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Abstract

Negative energy balance can impair the
metabolism of high producing dairy cows and
supplying the glucose, as an energy source;
can prevent the metabolic disorders in these
animals. Hence, we hypothesized that bolus
intravenous glucose administration may
change the concentrations of metabolic hor-
mones in order to prevent and control of meta-
bolic dysfunctions of dairy cows. Twenty five
multiparous Holstein dairy cows were divided
to 5 equal groups containing early, mid and
late lactations, far-off and close-up dry periods.
All cows were received dextrose 50% intra-
venously at 500 mg/kg, 10 mL/kg/h. Blood sam-
ples were collected from all animals prior to
and 1, 2, 3 and 4 after dextrose 50% infusion
and sera were separated to determine glucose,
triiodothyronine (T3), thyroxine (T4), serum
free T3 (fT3), free T4 (fT4), cortisol and
insulin like growth factor-1 (IGF-1). The
decreasing pattern of T3 concentration was
detected in all studied animals following intra-
venous glucose infusion (P<0.05). The signif-
icant increasing pattern of T4 levels was seen
in early and mid lactation cows after glucose
administration (P<0.05). The significant
decreasing pattern of IGF-1 was detected in
mid and late lactations and far-off dry groups
(P<0.05). There were no significant alter-
ations in fT3, fT4 and cortisol concentrations
following glucose infusion in all experimental
groups. In conclusion, bolus intravenous glu-
cose infusion could influence the metabolic
hormones in high producing Holstein dairy
cows. Alterations of metabolic hormones fol-
lowing bolus intravenous glucose administra-
tion indicated that glucose is an important
direct controller of metabolic interactions and
responses in dairy cows during different phys-
iological states. 

Introduction

Glucose blood concentration is considered
to be a direct indicator of energy balance in the

organism. The glucose has an important role
in high producing dairy cows because certain
vitally important cell types and metabolic path-
ways have to rely on glucose as the only energy
substrate.1 In ruminants blood glucose regula-
tion differs from the regulation in most mono-
gastric animals. In ruminants, volatile fatty
acids from the gastrointestinal tract are the
major energy source rather than direct sources
of glucose. Within the ruminants, high produc-
ing dairy cows occupy a special position
regarding the glucose metabolism which is
related to increases in energy requirements
driven by both fetal needs and lactogenesis.2
Primary homeoretic adaptation of glucose
metabolism in the lactating dairy cows leads to
an increased gluconeogenesis in the liver to
direct glucose to the mammary gland for lac-
tose synthesis.3 If the degree of gluconeogene-
sis does not satisfy increased needs in glucose
of dairy cows in the lactation periods, hypogly-
caemia, ketonemia and ketonuria likely
occurs.4
A dairy cow has several and different physi-

ological states during life. A marked dispropor-
tion between dry matter intake, milk yield level
and fetal development in gravid uterus is relat-
ed to negative energy balance takes place dur-
ing some states.5-7 The unique transition from
pregnancy non-lactating to non-pregnancy lac-
tating status can drive metabolism to extremes
and the glucose metabolism has a key role to
prevent the metabolic dysfunction and dis-
eases.2 The changes in circulating concentra-
tions of metabolic hormones and nutritionally-
related metabolites are important signals of
the metabolic state of the animal especially on
the adequacy of nutrient supply in relation to
nutrient utilization.8 Hence, it may be suggest-
ed that metabolic hormones in each metabolic
state of dairy cows are different from other
states. The hormonal activity of thyroid gland
has an important role in the transitional peri-
od for determining the cell metabolism inten-
sity, metabolism of lipids and carbohydrates
and lactation course itself by its thyroid hor-
mones.9,10 A positive correlation was estab-
lished between thyroid hormones in the blood
and energy balance and a negative one
between concentrations of these hormones in
the blood and milk production.8,10 Under the
conditions of a negative energy balance and of
high lipomobilization, the concentrations of
thyroid hormones in the blood were signifi-
cantly lower in transitional period.9,11 Another
regulator of glucose in ruminants is cortisol,
which acts to increase gluconeogenesis from
amino acids. In starving ruminants the gluco-
neogenesis is maintained by elevated levels of
glucocorticoids.12 In lactating ruminants the
rate of hepatic gluconeogenesis and the rela-
tive concentrations of glycogenic precursors
regulate the level of milk production.13 The
flow of glucose into the mammary gland is not

