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Introduction

Approximately 10% of women suffer from non-

psychotic depression during the first few months

following childbirth (Murray and Stein, 1989).

Post-Partum Depression (PPD) has been strongly

linked to stress-factors in several studies (Caplan

el al, 1989), with serum cortisol levels being sig-

nificantly increased. Total, free cortisol levels and

corticosteroidbiuding globulin increase in the

circulation and then fall precipitously within the

first few days post-partum (Hau er a1, 1983;

Cousins et al, 1985). Ovarian steroid serum levels

also fall dramatically post-partum. However,

other hormones including prolactin and oxytocin

are secreted in large bursts following parturition

(>Wieck, 1989)

Although the link between corticosteroids and

stress is generally accepted, the link between PPD

and cortisol is more contentious. Not al1 studies

have demonstrated increased cortisol in women

suffering from PPD (Handley at al. 1977: Bal-

linger er a1. 1982; Kueri er al, 1983). There are

several possible explanations for this inconsist—

ency. Firstly, steroid levels in chronic stress are

often normal due to feedback inhibition. In addi—

tion, in most of the above studies, only single

samples were taken. Cortisol is released in a

pulsatile manner and plasma levels are highest in

the morning, decline throughout the day and rise

again during sleep. This implies that serial sam»

ples over 24 hours is more appropriated to estabe

Iish a reliable plasma corticosteroid profile. Fi—

nally, PPD could be caused by other hormonal

imbalances or a combination of inappropriate

hormone levels perhaps involving prolactin

(PRL), ovarian hormones, their receptors in the

brain and dopamine neurotransmission.

During pregnancy there is a gradual and progres—

sive increase in PRL scmm concentrations until

term. when the levels are about ten times higher

than during the menstrual cycle (Tyson et a1,

1972). They remain remarkably high in the early

puerperium. but non—breast—feeding mothers re—

turn to the preprcgnant range by about the third

week postpartum (Tolis et a1, 1974). In regularly

nursing mothers, basal PRL levels slowly de-

crease as lactation progresses, the rate of decline

depending on the frequency of hreast-feeding

(Howie et at, 1981). George et al (1980) meas—

ured basal serum PRL levels in 38 women during

the first post-partum week and reported a signifi-

cant positive correIation with symptoms of de-

pression, anxiety and tension as elicited by a

standardized psychiatric interview. Alder and Cox

(1983) reported that full breast feeding appeared

to increase the risk of being depressed up to 35

months post-partum. The mothers who were least

likely to be depressed were those considered to

have normal levels of endogenous hormones i.e.

_ the non-pill takin g partial breast feeders) Mothers

fully breast feeding would have high levels of

pro1actin and low levels of circulating oestrogen

and progesterone. 1n contrast, Harris et al ( 1989),

found significantly lower PRL levels in six breast-

feeding mothers with depression, than in 12

breast—feeders who remained well. In this study

sampling time was not controlled with regard to

the last breast feed. This is important since suck-

ling induced PRL secretion remains at a high level

for at least 120 minutes after feeding has begun

(Noel et ul, 1974).

In lactating mammary epithelial cells, prolactin

binds to its receptors, is endocytosed and carried

to the milk (Ollivier-Bousquet et al, 1993). In

women, work done in 19505 revealed that milk

prolactin levels are approximately equal to serum
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levels. The presence (or absence), of several hor-

mones in milk occurring either by passive diffu—

sion or by active transport can be of great impor—
tance to the neonate. There is good evidence for a

link between depressive disorders in mothers and

emotional disturbances in their children (Billing

& Moore, 1983 and Pound et al 1985). This link is

usua1ly attributed to decreased quality ofmalernal

care. There are reports on an increased frequency

of psychiatric disturbance, greater insecurity in

attachment re1ationships, impairments in atten-
tion and lowered IQ in offspring of depressed

mothers (Weissmzm er al, 1972, 1984; Gamer et

at, 1977; Welner et al, 1977; Grunebaum et a].

1978; McKnew at al, 1979; Cox et al, 1987; Field,

1984; Field et al, 1985, 1988). Babies are usually

bottle fed once PPD is diagnosed because their
mothers are treated with anti—depressants, but it

often takes 6 months for a diagnosis to he made

by psychological scoring systems. Were a hormo—

nal link to be discovered it might be possible to

diagnose PPD earlier and avoid possible harmful
effects on the child.

