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Abstract
High-yielding dairy cows develop insulin resistance during the late gestation, which eventually disrupts
the GH-IGF-I axis and cause metabolic and reproductive disorders. The objective of this research was to
determine the effects of dietary pioglitazone (PIO) supplementation, as an insulin sensitizer agent, on
milk yield, plasma metabolite status and GH-IGF-I axis in transitional Holstein dairy cows. Two
experimental groups of twenty multiparous cows were randomly assigned (10 animals/group) and either
fed by basal diet (control) or fed by the basal diet supplemented with 6 mg PIO/ kg body weight (BW)
from d 14 before parturition to d 21 postpartum. The BW and body condition score (BCS), and non-
esteri�ed fatty acids (NEFA), beta-hydroxybutyrate (BHBA), insulin, glucose, GH, and IGF-I concentrations
were measured, weekly. Milk production and composition were also measured weekly during the
postpartum period. The BW and BCS losses were lower in PIO cows than the control (P<0.05). The
percentage and amount of milk fat were decreased and the amount of protein increased only in the �rst
week after calving in the PIO-treated cows compared to the control (P<0.05). Dietary PIO supplementation
increased glucose at calving and insulin concentration at calving and in the �rst week after calving
compared to the control (P<0.05). Plasma concentrations of IGF-I and the ratio of IGF to GH was
increased in PIO group (P<0.05). The mean RQUICKI-BHBA, as insulin sensitivity index, was greater in PIO-
supplemented cows (P<0.05). The �ndings of current study revealed the bene�cial effect of PIO
supplementation on improving insulin sensitivity and also the GH-IGF-I axis. Dietary PIO feeding may
assist in a lower negative energy balance (NEB) and better metabolic and health status in transition dairy
cows.

Introduction
High-yielding dairy cows experience a drastic increment in energy requirements to supply milk production
and fetus growth, during the transition period. The increased energy requirements along with a decline in
feed intake cause different levels of negative energy balance (NEB) (Butler 1998). Due to genetic
selection for higher milk production, the high-yielding dairy cows are more prone to intense NEB and lower
peripheral insulin concentration (Bonczek et al. 1988). At this circumference, the decreased glucose
uptake by insulin-dependent peripheral tissue helps to drive more glucose toward the mammary gland, as
an insulin-independent tissue (Butler et al. 2003). Besides, in line with normal homoerotic changes, the
transition dairy cows are exposed to various levels of insulin resistance which would stimulate
mobilization of body lipid reserves to mitigate the negative consequences of NEB. Meanwhile, the
intensiveness of insulin resistance in the high-producing dairy cows is associated with different
metabolic and reproductive disorders.

Insulin is a crucial metabolic key factor/hormone in coupling the GH –IGF axis and hypoinsulinemia
and/or insulin resistance down-regulates growth hormone receptors 1A (GHR1A) in the liver, which in turn
disrupts the GH– IGF axis (Butler et al. 2003). Decreased GHR1A reduces hepatic and circulatory insulin-
like growth factor-I (IGF-I) production, and may reduce the effect of negative feedback on GH secretion
and increase the concentration of GH secretion (Lucy 2004). An increment of the GH concentration
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enhances hepatic gluconeogenesis and accelerates lipolysis in adipose tissue, which in turn increases the
non-esteri�ed fatty acids (NEFA) concentration (Lucy 2004; Youse� et al. 2016). In a vicious circle,
physiological conditions associated with excessive lipolysis increase insulin resistance causing
susceptibility of dairy cows to metabolic and reproductive disorders (Drackley 1999; Du�eld 2000).

