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During pregnancy, females undergo a range of physiological adapta-

tions to meet the energy requirements of fetal development and to

prepare for the subsequent lactation. These include significant

increase in appetite and food intake (1, 2). Interestingly, leptin levels

also increase during pregnancy. This increase is paradoxical because

elevated leptin levels typically result in reduced food intake (3, 4). The

combination of increased leptin levels at the same time as an increase

in food intake strongly suggests that pregnancy involves a state of

leptin resistance (5). However, the mechanisms underlying this preg-

nancy-induced leptin resistance are not well understood.

Inhibition of the intracellular long form of leptin receptor

(Ob-Rb) signalling cascade is one of important mechanisms

suggested to underpin leptin resistance (6). Among six leptin recep-

tor isoforms, Ob-Rb is the only one with full intracellular signal

transduction capacity (7). Reduced Ob-Rb expression in the hypo-

thalamus was involved in the development of leptin resistance in

pregnant rats (8–10). Suppressor-of-cytokine-signalling 3 (SOCS3) is

a target gene increased by activation of Ob-Rb, and plays a key role

in the regulation of leptin signalling by feedback inhibition of the

leptin receptor (11, 12). It has been identified as a potential media-

tor of central leptin resistance in several animal models (13–15).

Leptin’s central effects are initiated by Ob-Rb activation and then

mediated through a hierarchy of both anorectic and orexigenic

neuropeptidergic neurones in specific sites within the hypothalamus

(16–18). Within the arcuate nucleus (ARC), anorectic pro-opiomela-

nocortin (POMC) and cocaine- and amphetamine-regulated tran-

script (CART) are colocalised in a distinct subset of arcuate

neurones, while the orexigenic neuropeptide Y (NPY) and agouti-

related protein (AgRP) are colocalised in a distinct but adjacent

subset of ARC neurones (17). Both of these two types of ARC
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Leptin acts within the hypothalamus to diminish food intake. In Brandt’s voles (Lasiopodomys

brandtii), both circulating leptin levels and food intake are elevated during pregnancy, suggest-

ing an ineffectiveness of leptin to reduce food intake. Diminished hypothalamic leptin receptors

and impaired leptin signal transduction are characteristic of central leptin resistance. The present

study aimed to determine whether these characteristic modulations of leptin sensitivity occurred

in pregnant Brandt’s voles. The mRNA expression of the long form of the leptin receptor

(Ob-Rb), suppressor-of-cytokine-signalling 3 (SOCS3), neuropeptide Y (NPY), agouti-related pro-

tein (AgRP), pro-opiomelanocortin (POMC) and cocaine- and amphetamine-regulated transcript

(CART) in the hypothalamus were examined on dioestrous, day 5, day 10 and day 18 of preg-

nancy. Compared to controls, there was no significant change in hypothalamic Ob-Rb mRNA

during the pregnancy. SOCS3 mRNA was increased significantly by 68% on day 10% and 93%

on day 18 of pregnancy compared to controls. Despite elevated leptin levels, POMC mRNA was

decreased significantly by 60% on day 18 of pregnancy, whereas no differences were found in

the mRNA expression of NPY, AgRP and CART in pregnant voles compared to controls. The ele-

vation of SOCS3 mRNA together with disrupted leptin regulation of neuropeptides in the hypo-

thalamus suggests that leptin resistance may develop in pregnant Brandt’s voles.
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neurones express the Ob-Rb (19). It has been demonstrated that

leptin regulates these two types of neurones in a reciprocal manner

by inhibiting AgRP/NPY neurones while stimulating POMC/CART

neurones (20). Previous studies suggested that deficient activation

of these leptin-responsive neuropeptides by leptin may be one ele-

ment of pregnancy-induced leptin resistance (21–23).