In mammals, prolactin (PRL) is associated with

learning, stimulation of the immune response, re-

duction of body temperature and the behavioural
aspects of reproduction (Sabrinho, 1993). Accu-

mulated evidence in human medicine suggests

that certain immunoregulatory hormones includ-

ing prolactin may play a role in the pathogenesis

and disease expression of certain autoimmune

diseases (Jam er a]. 1994).

Animal studies have demonstrated ' that milk

borne prolactin plays a role in neonatal immune

cell maturation (Grove et al. 1991). Deprivation

of the neonate of milk-PRL on days 2 -5 post-

partum, reduced both thymocyte and splenoeyte

responsiveness to polyclonal mitogens. Milk

borne PRL has also been shown to be important in

the development of the neonatal neuroendocrine

regulation of endogenous PRL secretion (Grave

et al, 1991).

The permeability of the gut of the rat pup is very

high in early postnatal life until 17 — 18 days of

age when it decreases rapidly and (irove el al

(1991) suggested that prolactin is able to cross the
gut wall until day 21.

Rat pups born to stressed mothers have been re»

ported to be of lower birth weight (Bcnesova and

[8

Pavlik. 1989), gain weight more slowly (Kinsley

and Svare, 1988) and exhibit poorer locomotor

control than pups born to non-stressed mothers

(Benesova and l’avlik, 1989', Pavlmrska-Teglia et

a], 1995; Young et a1, 1996). Pavlovska-Teglia

(1995) and Young et a] (1996) showed that even

relatively low levels of eorticosterone have a sig—
nificant negative influence on the maturation and

learning ability of the neonatal rat pup. This indi—

cates that the glucocorticoid levels to which suek-

ling neonates. such as children of PPD women.
are exposed to in their early stages of neuronal

development, may modify the normal develop—
ment of the complex integrated neuromuscular

adaptive mechanisms involved in the normal de—
velopment of locomotor apparatus.

The aim of the present project was to investigate

the effects of oral corticosterone and both lowered
and increased milk-bnrne PRL concentrations on

neuromuscular development (assessed by swim

testing) and daily weight gains of offspring born

to laboratory rats. To induce these conditions the

lactating female was treated with bromocriptinc,

a dopamine agonist, to reduce PRL levels. or rat

pups were closed daily by gavage with PRL 0r

corticosterone.

Materials & Methods

Animals
The progeny of primiparous females of the

LEWIS inbred strain of rats were used. The fe-
males and their litters were maintained in a con-

Ventional animal facility. The lighting was 12h:
12h light-dark cycle. The temperature was 22 i

1" C, and humidity was 55 i 5%. All the animals
were supplied with bedding. (Lignoeel, UK,

Grade 10). A diet for breeding mice (SDS, UK)

and tap water was available ad lib. All females

were housed singly.

On the day of parturition (designated day 0), the

pups were weighed and marked (using Ofrex bul-

let—tip markers). Each pup was randomly allo—

cated to one of two or three test groups within

each litter. Total dose volume was 50 microliters
for all groups; administered by gavage from day 2

to day 15. Weights were determined at 10.00 am

each morning, prior to gavaging.



Bromocriptine and vehicle treatment of

adult lactating females.

Two females (average weight 270 -300g) were

treated from days 2 to 15 post—partum with either

0.1m! 1% ethanol subcutaneously or 2mg (0.1m1

volume) bromocriptine(Sigma Chem. Co. batch

no. 831-10799) subcutaneously from days 2 to 4

and subsequently increased to 411g/rat/day

bromocriptine from days 5 t0 8 and then 12ug/rat/

day for the remaining of the dosing period.

Brornocriptine solutions were diluted daily from

stock solution (4mg bromoeriptine in 21111 100%

ethanol) using sterilised water as a vehicle. The

dose of2ug per rat was calculated as being 1/10th

of the dose required to stop an adult female rat

lactating based on the dose rate used in veterinary

medicine for the treatment of pseudopregnant

bitches. Previous work with rats (Russel er a1.

