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Summary. Pneumadin (PNM) is a biologically active 
decapeptide, which has previously been found to 
enhance rat adrenal growth; the mechanism is indirect 
and probably involves the stimulation of both arginine- 
vasopressin (AVP) and ACTH release. The effects of 2- 
and 6-day PNM administration on the atrophic adrenal 
cortices of rats treated for 8 and 12 days, respectively, 
with daily subcutaneous injections of 15 or 40 g1100 g 
body weight of dexamethasone (Dx) were investigated. 
Morphometry showed that PNM counteracted Dx- 
induced adrenal atrophy, by preventing the decrease in 
volume and number of the parenchymal cells. PNM 
raised aldosterone and corticosterone production of 
adrenal quarters from Dx-treated rats, but it did not 
evoke significant changes in the plasma concentrations 
of the two hormones. The preventive effect of PNM was 
only partial and almost exclusively evident in rats 
administered the lower dose of Dx. In light of these 
findings the following conclusions are drawn: (i) PNM is 
able to partially overcome the Dx-induced inhibition of 
the rat hypothalamo-pituitary-adrenal axis, probably by 
stimulating the pituitary release of AVP and ACTH, that 
in turn enhance adrenocortical growth; (ii) the PNM- 
induced improvement of the secretory capacity of 
atrophic adrenocortical cells is not sufficient to raise the 
blood leve1 of corticosteroid hormones; and (iii) Dx 
exerts a direct inhibitory action on adrenocortical cells, 
which is not counteracted by PNM. 
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lntroduction 

Pneumadin (PNM), a decapeptide isolated from 
mammalian lungs, exerts a potent stimulatory effect on 
arginine-vasopressin (AVP) release both in vivo and in 
vitro, thereby evoking a marked antidiuretic action 
(Batra et al., 1990; Watson et al., 1995). We have 
recently showed that PNM may be involved in the 
regulation of the hypothalamo-pituitary-adrenal (HPA) 
axis in the rat. This peptide does not affect steroid 
secretion of dispersed rat adrenocortical cells, even 
though it induces a sizable increase in the cytosolic caz+ 
concentration (Markowska et al., 1995d); however, when 
acutely or chronically administered to intact rats, it 
enhances the blood levels of ACTH, aldosterone and 
corticosterone (Markowska et al., 1995a,c), an effect 
prevented by the V1  AVP receptor antagonists 
(Markowska et al., 1995b). PNM also stimulates the 
growth of adrenal glands in dexamethasone (Dx)- 
suppressed rats (Markowska et al., 1996). 

The aim of the present study was to gain insight into 
the mechanism whereby PNM is able to partially prevent 
the Dx-induced adrenocortical atrophy in rats. To this 
end we have investigated the effects of different 
durations of PNM administration on the secretion and 
growth of the adrenal cortex of rats administered 
different doses of Dx. 

Materials and methods 

Animal treatment 

Adult female Wistar rats (180-190 g body weight) 
were kept under a 12:12 h light-dark cycle (illumination 
onset at 8:00 a.m.) at 23"C, and maintained on a 
standard diet and tap water ad libitum. Groups of rats 
(n=12) were given daily subcutaneous (S.C.) injections of 
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15 or 40 g/100 g body weight of Dx pecadron; Merck, 
Milan, Italy) for 8 (Dx 8) or 12 consecutive days (Dx 
12). For the last 2 or 6 days of Dx-administration half of 
the animals in each group (n=6) also received daily S.C. 
injections of 1.5 nmo1/100 g body weight of PNM (rat; 
Bachem, Bubendorf, Switzerland). A group of rats 
(n=12) was given daily s.c. injections of 0.2 m1 0.9% 
NaCl vehicle for 12 days (basa1 group, B). The rats were 
decapitated 12 h after the last injection, the trunk blood 
was collected, plasma was separated and stored at 
-30 "C. Adrenal glands were promptly removed and 
freed of adherent fat; their weights being recorded. 

Morphometry 

Left adrenal glands were fixed in Bouin's solution 
embedded in paraffin and serially cut at 5-6 pm of 
thickness. Sections were stained with hematoxylin-eosin, 
and the volume of the zona glomerulosa (ZG), zona 
fasciculata (ZF) and zona reticularis (ZR), as well as the 
average volume and number of their parenchymal cells 
were calculated according to Weibel (1979), as 
previously detailed (Malendowicz, 1987). 

In vitro steroid secretion 

The right adrenal glands were quartered and 
preincubated for 30 min at 37 "C in 1 m1 Krebs-Ringer 
bicarbonate buffer with 0.3% glucose (KRBG). The 
incubation medium was discarded, and new KRBG with 
0.3% bovine serum albumin (Sigma, St. Louis, MO, 
USA) was added (Lesniewska et al., 1990). After 120 
min of incubation at 37 "C, with continuous shaking, 
medium was coliected and stored at -30 "C. 

