
Archives of Disease in Childhood, 1988, 63, 733-736
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SUMMARY The effect of maternal hyperalimentation on intrauterine growth retardation was
studied by performing unilateral uterine vessel ligation on day 17 in Wistar rats. Test animals
were given food supplements by gavage for three days postoperatively whereas control animals
received saline. The caloric intake and weight gain of the test dams was significantly greater than
that of the controls from days 17 to 20 but not over the longer period, day 14 to 23. The survival
and growth of fetuses in the unoperated horn were similar in test and control rats. Fetal survival
in the ligated horn was doubled by maternal food supplementation but the growth and
development of the survivors were not improved.

Intrauterine growth retardation (IUGR) has many
causes and in human pregnancy maternal vasculo-
pathy is responsible for roughly one third of all
cases.' Starvation during pregnancy also leads to
IUGR and in undernourished populations caloric
supplementation during pregnancy can cause a
modest increase of birth weight.2 There is a limited
therapeutic repertoire available to the clinician who
has to deal with IUGR3 and we were therefore
interested to see if maternal food supplementation
could benefit fetal outcome in pregnancies with
IUGR due to vascular disease. The Wigglesworth
model of intrauterine growth retardation in the rat is
an appropriate example of uterine vasculopathy and
this study examined the effect of maternal food
supplementation on fetal outcome in this model.4

Materials and methods

ANIMALS
Primiparous Wistar rats, 80 to 120 days old from the
University of Nottingham animal house, were used.
First, in order to test if the completely absorbable
diet would sustain pregnancy as well as a conven-
tional diet pregnancy outcome was compared be-
tween four animals that were fed a conventional
laboratory diet (RMH-GS, Hope Farms, The
Netherlands) during their whole gestation and four
animals that were switched to a completely absorb-
able powder diet (Precitene-N, Sanofi, Belgium)
from day 14 of pregnancy. Percentage weight

increase per 24 hours and caloric uptake in kcal/kg/
24 hours were recorded from day 14 by direct
weighing. At day 22 the dams were sectioned under
pentobarbitone anaesthesia. Litter size and fetal
survival rate were compared between control and
test groups. Mean values for daily caloric uptake,
daily weight gain, fetal body weight, and placental
weight were calculated per dam.
Then 17 primigravid English Wistar rats with

known duration of pregnancy were given Precitene-
N from day 14. At day 17 the uterine vessels were
ligated unilaterally.4 Ten dams received food sup-
plements from day 17 to 19 inclusive. Supplements
were given as concentrated solutions of 20 g
Precitene-N in 12 ml water. According to the
technique described by Waynforth, the solution was
administered by the intragastric route using a 15
gauge needle with a bulbous tip on a 10 ml syringe.5
The rats were held firmly by the skin of the neck so
that the head was immobile and the mouth opened.
The needle, attached to the syringe, was then passed
into the stomach. One to two ml of the Precitene-N
solution were given at a time and maximum daily
amounts were 16 ml. Equal amounts of physiologic
saline were given in the same way to seven control
rats. Meanwhile test and control dams always had free
access to Precitene-N powder and water. Maternal
body weight and total food uptake were recorded
daily. The Wilcoxon matched pairs signed ranks test
was used to evaluate the difference between food
supplemented and sham treated dams.
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At day 23 the dams were anaesthetised with
intraperitoneal nembutal and delivered operatively.
Fetal blood was sampled from the axillary vessels
while the placental circulation was still intact.6
Blood was pooled from all fetuses within a single
uterine horn and stored at -20°C until analysed.
Fetuses and placentas were then weighed to accur-
acies of 01 g and 1 mg, respectively. From each
fetus liver and pancreas were removed in toto,
weighed, and kept for further analysis. Fetal livers
were stored at -20°C until analysed.

LABORATORY METHODS

Plasma somatomedin like activity was measured by
bioassay in which 35S sulphate uptake by fetal rat
costal cartilage was the test system and the reference
standard was a pool of adult rat plasma (5% V/V).7
Each fetal liver was homogenised in deionised

water in a Potter-Elvehjeim homogeniser. Hepatic
protein concentration was determined using bovine
serum albumin as a standard.8 Deoxyribonucleic
acid (DNA) was measured using calf thymus DNA
(Sigma Chemical, Dorset) as a standard.9 Aliquots
of liver homogenate were extracted twice with 0 5 N
perchloric acid for 30 minutes at 80°C with a yield of
95%. As suggested, acetaldehyde solution (2.05%)
was added to the diphenylamine reagent immediately
before use. "

Fetal pancreas was fixed in Bouin's solution and
embedded in paraffin wax. Tissue sections were
stained immunocytochemically for insulin and pan-
creatic polypeptide by the unlabelled antibody
enzyme method." Two sections from each tissue
block were used for the morphometric determina-
tion of pancreatic B cell density.'2 The number of
points counted per pancreas was 51 200 resulting in
standard errors of 4% per fetus and 0-6 to 2 0% for
a group of fetuses within a litter.'3 From the
pancreatic B cell volume density, pancreatic weight,
and body weight, the relative weight of B cells in the
fetus was calculated.

