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Summary. Pituitaries of Syrian hamsters with and
without chronic hyperglycaemia were studied with mor-
phometric and karyometric methods. The hypergly-
caemic state was induced by low doges of alloxan, and
maintained for 25 to 37 days. It had been potentiated
in one group by a resection of at least 509, of pancreatic
tissue prior to alloxan administration. A marked rise in
the volume of the acidophils was found (p < 0.005). On
the other hand, the karyometric studies revealed a defi-
nite diminution of the mean nuclear area of the acidophils
in the diabetic animals, indicating decreased activity.
The combination of an increase in mass of acidophils and
a decrease in their nuclear activity supports the theory
of an increased storage rather than hypersecretion of a
hormone. The hormone which was stored in the acid-
ophils is probably identical with growth hormone. If we
consider the role of this hormone in carbohydrate and
lipid metabolism, such a storage in chronic hypergly-
caemia seems to be of importance.

Accumulation de granules acidophiles dans Uhypophyse
en cas d’hyperglycémie expérimentale

Résumé. Nous avons étudié I'influence d'un état d’hy-
perglyeémie chronique sur la morphologie hypophysaire
avee des méthodes morphométriques et karyométriques.
L’hyperglycémie était induite par de faibles doses d’al-
loxane et maintenue pendant 25 & 37 jours. Dans un
groupe, elle a été potentialisée par une pancréatectomie
partielle d’au moins 50%, avant I’administration d’allox-
ane. Nous constatons une augmentation du volume des
cellules hypophysaires acidophiles chez les animaux
hyperglycémiques (p < 0.005). D’autre part, le volume des
noyaux de ces cellules est nettement diminué, ce qui in-

In a morphometric study of pituitaries from pa-
tients with diabetes mellitus we observed a marked
rise in the volume of the pituitary acidophils in cases
of insulin-resistant diabetes and of lean diabetes with
an absolute B-cell deficiency in the islets of Langer-
hans [17]. On the other hand, in obese mild diabetes
this change was much less impressive. The question
remained whether this elevated total mass of acidophils
was a primary lesion in lean diabetes or a secondary
effect. Therefore we started the present investigation
with karyometric and volumetric studies in the expe-
rimentally hyperglycaemic Syrian hamster.:

Material and Methods
The aim was to produce a continuous hyperglycaemic
state in hamsters with alloxan and to avoid general
toxic effects by the diabetogenic agent. We chose
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dique une réduction de l'activité nucléaire. La combinai-
son d’'une augmentation de volume cellulaire et d’une
réduction de 'activité nucléaire traduit une accumulation
gecondaire d’hormone plutdt qu'une hyperséerétion. Il
g’agit probablement de I’hormone de croissance, dont
I'importance dans le métabolisme des glucides et des li-
pides est bien connue.

Speicherung acidophiler Granula in der Hypophyse bei
experimenteller Hyperglykdamie

Zusammenfassung. Mit morphometrischen und karyo-
metrischen Methoden haben wir die Bedeutung der Acid-
ophilenvermehrung in der Hypophyse bei chronischer
Hyperglykimie experimentell untersucht. Bei Goldham-
stern wurde diese wiahrend 25—37 Tagen mit Alloxan
erzeugt. In einer Gruppe wurde die Alloxanwirkung po-
tenziert durch vorherige partielle Pankreatektomie. In
der Hypophyse war die Vermehrung des totalen Acid-
ophilenvolumens ausgeprégt (p < 0.005). Hingegen waren
durchschnittlich die Kerne dieser Zellform deutlich ver-
kleinert. Diese Kombination von Kernverkleinerung und
Volumenvermehrung weist auf erhohte Hormonspeiche-
rung hin und nicht auf Mehrsekretion. Wahrscheinlich ist
das gespeicherte Hormon vorwiegend Wachstumshormon.
Dessen Bedeutung fiir Zucker- und Fettstoffwechsel ist
unbestritten und diese Speicherung scheint bei chroni-
scher Hyperglykdmie eine funktionell wichtige Bedeu-
tung zu haben.

Key-words: Alloxan diabetes, pituitary and diabetes,
growth hormone, morphometry, karyometry, chronic hy-
perglycaemia, free fatty acids, Syrian hamster.

Syrian hamsters weighing 120—155 g, and aged
about 2 months; and divided these into 3 groups.

