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Eighty-four foals of different breeds (Thoroughbred, Standardbred, German
Warmblood), aged 5-6 months, were used in a study to evaluate the effects of
weaning, sex, breed on haematological, metabolic and hormonal parameters. The
values of leukocytes, neutrophils, red blood cells, haemoglobin, packed cell volume,
platelets, activity of y-GT and concentrations of cholesterol, cortisol and thyroxin
rose on day 1 after weaning, while the percentages of eosinophils, lymphocytes and
serum concentration of triglycerides decreased one day following weaning. These
parameters returned to pre-weaning values on day 14 post-weaning except serum
cholesterol, which fell to a significantly lower level on day 14 post-weaning than
pre-weaning value. Serum alkaline phosphatase declined markedly on day 14 post-
weaning. The most pronounced rise was observed for cortisol (51%) and thyroxin
(40%) values. Females presented higher mean corpuscular haemoglobin
concentration and cortisol concentration than males (P<0.05). German Warmblood
foals presented a less-altered picture following weaning as compared with
Thoroughbreds and Standardbreds. It is concluded that foals respond immediately to
weaning, which may lead to suppression of the activities of bone cells i.e.,
osteoblasts. In addition, serum concentrations of cortisol and thyroxin influence one
another in weanling foals. The Thoroughbred foals appear to be the most sensitive

to weaning.
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INTRODUCTION

Recently our understanding of interaction between
neuroendocrine pathway and immune related inflammatory
reactions has expanded immensely (Suradhat, 2005).
Physiological, molecular and cellular studies proved that
nervous, immune and endocrine systems are not
individual entities rather they interact with each other for
proper maintenance of body functions including stress
responses (ThyagaRajan and Priyanka, 2012). The central
nervous system (CNS) responds to stress by signaling
target cells of the immune system through autonomic and
neuroendocrine pathways (Lorton et al., 2006).

Weaning is a stressful event in a foal’s life that
normally occurs during rapidly growing phase of animal
with the requirement of significant nutritional input. In
various species such as rabbits (Bonanno et al., 2004) and
lambs (Bimczok et al., 2005) abrupt weaning has led to
weight loss, which lasts for a considerable time period.
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But complexity of weaning can trace back to the fact that
it results in a number of physiological challenges that may
have prolonged effects on foal welfare (Moons et al.,
2005). Research has proved that well-chosen weaning
time for foal is 4.5 and 6.0 months (Warren et al., 1998).
Weaning elicits an immediate and somewhat short-lived
acute stress response in the calf. The effects serve to
enhance, rather than suppress, the immune response by
means of a heightened inflammatory response and cellular
mobilization (O’Loughlin et al., 2011). Many studies further
prove that secretion of many neuroendocrine hormones is
affected by the stress, especially glucocorti- coids, which
lead to immune system suppression (Li et al., 2012).

The present study was carried out to investigate the
effects of weaning on haematologic, metabolite and
hormone parameters in foals from 4 days pre-weaning to
14 days after weaning. Besides weaning, the effects of
sex, breed and farm were also evaluated in weanlings on
selected blood profile.



MATERIALS AND METHODS

Foals: Eighty-four foals (46 females; 38 males), aged 5 -
6 months, from three breeds (Thoroughbred, Standardbred
and German Warmblood) were used in this study. The
foals belonged to five different stud farms located in
Nordrhein Westfalen state of Germany. All foals available
on these farms were included in the study with the consent
of farm owners. The management and nutritional
conditions were intensive and comparable to a large
extent. All candidates of weaning were found clinically
healthy throughout study. All foals were weaned abruptly
and were unable to see their dams.

Sampling and analyses: Five blood samples were
collected from each foal as per schedule: Day -4: 4 days
before weaning; Day —2: 2 days before weaning; Day -1:
one day before weaning; Day 1: one day after weaning;
Day 14: 14 days after weaning. Blood samples were
collected between 7% and 9% in the morning. A 10 ml
blood was collected by the jugular venipuncture in a
heparinized monovette tube, 2 ml in Fluoride-EDTA
labelled tube and twice in 4.9 ml serum gel tubes. The
blood was allowed to clot and centrifuged at 3000 rpm for
10 minutes for serum separation. The serum samples were
frozen at -20°C until analysed. All haematological and
biochemical tests except hormone profiles were performed
at the same day.

