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Abstract

We have previously shown that protein restriction during lactation is associated with changes in iodine secretion into the milk and that a

pup’s serum leptin concentration was increased at the end of lactation. So, here we evaluate whether leptin treatment during lactation affects

iodine transfer through the milk to the pups. Lactating rats were divided into two groups: the leptin (Lep) group, single injected with

recombinant rat leptin (8 Ag/100g of body weight, daily for 3 consecutive days), and the control (C) group that received the same volume of

saline. We studied iodine transfer to the pups through the milk on Days 4, 12 and 21 of lactation. In those days, the dams were separated from

their pups for 4 h. Then, the mothers received an injection of 131I (2.22�104 Bq ip) and the pups were allowed to nurse for 2 h. The animals

were sacrificed 2 h later. Leptin, total serum T3 and total serum T4 concentrations were higher (Pb.05) in pups of Lep mothers only on Day

4, suggesting a higher transfer of leptin through the milk at this period, probably with a direct stimulatory effect on thyroid hormone

secretion. In other periods, however, even without a detectable increase in a pup’s serum leptin concentration, maternal leptin administration

increased the pup’s thyroid iodine uptake (Day 12, 39%; Day 21, 34%), probably caused by a higher transfer of iodine through the milk, since

they had a higher gastric content of 131I on Days 12 (31%) and 21 (128%).

D 2005 Published by Elsevier Inc.
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1. Introduction

Iodine accumulated in the lactating mammary gland and

secreted into milk is used by human newborns for thyroid

hormone biosynthesis. An adequate supply of iodine for

sufficient production of thyroid hormones is essential for the

proper development of a newborn’s nervous system [1].

Iodine deficiency at this early stage of life results in severe

mental retardation [1].

Previously, we have shown that iodine metabolism is

differently affected according to the kind of maternal
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malnutrition during lactation [2]. Protein restriction during

lactation is associated with lower iodine secretion into the

milk in the beginning of lactation. However, at the end of

lactation, a higher transfer of iodine into the milk

compensates the impairment of thyroid iodine uptake in

these pups, observed during all lactations [2]. In this model,

we observed a similar pattern of pups’ serum leptin

concentrations, with lower values in the beginning of

lactation and higher values at the end [3]. On the contrary,

the mothers’ serum leptin concentrations were higher during

all lactations (data not published). Here we hypothesized

that these changes of iodine secretion in protein restriction

could be mediated by maternal serum leptin concentration.

Leptin is a protein that regulates energy available in the

peripheral adipose tissue by specific hypothalamic signals

and affects many functions such as body weight, food

intake, body temperature and metabolic rate [4,5]. Although

leptin was initially reported to be secreted only by adipose

tissue [6], recent studies have identified leptin production in
chemistry 16 (2005) 138–143
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a few other tissues including the pituitary, skeletal muscle,

placenta, stomach and epithelial cells of the mammary

gland [7–13].

Some authors demonstrated the longitudinal pattern of

serum leptin during pregnancy and lactation in rats [14,15]

and in humans [16,17], suggesting that leptin may play a role

in this physiological condition. Leptin concentration in-

creased as gestation progressed and reached the highest level

on Days 18 and 21 of pregnancy and declined thereafter

[14,15]. Although serum leptin concentration during lacta-

tion is lower than that in pregnancy, it is still higher than that

in nonlactating women [17].

Increased serum leptin concentrations in late gestation

may seem paradoxical since food consumption may

decline. This could be deleterious for the mother and the

fetus. However, Amico et al. [14] showed that food intake

in fact did not diminish in late pregnancy until 24 h

preceding delivery, suggesting a resistance to the anorectic

effect of leptin.

During lactation, the decrease of serum leptin concen-

trations is associated to an increase in leptin clearance [18].

