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Summary: The effect of long term hyperthermia on enzyme levels in the chicken heart and breast muscles, brain,
kidney, liver and lung were studied. Three weeks old chickens were exposed to environmental temperature of 24 °C
(control group) and 32 °C (experimental) for a duration of 5 weeks, after which the birds were sacrificed, organs
removed, homogenized and centrifuged at 22000g for 30 minutes. Enzyme activities in the supernatant were
measured. The following enzymes were analysed: alanine and aspartate aminotransferase, alkaline phosphatase,
creatine kinase, lactic dehydrogenase and γ-glutamyltransferase.

Significant changes in cellular enzyme activities were seen in the organs studied. Based on the percentage of changes
compared to the controls, large and significant changes were seen in the creatine kinase from heart muscle (mean
increase of 328%), aspartate aminotransferase from the brain (mean increase of 148%) and γ-glutamyltransferase from
the kidney (mean increase of 105%). The organs showing the smalles changes were breast muscle and liver.

Introduction
Disturbance of the heart regulating mechanism of the
body may result from high environmental temperature,
high humidity and inadequate ventilation. Ambient tem-
peratures exceeding the thermoneutral zone lead to ele-
vated core temperature and consequently initiate a
number of responses leading to the neutralization of the
metabolic changes on one hand and reduction of body
temperature on the other hand (1—4). Chronic and acute
heat exposure are among the stress factors affecting the
metabolism and causing injury to the vascular endothe-
lium and consequently, altered vascular permeability and
oedema. Furthermore, above a certain thermal limit, de-
naturation of proteins takes place, affecting metabolism
and membrane characteristics (5, 6). Hyperthermia is
manifested by metabolic changes, disturbed electrolyte
balance, vascular dilatation, hyperpnea, rapid pulse,
weakness, muscle tremors and collapse (7—13).

In the hen, which lacks sweat glands, one adaptational
response to cool the body is panting. This in turn leads
to polypnea and higher gas exchange rate resulting in
loss of carbon dioxide and enrichment of oxygen in the
blood, worsening blood gas balance with the develop-
ment of respiratory alkalosis (1, 8, 14).

Studying the response of chickens to heat stress revealed
large variations in their response to heat as evaluated by
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blood composition and behaviour. Changes occurred in
many of the blood constituents following heat stress.
They included glucose, uric acid, calcium, inorganic
phosphorus, thyroxin, and electrolytes (15). There were
differences in some of the blood constituents between
surviving and non-surviving birds, suggesting a possible
mechanism associated with survivability to heat stress
(16).

While animals adapt to changes in carbon dioxide and
oxygen concentrations by regulating phosphorylated in-
termediates such as 2,3-bisphosphoglycerate, inositol-5-
phosphate, etc, it was shown that the type of haemoglo-
bin also changes following heat stress associated with
respiratory alkalosis (17-19).

The objective of the present study was to evaluate the
intracellular biochemical changes caused by prolonged
hyperthemia and the possible biological mechanisms
taking place during adaptation to high ambient temper-
atures.

Materials and Methods
Animals
At 3 weeks of age, medium-heavy Rhode Island Red broiler chicks
were assigned to individual cages (35 X 45 cm) in a climate con-
trolled chamber with constant temperature set at 32 °C and relative
humidity of 40—50% (heat stressed) and the other groups (control
group) in another constant temperature chamber set at 24 °C and
relative humidity of 40—50%. All management practices were the
same, with a standard al-libitum feeding of a commercial teed.
Continuous light and unlimited water were provided throught the
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experimental period. The birds were kept under these conditions
for about 5 weeks, when they reached a body weight of around
2000 g.

Tissue analysis
Immediately following sacrifice of the broilers, tissue samples
were taken, put on ice and taken to the laboratory for analysis.
Tissues analysed were heart and breast muscle, brain, kidney, liver
and lung. The heart, brain and kidney were removed completely,
while from the liver, breast muscle and lungs only 10 grams were
taken for analysis.
The tissues were rinsed with cold saline, weighed, and cut into
small pieces which were then rewashed to remove excess blood
and tissue debris. Tissue cut weighing between 1 -2 g were taken
and homogenized in 10 volumes of cold Tris-HCl buffer (0.01
mol/1, pH 7.2) with a glass-teflon homogenizer. The homogenate
was centrifuged at 22000g for 30 minutes and the supernatant
obtained was used for enzyme analysis (20). Enzymes were ana-
lyzed within 24 hours after sacrifice.

