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ABSTRACT

We tested the hypothesis that hypothalamic-pitu-
itary activity, bioassayed by LH pulse frequency, in
dairy cattle during early lactation is related to mea-
sures of energy status and to circulating profiles of free
fatty acids (FFA), insulin, insulin-like growth factor-I
(IGF-I), leptin, and growth hormone (GH). On d 14
postpartum, before first ovulation and during the period
of negative energy balance (−23.4 ± 2.4 Mcal/d of metab-
olizable energy), blood plasma was sampled from 18
multiparous cows at 10-min intervals for 8 h. All sam-
ples were assayed for LH and GH and hourly samples
were assayed for FFA, insulin, IGF-I, and leptin. Milk
yield and composition, body condition score, and energy
balance were also measured. Frequency of LH pulses
was correlated positively with energy balance (r = 0.51)
and plasma leptin concentrations (r = 0.73), and nega-
tively with milk fat content (r = −0.52). Amplitude of
the LH pulses was correlated only with leptin (r = 0.53).
Frequency of GH pulses was not correlated with any
measure of LH secretion, but was correlated negatively
with plasma concentrations of insulin (r = −0.62) and
IGF-I (r = −0.61). First ovulation was observed 34 ± 4
d after parturition. These observations reveal an im-
portant linkage between pulsatile LH secretion and
blood leptin concentrations during the early postpar-
tum period in dairy cows, when their energy balance
is negative, and may explain the delay in ovulation.
Key words: postpartum anovulation, negative energy
balance, growth hormone resistance, negative feedback
of insulin-like growth factor-I

INTRODUCTION

In dairy cows during early lactation, the combination
of a high rate of milk secretion with limited feed intake
leads to a negative energy balance. In an attempt to
meet the high energy demand for lactation, postpartum
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dairy cows rely on the mobilization of adipose tissue,
and they often lose 60% or more of their body fat in the
first few weeks after calving (Tamminga et al., 1997).
This rapid mobilization of fat is a major risk factor for
prolonged anovulatory periods; the delay from parturi-
tion to the beginning of recovery of energy balance is
positively correlated with the interval from parturition
to first ovulation (Zurek et al., 1995).

Negative energy balance during early lactation is as-
sociated with changes in the major metabolic hormones,
with reduced plasma concentrations of insulin, IGF-I,
and leptin, and increased secretion of growth hormone
(GH; Beam and Butler, 1998; Kadokawa et al., 2000;
Butler et al., 2003). These hormones are thought to act
at hypothalamic, pituitary, and ovarian levels, linking
changes in reproductive activity to changes in energy
balance. For example, IGF-I is a good predictor of the
capacity of energy-restricted cows to resume cyclicity
(Roberts et al., 1997), and presence of anovulatory folli-
cles is associated with low plasma concentrations of
IGF-I (Beam and Butler, 1998). Insulin and IGF-I stim-
ulate steroidogenesis and proliferation of theca and gra-
nulosa cells in vitro (Spicer and Stewart, 1996). Leptin,
the concentrations of which decrease during early lacta-
tion, is associated with abnormalities in ovarian cy-
clicity in early postpartum cows (Kadokawa et al.,
2000).

The key driver of the resumption of ovulation during
the postpartum period is the increase in LH pulse fre-
quency that, in turn, is controlled by an increase in
GnRH pulse frequency (Beam and Butler, 1998). There
is some indirect evidence suggesting that insulin, IGF-
I, and leptin are, either individually or in synergy, in-
volved in the stimulation of GnRH–LH secretion during
recovery of energy balance (Liefers et al., 2005), but
none of these metabolic hormones have been directly
linked to the control of the pulsatile secretion of LH
(and thus, GnRH).

We therefore tested the hypothesis that, in dairy cat-
tle during early lactation, the activity of the hypotha-
lamo-pituitary axis, as measured by the LH pulse fre-
quency, would be correlated with the plasma concentra-
tions of insulin, IGF-I, and leptin, and with the
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frequency and amplitude of pulsatile GH secretion. In
addition to these metabolic hormones, FFA and milk
fat (reflecting the rate of mobilization of fat reserves)
and other measures of energy status were measured to
test whether they are potential predictors of a suppres-
sion of pulsatile GnRH–LH secretion.