Brandt’s voles, a previously well-described seasonal animal (24,

25), exhibit hyperphagia accompanied by elevated leptin levels dur-

ing pregnancy (26, 27), suggesting a state of leptin resistance. The

central leptin resistance is characterised by diminished hypotha-

lamic leptin receptors and impaired leptin signal transduction (9,

23, 28). Therefore, we examined the gene expression of Ob-Rb,

SOCS3, NPY, AgRP, POMC and CART in the hypothalamus to iden-

tify whether characteristic changes of central leptin resistance

occurred in pregnant Brandt’s voles.

Materials and methods

Animals and experimental protocols

All animal procedures were licensed under the Animal Care and Use Com-

mittee of Institute of Zoology, the Chinese Academy of Sciences. Virgin

female Brandt’s voles (100–120 days old) were from our laboratory colony,

and maintained at 23 � 1 �C under a 16 : 8 h light/dark cycle (lights on

04.00 h). Voles were weaned at 18–20 days of age and kept in single-sex

groups of three to four animals in plastic cages (30 · 15 · 20 cm) that

contained sawdust bedding. Commercial rabbit pellets (Beijing KeAo Feed

Co., Beijing, China) and water were available ad libitum. The voles were

individually-housed for 1 month prior to the experiment. Virgin females at

oestrous were mated overnight, and the next morning on which a vaginal

plug was present was designated day 0 of pregnancy.

To continually monitor the changes in body weight and food intake dur-

ing pregnancy in Brandt’s voles, we measured body weight and food intake

of pregnant (n = 8) and nonpregnant (n = 8) voles at 2 days intervals

throughout pregnancy. To monitor the changes in serum leptin levels, body

fat mass, Ob-Rb, SOCS3, NPY, AgRP, POMC and CART during 18 days of

pregnancy in Brandt’s voles, four groups of voles were sacrificed between

09.00 and 11.00 h on dioestrous (n = 8), day 5 (n = 8), day 10 (n = 8) and

day 18 (n = 8) of pregnancy. Trunk blood was collected and centrifuged at

4000 g for 30 min after a 30-min interval at 4 �C. Serum was collected and

stored at )80 �C for leptin determination. As previously described (29), a

slice of brain tissue was cut between the optic chiasm and the mammillary

bodies, and the hypothalamus was dissected by a horizontal cut immediately

below the anterior commissure and vertical cuts through the edge of the

septum and perihypothalamic sulcus. The hypothalamus was frozen in liquid

nitrogen immediately and stored at )80 �C until subsequent analysis.

Measurement of body weight and food intake

Body weight and food intake were measured at 09.00 h. During each test,

voles were weighed and housed individually in metabolic cages, where food

and water were provided ad libitum. Two days later, the animals were

re-weighed and all food residues and faeces were collected and oven-dried

at 60 �C to constant weight. Subsequently, they were separated manually.

Measurement of body fat mass

After dissection of the hypothalamus and brown adipose tissue, internal

organs were removed and the eviscerated carcass was weighed and dried in

an oven at 60 �C to constant weight. Then, the dry carcass mass (W1) was

weighed and recorded. After grinding the dry carcass in a mill and mixing it

completely, 1 g of sample (W2) was weighed to an accuracy of �1 mg into

a thimble (W3). Body fat extraction was performed in a Soxtec Fat Extrac-

tion Systems (Soxtex Avanti 2050, FOSS, Hogänäs, Sweden) with petroleun

ether. Subsequently, the thimble contained residual sample was dried in an

oven at 60 �C to a constant weight and weighed it (W4). Finally, the carcass

fat mass was calculated using the formula:

Carcass fat massðmgÞ ¼ ðW3þW2�W4Þ �W1=W2

Serum leptin assays

Serum leptin levels were measured by radioimmunoassay (RIA) with a
125I multi-species kit (Cat. No. XL-85K, Linco Research Inc., St Charles, MO,

USA), which has been validated previously in Brandt’s voles (24). The lower

and upper limits of the assay kit were 1 and 50 ng/mL and the inter- and

intra-assay variations were < 3.6% and 8.7%, respectively. Serum leptin val-

ues were determined in a single RIA and expressed as nanograms of leptin

per milliliter.

