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A number of clinical reports have correlated 
tobacco smoking with decreased pregnancy rate, 
increased abortion rate, infant mortality, still 
births, neonatal deaths, and lower mean birth 
weights in those infants which are delivered 
normally (1-5). Investigations with experimen- 
tal animals have tended to c o n f m  these obser- 
vations. Thus, it has been observed that exposure 
of pregnant rats (6, 7) to tobacco smoke de- 
creases fetal growth and increases the incidence 
of prenatal mortality, an effect which was 
mimicked by injection of nicotine (6, 8-10). 
However, confusion exists in the literature since 
some investigators have found smoking to have 
no deleterious effects on reproductive processes 
(1 1-13). One source of this confusion may be 
the fact that often the animal experiments were 
poorly controlled in terms of smoking parame- 
ters and only general parameters of reproduction 
were measured. 

For this and other reasons a number of inves- 
tigators have begun to examine the effect of 
nicotine injections on speczjic reproductive 
parameters, such as the ovulatory surge of 
luteinizing hormone and the prolactin release 
known (14) to be induced by suckling. The re- 
port of Blake et al. (15) was the first to indicate 
that nicotine injections on the morning of proes- 
trus delays or blocks the ovulatory surge of 
luteinizing hormone in the rat. Nicotine injec- 
tions have also been found to inhibit the proes-‘ 
trous surge of prolactin in rats and to block the 
suckling-induced rise of prolactin in lactating 
rats (16, 17). The present report goes one step 
further and presents data showing that, under 

rats (Harlan Industries, Cumberland, Indiana) 
were maintained under a 14: 10 light4ark cycle 
at 75°F. After acclimatization to laboratory con- 
ditions, the rats were mated with males of the 
same strain and allowed to deliver (21.4-day av 
gestation). Eight to ten days after parturition, a 
chronic cannula was inserted into the right at- 
rium according to the procedure of Blake et al. 
(16) and exteriorized at the back of the neck. 
Using this technique it was possible to collect 
serial samples by withdrawing blood into 
heparinized syringes before, during, and after 
suckling without disturbing the mother or the 
pups and without anesthetization. The cannula- 
tion procedure was performed on the day before 
the experiment was begun. Eight mothers were 
designated as “smokers” and six as controls or 
“nonsmokers”. On the day of the experiment, 
the pups were isolated from their mothers for 8 hr 
before suckling was permitted. The first blood 
sample (0.3-0.4 ml) was taken from the mothers 
1 hr before the pups were replaced. Fifteen min- 
utes after this sample, the mothers were placed in 
lucite “smoking” cages (lucite cylinders with 
adjustable plungers) which in turn were placed 
on racks of a smoking machine provided by the 
University of Kentucky Tobacco and Health Re- 
search Institute. The machine was programmed 
to deliver a 2-sec 35-ml puff of 10% smoke (or 
air in the case of controls) which was held in the 
smoking chamber and delivered to the animals 
for 25 sec of the 1-min cycle. Figure 1 shows the 
configuration of the smoking apparatus. Ex- 
perimental cigarette No. 1A4 (2.5 mg 
nicotine/cigarette) was used in all “smoked” 

carefully controlled smoking conditions, smoke groups. All controls (nonsmoked) were sub- 
inhalation delays the suckling-induced rise of jected to the same conditions (restraint in cages, 
serum prolactin. etc.) except that air was substituted for the 

Materials and Methods. Adult female Wistar smoke so that the same stress induced by con- 
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FIG. 1. Schematic of the “smoking” machine. In operation a lighted cigarette is placed in the cigarette holder 
and the puff chamber (air-cylinder operated) is moved over the cigarette holder forming an air-tight seal against a 
Teflon disc. Air is then forced into the chamber, mixes with the smoke and flows out through the ports of the 
exposure chamber through which the animals are breathing. After the puff, retraction of the puff chamber allows 
the cigarette to free-bum. The solenoid-operated valves which direct the air flow during “smoking” are controlled 
by switches actuated by a motor driven camshaft. Puff frequency is determined by the motor speed while puff 
chamber operation (puff dilution and duration) are controlled by cam settings. The flow of air for the puff and 
dilution are controlled by metering valves and monitored by flowmeters. A manual reset electric counter counts the 
number of puffs. Puff duration, dilution, and frequency may be varied by adjustment of machine setting. Although 
only two of the animal holders are shown in place, as many as eight rats may be exposed to smoke at one time. 

finement and the noise generated by the smoking 
machine was experienced by smokers and 
nonsmokers. Animals were exposed to thirty 
1-min cycles during which time a total of 30 
puffs of air or smoke were delivered. After 
treatment they were removed from the smoking 
cages and placed in regular cages for 15 min 
before their pups were returned. The pups were 
replaced (8 per mother) and a blood sample was 
taken (time 0) from the mother. Unless at least 4 
pups were suckling within 3 min no samples 
(0.3-0.4 ml) were taken at 15, 30, 45, 60, 90, 
120, and 180 min after onset of suckling. 
Heparinized saline (0.5 ml 14.7 U/ml) was rein- 
jected after each collection. Samples were al- 
lowed to clot overnight at 4”, centrifuged, and 
subjected to radioimmunoassay for prolactin 
using the NIAMDD kit for rat prolactin (1 8) and 
the double-antibody procedure of Niswender et 
al. (19). All values are expressed in terms of 
NIAMDD rat prolactin standard RP- 1. 

