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The effects of exposing rats to cigarette smoke on
milk production and growth of offspring

Paulo R. B. Mello,1 Thelma S. Okay,2 Clovis Botelho3

Abstract
Objectives: To analyze the effects of exposure to cigarette smoke during gestation and lactation on the milk

production of rats and on the weight gain and linear growth of their offspring.

Methods: Three groups of female rats were studied during gestation and lactation: 15 rats were exposed to

cigarette smoke and air flow, 18 rats were handled, i.e., exposed to compressed air flow, and 18 rats were used as

controls. Newborn rats were measured and weighed every 5 days, from the first to the 15th day. Milk production was

estimated by 1-hour milk extraction and weight gained by litters.

Results:Theoffspringof rats exposed to cigarette smokeweighed less andwere shorter at birth.During lactation,

the offspring of rats exposed to smoke and also of rats that had merely been handled gained less weight than the

control group. Milk production gauged by the 1-hour extraction method was reduced in the group exposed to smoke

and, to a lesser extent, also in the group that had been handled. Milk production estimated according to the pups’

weight gain was reduced equally in the groups exposed to smoke and merely handled, when compared to the control

group.

Conclusions: Exposure to cigarette smoke compromised the birth weight and birth length, but during lactation,

handling also compromised weight gain of offspring. Handling and, to a greater extent, exposure to tobacco, were

prejudicial to milk production.
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Introduction

Smoking can affect several phases of human

reproduction, including lactation.1 The children of mothers

who smoke gain weight at a slower velocity than the children

of non-smokers, suggesting that smoking may affect milk

production.2 Studies of dailymilk production between1and3

months into lactationhaveshown thatdailymilkproduction is

significantly lower in smoking mothers. When weight gain

wasmeasured over a 14-day period, it was observed that the

children of smokers exhibited 40% lower mean weight gain

than the children of non-smokers.3

Active maternal smoking habits have been linked with

breastfeeding failure, reducing milk production and

breastfeeding duration,4,5 both exclusive and mixed,2 and

the reduction in breastfeeding duration is proportional to the

intensity of maternal smoking.6-8

Although the harmful effects of active smoking have been

accepted as impacting several phases of the female

reproductive process, an ever growing number of studies are

referring to similar effects caused by passive smoking. The

relative risk (RR) of a mother exposed to passive smoking

giving birth to a low birth weight child was 2,17 (95%CI
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1.05-4.50)when comparedwithmotherswho had no contact

with cigarettes.9 It appears that fetuses,10 newborn infants

andyoung infants11 aremost at risk fromexposure to passive

smoking.

Although experimental studies have analyzed the effects

of smoking on lactation,12 their results have been divergent.

Working from the hypothesis that smoking affects both

postnatal growth and weight gain of offspring, the objective

of this experimental studywith ratswas to analyze the effects

of cigarette smoke on the dams’ milk production and on their

litters’ weight gain and linear growth.

Methods

This study employed an experimental rat model of

exposure to tobacco smoke, analyzing several parameters,13

including linear growth and weight gain of pups and dams’

milk production.

The sample size calculationwasmadebasedona5% level

of significance (p < 0.05) and a beta error of 0.1. The formula

used was N = [(za-zb) theta]2/delta, where za and zb are z

scores from a normal curve associated with the alpha and

beta values, theta is the standard deviation and delta the

difference considered significant. The resultant sample size

was a minimum of 15 animals per group.

The sample consisted of 51 Wistar strain virgin female

rats aged 4 months (Ratus norvegicus), provided by the

Biotério Central at the Universidade Federal de Mato Grosso

andmaintained at 22±2 °C temperature, 40 to 60%humidity

and with a cycle of 12 hours darkness and 12 hours light.

Animals were accepted at weights between 230 and 260 g

and were fed on Nuvilab rations (Nuvital, Curitiba, PR) and

water ad libitum.

The animals were separated into three groups:

- Group S: animals exposed to cigarette smoke in com-

pressed air flow for 15 minutes, twice a day, during ges-

tation and lactation (n = 15);

- Group A: animals handled and exposed to compressed air

for 15minutes twice a day, during gestation and lactation

(n = 18);

- Group C (control): animals that were not handled, except

for the minimum necessary for weighing (n = 18).

The animals in group S were exposed to smoke from

Marlboro® (Philip Morris) brand cigarettes. Each cigarette

contained 0.8 mg of nicotine, 10 mg of tar and 10 mg of

carbon monoxide (measured by sampling, Labstat

Laboratory, Canada).

