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Abstract

metritis, ketosis, inappetance and others.

research.

Background: An elevated plasma glucose concentration has been considered to be a potential risk factor in the
pathogenesis of left-displaced abomasums (DA). Therefore the present study was performed to investigate if
spontaneous disease (parturient paresis, metritis, ketosis etc) in dairy cows results in elevated concentrations of
glucose and cortisol in blood as cortisol is the major regulator of glucose in ruminants.

Methods: Cortisol, insulin, -hydroxybutyric acid (BHBA), non esterified fatty acids (NEFA), and serum calcium were
analyzed in blood serum and glucose, in whole blood, from 57 spontaneously diseased cows collected at different
farms. The cows were grouped according to the disease; parturient paresis, recumbent for other reasons, mastitis,

Results: No elevated concentrations of cortisol or glucose were found in cows with metritis and mastitis but both
cortisol and glucose were elevated in cows stressed by recumbency. Cows with ketonemia (BHBA > 1.5 mmol/I) did
not have low concentration of glucose in blood but significantly low levels of cortisol. Some of these cows even had
cortisol concentrations below the detection limit of the analysing method (< 14 nmol/I).

Conclusions: The study gives patho-physiological support to the treatment strategies of ketosis, recommending
glucocorticoids, insulin etc. However further studies of this problem are needed to understand why cows with ketosis
have low levels of cortisol and normal levels of glucose. To what extent elevated cortisol and glucose levels in
hypocalcemic and recumbent cows are involved in the ethiology and /or the pathogenesis of DA also will need further

Background

The reason for collecting field material to this study was a
hypothesis that the known relation between stress and/or
painful diseases in high yielding dairy cows and DA [1]
may be mediated through a concurrent increased cortisol
secretion leading to hyperglycaemia. Beside an increase
in B-hydroxybuturate (BHBA), identified by LeBlanc et al.
(2005) [2] as a possible metabolic predictor of DA in dairy
cattle, an elevated plasma glucose level has been consid-
ered a potential risk factor for DA as hyperglycaemia has
been shown to reduce the rate of abomasal outflow in
dairy cows [3]. For many different reasons it was not pos-
sible to collect enough material to prove this hypothesis
but when analysing the blood samples some of the results
were interesting enough to be published.
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In ruminants blood glucose regulation differs from the
regulation in most mono-gastric animals. For example in
humans, insulin is secreted after consumption of glucose
but in ruminants there is a release of glucagon after fod-
der intake [4]. One regulator of glucose in ruminants is
cortisol, which acts to increase gluconeogenesis from
amino acids. In starving ruminants the gluconeogenesis
is maintained by elevated levels of glucocorticoids [4].

In lactating ruminants the rate of hepatic gluconeogen-
esis and the relative concentrations of glycogenic precur-
sors regulate the level of milk production [5,6]. The flow
of glucose into the mammary gland is not dependent of
insulin in ruminants [7,8].

Cortisol is used as an indicator of stress and pain and
elevated serum cortisol has been shown in calves cas-
trated without local anaesthesia [9], in surgical stress in
dairy cows [10], in endotoxin mastitis and metritis
[11,12], in cows suffering from inflammatory foot lesions
[13] and in cows with hypocalcemia [14].

- ©2010 Forslund et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
( BloMed Centra| Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20487518
http://www.biomedcentral.com/

Forslund et al. Acta Veterinaria Scandinavica 2010, 52:31
http://www.actavetscand.com/content/52/1/31

It can be hypothesized that the known relation between
stressful periparturient diseases in high yielding dairy
cows and DA [1] and the hyperglycaemia reducing the
rate of outflow of abomasal fluid in dairy cows [3] may be
mediated through a concurrent increased cortisol secre-
tion leading to hyperglycaemia. This has, to our knowl-
edge, not been previously studied.

The present study was undertaken to investigate possi-
ble associations between stressful and/or painful diseases
in dairy cows and blood concentrations of glucose and
cortisol and some other metabolites.

