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Multiple treatments with SRIH-14 or octreotide affect adrenal zona 
glomerulosa in adult male rats
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Abstract. Somatostatin analogues are currently used to treat various disorders such as hypersecretion 
and different neuroendocrine tumors. In this study we examined the effects on the adrenal cortex of 
somatostatin (SRIH-14) and octreotide administered subcutaneously twice daily for 5 days to adult 
male rats. Control rats received saline under the same regime. After sacrifice, the adrenal glands 
were removed and examined morphometrically using the M42 multipurpose test system. Blood sam-
ples were prepared for biochemical tests. Both SRIH-14 and octreotide induced morphofunctional 
changes in adrenal zona glomerulosa. We found significant decreases (p < 0.05) in the absolute cell 
and nuclear volumes of zona glomerulosa in both experimental groups in comparison to the control. 
The serum aldosterone level was 11% lower (p < 0.05) in the SRIH-14 and 13% (p < 0.05) lower in 
the octreotide-treated group in comparison with the control group.

Morphometric parameters of zona fasciculata and zona reticulata and corticosterone levels were 
not altered significantly (p > 0.05) in either treated group. It may therefore be concluded that both 
SRIH-14 and octreotide affected zona glomerulosa in the same manner by decreasing morphofunc-
tional characteristics.

Key words: Adrenal cortex — SRIH-14 — Octreotide

Introduction

Somatostatin (somatotropin release-inhibiting hormone, 
SRIH) is a cyclic-tetradecapeptide initially discovered as an 
inhibitor of growth hormone release from anterior pituitary 
cells (Brazeau et al. 1973). Subsequently, other functions 
such as inhibition of hormone secretion and inhibition of 
cell growth have been described (Patel 1999). SRIH is syn-
thesized as two bioactive peptides SRIH-14 and SRIH-28 
which are widely distributed throughout the central nervous 
system, endocrine and peripheral tissues (Reichlin 1983a). 
SRIH was detected in different regions of the brain, in the 
pituitary, the gastrointestinal tract, endocrine pancreas, 
kidneys, the thyroid and adrenal glands (Reichlin 1983a,b; 
Epelbaum et al. 1994).

SRIH acts through a family of G-protein-coupled mem-
brane receptors containing seven transmembrane domains. 
Five genes encoding distinct SRIH receptor (sst) subtypes 
have so far been cloned and termed sst1–5. All five subtypes 
are expressed in normal tissues (Patel 1999). Also, SRIH recep-
tors are expressed in a large number of tumors (Kennedy and 
Dluhy 1997; Hofland et al. 1999; van der Harst et al. 2001).

Owing to its potent inhibitory effect on hormone secre-
tion and cell proliferation the use of somatostatin was pro-
posed in clinical disorders. However, the short half-life of 
the natural hormone made it difficult to apply. Octreotide is 
a cyclic octapeptide, which is more potent than endogenous 
SRIH because of an extended half-life (Bauer et al. 1982; 
Lamberts et al. 1991). Octreotide binds to three of these five 
receptors, sst2, sst3 and sst5, which are expressed in various 
rat organs (Patel et al. 1995). The SRIH analogue octreotide 
is used clinically to control humoral hypersecretion and 
tumoral growth (Berlowitz 1995).

The different sst subtypes are expressed in brain, all types 
of the pituitary gland, gut, endocrine and exocrine pancreas, 
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endocrine glands, kidneys and immune cells (Patel 1999). 
However, sst have also been detected both in the adrenal cortex 
and medulla (Aguilera et al. 1982; Mauer and Reubi 1986). 
Moreover, Boscaro et al. (1982) showed that somatostatin 
significantly blocked the aldosterone response to angiotenzin 
II but not to adrenocorticotropic hormone (ACTH) in vitro.

Therefore, the primary aim of this study was to compare 
the effects of multiple SRIH-14 and octreotide treatments on 
the adrenal cortex in vivo, considering the reality of medical 
use of somatostatin analogues.

Materials and Methods

All experimental protocols were approved by the Local Animal 
Care Committee. They conformed to the recommendations 
provided in the “Guide for the Care and Use of Laboratory 
Animals” (1996, National Academy Press, Washington D.C.).

Animals handling

Male Wistar rats (Institute for Biological Research, Belgrade) 
of mean body weight (b.w.) 240 g were housed at constant 
temperature (22°C) with a 12-h light, 12-h dark cycle with 
provided free access to food and water.