dependent of insulin in ruminants.14 Insulin
like growth factor-1 (IGF-1) also considered as
a metabolic hormone that bind to insulin
receptors and has a key role in metabolism of
glucose in high producing dairy cows.15
Since the cows have several metabolic sates

whit disproportions between energy input and
output, the aim of the present study was to
reveal the effect of glucose, as an energy
source, on metabolic hormones levels at each
state. Hence, the changing pattern of thyroid
hormones, cortisol and IGF-1 was followed
after bolus intravenous glucose administration
in high producing Holstein dairy cows at differ-
ent metabolic states and these changes were
compared together. 

Materials and Methods

Animals

The present experiment was performed
after being approved by the Ethics Committee
of the School of Veterinary Medicine, Shiraz
University. This research was carried out at
winter 2014 on 25 multiparous Holstein dairy
cows from a high producing industrial dairy
farm around Shiraz, Southwest Iran. These
cows were housed in open-shed barns with
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free access to water and shade. The total
mixed rations were formulated and prepared
for all animals according to National Research
Council (NRC) requirements. At this farm, a
dry period of 60 days has been considered. Milk
production was about 10,000 kg for year, an
average of 3.6 of milk fat %, and 3.3 of milk pro-
tein %. All the animals were clinically healthy,
had not history of debilitating disease, and
free from internal and external parasites due
to routine antiparasitic programs at this farm.
Body condition score (BCS) of these animals
were estimated based on 0 to 5 system. Cattle
were divided to 5 equal groups containing
early (30.2±5.7 days after calving, with
3.25±0.25 BCS and 590.00±26.45 kg body
weight), mid (108.1±8.4 days after calving,
with 3.25±0.25 BCS and 586.00±40.98 kg body
weight) and late lactations (184.5±5.7 days
after calving, with 3.5±0.25 BCS and
616.00±27.01 kg body weight), far-off
(281.9±5.4 days after calving, 228.4±8.6 days
of pregnancy, with 3.5±0.25 BCS and
632.00±21.67 kg body weight) and close-up dry

periods (312.1±8.3 days after calving,
255.6±6.3 days of pregnancy, with 3.5±0.25
BCS and 646.00±26.07 kg body weight).

Bolus intravenous glucose adminis-
tration
All experiments were done an hour after

morning meal, at 6 AM, approximately. A 14-
gauge 5.1-cm catheter was secured in the right
jugular vein and used for blood samplings and
dextrose infusions. A blood sample was taken
immediately after catheterization, and dex-
trose 50% (Zoopha®, Parnian Co., Tehran,
Iran) was administered at 500 mg/Kg, during
15 minutes, subsequently.2 Blood samples
were collected from all cows through the fixed
catheter prior to and 1, 2, 3 and 4 after dex-
trose 50% infusion in plain tubes.

Serum biochemical analyses
Immediately after blood collections, sera

were separated by centrifugation for 10 min-
utes at 3000 g and stored at −22°C until

assayed. Glucose was assayed by an enzymatic
(glucose oxidase) colorimetric method
(ZistChem®, Tehran, Iran). Serum triiodothy-
ronine (T3) concentrations were determined
using a competitive enzyme immunoassay kit
(Padtan Elm Co., Tehran, Iran). The intra- and
inter-assay CVs of the assays were 12.6% and
13.2%, respectively. The sensitivity of the test
was 0.2 ng/mL. Serum thyroxine (T4) concen-
trations were measured using a competitive
enzyme immunoassay kit (Monobind Inc.,
Lake Forest, USA). The intra- and inter-assay
CVs of the assays were 3.0% and 3.7%, respec-
tively. The sensitivity of the test was 0.4 mg/dL.
Serum free T3 (fT3) and free T4 (fT4) concen-
trations were determined by the fT3 and the
fT4 ELISA kits (DiaPlus Inc., San Francisco,
USA). The intra- and inter-assay CVs of the fT3
assays were 4.1% and 5.2%, respectively. The
sensitivity of the test was 0.05 pg/mL. The
intra- and inter-assay CVs of the fT4 assays
were 4.5% and 3.7%, respectively. The sensitiv-
ity of the test was 0.05 ng/dL. Serum cortisol
concentrations were determined by Enzyme
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Figure 1. Alterations (mean ± standard deviation) of serum fT3
and fT4 concentrations following bolus intravenous glucose
administration (dextrose 50%; 500 mg/kg during 15 minutes) at
different lactation cycles in Holstein cows (each group contains 5
cows). Different letters indicate significant differences among
groups in each hour (P<0.05).

