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Blood glucose, BHB, urea and cortisol concentra-
tions were mainly recommended to diagnose pregnancy
toxemia in ewes and does. These substances are the
sources of energy, final product of fat, protein meta-
bolisms and stress phenomenon, respectively, which
are predisposing factors of pregnancy toxemia. Deter-
mination of these parameters and their correlations will
facilitate the therapeutic and prevention methods for
pregnancy toxemia in pregnant ewes.

Concentrations for blood glucose, ketone bodies,
cortisol and urea in non-pregnant ewes were reported
35-45 mg/dl (15), 0.7 mmol/l (17), 10 ng/ml (7) and
6.92 mmol/l (23), respectively. The values were va-
ried according to pregnancy, parturition and lactation
(3), stresses (7) and pregnancy toxemia (22). Blood
urea in pregnant ewes is higher than lactating and non-
pregnant ones (22). Blood glucose in pregnant ewes
was lower than non-pregnant and lactating ewes (6).
The values for ketone bodies were also different (16),

but for cortisol values were not (8). There were cor-
relations between glucose and BHB (16, 22), blood
glucose and urea (3) and ketone bodies and urea in
pregnancy toxemia (16). Présence of the correlations
between parameters in pregnancy toxemia not only
show their diagnostic importance, but also creates es-
sential attention in the priority of the disorders occurs
in this disease. Schlumbohm and Harmeyer (2003)
believe that hyperketonemia occurs simultaneously by
hypoglycemia and hypocalcemia. The same results for
urea, glucose and cortisol were concluded by others
(1, 4, 21).

With the consideration of the reported results and
values for relevant parameters either in subclincal or
clinical pregnancy toxemia and in order to present an
appropriate diagnosis, treatment, prevention and pro-
gnosis for pregnancy toxemia in ewes, this study was
conducted by following objectives: 1) Determination
and comparison of the concentrations of blood gluco-
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Summary
A study was conducted to determine the distribution of subclinical pregnancy toxemia by the evaluation of

serum glucose, BHB, urea, and cortisol concentrations in pregnant ewes. Eight hundred and nine blood samples
were collected from 497 pregnant, 242 lambed, and 70 aborted ewes. The concentrations of BHB, glucose and
urea were assessed by spectrophotometer and cortisol by ELISA. Mean urea and BHB concentrations in
pregnant ewes were greater and glucose was lower than in lambed and aborted ewes. Cortisol concentrations
in pregnant ewes were higher than lambed but lower than aborted ewes. Except for BHB, the mean
comparison of parameters showed a significant difference (P < 0.01) in that the concentrations were similar in
all groups. A negative correlation (P < 0.05) in urea concentration was observed between pregnant and lambed
ewes. There were correlations (P < 0.01) between BHB and glucose in pregnant ewes, BHB and cortisol in
lambed ewes and BHB and urea in aborted ewes. Regarding the references, the concentration of BHB
> 0.7 mmol/l is considered as subclinical pregnancy toxemia; the distribution and percent of ewes in pregnant,
lambed and aborted groups were 61 (12.3%), 17 (7%) and 6 (8.57%), respectively. Similarly, for glucose
< 20 mg/dl were 76 (15.3%), 38 (15.7%), 10 (14.3%) and for cortisol > 52 ng/ml were 28 (8.54%), 1 (0.6),
5 (10.2%), respectively. Significant differences were found for the BHB and cortisol groups. The highest
subclinical pregnancy toxemia occurred among pregnant and aborted ewes. Mean comparison of parameters
in the group with BHB > 0.7 mmol/l showed a significant difference (P < 0.01) for urea and cortisol concentra-
tions and in the group of glucose < 20 mg/dl and cortisol > 52 ng/ml showed differences only for the BHB
concentration. Thus it is concluded that hypoglycemia, uremia and high cortisol concentration in late
pregnancy could be considered as subclinical pregnancy toxemia up to 12% that should be seriously
considered in order to support prevention or enact treatment.
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se, BHB, cortisol, and urea in pregnant, lambed and
aborted ewes. 2) Determination of a relationships be-
tween intragroup and intergroups. 3) Distribution and
percentage of probable subclinical pregnancy toxemia
and 4) Determination of priority of parameter abnor-
malities could happen in subclinical pregnancy toxe-
mia.