Other than differential leukocyte counts (Table 1) all
haematological parameters were measured with automated

haematology system using a Technicon H1™. Differential
leukocytes counts were performed manually (blinded and
in randomized order). Serum activities of alkaline
phosphatase (AP) and gamma - glutamyltransferase (y-
GT) and serum concentrations of cholesterol and
triglycerides were determined with a spectrophotometer
using test kits. Serum levels of cortisol and thyroxin (T4)
were measured with enzyme immunoassay using test kits.

Statistical analysis: Mean + SD values and ranges of
various parameters were computed. Each parameter
studied was tested for normal distribution by the
Scharpio-Wilk and Kolmogrove — Siminov tests. The
effects of possible risk factors (weaning, sex, breed and
farm) were tested on all parameters studied. A general
linear model (GLM) multivariate repeated-measures test
was used for Gaussian parameters. Different functions
were attempted to transform non-Gaussian parameters
(neutrophils, eosinophils, red blood cells, monocytes,
MCHC, y-GT and cholesterol) but no function was
sufficient. The non-Gaussian parameters were therefore
tested by Wilcoxon’s test. Difference at P<0.05 was
accepted as significant. The ‘r’ values between serum
concentration of cortisol and all other parameters under
study were worked out with help of Spearman’s
correlation coefficient.

RESULTS

Mean+SD and ranges of all parameters studied in
total contingent of foals are presented in Table 1.
Percentiles of all parameters in the total contingent of
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foals are presented in Table 2. Because of values of all
parameters did not show important pre-weaning variation
for any foal, only the values for D-1 are shown. P values
for the effects of the risk factors are in Table 3.
Correlation  coefficients between serum  cortisol
concentration and all other parameters are presented in
Table 4. Most parameters that were altered on day +1
returned pre-weaning values on day +14 except serum
cholesterol. Serum cholesterol rose on D+1 after weaning
and thereafter fell to a significantly lower level than
preweaning values. Alkaline phosphatase was not changed
on D+1 but markedly declined on day +14. The most-
pronounced rises were found by serum cortisol (51%) and
thyroxin (40%) concentrations following weaning. Sex
affected MCHC and serum cortisol values significantly
(P<0.05): females had higher MCHC and cortisol values
than males.

DISCUSSION

The values of all haematological, metabolic and
hormone parameters recorded in this study did not show
significant variations during pre-weaning period. These
values were largely comparable with physiological ranges
for corresponding age groups, as reported in literature
(Grondin and Dewitt, 2010). There are reports of
relatively higher numbers of platelets in 5 and 6 months
old foals, while at the same age there are changes in
salivary cortisol, heart rate and behavioural markers of
stress in foals (Moones et al., 2005).

The findings of increased neutrophil/lymphocyte ratio
(N:L) with concomitant leukocytosis, neutrocytosis,
lymphopenia and eosinopenia following weaning
represented a typical ‘stress picture’ in foals especially
when both neutrophil (r = +0.29) and lymphocyte (r = -
0.28) counts are correlated with serum cortisol levels. The
hypothalamic - adrenohypophyseal - axis and the immune
system have manifold interactions. A central feature of
stress is release of adrenocorticotropic hormone (ACTH)
from the anterior pituitary gland, which regulates cortisol
secretion by the adrenal glands. The pituitary-adrenal
response is stimulated typically by emotional
perturbations such as uncertainty or social dislocation
(Dantzer, 2004). Stress-induced elevation of ACTH has a
direct effect on the immune system and reduces
differentiation and proliferation of T- and B lymphocytes
(Aoki et al., 1990). Abrupt weaning can lead to increased
plasma cortisol and noradrenaline concentrations that
were complemented by attenuation of in vitro interferon-
gamma production to novel mitogen and antigen
complexes up to 7 d after weaning (Hickey et al., 2003).
A contradict view given by (Magistrelli et al., 2012) is
difference observed in cortisol level that may not be due
to stress but because of metabolic changes develop after
diet change.