1981; Flint & Ensar, 1979), reported doses be—

tween 2mg/kg and 4mg/kg effective in suppress-

ing prolactin secretion (control serum prolactin

98ng/m1; treatment group 29ng/m1) and reducing

or terminating milk secretion. The dose of Zug to
12ug per rat per day lowers serum prolactin levels

without interrupting lactation.

Corticnsremnc treatment ofpups.

Corticosterone (Sigma Chem. Co. Ltd. UK, batch

no. 103H0660) solutions were diluted from stock

solution (1 .Xmg eorticosterone in 1 1 251111 of pro—

pylene glycol solvent) using almond oil as a vehi—

cle. The doses were calculated on the basis that

both human and rat milk have been reported to

contain corticosteroid concentrations of around

200ng/ml (Alexamlrova & Macho], 1983).

Pavlovska-Teglia er al. ( 1995) showed that sup—

plementing the pups with an extra 200mg of

corticosteroid per ml of milk intake had the same

retarding effect as a dose equivalent to 400ng/ml.

The lower dose was therefore used in the present

study. Both human babies and rat pups have a

milk intake of about 0.15ml per g body weight

each day. and the concentration of corticosterone

solution required was calculated according to

body weight.

Both PavlovsIm-Teglia er al. (1995) and Young et

al. (1996) reported no significant difference be-
tween vehicle treated pups dosed with 50 micro—

liters of purified almond oil per day and the uni
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treated control group. Consequently a vehicle

treated pup group was not included in this study.

Gavagc tubes were made to fit the size of animal,

by modifying 0.6 X 30mm; 0.9 X 40mm and 1.2

X 40mm hypodermic needles. The sharps were

sanded off and epoxy—glue (Araldite) was used for

making the bulbs. necessary for performing a safe
intragastric administration.

Prolaclin treatment ofpups.

Ovine prolactin (Sigma Chem. Co. Ltd. UK,

hatch no.93H0467) was diluted from a stock solu-

tion (250 International Units (wine prolactin, pref

suming a mean activity of 8.5mg by bioassay, in

500ml sterilised water) using distilled water as

vehicle. Each pup was supplemented with an ex-

tra 140ng/rn1 prolactin per m1 milk intake, calcu-

lated as previously described for corticosterone,

according to body weight and hence age. The

dose of 140ng prolactin per m1 milk intake, was

based on previous work concerning scrum levels

of prolactin in breast—feeding women and lactat-

ing rats (Amenomori et al, 1970; Caron er al,

1994: Flint & bnsnr, 1979; Noel [’1‘ al,1974).

Noel er al. (1974) reported that in the first 6 weeks

post-partum breast-feeding mothers had elevated

serum prolactin levels of 29.6ng/m1 (normal basal

level <24ng/ml), 30 minutes before nursing com~

nienced, rising to 252ng/m1 (8.5 X normal basal

level), during suckling and then gradually return-

ing to the normal basal level over a 120-180

minute period after termination of feeding. A

study by Huckman & Kellner (1984) found e1-

cvated levels (150.2ng/m1) of serum prolactin in

women with signs of depression, hostility and

anxiety. Female family practice patients with no

psychological symptoms had serum prolactin lev-

els between 4 lo 27ng/ml. Serum levels in lactat-

ing rats are similar to those of women

(Amenomori et a1, 1970), with levels of 65.5ng/rn1

prolactin on the first day postpartum decreasing

to 25.7ng/1n1 during the next 15-23 days. The

maximum serum level recorded in this study was

130.3ng/ml after the lactating mother rat had been

separated from her litter for 12 hours. Conse-

quently. the dose of 140ng prolactin per 1111 milk

intake used in this present study represents a

mean value of serum prulactin recorded from 1ac~

tating rats and a similar level would be recorded
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Figure la: Weight gain of rat pups in the three experi-

mental groups: untreated, CS treated and PRL treated
for the combined control and vehicle treated mother.

in breastfeeding women during the gradual de-

clining phase of prolactin secretion after terniina»

tion of each nursing period.

Swim Test

Swim tests were carried out from day 7 to day 21

at 12pm as described by Pavlovska-Teglia e! a].

(1995). In brief, the test consisted of placing the

pup into an aquarium for 5 to 15 seconds depend4
ing on age and ability. A 47x51x41cm aquarium
was used. It was filled to a depth of 15en1 and

maintained at 35—37“C. Swimming ability was

evaluated by a rating systems used by Young et al.

