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ABSTRACT

Objective: To determine the deleterious effects of heat-stress on the immune organs and hematological
parameters and to evaluate the anti—stress and immunomodulatory role of the Cyanacobalamin.

Place and duration of the study: Fxperimental study conducted in the department of Anatomy, Bagic
Medical Sciences Institute, Jinnah Postgraduate Medical Centre, Karachi from December 2010 to
March 2011.

Material and Methods: Forty five Albino rats (180-200 grams) were selected and divided into group A
(Control), group B (Heat - Stressed) and group C (Protective). Each group was further subdivided into
three subgroups. based on the period of the study. The animals of the subgroups B and C received heat
and the temperature was set at 42°C for six hours daily. Group C (C1, C2 and C3) animals were
protected with Cyanocobalamin at the dosage of 0.8 mg/ kg of body weight intraperitonealy, two hours
before heat induction. Then animals were sacrificed according to their time duration, and spleens were
examined grossly for any change in shape, color, consistency, and hemorrhagic spots. Blood samples
were collected from each animal by cardiac puncture in the plastic vacutainers containing EDTA-K?2 as
an anticoagulant(BD- Franklin NJ, USA) for the total leucocyte count (TLC) and differential leucocyte
count (DLC).

Results: Heat—stress and its consequences significantly decrease the size of the spleen in all subgroups
of group B animals. It could be due to decrease in appetite, decrease feed intake and catabolism of
proteins due to excessive ACTH and corticosterone secretion as HPA axis stimulated by heat-stress.
Same hormones also affect severely the all lines of the white blood cells. The prophylactic use of the
Cyanocobalamin in group C animals restores the normal size of the spleen and the normal count of
white blood cells by its cell repairing, cytoprotective and anti-apoptotic role.

Conclusion: Heat-stress severely damages the immune organs and suppresses the bone marrow
function. Cyanocobalamin (Vitamin B12) in its pharmacological concentration has expressed itself as
an immunopotentiating and anti-stress agent. It restores the immunoarchitecture, their cell count and
also enhances the magnitude of the bone marrow activity.
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INTRODUCTION

Stress can be defined as any change in
the environment that changes or threaten to

change an existing optimal steady state .
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Among stressful conditions are also included.
intense heat and cold. trauma of any type, infection,
surgery and any debilitating disease”. Response to
stressful events is generally regarded as reaction of
the organism to accommodate to or compensate tor
stress . A major neuroendocrine mechanism in a
stress reaction in both animals and humans is the
activation of the hypothalamic-pituitary-adrenal
(HPA) axis, resulting in a rapid increase in
circulating corticotropin (ACTH) and subsequent
rise in glucocorticoids (Corticosterone in rats,
cortisone in humans) which are critical for
successful adaptation”, Mashaly” reported that
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increase in mortality during heat stress could be
due to inhibition of immune response. Cells of
immune system express the receptors for
glucocorticoids and catecholamine. These signals
alter the several aspects of immune cell function .
According to recent studies heat- stress had more
effect on pathophysiology of white blood cells,
lymphoid organs and immune responses .
Elevated ACTH levels, corticosterone and raised
H/L ratio are the key indicators in heat stress . The
concentration of antioxidant vitamins decrease
with heat stress'"', Antioxidant vitamins
counteract the free radicals and decrease the
ACTH and cortisol levels, protecting the
metabolism from the effects of stress. Setchele'
reported that immunosup pressive agents cause a
decrease in lymphocytes cellularity, thymic
depletion, and a concomitant decrease in organ
size and weight. The concentration of antioxidant
vitamins decrease with heat stress'”''. Antioxidant
vitamins counteract the free radicals and decrease
the ACTH and cortisol levels, protecting the
metabolism from the effects of stress”. Rapidly
growing cells show on increased demand for
nutrients and vitamins. All living cells require
Cyanocobalamin (Vitamin B12) for survival”.
Cyanocobalamin plays an important role in
immune system regulation” and modulates the
oxidative stress responses .

In the light of the above facts, the current
experimental study was designed to evaluate the
effects of Cyanocobalamin (Vitamin B12) on heat
-stressed splenic tissue and hematological
parameters in albino rats.