Methods

Animals

This study included 57 cows with spontaneous disease,
prospectively recruited from the county of Uppland, Swe-
den. They were diagnosed suffering from either parturi-
ent paresis, mastitis, metritis, ketosis, recumbency, and
others e.g. tetany, prolapsed uterus, laminitis and/or
inappetance. The cows were housed at different farms
and were in different stages of lactation. Following the
call from a farmer the practitioner (one of the authors, O.
L.) visited the farm and blood samples from the diseased
cows were collected. The clinical examination was per-
formed with history-taking, an ocular registration of gen-
eral appearance, behaviour, body condition, respiration
etc. Auscultations of heart, lungs, abdomen were per-
formed and some percussion when indicated. All cows
were checked for body temperature and udder health.
The blood samples were drawn from the mammary vein
using a Vacutainer’ (Becton, Dickinson, Franklin, NJ,
USA) after the clinical examination but before initiation
of treatments. The same veterinarian examined and diag-
nosed all sick animals in this study, took the blood sam-
ples and analyzed glucose at the farm before appropriate
treatment was started. The recumbent cows with a suspi-
cion of hypocalcaemia were treated with a Ca-infusion
(Calphon’ vet. Bayer health care. Goteborg, Sweden) and
re-sampled after about 15 min.

The dairy cows were grouped according to clinical
diagnosis and concentration of calcium and B-hydroxy-
buturate (BHBA) in blood serum according to Radostits
et al, (2007) [15] as outlined in Table 1.

The sampling procedure was approved by the Ethical
Committee for Animal Experiments, Uppsala, Sweden,
according to the Swedish Act of Animal Welfare, 87/88.

Analytical methods

The blood sample was analyzed immediately at the farm
for glucose (Hemo-Cue, B-Glucosephotometer serial
number 9540102191, Helsingborg, Sweden). The follow-
ing blood serum components were determined at the
clinical pathology laboratory of the Department of clini-
cal sciences; non esterified fatty acids (NEFA) by an enzy-
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matic method (NEFA C, Waco chemicals, Neuss,
Germany), B-hydroxybuturate (BHBA) also by an enzy-
matic method (B-Hydroxybuturate, LiquiColor, Stanbio
laboratory, Boerne, TX, USA). Serum total calcium (S-
tCa) was analyzed by colourimetry (Konelab 30i chemis-
try analyser (Konelab corp, Espoo, Finland)). Cortisol was
determined by a solid-phase RIA (DPC, Los Angeles, CA,
USA, presently SMSD.) according to the manufacturer's
instruction. The method has earlier been evaluated for
use in bovine samples [16] (detection limit 14 nmol/l,
intra-assay CV 2.2-6.3%,). For the purpose of statistical
analysis concentrations of cortisol below detection limit
were assigned a value of 7 nmol/l. Insulin was determined
by RIA (Linco Research, St Charles, MO, USA).

Statistical methods

The variables BHBA, glucose, insulin, cortisol and insu-
lin/glucose were transformed to a logarithmic scale with
base e prior to statistical analyses to get a normal distri-
bution of the residuals sufficiently for the purpose of the
analysis. The effect of clinical diagnosis on blood and
serum components was analysed with a general linear
regression model, with group of clinical diagnosis as the
only explanatory variable. The model was validated by
visual inspection of the distribution of the residuals and
of identified outliers. Paired t-tests were used to study the
effect of treatment of the paretic syndromes (parturient
paresis and "recumbent” cow) on the blood and serum
components.

Results and Discussion

Average values of blood and serum components in the
different groups are given in Table 2. Twenty one of the
diseased cows had very low concentrations of cortisol i.e.
below the detection limit (< 14 nmol/l). Five of these cows
were in group IK (Inappetence and Ketosis, BHBA > 1.5
mmol/l (5/7)) and four in group I (Inappetence, BHBA <
1.5 mmol/l (4/5)). The cortisol concentrations were high-
est in the samples from cows suffering from parturient
paresis (mean 78.0 nmol/l, group PP) and recumbent
cows (mean 96.7 nmol/l, group R). Both these groups had
significantly higher (p < 0.001) levels of cortisol than the
rest of the cows. The low concentration of cortisol in
group IK and I were significantly lower (p < 0.03) than the
cortisol level in group MA.

