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Biochemical constituents of blood in goats and horses 
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Homeotherms maintain their body 
temperature within narrow limits, 
despite wide variations in the envi-
ronmental temperature, through a set 
of complex physiological compensa-
tory mechanisms. Several biochemical 
components of blood show a compen-
satory increase or decrease in 
response to change in environmental 
temperature. 

Followed by initial hypoglycaemia 
(Lyakh, 1976) prolonged exposure to 
cold results in hyperglycaemia (Tulea 
et al. 1977). Blood lactic acid and 
chlorides tended to increase in rats 
exposed to cold (Tulea et al. 1977; 
Reddy et al. 1983). 

Rats exposed to 5" C for 3 and 5 
days showed only a slight increase 
in their blood haemoglobin content 
(Reddy et al, 1983)whereas Sealander, 
Jr. (1950) reported significant increase 
in mice. However, data are not availa-
ble either in goats or horses exposed 
to controlled cold environment. For 

this purpose and to further examine if 
a species variation exists, this study 
was undertaken. 

Materials and Methods 

Three each of adult bucks •and 
three horses maintained under stan-
dard feeding and management condi-
tions were exposed to 5" C ambient 
temperature at a relative humidity of 
75±5% for 3 and 5 days, respectively. 
The cold chamber housing the animals 
was thermostatically controlled. Thick 
adsorbent bedding was provided to 
protect the animals from direct 
contact with cold floor and also to 
help maintain humidity by absorbing 
the urine. Blood was collected from 
jugular vein into tubes containing 
sodium fluoride (for glucose and 
lactic acid estimation) and oxalate 
mixture on 0, 1 and 3 days in goats 
and on 0, 1, 3 and 5 days of exposure 
in horses. Control samples were 
collected just before placing the 
animals in cold chamber. 
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~. Determination of blood glucose, 
lactic acid, chloride and haemoglobin 
(by Iron estimation) and the statistical 
analysis of the data were carried out 
as described in Reddy et al. (1983). 

Results and Discussion 

The results pertaining to goats and 
horses are appended in tables 1 and 
2, respectively. 

Goats as well as horses shivered 
continuously and were not inclined to 
drink water during the exposure. 
Shivering in goats, however, was less 
compared to horses. 

Glucose: 

On exposure to a cold environ-
ment of 5°C the blood glucose values 
tended to be higher, though not 
significantly (P~ 0.05) in goats as well 
as horses. However, the hypergly-
caemia observed in goats on exposure 
for one day was found to be significant 
(P <0.05). 

The initial hyperglycaemia in goats 
as well as horses may be due to all or 
some of the factors like an inhibitory 
effect of cold exposure on insulin 
(Forichon et al. 1977), an increased 

. intestinal absorption ,of glucose (Page 
et al. 1955) and increased glucose 
output by liver (Thomson et al. 1978). 
Bell et al. (19Y5b) suggested that blood 
glucose could be a significant fuel 
for oxidation in shivering skeletal 
muscle in young steers. By 3 days of 
exposure apparently the increased 
utilization of .glucose and glycogen 
storage by skeletal muscles (Marais 
and Dugal, 1951), and increased insulin 
production in later stages of cold 
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exposure (Baker and Sellers, 1953) 
may be responsible for a lowering of 
blood glucose level. Bell et al. (19T5a) 
also reported changes in the utilization 
of .glucose by shivering muscle in 
young ox during prolonged cold 
exposure. 

.The result of the present investi-
gation are in agreement with the 
findings of Eiyubov, (1958) in sheep 
and Tulea et al. (1977) in rats. On the 
other hand Isoyama (1960) reported. 
hyperglycaemia during the entire 
period of exposure, which may be due 
to the fact that the rabbits were in a 
state of hypothermia wherein the 
glucose utilization is not efficient 
(Wynn, 1954). 

Lactic Acid: 

Blood lactic acid levels tended to 
increase steadily with duration of 
exposure to cold in both the animals. 
However the rise was significant 
(P ~ 0.01) in horses but not in goats. 

In quantitative terms, it is interest-
ing to note that, horses shivered more 
associated with a sustained increase in 
blood lactic acid values throughout the 
exposure of 5 days to 5°C ambient 
temperature whereas goats shivered 
Iess and the lactic acid values tended 
to return to normal after one day of 
exposure itself. 

