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INTRODUCTION

The present endeavor was undertaken to appraise aldosterone based oxidative stress in
pregnant dog. Sera were obtained to determine aldosterone, gamma glutamyl transferase
(GGT) enzyme and electrolytes viz. Sodium, potassium, chloride, calcium, phosphorus and
magnesium in healthy pregnant and non pregnant adult female German Shepherd dogs.
Serum aldosterone levels were determined by radioimmunoassay. Results revealed
significant (p<0.05) increase in the values of serum aldosterone, GGT, sodium and chloride
during pregnancy as compared to non pregnant state. Mean values of serum potassium,
calcium, phosphorus and magnesium showed reverse trend and the values were
significantly (p<0.05) lower during pregnancy as compared to non pregnant state. Since
serum GGT is an agreeably instituted indicator of oxidative stress, its raised levels denoted
towards the expansion of oxidative stress in pregnant dogs. Greatest percent change was
discerned in the mean value of serum GGT which was trailed by variation in serum
aldosterone level. The present endeavor has tried to apprise the sorority of aldosterone with
the oxidative stress as well as with electrolytes. It can be deduced that pregnancy produced
the oxidative stress in the dogs. Interpretation of these variations will help to provide
perceptive approach of various hidden mechanisms in the development of oxidative stress.
Results clearly testified that apart from diseases, other stressors can also contribute in the
development in oxidative stress and pregnancy is one of them. Canines must be
supplemented with antioxidants regularly to protect them from the threats of oxidative
stress particularly during pregnancy.

In the organism, free radicals are produced via
cellular metabolism. In  physiological conditions,
antioxidant enzymes regulate this phenomenon. However,
when a large amount of free radicals is produced, these
enzymes are overloaded, and free radicals induce major
cellular damages. This is oxidative stress. Pregnancy is
associated with increased oxidative stress, and
exaggeration of oxidative damage is considered important
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in pregnancy complications. There have been many
attempts to produce animal models that mimic the
hypertensive  disorders  of  pregnancy, especially
preeclampsia, but most are incomplete when compared to
the full spectrum of the human disease. Defining these
animal models should help to understand the cause, as well
as to test preventative and therapeutic strategies in the
management of these hypertensive disorders of pregnancy.
A number of researchers have investigated the impact of
chronic reductions in uteroplacental perfusion pressure
during pregnancy in a variety of animal species. In the
pregnant rabbit, aortic clamping appeared to increase blood
pressure within 24 hours and foetal compromise,
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proteinuria, glomerular endotheliosis and intracapillary
fibrinoid deposition are observed [1]. In the conscious
pregnant sheep, stepwise reductions in uterine blood flow,
down to approximately 20% of normal, could develop
foetal hypoxia [2]. Researchers have observed pregnant
ewes fed with a high salt diet result in increase in blood
pressure.  Hypertensive pregnant ewes can develop
convulsions with reduced urine volume and respiratory
distress due to pulmonary oedema [3]. Overall, it does
appear that aortic constriction during pregnancy leads to
hypertension in a variety of animal species. Whether this is
entirely or partly caused by reductions in uteroplacental
perfusion pressure is less clear because the more selective
method of reducing uterine blood flow is much less
reproducible as a model of hypertension in pregnancy.

Aldosterone is a steroid hormone which is
responsible for the reabsorption of sodium and water
across tubular epithelial cells in the distal nephron, the
distal colon and the salivary glands. It maintains blood
pressure by increasing plasma volume through sodium
reabsorption. Potassium is excreted at the same time.
Aldosterone is synthesized in the outermost zone of the
adrenal cortex, the zona glomerulosa.

Huge variations can result in problems in vital
organs. Stress and strenuous exercise can increase
aldosterone levels. Physiological modulations in the
aldosterone levels are important to help the body to
overcome immediate threats. It is challenging for a
clinician to differentiate between the transient rise and
chronic elevations, so that corrective measures can be
taken timely. Pregnancy is associated with striking increase
in rennin and aldosterone secretion. This is attributed to
increase in glomerular filtration rate and progesterone
secretion. Aldosterone secretion is compromised in dogs
with hypoadrenocorticism with and without electrolyte
abnormalities [4], however, increase in aldosterone level
does not mean adrenal pathology every time. Earlier
research [5] has shown elevation of plasma aldosterone
levels in dogs after injection of ACTH which indicated its
association with stress mechanisms. Focus of earlier
research concerning aldosterone in dogs has been coupled
with hypoadrenocorticism, however, there is paucity of
research to bracket together aldosterone and pregnancy
associated oxidative stress in dogs. It is imperative to
correlate aldosterone with other physiological mechanisms
linked with stress. Scientists have shown that in many
conditions like hypoxia, pregnancy etc. dissociation
between renin activity and aldosterone may occur and
various controllers may interact to regulate aldosterone
secretion [6]. Higher aldosterone levels are associated with
systemic evidence of oxidative stress in human medicine
[7]. Due to dearth of research on this aspect in pet animals,
application of scientific force is required to hook up the
function of aldosterone with the development of oxidative
stress. Therefore a study to correlate aldosterone
concentration with oxidative stress during pregnancy
becomes important for scientific management of animals.
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Determination of serum electrolyte levels in animals is
important to assess the fluid and electrolyte levels of the
body particularly during pregnancy. This can also reflect
about the proper renal functioning and hormonal
influences.