Increase in the number of neutrophils might be
explained as result of demargination of cells from bone
marrow caused by cortisol (Pyne, 1994). Significant
increases in the numbers of leucocytes and neutrophils
with a decrease in lymphocytes have also been observed
in response to stress in pigs (Dalin et al., 1993). The
profound increase in neutrophil number and N: L ratio
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Table I: Mean£SD and ranges of all hematologic, metabolite and hormone parameters in all foals throughout study period

Analyte (unit) Pre-weaning Period

Post-weaning Period

Day-4 Day-2 Day-| Day | Dayl4
Bands (%) 0.49+1.14 0.62+1.80 0.57£1.61 0.42+1.19 0.23+0.82
0-7) (0-14) (0-12) (0-9) (0-6)
Basophils (%) 0.49+0.53 0.64+0.59 0.62+0.62 0.63+0.68 0.60+0.52
(0-2) (0-2) (0-2) (0-2) (0-2)
Eosinophils (%) 1.17£0.97 1.35%1.31 1.21£1.05 0.82+0.87* 1.08+0.87
(0-6) (0-7) (0-5) (0-4) (0-4)
Hematocrit (%) 35.81+3.17 36.011+2.98 36.77+2.92 37.69+3.76* 37.72+5.29
(29.1-42.9) (28.9-43.6) (29.8-43.2) (31.9-47.9) (27.8-48.9)
Hemoglobin (mmol/l) 7.81£0.70 7.89+0.68 8.12+0.83 8.12+0.83* 8.20+1.04
(6.39-9.12) (6.27-9.87) (6.46-10.55) (6.95-10.92) (6.58-10.43)
Leucocytes (k/ul) 11.10£2.54 10.93+2.36 11.41£2.27 12.41+2.84* 11.52£2.00
(5.65-24.25) (5.25-22.66) (7.31-22.88) (7.57-25.65) 7.00£17.92
Lymphocytes (%) 45.93+£7.40 46.81+8.80 45.5616.83 38.31+6.68* 44.9946.62
(24-68) (21-73) (27-64) (24-52) (28-58)
MCV (fl) 36,50+2.17 36.59-1.98 36.61+2.07 36.35+2.52 36.54+2.35
(31.4-40.4) (32.2-40.5) (31.8-40.6) (29.5-40.7) (32.0-40.4)
MCH (pg) 12.88+0.66 12.94+0.65 12.93£064 12.97+0.64 12.86+£0.70
(11.6-13.9) (11.3-14.2) (11.6-14.2) (11.6-14.1) (11.3-14.0)
MCHC (mmol/l) 21.95+0.81 22.00+0.68 21.98+0.81 22.19+1.27 21.92+1.07
(20.23-23.96) (20.67-23.71) (20.55-24.08) (20.42-26.38) (20.17-24.27)
Neutrophils (%) 47.04+7.85 46.03+8.51 46.85+6.78 54.51+7.04*% 48.16+6.46
(30-67) (27-74) (34-64) (41-71) (36-66)
Neutrophils/ 109:100 106:100 107:100 150:100 112:100
lymphocyte ratio
Platelets (k/ul) 182.5+41.1 174.9+43.7 175.0£42.1 190.0+40.0* 187.8+43.7
(61-323) (64-287) (36-272) (78-290) (87-323)
RBC (m/pl) 9.82+1.06 9.84+0.91 10.06+1.02 10.34x1.73*% 10.4£1.73
(7.69-12.42) (7.56-12.36) (8.08-12.71) (8.39-13.92) (7.39-14.90)
AP (U/1) 523+147 543+143 541146 531149 445+80*
(315-1241) (351-1204) (329-1168) (258-1274) (314-793)
Cholesterol (mmol/l) 2.49+0.45 2.53+0.40 2.57+0.57 2.71+0.57* 2.2740.56*
(0.041-0.100) (0.043-0.092) (0.049-0.11) (0.048-0.108) (0.034-0.102)
v-GT (U/l) 9.41+4.57 9.055.15 9.70£5.59 11.38+5.62* 10.724£5.95
(2.0-22.0) (1.0-26.0) (1.0-29.0) (1.0-34.0) (1.0-32.0)
Triglycerides (mmol/l) 0.298+0.10 0.300+0.10 0.279+0.09 0.225+0.10* 0.2620.1 1
(0.088-0.528) (0.066-0.539) (0.099-0.52) (0.088-0.605) (0.099-0.682)
Cortisol (ng/ml) 22.01+£7.98 22.77+8.55 21.86+8.39 33.20+8.40* 22.77+8.05
(7.0-41.0) (6.4-41.3) (7.0-50.5) (5.5-60.0) (0.0-53.20)
Thyroxin (ng/ml) 24.94+£10.86 23.88%11.22 22.61x11.15 31.72+12.88% 24.31%7.55
(6.4-56.9) (5.0-55.0) (5.60-56.9) (11.5-72.30) (11.0-53.6)

Asterisk indicates significantly (P<0.05) different values from previous observation. Values in parenthesis indicate range values.