The exposure system employed and assessment of

system functionality and of exposure markers – cotinine and

carboxyhemoglobin – have been described previously.14,15

The exposure system consisted of two wooden chambers

separated by a perforated wall. In the first chamber

(combustion), the cigarettes were burnt, passively, and the

animals were placed in the second chamber (inhalation).

During exposure compressed air fed the combustion and

directed the smoke flow into the inhalation chamber and from

there to an exit.

The animals in groups S and A were subjected to

inhalation for 15minutes, twice a day,with a 12hour interval,

from confirmation of pregnancy, by vaginal smear, until the

17thdayof lactation.Duringexposure, theanimals ingroupS

inhaled the smoke from cigarettes that were completely

burnt and ventilated by compressed air flow (10 L/minute).

Ten cigarettes were used per day (five cigarettes per

exposure), i.e. two cigarettes/animal/day. The animals in

group A were put in an exposure system that was reserved

exclusively for that group, with a similar compressed air flow,

at the same frequency and duration and at the same times of

day as the animals in group S.

Litters were reduced to eight newborn rats, eliminating

the excess at random. Reductions in litter size were tolerated

to a minimum of seven pups. The newborn rats were

numbered between 12 and 24 hours after birth, and once

again on the 10th day of life. Weight and length (measured

fromnose to tip of tail with the pup extendedona flat surface)

were obtained according to the protocol published by Silva et

al.14 Weights and lengths were measured on the first, fifth,

10th and15thdays of life, always at the same timeof day, and

weight was also recorded in the morning on the 12th day of

life. Weight gained during lactation was measured according

to weight accumulated or by the difference between birth

weight and the weight measured on the days mentioned.

Milk production was estimated according to methods

described by Morag16 and Sampson & Jansen.17 Using the

Morag16 method, the difference in the pups’ weights before

and after suckling was recorded (milk extraction

measurement). On the 12th day of lactation, pups were

separated from dams for 12 hours and, at the end of this

period, were weighed (initial weight). Next, immediately

after the dams had been exposed to smoke or air or not

exposed (group C), the pups were returned to the dams,

allowed to suckle for 1 hour and after weighed once more

(final weight). Milk production, in g/pup, was defined as the

mean weight gain in 1 hour for each litter.

The method published by Sampson & Jansen17 was also

used, by which the period from the fifth to the 12th day after

birth was studied, applying the following equation: milk

production (g/pup/day) = 0.0332 + 0.667 (weight) + 0.877

(weight gain), where weight is the weight on the last day of

the period and weight gain is the difference between the

initial weight and the weight on the last day of the period.
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Data were tabulated on Excel, and statistical analyses

performed using SPSS version 9.0. The Lavene test was

employed to verify the behavior of numerical variables.

Parametric analyses were performed using ANOVA or

Student’s t test, as appropriate. The level of significance

adopted was p < 0.05.

The research project was approved by the Ethics

Commission responsible for research (CAPPesq) at the

Hospital das Clínicas and Medical Faculty of the Universidade

de São Paulo, hearing number 777/01 on 25th October 2001.

Results

Table 1 contains the weights of the rat pups from birth up

until the 15th day of life. It will be observed that the pups of

dams in group S had lower birth weights than those of the

control animals, and that this differencepersisted throughout

lactation. Thepupsof groupAdamswerebornweighingmore

than those from group S, but this difference lost significance

from the 10th day of lactation onwards. On the 15th day of

lactation, the pups of group A animals have comparable

weights to those of group S animals and weigh less than the

control group’s pups.

The pups of group S dams were shorter than those of

group C at birth and throughout lactation (Table 2). The

offspring of rats in group A were born longer than the

offspring of rats in group S, but this difference lost

significance fromthe10thdayof lactationonwards.When the

two groups that had not been exposed to cigarette smoke

were compared (compressed air and control groups), no

differences were observed between their pups’ lengths on

any of the data collection days.

Comparison of the weight gained by the rat pups over

their first 15 days of life demonstrates that the control group

gained more weight than group S throughout lactation. In

contrast, the offspring of group A dams gained weight at a

similar rate to the controls at the start of lactation, but this

rate of gain reduced significantly as lactation progressed,

which was detected on the 15th day of life and meant that,

when comparedwith the pups of group S dams, group A pups

were not significantly different in terms of weight gain during

lactation: S = 16.91 g (±1.91); A = 17.26 g (±2.09);

C = 18.81 g (±2.26) (S vs. C; p < 0.05).

