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Abstract 
 

The present study was undertaken to evaluate 
adrenal response and biochemical changes in the blood 
following dexamethasone (DEX) administration at the 
time of parturition and during the immediate postpartum 
period in buffaloes suffering from dystocia. Plasma 
cortisol concentration, blood glucose, plasma total 
proteins, and non-esterified fatty acids (NEFA) were 
evaluated. Plasma cortisol concentration was higher 
(P < 0.01) in dystocia groups than the eutocia group on 
the day of parturition. There was a significant reduction 
(P < 0.0001) in plasma cortisol concentration on Day 1 
postpartum in the DEX-treated group. Dexamethasone 
treatment maintained higher levels of blood glucose 
(P < 0.05) and NEFA (P < 0.0001 to P < 0.05) and 
marginally lowered the total protein level. This study 
demonstrated that the hypothalamo-pituitary-adrenal 
axis was responsive to DEX suppression during the 
immediate postpartum period following dystocia, and 
DEX treatment was found to be beneficial in promoting 
metabolism to meet energy demands during stress.  
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dexamethasone, dystocia.  
 

Introduction 
 
The process of parturition, though physiological, 

is a stressful event (Guidry et al., 1976). Abnormal 
parturition further adds to the stress of calving (Nakao and 
Grunert, 1990, Prabhakar et al., 1999). Endogenous 
glucocorticoids help in the survival of animals following 
stress. In addition, supplementation of exogenous 
glucocorticoids is recommended to support the adrenal 
response to prevent adrenal exhaustion due to over 
stimulation during a stressful period (Ferguson and 
Hoenig, 2001).  

Activity of the hypothalamo-pituitary-adrenal 
(HPA) axis is regulated by the levels of glucocorticoid 
secretion that varies with the presence or absence of 
stressors (Dallman et al., 1987). Pregnancy in ewes and the 
postpartum period in ewes and cattle were found to be 
stress-hyporesponsive periods (Przekop et al., 1985; Nanda 
et al., 1989; Smart et al., 1994; Altemus et al., 1995; 
Windle et al., 1997; Lightman et al., 2001). Enhanced 
glucocorticoid negative feedback (Schmidt et al., 2005) 
and elevated progesterone during pregnancy (Keller-Wood 

et al., 1986) were implicated as mediators in the 
hyporesponsiveness of the HPA axis. On the contrary, 
reduced forward drive rather than enhanced negative 
feedback (Johnstone et al., 2000) and reduced vasopressin 
release from the paraventricular nucleus (Douglas et al., 
2003; Ma et al., 2005) were also found to mediate the 
hyporesponsiveness. However, Smith et al. (1987) and 
Owens et al. (1987) observed reduced dexamethasone 
(DEX) suppressibility of plasma cortisol and 
adrenocorticotropic hormone in late pregnant and early 
postpartum periods in women, respectively. Stressors 
maintain the HPA axis in an activated state by attenuating 
glucocorticoid negative feedback until the stressful 
condition subsides (Asaba et al., 2004). Hence, the 
effectiveness of glucocorticoid feedback varies with the 
physiological stage of reproduction and presence of 
stressors.  

The adrenal response to glucocorticoid 
negative feedback has not been reported at the time of 
parturition associated with higher degree of physical, 
inflammatory, or immunological stress (i.e. dystocia). 
Moreover, the persistence of elevated plasma cortisol 
concentrations for longer periods in buffaloes suffering 
from dystocia (Prabhakar et al., 1999) questioned the 
effectiveness of negative feedback associated with a 
difficult parturition. The present study was conducted to 
evaluate the negative feedback effects of DEX in buffaloes 
suffering from dystocia. In addition, the biochemical 
alterations following DEX treatment in buffaloes 
suffering from dystocia were also studied. 
 