Table 2: Percentiles of all parameters studied in 84 foals of various
breeds under study

Analytes Day around weaning
D -l D +1 D +14
5Lh Solh 75(h Srh So(h 75(h 5Lh Solh 75(h
Hematologic
Bands (%) 0 005 0 0 05 0 0 0
Basophils (%) 0 0 0 | 0 [ | |
Eosinophils (%) o I 1 0 | [ I |
Hematocrit (%) 34 36 38 34 38 40 34 38 42
Hemoglobin (mmol/l) 12 13 14 12 13 14 12 13 14
Leukocytes (k/ml) 10 12 12 11 12 14 10 12
Lymphocytes (%) 42 46 52 34 38 44 40 45 50
MCV (fl) 32 37 38 35 36 38 35 37 38
MCH (pg) 13 13 14 13 13 13 12 13 13
MCHC (mmol/l) 35 36 37 35 36 37 34 35 36
Monocytes (%) 2 5 5 3 5 5 3 5 6
Neutrphils (%) 42 45 50 49 54 59 43 48 53
Neutrophil:lymphocyte 83 98120111 141 174 88 103 130
Platelets (k/pl) 156 177206169 186 212164 190 210
RBC (m/ul) 9 1010 9 10 Il 9 10 12
Metabolic
AP (U/l) 435 517601433 513 599391 440 498
Cholesterol (mmol/l) 15 21 26 27 33 40 I8 22 26
GGT (U/l) 7 912 8 10 13 7 10 12
Triglycerides (mmol/l) 20 24 30 14 20 26 19 24 31
Hormonal
Cortisol (ng/ml) 15 21 26 27 33 40 18 22 26
Thyroxin (ng/ml) 15 19 29222 30 39 19 23 28

together with reduced lymphocyte number in calves post-
weaning suggests that the first may be more subtle to
weaning stress. Within 24 hours, there was considerable
increase in neutrophil numbers that was returned to
baseline by day 11 (O’Loughlin et al., 2011). Blanco et al.
(2009) and (Lynch et al., 2010) reported increased
neutrophil percentage following weaning. Likewise,
eosinophil elevation was observed in horses in stress
period after strenuous exercise (Adamson and Slocombe.,
1995).

In the present study, Thoroughbred solely contributed
elevations in red blood cell parameters following
weaning. These results are in agreement with (Qureshi et
al., 2002) who reported significantly increased RBC, Hb
and PCV in response to mental stress in human beings. It
is assumed that Thoroughbreds are probably more
sensitive to corticosteroid induced haemoconcentration
and activation of erythropoiesis than other breeds.
Platelets elevated significantly (P<0.5) on day 1 following
weaning. These results correspond with (Qureshi et al.,
2002) who reported an appreciable increase with
difference (7270.27 + 928.82) in platelets in response to
mental stress in human beings. O’Loughlin et al. (2011)
also observed increased platelets numbers while working
with post weaning calves.



Table 3: P values for risk factors from repeated-measures general
linear models of parameters considered possible indicators of stress in
84 weaned foals under study.

Outcome Risk Factors
Breed Sex Weaning Farm
Hematologic:
Bands 0.0l 0.16 0.20 0.00
Basophils 0.00 0.47 0.42 0.00
Eosinophils 0.00 0.73 0.00 0.00
Hematocrit 0.00 0.60 0.00 0.00
Hemoglobin 0.00 0.34 0.00 0.00
Leucocytes 0.19 0.24 0.00 0.09
Lymphocytes 0.06 0.41 0.00 0.13
MCV 0.00 0.192 0.71 0.00
MCH 0.00 0.644 0.19 0.00
MCHC 0.0l 0.0l 0.80 0.00
Monocytes 0.00 0.88 0.22 0.00
Neutrphils 0.09 0.38 0.00 0.23
Platelets 0.06 0.88 0.067 0.02
RBC 0.00 0.17 0.00 0.00
Metabolic:
AP 0.10 0.30 0.00 0.19
Cholesterol 0.00 0.27 0.00%* 0.00%*
GGT 0.04 0.89 0.00 0.13
Triglycerides 0.36 0.74 0.00 0.41
Hormonal:
Cortisol 0.69 0.01 0.00 0.40
Thyroxin 0.00 0.55 0.00 0.00
Table 4: Spearman’s correlations between serum cortisol