For the first time to our knowledge, low to not even
measurable concentrations of cortisol have been shown
in cows suffering from spontaneously occurring ketosis
(BHBA > 1.5 mmol/l) [15], but this was not accompanied
by low concentrations of blood glucose (> 2.9 mmol/l).
Cows suffering from metritis, mastitis or other diseases
causing pain had no elevated concentrations of cortisol or
glucose in the blood. However, both cortisol and glucose
were elevated in cows stressed by recumbency.
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Table 1: Grouping of diseased cows by diagnosis and blood serum concentration of calcium (S-tCa) and -

hydroxybuturate (BHBA)

AVERAGE1 (95% CONFIDENCE
INTERVAL) CONCENTRATION

Group Number of Clinical diagnosis Lactation Production S-tCa mmol/I BHBA mmol/I
cows number, .
median Cycle2, median
(range) (range)
IK 7 Inappetance and ketosis, 2 26 2.2 4.5
BHBA > 1.5 mmol/I (1; (22;50) (2.0;2.4) (2.9;6.9)
| 5 Inappetance, BHBA < 1.5 5 2 2.1 0.9
mmol/I (2; (0;200) (1.4;2.7) (0.6;1.5)
MA 7 Mastitis 4 60 23 0.6
(2;6) (3;250) (1.8;2.8) (0.4,0.9)
ME 7 Metritis 4 4 2.1 1.4
(2;4) (3;14) (1.7;2.5) (0.7;2.5)
PP 12 Parturient paresis S-tCa < 5 1 0.9 0.7
1.25 mmol/I (2;8) (0;60) (0.8;1.0) (0.5;0.9)
R 11 Recumbent cows, 4 2 1.6 0.5
S-tCa > 1.25 mmol/l, treated (1; (-1;200) (1.4,1.9 (0.3;0.9)
with Ca.including prolapsed
uterus, diarrhoea
(¢} 8 Others, including laminitis, 2 55 2.2 0.8
tetany, vagus indigestion, (1;5) (1,180) (2.0;2.4) (0.3;2.3)

"cough", no diagnosis,
lymphadenitis

1Geometric means for BHBA, i.e. back-transformed from a logarithmic scale

2Days post partum

The accuracy in studies based on clinical cases may
have a problem in the different clinicians' ability to specif-
ically diagnose a disease. In this study it is a great advan-
tage that the same clinician has determined the
diagnoses, which to the main part later were verified by
laboratory analyses.

Although group IK had ketosis (> 1.5 mmol of BHBA)
and a mean NEFA level of 0.8 mmol/l they were not
hypoglycaemic, neither was group 1. Both these groups
had low concentrations of cortisol, which was not
expected since "starving" ruminants should maintain the
gluconeogenesis with elevated levels of glucocorticoids
[4]. Also Moyes et al, [17] presented higher serum corti-
sol concentration in negative energy balanced cows com-
pared to cows with an ad libitum diet. Peripheral cortisol
concentrations exhibit weak circadian rhythms in lactat-
ing cows with periods around 120 min [18], still, in spite
of the low number of cows in each group; there were sig-
nificant differences in cortisol levels between the groups
in this study. Cortisol is synthesized from cholesterol in
the adrenal glands which can import cholesterol from
low-density lipoproteins (LDL)-cholesterol by means of

LDL receptor mediated endocystosis or it can be synthe-
sised de novo from acetate [19]. The milk production is
driven by fodder such as for instance grain that produces
glucose precursors in the rumen. Thus a lot of propionate
and lactate is produced in rumen maybe on expense of
acetate. Beerda et al [20] have shown that high yielding
dairy cows have lower cortisol response to ACTH admin-
istration than low yielding cows. Lactation ketosis results
from more factors than solely severe energy deficit [21].
One possible reason could be difficulties in synthesising
cortisol when their energy demands increases in peak lac-
tation.

