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Endocrine manipulation of the pregnant animal and growth of her offspring: a review 

G.&G. SPENCER 

Growth Physiology, AgResearch, Ruakura Agricultural Centre, Hamilton, New Zealand. 

ABSTRACT 

With the increasing sensitivity towards the use of growth promoters in animal husbandry, the search is on for “clean, green methods” 
of enhancing animal performance. A novel method of manipulating growth, that is essentially free from residue problems, has been developed 
at Ruakura: maternal treatments to influence development of her fetuses. Various approaches using this method have been found to be 
successful. Decreasing maternal oestrogen levels in rats during pregnancy has produced 25% increases in postnatal weight gain and 
masculinization of carcass characteristics. This method is not applicable to farm animal species, but a more practical approach (alteration of 
thyroxine levels) has been patented and is beiig applied to sheep. Other manipulations show potential to enhance lean tissue growth, while 
yet others appear to stimulate production of hormones throughout an animal’s life. These maternal manipulations have many advantages: as 
the placenta acts as a barrier, most treatments do not reach the fetus, while for those that cross, the time between treatment and slaughter is 
very long so there are no residues; early (fetal) treatments provide maximum time for advantages to accumulate; particularly in pigs, treatment 
of a mother can influence growth of a number of animals; treatment may be as a food additive. The results available to date suggest that this 
is an exciting, powerful, versatile and probably acceptable, method for improving animal performance. 

Keywords: growth promotants; residues; pregnancy; maternal manipulation; fetal growth, neonatal survival. 

The public’s concern over the use of recombinant prod- 
ucts, and the perceived problem of residues in meat, have 
conspired to give conventional growth promoters a hard time 
in the press and the public mind in recent years (Hoban and 
Burkhardt, 1991). In addition, the indiscriminate use of anti- 
biotics is coming under increasing scrutiny because of the 
threat posed to human welfare by resistant bacteria. With this 
in mind, a m-appraisal of standard growth promotion philoso- 
phies, and a fresh approach to enhancing animal productivity, 
was timely. 

In general, present growth promoters are really finishing 
agents. It is logical that the earlier in life treatment with growth 
enhancers starts, the greater the effects will be. Extrapolation 
of this hypothesis would suggest that treatment during fetal 
life may be even more advantageous. Clearly, direct treatment 
of the fetus is impractical, but maternal treatments designed to 
produce secondary effects on the feto-placental unit are defi- 
nitely practical. 

This paper evaluates the use of maternal manipulation to 
improve postnatal growth of their offspring, and describes 
benefits that accrue from this approach. 

STIMULATION OF PLACENTAL 
AND FETAL GROWTH. 

Having established the concept that stimulation of fetal 
growth is beneficial, the next step is to identify possible effica- 
cious mauipulations. Excessive maternal oestrogen levels during 
pregnancy am sometimes associated with retarded fetal develop- 
ment (Kuhn et ul1982), so anti-oesh-ogen treatment may enhance 
fetal growth. Similarly, maternal hypothyroidism is known to 
retard fetal development, yet despite many hundreds of papers 
describing this effect (Porterfield and Hendrich, 1993) them were 

no data on the effects of elevating matemal thyroxhe levels. The 

role of growth hormone is well established posmatally, but as 
fetal GH was thought to be of minimal importance in regulating 
fetal growth (Glasscock and Nicoll, 198 l), the metabolic effects 
of GH on the pregnant mother have been largely ignored. 

ANTI-OESTROGEN TREATMENT 

Passive immunisation of oestradiol, by a single injection 
of anti-oestradiol serum in mid-gestation, has heen found to 
result in increased placental and fetal growth (Spencer et al 

1986; Spencer and Robinson, 1992). Placental weights in- 
creased by around 15%, while average birth weights were 
elevated by up to 30% in some studies. Similar results (Table 
l), have been found using other anti-oestrogen treatments 
such as administration of the oestrogen antagonist, Tamoxifen, 
and down-regulation of maternal oestrogen secretion with 
elevated LHFW (Spencer et al, 1987). 