Material and methods
Flocks and ewes. A total of 809 blood samples was

taken from 497 pregnant ewes (in the last month of pre-
gnancy), 242 lambed ewes (one week after lambing) and
70 aborted ewes that were selected among 145 flocks
located at forty five village in Urmia suburbs in 2005. In
average five pregnant and three lambed ewes were selec-
ted from each herd. If there were aborted ewes in the flocks,
blood samples were also collected from them. Blood
samples were taking mainly early in the morning when
they were in the pen or around the village. They were fed
Lucerne and grass hay.

Sample collection procedure. Samples were taken by
a five ml disposable syringe from Jugular vein of pregnant,
lambed and aborted ewes. Blood were collected in the
10 ml test tubes and were carried immediately to the labo-
ratory centre. Ewes were apparently health with no special
clinical signs, aged over one year old and supplementary
information as location of the village, breeder name, date
of sampling and nutritional program was recorded. Sam-
ples were centrifuged at 3000 g for 15 minutes and serum
was separated to assess the glucose, urea, BHB and corti-
sol concentrations. Blood from aborted ewes were tested
for Brucellosis and were all negative.

Laboratory tests. Blood glucose (mg/dl), urea
(mmol/l) and BHB (mmol/l) concentrations were measu-
red by spectrophotometer (RA-1000, UK) using commer-
cial glucose, urea (Pars Azemon Iran) and BHB (Runbut,
UK) kits. Cortisol (ng/ml) was measured by ELISA using
commercial cortisol kit (Human, Germany).

Statistical method. SPSS software program (Version 13)
and case summaries were used to determine mean, stan-
dard deviation and standard error. ANOVA was used for
comparison of the mean blood parameters among pregnant,
lambed and aborted ewes. Student t-test was carried out for
measuring the difference between blood parameters. Pear-
son correlation test was applied to establish relationship
between parameters under study within and between
groups. Assuming BHB < 0.7 mmol/l (Robinson 1980,
Lacetra et al. 2001), glucose < 20 mg/dl (Ramin et al. 2005)
and cortisol < 52 ng/ml (Henze et al. 1998), the distribu-
tion and percentage of ewes in each group was determined
and analysed by Chi square test to find out the differences
among those distributions. Mean and standard deviation
of other parameters were measured and compared with
ANOVA among those distributions.

Results
Mean ± SE for blood glucose, urea, BHB and corti-

sol concentrations were shown in fig 1. Mean Urea
(fig. 1D) and BHB (fig. 1C) concentrations in pregnant

ewes were greater and glucose (fig. 1A) was lower than
lambed and aborted ewes. Cortisol concentration
(fig. 1B) in pregnant ewes was higher than lambed ewes
but lower than aborted ewes.

Blood parameters showed significant difference
(p < 0.01) in glucose (F = 6.9), urea (F = 7.3) and cor-
tisol (F = 6.7) concentrations but the difference in BHB
among groups was insignificant. The t-test results re-
vealed a difference in glucose concentration between
pregnant and lambed ewes (p < 0.01) and in urea con-
centration between pregnant with lambed and aborted
ewes (p < 0.01). Cortisol concentration in lambed ewes
was significantly (p < 0.01) lower than aborted and
pregnant ewes. BHB concentration demonstrated a sig-
nificant difference between aborted and pregnant ewes
(p < 0.01).
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Fig. 1. Mean ± SE of blood parameter concentrations in
pregnant, lambed and aborted ewes
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Negative correlation was found in urea concentra-
tion between pregnant and lambed ewes (r = �0.14,
p < 0.05). There were also correlations between BHB
and glucose concentrations in pregnant ewes (r =
�0.16, p < 0.01), between BHB and cortisol concen-
trations in lambed ewes (r = 0.25, p < 0.01) and be-
tween BHB and urea concentrations in aborted ewes
(r = 0.28, p < 0.05).