Materials and Methods 
 
Animals and dexamethasone administration 

 
Twenty-one buffaloes, divided into three 

groups, were included in the present study. The 
normally calving or eutocia group (EG) included 6 
normally-calving Murrah buffaloes from the Punjab 
Agricultural University (PAU) dairy farm. The animals 
were housed in individual calving pens 10-15 days 
before parturition and were maintained under uniform 
management and feeding conditions. The dystocia 
control group (DCG, n=5) and dystocia treatment group 
(DTG, n=10) included parturient Murrah buffaloes 
brought into the Veterinary Clinics of PAU for 
treatment of dystocia from various parts of the state of
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Punjab, India, within 24-36 hours of onset of parturition 
(i.e. abdominal straining in cases of dystocia due to 
torsion of uterus or rupture of allantoin without further 
progress in delivery in other cases was taken as the time 
of onset of parturition). These animals were given the 
necessitated obstetrical [included manipulative delivery 
(DCG: n=1; DTG: n=2), fetotomy (DCG: n=1, DTG: n=2), 
uterine detorsion (DCG: n=2; DTG: n=3), or cesarean 
section (DCG: n=1; DTG: n=3)] and supportive [included 
equal amounts of the same antibiotics, saline, and ecbolics] 
treatments. In addition to these treatments, DTG buffaloes 
were administered DEX (40 mg, i.v.; Dexona, Sarabhai-
Zydus, India) before relieving dystocia (Day 0) and 
subsequently once daily for two days postpartum (Days 
+1 and +2). Buffaloes in the DCG group were not given 
DEX treatment. 
 
Blood sampling schedule 

 
Blood samples were collected daily from EG 

buffaloes at 0900 h from Day 3 prepartum (Day -3) to 
Day 3 postpartum (Day +3). Buffaloes suffering from 
dystocia were sampled thrice on Day 0 (before, during and 
immediately after obstetrical treatment on the day of assisted 
delivery) and subsequently once daily for three days. In 
all the groups, blood samples (5 ml) were collected in 
heparinized glass vials (50 IU heparin/vial) by jugular 
venipuncture before giving any treatment. An aliquot of 2 
ml of blood was used for preparation of protein-free filtrate 
for blood glucose estimation and the rest was centrifuged at 
500 g for 15 min for separation of plasma, which was 
stored at -20 ºC until assayed for cortisol, total proteins, 
and non-esterified fatty acids (NEFA). 
 
Assay procedures 
 

Plasma cortisol concentrations were determined 
by radioimmunoassay as described previously (Prakash 
and Madan, 1984). Standard dilutions of cortisol from 0.2 - 
8.0 ng/ml were used in each assay for plotting the standard 
curve. The assay sensitivity was 0.2 ng/ml. The intra- and 
interassay coefficients of variation were 9.2% and 10.7%, 
respectively, and were determined from quality controls in 
the range of 0.4 to 2 ng/ml. There was no cross-reactivity 
with DEX in the assay.  

Blood glucose (mg/dl), total plasma proteins 
(g/dl), and NEFA (mg/L) were estimated by Haden’s 
modification of the Folin-Wu method (Goldenberg and 
Frankel, 1970), Biuret method (Wootton, 1964), and 
spectrophotometric method (Lowry and Tinsley, 1976), 
respectively. 
 
Statistical analyses 

 
Data are expressed as the mean ± SEM. Two-

way ANOVA was done to test for the effects of group 
and time and their interaction. When fixed effects were 
found to be significant, differences were tested using 
Duncan’s multiple range test. Pearson’s correlation 
was calculated between plasma cortisol and NEFA 

and the significance was tested using a t-test. 
Analyses were performed using the Statistical Package 
for Social Sciences software programme (SPSS 12.0, 
Chicago, IL; 2003), and P < 0.05 was considered 
statistically significant. 
 

Results 
 
Plasma cortisol  

 
In the eutocia group, the plasma cortisol concentration 
on Day 0 was higher (P < 0.01) compared to all of the 
pre- and post-partum days of observation (Fig. 1A). In 
both the dystocia groups on Day 0, plasma cortisol was 
higher (P < 0.01) compared to the eutocia group (Fig. 
2A). The effect of time was significant (P < 0.001) 
and a decline in cortisol concentration was observed in 
all the groups during the immediate postpartum period. 
In the DTG, plasma cortisol concentration decreased (P 
< 0.0001) from Day 0 to Day +1, while the reduction 
observed in the DCG was not significant. On Day 0, 
plasma cortisol concentrations were not different 
between the DCG and DTG but were lower (P < 0.05) 
on Days +2 and +3 in the DTG. The percentage 
decrease in plasma cortisol concentration from Day 0 
(after obstetrical treatment in DCG and DTG) to Day +3 
was 24%, 41%, and 77% in the EG, DCG, and DTG, 
respectively. 
 