MATERIALS AND METHODS

Cows and Procedures

All procedures used in this experiment were approved
by the Animal Care and Use Committee of National
Agricultural Research Center for Hokkaido Region
(Sapporo, Japan). Eighteen multiparous Holstein dairy
cows (parity = 2.9 ± 0.3) were housed in a tie-stall barn.
Samples of the feed were analyzed to determine the
amount to be offered. Cows were provided with free
access to their diet during the dry period to meet dry-
cow requirements according to the Japanese Feeding
Standard (Agriculture, Forestry and Fisheries Re-
search Council Secretariat, 1999). At calving, no cases
of dystocia or retained placenta were observed, and the
calves were removed from their dams on d 0 (parturi-
tion) or d 1. From the day of calving, cows were offered
a daily ration consisting of 25 to 30 kg of grass silage
(30.7% DM, 2.25 Mcal/kg of ME on a DM basis, and
12.1% CP), 6 kg of grass hay (83.1% DM, 1.93 Mcal/kg
of ME, and 6.6% CP), 2 kg of alfalfa cubes (89.0% DM,
2.02 Mcal/kg of ME, and 17.0% CP), 2 kg of beet pulp
(85.6% DM, 2.70 Mcal/kg of ME, and12.7% CP), 1 kg
of heated soybeans (93.0% DM, 3.85 Mcal/kg of ME,
and 43.0% CP), and concentrate (86.5% DM, 3.10 Mcal/
kg of ME, and 21.2% CP). Amount of concentrate fed
was 3 kg/d on d 0 and was increased at the rate of
1 kg/d for 6 d after calving. Subsequent amounts of
concentrate and grass silage were determined ac-
cording to the Japanese Feeding Standard. The daily
ration was divided between 2 feeding times: 0900 h,
immediately after removal of the remaining feed, and
at 1600 h. Water and mineral blocks (Koen-S, Nippon
Zenyaku Kogyo, Co., Ltd., Fukushima, Japan) were pro-
vided ad libitum. Cows were milked twice daily, at 0840
and 1900 h, and were allowed to exercise in a paddock
from about 1030 to 1600 h every day, except on d 14
(the day of the study).

On d 13, all cows were fitted with an indwelling jugu-
lar catheter (Medikit Catheter Kit 16G, Medikit, Tokyo,
Japan) connected to an extension tube (LX1-L100; Top,
Tokyo, Japan), and 3-way control valve (Terumo, Tokyo,
Japan) attached to the back between the shoulders.
This sampling methodology had previously been con-
firmed not to reduce feed intake. On d 14, blood was
sampled at 10-min intervals from 1000 to 1800 h. Sam-
ples were centrifuged at 12,000 × g for 30 min at 4°C,
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and plasma was harvested and stored at −35°C until
analysis. These serial samples were used for analysis
of LH and GH. Hourly samples were collected by sub-
sampling every sixth plasma sample for the analysis
of hormones and metabolites other than LH and GH.
Body condition scores on a 5-point scale (Edmonson et
al., 1989) were recorded by the same person on d 14.
Body weight (676 ± 16 kg), milk yield (40.6 ± 1.8 kg),
and milk fat content (4.24 ± 0.17%) were recorded for
each cow on d 14. To calculate energy balance based on
the Japanese Feeding Standard, amounts of feed of-
fered and refused were weighed for each cow on the
mornings of d 14 and 15. Energy balance was the differ-
ence between the ME intake and the ME requirement,
which was the sum of the ME requirements for mainte-
nance (0.1163 × metabolic BW) and for lactation, based
on the equation: (0.0913 × milk fat content + 0.3678) ×
milk yield × 1.613.

