stress procedure: To induce stress the experimental
animals were allowed to swim freely in cold water,
maintained at 10"C till the point of exhaustion. It is
the stage at which the animals will no longer be able
to stay at surface and it will start sinking. At this .
point the animals were taken out. The same procedure
was repeated once in a day for 10 continuous days
and animals were sacrificed on the eleventh day by
exsanguination under light ether anaesthesia. Control
animals which were kept under identical conditon were
also sacrificed along with the test animals.

Heparinised blood for Total WBC count, Differential
white blood cell count, and neutrophil function tests
and non-heparinised blood for estimating the serum



RESULTS

. Tables I and II summarises the results obtained
in this investigation.

levels soluble immune complex (SIC) were collected
from these animals. Following this the animals were
sacrificed with execess ether. Spleen, thymus and popliteal
.lymph nodes were dissected, weighed and their weights
were expressed as mg of tissue/grams of body weight
(mg/g). Total leukocyte count and differential count
were performed using the improved Neubauer's counting
chamber and Leishman's straining procedures respectively.
Two tests were performed for investigating the neutrophil
function. Neutrophil phagocytic activity was tested by
candida phagocytosis which is a measure of uptake
of heat killed candida particles by phagocytes over a
brief period of time. This test gives the phagocytic
index (PI) which was calculated by counting the number
of candida containing neutrophils in 100 neutrophils.
The total number of candida albicans counted with in
100 positive cells divided by 100 gives the mean particle
number or avidity index(9).

The intracellular killing capacity of the neutrophils
was assessed by NBT reduction test(lO). This test is
based on the fact that yellow dye nitroblue tetrazolium
(NBT) is converted into a blue crystalline form by
the intracellular reduction system of the _phagocytes,
and forms an indicator for neutrophil bactericidal activity.

The serum soluble immune complex (SIC) levels
were measured by precipitating the complexes with
low concentrations of polyethylene glycol (PEG) and
the resulting turbidity measured colorimetrically(ll).
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Total WBC count showed a significant decrease
(P<OO.OOl) following subacute cold swim stress. In
the differential WBC count, the eosinophils showed
a significant (P<O.Ol) increase in the stressed animals.
The stressed animals also showed a significant increase
(P<O.05) in basophil numbers. No significant changes
were observed in other WBC types.

TABLE II : Effect of chronic cold swimming stress on candida
phagocytosis, NBT Reduction and Soluble Immune
Complex Levels in Albino Rats.

Candida NBTReduction Soluble
Phagocytosis Test Immune

Complex

Phagocytic Avidity % Positive cells PEG Inde:A:
hula Iruin

Control 56.2 2.9 11.2 17.0
± ± ± ±
2.144 0.171 0.712 2.9.6

Chronic 81.5 3.5 7.5 8.0
Stress group ± ± ± ±

2.709 0.714 0.522 0.817

P P<O.OOl P<O.02 P<O.OOI P<O.Ol

Mean±SD, n=1O

The phagocytic index (P<O.OOl) and avidity index
(p<O.02) in subacute cold swim stressed animals increased
significantly compared to the controls. The NBT reduction
by neutrophils was found to be decreased (P<O.OOl)
after subacute cold swim stress. The serum SIC levels
showed a signficant decrease (P<O.Ol) in the stressed
group of animals. The lymphoid organs did not show
any significant weight changes after stress.

TABLE I : Effect of Chronic cold swimming stress on Total WBC, Differential WBC Count,
Weight changes of spleen, thymus and popliteal lymph nodes of albino r~s.

TotalWBC Differential Count Weight Changes
Count

Lympho- Neutro- Eosino- Baso- Mono- Spleen Thymus Lymphnodes
cyte phil phil phil cyte

Control 18635 70.0 22.4 2.4 0.3 4.9 3.93 1.076 0.097
± ± ± ± ± ± ± ± ±

1343 1.542 1.469 0~40 0.153 0.912 0.332 0.096 0.011

Chronic 10657 64.3 23.6 5.2 0.9 6.0 4.39 0.878 0.117
Stress ± ± ± ± ± ± ± ± ±
Group 1432 2.348 2.029 0.772 0.233 0.57'1 . 0.426 0.Q68. 0.012

P P<O.OOl P<O.OI PO.OO5

Mean±SD, n=1O
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DISCUSSION

Jensen and Rasmussen (12) and Ramsey (8) have
shown the involvement of adrenal glands on the white
cell number. Selye (1) observed leukopenia in severely
stressed animals. The leukopenia observed in this study
may be attributed to the action of adrenal steroids and/
or severity of stress. However, this is not conclusive.
Because leukqJenia can also result from almnnal distribution
due to local chemotaxis causing cell retention in certain
cxgans 3ld may also be int'JueJx:ed by llIteJdn remodynamic
changes.

Cold exposure to rabbits caused eosinophilia (13).
Acute cold swim stress caused a rise in eosinophils
(14). The eosinophil changes seen in the present study
is in agreement with these two reports.

Corticosteroids and norepinephrine are elevated
in plasma in response to stress (15,16,17). It has been
reported that physiological doses of corticosteroids can
be immune enhancing as well as immune suppressive
(18). The increased phagocytic activity in this study
may be due to action of these hormones on phagocyte
cell receptors, which alter the metabolic activity of
the phagocytic cell. The phagocytic index may also
increase due to the fixing of the immune complexes
over the phagocytic cells (19). The decreasing
SIC levels seen in this study lends support to this
possibility.

Chances for local tissue damage leading to inCJ'P...ased
capillary permeability is possible in cold swimming
stress. If this can occur it will set forth the inflammatory
reactions which may lead to increased phagocytic
activity (1).

A hormone cocktail of cortisol, catecholamines
and glucagon have been shown to increase phagocytic
activity in vitro (20). This similar action in vivo is
yet another possibility.

. Cyclic 3'5' adenosine monophosphate (cAMP) and
prostaglandin E have generally been considered to
have an inhibitory effect on neutrophil phagocytic
ability (21). Cyclic 3'5' guanosine monophosphate
(cGMP) on the other hand has an enhancing effect
on neutrophil function (22). Symphathetic neurohor
mone (catecholamine) act through cAMP, while
the parasympathetic neurotransmitter acetylcholine (or
its congeners) may act through cGMP (23). Alteration
in the fine balance between these hormonal agents
during the cold stress may be responsible for the
change in the PI, seen in these .-experimental
animals.

The decreased NBT reduction in the stressed animals
may be due to the action of glucocorticoids which
depresses the ability of WBCs to digest phagocytized
substances (24) and glucocorticoid is known to be increased
in stress conditions (5, 25).

Altered hormonal profiles and hemodynamics in
stress may activate the reticulo endothelial system which
may clear SIC faster from the blood stream. In addition
Nydegger, et al. observed fixing of immune complexes
over the phagocytic cells. This may account for the
decreased SIC levels in stressed animals.

It has also be shown (19) that the immune complex
levels and the NBT reduction are positively correlated.
In this study also the stressed animals showed a decrease
in NBT reduction simultaneous with reduction in the
SIC levels. Though conclusive evidences are not available
at present, it appears that the reduction in SIC level
is a primary effect and as a result of this, the NBT
reduction also decreases. As indicated above altered
reticuloendothelial function resultant of the
altered hormonal profiles may be responsible for the
lowering of the SIC levels in subacute cold swimming
stress.
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