
Hormone 
clues to 
marsupial 
evolution 

AT one time the placental animals ­
the dominant mammalian species - were 
thought to be more advanced on the 
evolutionary tree than the marsupials. 

The marsup ials ware considered ancestral 
to the placentals, 

The present opinion among evolutionary 
biologists is that this is most unlikely. They 
favor the view that marsupials and placentals 
have d iverged from a common ancestry. 

In this view, many of the peculiarities of 
marsupials are specialisations wh ich have 
evolved in isolation . They are not 
characteristi cs that were formerly present in 
the ancestry of placentaIs. 

The most striking difference between mar­
supial and placental mammals is in the way 
tha embryo develops. 

The marsupial embryo is born in a very 
immature form and completes its 
development in the mother's pouch. 

In placental animals , on the other hand . 
the foetus is nourished in the uterus, through 
the placenta , until development is far 
advanced. 

Monash physiologist Dr Magda Weiss. 
assisted by technical officer Mrs V. L, Ford 
and postgraduate students, has now 
discovered endocrine differences between 
marsupials and placentals wh ich are just as 
striking, and are important in understanding 
the marsupial's evolution and adaptation to 
its environment . Har findings are the result of 
15 years research on marsupials . 

Weiss and her team studied the 
functioning of the marsupial's adrenal cortex, 
the outer part of a gland, which, in mammals, 
is related to the animal's ability to adjust to 
environmental change. 

The adrenals are small glands located 
above the kidneys. They are composed of an 
inner part. called the medulla, and an outer 
part, called the cortex. The cortex is essential 
for the maintenance of life since it produces 
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and the other, in which the "foetal" form of 
the enzyme is present. 

When the "adult" form is present, the 
disease is relatively dormant. Where the 
" foetal" form is present it is rapid in 
developmant. and, according to Van der 
Weyden , needs early and intensive 
treatment. 

The Monash research has been published 
in Cancer Research and was funded by the 
Anti-Cancer Council of Victoria and the 
National Health and Med ical Research Coun ­
cil. 
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hormones [steroids} which are involved in 
salt metabolism and the metabolism of 
energy reserves. 

Weiss's team found that while the bas ic 
adreno-cortical funct ions of the marsupials 
were similar to those of placental mammals, 
there were considerable differences 
regarding the properties and activities of the 
enzymes involved in hormone synthesis and 
in the responses of the hormones to the 
body 's various regulatory systems. 

Some of the endocrine features were 
peculiar to marsupials as a class, such as the 
synthesis of unique steroids , but there were 
also significant interspecies differences. 

Because the adaptations appeared to be 
most marked in the brush -tailed possum , she 
has used this marsupial to explain her 
findings. 

"In the early stages of our investigations 
we discovered that the adrenal venous blood 
of the possum contained numerous unusual 
st eroids:' she says. " Some of these steroids 
we re intermediates in the biosynthetic 
pathway. One stero id (Z1-deoxycortisol) is 
not found in healthy placental mammals, but 
it has been found in patients with a specif ic 
enzyme deficiency. 

"This discovery prompted us to undertake 
in-depth investigations into the properties of 
the enzyme systems involved in steroid syn­
thesis ." 

Weiss found that unlike normal placental 
mammals wh ich have multiple enzyme 
systems. each of which acts on a specific 
steroid substrate [substance], the possum 's 
adrenal enzymes are "non-substrate­
specific". They act on any steroid substance 
supplied to it . 

Weiss believes the multiple enzyme 
systems of the placental mammals give them 
an advantage over the marsupials, enabling 
finer control of biosynthesis, as well as an in­
dividual response to regulatory systems, and 
prov iding a safeguard if one of the enzymes 
becomes defective. 

Placental mammals, apparently, also have 
an advantage in their react ion to en­
vironmental stress . 

Stress usually induces a rapid rise in the 
synthesis of steroids. Cortisol is a well-known 
"stress" steroid. Increased quantities of cor­
tisol are found in the blood plasma and urine 
of people subjected to stress . 

Weiss found that in the possum the rate of 
steroid synthesis was only one hundredth to 
one thousandth that of placental mammals 
and that during stress the rise was sluggish 
and of lesser magnitude than in placenta Is. 

"The faster stress response of the placen ­
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Physiologist Dr Magda Weiss (r ight), ess ist ed by 
technical officer Mrs Val Ford, separati ng 
adrenal zones of the brusti-teited possum. She 
has found thal lh e female possum has a special 
zone In the adrenal cortex with a different hor­
mone pattern to that of adult males and im­
mature animals. 
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tals ," Weiss says, " would seem to be a more 
appropriate adaptation, enabling the animal 
to adjust more rapidly to env ironmental 
change. " 

A puzzling feature to emerge from the 
research is the discovery that there is a sex 
and age difference with regard to an enzyme 
which metabolises and inactivates steroids. 
This enzyme, called a reducing enzyme, is 
usually found only in the liver . In the possum 
it is found also in the adrenal gland of the 
adult female. 

Its activity is very high in the adult female 
possum : it is almost absent in the male pos ­
sum and it is neglig ibly low in immature 
animals of both sexes. 

Weiss says it has long been known that 
the possum is unique among species in that 
the female'S adrenal cortex, unlike that of t~ 

male , possesses an additional ar c 
composed of specific cells referred to as the 
special zone. This special zone is also absent 
in the adrenals of immature possums. 

"The special zone varies in size during the 
reproductive cycle , pregnancy and lactation," 
Weiss says. " At times it can occupy as much 
as 75 percent of the total VOlume of the 
gland ." 

Weiss and her team dissected the special 
zone from the cortex proper to determine 
steroid synthesis. A remarkable picture 
emerged. 

Wh ile the steroid pattern of the cortex 
proper was sim ilar in the female possum to 
that of adult males and immature animals, 
the pattern in the special zone was not. It 
produced reduced steroids. 

"lt is obvious that the female possum has 
undergone a unique type of adaptation: ' 
Weiss says. "A specific area of the adrenal 
cortex has developed in the female which has 
the capacity to metabolise the steroid 
formed by the cortex proper . 

" The enzyme responsible may be involved 
in the adrenal control of steroid synthesis and 
inactivation." 

One of her future tasks will be to elucidate 
the rote of the enzyme . 

"Experimental data so far suggests that 
there is an involvement of the ovaries in the 
control of the size of the zone:' she says. 
" Our research is aiming in that direction. 

"A more difficult task however will be to 
find out what could be the physiological role 
of these reduced steroids which are 
synthesised only in the adult female pos­
sum. 

Weiss says some features of the adreno­
cortical function of the possum seem 
" inferior" in the evolutionary sense and soma 
are difficult to explain. 

She believes however that they probably 
have a " definit e selective value" which has 
enabled the marsupials to survive in 
conjunction with placenta Is under similar en­
vironmental conditions. 

The research is funded by an ARGC grant. 
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