MATERIAL AND METHODS:

This experimental study was conducted in
the Department of Anatomy, Basic Medical
Sciences Institute (BMSI), Jinnah Postgraduate
Medical Centre (JPMC), Karachi. In this
experimental study 45 male albino rats of sprauge-
dawely variety, 90-120 days of age, weighing180-
200 grams were used. They were obtained from
the Animal house of the Jinnah Postgraduate
Medical Center, Karachi. These animals were
housed in the experimental room of the animal
house for a week prior to the commencement of
the study and maintained on the balanced

dietand water was provided ad libitum.

Study design: The animals were sub
divided into three groups A, B and C. Each group
was further subdivided into three subgroups, Al,
A2, A3, Bl, B2, B3, C1, C2 and C3 based on the
period of the treatment, that was two four and six
weeks respectively, whereas each subgroup
comprised of five animals.

Group A-(A1l,A2 and A3) served as Control

Group B - (B1. B2 and B3) received heat only
( Heat-induced).

Group C- (Cl, C2 and C3) received heat and
Cyanocobalamin (Protected).

Group C (CI, C2 and C3) were protected with
Cyanocobalamin (BETOLVEX) manufactured by
Alpharma Aps. Denmark at the dosage of 0.8 mg/
kg of body weight intraperitonealy, two hours
before heat induction. Then animals of group B
(B1, B2, and B3) and C (Cl1, C2, and C3) were
shifted in another experimental room for heat
induction provided by double rod electric room
heater of 2000 WATT. The temperature was set at
42°C  for six hours daily according to their time
duration Then the animals were sacrificed at the end
of  their respective treatment period by the
overdose of Ether anesthesia in a glass jar, and
spleens were examined grossly for any change in
shape. color, consistency, and hemorrhagic spots.
Blood samples about 2ml were collected from
cach animal by cardiac puncture in the plastic
vacutainers containing EDTA-K2 as an
anticoagulant (BD- Franklin NJ, USA) for the total
leucocyte count (TLC) and differential leucocyte
count (DLC). An aliquot of 100 was taken to
evaluate different types of Leucocytes (DLC). For
this purpose thin blood smears were made, fixed in
absolute methanol and stained with Leishman
stain. The percentage of main leucocyte lines
(Neutrophils, Eosinophils, Basophils,
Lymphocytes and Monocytes) was determined
from leucogram made by counting 100 consecutive
leucocytes. Since the number of leucocytes (TLC)
in blood had been obtained from 100 of total blood
lysed with STROMATOLYSER WH and using a
cellular counter sysmex KX-21 (Sysmex
Corporation, Kobe, Japan) the number of
leukocytes of every leukocytes line was calculated.
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RESULTS:

GROSS EXAMINATION:

On gross examination, spleen in control
subgroups A-1. A-2 and A-3 appeared normal.
brownish red in color, smooth surfaces, regular
border and soft in consistency. The spleen of
animals in subgroups B-1 and B-2 were brownish
red in color, whereas in subgroup B-3 spleen was
dark red in color and they were slightly smaller
than control animals (Fig-1).The spleen of
animals in subgroups C-1, C-2 and C-3 were
similar to control (Fig-2).

4

Figure-1
Photograph of gross appearance of spleen of
albino rat after 6 weeks of heat treatment
showing dark red and atrophied spleen within
body cavity (S) spleen.

OBSERVATIONS ON TOTAL
LEUCOCYTE COUNT: The data (Table-1)of
mean values of the total leucocyte count( TLC ) in
heat -induced subgroup B-1 shows a moderately
significant increase in TLC, whereas subgroups
B-2 and B-3 shows asignificant increase compared
to control subgroups A-1, A-2 andA-3
respectively. The data (Table-1) of mean values of

Figure-2
Photograph of gross appearance of spleen of
albino rat after 6 weeks of Cyanocobalamin
treatment, comparable with control within body
cavity (S) spleen.

the total leucocyte count in protective subgroups
C-1 and C-2 shows significant increase in TLC,
whereas moderately significant increase in
subgroup C-3 when compared with heat - induced
subgroups B-1. B-2 and B-3 respectively.

OBSERVATIONS ON DIFFERENTIAL
LEUCOCYTE COUNT.