The rats were separated into three experimental groups 
each consisting of six animals. Rats from first group were 
injected subcutaneously (s.c.) twice a day with 20 μg SRIH-
14/100 g b.w. (No. S 9129; Sigma, St. Louis, MO, USA) per 
100 g b.w. for 5 consecutive days (between the ages of 55 and 
59 days). The dose regimen selected for SRIH-14 was based 
on the method reported previously (Rebuffat et al. 1984), ex-
cept that SRIH was administered every 12 h instead of every 
8 h. Rats from second group were injected s.c. twice a day 
with octreotide (20 μg/100 g b.w.; Sandostatine, Novartis, 
Switzerland) for 5 consecutive days (between the ages of 55 
and 59 days). Control group comprised rats that were treated 
only with saline in the same manner. All animals were killed 
under ether anesthesia 12 h after the last injection.

Light microscopy

The left adrenal glands were excised, fixed in Bouin’s solution 
for 48 h, dehydrated, embedded in paraplast and serially cut 
into 5 μm thick sections which were stained with hematoxy-
lin-eosin and examined under a light microscope.

Morphometric measurements in the adrenal gland

The absolute volume of the adrenal glands was calculated on 
the basis of their weight, assuming an average specific gravity 
of 1.039 g·cm–3 (Swinyard 1938). In order to evaluate the vol-
ume densities of the adrenocortical zones, every tenth section 

(5 μm thick) of the gland was analyzed at 125× magnification 
with the M42 multipurpose test system (Weibel 1979).

The nuclear and cytoplasmic volumes of parenchymal cells 
were estimated at 1000× magnification on 5 μm thick sections 
with the M42 multipurpose test system (Weibel 1979). For each 
adrenal gland, a single paraplast section containing the zona 
medullaris was chosen and 30 test areas of the zona glomeru-
losa (ZG) and 50 test areas of both the zona fasciculata (ZF) 
and zona reticulata (ZR) were analyzed. On the basis of earlier 
karyometric studies (Malendowicz 1974), the shape coefficient β 
was assumed to be 1.382 for the ZF and 1.500 for the ZG.

Hormone assays

The aldosterone and corticosterone levels in blood serum from 
all rats were determined by enzyme immunoassay (aldoster-
one ELISA and corticosterone immunoassay, respectively).

Statistics

The biochemical and morphometric data obtained for each rat 
were averaged per experimental group and the standard devia-
tion (SD) of the means was calculated. The data were subjected 
to ANOVA followed by Duncan’s multiple-range test. Values 
of p < 0.05 were considered statistically significant.

Results

Absolute and relative adrenal weights

The mean absolute weight of the adrenal glands in the octre-
otide-treated group was significantly (p < 0.05) decreased by 
19% compared with the value for the control group. The SRIH-
14-treated group did not differ significantly (p > 0.05) from the 
control group. The slight decrease in mean relative weight of 
the adrenal glands in both treated groups was not significantly 
different from the control value. There was no significant differ-
ence in mean absolute weight of the adrenal glands between the 
SRIH-14- and octreotide-treated groups (Table 1).

Table 1. Effects of multiple treatment with SRIH-14 or octreotide 
on absolute and relative adrenal weight in male rats

Groups
Weight 

Absolute (mg) Relative (%)
Controls 18.5 ± 0.7 7.7 ± 0.3

SRIH-14 17.0 ± 1.4
(–8%)

7.1 ± 0.5
(–8%)

Octreotide 15 ± 0.3 a

(–19%)
6.7 ± 0.5
(–12%)

a p < 0.05 vs. controls; mean ± SD; n = 5.
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In comparison with the control group value, the abso-
lute volumes of the adrenal glands decreased significantly 
(p < 0.05) in octreotide-treated group (by 19%) and in the 
SRIH-14-treated groups (by 8%) (Fig. 1).

Adrenal cortex

All three cortical zones of the adrenal gland (ZG, ZF and ZR) 
were clearly visible in all examined preparations.

Zona glomerulosa (ZG)

The cells of ZG were relatively small, columnar or py-
ramidal, with oval nuclei. The cells of ZG were arranged 
in closely packed ovoid-shaped cell cluster. The overall 
shape of ZG cells in both treated groups was not altered 
(Fig. 2).

The absolute volume of ZG was about 7% smaller (p > 0.05) 
in the SRIH-14-treated group and 12% smaller (p < 0.05) in 
octreotide-treated group. The decrease in relative volume (by 
10%) of the ZG was significant (p < 0.05) for octreotide-treated 
group (Fig. 1).

Moreover, the volumes of ZG cells and their nuclei were 
significantly (p < 0.05) smaller in both SRIH-14- and oc-
treotide-treated groups in comparison to the control group 
(Fig. 3).

The mean serum levels of aldosterone was significantly 
(p < 0.05) lower (by 11%) in SRIH-14-treated group com-
pared with the control value. The decrease in mean aldoster-
one level (by 13%) in the octreotide-treated group was also 
significant (p < 0.05) (Fig. 4).