Enzymes
Alkaline phosphatase (phosphor monoester phosphohydrolase (al-
kaline optimum) EC 3.1.3.1) was determined colorimetrically (21).
Alanine aminotransferase (I-alanine : 2-oxoglutarate aminotrans-
ferase; EC 2.6.1.2) and aspartate aminotransferase (L-aspartate : 2-
oxoglutarate aminotransferase; EC 2.6.1.1) were determined enzy-
matically (22, 23).
Creatine phosphpkinase (ATP : creatine-N-phosphotransferase, EC
2.7.3.2) was measured enzymatically (24).
Lactic dehydrogenase (lactate : NAD+ oxidoreductase, EC
1.1.1.27) was measured spectrophotometrically (25).
γ-Glutamyltransferase (EC 2.3.2.2) was measured spectrophoto-
metrically (26).
Protein concentration in the supernatant was determined using the
Lowry method (27) and activity was expressed in international
units per gram protein.

Enzyme activities were determined using the "Kone Specific" au-
toanalyzcr. Both internal and external quality assurance programs
were used.

Statistics
Means, standard deviations and degree of significance of the vari-
ability between the groups were done using the SAS program (28).

Results

The effects of long term hyperthermia on organ enzyme
activities are shown in table 1. In the brain, except for
lactic dehydrogenase, enzymes studies showed higher
activities, ranging from 21-148%, with lactic dehydro-
genase showing a lower activity (mean 46%) in the hy-
perthermic birds in comparison to the controls.

In breast muscle, a mixed pattern of changes was seen,
with alkaline phosphatase, aspartate aminotransferase,
and lactic dehydrogenase decreasing and alanine amino-
transferase and creatine kinase increasing in the hyper-
thermic chickens in comparison to the controls.

In heart muscle from hyperthermic chickens except for
alkaline phosphatase which showed a small reduction of
activity (mean of 16%), all measured enzyme activities
showed large increases (means from 40—328%), led by
creatine kinase which increased by 328% in comparison
to the controls. A relatively large increase (mean of
189%) was also seen with aspartate aminotransferase.

A uniform pattern was seen in the kidney, where all
enzymes studies showed increased activites (11 —105%),
led by γ-glutamyltransferase.

Tab. 1 Effect of environmental temperature and long term hyperthermia on organ enzyme level
(mean ± standard deviation; n = 16)

Enzyme
(U/g protein)

Alkaline
phosphatase

Alanine
aminotransferase

Aspartate
aminotransferase

Creatine
phosphokinase

Lactic
dehydrogenase

γ-Glutamyl-
transferase

Temper-
ature
(°C)

24
32
Δ%; Ρ

24
32
Δ%; Ρ

24
32
Δ%; Ρ

24
32
Δ%; Ρ

24
32
Δ%; Ρ

24
32
Δ%; Ρ

Organ

Brain

42.5 ± 23.5
51.5 ± 15.4
+ 21;

14.8 ± 7.0
24.4 ± 2.4
+ 65; *

770 ± 206
1911 ± 454
+ 148; *

7071 ± 2013
10515 ± 685
+ 49;*

3767 ± 787
2056 ± 222
- 46; *

-

Breast muscle

15.7 ± 6.5
6.9 ± 2.7
-56;

9.3 ± 2.1
10.2 ± 3.1
+ 10;

674 ± 164
421 ± 38
- 38; *

37,533 ± 9142
59,545 ± 10240
+ 59; *

47,162 ± 11677
41,368 ± 3955
- 12;

:

Heart muscle

45.1 ± 12.3
37.9 ± 8.7
- 16;

23.3 ± 15.4
67.4 ± 19.7
+ 189; *

2740 ± 459
3844 ± 651
+ 40;

3497 ±1167
14,977 ± 5204
+ 328; *

8199 ± 1798
12835 ± 2558
+ 57; *

-

Kidney

67.7 ± 34.6
124.4 ± 32.2
+ 84;*

17.5 ± 8.6
25.9 ± 10.8
+ 48;

604 ± 132
1011 ± 145
+ 67;*

500 ± 201
944 ±442
+ 89;

3680 ± 725
4083 ± 660
+ Π;
19.8 ± 9.3
40.5 ± 6.1
+ 105; *

Liver

37.7 ± 17.8
49.2 ± 14.9
+ 31;

10.1 ± 5.2
11.7 ± 2.8
+ 16;

