
82 BRITISH MEDICAL JOURNAL 1B1M OCTOBER 1975

treatment, and rapid disappearance in others. Antibodies were
discovered in some people who had no history or evidence of
anthrax. This pattern has been reported previously: 11 out of
72 otherwise healthy workers in a goat hair mill were found to
have antibodies. 9 Recovery from anthrax is said to be followed
by prolonged immunity and recurrences are said to be extremely
rare,8 but we have not confirmed this in the Gambia. Sero-
logical examination showed that though antibodies may persist
for 12 months (possibly as a result of repeated subinfective
doses or subclinical attacks) there was at least one authenticated
recurrence within 12 months of primary infection, which
corresponded with the laboratory findings that this strain con-
tains a weak antigen.

Unlike the mortality in Iran,' in the Gambia mortality was
not related to any particular site, to the multiplicity of lesions,
or to the extent of local inflammatory response. We did not
confirm either that mortality and morbidity were related to the
nutritional state of the people; on the contrary, their nutritional
state was at its best at the time of maximum attack.
How can this disease be eradicated? It is not limited to the

Gambia, being present in the adjoining area of Senegal. It is
firmly established in animals, particularly sheep and goats, and
it would be impossible to immunize these effectively. Humans
could be immunized,'0 but three or four injections are needed
to give even temporary immunity. An international organization
would have to carry out an immunization programme and
organize the necessary annual booster doses. Nevertheless, even
temporary immunity may break the cycle by allowing a natural
reduction of spore counts in the soil. Public health measures to
ensure the correct disposal of animal carcases and the control of
vultures may also help. An attempt could be made to change the
habit of using the palm-fibre loofah, to limit its use to one per
person, and to advise disposal of the loofah before it became
contaminated with anthrax spores.
There is no evidence to suggest that the disease is declining

in severity or prevalence, and from what is known of the
antigenicity of this organism it is most unlikely that natural or
"herd immunity" will protect the population even when they
are repeatedly exposed to the disease. The converse may be true
unless active steps are taken to check or eradicate the disease
before it becomes endemic and spreads to other villages and
areas of the country.

We thank Dr. I. A. McGregor and Dr. W. Bray, directors of the
M.R.C. Laboratories in the Gambia; Professor R. J. Harris, director
of the M.R.E., Porton Down; Dr. P. N'Dow, director of medical
services in the Gambia, Dr. W. N'Dow, director of veterinary services
in the Gambia; Dr. F. Oldfield, pathologist, Royal Victoria Hospital,
the Gambia; Professor Collard and his staff at the microbiology
department, University of Manchester; and Dr. N. Dodd, department
of tropical community medicine, Liverpool, for help with the analyses
of cases.
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Effect of breast-feeding on pituitary-ovarian function
after childbirth
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Summary

Pituitary and ovarian function at the end of pregnancy
and during the first six weeks after delivery was investi-
gated serially in women who fully breast-fed their
infants and in women who did not. In the women who did
not breast-feed the plasma prolactin level decreased
rapidly and from the third day after delivery was signifi-
cantly lower than in the breast-feeding mothers, reaching
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the normal range of the menstrual cycle by the third
week of the puerperium. In the breast-feeding mothers
the plasma prolactin was still raised six weeks after
delivery. The levels ofFSH in both groups were identical
and increased over the third week of the puerperium
Plasma oestrogen fell steeply in both groups during the
first two weeks after delivery. In the breast-feeding
mothers plasma oestrogen remained depressed but
increased in the non-lactating women, reflecting follicular
development in the ovary in response to FSH; the plasma
oestrogen levels were significantly higher in the non-
lactating women from the 17th day of the puerperium
onwards. These findings support the concept that in
breast-feeding women prolactin delays the return of
ovulation by inhibiting the ovarian response to FSH
stimulation.

Introduction

Breast-feeding postpones the return of ovulation and menstrua-
tion after childbirth, and postpartum amenorrhoea is related to
the duration of breast-feeding."-4 Studies on the influence of
lactation on ovulation have shown that breast-feeding women
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have little chance of becoming pregnant until the infant is over
10 weeks old, but in women who do not breast-feed ovulation
can occur as early as the fourth week post partum.5 To provide
more information on the endocrine effects of breast-feeding we
undertook a serial study of pituitary and ovarian hormonesin
women who fully breast-fed their infants and compared these
results with the values in mothers who did not breast-feed their
infants. Plasma follicle-stimulating hormone (FSH), luteinising
hormone (LH), oestrogen, progesterone, prolactin, and human
chorionic gonadotrophin (HCG) were studied in late pregnancy
and for the first six weeks after delivery.