During the last decade it has become more widely
accepted that pet ownership and animal assistance in
therapy and education may have a multitude of positive
effects on humans [8]. Dogs of German shepherd breed are
trustworthy and good protectors. As a result they are kept
as companions by large number of families. Hence it
becomes crucial to keep the pets stress free and well-timed
uncovering of stress can strengthen the measures which
help in preventing the incidence of diseases. Rareness of
literature on this viewpoint in the dogs was adequate to
embark on the initiation of a project with comprehensible
directions to assess oxidative stress in pregnant dogs.
Further looking towards the important role played by the
aldosterone in homeostatic mechanisms related with the
salt and water balance and significance of oxidative stress
during gestation period, the present investigation was
carried out to appraise the role of aldosterone as an
oxidative stress marker in German shepherd dogs.

MATERIAL AND METHODS

The present endeavor was undertaken in sixteen
healthy adult (between 3 and 5 years) German shepherd
female pregnant (8) and non pregnant (8) dogs kept by the
private owners with almost similar type of management
conditions. These animals were free from endo- and ecto-
parasites as assessed by routine faecal and skin
examination, respectively. Blood sample were collected in
sterile tubes to harvest sera during morning hours.
Pregnant animals were in mid gestation phase. Serum
aldosterone along with GGT as marker of oxidative stress
and electrolytes viz. Sodium, potassium, chloride, calcium,
phosphorus and magnesium were determined.

Serum  aldosterone  was  determined by
immunoradiometric assay using Radio immuno assay kit
(DiaSorin) in the RIA laboratory of Department of
Veterinary Physiology, CVAS, Bikaner, Rajasthan, India
as per the manufacturer’s protocol. The assay is based on
the competition between the labeled aldosterone and
aldosterone contained in the calibrators and serum samples
assayed for a fixed and limited number of antibody binding
sites. After the incubation the amount of labeled
aldosterone bound to the antibody on the tube walls is
inversely related to the concentration of unlabelled
aldosterone present in calibrators or samples. In the
method antibody coated tubes were used. All reagents were
brought to room temperature before assaying. Tubes were
arranged as per the protocol provided by the manufacturer.
Coated tubes were labeled for zero, 50, 100, 250, 500 and
1000 pg/ml calibrators starting from A to F, respectively.
For serum samples coated tubes were labelled accordingly.
Samples and reagents were dispensed in the bottom of the
tubes by appropriate micropipettes as per protocol. The

&,



Sudesh Agarwal et al., / Canadian Journal of Biological and Microbiology Research. 2016;2(1):4-9.

contents of the tubes were vortexed except T tube. All the
tubes (except T tubes) were incubated at 26-28 °C for 18-
22 hrs. The incubation mixture was aspirated carefully
leaving no trace of dye except T tube. Then the
radioactivity of each tube was measured including T tube
using Gamma Counter ( ***I Gamma counter, ECIL, India).

Serum gamma glutamyl transferase (GGT) was
determined by spectro-photometric method [9]. Sodium
and potassium in serum were determined by the standard
method using a flame photometer [10]. Serum chloride was
determined by the titrimetric method of Schales and
Schales. Serum calcium was determined by the titrimetric
method of Clark and Collip, modified by Kramer &
Tisdall. Serum phosphorus was determined by the
spectrophotometric method of Fiske & Subarrow [10].
Serum magnesium  was determined by the titan yellow
method [11]. Statistical significance for individual
parameter between pregnant and nonpregnant was analysed
[12]. Mean value of healthy non pregnant dogs for each
parameter was considered as control.

RESULTS

The meantSEM values of serum aldosterone,
GGT and electrolytes along with per cent variations in the
values in pregnant and non pregnant dogs are presented in
table 1. All the comparisons for each parameter during
pregnancy have been made from respective non pregnant
value, keeping it as control. Results indicated significant
(p<0.05) increase in the levels of serum aldosterone, GGT,
sodium and chloride during pregnancy as compared to non
pregnant state. Mean values of serum potassium, calcium,
phosphorus and magnesium showed reverse trend and the
values were significantly (p<0.05) lower during pregnancy
as compared to non pregnant state. Maximum percent
change was observed in the mean value of serum
aldosterone which was followed by change in serum GGT
level.