TABLE 1: Mean (i s.e.m.) fetal weights, at 21 days of gestation, of rat 
pups in mothers given anti-oestrogen treatments during pregnancy. Number 
per group (n) is in parentheses; *P&05; ***P&O01 compared with 
controls. 

Anti-oeshadiol serum 

LHRH adminishation 

Treated Control 

4.45 f 0.43 @-/) 3.40 f 0.2 1* @) 

4.03 + 0.10 (43) 3.15 f 0.10*** (54) 

Subsequent studies have shown that these advantages are 
maintained through into postnatal life (Spencer and Robinson, 
1992). ‘Offspring of anti-oestrogen treated mothers showed a 
masculinization of growth rates, with ‘treated’ females having 
a similar growth rate to ‘control’ males, while ‘treated’ males 
had a 15% faster rate of growth than did control males (Figure 
1). Carcass composition was similarly “mascuhized” in all 
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animals from treated mothers (Spencer and Robinson, 1992). 
Reproductive capability of the “masculinized” females 

was completely unaffected. Onset of puberty was normal, 
and fertility and fecundity were not impaired in any way 
(Spencer and Robinson, 1992). 

FIGURE 1: GIWA curves of rats born of dams passively immunized 
against oestradiol during pregnancy (males . . . and females - - - ) and 
those born of control dams given normal sheep semm (males - and 
females - -). Values are means f sem. (From Spencer and Robinson, 
1992, Journal of Animal Science, with permission). 

200 

180 

160 

140 

60 

60 

40 

20 

I 

0 I 1 1 I i 
0 2 4 6 a 

Age (weeks ) 

THYROXINE 

Thyroxine was administered by daily injection to preg- 
nant rats (Spencer and Robinson, 1993). In repeated experi- 
ments it was found that the fetuses grew faster, and were 
heavier at birth, than pups from saline injected controls (Table 
2); average birth weights were increased by 20%. As with 
anti-oestrogen treatment, postnatal growth was also enhanced 
(Figure 2). Short-term elevation of thyroid hormone levels 
produced by elevated iodine was produced by adding potas- 
sium iodide to drinking water; this also resulted in an in- 
creased fetal birth weight. 

TABLE 2: Birth weights (mean f s.e.m.) of rat pups born of mothers 
given various doses of thyroxine during pregnancy. Number per group 
(n) is in parentheses; * PcO.05; **P<o.Ol; ***PcO.OOl compared with 
controls. 

Thyroxine (l4eY) 

O W 
lo (20) 

2o (‘W 
50 ,cn\ 

Birth weight (g) 

5.88 f 0.07 

6.20f0.11 * 

6.99 f 0.06*** 

6.17 rt 0.07 ** 

Spencer-RESIDUE-FREE GROWTH PROMOTANTS 

GROWTH HORMONE 

Growth hormone plays an as yet undefined role during 
pregnancy. The placenta produces a variant of GH (Caufriez 
et al, 1990), and there are changes in GH binding proteins and 
IGF binding proteins during pregnancy. The placenta also 
produces placental lactogen (which is structurally related to 
GH), and although its role is unclear, it has been shown to 
influence growth of lambs (Min et al, 1994). 

Under suitable nutritional conditions, GH stimulates 
growth. However in nutritional deprivation, GH levels are 
elevated, and GH acts catabolically to release nutrients from 
tissue stores. Since the fetus makes large nutritional demands 
on the mother, it is not unexpected that GH and GH-like 
molecules could help sustain the energy supply required by 
the fetus by catabolism of maternal tissue stores. Administra- 

FIGURE 2: growth curves of rats born of mothers given thyroxine 
(20 pg/day) throughout pregnancy (- - - -) and pups from control mothers 
(-- ). Values are means Ifr sem. *Treated are significantly different from 
controls P4.01. 