To date, several strategies such as pharmacological methods including thiazolidinediones (TZD) (Smith
et al. 2007; Smith et al. 2009) and insulin (Butler et al. 2003) administration, as well as oral compounds
such as anti-lipolytic vitamin (Pires et al. 2007; Pescara et al. 2010) and unsaturated fatty acids (Mashek
et al. 2002) have been recommended to encounter insulin resistance and excessive lipolysis in
postpartum cows. However, no clear physiological regulator has been identi�ed for the e�cacy of oral
compounds on mitigating insulin resistance. The TZD family is the most powerful peroxisome
proliferator-activated receptors (PPARs) ligand that by activation of their receptors, induces differentiates
in adipose tissue, promotes the secretion of insulin, and decreases the release of FFAs from adipose
tissue, which eventually in�uence the intensity of insulin sensitivity (Houseknecht et al. 2002). In the TZD
class, pioglitazone (PIO) is a synthetic and speci�c drug of PPAR-γ that its effects on improving fat
metabolism, folliculogenesis, and reproductive function have been documented (Youse� et al. 2016).
However, the impact of PIO administration, as an anti-diabetic drug, on recoupling of GH-IGF-I axis in
postpartum dairy cows has not been published. The goal of this study was to explore the impacts of PIO
supplementation during the transition period on milk yield and components, GH-IGF-I axis status, blood
metabolites, hormones, and sensitivity to insulin in dairy cows.

Materials And Methods

Animals and treatments
Twenty multiparous (2-4 parity) Holstein dairy cows with no history of severe clinical disease were
randomly allotted to two experiment groups from two weeks before to four weeks after parturition. The
cows received standard basal diets (Table 1) to meet their nutritional requirements during the pre- and
postpartum period according to NRC (2001).
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Table 1
Ingredients and nutrient content of dairy cows' diets in the pre- and post-calving period (DM basis)

Item Pre-calving diet Post-calving diet

Ingredients (% of DM)    

Alfalfa hay 21.03 12.66

Corn silage 27.26 19.10

Wheat straw 9.71 1.79

Barley grain 8.23 7.08

Corn grain 17.14 15.85

Cottonseed meal - 4.81

Soybean meal 10.40 12.52

Soybean, whole- roasted - 8.05

Beet pulp - 5.49

Wheat bran 3.47 1.79

Corn germ meal - 6.95

Meat meal - 0.39

Fat powder - 0.40

Limestone - 0.59

Magnesium oxide 0.3 0.16

Common salt 0.08 0.40

Sodium bicarbonate - 0.80

Vitamin and mineral premix* 2.38 1.19

Nutrient content    

DM, % 52.48 60.13

NEL (Mcal/kg DM) 1.54 1.66

Ether extract, % 2.76 5.07

CP, % 14.80 17.79

*Contained (per kg): 16,000,000 IU vitamin A; 3,200,000 IU vitamin D; 48,000 IU vitamin E; 24.0 g Fe;
24.0 g Mn; 24.0 g Zn; 12.8 g Cu; 0.32 g Se 1.44 g I;; and 0.32 g Co.

DM, dry matter; NEl, net energy lactation; CP, crude protein; ADF, acid detergent �ber; NDF, neutral
detergent �ber.
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Item Pre-calving diet Post-calving diet

ADF, % 22.60 17.60

NDF, % 37.00 30.5

*Contained (per kg): 16,000,000 IU vitamin A; 3,200,000 IU vitamin D; 48,000 IU vitamin E; 24.0 g Fe;
24.0 g Mn; 24.0 g Zn; 12.8 g Cu; 0.32 g Se 1.44 g I;; and 0.32 g Co.

DM, dry matter; NEl, net energy lactation; CP, crude protein; ADF, acid detergent �ber; NDF, neutral
detergent �ber.

Cows allocation to the experimental groups were balanced based on their previous 305-d mature-
equivalent milk yield, body condition score (BCS), and parity, and were group-housed in shaded outdoor
pens. Treatments were basal diets either supplemented with 6 mg PIO/kg BW/d or without PIO
supplementation as the control group (Youse� et al. 2015; Youse� et al. 2019). Pioglitazone was provided
from Hetero Drugs (India; Batch No: PHD 0510001) as pioglitazone hydrochloride. During the pre- and
postpartum periods, cows fed a total mixed ration (TMR) twice a day (0800 and 1600 hours) for ad
libitum.