In group 1 (6 animals) at least 509, of the pancreas
was resected 10 days prior to the injection of lower
doses of alloxan. In group 2 (9 animals) the only treat-
ment was injection of alloxan (the higher dose). 6 ani-
mals were used as controls. Since preliminary studies
showed normoglycaemia in sham-partially-pancreatec-
tomized animals, we have not included this series in this
report. The animals which died before the end of the
experimental period were not included in the results.
Alloxan was injected intravenously (Sublingual vein)
in a dose (see below in results section) which was just
sufficient to produce glycosuria. Since it was only tran-
sient in many cases of group 2, we repeated the in-
jections intraperitoneally (2—5 times) in appropriate
doses. The last re-injection was done 2 days prior to
the killing of the animals. Peroral instillation was
tried in some cases, but the doses had to be quite high.
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After 27 to 36 days of hyperglycaemia, the animals
were rapidly killed with ether after a short fasting
period of about 11 h. The pituitaries were weighed,
fixed in formo! sublimate, embedded in paraffin and
3u-thick serial sections were stained with Pearse’s
trichrome method. The horizontal serial sections of
10 pituitaries were technically sufficient for stereologic
measurerents as proposed by Weibel [20, 21]. We re-
corded.: 1. the whole mass of acidophils without trying
to differentiate the 2 major forms [4]; and 2. the rest
of the tissue together with the intercellular spaces.
The number of recorded points was between 7000 and
20000 per pituitary.

In 13 pituitaries karyometric studies could be done.
With an electronic microlength measuring instrument
{Wild, Heerbrugg, Switzerland) the diameters of 40
successive nuclei of acidophils were measured on the

largest diameter of the pituitary in one or two central
sections. The cyclic or elliptic areas from these data
were calculated. Since these diameters were measur-
ed in sections, they did not always represent the equa-
torial diameters and are only useful when compared
with controls.

The pancreatic tissue was fixed in Bouin’s solution,
embedded in paraffin and the following stains used for
this investigation: Aldehyde-fuchsin, Ponceau de Xy-
lidine after Gomori-Runge, Hellerstrom’s and Hell-
man’s modification of Davenport’s argentation, Tolui-
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din blue, Hematoxylin-eosin, Victoria blue (Ivie). A-
cells, well granulated and scarcely granulated B-cells
and completely degranulated cells were counted sepa-
rately. We tried to classify 1000 islet cells per animal
in this manner. Nuclear glycogen of the hepatocytes
was shown with Best’s stain in alcohol-fixed tissue.
For determinations of glucose and free fatty acids
(FFA) we used fluoride-oxalate blood aspirated ter-
minally by cardiopuncture. Glycosuria was tested with
Tes-Tape®-Lilly.

Results

Generally, glucosuria occured after an injection of
50 mg alloxan per kg body weight; but was only tran-
sient in many cases of group 2, and therefore subse-
quent injections had to be performed as shown in the
methods section. Generally, in the hyperglycaemic

c
[Fig. 1 a. Full B-cell granulation in control animal (no 2, glycaemia 101 mg/100 ml)
b subtotal degranulation with accumulation of granules in perivascular area (arrow). Alloxan only (No. 15, gly-
caemia 174 mg/100 ml)
¢ strong degranulation. In some cells there may still be seen granules (arrow); slight cytoplasmatic and nuclear
vacuolization (2 arrows). Alloxan 50 mg/kg + pancreatectomy 509, (No. 91, glycaemia 299 mg/100 ml) Gomori-Runge
stain; magnification 1175 X

animals the increase in body weight was slowed down
markedly. In group 2, an average weight loss of 18.6 g
resulted mainly from a marked weight loss in 2 animals
that had a severe terminal infection {peritonitis or sub-
lingual necrosis); whereas an average increase of 12 g
in the 6 animals of group 1 resulted in part from 1 ani-
mal’s increase of 30 g; the other increases ranged bet-
ween 0 and 10 g. It is probable that with one excep-
tion the mouth trauma due to thei.v. sublingual injec-
tions was not responsible for the weight loss. The ter-
minal weights of the control animals were not recorded.
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Fig. 2. Effect of repeated low doses of * = WA AR T L™ z :
alloxan: Necrotic B-cells are scattered ga- Q g 8‘} ‘ 'Y @ Bb% : ,P‘ @ i |
between apparently normal and vacuo- c@ - ey . o S N .