STATISTICAL ANALYSES

Differences in maternal responses to the two diets
were compared by Student's t test. Parameters of

fetal outcome such as survival or plasma soma-
tomedin like activity were averaged per uterine
horn. The Mann-Whitney test was used to compare

these parameters between ligated and non-ligated
horns in food supplemented and sham treated dams.
Fetal body weight and organ characteristics should
have been subjected to analysis of variance with
hierarchial classificationt4 but this was not possible
because of the high fetal death rate in the ligated
horn of the sham supplemented dams.

Results

The chemical composition of the conventional
laboratory diet and the completely absorbable pow-

der diet differed'5 but were similar and each fulfilled
the estimated requirements for adequate rat
nutrition. 16 Pregnant rats fed the absorbable powder
diet from day 14 to 22 took on average (SEM) 197
(9) kcal/kg/24 hours (0 82 (0.04) MJ) which was

significantly less than that of those fed conven-
tionally: 273 (9) (1.14 (0.04) MJ) (p<0005). Despite
this the mean (SEM) weight gain of the two quartets
was similar: 2*7 (0.1)°/o increase/day, as were

the litter size (13 (2) v 13 (1)), fetal survival rate
(100% v 98%), fetal body weight (4-4 (0-1) g each),
and placental weight (453 (25) v 443 (25) mg). It was
concluded that the pregnant rats thrived equally on

either diet.
In the definitive experiment where dietary intake

was supplemented by gavage after unilateral uterine
vessel ligation on day 17 of pregnancy, the food
supplemented dams both received more calories and
gained more weight from days 17 to 20, but when
similar analyses were performed over the period 14
to 23 days no significant difference between the
groups could be detected (table 1). Dietary intake in
the first three postoperative days was significantly
down in both groups, more so in the sham treated.
Comparisons of the effects of uterine vessel

ligation and maternal food supplementation are

presented in table 2. Considering first the control
horns: there was no significant difference between
the food supplemented and sham supplemented
groups in any parameter studied. The effect of

Table I Meani (SE) inaterntial nulitritioni and(I weight gaini atfer iuteriie lvessel ligation oni day 17 of food supplemented or
Shamn tre(lte(I pregtlallt ratt.s

Treatmnenit Caloric uptake (kcallkg124 hours) Daily weight gain (% increase/24 hours)

DaY 14 to 23 Dos 17 to 20 Day 14 to 23 Day 17 to 20

Food stipplcimlcitcd rats (i= 10) 197 (7) 160( (I)) + 13 (0-2) +1-2 (0(3):t
Shalm trcadtcdi rats (n=7) 184 (9) 127 (I()) +().9 (o. 1) -0-2 (0-2)

Significancc of diffcrccc o0f food supplcimented v' shalimi trcatcd: p<()-()5.
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Table 2 Mean (SE) fetal outcome on day 23 after unilateral uterine vesel ligationi on day 17 ofpregnant rats subsequently
given food supplements or sham supplements

Shatn supplement Food supplemnetit

Ligated horn Control horn Ligated hortn Conitrol horn?

No survivors/dam 06 (0.3) [7] 4-9 (05) [71 20 (0.5) [101 4.4 (0(5) 1101
Survival rate (%) 13 (7) 171 97 (3) [71 40 (9) [10] 83 (4) [10]
Body weight (g) 4.5 (0.5) [4] 5.3 (0.1) [34] 4-5 (0-2) [201** 5-6 (()1) [101
Placental weight (mg) 459 (47) [4] 498 (14) [34] 452 (26) [20]** 529 (16) 144]
Pancreas weight (mg) 22 (2) 14] 27 (1) [34] 23 (1) [20]** 28 (1) 144]
Liver weight (mg) 255 (40) [4] 345 (12) [34] 233 (15) [201** 346 (9) 1441
Liver DNA (Rg) 154 (17) [4] 173 (1i)) 134] 136 (10) [20]** 189 (9) 1441
Liver protein/DNA 317 (22) [4] 364 (1t)) [34] 322 (20) [20] 327 (14) [44]
Plasma somatomcdin like activity (U/ml) 0-98 (0.17) [3] 1-35 ((0.24) [5] 1-06 ((0-13) 18]** 2-18 (0.44) [8]

The number of observations is shown in square brackets.
Significance of difference for fetuses in the ligated horns of fed v sham supplemented mothers: *p<0()5, and for fetuscs in the ligated v
control horns of the same supplement group: **p<0.05.

uterine vessels ligation in the food supplemented
group was to halve the number of survivors per
horn and cause a small but significant reduction in
their body weight, a significant reduction in plasma
somatomedin like activity, placenta, pancreas, and
liver weights but no significant change in the hepatic
protein:DNA ratio. In the food supplemented
group the mean (SEM) pancreatic B cell volume
density of the survivors in the ligated horn was
similar to that in the control horn (1-12 (0-09) and
1-41 (0-14)%, respectively) as was the fractional
contribution of B cell weight to body weight (59 (4)
and 69 (6) [sg/g, respectively).