If the concentrations of BHB > 0.7 mmol/l, glucose
< 20 mg/dl and cortisol > 52 ng/ml considered as sub-
clinical pregnancy toxemia, therefore, the distribution
and percentage of ewes in pregnant, lambed and abor-
ted groups was demonstrated in table 1. Chi-Square
tests show significant differences for the BHB and
Cortisol groups only. The highest subclinical pregnancy
toxemia occurs among pregnant and aborted ewes.
Mean comparison of parameters in group with BHB
> 0.7 mmol/l showed significant difference (p < 0.01)
for urea and cortisol concentrations and in group of
glucose < 20 mg/dl and cortisol > 52 ng/ml showed
differences just for BHB concentration (tab. 2).

Discussion and conclusion
Regarding to glucose results being high in aborted

and low in pregnant ewes approve the fact that conti-
nuation of pregnancy aggregates hypoglycemia. The
values reported for glucose (20) was in agreement with
this study for lambed and aborted ewes, but not in preg-
nant ones. The value below 20 mg/dl was considered
as subclinical pregnancy toxemia (17), means ewes in
this study with less than 20 mg/dl must be suspected
to subclinical pregnancy toxemia. Blood glucose is
known as metabolic profile test, thus, it has distin-
guishable value in pregnancy toxemia, retarded growth,
weight loss, production and reproduction defects (16).
It is varied in pregnancy, lactation and non-lactation
(3, 6, 20). This variation is related to nutrition, pro-
duction and reproduction (16). The differences in glu-
cose concentration among pregnant, lambed and abor-
ted ewes reveals the consumption of glucose by fetus
and milk yield, so glucose administration before and
after parturition results reduction in hypoglycemia and
pregnancy toxemia (12).

Mean BHB in pregnant ewes is somewhat more than
lambed and aborted ones. The BHB concentration
should not be exceed 0.7 mmol/l (17) which is consis-

ted in this study. The increase to 0.86 and 1.6 mmol/l
will lead to subclinical and clinical pregnancy toxe-
mia, respectively (4, 10). Hyperketonemia will not
appear clinically unless it accompany by hypoglyce-
mia and hyopcalcemia (13, 19). In other words, there
is a negative correlation between blood BHB and glu-
cose (15, 22). The signs of Hypoglycemia and hyper-
ketonemia are the cause of abortion, brain defects, preg-
nancy toxemia and immune depression (10, 11). Some
believes to neither correlation (1) nor differences
among pregnant, lambed and lactating ewes (3, 7). The
highest BHB distribution over 0.7 mmol/l being
observe in pregnant ewes could be considered as sub-
clinical pregnancy toxemia. Other factors affecting
hyperketonemia include long term starvation, poor
nourishment and reproduction disorders (18) in which
nutrition was known the important one (22).

The highest urea concentration observed in pregnant
ewes. The value was recorded up to 30 mg/dl (16, 23)
which was consistent with our results. Urea produc-
tion rises to 67% during pregnancy and fall to 36%
following parturition and lactation (20) as demonstra-
tes in this study. Dehydration (9) and starvation (5)
result non-clinical uremia, while diarrhea (9), renal
disorders (15) and pregnancy toxemia cause clinical
uremia (16, 22). The reason for high urea concentra-
tion in pregnant ewes could be related to either high
protein metabolism during pregnancy or nutritional
management. In this study, in some pregnant and lam-
bed ewes it reach up to 3 and 2 folds respectively which
are together with hypoglycemia and hyperketonemia,
would be considered as subclinical pregnancy toxemia.
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Tab. 1. Mean ± SE and frequency (No) of blood parameters in pregnant, lambed and aborted ewes with BHB > 0.7, glucose
< 20 mg/dl and cortisol < 52 ng/ml concentrations
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7.0>BHB 116 7.1 2561 **6.5 7.4585 **6.5
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02<esoculG 92.0 *3.3 522 58.0 8.475 96.0
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25>lositroC 942 9.0 723 2.1 65.0 *8.4

