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The somatotropic effects of ovine prolactin and bovine growth hormone (GH)
were compared in juveniles of the lizard Lacerta sicula sicula. Both hormones stim-
ulated a marked increase (up to 300%) in food consumption. This effect was asso-
ciated with a pronounced increase in weight gain which involved some fattening
and considerable linear growth: the relative amount of lean growth and fattening
were the same with both hormones. GH was slightly more potent on a weight basis,
but both were highly effective at a dose of 10 pg/day and some response was
evident between 1 and 50 pg/day.

Total lipid storage was the same under both hormone treatments but lipid dis-
tributions in the body differed, especially with regard to the liver. GH promoted
splanchnomegaly and lipid storage in the liver whereas prolactin decreased hepatic
growth and lipid content. When the two hormones were given together, there was
no synergism or additive effect with respeet to total growth and the effects of pro-

lactin on the liver were antagonized by the GH.

Recent studies with ovine prolactin in
adult male Anolis carolinensis (Family
Iguanidae) suggest that prolactin may be
an important somatotropic hormone in
lizards. For example, the administration of
ovine prolactin in Anolis may stimulate
appetite, increase linear growth, enhance
tail regeneration (Licht and Jones, 1967,
Licht, 1967), and increase the frequency
of skin sloughing (Maderson and Licht,
1967). Mammalian growth hormone (GH)
has also been shown to inerease growth
rates in lizards—in juveniles of A.
carolinensis—but the details of its actions
were not reported (DiMaggio, 1960).

A comparison of the somatotropic ac-
tions of prolactin and GH and information
on their effects in other reptilian species are
clearly needed before their relative impor-
tance in the physiology of these vertebrates
can be evaluated. In an attempt to provide
such data, we examined the effects of
exogenous prolactin and GH in juvenile

male and female Lacerta sicula (Family
Lacertidae).

MATERIALS AND METHODS

Hormones. The hormones used in this study
were provided by the Endocrinology Study Sec-
tion of the National Institutes of Health. GH
was of bovine origin (NIH B-8) and assayed as
having a mean potency of 0.8 IU/mg based on
the growth of hypophysectomized female rats.
The prolactin activity of this preparation, based
on the pigeon crop bioassay, was reported to be
approximately 1 IU/mg. The prolactin prepara-
tion was of ovine origin (NTH PS-7) and assayed
at a mean potency of 25 IU/mg. The GH con-
tamination was reported as 0.0039 IU/mg. The
hormones were dissolved in 0.01 N NaOH and in-
jected subcutaneously, in the neck region, in
0.02 ml of solution. All injections were given in
the morning; i.e., within 2 hours of the time the
lights went on.

Injections consisted of: (1) ovine prolactin;
(2) bovine GH; (3) a combination of prolactin
and GH; or (4) 0.01 N NaOH (controls). Dur-
ing the first 40 days, animals received 1 ug
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hormone daily. This dosage was found to be
only slightly effective, and consequently was in-
creased to 10 pg daily after 40 days. GH re-
mained at this level for the remainder of the
experiment, but prolactin was increased to 50 ug
daily 2 weeks later. In combination, the dosages
were adjusted to equal the doses of GH and
prolactin being used at the same time and al-
ways in a volume of 0.02 ml solution.

Liwzards. Sixty Lacerta were collected in the
vicinity of Naples, Italy in mid-July. They were
kept in the laboratory in Utrecht until the start
of hormone treatment about 2 weeks later. On
August 3, they were divided randomly into 4
groups of 15 (they could not be sexed aceurately
at this time). Each group was placed in an aquar-
ium, heated and lighted by 75-W incandescent
lamp for 8 hours daily. The lizards generally
regulated body temperature between 32° and
36°C (their preferred temperature range) while
the lights were on; the minimal temperature
available in each cage was 30-31°C during this
period. The lizards were at room temperature, 22—
25°C during the remaining 16 hours daily.