Production Performance
Body weight and BCS were recorded weekly. Body condition score assessment was performed using three
experts using a 5-point scale, and the average of the values was used to determine BCS for each cow
(Wildman et al. 1982). Cows were milked three times a day, at 8:00, 16:00, and 24:00. Individual cows'
milk production was measured for each milking time until 21 days postpartum. Weekly milk samples
were collected from all three consecutive daily milking and stored in plastic tubes containing potassium
dichromate at 4°C. Milk samples were tested using MilkoScan (134 BN Foss Electric, Hillerød, Denmark)
for fat, protein, lactose, and total solids. The daily milk yield record was analyzed to calculate the milk
composition.

Plasma Metabolites And Hormone Assays
Blood samples were obtained from the coccygeal vein of all cows on days -14, -7, 0, 7, 14, and 21
relatives to calving using evacuated glass tubes containing EDTA (10.5 mg, Monoject; Sherwood Medical,
St. Louis, MO, USA(. The collected blood samples were kept at 4°C, and within 1h after sampling
centrifuged at 3000×g for 10 min. The harvested plasma was stored at -8°C for follow-up examinations.
Plasma concentration of glucose (ParsAzmoon Co., Tehran, Iran), non-esteri�ed fatty acids (NEFA) and
beta-hydroxybutyrate (Randox Laboratories Ltd., London, UK) were assessed using commercial kits
according to the manufacture's procedures. The NEFA and BHBA inter-assay coe�cients were 6.1 and
4.4%, while their intra-assay coe�cients were 4.3 and 3.9%, respectively. Blood concentrations of insulin
(Diaplus Inc., USA), growth hormone (Monobind Inc Lake Forest, CA, USA), and IGF-1 (Hangzhou
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Eastbiopharm Co., Ltd., USA) were measured using ELISA kits according to the manufacturer's
instructions. Inter-assay and intra-assay coe�cients of variation for insulin assay were 7.5 and 5.4%.

Estimation Of Insulin Sensitivity Index
In this experiment, the revised quantitative insulin sensitivity check index including BHB (RQUICKI-BHB)
were used to determine insulin sensitivity according to the following formula (Balogh et al. 2008):

RQUICKI -BHB = 1/ [log (glucose (mg/dL)) + log (insulin (µU/mL)) + log (NEFA (mmol/L)) +log (BHB
((mmol/L))].

Statistical analysis
The data generated during time (hormones, blood metabolites, BW, BCS) were analyzed using SAS
version 9.2 software and MIXED procedure in a complete randomized block design based on parity with
time as the repeated measure. BW and BCS were analyzed by GLM procedure. Pretreatment
measurements were used as covariates for the respective response variables. Signi�cant differences and
tendencies were declared at P<0.05 and 0.05 ≤ P < 0.10, respectively. The mathematical model was as
follows:

Where Yijk= dependent variable; µ = population mean; Ti= �xed effect of treatment; Pj = effect of parity j;

BW(Xi-
−
X)ij= covariate (body weight); tj = is �xed effect of sampling time j; (T×t)ij= two-way interaction of

treatment i by sampling time j; δ(T)ik= random effect of cow k nested within treatment I; eijk= residual
random error.

Results
The effects of PIO on BW and BCS are presented in Table 2. The mean of post parturition BW in PIO-
treated cows tended to increase compared to the control group (P=0.06). A signi�cant interaction of
treatment × time on BW was detected, where the control cows had lower BW at the second post-
parturition week (Fig. 1). Also, the control cows lost more BW compared to PIO cows during postpartum
period (P<0.05). Although BCS was not affected by feeding PIO, it caused lower BCS loss in PIO-treated
cows compared to control cows (P<0.05).
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Table 2
The effect of Pioglitazone feeding on mean body weight and body condition score of Holstein dairy

cows (n= 10 cows per treatment)
Item Treatments* SEM P value

Control PIO Treatment Time Treatment × time

BW (kg) 643.81 666.47 8.66 0.06 <0.01 0.04

BW loss (kg) 33.01b 24.28a 1.91 <0.01 - -

BCS† 3.34 3.58 0.61 0.79 0.39 0.26

BCS loss 0.98 a 0.73 b 0.05 <0.01 - -

a,b Within the same row, values with different superscripts are signi�cantly different (P<0.05).