Real-time reverse transcription-polymerase chain reaction
(RT-PCR) assay of hypothalamic gene expression of Ob-Rb,
SOCS3, NPY, AgRP, POMC and CART

Primer design

In the first step, according to the recorded gene sequences of rats or mice

in genbank, we designed the primers of Ob-Rb, SOCS3, NPY, AgRP, POMC,

CART and b-actin and obtained part gene sequences of their homologous

genes in Brandt’s voles. Homology analysis proved that these nucleotide

fragments all come from the target genes (Table 1). In the next step, spe-

cies-specific primers (Table 2) set for these genes were designed based on

these cloned sequences.

Total RNA isolation and cDNA synthesis

Total RNA was isolated using TRIzol Reagent (Cat. No. 15596-026, Invitro-

gen, Carlsbad, CA, USA) according to the manufacturer’s protocol. For

unknown reasons, total RNA was not detected in two hypothalamus samples

after TRIzol extraction. Therefore, we excluded these samples. To remove any

Table 1. Homology Analysis of Targeted Gene Fragments Derived From

Brandt’s Voles.

Targeted

gene

Product

size (bp)

Homology

with rat (%)

Homology with

mouse (%)

Ob-Rb 905 87 88

SOCS3 685 89 87

NPY 423 92 91

AgRP 340 86 89

POMC 754 93 87

CART 561 95 87

b-actin 759 94 94

Ob-Rb, long form of the leptin receptor; SOCS3, suppressor-of-cytokine-sig-

nalling; NPY, neuropeptide Y; AgRP, agouti-related protein; POMC, pro-opio-

melanocortin; CART; cocaine- and amphetamine-regulated transcript.
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contaminating DNA, RNA samples were treated with DNase I (Cat. No.

M6101, Promega, USA) for 30 min at 37 �C followed by another cycle of

TRIzol extraction to eliminate residual DNase I. The A260/280 ratio of total

RNA was found to be approximately 1.9 using Beckman Coulter DU 800

spectrophotometer (Beckman, Fullerton, CA, USA). An equal amount (3 lg)

of total RNA was transcribed into first strand cDNA for each sample using

reverse transcription kit (Cat. No.1622, Fermentas, Vilnius, The Republic of

Lithuania) according to the manufacturer’s instruction.

Real-time RT-PCR

The cDNA was subjected to real-time PCR amplification using the SYBR Green

I qPCR kit (Cat. NO. DRR041D, TaKaRa, Shiga, Japan) in the Mx3000P quantita-

tive PCR system (Stratagene, La Jolla, CA, USA). Real-time RT-PCR was carried

out in 12.5 lL reaction agent comprised of 6.25 lL 2 · SYBR� Premix EX

TaqTMmaster mix, 1 lL cDNA templates and 0.2 lmoL/L primers. Each sample

was analysed in duplicate. Thermal cycling conditions were: 95 �C for 10 s, 40

cycles of 95 �C for 5 s, 60 �C for 20 s, and 72 �C for 20 s. Melting curve anal-

ysis showed a single PCR product after amplification of five hypothalamic

genes and b-actin, and ending-products of PCR were further confirmed by

DNA sequencing. We constructed standard curves for each gene via serial

dilutions of cDNA (1–26-fold dilutions). Analysis of standard curves between

target genes and b-actin showed that they had similar amplification effi-

ciency, which ensures the validity of comparative quantity method. The data

derived from Mx3000P quantitative software were expressed as relative

amounts, which were calculated by normalising the amount of target gene

mRNA levels to the amount of b-actin mRNA levels. No amplification was

detected in absence of template or in the no RT control.

Statistical analysis

Data were analysed using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA).

Prior to all statistical analyses, data were examined for assumptions of

normality of variance using the Kolmogorov–Smirnov tests. Non-normally

distributed data of hypothalamic gene expression underwent arcsine square-

root transformation. The significance of temporal changes in body weight

and food intake in pregnant and dioestrous voles were assessed by repeated

measures ANOVA, followed by LSD post-hoc test. Group differences in body

weight and food intake were assessed by an independent-samples t-test.