Absence of postpartum ovulation before and immedi-
ately after the frequent blood sampling, and intervals
to first postpartum ovulation, were verified by daily
rectal palpation and by 4-times weekly ultrasound us-
ing a real-time linear array ultrasound scanner (SSD-
620; Aloka, Tokyo, Japan) equipped with a 5-MHz rectal
probe (UST-580U-5; Aloka), beginning on d 6 to 8 post-
partum and continuing until the second postpartum
ovulation. Sizes of the largest follicles in the ovaries of
all cows also were measured using ultrasound before
the last blood sample was collected on d 14. Jugular
blood was sampled 4 times per week from d 0 to about
d 80. First ovulations detected by rectal palpation and
ultrasound were confirmed by the first postpartum rise
in progesterone (> 1 ng/mL) in 2 consecutive samples
(3 d were subtracted from the time of the initial rise to
calculate the day of first ovulation; Canfield and But-
ler, 1991).

Assays

Plasma LH was assayed in duplicate by double-anti-
body radioimmunoassay (RIA) using 125I-labeled bo-
vine LH (bLH) and anti-oLH-antiserum [AFP11743B
and AFP192279, National Hormone and Pituitary Pro-
gram of the National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK), Los Angeles, CA].
Limit of detection was 0.40 ng/mL and the intra- and
interassay coefficients of variation were 3.9 and 6.9%,
respectively, at 0.51 ng/mL.

Plasma GH was measured in duplicate using a dou-
ble-antibody RIA kit from NIDDK comprising antise-
rum NIDDK-anti-oGH-2 and standards NIDDK-oGH-
I-5. Limit of detection was 0.50 ng/mL and the intra-
and interassay coefficients of variation were 5.8 and
8.5%, respectively, at 2.12 ng/mL.
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Leptin was measured using the specific RIA based
on recombinant bovine leptin in the assay system de-
scribed in detail by Blache et al. (2000). All samples
were processed in duplicate in a single assay with a
limit of detection of 0.07 ng/mL and an intraassay coef-
ficient of variation of 5.8% at 0.42 ng/mL.

Plasma concentration of FFA was measured with an
autoanalyzer (model-7170; Hitachi Co. Ltd., Tokyo, Ja-
pan) and commercial kits (Kainos Laboratories, Inc.,
Tokyo, Japan). All samples were processed in a single
assay with an intraassay coefficient of variation of less
than 1.0% at 38 nEq/mL.

Plasma insulin was assayed in duplicate with a com-
mercial RIA kit (Insulin-Eiken; Eiken Chemical Co
Ltd., Tokyo, Japan). All samples were processed in a
single assay with a limit of detection of 500 nU/mL and
an intraassay coefficient of variation of 5.8% at 860
nU/mL.

Plasma IGF-I was assayed in duplicate by double-
antibody RIA with human recombinant IGF-I
(ARM4050; Amersham-Pharmacia Biotech, Bucking-
hamshire, UK) and anti-human IGF-I antiserum
(AFP4892898; National Hormone and Pituitary Pro-
gram of the NIDDK) following acid and ethanol extrac-
tion and cryoprecipitation. All samples were processed
in a single assay with a limit of detection of 0.51 ng/
mL and an intraassay coefficient of variation of 6.6%
at 14.6 ng/mL.

Plasma progesterone was assayed in duplicate by
double-antibody RIA using 3H-progesterone (New En-
gland Nuclear, Boston, MA) and antiserum to proges-
terone (donated by N. Takenouchi, National Agricul-
tural Research Center for Tohoku Region, Morioka, Ja-
pan). Limit of detection was 7.8 pg/mL and the intra-
and interassay coefficients of variation were 3.6 and
7.4%, respectively, at 15.6 pg/mL.