PIO= pioglitazone; BW = body weight; BCS= body condition score; SEM = standard error of mean.

†Based on a 5-point scale.

Note: 

*Animals either fed by basal diet (control) or fed by the basal diet supplemented with 6 mg PIO/ kg body
weight (PIO) from d 14 before parturition to d 21 postpartum. BW and BW loss were measured during the
postpartum period; while BCS was measured from 14 days before to 21 days after calving.

The effects of PIO supplementation on milk yield and composition are shown in Table 3. Results showed
that milk production was not affected by the treatments. However, the percentage (P<0.05) and amount
of milk fat (P≤0.08) in the PIO-treated cows were decreased as compared to the control cows. The
signi�cant interaction of treatment × time on the percentage and production of milk protein (Fig. 2)
revealed that PIO supplementation increased milk protein during the �rst week of lactation in PIO cows
than the control cows (P <0.05). However, PIO supplementation had no signi�cant effect on the total milk
protein, lactose, and solids.
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Table 3
The effect of Pioglitazone feeding on milk production and composition of Holstein dairy cows during

postpartum period (n= 10 cows per treatment)
Item Treatments* SEM P value

Control PIO Treatment Time Treatment × time

Milk yield, kg/d 40.02 38.98 2.06 0.72 <0.01 0.63

4% FCM**, kg/d 42.80 39.06 2.03 0.21 <0.01 0.91

Fat, % 4.48a 4.05b 0.11 0.02 <0.01 0.36

Fat, kg/d 1.77 1.56 0.05 0.08 0.02 0.09

Protein, % 3.40b 3.82a 0.10 <0.01 <0.01 0.01

Protein, kg/d 1.35 1.47 0.08 0.30 <0.01 0.01

Lactose, % 4.68 4.61 0.07 0.50 <0.01 0.60

Total solids, % 12.76 12.45 0.15 0.16 <0.01 0.23

Total solids, kg/d 5.08 4.83 0.25 0.48 <0.02 0.66

a,b Within the same row, values with different superscripts are signi�cantly different (P<0.05).

PIO= pioglitazone; SEM = standard error of mean.

*Animals either fed by basal diet (control) or fed by the basal diet supplemented with 6 mg PIO/ kg
body weight (PIO) from d 14 before parturition to d 21 postpartum.

** 4% FCM = fat-corrected milk, calculated as: [0.4 × milk production (kg d−1)] + [15 × fat yield (kg
d−1)].

Effect of PIO supplementation on plasma metabolites and hormones are shown in Table 4. Dietary
inclusion of PIO decreased plasma concentrations of NEFA and BHBA in PIO-treated compared to the
control cows (P <0.05). The interaction of treatment × time on plasma NEFA showed that PIO reduced
NEFA concentrations during the �rst and second postpartum weeks (P<0.05; Fig. 3). PIO supplementation
had no signi�cant effect on plasma concentrations of glucose; however, there was a signi�cant
interaction of treatment× time, where PIO-treated cows had a higher concentration of glucose at calving
(P <0.05; Fig. 4). Plasma insulin concentrations were not different in PIO and control cows; however, the
signi�cant interaction between treatment × time on plasma insulin revealed that PIO feeding increased
the plasma insulin at calving and at the �rst post-calving week (P <0.05; Fig. 5).
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Table 4
The effect of Pioglitazone feeding on blood metabolites, hormones, and insulin sensitivity index in

Holstein dairy cows during transition period (n= 10 cows per treatment)
Item Treatments* SEM P value