Tab. 2. The results of ANOVA in ewes with BHB over 0.7
mmol/l, glucose less than 20 mg/dl and cortisol over 52 ng/ml
concentrations

Explanation: * = p < 0.05, ** = p < 0.01
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Blood cortisol is recorded up to 10 ng/ml (4, 8) which
was inconsistent with the result found in this study. It
increases within hundred days of pregnancy, then re-
duce towards the end of pregnancy and early lactation
(3). Cortisol products following pregnancy, abortion,
parturition (3), poor nutrition (22) and veterinary hand-
ling as it can observe in this study. Henze et al. (1998)
reported cortisol up to 52 ng/ml as subclinical pregnan-
cy toxemia, thus some ewes in pregnant and aborted
groups are suspected to disease. The differences in
blood cortisol among groups underline the rule of stress
in pregnancy and abortion. In individual surveys cor-
tisol level in pregnant and aborted ewes rises up to
200 and 160 ng/ml, respectively as observed by Ford
et al. (1990) in 80% of ewes with pregnancy toxemia.
Cortisol terminates to hypoglycemia, hyperketonemia
and uremia in pregnant ewes (4).

Results of correlations among parameters indicate
a physiological relationship among hypoglycemia,
uremia and cortisol in hyperketonemia. The mecha-
nism could be the substitution of fats and proteins in
energy production, results an increase in urea and BHB
and depletion of glucose in blood, liver and muscles.
These mechanisms are approved in bovine ketosis,
pregnancy toxemia, fat cow syndrome and liver lipi-
dosis (14), while, there is no correlation reported be-
tween glucose and BHB in non-pregnant ewes (16)
but relationship between glucose and urea reports by
others (2).

The ultimate objective of this study is to evaluate
the rate of subclinical pregnancy toxemia based on the
assessment of glucose, cortisol and BHB concentra-
tions as reported in literatures. Urea changes seem to
be not specific following disease. The highest distri-
bution of subclinical pregnancy toxemia based on glu-
cose and BHB levels are related to pregnant ewes
and based on cortisol level is found in aborted ones.
Chi-square result shows high susceptibility of pregnant
ewes to subclinical pregnancy toxemia and also reveals
that the relevant parameters are BHB and cortisol and
then might be glucose and urea. Thus, it can be con-
cluded that subclinical pregnancy toxemia rates in
Urmia pregnant and aborted ewes are 12.3% and
10.2%. The glucose concentration in susceptible preg-
nant ewes declines to subnormal and causes abortion
at the rate of 10.2%. Therefore, adjusting carbo-
hydrates toward the end of pregnancy simultaneously
monitoring BHB and cortisol tests would reduce the
occurrence of subclinical pregnancy toxemia.

References
1.Bickhardt K., Grocholl G., Koning G.: Glucose metabolism in sheep in diffe-

rent reproductive stage and with ketosis using the intravenous glucose tole-
rance test (IVGTT). Zentralbl Veterinarmed A 1989, 36(7), 514-529.

2.Firat A., Ozpinar A.: The study of changes in some blood parameters (glu-
cose, urea, bilirubin, AST) during and after pregnancy in association with
Nutritional conditions and litter size in ewes. Turk Veterinerlik ve Hayvan-
cilik Dergisi 1996, 20(5), 387-393.

3.Firat A., Ozpinar A.: Metabolic profile of pre-pregnancy, pregnancy and
early lactation in multiple lambing Sakiz ewes. 1. Changes in plasma gluco-

se, 3-hydroxybutyrate and cortisol levels. Ann. Nutr. Metab. 2002, 46(2),
57-61.

4.Ford E. J., Evans J., Robinos N. I.: Cortisol in pregnancy toxemia of sheep.
Br. Vet. J. 1990, 146(6), 539-542.

5.Goal T., Mezes M., Miskucka O., Ribiczey S. P.: Effect of fasting on blood
lipid per-oxidation parameters of sheep. Res. Vet. Sci. 1993, 55(1), 104-107.

6.Hamadeh M. E., Bostedt H., Failing K.: Concentration of metabolic para-
meters in the blood of heavily pregnant and nonpregnant ewes. Berliner and
Munchener Trierarztliche wochenschrift 1996, 109(3), 81-86.

