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The study was designed to determine modulation of enzyme regulators of carbohydrate
metabolism in Marwari breed of goat of both sexes and varying age groups during moderate,
extreme hot and cold ambiences. The enzyme regulators included sorbitol dehydrogenase (SDH),
malate dehydrogenase (MDH), glucose-6-phosphatase (G-6-Pase) and glucose-6-phosphate
dehydrogenase (G-6-PDH) which were determined in the serum. The moderate ambience was
considered as control for each enzyme regulator and the mean values in UL" were 8.67+0.005,
40.8740.32, 8.04+0.003 and 7.53+0.005, respectively. The mean values of SDH, MDH and G-6-Pase
were significantly (p<0.05) higher during hot and cold ambiences in comparison to respective
moderate mean value. However, the increase was more in cold than hot ambience for each case.
The mean value of G-6-PDH was significantly (p<0.05) higher during cold ambience while
significantly (p<0.05) lower during hot ambience in comparison to moderate mean value. In each
ambience the sex and age effects were significant (p< 0.05) on each enzyme regulators. It could be
concluded that extreme ambiences produced modulations in the metabolic reactions reflected on
the basis of pattern of variations of enzyme regulators in the serum.
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Animals living in natural environment are highly sensitive to the variations in the ambient
exposed to drastic variations in ambient temperatures since exposure of animal to extreme
temperatures. Various physiological reactions are ambiences affect the milieu interior. Enzymatic
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reactions in health are greatly influenced by
metabolic status and environmental temperatures.
Establishment of these variations become essential
to explore the metabolic modulations and to
compare the levels with other pathological
conditions, as many a times stressed animals show
a wide range of changes in the enzyme levels
(Kataria and Kataria, 2006). The common stressors
faced by the ruminants include heat, cold,
dehydration, infection, drought etc. (Kataria and
Kataria, 2005a). Several investigators have studied
ruminant glucose kinetics, glucose absorption, and
contributions of various substrates or precursors to
ruminant gluconeogenesis, however, an approach
to correlate them with extreme environmental
temperatures is rare. Consequently, considerable
confusion and conjecture exist about quantitative
details of regulators of the metabolism.
Carbohydrate metabolism in ruminants is highly
significant for various physiological mechanisms
required for maintaining the animal body like
reproduction and production. Much of the carbon
to support gluconeogenesis is derived from either
propionate or glucogenic aminoacids (Bergman,

1973).

Besides performing metabolic role, many
enzymes of carbohydrate metabolism actively
participate in the other physiological processes of
the body. The reactions catalysed by glucose-6-
phosphate dehydrogenase help to generate NADPH
required for synthesis. An understanding of these
pathways is essential to monitor the physiology of
the animals particularly ruminants, who require
great metabolic power to meet environmental
challenges in addition to support their physiological
production machinery. Exposure of the animals to
varying environmental temperatures may impose

stress, which can produce changes at cellular levels.
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Temperature variations can affect productivity and
resistance to infectious diseases and produce
economical losses to animal owners (Kataria and

Kataria, 2005b).

Marwari breed of goat constitutes a major
portion of the goat population in western part of
Rajasthan and plays an important role in the
economy of arid and semi arid tract. Oppressive
heat and cold during extreme ambiences bring
about changes in enzymes necessary for metabolic
adjustment. It is a melancholy that despite of
immense quality characteristics of Marwari breed
of goat very little attention has been paid to
understand regulatory aspect of these metabolic
processes. To understand the real worth of these
animals, establishment of their own norms
becomes very important in the field of veterinary
clinical medicine. Therefore, the present
investigation was planned to determine some of
the enzyme regulators of the carbohydrate
metabolism during extreme ambiences in the
serum of Marwari goat and to set their

physiological reference values for the use in

veterinary medicine and future research.

MATERIALS AND METHODS

To carry out the investigation, six hundred and
thirty apparently healthy Marwari goat of either
sex, between 6 months to 4.5 years of age were
screened to determine enzyme regulators of
carbohydrate metabolism in serum during extreme
ambiences. All the animals were kept in similar
conditions of management. In each ambience 210
blood samples were collected and the animals were
grouped into male (105) and non pregnant goat
(105). Further each group was divided according to
age as below 1 year (35 male and 35 female); 1-2
years (35 male and 35 female) and 2-4.5 years (35

male and 35 female).The mean maximum ambient
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temperatures during moderate and hot periods
were 28.60+ 0.32 and 45.5 + 0.08 °C, respectively,
whereas mean minimum temperature during cold
ambience was 2.08 + 0.10 °C.