During the first 3 weeks of treatment the
lizards were fed mealworms and fly maggots ad
lebitum. Measurements of food consumption
(appetite) were begun during the fourth week.
At this time, the number of maggots was limited
to about 1 per animal per day and only meal-
worms (averaging 125 mg each) were offered
ad hbitum. In this way, the food consumption
of the various groups could be compared on the
basis of the number of mealworms taken. In
fact, the groups eating the fewest mealworms
also tended to take fewer maggots; thus, the
comparisons in appetite reported here are con-
servative estimates of the differences among
groups. All lizards were given water ad lbitum;
a commercial pet vitamin mixture was given once
a week,

Lizards were weighed every 8-10 days; food
was withheld for 36 hours prior to weighing to
allow the gut to be cleared. Linear growth was
estimated by measuring the snout-vent (sv)
length.

After approximately 90 days, the animals were
autopsied to determine the nature of the ob-
served changes in body weight. Animals were
killed by decapitation. Measurements were made
of the fresh wet weight of the liver and abdom-
inal fat bodies—the two major discrete sites of
lipid storage in the lizard. These organs and the
carcass were dried to constant weight at 60°C,
and their lipid contents determined by extracting
lipids with a mixture of methanol, chloroform,
and ether in equal proportions. In the ecareass,
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lipids appeared to be concentrated to some ex-
tent in the ventral part of the neck and at the
base of the tail. At autopsy animals were sexed
and the gonads weighed and examined histo-
logically.

Although the life history of L. sicula is not
well known, the lizards used here were probably
about 1 year old. They averaged between 3.3
and 3.6 g and 56-57 mm at the start of treatment
(Table 1). One female laid an egg in captivity, in
the first week of observation, but most of the
animals appeared to be sexually immature. Both
sexes would probably have reached sexual ma-
turity during the next summer. Newly hatched
L. sicula are about 25 mm in sv length and
weigh less than 1g. Large adult females may
reach 75 mm and 10g when fat; males tend to
be slightly larger. Thus, the animals used here
were of about 24 the adult length and
14 the adult weight.

RESULTS

Reproductive system. At the time of
autopsy, most individuals in each group
were found to be females. Since there was
little difference in response between the
two sexes, the data were pooled. The
ovaries were small and contained only
immature ova in all cases. The testes were
somewhat enlarged, averaging 14 mg as
compared with 2-5 mg when fully re-
gressed; they showed considerable sper-
matogenic activity, with abundant sperma-
tids, but the epididymis was still atrophic.
Gonads were similar among the four
groups.

Body growth. All of the lizards gained
weight during the 3-month observation
period and all except a few controls in-
creased measurably in snout-vent length.
The mean weight gains and linear changes
for the four groups are summarized in
Figs. 1 and 2 and Table 1.

Mean body weights increased steadily
during the first 40 days (Fig. 1). Growth
rates of prolactin-treated animals (1 pg/
day) were identical to those of the con-
trols, but both groups receiving GH (1 pg/
day) gained significantly more weight dur-
ing this period (p < .05). When measure-
ments of food consumption (Fig. 3) were
begun after 29 days it was found that all
three hormone-treated groups were eating
approximately equal amounts but averag-
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Fia. 1. Changes in body weight in juvenile
Lacerta stcule during 84-90 days of treatment.
Changes are expressed in relation to the mean
initial body weights for each group. Curves connect
the mean values for the 12-15 individuals in each
group. Changes in daily dosages of each hormone
are shown at the top and by arrows; in combina-
tion, the dosage of each was always equivalent to
the separate treatments.

ing about 35% more intake than controls.

The controls grew only slowly after 40
days, after body weight increased about
25% over initial values. In contrast, all
hormone-treated animals, now receiving 10
pg/day, continued to grow at the high
initial rate and their body size diverged
progressively from that of the controls.
This continued high weight gain was as-
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F1a¢. 2. Linear growth measured as changes in
snout-vent length in juvenile Lacerta sicula. Data
correspond to those for body weights shown in
Fig. 1. Arrows indicate when hormone dosages
were increased as indicated in Fig. 1.

sociated with a further inecrease in food
consumption. The hormone-treated groups
were eventually eating two to three times
more than controls (Fig. 3).

