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The mutant diabetic (db/db) mouse was 
first described by Hummel et al. in 1966 (1). 
These mice suffer from metabolic disturb- 
ances resembling not insulin-dependent dia- 
betes mellitus in man. The symptoms include 
hyperglycemia, polyuria, glycosuria and 
marked obesity. Like the obese mutant ob/ 
ob, the db/db mice exhibit a paradoxical 
hyperglycemia concomitant with hyperinsu- 
linemia in early stages of development (2). In 
later life, the insulin levels of db/db mice 
return towards normal, but the hypergly- 
cemia persists. Glucose homeostasis under 
normal conditions is maintained by the inter- 
action of several hormonal factors, which 
include insulin, growth hormone (GH), so- 
matostatin and glucagon. Desjardins (3) 
found by bioassay that pituitary GH concen- 
trations and GH-releasing factor (GH-RF) in 
the hypothalamus were both below normal in 
mildly hyperglycemic, 4- to 5 week-old db/ 
db mice. In contrast, the two hormones were 
present at higher than normal levels in se- 
verely hyperglycemic, 12- to I3-week-old di- 
abetics. However, the concentrations of GH 
in the sera of db/db mice have not been 
measured. In this study, we have determined 
the serum levels of immunoreactive GH, in- 
sulin, and prolactin (PRL), another pituitary 
hormone shown to influence glucose home- 
ostasis (4), in normal and db/db mice of both 
sexes. The observations covered a period 
from 5 to 32 weeks of age. 

Materials and methods. Mice used were of 
the C57BL/KsJ-db m strain, purchased from 
the Jackson Laboratory, Bar Harbor, Me. 
Twenty diabetic (db+/db+) and 20 related 
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normal (db+/+m) male and 21 diabetic and 
18 related normal female mice were obtained 
at 4 weeks of age. They were kept in 36 x 30 
x 18 cm plastic boxes, 10 mice per box, in a 
light (12 hr light: 12 hr darkness)- and tem- 
perature (24" k lo)-controlled room and 
given Wayne Lab Blox (6% fat, 24% protein, 
and 4.5% fiber) and water ad libitum. 

Blood samples from each mouse were col- 
lected from the orbit at approximately 5, 7, 
10, 15, 20, 24 and 28 weeks of age between 
09:OO and 1O:OO hr. In order to assess the 
secretory capacity of the hypothalamic-pitui- 
tary axis for PRL release, a PRL stimulation 
test with perphenazine (5) was performed in 
nine to ten female mice of each phenotype at 
11 weeks of age. Finally, 4 weeks after the 
last bleeding, all surviving mice were decap- 
itated within 30 sec after removal from the 
box, and the blood and pituitary glands were 
collected. All blood samples were centrifuged 
for serum separation within 2 hr of collection. 
The pituitary glands were weighed individ- 
ually and extracted immediately with 0.05 M 
NaK03-NaHC03 buffer, pH 10, as described 
(6)- 

GH and PRL in all sera and pituitary 
extracts and insulin in a few samples in which 
enough serum was available were measured 
by specific radioimmunoassays (7-9). The bi- 
ological potency of the mouse PRL standard 
used was 25 IU/mg and that of the mouse 
GH, 3.1 USP U/mg. Standard for the insulin 
assay was rat insulin, potency 20.7 IU/mg. 
Serum glucose was measured by the o-tolui- 
dine method (10). The results were analyzed 
by analysis of variance and Duncan's new 
multiple range test. 

Results. Male and female db/db mice 
weighed approximately 35% more than con- 
trols at 5 weeks of age (Fig. 1). At 32 weeks, 
their body weights increased to over twice 
that of normal mice. 

Serum glucose concentrations in db/db 
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FIG. 1. Changes in body weight of normal and dia- 
betic (db/db) mice with age. The numbers of mice in the 
various groups are those as shown in Fig. 5. 
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FIG. 2. Changes in blood sugar concentrations of 
normal and diabetic (db/db) mice with age. The numbers 
of mice in the various groups are those as shown in Fig. 
5. 

mice were only slightly elevated at 5 weeks 
(Fig. 2), but rose sharply thereafter and av- 
eraged 600-700 mg/100 ml at 28 weeks of 
age, as compared to only 130 mg/100 ml in 
control mice of the same age. 