concentration and all other parameters in 84 foals under study

Days around weaning

Parameters D-1 D+l D+14
Hematologic:
Bands 0.02 0.11 0.17
Basophils 0.12 0.95 0.78
Eosinophils 0.49 0.20 0.01
Hematocrit 0.67 0.08 0.40
Hemoglobin 0.73 0.03 0.26
Leucocytes 0.35 0.21 0.21
Lymphocytes 0.27 0.19 0.05
MCV 0.16 0.72 .028
MCH 0.88 0.72 0.05
MCHC 0.49 0.33 0.71
Monocytes 0.00 0.16 0.77
Neutrphils 0.79 0.05 0.08
Platelets 0.50 0.82 091
RBC 0.98 0.02 0.94
Metabolic:
AP 0.61 0.74 0.41
Cholesterol 0.02 0.89 0.25
v-GT 0.94 0.39 0.54
Triglycerides 0.38 0.08 0.40
Hormonal:
Thyroxin 0.25 0.51 0.05

Spearman’s correlations (r; in bold indicates 2-tailed P<0.05.

In newborn and very young horses normally two
different AP isoenzyme fractions appear in serum: liver
and bone AP (Thorén-Tolling, 1988). Many studies
suggest that approximately 60% of total AP is derived
from bones in foals up to one year old (Lepage et al.,
1993; Price et al., 1995). Glucocorticoides have strong
suppressive effect on bone (Kim et al., 2006) likewise a
marked decline (15%) in AP in the present study could be
attributed to the suppression of the activity of bone cells
(osteoblasts). In foals early weaning could have strong
negative effects on bone mineral content (BMC) if growth
parameters are taken into consideration (Reichmann et al.,
2004). Further research should be performed in order to
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establish the effect of weaning on bone metabolism in
foals with the help of a more specific biochemical marker.

In all species and particularly in horses, y-GT is
regarded to be as a general indicator of hepatobiliary
implications rather than a marker of cholestasis and there
are indications that in some cases elevations might be
associated with bile duct proliferation. However, a
consistent but moderate elevation (9.70 to 11.38) in serum
activity of y-GT might be due to hepatobiliary
involvement and/or an abrupt change in the postweaning
diet.

Serum cholesterol levels markedly increased one day
after weaning, but thereafter, declined significantly below
preweaning values, whereas serum triglycerides exhibited
a moderate decline on day 1 postweaning. Although the
modulatory effect of dietary fatty acid composition and/or
cholesterol intake on plasma lipid profiles and serum
cholesterol levels, as well as cholesterol synthesis has
been well documented in humans and animal species at
weaning (Cavender et al., 1995; Hugi and Blum 1997), a
change in the post weaning diet as the source of these
traits in the present study can only be speculated because
we did not quantitate serum HDL-, LDL- and very low
density lipoprotein (VLDL)-cholesterol concentrations.

In cattle, pigs and alpacas, cortisol is usually regarded
as an indicator of weaning. Serum concentrations of
cortisol illustrated an acute upswing following weaning,
as reported previously (Mohamed, 2006). However, on
day 14 post weaning, these values returned to preweaning
level. (Mohamed, 2006) reported elevated levels of
cortisol in camels during weaning, which was maintained
until day 3 after weaning, again conform to basal level by
day 5. Since the activities of the sympathoadrenal and
pituitary—adrenal system are commonly considered as an
indicator of state of stress (Mravec, 2011). Thus,
elevations in cortisol in foals might be considered as a
physiological reaction of body to weaning induced stress.

Like glucocorticoids, the synthesis and secretion of
thyroid hormones are also controlled by the hypothalamo-
hypophyseal-system. Serum thyroxin concentrations also
increased following weaning and returned to preweaning
level until day 14 postweaning in the present study.
Carroll et al., (1998) initially noticed no difference in T4
level but after diet change there was appreciable change in
T4 level. Dvorak and Neumannova (1986) reported
increased serum concentration of T4 among piglets in
response of weaning induced stimulated adrenocortical
activity. They suggested that both specific stressor effects
and circulating corticosteroids are responsible for the
changes of T3 and T4 concentrations in blood sera of
stressed animals. Similarly induction of 4, 72 and 168
hours stress in rainbow trout (Onchorynchus mykiss)
produced and acute increase in cortisol and thyroxin level
(Bleau et al., 1996). Similarly, induction of 4 hours stress
produced an acute increase in cortisol and thyroxin
concentrations in white rats (Lischmanov et al., 1987).
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