In addition, suckling stimulus is associated to maternal
4 12 21

4 12 21

0

1

2

3

C LEP

*

A

days of lactation

S
er

u
m

 L
ep

ti
n

 o
f

m
o

th
er

s 
(n

g
/m

L
)

0

1

2

3

4

C LEP

B

*

days of lactation

S
er

u
m

 L
ep

ti
n

 o
f 

p
u

p
s

(n
g

/m
L

)

Fig. 1. A, Serum leptin in lactating rats of the C group (black bars) and the

group injected with 8 Ag of leptin/100 g of body weight (white bars) during

lactation. B, Serum leptin in pups’ nursing mothers that were treated with

saline (C group; black bars) and pups’ nursing mothers that were treated

with leptin (white bars) during 3 days of lactation. Values are given as the

meanFS.E.M. of 6 lactating rats and 12 pups. Asterisk indicates significant

differences between the treated group and the C group, the level of

significance set at P b.05.
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Fig. 2. Food intake (A) and body weight (B) in lactating rats of the C group

(black bars) and the group injected with 8 Ag of leptin/100 g of body weight
(white bars). C, Body weight of pups’ nursing mothers that were treated

with saline (C group; black bars) and of pups’ nursing mothers that were

treated with leptin (white bars) during 3 days of lactation. Values are given

as the meanFS.E.M. of 6 lactating rats and 12 pups. Asterisk indicates

significant differences between the treated group and the C group, the level

of significance set at P b.05.
leptin suppression [19] and to hypothalamic NPY increase

[20], increasing, in this way, food intake that is proper for

energy accumulation necessary for milk production.

Most studies concerning leptin action on thyroid axis

favor the concept that leptin acts primarily on the hypothal-

amus, stimulating directly or indirectly TRH production and

release [21–25]. Recently, Ortiga-Carvalho et al. [25]
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showed a direct inhibitory effect of leptin on TSH release, by

in vitro pituitary explants, suggesting that leptin may act as

an autocrine/paracrine factor at the pituitary level.

Expression of the leptin receptor in the thyroid gland of

control rats has been recently detected. Authors also

showed, after subcutaneous leptin injection, a reduced

serum TSH concentration, consequent to a normal feedback

by higher thyroid hormone levels [26]. These findings

provide the evidence that leptin stimulates the secretion of

thyroid hormones through a direct mechanism involving the

thyroid leptin receptor.

Hence, the present study was designed to evaluate

whether maternal leptin treatment during lactation affects

iodine transfer to the pups through the milk during three

different periods of lactation and the consequence on

thyroid hormone serum levels.
2. Material and methods

Wistar rats were kept in a room with controlled

temperature (25F18C) and with artificial dark–light cycles

(lights on from 7:00 a.m. to 7:00 p.m.). Three-month-old

nubile female rats were housed with a male rat, and, after

mating, each female rat was placed in an individual cage with

free access to water and food until parturition. The use of the

animals was carried out according to the Animal Care and

Use Committee of the Biology Institute of the State
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Fig. 3. 131I gastric content (A), stomach (B), duodenum (C), and thyroid iodine upt

of lactation and injected with 131I 2 h before the sacrifice (black bars) and of pups’

injected with 131I 2 h before the sacrifice (white bars). Values are given as the mea

treated group and the C group, the level of significance set at P b.05.
University of Rio de Janeiro, which based its analysis on

the principles described in the Guide for the Care and Use of

Laboratory Animals [27]. Mothers were randomly assigned

to one of the following groups: the leptin (Lep) group, single

injected with 8 Ag/100g of body weight of recombinant rat

leptin (National Hormone and Pituitary Program, Harbor-

UCLA, Medical Center, CA, USA), daily for 3 consecutive

days, always at 4:00 p.m., and the control (C) group that

received the same volume of saline (NaCl, 0.9%). Body

weight and food intake of mothers as well as the body weight

of pups were monitored daily during leptin treatment.

To study iodine transfer to the pups through the milk

during the three different periods of lactation (Days 4, 12

and 21), we used six dams, which received the leptin

injection during the last 3 days before the sacrifice, for

each period.

On the day of sacrifice, the dams were separated from

their pups for 4 h. After this period, the dams received a

single intraperitoneal injection containing 2.22�104 Bq of
131I (IPEN, São Paulo, Brazil) and the pups were allowed to

nurse for 2 h [2]. Then, only two pups by litter were killed

with a lethal dose of pentobarbital and blood was obtained

by cardiac puncture. The thyroid gland and duodenum were

excised and weighed. The stomach was excised and rinsed

in normal saline. The stomach contents were obtained

through an incision made in the fundal area of the stomach.

