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Summary. Normal and diabetic rats were given daily
injections of human growth hormone for four days
(5 mg per rat per day). Injected rats showed no differ-
ences from uninjected controls with respect to kidney
weight or renal content of protein, RNA or DNA.
Kidney weight increased by 7% after two days of dia-
betes and by 20% after four days, but growth hormone
caused no augmentation of the hypertrophy. It is con-
cluded that growth hormone plays no role in the in-
itiation of diabetic renal hypertrophy.
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It is well established that early diabetes is accompani-
ed by renal hypertrophy, both in man [1] and in exper-
imental animals [2]. The mechanism by which the kid-
ney growth is initiated is, however, unknown. Plasma
growth hormone (GH) is elevated in diabetic man [3],
and it has been suggested that the increased kidney
size and function could be an effect of the high level of
circulating GH [4], the renal hypertrophy thus being
similar to that seen in acromegaly. The present study
was undertaken to test this hypothesis.

Methods

Female Wistar rats weighing 175 + 15 g were used. They were
housed three per cage and had free access to food and water. Dia-
betes was induced by IP injection of streptozotocin dissolved in sa-
line (pH adjusted to 4.7 by addition of HCI). The dose was 55 mg/
kg. Only animals with a blood glucose concentration above
17 mmol/1 at the end of the experiment were included in the study.

Five groups of rats were studied: (A) rats with diabetes for 2
days (i. e. they were killed 48 h after administration of streptozoto-

cin); (B) rats with diabetes for 4 days; (C) diabetic rats, who re-
ceived GH injections for 4 days, beginning on the day of streptozo-
tocin; (D) normal rats given GH for 4 days; (E) untreated control
rats. Growth hormone (human growth hormone, Nanormon, Nor-
disk Insulin) was given as daily SC injections of 5 mg. Blood glu-
cose (Ames Reflectance Meter) and body weight were measured
every second day.

At the end of the experimental period the rats were anaesthe-
tised with pentobarbital (25 mg/kg) and diazepam (10 mg/kg), and
the right kidney was removed after ligation of the renal pedicle and
stored in the frozen state until further processing as previously de-
scribed [2]. RNA was measured by ultraviolet spectrophotometry
[51, DNA with diphenylamine [6], and protein according to Lowry
etal.[7]. '

Results in the tables are given as mean + SD. Body weights
were compared by use of a paired Student’s t-test.

Results

The injected GH promoted growth, both in normal
and in diabetic rats (Table 1 and Fig. 1). In the latter
group the initial loss in body weight seen in the first 2
days of diabetes was reversed. Table 2 demonstrates
that GH had no effect on kidney weight, protein,
RNA or DNA content. The diabetic hypertrophy pre-
viously described was clearly seen, but it was not aug-
mented by GH administration. The dose of GH em-
ployed had no effect on the blood glucose level.

Discussion

The results show that human GH in biologically po-
tent doses had no effect on kidney size in the rat when
given for 4 days. This is in accordance with a report by
Bates and Garrison [8], who found no effect on kidney
weight in rats by bovine GH in a dose of 5 mg/day for

Table 1. Body weights (g) of rats in different treatment groups (mean + SD)

No.ofrats  Duration of GH treatment (days) Significance of differences (2 p)
0 2 4 O versus 2 2 versus 4
days days
Control 11 175+ 8.1 181 + 8.1 183 = 8.2 <0.005 <0.01
Control + GH 11 177 + 10.2 183 = 11.7 190 £ 126 <0.001 <0.001
Diabetes 11 177 £ 9.5 168 = 9.9 170 £ 10.2 <0.001 >0.05
Diabetes + GH 11 172 += 99 166 = 10.0 171 = 12.6 <0.001 <0.02

0012-186X/81/0021/0374/$01.00



Table 2. Kidney weight and content of protein, RNA and DNA of rats in different treatment groups

No. Finalblood Kidney weight Protein RNA (mg) DNA (mg) Protein/ RNA/DNA
of glucose - (mg) DNA
(mg) (% body
rats  (mmol/1) weight)
Control 10 49 +03 710 = 44 30+03 84+t4 2.86 + 0.15 3.54 + 0.19 237+ 16 0.81 £ 0.06
Control + 9 5.0 £0.2 726 + 96 38+04 869 2.83 + 029 3.58 + 0.53 24.5 £ 2.1 0.80 = 0.06
GH
Diabetes for 13 19.8 £ 2.3 759 = 12 43 +03 897 3.06 £ 0.18 3.48 4+ 0.29 258+ 19 0.88 £ 0.07
2 days
Diabetes for 11 202 £ 27 854 + 92 5003 98+6 3.54 £ 0.26 3.70 £ 043 26.8 + 2.4 097 = 0.07
4 days
Diabetes for 11 205 £+ 1.7 860 + 76 50+04 9710 3.54 £ 0.26 3.71 = 045 264 +20 0.96 = 0.07
4 days + GH

Results are mean values + SD for one kidney.

No significant differences were found between conirol and control 4+ GH or between diabetes for 4 days and diabetes for 4 days + GH

5 days. This lack of effect is probably due to the short
experimental period, as rats with chronic GH hyper-
secretion (tumour bearing Wistar-Furth rats) do exhi-
bit renal hypertrophy [9].

The suggestion that GH might initiate renal hy-
pertrophy is based on the findings in rats with GH hy-
persecretion, on the correlation seen between elevat-
ed plasma GH and increased glomerular filtration
rate in Type 1 (insulin dependent) diabetics [4] and on
the observation that injections of GH increase renal
plasma flow and glomerular filtration rate in man aft-
er 4-5 days [10]. It appears that kidney growth in rats
with GH hypersecretion is a part of the general
growth of the animal, relative kidney weight remain-
ing unchanged [9]. This situation is different both
from compensatory renal hypertrophy, where whole
animal weight remains unchanged, and from diabetes
where body weight actually decreases.

The modest increase in glomerular filtration rate
seen after injections of GH to non-diabetic subjects
probably is the result of haemodynamic changes (in-
creased blood volume) and may not be related to the
structural changes seen in the diabetic kidney.

Growth hormone thus seems to play no role in the
development of acute renal hypertrophy in experi-
mental diabetes. We have previously reported on an
increased thickening of the peripheral glomerular
basement membrane in diabetic rats treated with GH
for 5 months [11]. However, by further extension of
the experiments we have been unable to confirm this
report. We have thus found no effect of exogenous
GH on either short term or long term lesions in the di-
abetic rat.
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