Blood glucose, plasma total proteins, and non-esterified 
fatty acids 
 

In the eutocia group, blood glucose levels on 
Day 0 were higher (P<0.05) than those on Days -2 and 
-3 (Fig. 1B). In the DTG, the blood glucose level on 
Day 0 after delivery by obstetrical manipulation was 
higher (P < 0.05) than that on Day 0 in the EG (Fig. 
2B). In the DCG, the blood glucose level decreased (P 
< 0.05) on subsequent days postpartum to levels 
almost similar to those of the EG. In the DTG, the 
decrease in blood glucose level was not significant, 
and a higher (P < 0.05) level was maintained compared 
to the EG and DCG.  

The plasma total protein level around calving 
did not vary significantly in the EG (Fig. 1C). The 
levels in the DCG and DTG were apparently lower on 
all the days of observation although they did not vary 
significantly from the EG (Fig. 2C). The protein level 
on Day 0 before obstetrical treatment was significantly 
higher (P < 0.05) in the DCG as compared to the DTG 
due to random selection of animals. Although the 
protein level in the DCG decreased from Day 0 to Day 
+1, it was not statistically significant.  

In the EG, the NEFA level on Day -3 gradually 
increased to reach a higher (P < 0.05) level on Day 0 and 
then declined by Day +3 (P < 0.05). The level on Day 0 
was higher (P < 0.05) than all pre and post-partum days 
(Fig. 1D). Concentration of plasma cortisol and NEFA 
were lowly correlated (r = 0.307; P < 0.05). In the DTG,
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the NEFA level on all the postpartum days remained 
higher (P < 0.05) than that in the EG (Fig. 2D). But in 
the DCG, the NEFA level was higher (P < 0.05) only on 

Day +3 as compared to that in the EG. The level in the 
DTG on Day +2 and +3 was higher (P < 0.05) than in 
the DCG 

 
 

 
 
Figure. 1. Plasma cortisol (ng/ml; A), blood glucose (mg/dl; B), plasma total proteins (g/dl; C), and non-esterified fatty 
acids (mg/L; NEFA; D) in normally-calving buffaloes (eutocia) from Days -3 to 3 relative to parturition. Different 
letters (a, b) indicate significant differences (Plasma cortisol: P < 0.01; Blood glucose and NEFA: P < 0.05). 

A 
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C 

D 

Days relative to parturition 
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Figure. 2. Plasma cortisol (ng/ml; A), blood glucose (mg/dl; B), plasma total proteins (g/dl; C), and non-esterified 
fatty acids (mg/L; NEFA; D) in normally-calving buffaloes (eutocia) and buffaloes suffering from dystocia (control 
and treatment) before, during, and after parturition or obstetrical treatment. Downward arrows indicate 
dexamethasone treatments on Days 0, +1 and +2 in dystocia treatment buffaloes. “Obst Rx” refers to obstetrical 
treatment. EG: Eutocia group; DCG: Dystocia control group; DTG: Dystocia treatment group. Different letters (a, b) 
indicate significant differences (P < 0.05).  
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Discussion 
 

Calving, though a physiological process, is 
stressful for both the dam and the fetus even in 
uncomplicated cases (Hudson et al., 1976). In EG 
buffaloes, the gradual increase in plasma cortisol 
concentration during the prepartum period that reached 
to a peak on the day of calving could be explained by 
prepartum anxiety and myometrial contractions 
associated with the stress of parturition (Gillette and 
Holm, 1963; Noakes et al., 2001). Furthermore, 
parturition is an inflammatory process involving the 
release of cytokines and prostaglandins, which stimulate 
the HPA axis (Halgunset et al., 1994; Kelley, 1996; 
Rivest, 2001). Therefore, the increase in plasma cortisol 
concentrations during the immediate prepartum period 
could also be related to increasing concentrations of 
inflammatory mediators.  