In stark contrast, ligation in the sham supple-
mented group resulted in the death of all or all but
one of the fetuses in the uterine horn. Four fetuses
survived in seven ligated uterine horns. The body,
organ, and biochemical characteristics of these four
fetuses had the same relation to the fetuses in the
control horn as had been noted between the fetuses
in the ligated and control horns of the food
supplemented group.

It was concluded that food supplementation
protected against the fetal mortality associated with
uterine vessel ligation but had no effect on the
morbidity.

Discussion

These experiments were designed to study the effect
of maternal food supplementation on fetal outcome
in the presence of restricted uteroplacental circula-
tion. The rat was chosen as the experimental model
because of the large experience with uterine vessel
ligation in this species but it was hoped that the
results might have more general biological implica-
tions.

Nutritional supplementation can be given en-

terally or parenterally. Pilot experiments showed
that the combination of laparotomy for uterine
vessel ligation with constant intravenous infusion led
to an unacceptably high maternal mortality, hence
gavage was chosen to supplement maternal intake.
The completely absorbable diet Precitene-N was
used because it can be dissolved for gavage feeding
as well as being eaten by rats in powder form.
Although Precitene-N differs in detail from com-
mercial rat chow, there are many similarities and it
contains all the recommended nutrients for the rat.
The preliminary experiment established that both
mother and fetus fared equally well on either diet.
Gavage was a satisfactory technique for food supple-
mentation because the rat has a poorly developed
vomiting reflex. 7 Under nembutal anaesthesia up
to 6 ml Precitene-N could be given and supple-
mentation of conscious rats with 1-2 ml at a time
was easy. In general the rat eats according to its
energy requirement and forced feeding is accom-
panied by reduced spontaneous food intake. In the
present experiments food supplementation was
important from day 17 to 20 when spontaneous food
intake was low in the immediate postoperative
period. At this time the food supplemented rats
ingested roughly 30% more than the sham treated
controls and they continued to gain weight, whereas
over the whole study period of 14 to 23 days there
was no significant difference in energy intake or
weight gain of food supplemented or sham supple-
mented animals.
The experiments were designed to permit analysis

of the effects of maternal food supplementation and
uterine vessel ligation separately and together.
Gavage by itself had no effect, adverse or beneficial,
on fetal outcome. Uterine vessel ligation produced a
high fetal mortality with only one fetus maximum
surviving in the experimental horn and three out of
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seven dams losing all the fetuses in the ligated horn.
This result was clearly related to the colony of
animals because the same investigator (F De P) had
earlier performed identical operations on an English
colony of Wistar rats with an average 54% fetal
survival and 92% of the mothers having one or more
living fetuses. The growth and composition of the
four surviving fetuses was similar to that of the
fetuses in the ligated horn of the food supplemented
group; the difference between the two being in the
number of survivors, on average two fetuses out of
four survived in the food supplemented group and
no food supplemented dam failed to have at least
one survivor in the ligated horn. Thus food supple-
mentation improved survival of fetuses experiencing
uterine vascular impairment but had no effect on the
size of the survivor. It remains a matter of specula-
tion as to what effect food supplementation might
have had on a colony in which spontaneous survival
in a ligated horn was higher.

Analyses of fetal body and organ weight and
composition gave similar results between the control
and test animals for ligated and non-ligated horns,
respectively. Fetal growth was most advanced in the
non-ligated horns of the food supplemented rats
where the fetuses were the most favoured by the
experimental design. They also had the highest
plasma somatomedin like activity, total liver DNA,
and relative weight of B cells. These findings are
compatible with the idea that the relative weight of
B cells reflects the growth capacity of the fetus and
they confirm the positive correlation between body
weight and plasma somatomedin like activity de-
scribed earlier.'8 Liver weight was strikingly lower
in the test fetuses of both food supplemented and
non-supplemented mothers confirming the findings
of others. '9 The extent of the liver weight reduction,
roughly 25%, was too great to be explained by
glycogen alone. Analyses of protein and DNA
showed preservation of the protein:DNA ratio in all
subgroups of fetuses and the reduction of hepatic
weight was therefore due to fewer, not smaller,
cells. The similarity of placental weight in the
subgroups indicates that maternal hyperalimenta-
tion does not influence fetal outcome by stimulating
placental growth.

Extrapolation of these results to any other species
would be inappropriate apart from the general and
clear cut observation that fetal outcome can be
importantly affected by the plane of maternal
nutrition, particularly in a postoperative period late
in gestation.
We thank Ms Rieta Van Bree for skilful technical help and Andre
Boel, Informatie-verweking. University of Leuven for help with
statistical analyses.
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