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Coat color genes have been shown to be developmental genes with wide pleio-
tropic actions. The present study was undertaken to analyze the effects of mutations
at the e locus of the Syrian hamster on testicular and adrenal steroidogenesis. Al­
though no differences in body weight were detected, cream (e/e) hamsters had larger
testes and smaller adrenals than wildtype (+/+) animals. Plasma testosterone levels
were lower in e/e than in +/+ hamsters. However; testicular progesterone levels
were higher, and 17-OH-progesterone and testosterone levels were lower in e/e
when compared to +/+ hamsters. The efficiency of testicular 17-hydroxylase ap­
pear to be reduced in e/e hamsters. Adrenal progesterone levels were higher. 17-
OH-progesterone, testosterone, dehydroepiandrosterone sulphate and aldosterone
levels were similar, and cortisol levels were lower in e/e when compared to +/+
hamsters. The efficiencies of adrenal 17-hydroxylase and 17-hydroxysteroid de­
hydrogenase appear to be reduced in e/e hamsters. The present data indicate that
steroidogenic deficiencies are present in the testes and adrenals of e/e hamsters, and
that the gonadal alterations are more severe than the adrenal ones. The e locus, in
the hamster, could be a developmental gene, or could be coding for a component
in a signaling pathway under the control of such a gene.
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Coat color genes have been shown to
be, in their majority, developmental genes
with wide pleiotropic actions (7). Among
these actions, one finds the regulation of 



176 A G. AMADOR. M. LEVIN, U. W. HUCK. R. D. HILGERS AND N. ANGEL

testicular function (1, 2, 4, 6). Cream Syr­
ian hamsters have a non-extension of eu-
melanism mutation at the e locus. This
mutation produces a cream-yellow phe­
notype, with black eyes. Normally oc­
curring melanism persists in the skin, in
the ear pinnea, palpebrae, subcostal glands
and in the genital area (10, 11). There ap­
pears to be a connection between the me­
tabolic actions of another mutation, dom­
inant spot (Ds), and the e/e mutant geno­
type. In Ds/+ animals there is no reduc­
tion of phaeomelanin, but in Ds/+; e/e
double mutants there is a marked reduc­
tion of phaeomelanin, producing a pale
straw yellow to off-white coat color (12).
This could indicate that the gene product
of the e locus is located in a metabolic
pathway regulated by the gene product of
the Ds locus: The product of the latter
locus is probably either Stem cell factor or
its receptor, which are the two most im­
portant genes in the regulation of Leydig
cell function (1,6). Also, in mice the equiv­
alent e locus has been implicated in inter­
actions, at least in some tissues with the a
locus, which is also known to have a func­
tion in regulating testicular function (2,
14, 16). Therefore the present study was
undertaken to analyze the effects of mu­
tations at the e locus of the Syrian hams­
ter, on endocrine parameters.

Table I. Characterization of solid-phase radioim­
munoassays.

Comparison between the statistical parameters of
the curves derived from sample pools and those of
the standard curves they were assayed with Pro­
gesterone (P4), Hydroxyprogesterone (OHP), Tes­
tosterone (T), Aldosterone (Aid.), m = slope. Y1 =

Y intercept and r = correlation coeficient.

Hormonal Sample m Y* r

Testes P4 -1.701 0.391 -1.000
Standard Curve -1.697 0.394 -1.000
Adrenal P4 -1.759 0.452 -1.000
Standard Curve -1.755 0.445 -0.999
Plasma OHP -1.436 -0.447 -1.000
Standard Curve -1.430 -0.447 -0.999
Testes OHP -1.502 —0.606 -1.000
Standard Curve -1.498 -0.607 -0.999
Adrenal OHP -2.003 1.176 -1.000
Standard Curve -2.004 1.174 -0.989
Adrenal T -1.618 0.443 -1.000
Standard Curve -1.619 0.445 -1.000
Plasma Estradiol —1.707 3.699 -1.000
Testes Estradiol curve was flat
Standard Curve -1.708 3.703 -0.999
Plasma Cortisol -1.988 1.266 -1.000
Standard Curve -1.994 1.263 -0.998
Adrenal Cortisol -2.028 3.522 -1.000
Standard Curve -2.028 3.520 -0.997
Adrenal Aid. -2.234 5.519 -1.000
Standard Curve -2.235 5.521 -0.989