Statistical Analyses

Number of LH pulses per 8 h, amplitude of LH pulses,
and mean LH concentrations were determined using
the Pulsar algorithm (Merriam and Watcher, 1982) in
the Munro pulse analysis program (Zaristow Software,
West Morham, Haddington, UK). The G-parameters
(number of SD by which a peak must exceed the base-
line to be accepted) were set at 3.0, 2.1, 1.5, 1.2, and
1.0 for G1 to G5, for pulses composed of 1 to 5 successive
samples that exceed the baseline. These same values
were used by Canfield and Butler (1991). The Baxter
parameters describing parabolic relationship between
concentration of a hormone in a sample and the stan-
dard deviation (assay variation) about the concentra-
tion were 0.147 (b1, the y intercept), 0.027 (b2, the x
coefficient), and 0.0093 (b3, the x2 coefficient). Mean
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concentration was calculated using all the values for
a profile.

The same procedure was used for the analysis of the
GH profiles. The G-parameters were 3.0, 2.8, 1.2, 0.9,
and 0.6 for G1 to G5. The Baxter parameters were 0.257
(b1), 0.065 (b2), and 0.0002 (b3), as used by Kadokawa
et al. (2003).

Data were analyzed by using Statview (ver. 5.0 for
Macintosh; SAS Inst., Inc., Cary, NC) and JMP (ver.
4.0.5 for Windows; SAS Inst., Inc.). For plasma concen-
trations of FFA, insulin, IGF-I, and leptin, significance
of the effect of time was evaluated by repeated measures
ANOVA. No significant effect of time was observed for
FFA, IGF-I, or leptin, so mean concentrations for each
cow were calculated for the sampling period and used
for further analysis. For insulin, a consistent increase in
concentrations occurred as sampling progressed (time
effect; P < 0.05), so mean values were calculated for
each cow for the sampling period, and used for fur-
ther analysis.

The Shapiro-Wilk’s W test or Kolmogrov-Smirnov Lil-
liefors test were used to evaluate the normality or log-
normality of distribution of each variable. Most vari-
ables were normally distributed, but LH pulse ampli-
tude, mean LH concentration, GH pulse amplitude,
milk protein content, and mean FFA concentration had
log-normal distributions, for which logarithmic values
were used. There were no outliers in any variables
(Grubb’s test).

Pearson correlation coefficients were estimated
among the measures of LH secretion and other
variables.

RESULTS

On d 14, cows required 70.4 ± 3.0 Mcal/d of ME, but
were able to consume only 47.0 ± 3.3 Mcal/d. All 18
cows were in negative energy balance (−23.4 ± 2.4 Mcal/
d). Wide differences existed among cows for each meta-
bolic variable measured, as evidenced in the minima
and maxima listed in Table 1. Similarly, wide variation
existed among cows in measures of pulsatile LH se-
cretion.

Table 2 shows the correlation coefficients for the pos-
tulated relationships between variables that describe
LH pulse profiles, plasma concentrations of leptin, and
other measures of metabolic status. The most important
significant relationships also are displayed (Figure 1).
A strong positive correlation was detected between LH
pulse frequency and energy balance (Figure 1a) and
between LH pulse frequency and circulating leptin con-
centrations (Figure 1b). Milk fat content (Figure 1c)
was correlated negatively with LH pulse frequency.
Logarithm of LH pulse amplitude was correlated only
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Table 1. Body condition, milk production, and plasma concentrations of FFA, leptin, insulin, insulin-like
growth factor-I (IGF-I), growth hormone (GH), and LH in dairy cows on d 14 postpartum

Mean SE Minimum Maximum CV, % Kurtosis Skewness

Energy balance, Mcal/d −23.4 2.4 −37.6 −8.3 43.1 −1.45 0.06
BCS 3.0 0.1 2.5 3.5 13.3 −1.29 −0.06
Daily milk yield, kg 40.7 1.8 20.4 51.4 18.4 0.96 −0.86
Milk fat, % 4.24 0.17 3.18 6.07 16.7 0.66 0.94
Milk protein, % 3.10 0.14 2.09 4.76 18.4 1.291 0.331