Serum insulin concentrations in db/db 
mice were higher than normal throughout the 
observation period (Fig. 3). At 32 weeks, 
insulin concentrations of db/db mice slightly 
declined, 

GH concentrations in orbitally-collected 
sera of male db/db mice averaged markedly 
lower than those of normal male mice 
throughout the observation period (P < 0.0 1) 
(Fig. 4). In females, the differences were not 

statistically significant (P > 0.05). GH con- 
centrations in the sera taken by decapitation 
from db/db mice of either sex at 32 weeks 
were also not appreciably different from 
those of controls (P > 0.05) (Table I). How- 
ever, the pituitary concentrations of GH were 
substantially lower than normal in db/db 
mice of both sexes (P < 0.01). 

PRL concentrations in orbitally collected 
sera showed a biphasic pattern in female db/ 
db mice (Fig. 5):  the levels were lower than 
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FIG. 3. Changes in serum insulin concentrations of 
normal and diabetic (db/db) mice with age. Vertical 
lines represent standard errors of the means. Numbers 
on the chart indicate the number of mice in each group; 
because of insufficient volume, only a few samples could 
be assayed for insulin. 20.7 pU = 1 ng. 
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FIG. 4. Changes in growth hormone levels in the 
orbitally-collected serum of normal and diabetic (db/db) 
mice with age. Vertical lines represent SEM. Numbers 
on the chart indicate the number of mice in each group. 
The difference in the number of mice within a group at 
various intervals is due to insufficient sample or loss of 
animal by death. 
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TABLE I. BASAL LEVELS (MEAN + SEM) OF GROWTH HORMONE AND PROLACTIN I N  DECAPITATE SERA AND 
PITUITARY GLANDS OF ~ ~ - W E E K - O L D  DIABETIC (db/db) Mice. 

Prolactin Growth Hormone 

No. of Pituitary gland WI Serum Pituitary Serum Pituitary 
Sex Phenotype mice Body wt (g) (mg) (ng/ m 1) (Pg/mg) (ng/ml) W m g )  

- 1  

3.6 f 0.14 Male Normal 16 28 k 0.8 1.61 * 0.04 8.3 f 1.0 76.1 f 4.6 30.4 f 1.7 

Female Normal 18 26 * 0.4 2.13 f 0.08 9.2 f 0.9 
1.52 k 0.04 7.3 f 0.4 49.9 k 1.8'. 24.6 f 1.1'  2.4 f 0.07** Diabetic 14 60 f 2.0" 

Diabetic 10 59 f 3.0" 1.50 f 0.04'' 7.8 k 1.5 51.8 k 2.3" 33.2 f 1.3.' 2.9 f 0.28" 
82.2 f 4. I 76.0 f 13.7 8.7 f 0.58 

P < 0.05, * + P  < 0.01; comparisons shown are between the two phenotypes of the same sex 
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FIG. 5 .  Changes in prolactin levels in the orbitally- 
collected serum of normal and diabetic (db/db) mice 
with age. Vertical lines represent standard errors of the 
means. Numbers on the chart indicate the number of 
mice in each group. The difference in the number of 
mice within a group at various intervals is due to insuf- 
ficient sample or loss of animal by death. 

normal during early stages (P < 0.01), i.e., 
until about 10-12 weeks of age; then the 
levels increased to those found in normal 
mice (P > 0.05). In males, the trend was 
similar, but the differences were less pro- 
nounced. PRL concentrations in sera col- 
lected after decapitation at 32 weeks were 
significantly lower in db/db mice of both 
sexes (P < 0.01), as were the pituitary con- 
centrations (P < 0.01) (Table I). However, 
the magnitude of the differences was less 
pronounced in males. 

A single ip injection of 1 pg/g BW of 
perphenazine elicited a 20-fold rise in serum 
PRL of female control mice (P < 0.01) (Fig. 
6). There were no increases in PRL concen- 
trations of female db/db mice. 
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FIG. 6. Serum prolactin concentrations in normal 
and diabetic (db/db) female mice after stimulation with 
perphenazine (1 pg/g body wt). Vertical lines represent 
SEM. Values in parentheses indicate the number of mice 
in each group. 