Materials and Methods

Adult (>12 week old) random bred male
cream (Cream/SSU-e/e) and normal (Lev-
in/SSU-+/4-) Syrian hamsters were bred
in the Laboratory Animal Colony at San­
gamon State University. The Cream/SSU
stock was derived from mutant hamsters
that appeared originally in the Levin/SSU
colony. Therefore, both stocks have sim­
ilar genetic backgrounds. All animals were
housed in polycarbonate boxes with free
access to food and water. The animal
room had controlled temperature (22 ±
2 °C) and illumination (14 h light/24 h).

Hamsters were sacrificed (around 10
a.m.) by decapitation, and trunk blood was
collected. Plasma was stored at —20 °C
until assayed for steroids. Testes were re­
moved, decapsulated and weighed. A 400-
500 mg fragment was obtained, and stored
frozen at —70 °C. Adrenals were ob­
tained, weighed, and stored frozen at
—70 °C. Testes fragments and adrenals
were later homogenized in bidistilled wa­
ter at 10,500 rpm for 1 min, using a Tek-
mar Tissuemizer. Homogenates were
stored frozen at —20 °C until assayed for
steroids.

Plasma testicular and adrenal steroid 
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levels were determined using solid-phase
radioimmunoassays (RIA). Since these
kits (Diagnostic Product Corporation,
Los Angeles, Ca) use standard curves
based on human serum, parallelism be­
tween each respective standard curve and
curves made up by different volumes from
pools of each type of sample was deter­
mined and confirmed (table I). This had
already been determined previously for
plasma testosterone, testicular testoster­
one and plasma progesterone (5).

Data from the RIA were obtained using
the RIAPLOT and RIADOSE programs
(3). Data were then evaluated using Stu-
dent’s-test (15).

Results

The corporal weight of cream hamsters
was similar to that of normal animals (ta-

Table II. Corporal weight and circulating steroid lev­
els.

Values are expressed as mean ± sem for the num­
ber of animals in parentheses. 17-OH-progesterone

(17-OHP).

Parameter +/+ e/e

Body weight (g)
Progesterone
17-OHP
Testosterone
Estradiol
Cortisol

125 ±10 (6)
3.37 ± 0.88 (6)
282 ± 68 (6)

2.65 ± 0.59 (6)
51.3 ±4.4 (6)
13.2 ±1.3 (5)

122 ±3 (4)
2.32 ± 0.63 (4)
268 ± 73 (4)
1.13 ±0.22 (4)
47.7 ±9.9 (4)
10.6kt2.4 (4)

ble II). Circulating steroid levels were not
significantly different between e/e and +/
+ hamsters, except for testosterone, the
levels of which were lower (p < 0.001) in
cream hamsters (table II).

Testicular weight was greater in e/e than
in +/+ hamsters (table III). While the
concentration of testicular progesterone
was three times higher in e/e than in +/+
hamsters, the concentrations of 17-hy-
droxyprogesterone and testosterone were
much lower in cream than in normal
hamsters (table III). Testicular 17-hy-
droxyprogesterone/progesterone and tes-
tosterone/progesterone ratios were signif­
icantly lower in e/e than in +/+ ham­
sters, while the testosterone/17-hydroxy-
progesterone ratio was similar in both
types of animals.

Adrenal weight was smaller in e/e than
in +/+ hamsters (table IV). The adrenal
progesterone concentration was greater,
and the cortisol concentration was small­
er, in e/e than in +/+ hamsters. The ad­
renal concentrations of 17-hydroxypro-
gesterone, testosterone, dehydroepian­
drosterone sulphate and aldosterone were
not found to be statistically different be­
tween the two types of hamsters (table
IV). The adrenal 17-hydroxyprogester-
one/progesterone, testosterone/17-hydro-
xyprogesterone and testosterone/progeste-
rone ratios were significantly lower in e/e
than in +/+ hamsters. The aldosterone/
progesterone and cortisol/17-hydroxy-
progesterone ratios were similar in both
types of animals.