NEUTROPHIL- COUNT: The data (Table-2a, 2b)
of mean values of the differential leucocyte count
(DLC) shows a significant increase in neutrophil
percentage in heat -stress induced subgroup B-1
and moderately significant increase in subgroups
B-2 and B-3 compared to control subgroups A-1, A-
2 and A-3 respectively. The data (Table-2a, 2b) of
mean values of the differential leucocyte count
(DLC) shows a significant increase in neutrophil
percentage in subgroups C-1 and C2 and a
significant decrease in subgroup C-3 as compared
to head induced subgroups B-1. B-2 and B-3
respectively.
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Table - 1
*Mean Total Leucocyte Count (x103/uL) in Different Groups of Albino Rats at Variable Time Intervals

- . Treatinent Total Leucocvee count
Group Subgroup i -
1 ELony Given 2 week 4ihweek otweeks
A Al (n=5) 11.16 £ 0.39
k. ¥ == 4 . n &
@=15) A2 (n .-} Control 11.44 240,51 _ |
A3 (n=5) 1170+ 050
B Bl (n=5) 13. %6 +0.26
. B2 (n=5) Heat 1476+ 0.56
{n=1%) =
B3 (n=5) 1370+ 0.58
: C1 (n=%) 11.624+047
& g at > = i
- C2(m=3) | . He -l 11.80 + 0.88
(n=1%) = Cvanocobalamn
3 (n=%) 1190+ 044

*Mean + SEM

Statistical Analysis of Mean Total Leucocyte Count in Different Groups of Albino Rats

i ke e ; Statistic:
Stafistical comparison P-value s .“1 P-value
Comparison
Bl vg Al P gLyt Clvs B2 P<0.05™
Clve Bl P<0.05" C2vs A2 P~0.051
Clvwve Al P-0.03 Bive A3 P<0.05"
B2 vs Al P<0.05" C3ve B3 P<@.0]1 %%
C3veg A3 P-0.051
Key: Insignificant® Significant®* Moderately Significant™®** Highly Significant™***

EOSINOPHIL- COUNT: The data (Table-2a, 2b)
of mean values of the differential leucocyte
count(DLC) shows a significant decrease in
eosinophil percentage in heat - induced subgroups
B-1. B-2 and B-3 compared to control subgroups
A-1. A-2 and A-3 respectively. The data (Table-
2a. 2b)of mean values of the differential leucocyte
count (DLC) shows an insignificant increase in
C-1. a significant increase in C-2 and moderately
significant increase in subgroup C-3 compared to
heat-induced subgroups B-1, B-2 and B-3
respectively.

BASOPHIL-COUNT: Basophils were not
appearing in the blood smears of heat- induced
subgroups B-1, B-2 and B-3.The data (Table-2a,
2b) of mean values of the differential

Jeucocyte (DLC) count shows a significant increase
in Basophils percentage in subgroup C-1 and there
was significant increase in subgroups C-2 and C-3
compared to B-1, B-2 and B-3 respectively.

LYMPHOCYTE-COUNT: The data (Table-2a.
2b)of mean values of the differential leucocyte
count (DLC) shows a moderately significant
decrease in lymphocyte percentage in subgroups B-
1. B-2 and B-3 compared to A-1, A-2 and A-3
respectively. The data (Table-2a, 2b) of mean
values of the differential leucocyte count (DLC
)shows a moderately significant increase in
subgroup C-1, and a highly significant increase 1in
lymphocyte percentage in subgroups C-1 and C-2
compared to B-1,B-2 and B-3 respectively.
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Table -2 (a)
*Mean Differential Leucocyte Count (%) in Different Groups of
Albino Rats at Variable Time Intervals