Figure 2. Alterations (mean ± standard deviation) of serum IGF-
1 and cortisol concentrations following bolus intravenous glucose
administration (dextrose 50%; 500 mg/kg during 15 minutes) at
different lactation cycles in Holstein cows (each group contains 5
cows). Different letters indicate significant differences among
groups in each hour (P<0.05).
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Immunoassay Colormetric method
(AccuBind® ELISA kit; Monobind Inc., CA,
USA). The sensitivity of the test was0.25 µg/dL.
Serum levels of IgF-1 were evaluated by ELISA
kit (ImmunoDiagnosticSystem®) with the
sensitivity equal to 3.1 µg/L.

Statistical analyses
All data are presented as mean ± standard

deviation (SD). Differences among the aver-
ages of concentrations of different serological
factors at similar hours in all groups were ana-
lyzed by one-way ANOVA and the least signifi-
cant difference (LSD) test was used to find dif-
ferences. Repeated Measures ANOVA was used
to evaluate the changing patterns of glucose
and metabolic hormones in each group using
SPSS software (SPSS for Windows, version 20,
SPSS Inc, Chicago, IL, USA). The level of sig-
nificance was set at P<0.05.

Results

Alterations (mean±SD) of serum glucose
and metabolic hormones following intravenous
bolus glucose administration in different
metabolic states of high producing Holstein
dairy cows are presented in Tables 1-3 and
Figures 1 and 2. In all groups, serum glucose
concentrations were increased significantly
after glucose administration. The decreasing
pattern of glucose was seen in late lactation
and far-off dry groups and the glucose levels in
these groups were significantly lower than
other ones (P<0.05; Table 1). At hour zero,
serum concentration of T3 in early lactation
cows was significantly higher than other
groups. The decreasing pattern of T3 concen-
tration was detected in all studied animals fol-
lowing intravenous glucose infusion (P<0.05;
Table 2) but there were no significant alter-
ations in far-off dry group. The base line values

of T4 in early and mid lactation groups were
significantly lower than other ones. The signif-
icant increasing pattern of T4 levels was seen
in early and mid lactation cows after glucose
administration (P<0.05; Table 3). There were
no significant alterations in fT3 concentra-
tions following intravenous glucose infusion
in all experimental groups. The levels of this
hormone following glucose administration in
early lactation group were significantly higher
than other groups (P<0.05; Figure 1). No sig-
nificant alterations of fT4 were detected after
glucose infusion in all experimental groups.
The concentrations of fT4 in far-off dry cows
were significantly higher than other groups at
all hours (P<0.05; Figure 1). There were no
significant changes in cortisol levels following
intravenous glucose infusion in all experimen-
tal groups. The highest and lowest base line
concentrations of cortisol were seen in mid
and late lactation groups, respectively (P<0.05;
Figure 2). At hour zero, as base line level,

                                                                                                                             Article

Table 1. Alterations (mean ± standard deviation) of serum glucose concentrations (mg/dL) following bolus intravenous glucose admin-
istration (dextrose 50%; 500 mg/kg during 15 minutes) at different lactation cycles in Holstein cows (each group contains 5 cows). 

Metabolic state                           Hour 0                               Hour 1                            Hour 2                            Hour 3                     Hour 4

Early lactation                                        88.75±19.37                                292.01±81.03                          253.02±26.47a                          210.23±14.78a                  190.87±9.95a

Mid lactation                                          75.15±11.06                                288.01±35.06                          230.98±24.23a                          190.20±15.85a                  153.51±9.01a

Late lactation                                         91.79±50.57                                255.40±87.89                           89.01±19.01b                            71.34±41.51b                   50.84±35.40b

Far-off dry                                               80.45±50.63                                310.59±69.72                          110.76±26.54b                          100.56±25.24b                  90.71±47.63b

Close-up dry                                           90.47±34.60                                256.01±84.07                          220.34±61.14a                          180.73±57.17a                 150.27±48.32a

Different letters indicate significant differences among groups in each hour (P<0.05).