Milk production data (Figure 1), as assessed on the 12th

day of lactation according to the procedure described by

Morag,9 demonstrated that the offspring of group S received

lessmilk than the offspring of rats in the other twogroups and

that theoffspringof groupA rats received lessmilk than those

of the controls (Figure 1, first graph).

The results of evaluation of milk production, assessed

from the fifth to the 12th day of lactation using the method

Table 1 - Mean weight (g) and standard deviation for the litters of rats exposed to cigarette smoke and compressed air
compared with controls, at birth, and on the fifth, 10th and 15th days of life

n Birth 5th day 10th day 15th day

Group

S 15 5.50 (0.28) 9.46 (0.76) 17.57 (1.19) 22.42 (1.86)

A 18 5.89 (0.47) 10.45 (1.06) 18.19 (1.51) 22.93 (1.87)

C 18 5.87 (0.36) 10.62 (1.16) 19.23 (1.99) 24.73 (2.45)

Test

ANOVA p < 0.01 p < 0.01 p < 0.05 p < 0.01

t test

C x S p < 0.01 p < 0.01 p < 0.01 p < 0.01

C x A NS NS NS p < 0.01

S x A p < 0.01 p < 0.01 NS NS

A = compressed air; C = controls; NS = nonsignificant; S = cigarette smoke.
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described by Sampson & Jansen,17 demonstrate that rats

exposed to cigarette smoke and rats exposed to compressed

air did not exhibit any differences inmilk production, but that

both these groups produced less milk than the rats in thee

control group (Figure 1, second graph).

Discussion

Assessment of the weight gain and linear growth of

newborn rats demonstrated that the difference in weight

between the offspring of rats exposed to cigarette smoke and

controls remained even when birth weight was subtracted

from total weight gain by means of analysis of accumulated

weight gain. When accumulated weight gain during lactation

was compared for the pups of groups exposed to cigarette

smoke and the pups of those exposed to compressed air, no

statistically significant differences were observed between

means. These data suggest that, when attempts aremade to

cancel out the effect of handling (exposing animals to

compressed air only), the weight loss observed at birth

among the litters of mothers exposed to smoke disappears

during lactation.

In this study, weight gain was assessed in the offspring of

female rats exposed to tobacco throughout pregnancy and

practically the entire lactation period, attempting to thereby

mimic the condition of human smoking. Since these

reproductive periodswere not studied in isolation, the effects

observed during lactationmaybe a reflection ofmaternal and

fetal alterations resulting from the exposure during

gestation. It is known that nicotine interferes in thebuild upof

lipids during pregnancy, and may reduce the mother’s

capacity to meet the energy demands of lactation,

particularly when nutritional intake is restricted.18 Similarly,

maternal intake, analyzed both qualitatively and quantita-

tively, is of great importance during lactation, both for the

mother’s health and for successful lactation, in addition to

being essential for the growth of her pups.19

Newborn rats given nicotine injections during gestation

and lactation exhibited reduced weight gain and linear

growth at the end of the first half of lactation.20 In contrast,

newborn rats given nicotine during gestation, but not during

lactation exhibited reduced birth weight, but with no

significant difference in weight at weaning after 21 days.21

Studies with humans have shown that, although smoking

during pregnancy is associated with newborn infants whose

weights are lower when delivered, after birth, these children

tend to catch up with the ideal growth curve.22 It would

appear that the effects of smoking are associated more with

interuterine exposure than with postnatal exposure (passive

smoking) during the early stages of infancy.23

Table 2 - Mean values (cm) and standard deviations for the lengths of pups of rats exposed to cigarette smoke or compressed
air compared with controls, at birth and on the fifth, 10th and 15th days of life

n Birth 5th day 10th day 15th day

Group

S 15 6.78 (0.28) 8.80 (0.76) 11.60 (1.19) 13.96 (1.86)

A 18 6.94 (0.18) 9.26 (0.38) 11.83 (0.38) 14.20 (0.51)

C 18 6.92 (0.11) 9.20 (0.32) 11.94 (0.45) 14.49 (0.61)

Test

ANOVA p < 0.05 p < 0.05 NS p < 0.05

t test

C x S p < 0.01 p < 0.05 p < 0.05 p < 0.05

C x A NS NS NS NS

S x A p < 0.05 p < 0.05 NS NS

A = compressed air; C = controls; NS = nonsignificant; S = cigarette smoke.
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The data analyzed here show that the animals exposed to

compressed air were born with similar weights to the

controls. However, during lactation they gained less weight

than the controls, and a similar amount to the pups of the

group exposed to cigarette smoke. The hypothesis therefore

arises that the lower corrected weight gain in the two groups

of exposed animals compared with the unhandled animals

(controls) may not be the result of gestational events, but of

factors that occurred during lactation, such as stress.