Discussion. These studies indicate that the 
db/db mouse has significantly altered secre- 
tory patterns of GH and PRL. The consist- 
ently lower GH levels in the orbitally col- 
lected serum of male db/db mice, in conjunc- 
tion with lower glandular content of the hor- 
mone in db/db mice of both sexes, suggest 
that the secretion of GH is most likely im- 
paired in this mutant. Our results on pituitary 
GH content differ from the bioassay results 
of Desjardins (3), who found higher levels of 
GH and GH-RF in 12- to 13-week-old db/ 
db mice. This discrepancy between the two 
studies may be due to the fact that different 
assays were used. However, Desjardins (3) 
also found lower than normal levels of pitui- 
tary GH in 4- to 5-week-old db/db mice. We 
did not measure pituitary GH at this age, but 
our measurements in sera from animals at 5 
to 32 weeks of age show no clear age-related 
shifts in GH concentrations. The GH concen- 
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trations in the orbitally collected sera of fe- 
male db/db mice were not greatly dimin- 
ished, but female mice generally have low 
GH activity (1 1) and thus are subject to less 
pronounced fluctuations. The similar GH 
concentrations in sera obtained at 32 weeks 
from decapitated db/db and control mice 
were perhaps caused by the animals’ age, 
since Larson et al. (12) found that the earlier 
differences in the GH concentrations of ob/ 
ob mice disappeared when the mice reached 
20 weeks of age. 

The secretion of PRL in db/db mice was 
also, for the most part, deficient, as indicated 
by the levels of the hormone in the pituitary 
gland, in sera obtained by decapitation, and 
by the lack of PRL release in response to 
perphenazine. In orbitally collected sera, 
PRL concentrations were below normal be- 
fore 15 weeks, but normal afterwards. The 
concentration of PRL in orbitally collected 
serum is usually higher than in serum col- 
lected by decapitation (8). Thus, it seems that 
during early stages, db/db mice did not react 
as much to the stress of orbital bleeding as 
did normal mice, whereas after 15 weeks they 
reacted more than the normals. The reason 
for this biphasic response is not clear, but it 
is noteworthy that the serum insulin levels in 
our study (Fig. 3) and those of others (2, 13) 
also show a shift towards normal with age. 

The differences from normal in GH, PRL, 
and insulin levels of db/db mice were evident 
at 5 weeks of age, the first time when obser- 
vations were made. At this age, the hypergly- 
cemia and obesity were still quite moderate. 
This suggests that the sub-normal levels of 
GH and PRL found in db/db mice are prob- 
ably the result of mutational changes in the 
background genome rather than a conse- 
quence of the obesity-diabetes syndrome. 
Similar differences in GH and PRL preced- 
ing the appearance of obesity are found in 
ob/ob mice (12). Thus, the GH and PRL 
abnormality may represent a common sec- 
ondary gene action of the mutation db and 
ob. To what extent the reduced levels of GH 
and PRL contribute to the development or 
exacerbation of the obesity-diabetes syn- 
drome in db/db mice is not certain. 

Summary. Levels of GH, PRL, and insulin 
in diabetic (db/db) mice were studied by 
radioimmunoassay. Serial blood samples 
from normal and diabetic mice of both sexes 
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were obtained by orbital puncture at 5,7, 10, 
15, 20, 24, and 28 weeks of age; the final 
sample was obtained by decapitation at 32 
weeks. Serum insulin and glucose levels in 
db/db mice were higher than normal 
throughout the study. Compared to those in 
normal controls, GH and PRL concentrations 
in the pituitary gland were 33 to 67% lower 
in db/db mice at 32 weeks of age. Serum GH 
levels in orbitally collected samples were also 
markedly subnormal in male diabetics; in 
females, the differences were not significant. 
GH levels in sera collected at 32 weeks were 
not significantly different from those of con- 
trols in either sex. PRL concentrations in the 
orbitally collected sera of db/db mice were 
lower than normal until 10-12 weeks of age; 
after this age the values approached normal 
levels. PRL concentrations in sera collected 
at decapitation were significantly lower than 
normal in db/db mice of both sexes. A single 
injection of perphenazine elicited a 20-fold 
rise in serum PRL concentrations in normal 
females; in db/db females, there were no 
increases. The results suggest generally defi- 
cient secretion of GH and PRL in the mutant 
db/db mouse. 
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