482 ± 134
760 ± 210
+ 58;

43.4 ± 21.6
63.2 ± 23.0
+ 46;

2926 ± 922
2905 ± 652
- ΐ;

Lung

39.2 ± 19.5
56.3 ± 20.2
+ 44;

1.2 ± 0.5
1.9 ± 0.8
+ 58;

76 ± 22
147 ± 30
+ 95; *

423 ± 119
298 ± 76
-30;

794 ± 226
630 ± 210
-21;

-

significantly different at Ρ < 0.05
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In the liver from hyperthermic chicken, the changes in
enzyme activities ranged from none to a mean increase
of 58% in aspartate aminotransferase in comparison to
the controls.
Changes in enzyme activities from hyperthermic lungs
ranged in decreases in lactic dehydrogenase (mean of
21%) and creatine kinase (mean of 30%) to increases
ranging from means of 44-95% in the activities of alka-
line phosphatase, alanine and aspartate aminotransfer-
ases, in comparison to the controls (tab. 1).

The ratios of the enzymes lactic dehydrogenase to cre-
atine kinase, and lactic dehydrogenase to aspartate ami-
notransferase, in tissues from chicken kept at regular
higher environmental temperatures are shown in table 2.

As seen, differences in the enzyme ratios resulted from
prolonged hyperthermia, indicating changes in the me-
tabolism caused during the adaptation to hyperthermia.
The degrees of metabolic changes are reflected from the
degree of the ratio changes. The lowest lactic dehydro-
genase to creatine kinase ratio was seen in the brain
(0.53) from normothermic chickens which further de-
creased to 0.19 in the hyperthermic bird. This pattern
was also seen in the breast muscle, kidney and liver. An
opposite pattern was seen in the heart, where an increase
of 266% occured in the hyperthermic chickens in com-
parison to the normothermic group.

A different pattern was seen in the ratio of the enzymes
lactic dehydrogenase to aspartate aminotransferase, with
decreases in the brain, kidney, liver and lung (tab. 2).

Discussion

Living cells, as well as whole animals, can adapt to
changing conditions by modifying the biological sys-
tems to meet the new needs by enhancing or suppressing
enzymes which produce or excrete metabolites, creating
new equilibriums (6).

High environmental temperature, leading to hyperther-
mia, leads to a sequence of physiological and metabolic
changes resulting from the need to cool the body tem-
perature or compensate metabolic events originating

from hyperthermia. In the chicken, as well as other ani-
mals, one way of cooling the body is accomplished by
panting — using the lungs, for evaporative cooling, with
eventual loss of carbon dioxide and development of re-
spiratory alkalosis (7). One way for adapting to the new
blood gas levels is by regulating the levels of phosphor-
ylated intermediates such as 2,3 bisphosphoglycerate or
inositol-5-phosphate which affect oxygen and carbon di-
oxide affinity to haemoglobin (6, 7).

In the present research, the effect of long term high envi-
ronmental temperature on enzyme activities in the blood
and tissue cells was studied. As seen from the results,
there were significantly large changes in the levels of
enzymes in all organs studied.

The effects of prolonged heat stress on enzymatic make-
up and response could be evaluated from the degree of
changes and from ratios of enzymes associated with dif-
ferent metabolic pathways.

The intracellular concentrations of key enzymes in vari-
ous metabolic pathways, which are depicted in table 1,
give some picture about the degree of involvement of
some reactions in relation to the metabolic activities in
the tissue. As seen, there are very large quantitative dif-
ferences in enzyme concentration in the different tissues.
By evaluating the effects of long term hyperthermia on
organ tissues, it was clear that adaptation to stress condi-
tions took place, as evidenced by enzyme expression.

Changes in intracellular enzyme activities seem to be
associated with the new conditions created by the hyper-
thermia. One such change relates to the increased beat-
ing heart rate, which is associated with hyperthermia
(1—4). An increase in heart size and weight was also
seen. However, in addition to the mass increase, intracel-
lular quantitative changes of enzymes were also seen.
Of interest is the dramaticly increased (mean 328%) ac-
tivity of creatine kinase, suggesting the greater demand
and involvement of energy related activities. Another as-
pect related to heart function is the increased activities
of both lactic dehydrogenase and alanine aminotransfer-
ase, two enzymes having a common substrate — pyr-
uvate, suggesting increased metabolism at the point

Tab. 2 Effect of environmental temperature and long term hyperthermia on enzyme ratios in various
tissues