Time ( days ) 

FIGURE 3: growth curves of rats born of mothers given bovine GH 
(2 mgkgktay) throughout pregnancy ( -) and pups from control mothers 
(- - - ). Values are means f sem. (From Spencer et al, 1994, Biology of the 
Neonate, with permission of S. Karger AG). 
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tion of GH to the mother may, therefore, be expected to 
enhance fetal growth.Daily administration of GH to pregnant 
rats has resulted in increased fetal and postnatal growth of 
their offspring (Figure 3). This effect did not appear to be 
mediated by IGF-1 (Spencer et al, 1994). 

INSULIN-LIKE GROWTH FACTORS 

The role of maternal IGF-1 in regulating fetal growth is 
not clear. Our own studies with passive immunisation of IGF- 
1 during pregnancy did not produce any effect on fetal growth 
(Berry et al, 1993), but a Japanese study did indicate a 
retardation of growth with maternal immunisation against 
IGF-1 (Adachi etal, 1991). A study where IGF-1 was admin- 
istered to pregnant mothers failed to stimulate fetal growth, 
although it did provide some evidence that IGF-1 may protect 
against maternal constraint (Gluckman et al, 1992). Immuni- 
sation against IGF-2 showed only a minor effect on fetal 
growth (Spencer et al, 1993). 

Mechanisms 
These examples serve to demonstrate the reasoning 

behind the new approach. The placenta acts as a very effec- 
tive barrier to the transfer of many hormones. In many species 
thyroxine and GH do not readily cross the placenta, but 
marked effects on fetal growth have been reported. Both of 
these hormones have potent effects on metabolism, and it 
may be through altering maternal metabolism that increased 
nutrients are made available to the fetus, and fetal growth is 
enhanced. Other possible mechanisms could be through en- 
hancing placental development or blood flow to (or through) 
the placenta or placental hormone production. 

Advantages 
As well as being effective, these approaches may have 

many other potential advantages. 
1. 

2. 

3. 

4. 

5. 

Some degree of enhanced fetal growth may be advanta- 
geous in reducing neonatal mortality. Adding an extra 
0.5 - 1 kg to the birth weight of twin lambs will not 
usually result in any problems for me mother during 
pregnancy or delivery, but should produce stronger 
lambs better able to withstand cold and hunger. 
The treatments are practical. In many cases the treat- 
ments may be given with food, or by injection at a single 
specific stage of gestation. 

In multiple births (particularly in pigs), treatment of one 
mother can influence the overall growth efficiency of a 
number of offspring. 
The effects are long lasting. Enhanced growth and 
carcass characteristics may be found throughout the 
expected life of a meat-producing animal. 

There is no evidence of detrimental effects on either 
fertility or fecundity even with anti-oestrogen treatment. 
Indeed, it may even be advantageous in breeding 
animals; faster growth and development may allow 
the animals to reach puberty early enough to become 
pregnant in their first year. This not only increases 
their reproductive life, but also their overall production 
efficiency since it has been shown that the earlier an 
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animal starts reproducing, the better their lactation and 
rearing record. 

6. By identifying the particular trait desired, it should be 
possible to specifically design treatments to produce the 
required effects. 

7. Such maternal manipulations do not, of themselves, 
alter the genotype of the animals. Unlike breeding pro- 
grammes or transgenics, the results are immediate and 
quickly reversible. Treatments for increased leanness 
can be made quickly, but if the market later requires 
fatter carcasses this can be achieved simply by stopping 
treatments in following pregnancies. 

8. Finally, but by no means least, there are no residues. The 
ultimate meat-producing animals are never exposed to 
the agents. Only the mother is treated, and the placenta 
acts as an effective barrier to the substances reaching 
the fetus. 
To date, most of the studies have been undertaken in 

rats, but trials are now being done in farm animals species. 
These studies demonstrate a possible new approach to 
improving animal growth and efficiency. A “cleaner, greener’ 
approach that seems to be effective, safe and acceptable to 
the consumer. 
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