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Abstract

MudroÀ P. ,  J .  Rehage,  H.  P.  Sal lmann,  M. Höltershinken,  H.  Scholz: Stress
Response in Dairy Cows Related to Blood Glucose. Acta Vet. Brno 2005, 74: 37-42.

The aim of this study was to investigate whether different pre-surgical blood glucose
concentrations have any effect on the course of cortisol and metabolic responses to surgical stress
in dairy cows. Eighteen Holstein-Friesian dairy cows, admitted for treatment of left abomasal
displacement (omentopexy), were used in the study. Abdominal surgery (the stressor) was
performed in the standing position 16 – 24 h after admission and lasted approximately 60 min.
Blood samples were drawn from the jugular vein prior to surgery, immediately after and then 2, 5,
24, and 72 h after surgery. In order to test the effect of the different blood glucose levels on stress
responses the experimental animals were allocated to two groups: 1) six hypoglycaemic cows
(glucose < 2.4 mmol/l); 2) twelve normoglycaemic cows. Surgery increased blood glucose in both
groups (p < 0.001), however, the glucose rise was less distinct in the hypoglycaemic cows. The
surgical stress resulted in a significant increase in plasma cortisol concentrations in both groups
(p < 0.001), however there was no difference in cortisol responses between the groups. Similarly,
surgery enhanced the blood concentrations of free fatty acids (FFA) and L (+)-lactate in both
groups (p < 0.001). In contrast, β-hydroxybutyrate concentrations slightly declined after surgery.
On the basis of this study there appears not to be any effect of different plasma glucose on the
cortisol and metabolite responses in stressed dairy cows. Therefore, it can be concluded that
mechanisms regulating peripheral cortisol concentrations, and thus the animal stress response, are
more dependent on the intensity of the stressful stimulus than on the energetic status of animal.

Cattle, glucose, cortisol, omentopexy, stress

Adaptation reactions or stress reactions represent a modification of ongoing physiological
mechanisms that allow an animal to respond to stress stimuli with minimum alteration in
homeostasis. Although stress reactions are organized to protect the homeostatic state of
animals, they contain elements that may either enhance or diminish susceptibility to the
disease process; in many instances, however, stress reactions themselves may induce
pathologic change (Breazi le 1988). Stress responses may include changes in feeding
behaviour, hypertension, reproductive dysfunction, inefficient feed conversion, gastric and
intestinal ulcers, electrolyte imbalance and immune deficiency (Alams and Dobson
1986). 

The major stress alterations involve enhanced secretion of glucocorticoids and increased
sympathetic nervous system activity. Synchronised control of hypothalamic releasing
hormones of ACTH and of catecholamines results in biochemical and physiologic
manifestations of stress (Nockels 1990). It was demonstrated that a number of
manipulations including transport (Locatel l i  et al. 1989), feed deprivation (Fürl l et al.
1993), therapeutic manipulation (Nakao et al. 1994), and surgery (Fisher et al. 2001;
Sylvester  et al. 1998), increased secretion of cortisol from the adrenal cortex in cattle. One
of the most important benefits of increased glucocorticoid secretion in stress concerns the
maintenance of flight response with essential metabolites by diverting glucose metabolism
from muscle to the brain and other tissues. However, there are no reports of possible links
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between the intensity of stress responses and blood glucose levels in cattle. The stressed
animals can be frequently in a negative energy balance, characterised by hypoglycaemia.
Such hypoglycaemic conditions can commonly occur in dairy cows in the periparturient
period (Karsai and Gaal 1987; Nikol ic et al. 2003), or in animals undergoing surgical
treatment, including omentopexy or ceasarian section, since their pre-treatment feed intake
is usually reduced and they are frequently suffering from varying degrees of ketosis (Stöber
and Scholz 1991). 

Therefore, it was decided to design an experiment to investigate whether different pre-
surgical blood glucose levels are related to the course of cortisol and metabolic responses to
surgical stress in dairy cows.

Materials and Methods

Eighteen Holstein-Friesian dairy cows, mean age of four years, admitted for treatment for left abomasal
displacement, were used in the study. Abdominal surgery (omentopexy) was performed in the standing position
(Dirksen 1967) within 24 h of admission. Isocain (2% procain-hydrochloride, ASID GmbH, Germany) was used
as local anaesthesia. The mean duration of preparation for surgery lasted 30-40 min, and the surgery approximately
60 minutes. 