Growth rates and appetite were similar
among the animals receiving GH and GH
plus prolactin. Both groups tended to grow
faster than those receiving only prolactin
when the 10 ug/day dosage was used.
When the dosage of prolactin was in-
creased to 50 ug/day—after 57 days—their
rates of food consumption and growth in-
creased slightly and were equivalent to
those of the GH-treated animals receiving
10 pg/day. At the time of autopsy, after
90 days of treatment, there were no sig-
nificant differences in the mean total
weight gains among the three hormone-

TABLE 1
InFLUENCE OF ProvracTIN AND GH on GrowrH IN JUVENILE Lacerta sicula
Body
proportions
Body weight (g) Snout-vent length (mm) {g/mm)
Growth
Treatment Ne Initial Final Change? Initial Final Change? Initial Final (mm/g)
Control 15 3.63 4.90 1.27 +0.12 56.9 59.0 2.2 +0.33 064 083 1.73
Prolactin 14 3.47 6.04 2.57 £ 0.25c 57.4 62.7 5.3 +0.41c .061 096 2.06
GH 13 3.30 6.40 3.10 £ 0.25¢ 56.0 62.9 6.9 £ 0.76c .059 .101 2.22
Prolactin + GH 12 3.45 6.25 2.80 +£0.32¢ 56.8 61.9 5.1+ 0.51¢ .061 .100 1.82

@ All groups started with 15 individuals; reductions are due to some mortality and escapes.

b Mean + standard error.

¢ Differ significantly from respective values for controls (p < .01).
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Feeding period (days)

FiG. 3. Effects of hormone treatment on food consumption in juvenile Lacerta sicula. Vertical bars show
the mean food consumption of 12-14 individuals in each hormone-treated group in relation to the mena
food consumption of the 15 control animals during the same period. The actual amount of food eaten by
controls expressed as mealworms eaten per animal per day for each period is shown in the parentheses over
each set of bars. Arrows indicate the times when hormone dosages were increased, starting with 1 pg/day,

as indicated in Fig. 1.

treated groups (Table 1) (p > .10), and
all gains were markedly greater than in
the controls (p < .001).

Changes in sv length (linear growth)
paralleled those in body weight (Fig. 2),
except that differences between the GH-
treated groups and other groups were not
significant until after 50 days. The magni-
tude of the total growth during the 3
months of treatment is illustrated in
Fig. 4.

Some ingight into the effects of the
hormones on growth patterns can be gained
by examining the relative linear and
weight changes (Table 1). The increase in
ratios of weight to length from initial
levels of 0.06 g/mm to 0.08-0.10 g/mm
and the general appearance of the animals
at the end of the experiment (Fig. 4) sug-
gest that all were fattening. The larger
final ratio of weight to length in hormone-
treated animals suggests a tendency to-
ward proportionally more fattening than

in controls. Although differences in these
proportions were not significant (p > .05),
data on lipid contents (below) support this
conclusion.

The relations between linear growth and
the total weight gain (A mm/A gm) did
not differ significantly among the four
groups, indicating that prolactin and
growth hormone influenced the rate of
growth more than the pattern of growth.
This similarity in growth patterns is even
more striking if the four groups are com-
pared when reaching comparable levels of
weight gain. For example, the GH-treated
animals pained approximately 36% in
weight (1.2 g) at 35 days when they had
grown 1.8 mm—1.5 mm/g—whereas, the
controls at the end of 88 days had gained
about 36% in weight (%4 g) and grown
2.3 mm—1.75 mm/g.

Organ compositions. The weights of the
liver and abdominal fat bodies and lipid
contents In various compartments of the



342

-
: pras s
Fr:

LICHT AND HOYER

crred PR RAVES R,

g Rt

Fic. 4. Comparison of the growth-promoting actions of prolactin and GH in juvenile Lacerta sicula. The
animals shown were chosen to illustrate the average sv length and body weight for various treatments.
The initial size at the start of the experiment is shown on the top. The lower three individuals represent the
final size after 3 months of treatment as indicated. Color patterns were highly variable and differences
evident in this figure are not intended to indicate differences among groups.

body are summarized in Table 2. Lack of
information on the condition of these
organs at the beginning of the experiment
hinders analysis of growth. As indicated
above, the change in the body dimensions
suggests that all groups fattened to some
extent.