Table 2. Alterations (mean ± standard deviation) of serum T3 concentrations (ng/dL) following bolus intravenous glucose administra-
tion (dextrose 50%; 500 mg/kg during 15 minutes) at different lactation cycles in Holstein cows (each group contains 5 cows). 

Metabolic state                            Hour 0                             Hour 1                             Hour 2                           Hour 3                      Hour 4

Early lactation                                        141.01±22.15a                            133.63±34.58a                            120.22±24.53                          125.24±34.05                    138.87±30.03
Mid lactation                                           122.61±8.14b                             115.82±12.21b                            110.44±12.48                          112.45±13.89                    122.01±19.22
Late lactation                                          123.25±9.50b                              123.00±9.38b                              122.25±8.46                           118.50±24.55                    123.00±20.44
Far-off dry                                               128.01±20.79b                            129.87±21.11b                            130.25±18.34                          130.42±18.88                    131.04±13.69
Close-up dry                                           126.22±17.75b                            120.03±19.24b                             115.24±6.79                           118.45±13.08                    124.44±39.55
Different letters indicate significant differences among groups in each hour (P<0.05).

Table 3. Alterations (mean ± standard deviation) of serum T4 concentrations (µg/dL) following following bolus intravenous glucose
administration (dextrose 50%; 500 mg/kg during 15 minutes) at different lactation cycles in Holstein cows (each group contains 5
cows). 

Metabolic state                           Hour 0                              Hour 1                               Hour 2                         Hour 3                      Hour 4

Early lactation                                          3.61±0.68a                                  3.89±0.82a                                     3.99±0.44                              4.03±0.45                          4.08±0.61
Mid lactation                                            3.64±0.80a                                  3.73±1.03a                                     3.93±0.83                              3.99±0.50                          3.97±0.41
Late lactation                                           4.11±0.27b                                  4.15±0.34b                                     4.15±0.46                              4.11±0.17                          4.21±0.09
Far-off dry                                                 4.17±0.78b                                  4.19±0.44b                                     4.39±0.62                              4.54±0.88                          4.19±0.71
Close-up dry                                             4.09±1.18b                                  4.10±1.17b                                     4.13±1.08                              3.99±0.76                          3.90±0.71
Different letters indicate significant differences among groups in each hour (P<0.05).
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serum concentrations of IGF-1 in early lacta-
tion and close-up dry cows were significantly
higher than other groups. There were no sig-
nificant changing patterns of IGF-1 after glu-
cose administration in early lactation and
close-up dry cows. However, the significant
decreasing pattern of this hormone was detect-
ed in mid and late lactations and far-off dry
groups (P<0.05; Figure 2).

Discussion and Conclusions

Glucose is a blood parameter defining the
energy metabolism. The metabolism of glucose
in ruminants is different from other mammals.
In ruminants, volatile fatty acids from the gas-
trointestinal tract are the major energy source
rather than direct sources of glucose. Thus,
insulin plays a slightly different role in rumi-
nants vs. non-ruminants, though many aspects
of insulin metabolism are the same.2 Glucose
is a critical nutrient in the postpartum dairy
cow because glucose is used by the mammary
gland for the synthesis of milk.16 Glucose is
also required by a variety of other tissue types,
including those involved in reproduction.17 In
late lactation and far-off dry cows in this study,
serum glucose concentrations were decreased
near to baseline levels at 4th hour after glucose
infusion which indicate the effect of insulin on
clearance of glucose (Table 1). Hence, it may
be stated that these cows had not insulin
resistance. However, serum glucose concentra-
tions at final sampling in other groups were
not reached to base line values. Other
researchers also mentioned that there is
insulin resistance phenomenon in the cows
which are placed in negative energy bal-
ance.2,18 Inability to clear the and utilize the
glucose in dairy cows leads to metabolic disor-
ders such as ketosis and fatty liver, hence, pro-
viding the glucose source in these animals
may protect them from the metabolic prob-
lems.2
Thyroid gland produces the thyroid hor-