| Group | Sub | Treatment given | Differertial Leucaeyte count |
Sub | Differential Leusosyte caunt
Group groups Treatment given 2™ week 4" week b week
N TE[ e LM mMIET BRI LIMIN][ElE]L M
Mo go | 50 | 10] S0 | 80 | |'
| + |+ + + | |
f +1 2 =2 = ** |
=) A | o | 020 | om | om :
an | 402 1180 | & 7.0
A(n=15) A2 Control o Ev :’3 “EU +J
n=h 08 | L Y [ =
) 0% 000 | 020 Q70 | 054 |
I I B[O 36180 ] 570 | 70
(n=) | + t + % +
2™ meek 4" week | 6t week |
N E B L | m N E | B L | M N E B L ]
A o | 50 | 180 | $40 | 80 [
o = * + = |
i 124 | g4 | 020 | 070 | o7 !
| |4 | 180 | 550 | 70
AZ 340
A (n=15) Control = + + + +
(n=0) | R o0 | 020 | 070 | 054
' = 30| 36 | 180 | &0 | 7«
AB I + +
(n=5) ‘ ot Bt e ) R AR
120 | 040 | 020 | 070 | 03t
380 | 408 | 000 | 4620 | 120 | |
B_' + + * + & '
o 074 | 049 | 000 | 037 | om0 ,.
| 3940 | 30 | 000 | 430 [ 130
t:ﬂ 5_25) Heat | ¥ 1= | 2| al s
i (o> | 067 | 031 | 000 | 070 | 044
| 430 20 00 40 20 150 |
A3 ' - - . ® t |
n=f) . 048 | 000 | oo | 13 | o |
30 | 50 | 080 | 5120 | 100 | g
C=1 - + + + + - - - + |
(n=g) 140 | 031 | 024 | 115 | o4
Heat + %0 | 40 | 080 | 510 | 100
c c2 + 1 + ¥ + + + + +
) (028 Cyanacobalamin 050 | 000 | 020 | 114 | D70
360 | 440 | 080 | 530 g0
e £ + + t +
(n=5) 081 | 060 | 020 | 141 | 044
120 | D40 | 020 70 0.3
B 380 | 406 [ 000 [ 4620 | 120
b ¥ * * *
o) 074 049 | 000 | 037 070
J940 30 | 000 | 430 | 130
naqa ang Heat =& = k3 - x |
@t =) 067 | 031 | 000 | 070 | 044 |
420 20 | 000 | 4020 | 150
o + £ t t *
(n=5) 048 | 000 | oo | 135 | 070
o1 30 | 50 | 060 | 5120 | 100
=5 % " + % + L + + +
() 140 | 031|024 | 115 | o4
¢ o Heat + ®0 40 | 080 | 510 | 100
- b = L = x - 4 > * -
tl'l"lﬁ) (I'I"’) C!.nocoh.hmin | (] &) £ £} 020 114 070
| 3O | 440 | D8O | 530 20
& i + + + +
(n=5) oei | 056 | noo | 141 | 0w
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Table- 2 (b)
Statistical Analysis of Mean Differential Leucocyte Count in Different Groups of
Albino Rats at Variable Time Intervals

P- value
Statistical
comparison N E B L M
B1 vs A1 P<0.05* P<0.05™ P<QOT™ P P<0 .05
C1vs B1 PO 05™ P>0 05" P>0 05" P« 05™ P>0 05*
C1vs Al P>0 05" P>0 05" P<001™" P>0 05" P<Q01**
B2 va A2 P<Q01™" P<0 05™ P<001™ P<0.01™™ P<0 001™**
C2 vs B2 P<005™ P<0 05™ P<0.05™ 001" P<0 05**
C2vs A2 P>0 05" P>0 05* P<0 05** P>0 05" P<0 05**
B3 vs A3 P<0.01™* P<005™ P O™ P<O.0™ P00
C3vs B3 P<Q01™* P<001™** P<O 5™ P<0001™** | P<QO017*
C3vs A3 P>0 05 P>0 05* P<Q (5™ P>0 05" P>0 05"
Key: Insignificant* Significant®** Moderately Significant®** Highly Significant®***

MONOCYTE-COUNT: The data (Table-2a,
2b)ot mean values of the differential leucocyte
count (DLC) shows a moderately significant
decrease in lymphocyte percentage in subgroups
B-1, B-2 and B-3 compared to A-1, A-2 and A-3
respectively. The data ( Table-2a, 2b )of mean
values of the differential leucocyte count shows a
moderately significant increase in C-1, and highly
significant increase lymphocyte percentage in
subgroups C-1,C-2 and C-3 compared to B-1, B-2
and B-3 respectively.