Table III. Testicular weight and steroid levels.
Values are expressed as mean ± sem for the number of animals in parentheses. NS = not significat.

Parameter +/+ e/e P

Testes weight (g) 2.29 ± 0.52 (6) 2.96 ± 0.10 (4) <0.02
Progesterone (P4) (pg/mg) 9.3 ± 2.3 (6) 27.3 ± 8.2 (4) <0.01
17-OH-progesterone (OHP) (pg/mg) 20.6 ± 4.7 (6) 12.8 ± 4.2 (4) <0.05
Testosterone (T) (pg/mg) 92.6 ± 16.9 (6) 39.4 ± 8.0 (4) < 0.0005
OHP/P4 2.39 ± 0.67 (5) 0.48 ± 0.12 (4) < 0.0005
T/OHP 5.19 ± 10.8 (5) 3.99 ± 1.45 (4) NS
T/P4 11.6 ±2.6 (5) 1.6 ± 0.4 (4) < 0.0005
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Table IV. Adrenal weight and steroid levels.
Values are expressed as mean ± sem for the number of animals in parentheses. NS = not significant.

Parameter +/+ e/e P

Adrenal weight (mg) 30.7 ± 2.7 (6) 22.3 ± 2.6 (4) < 0.002
Progesterone (P4) (ng/mg) 4.41 ± 1.07 (6) 8.58 ± 2.98 (4) <0.01
17-OH-progesterone (OHP) (ng/mg) 1.61 ±0.34 (6) 2.24 ± 0.53 (4) NS
Testosterone (T) (pg/mg) 30.8 ± 5.9 (6) 24.6 ± 6.6 (4) NS
Cortisol (F) (ng/mg) 7.84 ±1.61 (6) 5.15 ± 1.14 (4) < 0.02
Aldosterone (M) (pg/mg) 78.2 ± 34.1 (5) 92.4 ± 23.5 (4) NS
DHEA-SO4 (pg/mg) 249.7 ± 124.4 (5) 260.5 ± 70.5 (4) NS
OHP/P4 0.41 ± 0.10 (6) 0.29 ± 003 (4) < 0.05
T/OHP 21.1 ± 3.3 (6) 10.8 ± 0.9 (4) < 0.0005
T/P4 7.95 ±1.57 (6) 3.08 ± 0.37 (4) < 0.0005
M/P4 19.9 ± 8.8 (5) 15.3 ± 6.4 (4) NS
F/OHP 4.34 ± 2.24 (6) 2.48 ± 0.46 (4) NS

Discussion

It has been previously shown that, in
mice and rats, some coat color genes have
an important regulatory effect on the en­
docrine function on the testis (1, 2, 4, 6).
Although Syrian hamsters have been used
frequently in endocrine research, very lit­
tle is known about their genetics in gen­
eral, and much less about the genetic reg­
ulation of their endocrine functions. The
present set of data shows mutant hamsters
that have reduced circulating levels of tes­
tosterone. This occurs in spite of e/e
hamsters having larger gonads. The ex­
planation of this deficiency can be ob­
tained from the tissue steroid levels ob­
served in these animals. Testicular testos­
terone concentrations were greatly re­
duced in e/e hamsters, while adrenal tes­
tosterone was within normal range. This
would indicate that the deficiency in cir­
culating levels is a consequence of the re­
duced testicular production of testoster­
one. However, the conversion of proges­
terone to androgens is defective in both
the testis and the adrenals of e/e hamsters.
In the testis the concentration of 17-hy-
droxyprogesterone is reduced, as is the
17-hydroxyprogesterone/progesterone
ratio. Since the testosterone/17-hydroxy- 