Differences among groups in body fat mass, serum leptin levels, the mRNA

levels of hypothalamic Ob-Rb, NPY, AgRP, POMC and CART were assessed by

one-way ANOVA, followed by the Tukey post-hoc test. Pearson correlation

analyses were used to detect possible associations of serum leptin levels

with body fat mass. Spearman correlation was employed to examine the

correlation between serum leptin levels and SOCS3 mRNA. Because serum

leptin levels were significantly correlated with SOCS3 mRNA, group differ-

ences in SOCS3 mRNA were tested by ANCOVA with serum leptin level as

a covariate, followed by the LSD comparison between the means. Data

are expressed as the mean � SE. P < 0.05 was considered statistically

significant.

Results

Body weight changes

Body weight was increased significantly over time within both non-

pregnant (F9,63 = 3.59, P = 0.001; Fig. 1) and pregnant voles

(F9,63 = 72.23, P < 0.001; Fig. 1). For the eight pregnant voles, body

weight showed no significant changes (P > 0.05) at day 2 of preg-

nancy. From day 4 to day 18, body weight in pregnant Brandt’s

voles was increased significantly (P < 0.05). There was no difference

in body weight between nonpregnant and pregnant voles prior to

the experiment (t = )1.23, d.f. = 14, P > 0.05; Fig. 1). On day 4,

body weight in the pregnant voles became higher than nonpreg-

nant voles (t = 2.25, d.f. = 14, P < 0.05; Fig. 1). On day 18, body

weight in the pregnant voles was increased by 57% (t = 6.55,

d.f. = 14, P < 0.01; Fig. 1), compared to nonpregnant voles.

Food intake changes

There were significant changes in food intake within both nonpreg-

nant (F8,56 = 2.48, P < 0.05; Fig. 2) and pregnant voles

(F8,56 = 5.27, P < 0.001; Fig. 2) over time. The eight pregnant voles

continually increased their daily food intake from 10.8 � 1.0 g on

day 0 to 12.9 � 1.3 g on day 18. For the eight nonpregnant voles,

Table 2. Gene-Specific Primers Used for Real-Time RT-PCR.

Primers Oligonuncleotide sequence (5¢ to 3¢)
Product

size (bp)

Ob-Rb (forward) CTG AGA GGG GTT CTC TTT GT 147

Ob-Rb (reverse) TCT TGC TCA TCC TCC GTT TC

SOCS3 (forward) AGA AGA TTC CGC TGG TAC TG 114

SOCS3 (reverse) GCT GGG TCA CTT TCT CAT AG G

NPY (forward) TCG CTC TGT CCC TGC TCG TGT G 116

NPY (reverse) TCT CTT GCC GTA TCT CTG CCT GGT G

AgRP (forward) GCC CTG TTC CCA GAG TTC CC 114

AgRP (reverse) ATC TAG GAC CTC CGC CAA AGC

POMC (forward) AAG ATG GGC TCT ACG GGA TG 134

POMC (reverse) GTT CTT GAC GAT GGC GTT CT

CART (forward) TGG AAC CTG GCT TTA GCA AC 145

CART (reverse) TAC TCT GCA CAT GCC GAC AC

b-actin (forward) TTG TGC GTG ACA TCA AAG AG 200

b-actin (reverse) ATG CCA GAA GAT TCC ATA CC

Ob-Rb, long form of the leptin receptor; SOCS3, suppressor-of-cytokine-sig-

nalling; NPY, neuropeptide Y; AgRP, agouti-related protein; POMC, pro-opio-

melanocortin; CART; cocaine- and amphetamine-regulated transcript.
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Fig. 1. Body weight in nonpregnant (NP; n = 8) and pregnant Brandt’s

voles (n = 8) during 18 days of pregnancy. Data are expressed as the

mean � SEM. *Significant with respect to nonpregnant values (P < 0.05).