Zona fasciculata (ZF) and zona reticulata (ZR)

The ZF was the largest cortex zone. It consisted of polyhedral 
cells arranged in long straight cords, one or two cells thick, 

Figure 2. Zona glomerulosa (ZG) and zona fasciculata (ZF) in 
a) control rats; b) rats treated with SRIH-14; c) rats treated with 
octreotide. The decrease in volume of ZG is more notable in octre-
otide-treated group then in SRIH-14-treated group, in comparison 
with the control group. Bar, 25 μm.
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Figure 1. The absolute volume of the adrenal cortex, zona glomeru-
losa (ZG), zona fasciculata (ZF) and zona reticularis (ZR) after 
treatments with SRIH-14 or octreotide in male rats (mean ± SD; 
n = 5). * p < 0.05 vs. controls.
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separated by sinusoidal capillaries. The shapes and positions 
of the cells did not change after multiple treatments with 
either SRIH-14 or octreotide (Fig. 2).

No differences in the absolute volume and stereological 
parameters (cell and nuclear volumes) of the ZF and ZR were 
detected between the groups. (Figs. 1 and 3). The serum levels 
of corticosterone in both treated group did not differ from 
the control value (Fig. 5).

Discussion

Both SRIH and its long-acting analogue octreotide exert 
diverse physiological actions on multiple target tissues. The 
present report describes the effects of multiple SRIH-14 and 
octreotide treatments on the structure and function of the 
adrenal cortex in adult male rats.

After multiple SRIH-14 or octreotide treatment we 
detected lowering of the absolute weight of the adrenal 
glands. These results confirm our previous findings ob-
tained after intracerebroventricular (ICV) administration 
of SRIH and after chronic treatment with SRIH-14 and oc-
treotide (Milošević et al. 1996; Trifunović et al. 2008).

The examined stereological parameters in the ZG showed 
reduction in both treated groups. Moreover, the serum levels 
of aldosterone were lower then the control value in both 
treated groups. Neither the SRIH-14-treated group nor the 
octreotide-treated group exhibited changes in other stere-
ological parameters or serum levels of corticosterone.

The results observed here support previous findings after 
multiple ICV treatment with SRIH-14 and SRIH-28 which 
caused the ZG cells atrophy (Milošević et al. 1994, 1996).

SRIH immunoreactivity has been demonstrated in the ZG 
of the rat adrenal cortex (Aguilera et al. 1981). The presence 
of high-affinity binding sites for SRIH has been demonstrated 
in homogenates of adrenal ZG (Aguilera et al. 1982; Srikant 
and Patel 1985). O’Carroll (2003) showed expression of sst1, 
sst2, sst4 and sst5 mRNAs in the ZG while expression of sst 
was extremely low in the ZF and ZR.

Thus, we can assume that a direct SRIH-14 and octreotide 
influence via sst exists. Alternatively, somatostatin may exert 
an effect on ZG cells by influencing the rennin-angiotensin 
regulating system (in particular angiotensin II-induced 
aldosterone secretion; Aguilera et al. 1981). Moreover, it 
is possible that SRIH decreased the secretion of pituitary 
growth hormone and prolactine, the endogenous stimulators 
of ZG cell growth and secretion (Rebuffat et al. 1984; Maz-
zocchi et al. 1986). Accordingly, we assume that the findings 

Figure 5. The effects of treatments with SRIH-14 or octreotide on cor-
ticosterone serum concentrations in male rats (mean ± SD; n = 5).
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Figure 3. Cellular volume (A) and nuclear volume (B) after 
treatment with SRIH-14 or octreotide in male rats (mean ± SD; 
n = 5). ZG, zona glomerulosa; ZF, zona fasciculata; ZR, zona 
reticularis; * p < 0.05 vs. controls.

Figure 4. The effects of treatments with SRIH-14 or octreotide on 
aldosterone serum concentrations in male rats (mean ± SD; n = 5). 

* p < 0.05 vs. controls.
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observed here might be the result of SRIH-14 and octreotide 
via sst plus an indirect influence.

We found no changes in morphofunctional parameters in 
ZF and ZR. This may be due to unchanged ACTH secretion 
and/or rare presence of sst in both zones (Milošević et al. 
1994; Trifunović et al. 2007, 2008).

Clearly, we have demonstrated that multiple treatment 
with SRIH-14 and octreotide affected ZG on the same man-
ner through reduction of morphofunctional parameters, 
while parameters of ZF and ZR were not altered. These re-
sults may be important considering the increasing medical 
administration of somatostatin analogues.
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