mones containing T3 and its prohormone, T4
which are tyrosine-based hormones.
Thyrotropes of the anterior pituitary gland
secrete thyroid stimulating hormone and this
hormone regulates the production of T3 and T4
by follicular cells of the thyroid gland. T4 is the
major circulating thyroid hormone which has a
longer half-life than T3. T4 is changed to the
active T3 and T3 is more potent than T4.
Circulating fT3 and fT4 represent the amount
of T3 and T4 that are not bound to proteins.
Evaluating the fT3 and fT4 can be used to
assess and manage disorders of the thyroid
gland.19
Thyroid hormones are primarily responsible

for metabolism regulation. They increase the
metabolic rate, change protein synthesis, reg-

ulate osteoblasts and nervous system matura-
tion and increase the sensitivity to cate-
cholamine. The proper circulating levels of thy-
roid hormones are necessary to develop and
differentiate all of the cells. These hormones
also are responsible for regulation of protein,
fat, carbohydrate and vitamin metabolism.
Numerous physiological, pathological and
pharmacological stimuli influence thyroid hor-
mone metabolism.20,21
The results of the present study showed that

serum levels of thyroid hormones were
changed following glucose infusion. The sig-
nificant and obvious changing patterns of T3
and T4 were detected in the cows which were
placed in negative energy balance. Hence, it
may be stated that providing the source of
energy, as bolus intravenous glucose, could
resolve the negative energy balance and
change serum levels of thyroid hormones.
Djokovi� et al. detected the hypothyroidal sta-
tus in ketotic cows and the low circulating glu-
cose concentration in these cows.22
Growth hormone is in control of metabolism

in the dairy cow in all stages of lactation.23 The
effect of growth hormone on lactation is dis-
cussed to be only partly direct and instead
mediated by IGF-1.24,25 Receptors for IGF-1 can
be found in all mammary cells and release of
IGF-1 is stimulated by binding of growth hor-
mone to hepatocytes in the liver,12 which is the
main source of circulating IGF-1.26
The concentration of IGF-1 can be seen as

an indicator of the metabolic state of the dairy
cow.27 Abribat et al. showed that the levels of
IGF-1 are lower at the start of lactation and
increase during the whole lactation, inversely
related to milk yield.24 The results of the cur-
rent study showed the decreasing patterns of
IGF-1 in all studied animals. Other researchers
also mentioned acute decreases in circulating
IGF-1 in response to increases in insulin or
glucose.15 It may be suggested that glucose had
the obvious effect on metabolism of this hor-
mone in dairy cows. Damptey et al. showed
that IGF-1 concentration was positively corre-
lated with insulin (r=0.377; P<0.001) and glu-
cose (r=0.249; P<0.05).28 This suggests that
energy status or energy intake may regulate
plasma concentrations of IGF-1. Ciccioli et al.29
also observed a positive correlation between
plasma IGF-1, insulin and glucose concentra-
tions in Angus x Hereford primiparous cows. 
Cortisol is the major stress hormone pro-

duced by the adrenal glands in the ruminant.
Based on our finding the highest levels of cor-
tisol were seen in mid lactation period which
the cows had the high milk yield. It may be
suggested that the negative energy balance in
this period can be considered as a stress factor
to induce the elevation of circulating cortisol.
Hunter et al. mentioned that during the transi-
tion period, cortisol is elevated prior to, during
and following parturition, signifying an

increased release of the adrenocorticotropin
(ACTH).30 A normal response to stressful con-
ditions is activation of the hypothalamic-pitu-
itary-adrenal axis.31 Physiological stressors
cause the release of the hypothalamic corti-
cotropin releasing factor which increases
ACTH.32 During the periparturient period,
stressors are above what the cow normally
experiences, eliciting an increased release of
ACTH.30 Cortisol is the major glucocorticoid
produced by the adrenal cortex in response to
stressful stimuli and also plays a role in glu-
cose regulation.31 However, no significant
alterations of cortisol were detected in all
experimental groups following glucose admin-
istration. 
In conclusion, it may be suggested that

bolus intravenous glucose infusion could influ-
ence the metabolic hormones in high produc-
ing Holstein dairy cows. Alterations of meta-
bolic hormones following bolus intravenous
glucose administration indicated that glucose
is an important direct controller of metabolic
interactions and responses in dairy cows dur-
ing different physiological states. 
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