The contents were carefully weighed. Gastric 131I content

was considered as 131I milk content.
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The 131I uptake in all tissues was individually evaluated

in a gamma counter (Cobra Auto-gamma, Packard Instru-

ment Co., Downers Grove, IL, USA).

Total serum T3 (TT3) and total serum T4 (TT4) were

measured by radioimmunoassay (RIA) using commercial

kits (Coat-A-Coat, DPC, Los Angeles, CA, USA), in

which we used control standard curves diluted in

iodothyronine-free rat serum (charcoal treated). Serum

TSH was determined by specific RIA using a kit for rat

TSH supplied by the NIDDKD (Bethesda, MD, USA) and

data were expressed in terms of the reference preparation

provided (RP-3).

Leptin concentrations were measured using a commercial

kit (Murine Leptin Elisa-DSL-10-24100, Diagnostic Sys-

tems Laboratories Inc., Webster, TX, USA). The inter- and

intra-assay coefficients of variance were 3.1% and 4.2%,

respectively, with a detection limit of 0.04 ng/100 ml.

The data are reported as meanFS.E.M. The statistical

significance of experimental observations was deter-

mined by the Student’s t test, with significance level

set at Pb.05.
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Fig. 4. Sera TT3 (A) and TT4 (B) and TSH (C) in pups’ nursing mothers

that were treated with saline (C; black bars) and in pups’ nursing mothers

that were treated with leptin (white bars) during 3 days of lactation. Values

are given as the meanFS.E.M. of 12 pups. Asterisk indicates significant

differences between the treated group and the C group, the level of

significance set at P b.05.
3. Results

The mothers’ and pups’ serum leptin concentrations on

the last day of treatment are shown in Fig. 1. The serum

leptin concentration was significantly (Pb.05) higher in the

mothers only at the end of lactation (Fig. 1A). On the

contrary, in the pups from Lep mothers, serum leptin

concentration was significantly higher only on Day 4

(+92%; Pb.01) (Fig. 1B).

The lactating rats that received leptin injection at the end

of lactation had significantly lower (43%; Pb.05) food

intake on Day 20 (Fig. 2A), but there were no changes in

their body weight (Fig. 2B). The pups from Lep mothers

showed no significant changes in body weight compared

with pups from the C group (Fig 2C).

Fig. 3 depicts the pups’ 131I gastric content, duodenum,

stomach and thyroid iodine uptake. Pups of Lep mothers

had a significant higher radioiodine gastric content from

the beginning to the end of the lactation (24% on Day 4,

31% on Day 12 and 128% on Day 21; Pb.05) compared

with those from the C group (Fig. 3A). Pups from Lep

mothers had a significant (Pb.05) higher iodine uptake in

the stomach on Days 4 (38%) and 21 (86%) (Fig. 3B),

while, in the duodenum, no significant changes in

radioiodine uptake were observed between the groups

(Fig. 3C). The thyroid iodine uptake in pups from Lep

mothers was significantly (Pb.01) higher on Days 12

(41%) and 21 (134%) compared with that in pups from

the C group (Fig. 3D).

TT3 and TT4 serum concentrations were significantly

higher (Pb.05) in pups from Lep mothers only on Day

4 (81% and 17%, respectively) compared with those in

the controls, while the TSH serum concentrations were
significantly higher (Pb.05) only at the end of lactation

(Fig. 4).
4. Discussion

It was the first time that iodine metabolism and thyroid

hormone serum concentration were evaluated in a model of

maternal hyperleptinaemia during lactation.