lized B-cells. (No. 17, terminal glycaemia: - T g & © & e,

136 mg/100 ml). Haematoxylin-Eosin; . Q »

magnification 650 x

Fig. 3. Regeneration of islet cells with
strands of cells showing dark nuclei and
homogenous cytoplasm (arrow). On the S
other hand, completely degranulated B- o \ 2
cells with normally structured nuclei and #?
Ca
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vacuolated cytoplasm. Alloxan + pan-
createctomy. (No. 94. glycaemia 294 mg/
100 ml) Gomori-Runge stain; magnifi- .

cation 925 X

Table 1. Some data in the hyperglycaemic hamster series. The free fatty acids of the
controls were measured in awimals different from those in which the morphometric
analyses were done. In group 1 hyperglycaemia is quite evident, and although it is
not so marked in group 2, the levels are quite different from those of the control group

Group 1 (n=16) Group 2 (n=9) Group 3 (n=06)

pancreatecto- alloxan controls

mized (> 509, only

of tissue)

-~ alloxan
Glucose (blood) 269.3 129.5 153.3 +19.2 114.3 +15.9 mg/100 ml
Free fatty acids 477+ 1.14 1.76 -+ 1.15 0.90+ 0.05 mval/l
mean weight of 7.65 (n=3) 3.0 (n=2) 2.5 (n=4) mg
pituitaries®

@ only pituitaries without any hypothalamic tissue (histologically).

All the animals of group 1 and group 2 were slightly
or moderately hyperglycaemic as shown in Table 1.

capillary areas (Fig. 1b); a few isolated B-cells with
marked granulation were found in some islets. Bal-

In group 1, this hyperglycaemia and the rise in FFA
were considerable. The pancreas morphology was con-
sistent with B-cell hyperactivity and alloxan diabetes.
There was almost total degranulation in the over-
whelming number of B-cells (Figs. 1¢, 2), or they show-
ed a striking orientation of the granules to the peri-

looned cells were rather infrequent, whereas necrotic
cells were numerous. In the liver cell nuclei, glycogen
inclusions were not infrequent. In group 1, generally
treated only once with alloxan, we observed definite
signs of B-cell regeneration in some cases (Fig. 3). The
islets showed marked hypertrophy and some of them
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showed. considerable secretory activity. The Kérnchen
of Weichselbaum (stained with Toluidin blue) were
clearly shown in most of the cases with hypergly-
caemia. They were, however, present in one of the
control cases (case 6) also. There was a slight elevation
of the relative number of A-cells in the -cases of groups
1 and 2.

Morphometric analysis of the pituitaries

In hyperglycaemic animals we found a marked rise
in the volume of acidophils (Fig. 4). The difference from
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Fig. 4. Relative volume (%) of acidophilic cells in pi-

tuitaries of experimentally hyperglycaemic Syrian ham-

sters. Mean (volume %): hyperglycaemic (6): 49.8--15.3;
Controls (4): 17.34£5.65, p<0.005 (Student’s ¢ test)

the controls is statistically significant (p<<0.005), but
there is no definite difference between severe and mild
hyperglycaemia. (50.4 and 49.1%, volume respectively).
The lowest value was found in the pituitary of a gly-
cosuric hamster suffering from a terminal peritoneal
infection and a marked weight loss. Another glycosuric
hamster, which could not be included in this series
because it died 20 h after the first injection, had only
22.2%, volume acidophils. This value is identical with
those of the controls. Mitoses were not seen.

Karyometric studies (nuclei of acidophil cells in the
pituitaries).

The results are shown in Fig. 5. Compared with
those in the controls, the nuclei in the acidophil cells
of both groups of hyperglycaemic animals had signifi-
cantly smaller areas (p<<0.0025). The hyperglycaemic
hamster with a terminal peritoneal infection had the
smallest areas (19.37--3.33). In the hyperglycaemic
group, the prevalence of elliptic nuclei was obvious.
In mucoid cells, diminution of the nucleic area was not
seen; the impression was that larger areas prevailed.
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The weights of the pituitaries (which histologically
had shown pituitary tissue only) are listed in Table 1.
The highest values were found in the definitely hyper-
glycaemic animals (group 1), whereas those of two ani-
mals of group 2 with slight hyperglycaemia were not
significantly different from the controls. The weight
increase correlated with the increase of the acidophil
cell mass in 5 of the 6 hyperglycaemic cases.
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Fig. 5. Nuclear areas of pituitary acidophils in sections.