Table 1. Serum levels of aldosterone, gamma glutamyl
transferase and electrolytes in
dogs (n=8, mean + SEM values)

Calcium (mmol d .
LY 2.90+0.001 | 1.94+0.001 33.10%

Phosphorus d .
(mmol LY 1.96+0.001 | 1.48+0.001 24.48%

Magnesium ‘ ,
(mmol L) 1.41+0.001 | 1.10+0.001 21.98%

Physiological status Per
Serum cent
Parameters Non-
pregnant Pregnant change
Aldosterone ¢ | 85.00
nmol L 0.20+0.001 | 0.37+0.001 %
(
Gamma
glutamyl 278.00+0.18 0
transferase (UL 30.00+0.21 d 82.66%
- 1)

SOd'“rLTLgmmo' 126.00£0.03 | 150.00+0.17% | 19.04%
Potassium d -
(mmol L) 5.22+0.001 | 4.59+0.001 12.06%
(mg{'ﬂi) 110.00£0.09 | 12800017 1 15 3604
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Superscript ‘d’ indicates that a given parameter differs
significantly (p<0.05) from respective moderate mean
value.

DISCUSSION

There is paucity of literature regarding
information on serum aldosterone levels in the dogs of
German Shepherd breed during pregnancy. Highest percent
change was observed in the mean value of serum
aldosterone indicating the development of oxidative stress
[13]. It was followed by the percent change in GGT levels
reflecting its association with oxidative stress.

Aldosterone

Researchers have shown the relationship of
aldosterone and oxidative stress [14-17]. Observations in
animal models suggest that elevated levels of aldosterone
promote oxidative stress [7]. Chronic stress over an
expanded period can disturb the internal regulatory
mechanisms which control aldosterone. Aldosterone
increases sodium absorption by the kidney and helps
control the homeostasis of blood sodium levels. Increase
in aldosterone perhaps is essential to support absorption
of more salt and water from gastrointestinal tract.
Pregnancy is known to alter many physiological
mechanisms  for improved water retention process in
body, which is helpful in maintaining fluid volume to meet
the confronts progressed due to water deficit. The results of
present investigation regarding aldosterone status are also
pointing towards its role as one of the contributing factors
in the development of oxidative stress. Direct effect of
aldosterone on oxidative stress has been shown through its
ability to increase the levels of an important subunit of
NADPH oxidase, essential for superoxide anion generation
[18]. Reduced nitric oxide bioavailability can be involved
in the development of oxidative stress by aldosterone [19].
In women, the plasma aldosterone to renin ratios rise as
gestation progresses, and the highest values are observed
with overt preeclampsia [20]. The focus on adrenal
mineralocorticoid production and a healthy robust volume
expansion is indeed of interest, but a bit surprising. In
pregnancy, a vast part of the increased mineralocorticoid
activity relates to the greatly increased production of
deoxycorticosterone whose circulating levels, like those of
aldosterone, are markedly high in pregnancy [21]. Above
discussion has given a direction to appreciate the additional
role of aldosterone as a stress hormone with its
involvement in the development of oxidative stress.

Gamma glutamyl transferase
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In clinical physiology, serum GGT levels can be
used effectively as markers of oxidative stress. Enhanced
serum GGT activity suggested the development of
oxidative stress. Research in animals have correlated
higher GGT activity to stress [22]. The primary role of
cellular gamma glutamyltransferase is to metabolize
extracellular reduced glutathione , allowing for precursor
amino acids to be assimilated and reutilized for
intracellular glutathione synthesis. Paradoxically, recent
experimental studies indicate that cellular GGT may also
be involved in the generation of reactive oxygen species in
the presence of iron or other transition metals. Although
the relationship between cellular GGT and serum GGT is
not known and serum GGT activity has been commonly
used as a marker for liver diseases, earlier research suggest
that serum GGT within its normal range might be an early
and sensitive enzyme related to oxidative stress. More
importantly, serum GGT level within its normal range
predicts oxidative damage product. Researchers have
shown strong associations of serum GGT with many
cardiovascular risk factors and related to oxidative stress.
Serum GGT might be useful in studying oxidative stress-
related issues [23]. Scientists have projected serum GGT
activity as a biochemical marker in preeclamptic pregnant
women. Elevated levels of serum GGT indicates the tissue
damage related to endothelial vascular damage and are the
main cause of the occurrence of preeclampsia [24].
Scientists in human medicine have used the levels of GGT
as a potent marker of oxidative stress in pregnant women
[25]. There is paucity of such studies in pregnant dog.
Increased quantity of serum GGT ought to be looked in
stipulations of oxidative stress along with liver problems
[26].