7.Henze P., Bickhardt K., Fuhrmann H., Sallmann H. P.: Spontaneous Preg-
nancy toxemia (ketosis) in sheep and the role of insulin. Zentralbl Veterinar-
med A 1998, 45(5), 255-266.

8.Houdeau E., Raynal P., Marnet P. G.: Plasma levels of cortisol and oxytocin,
and uterine activity after cervical artificial insemination in the ewe. Reprod.
Nutr. Dev. 2002, 42(2), 381-392.

9. Igbokwe I. O.: Haemoconcentration in Yankasa sheep exposed to prolonged
water deprivation. Small Ruminant Res. 1993, 12(1), 99-105.

10.Lacetera N., Bernabucci U., Ronchi B., Nardone A.: Effects of subclinacal
pregnancy toxemia on immune response in sheep. Am. J. Vt. Res., Sep. 2001,
62(9), 1446-1449.

11.Lacetera N., Franci O., Scalia D., Bernabucci U., Ronchi B., Nardone A.:
Effects of nonesterified fatty acids and BHB on functions of mononuclear
cells obtained from ewes. Am. J. Vet. Res. 2002, 63(3), 414-418.

12.Lemosquet S., Rideau N., Rulquin H., Farerdin P., Simon J., Verito R.: Effect
of a duodenal glucose infusion on the relationship between plasma concen-
tration of glucose and insulin in dairy cow. J. Dairy Sci. 1997, 2854-2865.

13.Marteniuk J. V., Herdt T. H.: Pregnancy toxemia and ketosis of ewes and
does. Vet. Clin. North Am. Food Anim. Pract. 1988, 4(2), 307-315.

14.Palmer M. V., Smith S. C.: Hepatic lipidosis in Pregnant Captive American
bison (bison-bison). 2002, 14(6), 542-550.

15.Radostits O. M., Gay C. C., Blood D. C., Hinchcliff K. W.: Veterinary Medi-
cine, 9th Edn, Harcourt Publishers Ltd, London 2000, 1417-1420.

16.Ramin A. G., Asri-rezaie S., Majdani R.: Correlations among serum glucose,
beta-hydroxybutyrate and urea concentrations in non-pregnant ewes. Small
Ruminant Res. 2005, 57, 265-269.

17.Robinson J. J.: Energy requirements of ewes during late pregnancy and early
lactation. Vet. Rec. 1980, 106(13), 282-284.

18.Rook J. S.: Pregnancy toxemia of ewes, does, and beef cows. Vet. Clin. North
Am. Food Anim. Prac. 2000, 16(2), 293-317.

19.Schlumbohm C., Harmeyer J.: Hypocalcemia reduces endogenous glucose
production in hyperketonemic sheep. J. Dairy Sci. 2003, 86 (6), 1953-1962.

20.Shetaewi M., Daghash H. A.: Effects of pregnancy and lactation on some
biochemical components in the blood of Egyptian Coarse-woolewes. Anisti-
tute Vet. Med. J. 1994, 30(59), 64-73.

21.Wastney M. E., Arcus A. C., Bickerstaffe R., Wolff J. F.: Glucose tolerance in
ewes and susceptibility to pregnancy toxemia. Aust. J. Biol. Sci. 1982, 35(4),
381-392.

22.West H. J.: Maternal under nutrition during late pregnancy in sheep. Its
relationship to maternal condition, gestation length, hepatic physiology and
glucose metabolism. Br. J. Nutr. 1996, 75(4), 593-605.

23.Zadnik T., Pengov A., Mijovic A., Lipuzic E., Pogacnik M.: Somatic cell
count and ewe milk composition. PrviSlovenski Veterinarski Kongres 1993,
pp. 18-20.

Author�s address: Ali-Gholi Ramin, Associate professor of the Large
Animal, Internal Medicine, Veterinary College, Urmia University, College
of Veterinary Medicine, Urmia University, P.O.Box 1177, Urmia, Iran;
e-mail: aligholiramin@yahoo.com