(1996). The swim tests were recorded on video

camera and scored by two different observers.

Collection nfserum from lacmtingfemale rarr

Individual blood samples (15ml) were taken on

day 22 by cardiac puncture during euthanasia.
The serum was stored at -20°C until assayed with-

in 2 weeks.

Radioimmunoassay

Serum prolactin levels were measured by enzyme

immunometric assay (Milenia Canine Prolaetin.

Hermann Biermann GmbH Diagnostica, Bad

nettheim, Germany) designed for quantitative

measurement of prolactin in canine serum.

Statistical methods

Statistical tests were carried out using the “MINI-
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Figure 1b: Weight gain of rat pups in the two experi-

mental groups: untreated (low PR1.) and CS treated for

the BrCRP treated mother.

TAB” statistics computer program. A Friedman

test was used to compare the five pup treatment

groups for each variable by way of a nonparae

metric two-way analysis of variance.

Results

Daily weight gain was found to be significantly (p

< 0.05) greater in untreated pups than in treated

pups (Figure 1). The progeny oi“ both vehicle
treated and control mothers were combined for

analysis as there was no significant difference in

loeornutor development between the two control

groups.
Rat pups exposed to various differing hormone

levels (corticosterone treated. prolactin treated,

prolactin deprived and prolactin deprived
corticosterone treated) showed significant latency

in varying aspects of loeomntor development as

recorded by swim tests.

Head score ratings were not significantly differ—

ent between groups (p = 0106).

Line of swimming ratings were significantly (p :

0.026) different between groups, the corticoste—

rone treated pups were the most retarded followed

by the prolactin treated and prolactin deprived

corticosterone treated pups (Figure 2).

Front paw rating provided a more reliable set of

data than the other parameters since the differ-

ences in limb usage were obvious and present at

all times during swimming. The overall differ—

ences between groups were significant with a p-
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Figure 2a: Swim Lest Line score ratings in the three

experimental groups: untreated, CS treated and PRL

treated in 721 day old rat pups. for the combined cone

trol and vehicle treated mother.
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Figure 3a: Swim test Front paw ratings in the three

groups days 7-21. Details as in text to Figure 211.

value of 0.013. The untreated pups performed sig—

nificantly better (p = 0.028) than both prolactin

and corticosterone treated pups. The prolactin dev

prived eortieostemne treated pups were the most

retarded in their development followed by the

prolactin treated pups (Figure 3).

Tail movement scores were also significantly dif-

ferent between groups (p = 0.039) with the un—

treated control pups developing more rapidly than

the treated pups, the prolactin deprived cortico-

sterone treated pups heing the most retarded.

1? 13 14 15 16 17 75 19 20 21
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7 5 9 l0 1.1

Figure 2b: Swim test Line score ratings in the two ex,
perimentul groups: untreated (PRL deprived) and CS

treated in 7—21 clay old rat pups of the BrCRP treated

mother.
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Figure 3b: Swim Lest Front paw ratings in the two

groups days 7-21. Details as in text to Figure 2b.

The serum prolactin levels of mother rats at day

22 of lactation treated with bromoeriptine were

below the detection limit of the assay (0.5 ng/ml).
The serum prolactin levels in the untreated rats

varied from 1.75 ng/ml to 2.90 ng/ml..

Discussion

There was a significant difference in body weight

gains between treatment groups, the greatest

negative effect on gain was observed in the

prolactin deprived/corticosterone treated group.

21



Scand. J. Lab. Anim. Sci. No. l. 1997. Vol. 24

Findings of previous studies (Pavlovsku-Teglia et
a1, 1995; Young er a1, 1996) did not demonstrate a

negative effect on weight gain with eorticosterone

administration. This demonstrates that the

prolactin deprivation/eorticosterone adminis—

trated combination may influence growth rate.

However, factors other than fluctuating hormone

levels are involved in the retardation of juvenile

growth associated with maternal stress. No differ—

ence was observed in the physical appearance and

behaviour between pups of various treatment

groups.
Swimming requires the smooth integrated organi—

sation of coordinated series of reflex responses

including the righting reflex. vestibular reflexes

and extensor reflexes. This makes it suitable for

assessing functional and behavioral development

of the central nervous system in the neonate

(Pavlavs'ka—Teglia er a1, 1995; Young et al, 1996).