Results and Discussion. Serum prolactin 
levels of smoked and nonsmoked 
lactating-suckling female rats are shown in Fig. 
2. It is seen that in animals exposed to puffs of air 
suckling induced a rapid rise in serum prolactin 
within 15 min after the pups were replaced. This 
finding is in agreement with previous reports 
(17). After this time prolactin continued to rise 
and reached a peak 2 hr after suckling began. In 
marked contrast, mothers exposed to tobacco 
smoke showed no rapid prolactin release in re- 
sponse to suckling. Indeed, prolactin levels in 
these animals were not significantly different 
(P < 0.01) from presuckling values until 90 rnin 
postsuckling. After this time prolactin levels 
continued to rise even in “smoked” mothers and 
reached a peak at the same time (2 hr after onset 
of suckling) as in nonsmoked mothers. How- 
ever, the prolactin levels in the smoke-exposed 
group were much higher (P < 0.001) at this 
time. The reason for this “overshoot” in prolac- 
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FIG. 2. Serum levels of prolactin (expressed as ng/ml of NIAMDD RP-I) at various intervals before and after 
smoke (solid line) or “air” (broken line) exposure and comparison of the effects of these treatments on prolactin 
release induced by suckling. The number of observations at each sampling interval appears in parentheses and the 
vertical lines at each p i n t  indicate the standard error of the mean. 

tin secretion following nicotine injections (16) or 
after smoke exposure (Fig. 1)  is not readily ap- 
parent. Before speculating, it is necessary to 
note that only a few observations were made 
during the interval of the “overshoot”. It is 
possible that the hypersecretion may reflect pro- 
lactin accumulated in the pituitary during the 
nonsuckling interval and further accumulation 
when the prolactin releasing mechanism was in- 
hibited. Pasteels (20) has noted that prolactin- 
secreting cells in the rat are engorged with 
granules after 10 hr of nonsuckling, and Yanai 
and Nagasawa (21) have observed maximum 
pituitary prolactin content after nonsuckling in- 
tervals of 8 hr. Moreover, the fact that hyperse- 
cretion occurred only in animals exposed to 
smoke suggests interference with neural 
mechanisms, perhaps a prolactin-releasing fac- 
tor (22) or a cumulative effect on decreasing the 
hypothalamic prolactin inhibiting factor (PIF). 
The last-mentioned possibility seems more 
likely since it has been shown that the suckling 
stimulus is most effective in depleting 

hypothalamic PIF after 30 min of suckling (14). 
At the 3-hr sampling, no significant difference 
was seen. It is of interest to note that what was 
expected to be the “stress” of smoking pro- 
duced no difference in serum prolactin measured 
15 min before and 15 rnin after smoke exposure. 
This observation suggests that in contrast to pre- 
vious studies using nicotine injections (17, 23), 
smoke inhalation itself does not result in pro- 
longed “stress-induced” discharges of prolac- 
tin. However, since this effect was reported (17) 
to be manifest within 5 min of injection, it is 
likely that our sampling regimen failed to detect 
this rise. This possibility is being investigated. It 
is also of interest that, despite the apparently 
considerable stress of restraint in smoking cages 
for 30 min, and in contrast to ether and/or 
laparotomy stress (17, 23, 24), there was no 
substantial release of prolactin within the time 
interval examined. 

In the study reported here, comparison of litter 
weights between groups showed that pups from 
mothers exposed to smoke weighed significantly 
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(P < 0.05) less than control litters when the 
weights were recorded prior to and just after 
suckling. Thus it appears that despite the fact 
that “milkspots”, i . e . ,  milk in the stomachs, 
could be observed in pups from smoked as well 
as nonsmoked mothers, there is some interfer- 
ence with the milk-release mechanism. This ob- 
servation is at variance with the report of Blake 
et al. (1 7) who, noting the presence of milk in the 
stomachs of pups from mothers injected with 
nicotine, concluded that the reflex discharge of 
oxytocin and hence milk release was not dis- 
turbed by nicotine. 

Thus it appears that, at least in rats, smoke 
inhalation is capable of temporarily blocking a 
neuroendocrine reflex. Moreover, since these 
results are strictly comparable to those obtained 
with injections of nicotine, it appears that 
nicotine is the causative agent. The present study 
is of further value since smoke inhalation should 
more nearly approximate the situation of 
habitual use of tobacco smoke than would 
nicotine injections. The possibility that other 
constituents of tobacco smoke may be responsi- 
ble for these effects is currently being investi- 
gated utilizing experimental cigarettes of low 
nicotine content. 