Control PIO Treatment Time Treatment × time

NEFA (mmol/L) 0.65a 0.49b 0.04 <0.01 <0.01 0.04

BHBA (mmol/L) 0.70a 0.48b 0.04 <0.01 <0.01 0.15

Glucose (mg/dL) 57.95 59.67 1.82 0.52 <0.01 0.04

Insulin (µIU/mL) 9.76 10.83 0.49 0.13 <0.01 <0.01

GH (µg/L) 3.37 3.23 0.28 0.74 <0.01 0.99

IGF-1 (µg/L) 35.12b 49.95a 3.73 0.02 <0.01 0.97

IGF/GH ratio 17.96b 29.61a 4.59 0.04 <0.01 0.86

IGF/ Insulin ratio 4.53 5.56 0.55 0.20 0.37 0.25

RQUICKI-BHBA index** 0.46b 0.50a 0.01 0.03 <0.01 <0.01

a,b Within the same row, values with different superscripts are signi�cantly different (P<0.05).

PIO= pioglitazone; SEM = standard error of mean; NEFA= non-esteri�ed fatty acids; BHBA= beta-
hydroxybutyrate; GH= Growth hormone; IGF-1= insulin like growth factor-1.

*Animals either fed by basal diet (control) or fed by the basal diet supplemented with 6 mg PIO/ kg
body weight (PIO) from d 14 before parturition to d 21 postpartum.

** RQUICKI-BHBA index= revised quantitative insulin sensitivity check index including BHB, calculated
as: 1/ [log (glucose (mg/dL)) + log (insulin (µU/mL)) + log (NEFA (mmol/L)) +log (BHB ((mmol/L))].

Plasma concentration of GH and the ratio of IGF-I to insulin were not in�uenced by PIO supplementation;
meanwhile, the concentration of IGF-I and the ratio of IGF-I to GH was increased in the treatment group
compared to the control group (P <0.05). Moreover, PIO feeding improved the RQUICKI-BHB index in the
treated dairy cows compared to the control cows (P <0.05). There was a signi�cant interaction of
treatment × time on RQUICKI-BHB index, where it was greater in PIO cows than the control cows at d -7
and +14 relative to parturition (P <0.05; Fig. 6).

Discussion
The health of dairy cows is endangered by metabolic changes around calving (Ospina et al. 2010; Celi
and Gabai 2015). The present study showed that PIO supplementation improved the metabolic
parameters and insulin sensitivity index of dairy cows during the transition period.
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Plasma NEFA concentration is a well-known biomarker of lipolysis (Tordjman et al. 2003). Previous
studies have indicated that TZD administration reduced the plasma NEFA concentration during the
postpartum period (Smith et al. 2007; Smith et al. 2009; Schoenberg and Overton 2011). Ghoreishi (2012)
also showed that supplementation of 4 mg PIO/kg BW was able to reduce the concentration of NEFA. It
has been suggested that TZD supplements decrease insulin resistance by reducing plasma NEFA in dairy
steers (Kushibiki et al. 2001). The effect of PIO supplementation on lowering plasma NEFA concentration
is explained by two potential mechanisms including: 1) increasing dry matter intake during the
postpartum period (Smith et al. 2007; Smith et al. 2009; Ghoreishi 2012) which mitigated NEB, and 2) re-
esteri�cation of fatty acids, reducing mobilization, and stimulating liver capacity for free fatty acids
oxidation (Tordjman et al. 2003; Youse� et al. 2016).

In addition to NEFA, BHBA is another metabolite that is associated with energy balance and liver
functioning in lactating cows (Ospina et al. 2010). In this study, the decrease in BHBA concentration with
PIO intake was consistent with the study of Youse� et al. (2016), who showed that feeding 6 mg PIO per
kg BW decreased plasma BHBA concentration in dairy cows. Smith et al. (2007) also stated that
administration of 2 or 4 mg TZD per kg decreased plasma BHBA concentration. Nevertheless, others did
not �nd plasma BHBA changes (Ghoreishi 2012; Gheise et al. 2018) or even observed higher plasma
BHBA (Smith et al. 2009) after administration of TZDs in dairy cows. Decreased plasma NEFA availability
and increased hepatic capacity for free fatty acids oxidation are the main reasons considered to explain
the reduced BHBA in PIO-supplemented cows (Ide et al. 2000; Allen et al. 2005; Youse� et al. 2016).