**Significant with respect to nonpregnant values (P < 0.01). ***Significant

with respect to nonpregnant values (P < 0.001).
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daily food intake averaged 10.2 � 0.4 g on day 0 and showed a

decrease throughout the experiment, ending at 9.7 � 0.3 g on day

18 (Fig. 2). Initially, there were no significant differences in food

intake between pregnant and nonpregnant voles (nonpregnant:

10.2 � 0.4 g, pregnant: 10.8 � 1.0 g, t = 0.57, d.f. = 14, P > 0.05;

Fig. 2). On day 14, day 16 and day 18, food intake in the pregnant

voles was increased significantly by 30% (t = )2.49, d.f. = 14,

P < 0.05; Fig. 2), 32% (t = )2.14, d.f. = 14, P = 0.05; Fig. 2) and

33% (t = )2.51, d.f. = 14, P < 0.05; Fig. 2) respectively, compared

to nonpregnant voles.

Body fat mass and serum leptin levels

Pregnant voles showed significant increase in body fat mass during

18 days of pregnancy (F3,31 = 7.497, P < 0.01; Fig. 3A). On day 18,

body fat mass in pregnant group was significantly increased by

58%, compared to controls.

Serum leptin levels were significantly higher in pregnant voles

compared to nonpregnant voles (F3,31 = 4.80, P < 0.01; Fig. 3B). On

day 18 of pregnancy, serum leptin level was increased significantly

by 82% compared to controls. Correlation analysis indicated that

serum leptin levels were positively with body fat mass (r = 0.628,

P < 0.001; Fig. 3C).

Hypothalamic Ob-Rb and SOCS3 mRNA expression

There were no significant changes in the mRNA expression of hypo-

thalamic Ob-Rb between the control and pregnant voles

(F3,29 = 1.36, P > 0.05; Fig. 4). However, it showed a marked

decrease (48%) on day 10 of pregnancy compared to controls,

although the difference did not get to statistically significant. There

was also no significant correlation between serum leptin and Ob-Rb

mRNA levels (r = 0.334, n = 30, P > 0.05).

Serum leptin levels were positively correlated with SOCS3 mRNA

levels (r = 0.453, n = 30, P < 0.05; Fig. 5A). When the effect of lep-

tin was removed, hypothalamic SOCS3 mRNA levels were increased

during pregnancy (F3,29 = 5.984, P < 0.01; Fig. 5B).

On day 10 and day 18 of pregnancy, SOCS3 mRNA in pregnant

voles was increased significantly by 68% and 93%, respectively,

compared to controls.

Hypothalamic NPY, AgRP, POMC and CART mRNA
expression

There were no significant changes in the mRNA expression of hypo-

thalamic NPY (F3,29 = 0.10, P > 0.05), AgRP (F3,29 = 0.29, P > 0.05),

and CART (F3,29 = 0.30, P > 0.05; Fig. 6B) between the control

and pregnant voles. In contrast, hypothalamic POMC mRNA was

significantly decreased during the pregnancy (F3,29 = 4.62, P = 0.01;

Fig. 6A). On day 18 of pregnancy, POMC mRNA was decreased

significantly by 60% compared to controls.

Discussion

During pregnancy, Brandt’s voles showed elevated leptin levels, as

has been previously reported in mice (30), rats (31), sheep (32),
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(n = 8) during 18 days of pregnancy. Data are expressed as the mean �
SEM. *Significant with respect to nonpregnant values (P < 0.05).
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Fig. 3. Effects of pregnancy on body fat mass (A) and serum leptin levels

(B) in Brandt’s voles. Correlation between serum leptin levels and body fat

mass (C). Data are expressed as the mean � SEM. Statistically significant

difference (P < 0.05) are marked with different letters corresponding to the

groups. NP, nonpregnant dioestrous group; D5, day 5 of pregnancy group;