In buffaloes suffering from dystocia, severe 
hypercortisolemia observed on the day of calving could 
be related to prolonged stress, muscular activity, and 
pain. However, the removal of the fetus leads to a 
decrease in plasma cortisol concentration during the 
postpartum period. This decrease in plasma cortisol 
concentration could be due to the removal of the stress 
of dystocia and the negative feedback effect of plasma 
cortisol (Miller and O’Collaghan, 2002). But during the 
immediate postpartum period, plasma cortisol 
concentrations in dystocia control buffaloes remained 
higher than those in EG buffaloes. A higher degree of 
inflammatory response and stress-response mediators 
maintain higher plasma cortisol concentration despite 
the negative feedback effect (Asaba et al., 2004). 

In buffaloes suffering from dystocia, during the 
postpartum period, the greater decrease in plasma 
cortisol concentration in the DEX-treated group 
compared to the untreated group could be attributed to 
the negative feedback effect of DEX because it is 
capable of more pronounced suppression of the HPA 
axis than endogenous cortisol (Ferguson and Hoenig, 
2001). Hence in this study, DEX treatment constrained the 
stress-induced HPA activity in buffaloes suffering from 
dystocia. Such results were also obtained in laboratory 
animals, and a delayed negative feedback mechanism, 
which occurred 30-45 min after DEX treatment, was 
proposed as a cause (DeKeyser et al., 2000; Ginsberg et 
al., 2003). However, in the present study, DEX 
pretreatment did not suppress the plasma cortisol 
concentration during and after obstetrical manipulations, 
which varied in duration from 30 min to 2 h. This could be 
due to strong adrenal stimulation by the stress of dystocia 
and obstetrical manipulations, thus overcoming the 
immediate potent negative feedback effects of DEX.  

The DEX negative feedback effect was 
pronounced on Day +1 when the plasma cortisol 
concentration declined. However, it was not suppressed 
further on subsequent days despite continuation of DEX 
treatment at 24 h intervals up to Day +2. Hence, DEX 

treatment overcame the HPA-stimulating effects of 
inflammatory mediators to suppress the HPA response 
on the immediate postpartum day, but it could not 
suppress the cortisol concentration thereafter. Persisting 
higher concentrations of inflammatory mediators like 
PGF2α, (Nakao et al., 1997), reactive oxygen 
metabolites as indicated by higher level of lipid 
peroxidation products (Sathya et al., 2005), and 
endotoxemia as a result of uterine infections following 
dystocia (Singh, 2002), might be responsible for 
reduced suppressibility of plasma cortisol by DEX in 
the early postpartum days, which are capable of 
attenuating glucocorticoid negative feedback (Asaba et 
al., 2004). Since effects of DEX treatment were not 
studied in EG buffaloes, the degree of suppression of 
plasma cortisol by DEX in buffaloes suffering from 
dystocia could not be compared to them. However, this 
study demonstrated that glucocorticoid negative 
feedback is effective around parturition in buffaloes 
suffering from dystocia, and the HPA axis is responsive 
to DEX treatment around the immediate postpartum day 
in these buffaloes but not thereafter.  

Cortisol induces the enzymes involved in 
gluconeogenesis in hepatic tissue and inhibits 
utilization of glucose in extra-hepatic tissues, thereby 
elevating the blood glucose concentration (Mayes and 
Bender, 2003). The blood glucose levels were higher 
in buffaloes suffering from dystocia reflecting a 
higher degree of stress. It was also observed that 
blood glucose level increased following various 
obstetrical procedures. Obstetrical manipulations 
have been found to be stressful in the past (Prabhakar 
et al., 1999). The elevated blood glucose level was 
due to elevated cortisol and catecholamines, which 
increased following various obstetrical procedures as 
a response to stress (Breazile, 1987 Nakao and Grunert, 
1990). Decreasing levels of plasma cortisol after the 
removal of the fetus and thus the stress due to dystocia 
resulted in the decrease of blood glucose levels 
during the immediate postpartum period. Since DEX 
is 30 times more potent than cortisol in its 
gluconeogenic effects (Ferguson and Hoenig, 2001), 
a higher blood glucose level was maintained in DEX 
treated buffaloes. This might be beneficial during acute 
phases of stress to meet the urgent needs of 
reestablishing homeostasis and fueling the essential 
organs. However, prolonged DEX treatment may 
antagonize insulin resulting in poor glucose 
utilization (diabetes-like condition) and enhanced 
catabolic effects in lymphoid and connective tissue, 
muscle, fat, and skin (Ferguson and Hoenig, 2001). 