The mean values of milk extraction recorded for the

control groupwere 1.18 g/pup, greater than figures reported

by Morag,16 which were 0.9 g/pup, but smaller than those

described by Lau,24 which were 1.35 g/pup. These figures,

15% greater, may be the result of different animal lineage,

diet and accommodation. Comparing the results of the three

study groups, it will be observed that the control group

extracted the greatest volume of milk, followed by the

compressed air group and then by the group exposed to

cigarette smoke. According to this method, although milk

production was lower in the groups exposed to cigarette

smoke and compressed air than in the control group,

production was greater in the group exposed exclusively to

compressed air in comparison with the group exposed to

cigarette smoke.

Analyzing milk production according to the method

proposed by Sampson & Jansen,17 it was observed that the

dams in groups S and A produced less milk than those in the

control group and did not exhibit differences when compared

with eachother.Grigor25 estimatedmilk production indirectly

from the sum weight gain of animals over 24 hours, with

insensible losses accounted for in the form of the weight lost

by animals fasting for an equal period. Their results produced

a figure for milk production of 46 g a day in litters reduced to

10 individuals. Grigor25 also applied the equation described

bySampson& Jansen17 and foundamilk production estimate

thatwas10%lower. Thesevaluesare similar to those found in

the present study, which were arrived at using the same

equation, although corrected for litters reduced to eight

members.

It is known that the method proposed by Sampson &

Jansen17 is an indirectmeasure ofmilk production, estimated

from the mean daily weight gain of the litter. The calculation

takes into consideration the interference provoked by

insensible losses (perspiration and excretions) and assumes

constant weight gain from the fifth to the 15th days of life.

While the weight gain of a standardized litter can be used

as a qualitative index of milk production, it cannot be used to

accurately measure milk production, since the pups’

maintenance requirements are not taken into account, and

neither are possible variations in maternal nutrient intake

that may alter the milk’s composition.19

The comparison of results from two different

measurements of milk production demonstrated that,

although the measurement taking throughout lactation did

not detect a difference between the groups exposed to

cigarette smoke and to compressed air, the measurement

calculated according to the Morag16 method demonstrated

an independent effect from the cigarette smoke. Since this

measurement reflectsmilk production during the previous 12

hours, themilk producedduring theperiod thatmotherswere

separated from their litters may have been influenced by the

two exposures that took place during this interval.

Nevertheless, the long termmeasurement did not reveal any

difference between the S and A groups, which suggests that

the animals exposed to tobacco maintained milk production

during the interval of exposure to cigarette smoke. This

A = compressed air; C = controls; NS = nonsignificant; S = cigarette smoke.

Figure 1 - Mean values and standard deviations for milk produc-
tion of rats exposed to cigarette smoke and com-
pressed air, compared with controls: in g/pup accord-
ing to the 1-hour milk extraction method (first graph)
and in g/pup/day (Sampson & Jansen, 1984) mea-
sured from the fifth to the 12th day of lactation (second
graph)
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finding is, in part, in agreementwith the results of a hormonal

assessment, which showed that the animals exposed to

cigarette smoke did not demonstrate any differences in

prolactin secretion.13 Therefore, the lower amount of weight

gained by the litters in the smoking group in 1 hour of suction

may be caused by reduced ejection of milk by mothers.

It is known that milk ejection can be affected by stimuli

that cause stress. Liberation of milk has been observed to

reduce when female rats are subjected to visual, olfactory

and auditory stimuli or are restricted physically.26 The

mechanisms involved are thought to be the result of

activation of the peripheral sympathetic adrenal system and

of a reduction in the number of oxytocin pulses. Sympathetic

activation causes vasoconstriction of mammary glands

making it harder for oxytocin to access the myoepithelial

cells, provoking an increase in the tonus of mammary ducts

and influencing the dynamics of intramammary pressures.
27,28 Furthermore, part of this process of sympathetic

stimulation is a cerebral component that inhibits the oxytocin

stimulus responsible for ejection of milk.29

However, the effects of stress on lactation are complex.