Steroid hormone assay 

Aldosterone and corticosterone were extracted from 
plasma and incubation medium and purified, and their 
concentrations assayed by RiA, as previously detailed 
(Malendowicz et al., 1993). Intra- and interassay 
variations were: aldosterone, 5% and 7%; and cortico- 
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Flg. l.'Effects of PNM (hatched bars) on adrenal weight (mg) of rats 
administered 15 (left panel) or 40 g/100 g body weight of Dx (right 
panel). Bars are means I SE (n=6). a: p<0.05 and A: p<0.01 from B: 
+: pc0.05 and *: pc0.01 from the respective control (Dx only 
administered) group (dotted bars). 

sterone, 7% and 9%, respectively. 

Individual results were averaged per experimental 
group, and SE was calculated. The statistical comparison 
of the data was done by ANOVA, followed by the 
Student's t-test, or the Multiple Range Test of Duncan. 

Results 

Dx, independently of the dose and number of days of 
administration, induced a clear-cut decrease in the 
adrenal weight and volumes of ZF/ZR and their 
parenchymal cells, as well as a marked lowering in the 
blood leve1 and secretion by adrenal quarters of 
corticosterone. The volume of ZG was not affected, but 
the volume of its cells was lowered; aldosterone plasma 

Flg. 2. Effect of PNM (hatched bars) on the volume of adrenocortical 
zones (mm3) of rats administered 15 (leít panels) or 40 u100 g body 
weight of Dx (right panels). Bars are means I SE (n=6). a: p<0.05 and 
A: p<0.01 from B; +: pc0.05 and *: p<0.01 from the respective control 
(Dx only administered) group (dotted bars). 
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concentration underwent a marked increase, and the 
same occurred for aldosterone production by adrenal 
quarters (Figs. 1-6). 

As evidenced by the changes in the adrenal weight, 
PNM partially prevented the Dx-induced atrophy of the 
gland; however, in rats treated with the higher dose of 
Dx this effect was observed only when PNM was given 
for 6 days (Fig. 1). 

Morphometry showed that in rats treated with the 
lower dose of Dx for 8 days, PNM abrogated the atrophy 
of al1 adrenocortical zones; this effect was apparently 
caused by the prevention of cell volume loss, since the 
number of parenchymal cells did not evidence 
significant changes. In rats administered the lower dose 
of Dx for 12 days, PNM did not change the volume of 
adrenocortical zones, but it decreased the average 
volume and increased the number of parenchymal cells. 
In animals treated with the higher dose of Dx for 12  
days, PNM raised the volume of ZG and ZF, and their 

Flg. 3. Effect of PNM (hatched bars) on the average volume of 
adrenocortical cells (mma) of rats administered 15 (lefl panels) or 40 
gil00 g body weight of Dx (right panels). Bars are means + SE (n=6). 
a: pc0.05 and A: pc0.01 from 6; +: pc0.05 and *: pe0.01 from the 
respective control (Dx only administered) group (dotted bars). 

parenchymal cells, without changing their number; the 
volume of ZR and the average volume and number of its 
cells were not apparently affected (Figs. 2-4). 

PNM did not significantly alter steroid blood 
concentrations, with the exception of a net lowering in 
aldosterone in the rats administered the lower dose of Dx 
for  1 2  days (Fig. 5). PNM enhanced aldosterone 
production by adrenal quarters obtained from rats treated 
for 8 days with the lower dose of Dx, while in quarters 
from animals administered for 12 days the higher dose 
of Dx PNM raised the yield of both aldosterone and 
corticosterone (Fig. 6). 

Discussion 

According to previous investigations (Lesniewska et 
al., 1992a; Malendowicz et al., 1992), Dx administration 
provokes a profound atrophy of inner adrenocortical 

Fig. 4. Effect of PNM (hatched bars) on the parenchymal cell number in 
adrenocortical zones (N x 106) of rats administered 15 (Iefi panels) or 40 
pg1100 g body weight of Dx (right panels). Bars are means + SE (n=6). 
a: pc0.05 and A: p<0.01 from 6; +: pc0.05 and *: pc0.01 from the 
respective control (Dx only administered) group (dotted bars). 
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zones, connected with a marked impairment of their 
glucocorticoid secretory capacity. The intensity of this 
effect is not apparently related to either the dose of Dx or 
the duration of the treatment. The effects of Dx on the 
ZG and mineralocorticoid secretion are rather puzzling, 
since despite a net atrophy of ZG cells, the secretion of 
aldosterone appears to be raised. The mechanism 
underlying the Dx-induced marked increase in the level 
of circulating aldosterone is not known. Kenyon et al. 
(1990) have shown that Dx decreases the exchangeable 
body sodium in the rat, and suggested its natriuretic and 
kaliuretic properties. Hence, according to Lesniewska et 
al. (1991), this unexpected finding could reflect a 
compensatory hypersecretion of aidosterone due to the 
Dx-induced natriuresis. 