D10, day 10 of pregnancy group; D18, day 18 of pregnancy group.
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baboons (33) and humans (34). Our data showed that serum leptin

levels were positively correlated with body fat mass, suggesting

that increased body fat contributes to the elevation of leptin. Pro-

posed physiological roles for leptin in pregnancy include the regula-

tion of conceptus development, fetal/placental angiogenesis,

embryonic haematopoiesis and hormone biosynthesis within the

maternal–fetoplacental unit (35). In addition, several studies sug-

gested that a state of leptin resistance during pregnancy would

allow the mother to increase food intake, thus ensuring adequate

energy supplies to meet the high energy demands of the subse-

quent lactation (28, 36, 37). However, whether the elevation of lep-

tin during pregnancy is the cause or consequence of leptin

resistance remains to be determined.

The reduction of Ob-Rb contributes to the development of leptin

resistance during pregnancy in rats (9). In the present study, hypo-

thalamic Ob-Rb mRNA decreased markedly (48%) on day 10 of

pregnancy compared to controls, although these effects fell short

of statistical significance. Limited sample size in the present study

may be the possible cause. Interestingly, Ob-Rb mRNA level was

similar between late pregnant and control voles. The changes in

Ob-Rb mRNA in the present study are inconsistent with a previous

study showing that there was a significant reduction of Ob-Rb

mRNA in the ventromedial nucleus throughout pregnancy in rats

(9). However, the methodology employed in the present study does

not allow us to distinguish mRNA expression in specific hypotha-

lamic nuclei, and it is possible that differences of Ob-Rb gene

expression in specific subsets of neurones could be masked in the

whole hypothalamus.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

NP D5 D10

0

0.2

0.4

0.6

0.8

1

1.2

1.4
(A)

(B)

NP D5 D10

D18

D18

b

a

ab ab

Fig. 6. Effects of pregnancy on (A) pro-opiomelanocortin (POMC) and (B)

cocaine- and amphetamine-regulated transcript (CART) gene expression in

the hypothalamus in Brandt’s voles. The graph shows the relative abundance

of mRNA, expressed as a ration to b-actin mRNA. Data are expressed as the

mean � SEM. Statistically significant difference (P < 0.05) are marked with

different letters corresponding to the groups. NP, nonpregnant dioestrous

group; D5, day 5 of pregnancy group; D10, day 10 of pregnancy group;

D18, day 18 of pregnancy group.

0 
0 1 2 3 4 5 6 

1 

2 

3 

4 

5 

6 

7 (A) 

(B) 

Serum leptin levels (ng/ml) 

SO
C

S3
 m

RN
A

 le
ve

ls
 (R

U
) 

NP 
Pregnant 

r = 0.453; P < 0.05 

0 

0.5 

1 

1.5 

2 

2.5 

NP D5 D10 D18 

b b 

a 
a 

Fig. 5. (A) Correlation between suppressor-of-cytokine-signalling (SOCS3)

mRNA and serum leptin levels. (B) Effects of pregnancy on SOCS3 gene

expression in the hypothalamus in Brandt’s voles. The graph shows the rela-

tive abundance of mRNA, expressed as a ration to b-actin mRNA. Data are

expressed as the mean � SEM. Statistically significant difference (P < 0.05)

are marked with different letters corresponding to the groups. NP, nonpreg-

nant dioestrous group; D5, day 5 of pregnancy group; D10, day 10 of preg-

nancy group; D18, day 18 of pregnancy group.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

NP D5 D10 D18

Fig. 4. Effects of pregnancy on the long form of the leptin receptor

(Ob-Rb) gene expression in the hypothalamus in Brandt’s voles. The graph

shows the relative abundance of mRNA, expressed as a ration to b-actin

mRNA. Data are expressed as the mean � SEM. NP, nonpregnant dioestrous

group; D5, day 5 of pregnancy group; D10, day 10 of pregnancy group;

D18, day 18 of pregnancy group.