A portion of the additional weight gains
in the hormone-treated animals clearly in-
volved lipid storage. Comparisons of total
lipid fractions (mg lipid/g body weight)
also indicates that these groups tended to

become proportionally fatter than controls
(Table 2). While the total lipid storage
was the same in prolactin- and GH-treated
groups, there was a pronounced difference
in the distribution of lipid, particularly
with respect to the liver.

In the GH-treated animals, total weight
gains involved an increase in liver weight,
fat body weight, carcass lipids, and linear
growth, as already discussed. The enlarge-
ment of the liver was due to a doubling of
both lipid content and lean dry weight.
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The latter fraction presumably represents
glycogen and protein inereases (it is prob-
ably largely protein since glycogen con-
centrations are usually relatively low).
The total growth of the liver in GH-
treated animals may be viewed as an
aspect of splanchnomegaly since the liver
became proportionally larger than in con-
trols (see mg liver/g body weight in
Table 2).

In contrast, the liver of the prolactin-
treated animals was almost identical in
size and composition to the controls even
though the former gained twice as much
in total body weight (Table 1): this dis-
proportionately small hepatic growth is
also reflected in the significantly reduced
ratio of liver weight to total body weight
in prolactin-treated animals (Table 2).
Thus, prolactin significantly decreased
both the growth rate and lipid storage in
the liver. A slightly greater lipid storage
in other carcass depots (excluding the ab-
dominal fat bodies) apparently accom-
panied the reduced hepatie lipid storage in
these animals (see last three columns of
Table 2).

Despite the marked differences in total
liver weights among the four groups, the
composition of this organ with respect to
the fractions of water, lipid, and lean
(protein?) dry weight were similar in all
groups averaging 62%, 15%, and 23%,
respectively. Thus, both liver (proteina-
ceous) growth and lipid storage were ap-
parently equally stimulated by GH and
equally inhibited by prolactin; i.e., neither
hormone differentially influenced one of
these aspects of liver function.

DISCUSSION

Both ovine prolactin and bovine growth
hormone have pronounced somatotropic ef-
fects in the juvenile lizard. In evaluating
the details of their actions, it is necessary
to recognize the potential interaction with
endogenous hormones, since the lizards’
own pituitaries were intact. Relatively
high growth rates among the controls pre-
sumably refleet high levels of endogenous
somatotropic hormones, and it is not sur-
prising that the effects of exogenous hor-
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mones were most distinct when growth
rates among controls were lowest.

In general, the primary action of both
prolactin and GH appeared to be the
stimulation of appetite (hyperphagia). The
markedly divergent growth rates among
control and hormone-treated animals re-
sulting from this augmentation of appetite
hinders evaluation of the metabolic actions
of the hormones, especially since the
measurement of sv length is a relatively
insensitive estimate of lean growth (ie.,
protein synthesis). Ideally, animals should
all be hypophysectomized and/or main-
tained on an isocaloric diet, but the juve-
nile lizards were not amenable to the

necessary hand feeding (see Licht, 1967).

These restrictions notwithstanding, the
growth promoted by the two hormones
appeared to be similar, involving an ex-
tension of the general growth pattern ob-
served in the controls; ie., the relative
proportions of linear growth and fattening
were similar among prolactin-treated, GH-
treated, and control animals. These results
are in contrast to those obtained with
adult male Anolis in which prolactin
caused a significant increase in the relative
proportion of linear growth (Licht, 1967).
This diserepancy between adults and juve-
niles is not surprising since the adults
normally grow only very slowly in length,
tending only to fatten on a high caloric
intake. The adults presumably have lower
levels {or a lower sensitivity to) endog-
enous somatotropic hormones than do the
juveniles.