In the present study, PIO supplementation had no signi�cant effect on plasma insulin concentration
throughout the study; however, it caused higher plasma concentrations during calving and the �rst week
after calving in PIO-treated cows. In agreement with our results, Schoenberg and Overton (2011) reported
that TZD did not signi�cantly alter plasma insulin concentrations. Although we did not measure the DMI,
increasing dry matter intake has been reported to increase plasma glucose (Wolden-Hanson et al. 2002;
Larsen et al. 2003; Smith et al. 2007; Ghoreishi 2012) which in turn can increase the insulin
concentration. The results of current study showed that PIO supplementation did not in�uenced mean
plasma glucose concentrations, which was in agreement with the results of Smith et al. (2007) and
Ghoreishi (2012); however, the interaction effect of treatment and time on plasma glucose revealed that it
was increased at calving in PIO-treated cows. Consistently, some studies have suggested that
administration of 2 or 4 mg TZD /BW increased the concentration of glucose during the periparturient
period as a result of the increased liver glycogen to triglyceride ratio and hepatic gluconeogenesis (Smith
et al. 2009; Schoenberg and Overton 2011).

The PIO supplementation increased the plasma IGF-1 concentration and the IGF-I to GH ratio, but did not
affect the GH concentration. Consistent results was reported by Youse� et al. (2016), but, Gheise et al.
(2018) stated that PIO supplementation did not affect IGF-I plasma concentrations, likely due to the use
of PIO in short term feeding period (28 days). The high-producing dairy cows experience low plasma IGF-
1 and high GH concentrations during the transition period (Lucy 2004). The uncoupling of the
somatotropic axis in postpartum cows is probably due to a decrease in hepatic growth hormone receptor
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1A (GHR 1A) during the prepartum period (Lucy 2004). Therefore, increasing the GHR 1A receptor and
improving dry matter intake, and reducing the NEB may cause subsequent recoupling of this axis (Butler
et al. 2003). In the present study, NEB indices, such as NEFA and BHBA, were signi�cantly decreased.
These effects were also supported by the previous �ndings showing higher dry matter intake and lower
NEB during the postpartum in TZD-treated cows (Smith et al. 2007; Smith et al. 2009). It could be
postulated that the higher IGF-I concentration per insulin unit in the PIO-supplemented cows is due to the
possible improvement in the response of the liver and other peripheral tissues to insulin. Probably, the
effect of PIO on increasing liver's sensitivity to insulin and more expression of the GHR 1A receptor
resulted in more e�cient IGF-1 production in the liver.

The results also showed that PIO supplementation had no effect on milk production, but it did increase
the percentage of milk fat. In line with this result, Youse� et al. (2016) showed that PIO supplementation
reduced the milk fat percentage in dairy cows. It has been also shown that administration of 4 mg TZD
per kg BW before calving tended to reduce milk fat percentage in dairy cows (Smith et al. 2009). As a
component in�uencing blood fat metabolites and body fat mobilization, it could be postulated that the
reduced milk fat is a consequence of lowering blood NEFA and other fat metabolites that are directly
involved in the milk fat synthesis (Lucy 2004). On the other hand, TZD administration has shown to alter
lipogenic gene networks in bovine mammary epithelial cells (Kadegowda et al. 2009) and therefore could
change de novo fat synthesis in mammary glands. The increased percentage of milk protein in the �rst
week after calving by supplementing PIO is probably due to the increased concentration of colostrum and
milk immunoglobulins, which occurred following improving the immune function of periparturient cows.
This assumption is supported by the results of previous �ndings where TZD administration improved the
immunity of periparturient cows (Revelo and Waldron 2010) and dairy goat (Rosa et al. 2017).

Dietary PIO supplementation reduced BCS and BW loss. Consistent with our �ndings, it has been reported
that cows fed PIO experienced lesser BCS loss during transition period (Smith et al. 2009; Youse� et al.
2016; Gheise et al. 2018). However, no signi�cant effect of TZD on the reduction of BCS and BW losses
also has been reported (Smith et al. 2007; Schoenberg and Overton 2011). The discrepancy between the
literature is likely depends on the TZD level, route of administration or duration of administration. Lower
concentrations of lipolysis indices (NEFA and BHBA) indicate that PIO supplementation potentially
improved the lipid metabolism and thus energy balance. In addition, less energy used to synthesis of milk
fat and possibly more energy income (as dry matter) are other reasons for the reduction in BCS and BW
loss.