1042 G.-B. Tang et al.

ª 2008 The Authors. Journal Compilation ª 2008 Blackwell Publishing Ltd, Journal of Neuroendocrinology, 20, 1038–1044



SOCS3 is another critical determinant of leptin sensitivity (38,

39). The elevation of SOCS3 was shown to mediate central leptin

resistance in several leptin resistant animal models, such as long

photoperiod acclimated Siberian hamsters (Phodopus sungorus) (14)

and field voles (Microtus agrestis) (15), Ay/a mice (13), DIO C57BL/

6J mice (40) and age-related obese rats (41).

The present results showed that hypothalamic SOCS3 mRNA

increased as pregnancy progressed. SOCS3 mRNA remained

unchanged on day 5 of pregnancy compared to controls. At this

point, serum leptin levels also remained stable, suggesting that lep-

tin signalling might be unchanged on day 5 of pregnancy. Interest-

ingly, hypothalamic SOCS3 mRNA increased significantly on days 10

and 18 of pregnancy compared to controls. Simultaneous increases

in food intake and serum leptin level on day 18 of pregnancy sug-

gest the development of leptin resistance around late pregnancy.

Together with the important role for SOCS3 in inhibiting leptin sig-

nalling, our data suggest that the elevation of SOCS3 mRNA may be

involved in the attenuation of leptin signalling during late pregnancy

in Brandt’s voles. Prolactin is a key factor mediating pregnancy-

induced leptin resistance in rats (5, 42). Interestingly, exogenous pro-

lactin treatment could induce a marked increase in SOCS3 mRNA in

the ARC in ovariectomised rats (43, 44). We therefore speculate that

the elevation of hypothalamic SOCS3 mRNA could be involved in the

regulation of prolactin-induced leptin resistance.

Leptin-induced activation of POMC neurones is mediated through

the JAK/STAT3 pathway, whereas leptin hyerpolarises NPY/AgRP

neurones via the involvement of the PI3K/PKB pathway (6, 45).

Insufficient melanocortin activation downstream of leptin signalling

may be one consequence universal to all forms of leptin resistance

(46). In accordance with this concept, hypothalamic POMC mRNA

was decreased, whereas hypothalamic mRNA levels of NPY, AgRP

and CART showed no significant changes despite high leptin levels

in pregnant voles. These findings suggest an apparent paradox

because high leptin levels typically stimulate the expression of orex-

igenic neuropeptides and suppress the expression of anorectic neu-

ropeptides (17). It seems that leptin regulation of these

neuropeptides was disrupted in pregnant voles, which lends further

support for the notion that leptin signalling may be attenuated or

impaired during pregnancy in Brandt’s voles. Consistent with this

assumption, it has previously been shown that pregnancy-induced

leptin resistance was associated with a decrease in leptin-induced

activation of STAT3 in the ventromedial hypothalamus, and in the

ARC in rats (9). Although the modulations of PI3K/PKB pathway

during pregnancy remains unclear, elevated NPY and AgRP mRNA

in the presence of high leptin levels in pregnant rats supports the

notion that an impaired PI3K/PKB pathway may be one characteris-

tic of pregnancy-induced leptin resistance across species (21, 22).

Progressive decrease in POMC together with the central role in

suppressing the feeding response makes this peptide a possible

candidate in mediating the hyperphagia during pregnancy in voles.

By contrast, the elevation of AgRP in the hypothalamus was shown

to be involved in the regulation of pregnancy-induced hyperphagia

in rats (22). It would be of interest to identify the discrepancy

between the two species in future studies. Prolactin is suggested to

be an important component of the increased food intake during

pregnancy (5). The injection of prolactin into the third ventricle

suppresses POMC mRNA in the ARC (47), making it likely that the

orexigenic effect of prolactin could be mediated through the reduc-

tion of POMC during pregnancy.

Collectively, the elevation of SOCS3 and the disrupted leptin reg-

ulation of neuropeptides in the hypothalamus suggest a state of

leptin resistance in pregnant Brandt’s voles. However, this awaits

further characterisation by exogenous leptin treatment in pregnant

Brandt’s voles.
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