In keeping with our previous findings (Markowska et 
al., 1996), PNM was found to partially prevent the Dx- 
induced adrenocortical atrophy, and this effect was more 
pronounced in the rats administered the lower dose of 
Dx. Morphometry evidenced very interesting cellular 
aspects of this preventive effect of PNM. Collectively, 
our data suggest that PNM primarily counteracts the Dx- 
induced adrenocortical cell loss; as a result, the number 
of parenchymal cells in al1 adrenocortical zones is higher 
in DxPNM-treated rats than in the appropriate control 
groups. However, it should be emphasized that this effect 
of PNM can be obsewed only in rats treated with the 

Flg. 5. Effect of PNM (hatched bars) on the plasma wncentrations of 
aldosterone (pM) and wrtiwsterone (nM) of rats administered 15 (left 
panels) or 40 ~g I100  g body weight of Dx (right panels). Bars are means 
i SE (n=6). a: pc0.05 and A: p<0.01 from B; +: pc0.05 from the 
respective control (Dx only administered) group (dolted bars). 

lower dose of Dx. Moreover, in the &day experiment, 
adrenocortical cells of PNM-administered rats are larger 
and in the 12-day experiment smaller than those of the 
respective control group. 

Despite its marked trophic action, PNM does not 
evoke evident changes in the blood levels of cortico- 
steroids, with the exception of the 12-day experiment 
where this peptide counteracts the rise in plasma 
aldosterone concentration evoked by the lower dose of 
Dx. In contrast, PNM appears to enhance aldosterone 
and corticosterone output by adrenal quarters, expecially 
in the group treated for 12 days with the higher dose of 
Dx. Taken together these findings suggest that PNM 
does not improve steroidogenic capacity of 
adrenocortical cells of Dx-suppressed rats to a level able 
to produce sizable changes in the blood levels of 
corticosteroids. Alternatively, the possibility cannot be 
ruled out that PNM enhances the metabolic clearance of 
adrenocortical hormones. Be that as it may, our results 
indicate that there is no obvious relation between the 
blood concentration of corticosteroids and their output 
by adrenal slices. 

As mentioned above (see Introduction), PNM 
stimulates AVP release by neurohypophysis. AVP exerts 
a powerful stimulating action on the growth and 
secretion of ZG and ZFIZR of rat adrenal cortex, acting 

looO 1 aldosterone 
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Flg. 6. Effect of PNM (hatched bars) on aldosterone and corticosterone 
secretion of adrenal quarters (prno1/100 mg1120 min) from rats 
administered 15 (left panels) or 40 pg/l00 g body weight of Dx (right 
panels). Bars are means I SE (n=6). a: pc0.05 and A: p<0.01 from B; 
+: pc0.05 and *: p<0.01 from the respective control (Dx only 
administered) group (doned bars). 
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via the V1 receptor subtype (for review, see Guillon et 
al., 1995; Mazzocchi et al., 1995). Evidence is available 
that AVP reverses adrenocortical atrophy induced by 
short-term Dx administration, independently of any 
change in ACTH secretion (Lesniewska et al., 1991). 
However, this peptide has no effect on adrenals in which 
atrophy had been caused by a 7-day Dx pretreatment 
(Lesniewska et al., 1992b). Hence, it could appear 
conceivable that PNM-induced prevention of adrenal 
atrophy evoked by long-term Dx administration is 
exclusively mediated by ACTH, whose hypophyseal 
release is enhanced by PNM (Markowska et al., 1996). 
This contention confiicts with the demonstration that the 
stimulatory effect of PNM on the rat HPA axis is 
abolished by the antagonists of V I  AVP receptors 
(Markowska et al., 1995b). A possible clue to reconcile 
these conflicting data may be provided by the 
compelling evidence showing that AVP, like CRH, is a 
potent stimulator of hypophyseal ACTH release (Vale et 
al., 1981; Antoni, 1986; Buckingham et al., 1992; 
Bernardini et al., 1994). In light of these considerations, 
it seems legitimate to advance the hypothesis that a two- 
fold mechanism underlies the preventive effect of PNM 
on the Dx-induced inhibition of the HPA axis in rats: 
(i) direct stimulation of AVP secretion by the hypo- 
thalamic neurons, and (ii) indirect stimulation of ACTH 
release by pituitary corticotropes via AVP. Probably AVP 
and ACTH cooperate to enhance the growth of the 
adrenal cortex. 

Before concluding, it must be recalled that PNM is 
able to only partially overcome the adrenocortical 
suppressive effect of Dx and almost exclusively when 
relatively low doses of the glucocorticoid are 
administered. This  observation can be tentatively 
explained by taking into account that Dx exerts a potent 
direct inhibitory effect on the growth and secretion of rat 
adrenocortical cells (for review, see Nussdorfer, 1986). 
Probably, this last effect of Dx cannot be prevented by 
PNM, which does not seem to directly affect basa1 
functions of adrenocortical cells (Markowska et al., 
1995d). Further studies are under way to settle this 
hypothesis. 
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