Patients and methods

The study was explained to healthy women in late pregnancy and
60 women volunteered to take part. Serial studies proved feasible in
15 women who did not breast-feed, nine women who fully breast-fed
up to or beyond the sixth-week after delivery, and three women who
breast-fed for only three weeks. All had normal pregnancies and vaginal
delivery of term infants and had no hormone or other drug treatment
apart from analgesics in labour and in the first week after delivery.
Three blood samples were taken between 36 and 39 weeks' gestation,
and after delivery blood samples were taken on the first day, every
second day for the first week, and thereafter every third day until the
end of the sixth week. In the first week of the puerperium blood
samples were taken between 9 and 11 am. After the patients left
hospital blood samples were taken in the patient's home between
9 am and 12 noon. The blood was collected into heparinised tubes,
and after separation the plasma was stored at-20°C until assayed.
All the samples from each patient were assayed at the same time.

HORMONE ASSAYS

All assays were performed in duplicate.
Plasma LH andFSH were measured by HCG and FSH double

antibody radioimmunoassay.6 The second international reference
preparation of human menopausal gonadotrophin (2nd IRP-HMG)
with a potency of 40 IU/ampoule was used as a standard. Dilutions
of this standard made up in either phosphate buffer or plasma obtained
from hypophysectomised subjects showed satisfactory parallelism
when compared with dilutions of MRC LH 68/40 pituitary standard
(potency, 40 U/ampoule LH) and postmenopausal plasma: 1 mU
MRC LH 68/40 was equivalent to 5 mIU 2nd IRP-HMG. The
antibody to FSH showed less than 1% cross-reaction with purified
LH. The sensitivity for the LH assay was 1 mIU 2nd IRP-HMG/ml
and 2 mIU 2nd IRP-HMG for the FSH assay.

Plasma total oestrogens and progesterone were estimated by a modifi-
cation of the radioimmunoassay method of Hotchkiss.7 The antibody
used in the total oestrogen assay was raised against oestradiol-17 and
had the following cross-reactions: 100% oestradiol-173, 40% oestra-
diol-17a, 35% oestrone, and 8% oestriol. The only substance found
to cross-react with the progesterone antibody was deoxycorticosterone
(25%); all others tested were <05%.

Plasma prolactin was measured by a homologous double antibody
radioimmunoassay using highly purified human prolactin for standards
and iodination, as described elsewhere.8 The sensitivity for the pro-
lactin assay was 1-6 ng.
Plasma HCG 5-subunit was estimated by a double antibody radio-

immunoassay similar to that used for plasma prolactin.9 The antibody
used (National Pituitary Agency, NPA-SB6) was specific for HCG-P
(100oo) and cross-reacted with HCG-cx (3%) only. All other hormones
and subunits showed <0-1% cross-reaction.

Analysis of results-Logarithmic transformation of the plasma FSH,
LH, HCG, and oestrogen results was used for statistical analysis with
Student's t test

Results
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feeding women from the third day of the puerperium. The plasma
prolactin in the non-lactating women fell to the range of the normal
menstrual cycle by the end of the third week of the puerperium; eight
of the 15 women had prolactin levels below 25ztg/l by the end of the
second week after delivery. In the lactating women the prolactin levels
were still raised at the sixth week.

D-

100-

80-
bO0
40

20-
0 Log

value
15 12 -

10. 100

5
] 08i

O.6
IJ 01

730i 012
46 0 0-1

Il80 007

092 -OO05
040 004-

020 003
0-09 0-02i
004- O

Preqi

Plasma prolactin
Lactating

o-----.- Non-lactating

Plasma FSH
"D _*

J.

L 8 Plasma oestrogen

b.-.-~~~~~~~~-.r

,~~~~~~~~~~~~~~~~~~~~~~~~~.1

:i;

inancy tI 7 14 21 28 35 42
(37weeks)

Delivery
Puerperium (days)

FIG 1-Comparison of serial levels of plasma prolactin, FSH, and osetrogen
in last three weeks of pregnancy and first six weeks after delivery in nine
mothers who fully breast-fed and 15 non-lactating mothers. Values for
plasma FSH and plasma oestrogen were not a normal distribution and
logarithmic transformation of data was used for statistical analysis.

Conversion: SI to Traditional Units-Oestrogen (oestradiol): 1 nmol/l
27-2 ng/100 ml.
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The mean plasma levels of prolactin, FSH, and oestrogen in the
mothers who breast-fed for at least six weeks and the non-lactating
mothers are shown in fig 1. At the 37th-38th week of pregnancy
plasma prolactin, FSH, and oestrogen were similar in both groups.
After delivery the plasma prolactin level in the non-lactating mothers
decreased rapidly and was significantly lower than in the breast-
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FIG 2-Comparison of plasma HCG (a-subunit), LH, and progesterone in
nine lactating and 15 non-lactating mothers.