Our �ndings indicated that PIO supplementation increased insulin sensitivity index. The RQUICKI-BHB
index is a signi�cant in�uencing factor for the relationship between baseline and dynamic glucose, NEFA,
BHB, and insulin levels in ketotic cows (Djoković et al. 2017). The revised quantitative insulin sensitivity
check Index (RQUICKI) and its modi�ed variant (RQUICKI-BHB) appear to be similarly capable of
estimating insulin sensitivity changes (Balogh et al. 2008). The addition of BHB to the RQUICKI index
would assist in the evaluation of insulin sensitivity in a quicker and more e�cient. Our �ndings showed
that the insulin index increased in PIO- fed cows, which could be due to a decrease in NIFA and BHBA
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concentration. Gheise et al. (2018) and Schoenberg et al. (2011) showed that PIO and TZD treatments did
not affect RQUICKI index. The RQUICKI has a poor distinguishing capacity when it applies to diagnosing
reduced insulin sensitivity in cows, particularly when they are affected by metabolic diseases (Kerestes et
al. 2009). Therefore, it can be assumed that the signi�cant effect of PIO supplementation on insulin
resistance in our study is due to the use of RQUICKI-BHBA values. In addition, PIO supplementation
increased the plasma IGF-1 concentration and the IGF-I to GH ratio, but did not affect the GH
concentration. Consistent results were reported by Youse� et al. (2016), but Gheise et al. (2018) stated
that PIO supplementation did not in�uence IGF-I plasma concentrations, likely due to the use of PIO in the
short term feeding period (28 days). The high-producing dairy cows experience low plasma IGF-1 and
high GH concentrations during the transition period (Lucy 2004). The uncoupling of the somatotropic
axis in postpartum cows is probably due to a decrease in hepatic GHR 1A during the prepartum period
(Lucy 2004). Therefore, increasing the GHR 1A receptor as a results of lower NEB may involve in
recoupling of this axis (Butler et al. 2003).

Conclusion
Insulin resistance in dairy cows is associated with several metabolic and reproductive disorders. Results
of the present study showed that dietary supplementation of PIO improved insulin sensitivity index and
IGF-I to GH ratio. Moreover, the �ndings indicated that PIO supplementation in�uenced energy output and
lipolysis by reducing milk fat, and decreased plasma concentrations of NEFA and BHBA. These
observations along with lower BW and BCS loss are emphasized on the mitigating effects of PIO on NEB
in dairy cows.
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Figures

Figure 1

The effect of pioglitazone on body weight in Holstein dairy cows during the postpartum period.

Note: Within each time point, values with different superscripts (a,b) are signi�cantly different (P<0.05).
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Figure 2

Effect of pioglitazone on milk protein percentage in Holstein dairy cows during postpartum period.

Note: Within each time point, values with different superscripts (a,b) are signi�cantly different (P<0.05).
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Figure 3

Effect of pioglitazone on plasma NEFA concentration in Holstein dairy cows during transition period.

Note: Within each time point, values with different superscripts (a,b) are signi�cantly different (P<0.05).
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Figure 4

Effect of Pioglitazone on plasma glucose concentration in Holstein dairy cows during transition period.

Note: Within each time point, values with different superscripts (a,b) are signi�cantly different (P<0.05).
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Figure 5

Effect of Pioglitazone on plasma insulin concentration in Holstein dairy cows during transition period.

Note: within each time point, values with different superscripts (a,b) are signi�cantly different (P<0.05).
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Figure 6

Effect of Pioglitazone on RQICKI-BHBA index in Holstein dairy cows during transition period.

Note: Within each time point, values with different superscripts (a,b) are signi�cantly different (P < 0.5)