Summary. The effects of tobacco-smoke in- 
halation on a readily quantifiable neuroendoc- 
rine reflex, i . e . ,  prolactin release in response to 
suckling, has been examined in lactating albino 
rats. After isolation from their pups for 8 hr, 
mothers exposed to puffs of smoke for 30 min 
released significantly less prolactin (P < 0.01 
or less) at 15, 30, 45, 60, and 90 min after 
suckling began than did air-exposed controls. At 
120 min postsuckling, prolactin levels in 
smoke-exposed animals exceeded those of con- 
trols, perhaps reflecting prolactin accumulated 
in the pituitary during the time its release was 
inhibited. These results show that 
tobaccwsmoke inhalation delays the suckling 
induced release of prolactin and provide the first 
evidence that smoke inhalation (nicotine?) can 
interfere with neuroendocrine reflexes as- 
sociated with reproduction. 

We thank Ms. Aurora Rube1 for expert technical assis- 
tance, Ms. Sheila Higgins for “smoking” the rats, and Mr. 
Steve Owens of the Tobacco and Health Research Institute 
for help with the figures. Dr. John F. Benner of the Tobacco 
and Health Research Institute kindly provided the description 

of the operation of the smoking machine depicted in Fig. 1. 
This investigation was supported (in part) by University of 
Kentucky Tobacco and Health Research Institute Project No. 
KTRB 032. 

1. Ochsner, A. ,  Amer. Sci. 59, 246 (1971). 
2. Athayde, E., Brasil Med. 62, 237 (1948). 
3. Russell, C. S., Taylor, R., and Maddison, R. N., J. 

Obstet. Gynaecol. Brit. Comm. 73, 742 (1966). 
4. Hudson, G. S., and Rucker, M. P., I. Amer. Med. 

Ass. 129, 542 (1945). 
5 .  Butler, N. R., Goldstein, H., and Ross, E. M., Brit. 

Med. J. 2, 127 (1972). 
6. Essenberg, J .  M., Schwind, J. V., andPetras, A. R., 

J. Lab. Clin. Med. 250, 708 (1940). 
7. Schoeneck, F. J.,  New York State J. Med. 41, 1945 

(1941). 
8. King, J. E., and Becker, R. F., Amer. J. Obstet. 

Gynecol. 95, 508 (1966). 
9. Becker, R. F., Little, C. R. D., and King, J. E., 

Amer. J. Obstet. Gynecol. 100, 957 (1968). 
10. Thienes, C. H., Ann. NY Acad. Sci. 90,239 (1960). 
11. Neuweiler, W., and Richter, R. H. H., 2. Geburtsh 

Gynaek. 157, 5 (1961). 
12. Passey, R. D., Brit. Emp. Cancer Campaign Ann. 

Rep. 40, 82 (1962). 
13. Passey, R. D., and Elson, L. A., Brit. Emp. Cancer 

Campaign Ann. Rep. 41, 64 (1963). 
14. Meites, J., in “Hypophysiotropic Hormones of the 

Hypothalamus: Assay and Chemistry”, ( J. Meites, ed.) p. 
261. Williams and Wilkins, Baltimore (1970). 

15. Blake, C. A., Scaramuzzi, R. J.,  Norman, R. L., 
Kanematsu, S.;  and Sawyer, C. H., Proc. SOC. Exp. Biol. 
Med. 141, 1014 (1972). 

16. Blake, C. A., Norman, R. L., Scaramuzzi, R. J., and 
Sawyer, C. H., Endocrinology 92, 1334 (1972). 

17. Blake, C. A., and Sawyer, C. H., Science 177,619 
(1972). 

18. We would like to thank Dr. A. F. Parlow and the Rat 
Pituitary Hormone Program of the NIAMDD for assay mat- 
erials. 

19. Niswender, G. D., Midgley, A. R., Jr., Monroe, S. 
E., and Reichert, L. E., Jr., Proc. SOC. Exp. Biol. Med. 128, 
807 (1968). 

20. Pasteels, J. L., Arch. Biol. 74, 439 (1963). 
21. Yanai, R., and Nagasawa, H., Hormone Res. 4, 169 

(1973). 
22. Nicoll, C. S., Fiorindo, R. P., McKennee, C. T., and 

Parsons, J. A., in “Hypophysiotropic Hormones of the 
Hypopthalamus: Assay and Chemistry” (J. Meites, ed.) p. 
115. Williams and Wilkins, Baltimore (1970). 

23. Terkel, J., Blake, C. A., and Sawyer, C. H., Endo- 
crinology 91, 46 (1972). 

24. Neill, J. D., Endocrinology 87, 1192 (1970). 

Received May 1, 1974. P.S.E.B.M., 1974. Vol. 147. 