Several studies have demonstrated the retardation
of loeomntor development using swimming pat—
terns (Pavlavrka-Teglia et til, 1995'. Young et a1,

1996) poor post-weaning maturation and perfor-

mance in adulthood (3 months of age) (Bencsova

& Pavlik, 1989) in rats treated with eorticosterone

orally or subcutaneously at an early age.

Scharpim et al (1970), administered a single dose

of cortisol acetate (0.50mg) intraperitoneally on

the first postnatal day to rat pups which on swim

testing exhibited delay in biochemical, neurophy-
siologieal and behavioral development of the
CNS. Pavlovska-Teglia et at (1995) and Young at

al (1996) found significantly poor achievements

on swim testing by corticosterone treated pups.

Corticosterone treatment groups showed latency

in the development of the normal juvenile head
position, maintaining nose and face and forehead

well above water surface, line and tail scores and

the development of full forelimb inhibition whilst

swimming. The present study confirmed a signifi-

cant difference associated with treatment and

front limb inhibition and retardation in the line of

swimming score and tail movement ratings.

Adult rats do not use the forelimbs while swim-

ming, but hold them in hyperextension. Pavlov-

ska-Teglia el al (1995) found that pups in the con-
trol group achieved this by day 22, whilst it was

not achieved by any of the eorticnsterone dosed
groups at this time. Very few pups in this present

22

study achieved full forelimb inhibition by day 22.

the end of the study period. There was a signife

cant difference between treatment groups on 1a-
teney and final forelimb swim test score. The

prolactin deprived corticosterone treated groups

showed the greatest degree of retardation.

Bromoeriptine had a significant effect on lower-

ing serum prolactin in the treated females using

the dose rage 2 ug - 12 ug/rat/day. No previous

work has focused on the effect of prolactin on

neonatal neuromuscular development, although
recent medical research has indicated several
“new” possible roles for this hormone, including

a vital function in immunological development.
Swim test results from this study have demon»

strated significant statistical evidence for a detri—

mental effect of prolactin administration on neu-

romuscular development. Prolactin administra—

tion resulted in a latency to achieve the ability to

swim in a straight line. an extra 2 days was ob-

served in these groups compared to controls. It

also resulted in a significant retardation in the de—
velopment of front limb inhibition. Tail move—

ment scores were also lower in prolactin treated

and deprived groups. Retardation of neurornusetr

lar development was marked in the prolactin de-

prived corticosterone treated group, but prolactin

deprivation alone did not significantly affect de—

velopment.

Puerperal psychosis has been suggested to be trig-

gered by the sudden effects of oestrogen with-

drawal upon central Dopamine (DA) systems

(Wieck 1989). Hypothalamie DA is a potent in-

hibitor of prolactin and it seems likely that the

poor development of adult swimming pattern ob

served in the prolactin treated pups, may be due to

a lowered DA Concentration in the neural tissue.

Further work is required to test the hypothesis that

the link between altered prolactin levels and

neuromuscular development in rat pups involves

DA Concentration Changes and/nr changes in DA

receptor sensitivity.

Summary

In order to simulate the elevated corticosteroid

and prolactin levels that offspring of stressed
mothers may be subjected during breast feeding,

rat pups were treated daily with oral corticoste—
rone (200ng/tn1 milk intake) or prolactin (l40ng/



1111 milk intake) from the 211d to the 151h postnatal

day To investigate the potential influence of re—

duced prolactin intake, the mothers were either

treated with bromocriptine (2ug—12ug/rat/day) 0r

1% ethanol (vehicle). The rat pups were subjected

to swim tests from their 8th postnatal day to ex—

amine their neuromuscular development. Results

from swim tests showed latency in development

in the prolactin, corticosterone and prolactin de-

prived/eortieosterone administered groups, com-

pared with the controls. There was decreased

daily weight gains in the treatment groups 001117

pared to the control. This study demonstrates that

increased prolactin and corticosterone and de—

creased prolactin combined with elevated enrticoi

stemne levels to which suckling neonates were

exposed to, had a significant negative effect on

their neuromuscular adaptive mechanism in—

volved in the normal development of the

locomotor system.
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