progesterone is not affected, this would
tend to indicate that a deficient activity of
the testicular 17-hydroxylase in e/e ham­
sters is responsible for the reduction in
testicular testosterone. In the adrenals, 17-
hydroxyprogesterone and testosterone
concentrations are not reduced, compared
to those in normal hamsters. Since e/e
hamsters have higher adrenal progesterone
concentrations, one would expect, con­
trary to the findings, that they would also
have higher 17-hydroxyprogesterone and
testosterone levels. The paradox can be
explained in terms of a deficiency in ste­
roidogenic enzyme activity. Reduced 17-
hydroxyprogesterone/progesterone and
testosterone/17-hydroxyprogesterone ra­
tios in e/e hamsters indicate that there is
a deficiency in the activity of the adrenal
17-hydroxysteroid dehydrogenase, and
perhaps also of the adrenal 17-hydroxy­
lase. It is obvious from the data, that
the adrenal steroidogenic deficiency is far
less severe than the one observed in the
gonads.

Because it is now clear that the e locus
has various pleiotropic effects in the
hamster, the gene product from the e lo­
cus cannot be a steroidogenic enzyme.
However, it could be either a growth fac­
tor, or a component in the signaling path­
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way of a growth factor. Indirect evidence
for this would be the effect that mutations
of the Ds locus have on the phenotype of
e/e hamsters (12). The Ds locus most
probably codes for a member of the Plate­
let-derived growth factor or for a mem­
ber of the family of the receptors for these
factors. The most probable members of
these families that would be coded for by
the Ds locus, would be Stem cell factor or
its receptor, both of which are responsible
for the regulation of gonadal function (1,
6, 8). The signal transduction pathways of
these factors are complex, and interact
with those of other growth factors like epi­
dermal growth factor (9). Therefore, the
product of the e locus in Syrian hamsters
could be an enzime from that pathway like
a phospholipase, or it could be an enzyme
that generates second messengers for that
pathway like phosphatidylinositol 3’-ki-
nase, or it could be another type of pro­
tein involved in the pathway like G-pro-
teins (13).

In conclusion, cream hamsters have de­
ficient steroidogenesis due to a mutation
of the e locus, which probably codes for
a second messenger in a growth factor sig­
naling pathway.
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Resumen

Se sabe que los genes que determinan el color
del pelaje son, en su mayoria, genes encargados
del desarrollo y por lo tanto poseen una mul-
titud de funciones. Por esto se estudian los
efectos que una mutacion en el locus e tiene 

sobre la esteroidogenesis testicular y adrenal de
los hamsters sirios. Aunque no se detectaron
difercncias en el peso corporal, los hamsters
cremas (e/e) poseen testiculos mas grandes, y
adrenalcs mas pequenas, que los hamsters nor­
males (+/+). Los niveles circulantcs de testos-
terona son menores en los hamsters e/e que en
los +/+. Sin embargo, los niveles testiculares
de la progesterona son mas elevados y los de la
17-OH-progesterona y los de la testosterona
mas bajos, en los hamsters e/e que en los +/
+. La eficiencia de la 17-hidroxilasa testicular
aparentemente se encuentra disminuida en los
hamsters e/e. Los niveles adrenales de proges­
terona son mayores en los hamsters e/e que en
los normales, mientras que los del cortisol son
menores. No se encuentran diferencias en los
niveles adrenales de 17-OH-progesterona, la
testosterona, sulfato de dehydroepiandroste-
rona y aldosterona, entre los dos tipos de
hamsters. Aparentemente la eficiencia de la 17-
hidroxilasa adrenal y de la 17-hidroxiesteroide
deshidrogenasa adrenal estan reducidas en los
hamsters e/e. Se puede concluir que existen de-
ficiencias tanto en la esteroidogenesis testicular
como en la adrenal en los hamsters e/e, y que
las alteraciones testiculares son mas severas que
las adrenales. Asimismo, se puede proponer
que el locus e es, probablemente, un gen re-
gulador del desarrollo en el hamster, o quizas
el gen responsable de codificar uno de los com-
ponentes en la via de control metabolico a car­
go de un gen regulador del tipo anteriormente
mencionado.

Palabras clave: Testiculos, Suprarrenales, Proges­
terona, Hidroxiprogesterona, Testosterona, Corti­

sol, Aldosterona, Esteroidogenesis.
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