Blood samples were collected from jugular vein
during slaughtering from private slaughter houses
(Bikaner, Rajasthan, India). Sampling was carried
out in morning hours during moderate, hot and
cold ambiences. Blood was collected directly into
the clean, dry test tubes without any anticoagulant
in duplicate. After collection of the blood, test
tubes were kept in the slanting position for 30
minutes and blood was allowed to clot. Then the
clot was separated from the walls of the each test
tube with the help of sterilised stainless steel wire
and then each test tube was centrifuged at 3000
rom for 20 minutes. Supernatant clear serum (non-
haemolysed) was pipetted out into sterilised plastic
vials. All the enzymes were stored at 0°C- 4°C in the
refrigerator for a very short time period for analysis
as freezing of serum was reported to cause partial
inactivation (King, 1965 ).

Spectrophotometric assay were used (King,
1965) to determine sorbitol dehydrogenase (SDH),
malate dehydrogenase (MDH), glucose-6-
phosphatase (G-6-Pase) and glucose-6-phosphate
dehydrogenase (G-6-PDH) with slight modifications
(Kataria et al., 2010). To test the significance, the
changes in the means were measured by using
multiple mean comparison procedures (Duncan,
1955 and Steel and Torrie, 1980). In each case, the

moderate mean value served as the control.
RESULTS AND DISCUSSION

The mean values of SDH, MDH and G-6-Pase
(Tablel) were significantly (p<0.05) higher during
hot and cold ambiences in comparison to respective
moderate mean value. However, the increase was

more in cold than hot ambience for each case. The

mean value of G-6-PDH (Table 1) was significantly
(p<0.05) higher during cold ambience while
significantly (p<0.05) lower during hot ambience in
comparison to moderate mean value.

Ambient stress can stimulate metabolic activity
of liver thereby increasing serum SDH levels,
probably through its increased synthesis in the cell
(Alemu et al., 1977), and simultaneous leakage into
the plasma due to enhanced permeability of cell
membrane (Keyse, 2000). Increased serum SDH
activity during cold ambience (Kataria et al., 2010)
showed the regulation of carbohydrate metabolism
in a way to generate more glucose (Wolf and
Williams,1973). Extreme ambience associated
increase in serum SDH was explicitly related with
the increase in enzyme regulators of metabolism
providing a new insight to understand the activity
of SDH. Significant increase in serum MDH activities
during hot and cold ambiences was probably
enough to provide evidences regarding strategies of
the animal to modulate the metabolic pathways for
energy generation. It is an enzyme of immense
significance in citric acid and urea cycles and its
higher activity shows increased rate of
gluconeogenesis. Higher activity of serum MDH in
cold than hot ambience unequivocally suggested
the role of increased thyroid activity during cold
condition as MDH synthesis in hepatocytes is
stimulated by insulin and thyroid hormones
(Goodridge et al., 1984).

In ruminants gluconeogenesis is an important
pathway in which in the final step, glucose-6-
phosphate is converted to glucose, catalysed by G-
6-Pase (Kaneko et al., 1999). This step is considered
as the site of metabolic control for glucose. The fact
that G-6-Pase is inactivated during lipid
peroxidation (Koster, 1986), indicates the

association of this enzyme with the oxidative stress.
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Hot and cold ambiences probably served as
stressors and in order to maintain the blood glucose
the activity of enzyme was higher. This helped in
maintaining the blood glucose level. In heat
stressed animals increased G-6-Pase activity is
related with low glucose and increased
concentration of intermediate substrates (Miova et
al.,2008). The major portion of carbohydrates
available to the ruminants is supplied by
gluconeogenesis, and there must be a continuous
and rapid flux through this pathway even in the fed
state (Annison and Lewis, 1962). Hot and cold
ambiences probably worked as stressors which
initiated adaptive responses (Kataria and Kataria,
2005a). The pivotal role of G-6-PDH in metabolism
has been identified by the research workers with
the hypothesis that its expression is modulated by
free radicals during oxidative stress (Cramer et al.,
2006). The lower concentration of this enzyme in
hot ambience indicated its antioxidant type role
which showed the depletion in an attempt to fight
with free radicals. Defense against stress is also
dependent upon G-6-PDH activity (Ercal et al.,
2002), as stress can depress red blood corpuscles
and leucocyte functions (Aslan et al, 2005).
Oxidative pathway of G-6-PDH is as an adaptive
mechanism, yielding NADPH for fat synthesis, used
for steroid formation and insulation. Higher levels
of G-6-PDH are important for glucose oxidation
through the hexose mono phosphate shunt,
essential for synthesis of fat and the major source
of NADPH, which maintains the reductive
environment for all biosynthetic processes using
NADPH as a cofactor (Kaneko et al, 1999).
Goroshinskaia et al. (1984) attributed higher
activity to cooling stress.