FFA, nEq/mL 544.0 88.0 137.0 1,689.0 69.0 −0.571 0.191

Leptin, ng/mL 0.73 0.03 0.54 1.12 19.5 1.27 1.16
Insulin, mU/L 5.79 0.81 1.19 12.33 59.4 −0.92 0.49
IGF-I, ng/mL 18.90 2.41 6.40 45.44 53.7 0.77 1.05
GH pulses per 8 h 3.2 0.3 1.0 5.0 36.3 −0.41 −0.33
GH pulse amplitude, ng/mL 3.81 0.65 1.84 13.22 73.0 1.211 1.381

GH, ng/mL 4.49 0.44 0.25 4.20 25.0 −0.58 0.22
LH pulses per 8 h 3.7 0.4 0.0 7.0 51.4 −0.35 0.12
LH pulse amplitude, ng/mL 0.97 0.11 0.54 2.28 47.4 0.771 1.061

LH, ng/mL 0.84 0.09 0.43 2.15 46.4 0.671 0.501

1Logarithm was used for calculating kurtosis and skewness.

with leptin values (Figure 1d). Frequency of GH pulses
was not correlated with LH pulse measures (Table 2),
but was correlated negatively with plasma concentra-
tions of insulin (Figure 1f) and IGF-I (Figure 1g). Mean
GH concentration also was not correlated with LH pulse
measures and was negatively correlated only with
plasma IGF-I concentrations (Figure 1h). Notably, the
relationship between leptin concentrations and energy
balance was poor (P < 0.10), but leptin concentrations
correlated negatively with milk fat content (Figure 1e).

The largest follicle observed in both ovaries of each
cow on d 14 had a diameter of 12.1 ± 0.3 mm, and no
cystic follicles of diameter >20 mm were detected. First
ovulation was observed on 34 ± 4 d (range 18 to 65 d)
after parturition.

DISCUSSION

In early postpartum Holstein cows during the period
of negative energy balance before first ovulation,

Table 2. Correlations between measures of secretion of LH, energy balance, BCS, milk production and quality, and plasma concentrations
of FFA, leptin, insulin, insulin-like growth factor-I (IGF-I), and measures of growth hormone (GH) secretion in dairy cows on d 14 postpartum

LH LH pulse GH GH pulse
pulses amplitude1 LH1,2 pulses amplitude1 GH2 Leptin2 FFA1,2

Energy balance 0.514* 0.203 0.100 −0.463 −0.040 −0.128 0.414 −0.626**
BCS −0.273 0.167 0.440 −0.162 −0.276 −0.255 −0.106 0.313
Daily milk yield 0.217 0.130 0.119 −0.074 −0.078 0.201 −0.060 −0.417
Milk fat −0.518* −0.159 −0.019 −0.283 0.134 0.157 −0.517* 0.720***
Milk protein1 −0.100 −0.266 0.081 −0.063 −0.047 0.067 −0.409 0.096
FFA1, 2 −0.461 −0.135 0.032 0.485* 0.025 0.185 −0.248 —
Leptin 0.731*** 0.528* 0.055 −0.019 −0.039 −0.099 — −0.248
Insulin2 0.254 −0.056 −0.010 −0.618** 0.137 −0.317 0.184 −0.811***
IGF-I2 0.248 −0.206 −0.194 −0.612** −0.192 −0.524* 0.186 −0.355
GH pulses −0.027 0.204 0.085 — −0.027 0.454 −0.019 0.485*
GH pulse amplitude1 0.016 0.225 −0.033 −0.027 — 0.755*** −0.039 0.025
GH2 0.065 0.374 0.068 0.454 0.755*** — −0.099 0.185