Blood samples were drawn by venipuncture from the jugular vein prior to surgery, immediately after and then
2, 5, 24, and 72 h after surgery. Serum concentrations of glucose, free fatty acids, and β-hydroxybutyrate were
measured using an automatic analysing system (COBAS MIRA, Hoffman La Roche, D-79630 Grenzach-
Wyhlan). The serum was obtained within 30 minutes of blood collection (the blood was incubated for 15 min in
plastic test tubes with small round plastic particles at 38 °C and then centrifuged) and then stored frozen at 
-80 °C until analysed. In the EDTA plasma the cortisol and L (+)-lactate levels were assayed. The plasma cortisol
levels were determined by a radioimmunoassay kit (Coat - A - Count [125I]; Diagnostic Products Cooperation,
L.A., USA). Plasma L (+)-lactate levels were determined fluorometrically after reaction with L (+)-lactate
dehydrogenase. In order to test the effect of the different blood glucose levels on stress responses, the experimental
animals were allocated to two groups: 1) six hypoglycaemic dairy cows (glucose < 2.4 mmol/l); 2) twelve
normoglycaemic dairy cows (Scholz 1990).

Statistical analysis was carried out by a two-factorial analysis of variance (one repeated factor:time, one
grouping factor: treatment) using the GLM procedure of SAS for repeated measures. In cases where ANOVA
model revealed a significant group effect, Student’s t-test was performed in order to check group differences at
each sampling.

Results

The blood glucose levels were affected by surgical stress in both groups (p < 0.001). The
lower glucose levels in the hypoglycaemic animals appeared within five hours after surgery
(Table 1). No significant differences in blood glucose levels were recognized between the
groups later, at the last two sampling times (24 and 72 h, respectively). 

The surgical stress resulted in significant changes in plasma cortisol concentrations in
both groups (p < 0.001). The highest cortisol levels were reached within two hours after
surgery and were approx. four times higher than those found prior to stress. A return to the
levels below the initial ones was recognized 24 hours after surgery. The ANOVA revealed
no significant effect of plasma glucose levels on cortisol response due to surgical stress
(Table 1).

The surgical stress had enhancing effects on the blood concentrations of free fatty acids
and L(+)-lactate in both groups (p < 0.001). The highest concentrations of these were seen
immediately after surgery. Then they decreased, and three days after surgery they were
below the pre-surgical data (Table 1). A significant difference in concentrations of FFA
between the groups was seen two hours after surgery (p < 0.05), which corresponded with
intergroup differences in glucose levels. In contrast to glucose with FFA and lactate, the
β-hydroxybutyrate concentrations slightly declined after surgery. The minimum serum β-
HB in the hypoglycaemic group occurred 24 hours after surgery and in the
normoglycaemic group at hour 72 (Table 1).
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Discussion

Hypoglycaemia in six dairy cows, found prior to surgery, was associated with elevated
levels of free fatty acids, and thus indicated a more severe negative energy balance in this
group compared with normoglycaemic animals. It was demonstrated that dairy cows with
left displacement of the abomasum frequently suffer from peripheral fat mobilisation due to
energy deficit (Rehage 1996; MudroÀ et al. 1997). Surgical stress resulted in elevation of
blood glucose in both hypoglycaemic and normoglycaemic groups, although in the
hypoglycaemic group lower glucose concentrations persisted five hours after surgery.
Similarly to our results, a short-term rise of glucose, lasting approximately six hours, was
seen in cattle after transportation (Hartmann et al. 1973). Hyperglycaemia is reported to
occur in response to some but not all stressors, but invariably in response to severe stressors,
eg. physical trauma (Moberg 1985). However, blood glucose is not a very reliable indicator
of the stress intensity in animals as its levels can be affected by various factors (Scholz
1990). The 24-hour-increase in glucose concentrations in both groups recognized after
surgery in our study can be explained as a response to catecholamine and cortisol rise. The
existing glucose is an exclusive energy source for the red blood cells and portions of the
central nervous system during periods of stress (Nockels 1990). 

Mean plasma cortisol levels of 1 – 10 µg/l were found in dairy cows during the first month
after calving (Madej 1992). Hopster et al. (1999) concluded that 69.4% of 307 baseline
cortisol samples had concentrations below 3µg/l, whereas 13.7% of the samples contained
6 µg/l of cortisol or more. Similar cortisol concentrations have also been defined by others
as baseline values (Nakao et al. 1994; Bruckmaier et al. 1996; Hopster et al. 2002). The
mean cortisol values prior to surgery, and at 24 and 72 h after surgery in both hypoglycaemic
and normoglycaemic cows can, therefore, safely be considered to be in the normal range of
baseline concentrations. The relatively higher values that were found before surgery may
have been due to circadian and ultradian rhythms which were previously investigated under
strict control of experimental conditions in lactating dairy cows (Lefcourt et al. 1993).
Moreover, the stressful effect of the displacement of the abomasum should also be
considered as a possible factor of the higher pre-surgical cortisol levels. Although distinct
individual variations of cortisol concentrations were seen in the study, no significant
differences in cortisol responses to surgery could be found between the experimental groups.
When intergroup differences in blood glucose are considered, the results of this study
indicate that mechanisms regulating peripheral glucocorticoid concentrations depend less
on the energetic status of animals, than on the intensity of stressful stimulus. The significant
effect of surgery on the increase in plasma cortisol levels was similar to that previously
reported in cattle after laparotomy (Janowski et al. 1983). The pattern of cortisol
concentrations seen after surgery in this study was similar to the pattern seen in 5-6-month-
old cattle after amputation dehorning (Sylvester et al. 1998). 