In each ambience the sex and age effects were

significant (p<0.05) on each enzyme regulators. The
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mean values were higher significantly (p<0.05) in
male animals for all the enzyme regulators except
G-6-PDH in which the activity was significantly (p<
0.05) higher in female animals in each ambience. All
enzyme regulators showed higher activities
significantly (p<0.05) in the animals of below 1 year
of age except G-6-PDH in which the activity was
significantly (p< 0.05) lower in the animals of below
1 year of age.

Higher serum SDH activity in males probably
indicated its paracrine regulatory role for opioids in
testicular metabolism (Sreenivasan and Vijayan,
1996). Higher SDH activity in males and younger lot
probably helped in increasing blood glucose
reiterating its metabolic role. Sharma and Patnaik
(2008) related higher glucocorticoid levels in males
with higher MDH activities. Higher serum glucose
levels in the males than females and in the animals
of below 1 vyear of age indicated higher
gluconeogenesis. Rumen development and volatile
fatty acid production probably influenced the G-6-
Pase activity (Purser and Bergen, 1968). Eguinoa et
al. (2003) also suggested higher G-6-PDH activity in
heifers than bull. Since G-6-PDH is a lipogenic
enzyme and related with the oxidation of glucose,
its high activity in females probably resulted in
lowest concentration of glucose. It has also pointed
out towards greater need for fatty acid synthesis
through generation of NADPH via HMPS. Nutritional
status of the females can also influence the activity
of enzyme (Kelley et al., 1986). Age may change G-
6-PDH activity (Aslan et al., 2005). As the enzyme is
related with the oxidation of glucose, low activity of
this enzyme probably resulted in highest
concentration of glucose in lower age group. Higher
activity in adults reflected towards greater lipogenic

activity (Eguinoa et al., 2003).
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Table 1. MeanSEM values of serum sorbitol dehydrogenase (SDH), malate denydrogenase (MDH), G-6-

Pase and G-6-PDH in Marwari goat.

Serum enzymes regulators, U L

Ambiences SDH MDH G-6- Pase G-6-PDH
Moderate (210) 8.67+0.005° 40.87+0.32° 8.04+0.003° 7.53+0.005°
Sex

Male (105) 9.91+0.005° 42.33+0.33" 9.08+0.003" 6.93+0.005°
Female (105) 7.43+0.009" 39.40+0.34° 7.01+0.003° 8.11+0.004°
Age

Below 1 Year (70) 10.60+0.005°¢ 44.51+0.22° 9.24+0.006° 6.86+0.005°¢
1-2 Years (70) 8.66+0.008° 41.47+0.33° 8.77+0.003° 7.41+0.004°
2-4.5 Years (70) 6.750.006° 36.62+0.21°¢ 7.140.009¢ 8.300.009¢
Hot (210) 9.88+0.005° 56.2620.27° 10.22+0.003? 4.76+0.004°
Sex

Male (105) 11.62+0.006¢ 58.95+0.40¢ 11.050.003 ¢ 4.1+0.004¢
Female (105) 8.14+0.004 ¢ 53.58+0.23¢ 9.40+0.003¢ 5.4+0.005¢
Age

Below 1 Year (70) 12.37+0.010°¢ 80.37+0.32° 11.91+0.004°¢ 4.01+0.004°
1-2 Years (70) 9.08+0.009¢ 50.49+0.22° 10.60+0.003¢ 4.71+0.004°
2-4.5 Years (70) 8.200.007 ¢ 37.920.21° 9.17+0.003° 5.59+0.005 ©
Cold (210) 15.88+0.006° 74.70+0.24° 14.53+0.005° 13.05+0.004°
Sex