Vernon et al. [18] demonstrated that lactation is

associated with a decrease of serum leptin concentration
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due to an increase of leptin clearance. This fact allows the

mother to maintain food consumption in this period and

nutritional support for the pups. In the present study, in

almost all the periods studied, the maternal serum leptin did

not increase, despite the exogenous supply of leptin. We

believe that the higher leptin clearance can explain these

findings. Besides, it is possible that those animals had a

resistance to the anorectic effect of leptin, as suggested

before in other models [14,28,29], which explain the

maintenance of food consumption. Nevertheless, on the

last day of lactation, the treated dams had a significant

increase in serum leptin and decrease in food intake. This

could be due to a reduction of leptin clearance that occurs at

weaning. In addition, Vernon et al. [18] suggest that the

nocturnal increase of leptin is reduced by suckling. This

contributes to explain this last finding since the food intake

decreases only at the end of lactation when the suckling

stimulus declines.

In the present study, we corroborate findings of Casabiel

et al. [30] that demonstrated in lactating rats injected with
125I-leptin that it is transferred from a mother’s circulation

through the milk then to a 4-day-old pup’s stomach and

afterward to its blood. Our study suggests that leptin is

transferred from the mothers’ milk to the pups on Day 4

because leptin was increased in the pups’ sera. An

alternative explanation may be that the increase in maternal

leptin could stimulate other stimulatory factors to pups’

leptin production. One of these factors could be the milk’s

fat content since Mantzoros et al. [31] observed an

association between this factor and pups’ leptin concen-

trations. Besides this increase in serum leptin, the body

weight of these animals did not change in our model. It is

possible that these animals also present a resistance to the

anorectic effect of leptin.

The body weight of pups from Lep mothers did not

change in all periods studied, and on Days 12 and 21,

coherent serum leptin concentration was normal. It is

probable that for the anorectic and metabolic effects, both

the low dose and short time of treatment were not

sufficient to change these variables. The model used in

our study ended to be a better model since this low dose

was sufficient to change iodine metabolism and thyroid

hormone concentration, as discussed in the Results section.

This has made possible the separation of the direct effect of

leptin from the indirect effect of malnutrition caused by

leptin anorectic effect.

In the present work, the pups of Lep mothers had a

significant increase in the radioiodine gastric content from

the beginning to the end of the lactation and in the stomach

on Days 4 and 21. We suggest that the mammary gland

sodium iodine symporter (mg-NIS) transcriptional activity

could be regulated by leptin. It has been demonstrated that

leptin increases prolactin (PRL) secretion in isolated

pituitaries of rats [32,33] and in ob/ob mice [34]. Rillema

and Rowady [35] showed that PRL enhances iodide

accumulation in the cultured mammary tissue of mice,
suggesting a PRL stimulatory effect of mg-NIS. So, in our

model, leptin could increase iodine transfer to the pups,

directly or through PRL stimulation.

The data of higher thyroid 131I uptake in pups from Lep

mothers, on Days 12 and 21 of lactation, are, in part, in

agreement with those shown by us in pups from protein-

restricted mothers, which had higher transfers of iodine at

the end of lactation [2]. We did not find studies about the

effects of leptin on iodide thyroid uptake. However, Nowak

et al. [26] showed that leptin chronic administration

stimulates rat thyroid hormone secretion, probably through

a direct mechanism involving the thyroid leptin receptor. So,

it is possible that the higher 131I thyroid uptake is due to a

direct stimulatory effect of leptin. Probably, this increase is

due both to the higher supply of iodine and to higher

absorption since the radioiodine gastric content and iodine

uptake in the stomach are higher during all lactations. Thus,

as discussed in relation to the mammary gland and thyroid

NIS, our data also suggest a stimulatory effect of leptin on

gastric NIS expression.

On Day 4, when we observed an increase in the pups’

serum leptin concentrations, T3 and T4 showed a significant

increase, corroborating the finding of Nowak et al. [26],

now in a neonatal model. At the end of lactation, the pups

had an increase of TSH, which confirms findings of other

authors showing a stimulatory role of leptin on TSH

secretion in neonatal rats [21,25]. This higher TSH level

could contribute to higher thyroid radioiodine uptake.

Therefore, our data suggest a stimulatory effect of leptin

on NIS activity in different tissues that could contribute to a

higher transfer of iodine from a mother to a pup and could

help explain why malnourished mothers had higher iodine

transfers at the end of lactation, associated with higher

serum leptin concentrations both in pups and mothers.
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