Cortisol concentrations are said to peak sharply around
parturition and decrease to the same level as prepartum
concentrations after 3-5 days of lactation [22,23] or
increase in dairy cows a few days before parturition and
then have a significant decrease around 10 days post par-
turition [22].

The serum cortisol levels were highest in serum from
recumbent cows (96.7 nmol/l) and cows suffering from
parturient paresis (78.0 nmol/l) in the present study. Both
these groups had significantly higher (p < 0.001) levels of
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Table 2: Overall means' (95% confidence interval) of blood and serum components in the different disease groups before
treatment according to clinical diagnosis 2, as estimated from linear regression model

Clinical diagnoses

IK | MA ME PP R o

Glucose, 2.92 342 3.3 3.22 5.2b 6.10 3.12
mmol/I (2.1-4.0) (2.0-5.8) (2.7-3.9) (2.7-3.8) (4.5-6.0) (4.2-8.8) (2.5-3.9)
Insulin, mU/I 3.72 6.73 12.9p 4,92 4.62 8.62b 8.82b

(1.8-7.4) (1.6-27.9) (6.9-24.2) (1.4-17.8) (3.3-6.3) (3.8-19.8) (3.6-21.6)
Cortisol, 9.62 8.8a 23.3b 12.2ab 78.0¢ 96.7¢ 15.8ab
nmol/Il (5.7-16.1) (4.7-16.6) (7.4-72.9) (4.4-34.3) (58.8-103.4) (66.1-141.4) (6.9-36.3)
NEFA3, 0.82 0.5ab 0.4b 0.52b 0.8a 0.73b 0.4bc
mmol/I (0.1-1.6) (0.1-1.0) (0.2-0.7) (0.3-0.8) (0.6-1.0) (0.4-1.0) (0.2-0.6)

'Geometric means for glucose, insulin and cortisol, i.e. back-transformed from a logarithmic scale

2See Table 1 for definition of groups of clinical diagnoses
3NEFA = Non-esterified fatty acids

Numbers within row with a common letter in the superscript does not differ significantly (p > 0.05).

cortisol than the rest of the cows and most of the cows in
both these groups were close to parturition. Glucocorti-
coids also interfere with the absorption of Ca from the
gastrointestinal tract [19]. The hypothesis that cows suf-
fering from stress and/or painful diseases have elevated
blood glucose levels due to an increase in serum cortisol
could not be verified, as only cows suffering from paraly-
sis (hypocalcaemia, group PP, and recumbent cows,
group R) showed high blood glucose and serum cortisol
concentrations compared to the others. The cows with
hypocalcaemia (group PP) also had low concentrations of
insulin despite the fact their levels of glucose were signifi-
cantly higher than normal, indicating that they were
unable to secrete insulin. This may be a result of the
hypocalcaemia as insulin is secreted by a Ca-dependent
exocytosis. After treatment with calcium solution the
insulin levels were significantly (p < 0.02) increased
(Table 3). Cortisol has an indirect antilipolytic effect in
vivo but do not aggravate or accelerate fatty degeneration
of the liver [24]. Still, one of the most frequent necropsy
findings in cows around parturition is fatty liver [15].

The cows with metritis and mastitis did not have higher
blood concentrations of glucose than the other groups
(Table 2). Nor did cows suffering from ketosis have
decreased concentration of glucose. Reference values
often differ between studies, due to different methods of
analysis being used, but it is generally agreed that the
blood glucose concentrations in dairy cows are higher
before parturition than after [25]. However, in the present
study cows with mastitis were in different stages of lacta-
tion and had significantly higher levels of insulin than the
rest of the cows indicating that the pancreas in these ani-
mals was stimulated by more glucose eventually due to
decreased glucose drainage to the udder.