Although the general proportion of lin-
ear growth and fattening promoted by
prolactin and GH was similar, the two
hormones in Lacerta sicula were clearly
distinet with regard to their effects on the
liver, In GH-treated animals, the relation
between hepatic growth and lipid storage
and total body growth were similar to the
pattern observed in controls. However, in
prolactin-treated animals, there was a sig-
nificant reduction in both aspects of
hepatic response. When the two hormones
are given in combination, only the effects
of GH are evident with regard to the liver.
The extent to which this depressing effect
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on liver growth and lipid storage is a
general action of prolactin in reptiles re-
mains to be determined. However, it is
noteworthy that ovine prolactin had the
same effect on liver metabolism in adult
male Anolis representing a different age,
sex, and family of lizards (see Fig. 4 in
Licht, 1967). Thus, this action of prolactin
may well be of general importance among
lizards,

Prolactin and GH may, of course, also
differ in other sites of action besides the
liver. ITn addition to the somatotropic ef-
fects mentioned in the introduction, pro-
lactin has been shown to reduce respiratory
(oxygen consumption) metabolism in adult
A. carolinensis, especially in the presence
of gonadotropins (Licht, 1967). Growth
hormone exerts a diabetogenic action in
lizards (Penhos et al., 1965). The present
results support the earlier conclusion that
prolactin has little effect on gonadal activ-
ity in the lizards (Licht and Jones, 1967;
Licht, 1967). The same appears true of
GH.

The diverse sources, means of prepara-
tion and purification, and biocassays of the
two hormones used here preclude detailed
evaluation of their relative potencies. In
general, GH was somewhat more effective
in promoting growth on the basis of the
weight of hormone given.

Bovine GH was clearly effective in pro-
moting growth in Lacerta at a dosage of
only 1 pg/day, while prolactin was not
observed to do so at this concentration.
However, these results do not rule out the
possibility of a prolactin effect at this
concentration, Fortuitously, the dosage of
prolactin was increased at the same time
that growth rates declined markedly in
the controls, the time when the effect of
the exogenous hormone may have become
distinet. There is evidence from increased
food consumption that 1 pg of prolactin
per day was having some effect in the
lizards (Fig. 3) and an acceleration of
growth may have just been starting at
this time. In any ecase, prolactin was
clearly an effective somatotropic hormone
at a dosage of 10 pg/day; at 50 ug/day it
was essentiallv equal to that of 10 pg/day
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of GH. In previous studies with adult male
Anolis, 5-150 pg/day of prolactin pro-
moted a significant inerease in growth and
1 pg/day of GH was ineffective in this
regard (Licht and Jones, 1967).

The lack of synergism between exo-
genous GH and prolactin reported here is
consistent with the findings in hypophy-
sectomized pigeons (Bates et al., 1962)
and intact rats (Bates et al., 1964). Some
additive effect between the two hormones
might have been cxpected in the lizard
when the lowest coneentrations were being
used since some response to each hormone
was evident between 1 and 10 and between
10 and 50 pg/day. Data presented here,
particularly with regard to hepatic re-
sponses, suggest that GH may antagonize
the action of prolactin.

In view of the above considerations, it
seems unlikely that the actions of either
hormone preparation would be due to con-
tamination from the other hormone. As-
suming that the NIH bioassays for the
two hormonal activities are adequate for
distinguishing them in low coneentrations,
1 pg GH would contain only 1 milliunit
prolactin, which is well under the minimal
dosage found to he effective (1-10 pug
prolactin was equivalent to 25-250 milli-
units). The minimal effective dosage of
ovine prolactin contained between 0.004
and 0.04 milliunits GH activity. In view
of the small effect of our lowest dosage of
GH (equivalent to 0.8 milliunits), it seems
unlikely that the contamination would ae-
count for the response to the prolactin.
This conclusion is further supported by the
distinctive actions of prolactin and GH.

Further evaluation of the relative im-
portance of prolactin and GH as somato-
tropic agents in the lizard requires addi-
tional information on whether other
prolactins, especially the lizards’ own, have
somatotropic actions in the lizard. Further-
more, assuming that sueh a somatotropic
action exists for the saurian hormone, the
relative blood concentrations of endoge-
nous prolactin and growth hormone must
be determined. Thus far, the somatotropie
effect is the most pronounced aection of
prolactin demonstrable in the reptiles.
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