The increase in lactic acid values 
observed in goats as well as horses 
is apparently due to the mild shivering 
(Grosse-Brockhoff and Schoedel, 1943) 
and increased synthesis and secretion 
of norepinephrine (Tedesco et al. 
1977). Epinephrine in turn is res-
ponsible for the. increased conversion 
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Table I. Mean values (± S. E.) of certain blood constituents of goats exposed to 
5°C ambient temperature 

y 
Sl. Parameter (Units) 

Duration of exposure (days) 

0 1 3 
No. (Before 

exposure) 

1. Glucose (mg/dL) 28.333• 179.333 42.833• 
+ 9'.8206 ± 38.9244 ± 1.4240 

2. Lactic acid (mg/dL) 17.23• 33.71• 25.333• 
± 2.5465 ± 6.0947 ± 3.4005 

3. Chlorides(mg/dL) 486.667• 492.6678 494.08 
± 3.333 ± 1.4530 ± 1.0000 

4. Haemoglobin (g/dL) 9.52F4 11.06• 11.70• 
± 0.2305 ± 0.9079 ± 0.6667 

N. B. Means of each parameter superscribed with the same alphabet are not significantly 
different (P90.05) 

Table 2. Mean values (+S. E.) of certain blood constituents of horses exposed 
to 5°C ambient temperature 

Sl. 
No. 

Parameter (Units) 

Duration of exposure (days) 

0 
(before 

exposure) 

1 3 5 

1. Glucose (mg/dL) 102.333• 116.333• 125.666• 123.3338 
+39.918 +39.456 +31.2641 + 7.513 

2. Lactic acid (mg/dL) 9.558 13.857 16.297~~~ 18.337e 
+ 1.5481 + 1.2584 ± 8.524 ± 3.3498 

3. Chlorides (mg/dL) 456.5b 426.6678 456.667r 452.8338 
+_ 10.153 ± 9.2796 ± 4.4096 +_ 11.1293 

4. Haemoglobin (g/dL) 9.7678 12.993n 13.557'' 13.773b 
+ 1.0203 + 0.4233 + 0.4405 + 0.5653 

N. B. Means of each parameter superscribed with the same alphabet are not significantly 
different (P> 0.05) 

K 

of adipose tissue into lactic acid 
(Lundholm, 1957). The results of the 
present investigation are in agreement 
.with Isoyama (1960). 

Chlorides: 

Exposure to low environmental 
temperature of 5"C did not induce any 
significant (P>0.05) changes in the 
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blood chloride levels of either goats 
or horses. On application of C. D. test 
a single observation, i. e. one day 
exposure value in horses, was found 
to be significantly (P<0.05) lower than 
the control value. A similar trend was 
reported in cattle by Gartner et al. 
(1966) during winter months. 

However, a significant increase in 
blood chlorides was reported by 
Reddy et al. (1983) in rats after one 
day exposure to 5, 10 and 15"C. 
Further studies are necessary to 
ascertain whether the divergence' is 
due to a shift in temporal response 
pattern or a species variation. 

Haemoglobin; 

There was a sustained increase in 
the haemoglobin values of goats as 
well as horses with the duration of 
exposure. However, it was only in 
horses, but not goats, where the 
haemoglobin level rose significantly 
(P < 0.01) on exposure for one day and 
remained so with a further marginal 
increase upto five days of exposure. 

An increase in oxygen uptake 
associated with cold exposure (Tulea 
et al. 1977) is possible through an. 
increase in RBC count and/or an 
increase in haemoglobin concentration• 

In contrast and under the same 
experimental circumstances a signi-
ficant increase in R B C and reticu-
locyte count was observed in rats 
(Reddy et al. 1988). The increase in 
the haemoglobin concentration was 
only marginal (Reddy et al. 1983) in 
rats exposed to 5"C for five days. 
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It can be concluded that 'Homeo-
thermy' is the outcome of qualitative and 
quantitative adjustments in many organ 
systems of the body. There appears 
to be a species specific and cold 
intensity specific order in the above 
response pattern. The present in-
vestigation indicates that, both 
goats and horses can be bracketed 
together as their responses to cold 
were qualitatively similar; the haemo-
globin and lactic acid responses to 
cold appear to be useful indices for 
predicting the' cold endurance in 
goats and horses and also that goats 
are less susceptible to cold compared 
to horses. 

Summary 

Three each of adult goats and 
horses were exposed to an ambient 
temperature of 5"C in a cold chamber. 
Blood samples were collected prior to 
and after 1 and 3 days of exposure in 
goats and 1, 3 and 5 days in horses• 
Hemoglobin, glucose, lactic acid and 
chloride content were determined and 
the values were compared between 
treatments and species. 

Haemoglobin incresed in both the 
species exposed to cold but was signi-
ficant (P <0.01) only in horses. Glucose 
values also increased in both the species 
which remained high and significant 
(P < 0.01) in goats only. Lactic; acid 
content increased consistently with in-
creasing length of exposure in horses 
(P X0.01). In goats, however, the incre-
ase was significant (P X0.05) on 1 day 
exposure. The chloride content remai-
ned almost unchanged in both the 
species. 



12 Reddy, Goel, Bhattacharyya and Soni 

Haemoglobin and lactic acid .res-
ponses could be useful indices for 
predicting the cold endurance in goats 
as well as horses whose responses 
were qualitatively similar. 
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