Sodium

Higher sodium concentration in pregnant dogs
indicated water retention due to increased aldosterone [14].
Modulation in sodium value could be due to oxidative
stress mechanisms.  Pregnancy affects essentially all
aspects of kidney physiology. The orchestration of changes
that occur is a physiologic feat. Kidney and systemic
hemodynamics are marked by significant volume
expansion and vasodilatation. A rise in serum aldosterone
results in a net gain of sodium in women [27]. Progesterone
in dog is not natriuretic.

Potassium

The lower value of serum potassium during
pregnancy indicated the effect of increased aldosterone
level [14]. Aldosterone favours sodium retention and
potassium excretion. Enzyme systems, metabolic functions
and performance measures depend on the homeostasis.
The kidneys face remarkable demands during pregnancy,
and it is critical to understand the normal kidney
adaptations to pregnancy. A parallel rise in progesterone
protects from hypokalemia [27].
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Chloride

Mineral metabolism is modulated during
pregnancy. Chlorides in the body follows sodium ions in
maintenance of acid base balance [28]. The higher value
during pregnancy indicated the retention of water in the
body. In present study, serum sodium level was
significantly (p<0.05) higher in pregnant animals.

Calcium

Decrease in serum calcium level is known to be
associated with potentiating the oxidative stress. Oxidative
stress causes calcium influx into the cytoplasm from the
extracellular environment, then its rising concentration in
cytoplasm causes its influx into mitochondria, disrupting
normal metabolism [29]. Probably movement of the
calcium from plasma into the cells lowered the calcium
levels in pregnant dog. Different studies concluded that
calcium homoeostasis is an important aspect of maternal
and foetal physiology during gestation. A certain calcium
level is required for production of endothelial derived
releasing factor which maintains vasodilatation in normal
pregnancy. Alteration of calcium metabolism has been
implicated in pathogenesis of hypertension during
pregnancy. Studies in human medicine have determined
calcium and creatinine to find out the presence of oxidative
stress associated with pregnancy induced hypertension.
Further scientists recommend the use of antioxidants
additionally in the treatment of pregnancy induced
hypertension [30]. Since oxidative stress is associated with
many diseases and the aging process, understanding how
oxidants alter calcium signaling can help to understand
process of disease, and may lead to new strategies for their
prevention.

Inorganic phosphorus

It has a close connection with calcium .In present
study; serum calcium level was lower in pregnant dog as
compared to non pregnant. Perhaps, this could be the
reason of low phosphorus. Formation of free radicals alters
oxidative metabolism which leads to disruption of ionic
environment of the cell. This causes low phosphorus
levels. Researchers have correlated calcium phosphorus
levels to oxidative stress in human medicine [31].
Decreased phosphorus levels could be correlated with
oxidative stress.

Magnesium

Scientists have associated the changes in the
levels of magnesium with oxidative stress. Magnesium
deficit and oxidative stress are common features.
Deviations in magnesium levels may openly manage the
cellular redox state and its deficiency is coupled with the
increased creation of reactive oxygen species along with
the initiation of immune and inflammatory mechanisms.
Antioxidant enzyme activity is known to increase with
magnesium  supplementation in disease conditions.
Scientists have demonstrated that alloxanic diabetes is
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associated with decreased magnesium status and increased
oxidative stress and that magnesium supplementation can
in part restore the antioxidant parameters and decrease the
oxidative stress in experimental diabetic rats [32]. Studies
carried out in human medicine tried to focus on the
relationship of magnesium and its association with
oxidative stress and inflammation in preeclamptic women
to identify the predictor variables of the disorder [33].
There is paucity of studies in pregnant dogs. Pattern of
changes in serum magnesium level in the present study is
pointing towards the development of oxidative stress and
relationship of magnesium with antioxidant capacity of the
animals [34].

CONCLUSION

Increase in serum aldosterone levels substantiated
the presence of oxidative stress in the pregnant dogs. Rise
in serum GGT level suggested its relationship with

electrolytes propped up the probable physiological changes
under the impact of enhanced aldosterone concentrations.
It can be deduced that pregnancy produced the oxidative
stress in the dogs. Laboratory analysis of various
electrolytes become important as current perception in this
area reveals their fundamental function in skeleton
remodeling and bone metabolism. Owing to pregnhancy
associated changes in electrolyte, logical insight of changes
in acid-base balance can be deduced. It may help in
enforcing several modifications in the management of
pregnant dogs to shield them from the danger of ensuing
oxidative stress.
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