The surgery resulted in transient elevation of free fatty acids from the baseline values.
In addition, two hours after surgery, when the highest plasma cortisol concentrations were
measured, significantly higher levels of free fatty acids in the serum could be recognized
in the hypoglycaemic groups. This could be explained as a reaction to the higher energy
needs of cows suffering from a more severe energy deficiency. The lipolysis of fat tissue
was obviously a response to both high cortisol levels and low glucose entry into
adipocytes. In addition, the lipomobilisation seen in this study was probably also due to
the effects of catecholamines, since an increase in both glucose and lactate in dairy cows
could be recognised after surgery. Catecholamines exercise a strong stimulating effect on
glycolysis and precipitate tissue hypoxia (Mi tche l l et al. 1988); the result of which can
be tissue metabolic acidosis (Nagy et al. 1994). The high plasma concentrations of 
β-hydroxybutyrate during the whole experiment reflected the energy deficiency in dairy
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cows in both groups (Gaal et al. 1993). In accordance with the strong antiketogenic
effects of glucocorticoids (Fürl l et al. 1993) a slight decline in β-hydroxybutyrate levels
was recognised within two hours after surgery when cortisol was elevated. Due to health
improvement and increased feed intake by animals within three days after surgery, such
dynamics continued until the trial ended.

On the basis of this study it appears that different blood plasma glucose levels do not have
any effect on the cortisol and metabolite response in stressed dairy cows. Therefore, it can
be concluded that mechanisms regulating peripheral cortisol concentrations, and thus the
animal’s stress response, are more dependent on the intensity of the stressful stimulus than
on the energetic status of animal.

Stresová reakcia dojníc s rôznou hladinou glukózy v krvi

Cieºom na‰ej ‰túdie bolo zistiÈ, ãi odli‰né predoperaãné hladiny glukózy v krvi môÏu
ovplyvniÈ koncentráciu kortizolu a metabolické parametre u dojníc vystaven˘ch
chirurgickej záÈaÏi. Do experimentu bolo zaraden˘ch 18 dojníc, hol‰tejnsko-frízskeho
plemena, ktoré boli prijaté na kliniku za úãelom terapie ºavostranného premiestnenia slezu
(omentopexia). Chirurgick˘ zákrok (stresor) bol vykonan˘ na stojacich zvieratách  pribliÏne
16-24 hodín po prijatí na kliniku. Celá operácia trvala v priemere 60 minút a bola robená
v lokálnej anestéze. Vzorky krvi boli odoberané z v. jugularis pred operáciou, bezprostredne
po nej, a potom 2, 5, 24 a 72 hodín po operácii. Za úãelom posúdenia úãinku rôznych hladín
glukózy na stresovú reakciu boli pokusné dojnice rozdelené do dvoch skupín: 1) 6
hypoglykemick˘ch dojníc (glukóza < 2,4 mmol/l; 2) 12 normoglykemick˘ch dojníc.
Operácia mala za následok zv˘‰enie glukózy v krvi u obidvoch skupín (p < 0,001), av‰ak jej
vzostup bol menej v˘razn˘ u hypoglykemick˘ch zvierat. Chirurgick˘ stres vyvolal
signifikantn˘ nárast plazmatického kortizolu u obidvoch skupín (p < 0,001), bez rozdielu
v jeho intenzite medzi skupinami. V obidvoch skupinách stúpli po operácii aj koncentrácie
voºn˘ch mastn˘ch kyselín a L (+)-laktátu. Naopak, pri hladinách kyseliny β-
hydroxymaslovej sme zaznamenali mierny pooperaãn˘ pokles. Na základe dosiahnut˘ch
v˘sledkov je moÏné kon‰tatovaÈ, Ïe stresová a metabolická reakcia na operaãn˘ stresor
nebola v na‰om experimente ovplyvnená predoperaãnou hladinou glukózy. Dá sa
predpokladaÈ, Ïe mechanizmy regulujúce periférnu hladinu kortizolu sú viac závislé na
intenzite stresujúceho stimulu ako na energetickom stave zvierat.
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