The dots indicate the mean of 40 sequential areas of

nuclei from acidophils found in the largest diameter of

the central horizontal section of the pituitary. The data

indicates the mean of the average areas and its standard

deviation: hyperglycaemic (8 cases): 25.01--2.75 p2; Con-
trols (b cases): 31.294+2.17; ¢: 4.29, P < 0.0025

Discussion

In groups 1 and 2 aslight to marked hyperglycaemia
and a rise of the FFA were obvious. Morphologically
the islets showed the typical signs of a subdiabetic
state according to Wellmann, Lazarus and Volk [22].
Necrosis of the B-cells was extended to a relatively
moderate number, but a marked B-cell degranulation
and hyperactivity was generally seen. This was demon-
strated also by the presence of Weichselbaum’s “Kérn-
chen”, which according to Gepts [3] are found in hy-
peractive B-cells. The possibility that the hyper-
glycaemic state resulted simply from the terminal
ether narcosis or from a general toxic effect of alloxan
could therefore be excluded. The evidence of B-cell
regeneration and islet hyperplasia in group 1, and the
need for repeated injections of alloxan at various times
in the experimental period in some of the animals,
showed that B-cell activity was quantitatively some-
what disturbed. It did not show the common pattern
of hyperactivity in every single case.

As in the pituitaries of lean or insulin-resistant
human diabetics whom we had studied, there was a
marked rise in the volume of the acidophils in the
pituitaries of alloxan-diabetic Syrian hamsters with
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the exception of one cachectic animal. A similar find-
ing was made by Gaunt, Bahn and Hayles [2] in pi-
tuitaries of newborns from diabetic mothers; the rela-
tive number of acidophils was not increased but the
total volume was. In children with corticosteroid treat-
ment, Montandon [10] made the same observation.
Others have shown an elevated pituitary growth hor-
mone content in corticosteroid-treated animals [9].
Hypercorticism is a known inducer of a relative insu-
lin resistance and of tendency to hyperglycaemia.
Therefore the common factor in diabetics, newborns
of diabetic mothers and children under steroids would
seem to be hyperglycaemia. We reviewed therefore the
clinical data from the cases of our previous study [17],
and saw that the patients of the first two groups (lean
and insulin-resistant diabetics) had died almost with-
out any exception after a diabetic coma or after a
long-lasting postcomatous hyperglycaemic period;
whereas in cases of obese diabetes death had generally
occurred after cardiovascular complications. This in-
orease in the mass of the pituitary acidophils in such
cases is probably not the primary cause of the develop-
ment of diabetes mellitus. An acidotic state as a pos-
sible inducer of this cytological change is not prob-
able, and the general state of the animal and alloxan
toxicity are at least in our cases of no major impor-
tance. The hamsters of group 1 seemed to be well, and
showed even a slight increase in weight.

We should like to point out the increased weight
of the pituitaries in the diabetic cases. We believe that
it is a sex-independent reaction, which was not seen
in the male and female controls. However, the number
of cases is too small for a definite conclusion.

Many authors connect diminution of the nuclear
volume and prevalence of elliptic areas, as shown in
the pituitary acidophils, with decreased activity [7, 12,
6, 5].

This observation was also made when autoradio-
graphic techniques were used [12, 18]. The common
factor effecting such a combination of decreased nuclear
activity and increased total volume of the acidophils is
probably an increased storage of cytoplasmic granules.
Schelin, Lundin and Bartholdson [16], in another con-
text, also thought that the presence of granules in the
pituitary cell may reflect storage rather than secretion.
On the other hand, degranulation may be in many
cages a sign of activity, as in pituitary adenomas and
in the pancreatic B-cells. With a few exceptions [19]
this view is accepted by most authors.

These marked fluctuations in the cellular composi-
tion of the pituitary raise the question whether the
cells of the anterior pituitary are capable of producing
more than one single hormone when they are appro-
priately stimulated, or that the cell might have a ca-
pacity for storing more than one hormone. It is com-
monly accepted that growth hormone and prolactin
are present in the acidophils [4, 13]. In cases of genetic
diabetes in mice [11] the granule increase could be
paralleled with the growth hormone content. This hor-
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mone is rapidly secreted when hypoglycaemia, a stress
or a rapid fall of hyperglycaemia occurs [14,15]; where-
as it may decrease to immeasurably low plasma levels
in the resting state or when a hypoglycaemic state is
corrected. In our cases the chronic hyperglycaemia
favours storage of growth hormone.

In conclusion we think that our findings of an ele-
vation of the relative and absolute volumes of the
acidophils in a diabetic state may be a secondary stor-
age phenomenon induced by the chronic hyper-
glycaemia.
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