Male (105) 17.97+0.005f 78.45+0.25f 15.67+0.004f 12.00+0.004f
Female (105) 13.80+0.007" 70.95+0.33f 13.40%0.006 14.08+0.006f
Age

Below 1 Year (70) 17.90%0.005¢ 79.59+0.30¢ 15.45+0.006° 12.05+0.006°
1-2 Years (70) 15.30+0.004¢ 83.61£0.33°¢ 14.80+0.005¢ 13.03+0.003#
2-4.5 Years (70) 14.460.009¢ 60.90+0.30° 13.35+0.009° 14.07+0.005#

Figures in the parenthesis indicate number of animals and same superscripts within a column differ

significantly (p<0.05) from each other.

It could be concluded that extreme ambiences
produced modulations in the metabolic reactions
reflected on the basis of pattern of variations of
enzyme regulators in the serum. The data
generated will help in future studies to understand
metabolic changes associated with environmental
temperature and necessary corrections in the

nutrition for health management.

REFRENCES

Alemu, P., Forsyth, G. W. and Searcy, G.P. (1977). A
comparison of parameters used to assess liver
damage in sheep treated with carbon
tetrachloride. Can. J. Comp. Med. Vet. Sci., 41,
420-427.

Annison, E.R. and Lewis, D. (1962). In: Metabolism

in the rumen. New York, Wiley. pp: 59-73.

Aslan, R., Dundar, Y., Eryavuz, A., Tekerli, M. and
Fidan, F. (2005). G6PD, malondialdehyde and
some blood parameters in lambs in relation to

environment. Indian Vet. J., 82, 145-147.

Bergman, E. N. (1973). Glucose metabolism in
ruminants as related to hypoglycemia and

ketosis. Cornell Vet., 63, 341-382.

Cramer, C.T., Cooke, S., Ginsberg, L.C., Kletzien,
R.F., Stapleton, S.R. and Ulrich, R.G. (2006).
Upregulation of glucose-6-phosphate

dehydrogenase in response to hepatocellular

oxidative stress: Studies with diquat. J. Biochem.

Toxicol., 10, 293—-298.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 12013




Pandey et al

Duncan, D.B. (1955). Multiple range and multiple F
tests. Biomet., 11, 1-42.

Eguinoa, P., Brocklehurst, S., Arana, A., Mendizabai,
J.LA,, Vernon, R.G. and Purroy, A. (2003).
Lipogenic enzyme activities in different adipose
depots of Pirenaican and Holstein bulls and
heifers taking into account adipocytes size. J.

Anim. Sci., 81, 432-440.

Ercal, N., Burns, N.A,, Orhan, H.G. and McDonald,
J.D. (2002). Free Radicals. Bio. Med., 32, 906-
909.

Goodridge, A.G., Fisch, J.E. and Glynias, M.J.
(1984) .Regulation of the activity and synthesis
of malic enzyme in 3T3-L1 cells. Arch. Biochem.
Biophys., 228 (1), 54-63.

Goroshinskaia, ILA., Ananian, A.A., Bronovitskaia,
Z.G. and Shugalei, V.S. (1984). Glucose-6-
phosphate dehydrogenase activity in rat serum
in hyperoxia, hypoxia, and cooling. Vopr. Med.
Khim., 30, 60-64.

Kaneko, J.J., Harvey, J.W. and Bruss, M.L. (1999). In:
Clinical Biochemistry of Domestic Animals. 5%
ed. Harcourt Brace and Company Asia PVT Ltd.,
Academic Press. pp:20-600.

Kataria, A.K. and Kataria, N. (2005b).Stress induced
changes in serum vitamin A and enzyme levels

in Rathi calves. Indian Cow., 2 (5),16-19.

Kataria, N., (2010). In: Enzymology manual.

Veterinary Physiology. CVAS, Bikaner-

334001,India. pp: 14-19.

Kataria, N. and Kataria, A.K. (2005a). Blood profile
during stress in dromedary camel. Vet. Prac., 2

(5), 159-161.

Kataria, N. and Kataria, (2006). Effect of age, sex
and extreme ambiences on serum
dehydrogenases in Tharparkar cattle. Indian

Cow., 27, 29-31

52

Kataria, N., Kataria, A.K., Maan, R.and Gahlot, A.K.
(2010). Evaluation of clinical utility of serum
enzymes of hepatic origin in clinically affected
Marwari sheep of arid tract in India. ABAH
Bioflux., 2 (2), 71-76.