Depending on the duration of stress and on its site(s) of

action, suppressed lactation may be the result of a reduction

in synthesis or ejection of themilk. The duration of the effects

observedmay vary, depending onwhether the stress is acute

or prolonged, affecting the action of prolactin – synthesis – or

the action of oxytocin – ejection of milk.30

In contrast with the results observed during lactation, the

two groups of animals that were not exposed to cigarette

smoke did not differ in terms of birth weight, denoting an

effect from tobacco exclusive to gestation. Overall, the

weight gain and milk production data suggest that the effect

on lactation of stressing the animals during experimental

handling was similar to the method of tobacco exposure

adopted, and that the observed effect of the cigarettes on

milk extraction may be overcome by litters in the intervals

between exposures. For the model adopted, lactation was

sensitive to animal stress, in contrast with gestation, which

was only sensitive to the effects of exposure to cigarettes.

In this study, exposure to cigarette smoke reducedweight

and length at birth. This effect was independent and

attributable to tobacco. During lactation the female rats

exposed to tobacco smokeproduced smaller volumes ofmilk,

their pups captured less milk and exhibited slower weight

gain and less postnatal linear growth in relation to the control

group. During lactation, handling and exposure to

compressed air prejudiced the weight gain of offspring. Milk

extraction was reduced by handling and, to a greater extent,

by exposure to cigarette smoke, but, over the lactation

period, the effect of cigarette smoke in reducing milk

production was no different from that of handling.

References

1. Mello PR, Pinto GR, Botelho C. Influência do tabagismo na
fertilidade, gestação e lactação. J Pediatr (Rio J).
2001;77:257-64.

2. CabelloG,HrepicN, Astudillo I, BenitezR,Ortega L, PobleteS, et
al. Hábito de fumar y su relacion con el embarazo y la lactancia
en Arica (Chile). Rev Chil Pediatr. 1991;62:386-9.

3. Vio F,SalazarG, InfanteC.Smokingduringpregnancyand lacta-
tion and its effects on breast-milk volume. Am J Clin Nutr.
1991;54:1011-6.

4. Horta BL, KramerMS, Platt RW.Maternal smoking and the risk of
early weaning: a meta-analysis. Am J Public Health.
2001;91:304-7.

5. Letson GW, Rosenberg KD, Wu L. Association between smoking
during pregnancy and breastfeeding at about 2 weeks of age. J
Hum Lact. 2002;18:368-72.

6. Nafstad P, Jaakkola JJ, Hagen JA, Pedersen BS, Qvigstad E, Bot-
ten G, et al. Weight gain during the first year of life in relation to
maternal smoking and breast feeding in Norway. J Epidemiol
Community Health. 1997;51:261-5.

7. Horta BL, Victora CG, Menezes AM, Barros FC. Environmental
tobacco smoke and breastfeeding duration. Am J Epidemiol.
1997;146:128-33.

8. Haug K, Irgens LM, Baste V, Markestad T, Skjaerven R,
Schreuder P. Secular trends in breastfeeding and parental
smoking. Acta Paediatr. 1998;87:1023-7.

9. Martin TR, BrackenMB. Association of low birth weight with pas-
sive smoke exposure in pregnancy. Am J Epidemiol.
1986;124:633-42.

10. Dejmek J, Solansky I, Podrázilova K, Sram RJ. The exposure of
nonsmoking and smoking mothers to environmental tobacco
smoke during different gestational phases and fetal growth.
Environ Health Perspect. 2002;110:601-6.

11. Witschi H, Joad JP, Pinkerton KE. The toxicology of
environmental tobacco smoke. Annu Rev Pharmacol Toxicol.
1997;37:29-52.

12. Amir LH. Maternal smoking and reduced duration of breastfeed-
ing: a review of possible mechanisms. Early Hum Dev.
2001;64:45-76.

13. Mello PRB. Efeito do tabagismo sobre a liberação de prolactina,
produção láctea e componentes imunes do leite de ratas [tese].
SãoPaulo:UniversidadedeSãoPaulo; 2004.Disponível: http://
www.capes.gov.br/capesdw/
resumo.html?idtese=200426533002010072P0.ratos. Access:
20/12/2006.

14. Gonçalves-Silva RMV, Lemos-Santos MG, Botelho C. Influência
do tabagismo no ganho ponderal, crescimento corporal,
consumo alimentar e hídrico de ratos. J Pneumol.
1997;23:124-30.