Cows stressed by recumbency (groups PP and R) had
significantly higher levels of cortisol and glucose. Ele-
vated plasma cortisol during spontaneous hypocalcaemia
in ruminants has also been shown previously by Horst
and Jorgensen [26]. A relationship between milk fever
and DA in cows has been described by van Dorp et al
[27], and experimentally induced hyperglycaemia is
reported to significantly reduce the rate of outflow of
abomasal fluid in dairy cows [3]. The plasma glucose lev-
els used in that experiment were similar to the ones
observed in the PP and R in our study. If the hyperglycae-
mia at parturition seen in cows with parturient paresis is
high enough to influence the abomasal emptying rate
later in early lactation is hard to say. We have no further
information about DA from the cows in our PP or R
groups.

The BHBA concentration in blood (excluding group IK
with BHBA > 1.5 mmol/l) was significantly higher (p <
0.03) in group ME (with an average of 1.4 mmol/l) com-
pared to group MA, (average 0.6 mmol/l) and group PP.
LeBlanc et al [2] identified metabolic predictors of DA in
dairy cattle and found that an increased BHBA concen-
tration was the best predictor compared to NEFA, glu-
cose, urea, Ca and P,,. Metritis seems often to be a
painful condition in cows with clinical signs as groaning,
moaning and kicking the abdomen. In the present study
we could not confirm any elevated concentrations of cor-
tisol due to pain, but our study support, to a certain
extent, LeBlanc et al [2] in their assumption that the
BHBA might be a predictor of DA as metritis is consid-
ered to be one of several risk factors for DA [1].

The findings in this study of low cortisol concentrations
in cows with clinical ketosis give a pathophysiological
support to the treatment strategies of ketosis in veteri-
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Table 3: Overall means' (95% confidence interval) of blood components before and after treatment of cows with

parturient paresis and of "recumbent" cows?

Parturient paresis

"Recumbent" cow

Before After Before After
Glucose, mmol/I 5.22 6.12 6.72
(4.5;6.0) (5.1;6.6) (4.2;8.8) (4.8;9.5)
Insulin, mU/I 4.62 8.62 8.72
(3.3;6.3) (4.6;14.2) (3.8;19.8) (4.0;18.9)
Cortisol, nmol/I 78.02 64.2b 96.72 91.52
(58.8;103.4) (53.1,77.6) (66.1;141.4) (63.0;133.1)
NEFA3, mmol/I 0.82 0.72 0.7a
(0.6;1.0) (0.6;1.0) (0.4;1.0) (0.5;0.9)

'Geometric means for glucose, insulin and cortisol, i.e. back-transformed from a logarithmic scale

2See Table 1 for definition of the diagnoses
3NEFA = Non-esterified fatty acids

Numbers within row and pair of columns with a common letter in the superscript does not differ significantly (p > 0.05)

nary medicine textbooks recommending glucocorti-
coids. However further studies of this problem are
needed to understand why cows with clinical ketosis do
not eat and have low levels of cortisol.

Conclusions

No elevated concentrations of cortisol or glucose were
found in cows with metritis and mastitis but both cortisol
and glucose were elevated in cows stressed by recum-
bency. Surprisingly cows with ketosis (BHBA > 1.5 mmol/
1) did not have low concentration of glucose in blood but
significantly low levels of cortisol. Some of these cows
even had cortisol concentrations below the detection
limit of the analysing method (< 14 nmol/l).

The study gives patho-physiological support to the
treatment strategies of ketosis, recommending glucocor-
ticoids. However further studies of this problem are
needed to understand why cows with ketosis have low
levels of cortisol and normal levels of glucose. To what
extent elevated cortisol and glucose levels in hypocalce-
mic and recumbent cows are involved in the ethiology
and/or the pathogenesis of DA also will need further
research.
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