Kelley, D.S., Nelson, G... and Hunt, J.E. (1986).
Effect of prior nutritional status on the acivity of
lipogenic enzymes in primary monolayer
cultures of rat hepatocytes. Biochem.J., 235, 87-
90.

Keyse, S. M., (2000). In: Stress response. Human

Press Inc., Totowa, New Jersey. pp: 465-477.

King, J. (1965). In: Practical clinical enzymology.
D.Van Nostrand Company Ltd., London. pp: 10-
301.

Koster, J.F., Slee, R.G., Montfoort, A., Lang, J. and
Esterbauer, H. (1986). Comparison of the
inactivation of microsomal glucose-6-

phosphatase by in situ lipid peroxidation-

derived 4-hydroxynonenal and exogenous 4-

hydroxynonenal. Free Radic. Res., 1, 273-287.

Miova, B., Dinevska-kjovkarovska, S. and Mitev, S.
(2008). Changes in carbohydrate metabolism
during acclimation to a moderate hyperthermic
environment in rats. J. Basic Clin. Physiol.

Pharmacol., 191, 65-87.

Obrosova, I.G., Fathallah, L. and Lang, H.J. (1999a).
Interaction between osmotic and oxidative
stress in diabetic precataractous lens: studies
with a sorbitol dehydrogenase inhibitor.

Biochem. Pharmacol., 58 (12), 1945-1954.

Oh, T.J., Kim, I.G., Park, S.Y., Kim, K.C. and Shim,
H.W. (2002). NAD dependent malate
dehydrogenase protects against oxidative
damage in Escherichia coli K-12 through the
action of oxaloacetate. Environ. Toxicol.

Pharmacol., 11, 9-14.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 12013



53 Ambient stress vis-a-vis enzyme regulators...

Purser, D.B. and Bergen, W.G. (1968). Glucose
utilization and hepatic enzyme activities in
young Gnotobiotic Ruminants. J. Dairy Sci.,

52(6), 790-795.

Sharma, R., Patnaik, S. (2008). Differential
regulation of malate dehydrogenase isoenzyme
by hydrocortisone in the liver and brain of aging

rats. Dev. Growth Differ., 24, 501-505.

Sreenivasan, P. and Vijayan, E. (1996). Testicular
lactate dehydrogenase and sorbitol
dehydrogenase activity after intratesticular
injection of dynorphin and morphine in male

rats. Indian J. Exp.Biol., 344, 363-365.

Steel, R.G.D. and Torrie, J.H. (1980). In: Principles

and procedures of statistics. A biometrical

approach. 2" ed. McGraw —Hill Kogakusha, Ltd.
Tokyo. pp:187-190.

Stephen, S.M., Chung, E.C.M., Karen, H., Lam, S.L.,
Sookja, K. C. (2003).Contribution of polyol
pathway to diabetes-induced oxidative stress . J.

Am. Soc. Nephrol., 14, S233-5236.

Vincent, A.S., Geklim, B., Tan, J., Whiteman, M.,
Cheung, N.A.M., Halliwell, H.B. and Wong, K.P.
(2003). Sulfite-mediated oxidative stress in

kidney cells. Kidney Int., 65,393—-402.

Wolf, P. L. and Williams,D. (1973). In: Practical
Clinical Enzymology. Wiley-Inetrscience
Publication, John Wiley & Sons, New York, pp: 5-

85.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 12013



	Blood samples were collected from jugular vein during slaughtering from private slaughter houses (Bikaner, Rajasthan, India). Sampling was carried out in morning hours during moderate, hot and cold ambiences. Blood was collected directly into the clean, dry test tubes without any anticoagulant in duplicate. After collection of the blood, test tubes were kept in the slanting position for 30 minutes and blood was allowed to clot. Then the clot was separated from the walls of the each test tube with the help of sterilised stainless steel wire and then each test tube was centrifuged at 3000 rpm for 20 minutes. Supernatant clear serum (non-haemolysed) was pipetted out into sterilised plastic vials. All the enzymes were stored at 0oC- 4 oC in the refrigerator for a very short time period for analysis as freezing of serum was reported to cause partial inactivation (King, 1965 ).