15. Mello PRB, Okay TS, Dores EFG, Botelho C. Avaliação de um
sistemade exposição tabágica passiva emmodelo experimental
utilizando cotinina e carboxiemoglobina como marcadores de
exposição. Pulmao RJ. 2005;14:228-36.

16. Morag M. Estimation of milk yield in the rat. Lab Anim.
1970;4:259-72.

17. Sampson DA, Jansen GR. Measurement of milk yield in the
lactating rat from pup weight and weight gain. J Pediatr
Gastroenterol Nutr. 1984;3:613-7.

272 Jornal de Pediatria - Vol. 83, No.3, 2007 Smoking and milk production in rats – Mello PR et al.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14647856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14647856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1845647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1845647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1957815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1957815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11211645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11211645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12449053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12449053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9229054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9229054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9230774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9230774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9825966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9825966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3752056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3752056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12055052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12055052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12055052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9131245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9131245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11408108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11408108
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=199409&indexSearch=ID
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=199409&indexSearch=ID
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=199409&indexSearch=ID
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=5527831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6481568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6481568


18. Williams CM, Kanagasabai T. Maternal adipose tissue response
to nicotine administration in the pregnant rat: effects on fetal
body fat and cellularity. Br J Nutr. 1984;51:7-13.

19. Leite MS, Azeredo VB, CarmoMGT, Boaventura GT. Utilização da
multimistura durante a lactação e seus efeitos na produção e
composição do leite materno de ratas. Rev Nutr.
2002;15:211-21.

20. Hamosh M, Simon MR, Hamosh P. Effect of nicotine on the
development of fetal and suckling rats. Biol Neonate.
1979;35:290-7.

21. Becker RF, Little CR, King JE. Experimental studies on nicotine
absorption in rats during pregnancy. 3. Effect of subcutaneous
injection of small chronic doses upon mother, fetus, and
neonate. Am J Obstet Gynecol. 1968;100:957-68.

22. Boshuizen HC, Verkerk PH, Reerink JD, HerngreenWP, Zaadstra
BM, Verloove-Vanhorik SP. Maternal smoking during lactation:
relation to growth during the first year of life in a Dutch birth
cohort. Am J Epidemiol. 1998;15:117-26.

23. Eskenazi B, Bergmann JJ. Passive and active maternal smoking
during pregnancy, as measured by serum cotinine, and
postnatal smoke exposure. I. Effects on physical growth at age 5
years. Am J Epidemiol. 1995;142(9 Suppl):S10-8.

24. Lau C, Henning SJ. Regulation of milk ingestion in the infant rat.
Physiol Behav. 1984;33:809-15.

25. Grigor MR, Allan JE, Carrington JM, Carne A, Geursen A, Young
D, et al. Effect of dietary protein and food restriction on milk
production and composition, maternal tissues and enzymes in
lactating rats. J Nutr. 1987;117:1247-58.

26. Lau C. Effects of various stressors on milk release in the rat.
Physiol Behav. 1992;51:1157-63.

27. FindlayALR,GrosvenorCE. The role ofmammarygland innerva-
tion in the control of the motor apparatus of the mammary
gland: a review. Dairy Sci Abstr. 1969;31:109-16.

28. Wakerley JB, Clarke G, Summerlee AJS. Milk ejection and its
control. In: Knobil E, Neill JD, editors. The physiology of
reproduction. 2nd ed. New York: Raven; 1994. p. 1131-77.

29. Neville MC. Anatomy and physiology of lactation. Ped Clin North
Am. 2001;48:13-34.

30. Lau C. Effects of stress on lactation. Ped Clin North Am.
2001;48:221-34.

Correspondence:
Paulo Roberto Bezerra de Mello
Rua Arnaldo de Matos 277/18, Goiabeiras
CEP 78020-825 – Cuiabá, MT – Brazil
Tel.: +55 (65) 3051.3591
Fax: +55 (65) 3623.1334
E-mail: prbmello@uol.com.br

Smoking and milk production in rats – Mello PR et al. Jornal de Pediatria - Vol. 83, No.3, 2007 273

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6689943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6689943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6689943
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S1415-52732002000200010&lng=pt&nrm=iso
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S1415-52732002000200010&lng=pt&nrm=iso
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S1415-52732002000200010&lng=pt&nrm=iso
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=476202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=476202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=5644309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=5644309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=5644309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=5644309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9457000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9457000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9457000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7572983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7572983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7572983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6522500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3612304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3612304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3612304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1641416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11236721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11236728


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