DISCUSSION

Spleens on gross examination in all
subgroups of heat-induced group B animals were
small in size and showed atrophic changes. This
could be due to excessive ACTH and
corticosterone secretions that causes catabolism
of proteins', or decrease feed intake or may be due
to loss of appetite’’ . Due to all these events
enough nutrients are not available to sustain the
weight of spleen during heat induction” .Whereas
in group C animals spleens were comparable to
the animals of control group. This could be due to
the present study showed a moderate significant
increase in the mean values of total leucocyte

count in heat-induced group B animals compared
to the animals of control group. Bouchama &
Knochel ' reported that heat induced cytokines
mediate leukocytosis.Nolte et al” reported that
several cytokines, especially interleukin-1 a,
interleukin-1 . interleukin-2. and interleukin-6 and
tumour necrosis factor a (TNFa) activate the HPA
axis. Findings of the present study were similar
with the observations of Aengwanich et al", they
demonstrated a significant increase in white blood
cell count in heat-stressed birds at day 3 and day 7.

The animals of group C showed a decrease
total leucocyte count in group C animals compared
to heat- induced group B animals but still there was
a marginal increase in TLC compared to control
animals. This marginal increase in TLC in group C
animals after Cyanocobalamin therapy was mainly
due to the growth promoting effects such as DNA
synthesis and cell division of the Cyanocobalamin
as explained by Guerra-Sinoharaetal ",

The result of present study was also mn
accordance with the Tamura et al*, who observed a
significant increase in total leucocyte count after
Cyanocobalamin therapy in vitamin B12 deficient
patients by its immunomodulatory effect.

The mean values of neutrophil (heterophil)
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percentage in heat induced group B animals
increased compared to control group. This
moderate increase could be due to the
consequences of heat-stress induced
glucocorticoids as described by Ganong. This
result was in accordance to Aengwanich”, they
suggested that glucocorticoids cause neutrophilia
primarily by inducing the increased release of
neutrophils from the bone marrow. Animalg in
heat induced group B showed decreased mean
values of eosinophils. Ganong et al' described that
heat induced glucocorticoids decrease the number
of circulating eosinophils by increasing their
sequestration in the spleen and lungs. The
basophils were not appeared in the blood smears of
the heat- induced group B animals. It might be due
to its low physiological percentage as described by
Cheesbrough™ and Guyton and Hal”. Ganong'
explained that glucocorticoids decrease the
number of basophils in peripheral circulation. The
mean value of lymphocyte percentage in heat-
induced group B animals decreased compared to
control group. Aengwanich et al” reported that
corticosteroids induce lymphopenia attributed to
lympholysis in blood and lymphoid tissue,
increased shift from the blood to other body
compartments, or both. In accordance with the
findings of the present study Josef et al”, reported
lymphocytopenia in albino rats exposed to acute
heat stress. Altan et al”, observed significantly
reduced lymphocyte count in acute heat-stressed
broiler chickens. Mean wvalue of monocytes
percentage increased significantly in heat-
induced group B animals. The monocytosis
might be due to inflammatory processes
associated with heat-stress. The findings of the
present study were in accordance to a study in
whichmonocytosis occurs under heat-stress.

The mean values of differential leucocyte
count in group C animals do not differ from the
control group. Percentage of the ditferential
leucocyte count after Cyanocobalamin therapy
remains close to the animals of the control group it
might be due to the growth promoting effects of
Cyanocobalamin on the DNA synthesis as
described by Guerra- Sinohara”. Birch et al’
described that Cyanocobalamin directly reacts

with the free radicals and prevents the apoptosis of
cells by inhibiting the cleavage of the caspase-3.
Our study is in accordance withErkut et al™ and
Tamura et al'”’, they also described the
immunomodulatory role of Cyanocobalamin and
stated that treatment with Cyanocobalamin
increases the total leucocyte count and percentage
of all cell lines of leucocytes in patients and also in
control subjects.

CONCLUSION

Based on the findings of the current study it
is concluded that heat-stress severely damages the
immune organs and suppress the bone marrow
function. Cyanocobalamin (Vitamin B12) in its
pharmacological concentration has expressed itself
as an immunopotentiating and anti-stressagent. It
restores the immunoarchitecture, their cell count
and also enhances the magnitude of the bone
marrow activity.
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