1Logarithmically transformed data were used for analysis of correlation.
2Concentration.
*P < 0.05; **P < 0.01; ***P < 0.001.
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plasma concentrations of leptin were demonstrated to
be strongly correlated with the frequency and ampli-
tude of LH pulses. Pulse frequency is controlled by the
hypothalamus through the frequency of GnRH pulses,
and pulse amplitude is controlled primarily by pituitary
responsiveness to GnRH, so these relationships support
the role that has been hypothesized for leptin as a link
between metabolic status and activity of the neuroendo-
crine system that controls reproductive status (Kado-
kawa et al., 2000) Mean LH concentrations were not
correlated with leptin concentrations, but average val-
ues of high-amplitude, pulsatile secretion are a very
imprecise and insensitive measure of GnRH activity.
Leptin receptor mRNA is expressed in both the hypo-
thalamus and anterior pituitary gland, at least in the
rat (Zamorano et al., 1997). Hypothalamic receptors for
leptin are located in regions that are rich in GnRH
neurons, such as the arcuate nucleus, medial preoptic
area, and median eminence in ruminants (Dyer et al.,
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Figure 1. Metabolic and endocrine relationships in d 14 postpartum dairy cows under negative energy balance: relationships between
the frequency of pulses of LH and (a) energy balance, (b) plasma concentrations of leptin, and (c) milk fat content; relationships between
plasma concentrations of leptin and (d) LH pulse amplitude, and (e) milk fat content; relationships between the frequency of pulses of
growth hormone (GH) and (f) plasma concentration of insulin, and (g) plasma concentration of insulin-like growth factor-I (IGF-I), and (h)
between plasma concentrations of IGF-I and GH.

Journal of Dairy Science Vol. 89 No. 8, 2006
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1997). In rodents, leptin binding in the arcuate nucleus
is increased during fasting (Baskin et al., 1999), and
fasting for 48 h on d 13 and 14 postpartum prolonged
lactational anestrus, a response that is eliminated by
central or peripheral administration of leptin (Abizaid
et al., 2004). In ruminants, less information is available,
but leptin seems to be responsible for changes in LH
secretion in animals that are suffering severe energy
shortage.

Leptin is clearly not the only endocrine factor that
can contribute to delays in postpartum ovulation. In
particular, IGF-I needs to be considered because circu-
lating concentrations in the peripartum period are a
good predictor of the capacity of energy-restricted cows
to resume cyclicity (Roberts et al., 1997). Cows with
ovulatory estrogen-active follicles have greater IGF-I
concentrations during the first 2 wk than cows with
anovulatory follicles (Beam and Butler, 1998). Both in-
sulin and IGF-I can stimulate steroidogenesis and pro-
liferation of bovine theca and granulosa cells (Spicer
and Stewart, 1996). On the other hand, elevated concen-
trations of leptin (10 to 300 ng/mL) can both increase
the insulin-induced proliferation of thecal cells and in-
hibit steroidogenesis in bovine ovarian tissues (Spicer
et al., 2000). Thus, it seems likely that leptin and IGF-
I interact in controlling the resumption of ovulation in
postpartum dairy cows, but further studies are required
to determine the roles played by lesser concentrations
of leptin at the ovarian level.

Postpartum dairy cows mobilize body fat while their
energy balance is negative (Tamminga et al., 1997), and
this was reflected in the increases in FFA concentra-
tions and milk fat content in the present study. When
energy balance is negative, leptin secretion by the adi-
pocytes is likely to be reduced, as is seen with fasting
or underfeeding (Henry et al., 2001). Frequency of LH
pulses also was correlated with milk fat content, but
not with plasma FFA values. In sheep, infusion of FFA
inhibits pulsatile secretion of GH, but not LH (Estienne
et al., 1990). We also have seen no effect of i.v. infusion
of FFA on the secretion of LH pulses in postpartum cows
(H. Kadokawa, unpublished data). Thus, the increase in
plasma FFA probably does not directly affect GnRH–
LH secretion and simply accompanies the reduction in
leptin secretion. Despite the indirect nature of this link
to the potential for ovulation, the measurement of milk
fat content is easy and inexpensive and therefore may
be a useful tool for the management of reproduction in
postpartum dairy cows.