The marginally lower levels of total proteins in 
buffaloes suffering from dystocia, as compared to EG 
buffaloes, during the immediate postpartum period were 
due to a decrease in protein synthesis as a consequence 
of a higher level of plasma cortisol (Ferguson and 
Hoenig, 2001). There was no alteration in total protein 
level due to DEX treatment.  
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When fuel is needed for the body, 
triacylglycerols stored in adipose tissue are hydrolysed 
by hormone-sensitive lipases within the adipocytes to 
release NEFA (Nelson and Cox, 2005). Epinephrine 
greatly stimulates the triacylglycerol lipase, and the 
glucocorticoids have permissive effects for this enzyme 
activity (Ferguson and Hoenig, 2001). Hence, NEFA are 
the indicators of an increase in demand for energy. 
Higher levels of NEFA in EG buffaloes were due to 
catecholamines and cortisol released at the time of 
parturition as a stress response (Axelrod and Reisine, 
1984). Dexamethasone maintained higher levels of 
NEFA in DEX-treated buffaloes suffering from 
dystocia. Increased NEFA levels are needed under 
severely stressful conditions (Ferguson and Hoenig, 
2001). Hence, DEX treatment may be advantageous in 
directing the fat reserves to meet the enhanced fuel 
demand of the body during stress. 

In summary, the responsiveness of the HPA 
axis to DEX treatment and effectiveness of 
glucocorticoid negative feedback following difficult 
parturition in buffaloes have been documented in the 
present study. Since continued DEX treatment for 3 
days did not suppress the plasma cortisol concentration 
beyond Day +1 postpartum, it may be ascertained that 
the DEX suppressibility of plasma cortisol was reduced 
in buffaloes suffering from dystocia during the 
postpartum period. Higher blood glucose and NEFA 
levels in DEX-treated buffaloes suggested that DEX 
promoted metabolic pathways to meet the required 
demand for energy. Hence DEX administration could be 
beneficial during stressful episodes. However, the 
effects of higher doses of DEX recommended during 
stressful periods on HPA suppression, adrenal secretory 
capacity, immunity, and insulin antagonism are yet to be 
studied in buffaloes during the periparturient period. 

 
Acknowledgments 

 
We are thankful to: Prof. H. Dobson, 

University of Liverpool, UK, for the supply of 
anticortisol antibodies; Dr. G.V.P.P.S. Ravi Kumar, 
Assistant Professor, Department of Animal Genetics 
and Breeding, Punjab Agricultural University, 
Ludhiana, India, for assistance in statistical analyses of 
the data; and Dr. G.S. Dhaliwal, Professor and Head, 
Department of Animal Reproduction, Gynaecology and 
Obstetrics, Punjab Agricultural University, Ludhiana, 
India, for having provided the necessary infrastructure 
for the research. The Junior Research Fellowship 
provided by the Indian Council of Agricultural Research 
to the first author is duly acknowledged. 
 

References 
 
Altemus M, Deuster PA, Galliven E, Carter CS, 
Gold PW. 1995. Suppression of hypothalamic-
pituitary-adrenal axis responses to stress in lactating 
women. J Clin Endocrinol Metab, 80:2954-2959. 