Enzyme ratios

Lactic dehydrogenase
creatine kinase

Lactic dehydrogenase
aspartate aminotransferase

Group

Control
Hyperthermic

Control
Hyperthermic

Brain

0.53
0.19

4.89
1.08

Breast
muscle

1.26
0.69

70.00
98.26

Organ

Heart
muscle

2.34
8.58

2.99
3.34

Tissue

Kidney

7.37
4.32

6.10
4.04

Liver

67.40
45.96

6.07
3.82

Lung

1.88
2.11

10.49
4.29
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where the anaerobic glycolytic pathway meets with the
aerobic Krebs cycle. The increased activities of these
two enzymes suggest that increased production of pyr-
uvate takes place for the production of more adenosine
triphosphate. Enzymes such as alkaline phosphatase, not
having a critical metabolic role in the heart muscle, did
not show any change in activity.

Comparing changes in skeletal and cardiac muscles
shows a distinct difference between the two tissues.
While in the heart the increase in creatine kinase activity
was very high and the increase in lactic dehydrogenase
activity was smaller, in the skeletal muscle, the increase
in creatine kinase activity was only 18% ofthat seen in
the heart and no significant change in lactic dehydroge-
nase activity was seen. This penomenon could be related
to the fact that the two tissue types are different, and
behave differently to feed back mechanism by lactic
acid (6).
The kidney is another organ which is strongly stressed
during hyperthermia and the consequent development of
respiratory alkalosis. In the body, a compensatory pro-
cess for respiratory alkalosis involves the kidneys rid-
ding excess basic elements and producing, or keeping,
the acidic radicals to neutralize alkalosis and maintain
the physiological pH (17-19). As seen, the activities of
enzymes involved in the processes of energy transfer
(creatine kinase), or energy utilization (alkaline phos-
phatase) were greatly increased. Similarly, the enzyme
γ-glutamyltransferase, involved in the γ-glutamyl cycle
and probably involved in amino acids metabilism, was
significantly increased. Although the exact relation to
the stressed condition is not clear, it could be associated
with ammonia metabolism in relation to the metabolic
compensatory effect due to respiratory alkalosis.
Furthermore, the increased load of metabolism is also
reflected in the increased activities of energy related
processes and the enzyme creatine kinase.

Of interest is the response seen in the brain of chickens
exposed to prolonged hyperthermia. The pattern of the
changes seen was different from that of the skeletal and
cardiac muscle. While lactic dehydrogenase activity was
significantly reduced, a very large increase in activity
was seen for aspartate aminotransferase. This response
reflects metabolic events having different needs and pri-

orities. Due to the complexity of this organ and lack
of complete basic information, this phenomenon cannot
be explained.

The organ least affected was the liver, with small or no
changes in enzymatic activities. The reasons for this
could be related to the fact that the liver, unlike many
other organs in the body, has a very large reserve capac-
ity, which could be easily adapted to new needs.

Evaluation of the changes due to long-term hyperther-
mia, the individual enzymes reveal some interesting pat-
terns, pointing to a common event. One such observa-
tions is the increased activity of the enzyme creatine
kinase, which was elevated in all organs except the
lungs, pointing to the big demand for energy related pro-
cesses.

Similarly, a pattern seen in most tissue reveals an
increase in the cellular activity of alanine and aspartate
aminotransferases. The changes seen were in the more
stressed organs, where apparently a greater metabolic
activity takes place and requires the involvement of
amino and organic acids to supplement these activities.

The degree of stress on the various organs can be seen
from the degrees of changes in each organ. It can be
seen that heart muscle, kidney and brain were more af-
fected than breast muscle, liver and lungs. The different
patterns and different degree of the changes seen, further
suggests different metabolic pathways in each organ, re-
flecting its function and response to prolonged heat
stress.

It is interesting that even though the intracellular
changes were large, they did not significantly change
the enzyme levels in the chicken's serum (15). This sug-
gests that virtually no cellular damage, resulting in leak-
age of intracellular enzymes into the blood, took place.

The intracellular biochemical changes seen in the hyper-
thermic chicken were a reflection of the metabolic stress
caused by heat. The degree of response of each organ
reflected the degree of stress on that organ. The evalua-
tion of intracellular biochemical changes proves to be a
sensitive method for the evaluation of the degree of
stress caused by hyperthermia and the ability of the body
to cope with it by changing the metabolism.
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