Body condition score was not correlated with the fre-
quency or amplitude of LH pulses. Three possible rea-
sons may account for this observation. First, the error
inherent in BCS values is larger than that in blood
metabolite analyses because of the subjectivity and im-
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precision of BCS measurements. Second, postpartum
dairy cows also rely on protein mobilization from skele-
tal muscle (Tamminga et al., 1997) and this would affect
BCS. Third, BCS might not be an accurate index of the
total mass of adipocytes that secrete leptin or of acute
changes in secretory activity of those cells. In our previ-
ous study of changes in leptin secretion around parturi-
tion in dairy cows (Kadokawa et al., 2000), BCS was still
elevated when leptin concentrations began to decrease
several days before parturition, and were still reduced
when leptin concentrations began to increase before the
postpartum first ovulation. Meikle et al. (2004) reported
that plasma leptin content was a good indicator of body
fatness in prepartum dairy cows, especially 3 wk before
calving, a stage when leptin is highly expressed. On
the other hand, Holtenius et al. (2003) found no rela-
tionship between leptin concentrations and BCS after
parturition.

It is therefore clear that changes in leptin concentra-
tions are not simply related to changes in BCS; other
factors that control leptin secretion need to be consid-
ered. Among these, energy balance is likely to be im-
portant because it strongly affects the correlation be-
tween adipocyte size and leptin secretion in humans
(Houseknecht et al., 1998). In rats, Abizaid et al. (2004)
reported that circulating leptin concentrations de-
creased during lactation and showed that eliminating
energetic costs of lactation by preventing milk delivery
dramatically increased plasma leptin concentrations
and adiposity. In cows that are not milked after parturi-
tion, plasma concentrations of leptin remain elevated,
so in this species as well a postpartum reduction in
leptin secretion is likely to be, at least partially, caused
by negative energy balance (Block et al., 2001). On the
other hand, in the early lactation cows studied by Kok-
konen et al. (2005), plasma leptin concentration was
associated with body fatness but not with estimated
energy balance. Another consideration is the physiolog-
ical preparation for lactation, as suggested by Chelikani
et al. (2004), who reported that fasting induced a
sharper reduction of plasma leptin concentrations in
cows in early lactation than in nonlactating pregnant
Holsteins. Overall, it seems likely that the decreased
secretion of leptin after parturition is a consequence of
combined effects of changes in energy balance, body
condition, and physiological changes needed to prepare
for lactation.

Lack of correlation between frequencies of GH pulses
and LH pulses shows that independent mechanisms
control responses of these 2 systems to changes in en-
ergy balance. Frequency of GH pulses was inversely
related to the plasma concentrations of insulin and IGF-
I. Inability of GH to stimulate hepatic IGF-I production
during periods of negative energy balance, labeled “GH-



KADOKAWA ET AL.3026

resistance” (Donaghy and Baxter, 1996), can be re-
versed by the administration of insulin in experimental
models using the hyperinsulinemic-euglycemic clamp
(Butler et al., 2003). Therefore, reduced concentrations
of IGF-I that we observed might have been caused by
reduced concentrations of insulin. From this correlation
study we cannot determine the precise mechanism in-
volved, but there may be reduced negative feedback
by IGF-I on the activity of the hypothalamo-pituitary
system that controls GH secretion. This feedback has
been reported mainly for monogastrics (Veldhuis et al.,
2004), and little is known in ruminants, but it does
seem to exist in postpartum dairy cows (Butler et al.,
2003). Its effectiveness may depend on other aspects of
the hormonal environment. For example, in nonlactat-
ing ewes fed a maintenance ration, intracerebroventric-
ular infusion of IGF-I has no effect on GH pulse mea-
sures, whereas intrapituitary infusion reduces GH con-
centrations without affecting GH pulse frequency
(Fletcher et al., 1995). Thus, a circulating factor(s)
seems to contribute to the negative feedback effect of
IGF-I in lactating dairy cows. Our study suggests that
insulin might be that factor.

CONCLUSIONS

These results reveal an important link between secre-
tion of leptin and LH in early postpartum dairy cows,
both of which are limiting during fat mobilization from
adipose tissues under negative energy balance. This
linkage might help explain the delay to first ovula-
tion postpartum.
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