Asaba K, Iwasaki Y, Yoshida M, Asac M, Oiso Y, 
Murohara T, Kashimoto K. 2004. Attenuation by 
reactive oxygen species of glucocorticoid suppression 
on proopiomelanocortin gene expression in pituitary 
corticotroph cells. Endocrinology, 145:39-42. 
Axelrod J, Reisine TD. 1984. Stress hormones: their 
interaction and regulation. Science, 224:452-459. 
Breazile JE. 1987. Physiologic basis and consequences 
of distress in animals. J Am Vet Med Assoc, 191:1212-
1215. 
Dallman M, Akana S, Cascio C, Darlington D, 
Jacobson L, Levin N. 1987. Regulation of 
adrenocorticotropic hormone secretion: variations on a 
theme of B. Rec Prog Horm Res, 43:113-123. 
DeKeyser FG, Leker RR, Weidenfeld J. 2000. 
Activation of the adrenocortical axis by surgical stress: 
involvement of central epinephrine and interleukin-1. 
Neuroimmunomodulation, 7:182-188. 
Douglas AJ, Brunton PJ, Bosch OJ, Russel JA, 
Neumann ID. 2003. Neuroendocrine responses to stress 
in mice: hyporesponsiveness in pregnancy and 
parturition. Endocrinology, 144:5268-5276. 
Ferguson DC, Hoenig M. 2001. Glucocorticoid, 
mineralocorticoid and steroid synthesis inhibitors. In: 
Adams HR. (Ed.). Veterinary pharmacology and 
therapeutics. 8th ed. Iowa: Iowa State University Press. 
pp.649-968.  
Goldenberg S, Frankel S. 1970. Carbohydrates. In: 
Frankel S, Reitman S, Sonnenwirth AC. (Eds.). 
Gradwohl’s clinical laboratory methods and 
diagonosis. 7th ed. Saint Louis: CV Mosby. pp.77-89. 
Gillette DD, Holm L. 1963. Prepartum to post-
partum uterine and abdominal contractions in cows. 
Am J Physiol, 204:1115-1121. 
Ginsberg AB, Campeau S, Day HE, Spencer RL. 
2003. Acute glucocorticoid pretreatment suppresses 
stress-induced hypothalamo-pituitary-adrenal axis 
hormone secretion and expression of corticotropic 
hormone hnRNA but does not affect c-fos mRNA or 
Fos protein expression in the paraventricular nucleus of 
the hypothalamus. J Neuroendocrinol, 15:1075-1083. 
Guidry AJ, Paape MJ, Pearson RE. 1976. Effects 
of parturition and lactation on blood and milk cell 
concentrations, corticosteroids and neutrophil 
phagocytosis in the cow. Am J Vet Res, 37:1195-
1200. 
Hudson S, Mulford M, Whirrlestone WG, Payne E. 
1976. Bovine plasma corticoids during parturition. J 
Dairy Sci, 59: 744-46. 
Halgunset J, Johnsen H, Kjollesdal AM, Qvigstad E, 
Espevik T, Austgulen R. 1994. Cytokine levels in 
amniotic fluid and inflammatory changes in the placenta 
from normal deliveries at term. Eur J Obstet Gynecol 
Reprod Biol, 56:153-160. 
Johnstone HA, Wigger A, Douglas AJ, Neumann ID, 
Landgraf R, Seckl JR, Russell JA. 2000. Attenuation 
of hypothalamo-pituitary-adrenal axis stress responses 
in late pregnancy: changes in feedforward and feedback



 Sathya et al. Dexamethasone administration in buffaloes suffering from dystocia. 
 

Anim. Reprod., v.2, n.4, p.233-239, Oct./Dec. 2005 239

mechanisms. J Neuroendocrinol, 12:811-822. 
Keller-Wood M, Silbiger J, Wood CE. 1986. 
Progesterone attenuates the inhibition of adreno 
corticotrophin responses by cortisol in non-pregnant 
ewes. Endocrinology, 123:647-651. 
Kelley RW. 1996. Inflammatory mediators and 
parturition. Rev Reprod, 1:89-96. 
Lightman SL, Windle RJ, Wood SA, Kershaw YM, 
Shanks N, Ingram CD. 2001. Peripartum plasticity 
within the hypothalamo-pituitary-adrenal axis. Prog 
Brain Res, 133:111-129.  
Lowry RR, Tinsley IJ. 1976. Rapid calorimetric 
determination of free fatty acids. J Am Oil Chem Soc, 
53:470-472. 
Ma S, Shipston MJ, Morilak D, Russell JA. 2005. 
Reduced hypothalamic vasopressin secretion underlies 
attenuated adrenocorticotropin stress responses in 
pregnant rats. Endocrinology, 146:1626-1637. 
Mayes PA, Bender DA. 2003. Gluconeogenesis and 
control of blood glucose. In: Murray RK, Granner DK, 
Mayes PA, Rodwell VW. (Eds.). Harper’s illustrated 
biochmistry. New Delhi, India: McGraw Hill. pp.153-162. 
Miller DB, O’Collaghan JP. 2002. Neuroendocrine 
aspects of the response to stress. Metabolism, 51:5-10. 
Nakao J, Grunert E. 1990. Effects of dystocia on 
postpartum adrenocortical function in dairy cows. J 
Dairy Sci, 73:2801-2806. 
Nakao T, Gamal A, Osawa T, Nakada K, Moriyoshi 
M, Kawata K. 1997. Postpartum plasma PGF 
metabolite profile in cows with dystocia and/or retained 
placenta and effect of Fenprostalene on uterine 
involution and reproductive performance. J Vet Med 
Sci, 59:791-794. 
Nanda AS, Dobson H, Ward WR. 1989. Opioid 
modulation of the hypothalamo-pituitary-adrenal axis in 
dairy cows. In: 4th Meeting of the European 
Neuroendocrinology Association, Santiago de 
Compostela, Spain. Oxford, UK: Excerpta Medica. 
pp.94. (abstract). 
Nelson DL, Cox MM. 2005. Hormonal regulation and 
integration of mammalian metabolism. In: Lehninger’s 
principle of biochemistry. 4th ed. New York, USA: WH 
Freeman and Company. pp.881-920. 
Noakes DE. 2001. Parturition and the care of parturient 
animals. In: Noakes DE, Parkinson TJ, England GCW. 
(Eds.). Arthur’s veterinary reproduction and obstetrics. 
8th ed. Philadelphia, USA: WB Saunders. pp.155-188.  
Owens PC, Smith R, Brinsmead MW, Hall C, 