Conversion: SI to Traditional Units-Progesterone: 1 nmol/l - 0-32 ng/ml.
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The levels of plasma FSH in both groups were almost identical
and fell during the first two weeks of the peurperium and increased
from the 14th to the 21st day after delivery to levels in the upper limit
of the range for the follicular phase of the menstrual cycle. Plasma
oestrogen in both groups fell steeply during the first two weeks
after delivery and remained depressed in the patients who were
breast-feeding. In the non-lactating group oestrogen levels increased
from the third week onwards and were significantly higher that in
breast-feeding women from the 17th day of the puerperium.
The mean plasma levels ofHCG (r5-subunit), LH, and progesterone

are shown in fig 2. The levels of HCG-3 were virtually undetectable
by the end of the third week after delivery. The plasma LH activity
followed the same pattern as HCG during the first three weeks after
delivery but during the fifth week an increase of LH was found in the
non-lactating group, with a rise occurring in 10 out of the 15 women;
the distribution of the LH results was skewed and no significant
difference from the LH levels in the breast-feeding women was found
using logarithmic values. The plasma progesterone levels were similar
in both groups except during the fifth week after devliery, when a
slight increase of progesterone was found in three out of 12 non-
lactating women and one woman who was breast-feeding.

In the three women who breast-fed for three weeks the prolactin
levels were below 25 ,tg/l before the end of the fourth week after
delivery and the oestrogen levels increased between the fifth and sixth
week.

Discussion

During late pregnancy and the first two days of the puerperium
levels of prolactin around 100 /Lg/l were found, which accords
with other reports.1I01 Thereafter a precipitate fall occurred in
the non-lactating women, the prolactin falling to the normal
non-pregnant range (12-25 4g/l) by the second or third week
after delivery. In the women breast-feeding for six weeks or
more plasma prolactin levels slowly decreased and at the sixth
week the mean level was still above normal at 34-2 Hg/l with a
wide range (15-74 Iug/l). The range of values reflects fluctuating
levels in the mother as a result of the bursts of prolactin release
that accompany breast-feeding. In the non-lactating women all
the prolactin levels were within the normal non-pregnant range
by the end of the third week of the puerperium. During the
second and third weeks after delivery plasma FSH gradually
increased to follicular phase levels, which accords with the
findings of others.2 12 By the third week after delivery the levels
of plasma oestrogen in the non-lactating women began to
increase, while those in the women who were breast-feeding
remained low.
Our findings therefore indicate that plasma oestrogens do not

increase in women who are fully breast-feeding despite the rise
of FSH. This supports the view that the ovaries do not respond
to FSH stimulation in the presence of increased prolactin
levels.6 7 Prolactin has an affinity for ovarian tissue," and thus a
local action may prevent follicular development in response to
FSH stimulation. In concentrations above 30 ,ug/l, a level below
that seen in the breast-feeding women, prolactin reduces steroid
hormone production from human granulosa cells in vitro.-4
When exogenous gonadotrophins are given to women who are
breast-feeding no change in ovarian steroid output can be
detected.'5 In the early post-partum period the LH and FSH
response to gonadotrophin-releasing hormone is depressed and
this lack of response is more prolonged in women who lactate.'6
The periodic bursts of prolactin release that follow suckling
may also therefore have an inhibitory effect on hypothalo-
pituitary function. This, together with the inhibiting effect of
prolactin on the ovary, would account for the suppression of
ovulation and amenorrhoea in women who breast-feed. The
return of ovarian activity in the non-lactating women was

delayed for one to two weeks after the prolactin levels had
declined. This was suggested by the absence of a rise in the
plasma oestrogens until the end of the fourth week after delivery
in the non-lactating women, although plasma FSH rose between
the seventh and the 14th day.
The rise of plasma oestrogen in the non-lactating women

indicates ovarian follicular response, and in two of the 15 women
the level increased to that of the late follicular phase. In a
significant proportion of women who do not breast-feed follicular
development may therefore progress to a mature Graffian
follicle and ovulation occur before the sixth week after delivery.
Clinical studies on the effect of lactation without supplemental
feeding have indicated that lactation provides effective birth
control up to the 10th week after delivery.3

Although full breast-feeding will postpone the return of
menstruation and ovulation after delivery, suppression of
ovulation is limited in time as the plasma prolactin decreases
even with continuing lactation. Possibly pharmacologically
induced increases in plasma prolactin might be valuable as a
method of prolonging the suppression of ovulation in women
who are breast-feeding. Increasing the prolactin level might also
be of value in establishing successful lactation in women who
encounter problems with breast-feeding. Despite the fact that
prolactin serves many diverse functions in animals, its only
confirmed action in humans is the initiation and continuance of
lactation.' 6 Further research may show interesting possibilities for
the use of prolactin, using its action on the ovary for the spacing
of pregnancies.
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