Rowley M, Hurt D, Lovelock M, Chan EC, Cubis J, 
Lewin T. 1987. Postnatal disappearance of the 
pregnancy-associated reduced sensitivity of plasma 
cortisol to feedback inhibition. Life Sci, 41:1745-1750. 
Prabhakar S, Nanda AS, Ghuman SPS, Sharma RD. 
1999. A preliminary attempt towards modulation of 
stress due to obstetrical interventions in buffaloes. 
Indian J Anim Sci, 69:1018-1019. 
Prakash BS, Madan ML, 1984. Radioimmunoassay of 
cortisol in peripheral blood plasma of buffaloes 
peripartum. Theriogenology, 22:241-246. 
Przekop E, Stupnicka E, Wolinska-Witort E, 
Mateusiak K, Sodouski B, Domanski E. 1985. 
Changes in circadian rhythm and suppression of the 
plasma cortisol level after prolonged stress in the sheep. 
Acta Endocrinol, 110:540-545. 
Rivest S. 2001. How circulating cytokines trigger the 
neural circuits that control the hypothalamic-pituitary-
adrenal axis. Psychoneuroendocrinology, 26:761-788. 
Sathya A, Prabhakar S, Prahlad Singh, Ghuman 
SPS, Dhaliwal GS. 2005. Assessment of oxidative 
stress in dystocia affected buffaloes and its alleviation. 
In: 21st Annual Convention of Indian Society for Study 
of Animal Reproduction, Jammu, India. Jammu: 
ISSAR. pp.228. (abstract). 
Schmidt M, Levine S, Oitzl MS, Van der Mark M, 
Muller MB, Holsboer F, deKloet ER. 2005. 
Glucocorticoid receptor blockade disinhibits pituitary 
adrenal activity during stress hyporesponsive period of 
the mouse. Endocrinology, 146:1458-1464. 
Singh S. 2002. Studies on toxaemic status in dystocia 
affected buffaloes. Ludhiana, India: Punjab Agricultural 
University. Thesis. 
Smart D, Singh I, Smith RF, Forhead AJ, Dobson H. 
1994. The hypothalamic-pituitary-adrenal axis in 
postpartum ewes. Anim Reprod Sci, 35:223-229. 
Smith R, Owens PC, Brinsmed MW, Singh B, Hall 
C. 1987. The nonsuppressibility of plasma cortisol 
persists after pregnancy. Horm Metab Res, 19:41-42. 
Windle RJ, Wood S, Shanks N, Perks P, Conde GL, 
DaCosta AP, Ingram CD, Lightman SL. 1997. 
Endocrine and behavioural responses to noise stress: 
comparison of virgin and lactating female rats during 
non-disrupted maternal activity. J Neuroendocrinol, 
9:407-414. 
Wootton IDP. 1964. Plasma proteins. In: Wootton IDP. 
(Ed.). Microanalysis in medical chemistry. 4thed. 
London: J and A Churchill. pp.138-153. 

 
 
 
 


