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AmsThacr—A4 marked atrophy of the
submaxillary glands of hamsters result-
et during hibernation and exposure to
c¢old (5°C) for a period of three months.
This study utilized botl histological and
liistochemical technigues to characterize
these changes. The acinar cells were
markedly reduced in aize in the atrophic
glands. Hietometric analyses confirmed
the wvigual impressions and indieated a
gignifieant reduction in tubular diameter
in the atrophic glands of hibhernating
hamsters. The atrophic acinar cells of
hibernating hamsters were almost de-
void of RNA although the accumulation
and distribution of RNA was not altered
in the eold exposed animals, The con-
centration and. distribution of PAS-posf-
tive material in the acinar cells, tubules
and ducts in glands of cold exposed and
hibernating hamsters was not changed,

Alterations in size, histology and
histocheinistry of digestive glands
during hibernation when very little
food is ingested and digested have
been veported (Mayer and Berniel,
1957 ; Troyer, 1959). Mayer {1960)
suggests that the collapse of acini
of submaxillary glands of hibernat-
ing arctic ground sqguirrels might.
indicate a withdrawal of protein
from these inactive eells for utiliza-
tion in essentinl metabolic processes.
Hamsters, unlike ground squirrels,
have frequent periods of awakening
in the course of hibernation in which
they feed. This study was under-

taken, therefore, to study the effect
of cold and hibernation on the mor-
phology and histochemistry of sub-
maxillary glandg of hamsters, The
histochemieal tests were utilized to
further characterize any morpholog-
ical changes that may oceur,

MAaTERIATE AXD Mernops

Ten adult male hameters (Mesocrice-
tHs auredus) were exposed to s contino-
ous cold environment of §5°C for 12
weeks., Five of these hamsters entered
hibernation during this cold exposure
period; the others remained active and
showed no sighs of hecoming torpid. The
torpid animals had hibernated for a
period of one to three davs before any-
topsy. Ten control Hamsters were main-
tained at ambient temperature (24° -
1°C).

The animals were killed by a sharp
blow to the head, submaxillary glands
were vemoved and dissected free of ex-
traneons connective tissue. The right
submaxillary zlands were then weighed.
Tissues were then bisected and fixed in
neutral formalin. After routine paraffin
embedding, the tissres were sectioned at
six and eight microns,

Hematoxylin and eosin staining of
tigssnes wag nsed for morphologie study
and histomcetric methods, Additional
technical details for histometric measure-
ments are supplied under Results.

The periodic acid-Schift (PAS) tech-
nigque was employed for the demonsira-
tion of 1:2 glycol linkages (McManus,
1948}, Control slides were incubated for
one hour in a 0.1 per cent aguecus malt
dlastuse =olution at 40°C in order to
eliminate glyeogen.
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TasLe L—Effect of Cold Bxposure (3 months at 5°C} and Hibernation on Body Weight,

Right_Sub_maxillary Gland Weight, Counts of Acinar Cell Nuclei and Tubular Diameterl,

Finsl Body| Gland | . Tubular
: ) ;  No. of Weiglt? | Weight |Acinar Cell| Diametert
Treatment ' Hamsters {gm) {meg) Nuclei® {1
Contral .. ovn i 10 ‘ 121£3.0 26645 | 578+£23 | 51.1+0.8
Cold-exposed, . oo v ovnnninnn... 5 i 11246.1 A5E9 | THL34 | 479111
Hibernating. .. ................. 5 ’ 975.2 | 21326 | 827434 | 40.8+0.4

T ANl values are means -+ standard error
2 Initlal body welght 0B = 2.3 gm

¢ Counts/10 righ power felds

dT'wenty measguiretoents/gland

For the demonstration of BNA, see-
tlong were incubated for one hour at
- 37°C In- giass distilled water. Parallel
control slides were incubated for one
hour at 37°C in erystalline ribonucleasge
(Worthington Laboratories) solution
prepared with glass distilled water (1
mg/mly. All sectiong were then stained
by the methyl green-pyronin technigue
of Brachet (Pearse, 1960, p. 825).

Rescrrs

Results obiained for hody weights,
submaxillary gland weights and his-
tometric measurements are shown in
TapLr 1, Cold exposure aifected the gain
in body weight. Cold-exposed animals
gained significantly (P<.06) lesz than
the controls while i{he hibernating
animaly lost a  signifieant (P<.0L)
amount of weight. :

Cold exposed and hibernating animals
exhibhited a significant (P<.001) de-
crease In the weight of the submaxillary
glands. This decrease was more pro-
nounead among the hibernating animals.
Examination of tho acinar eells of the
atrophied glands revealed that these
cells were smaller than the acinar cells
of control glands. Confirmation of this
visual impression of reduced acinar cell
gize was made by use of histometric
measurements. The cell population den-
sity of the glands was determined hy
counting the number ol acinar eell nu-
clei withh the aid of an ocular grid.
Ttilizing =ections cut from the glands of
gach of the ten experimontal and con-

trol hamsters, ien random high power
fields from each gland were gelected and
counted. For the cold-exposed hamalers
there wag a wignificant (P< .01) increaze
of approximately 29 per cent in the num-
_ber of acinar muclel per high power
field. Hibernating animals showed a sig-
nificant (P< 001} increase of approxi
mately 43 per cent. The increase in num-
bar of nuelel indicated that there were
more cellz to count in a high power fleld
hecanse each of the celis had reduced in
pize. :

The diameter of the granunlar tubuyles
of the submaxillary glands was measured
under kigh power with an ccnlar micro-
meter. Twenty random tubular diamet-
erg were chogen from a numbor of sec-
tiong from the glands of each of the ten
experimental and econtrol animals. The
resulis in Taste 1 indicate that there
wad o signiflecant alteration in the di-
aineter of the granular tubules of the
cold-expoged animals. There was, how-
ever, a significant {(P<.001) reduection
among the hibernating animals. The
luming of granular tubules among hiber-

nators appeared narrow and tho nuclel
of tubule cells were ohserved to be -

crowded (Fra. I, A and B).

Pyronin stalning mafterial that was
digested by ribonuclease was lnterpret.
ed as ribonucleic acid (RNA). In the
control glandz RNA appeared to he con-
centrated in the bagilar and perinuclear
regions of the acinar cells (Fie. 1, C).
BNA was dlspersed ag fine granules in
the remaining eytoplasm. In the acinar
cells of cold-exposed animals, the peri-
nuclesr and hagilar regions contalned
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material which stained as Intengely as
the econtrolg. Hibernation resulted In a
marked decreasge in the RNA content of
the acinar cells (Fie. I, D).

In the acini, duets and tubules of the
submaxillary glands of control animals
there was a relatively high concentra-
flon  of PAS-positive granules. Many
acinar cells were more intensgely positive
than ofhers, A gimilar staining pattern
was nhacrved in tho glands of cold-ox-
poged and hibernating animals. Malt
dingtage had ne effect wpon the PAS re-
action in any of 1the groups.

Digenrsston

The morphologic and histometric
data indicate that the decresse in
weight of the submaxillary glands
that follows during cold exposure
and hibernation iz due to a deercase
in acvinar cell sige. The reduction in
gize in the grantlar tubules of glands
of hibernating animsals may account
for part of this reduetion in gland-
1lar weight.

In his description of the histolog-

ical changes that occur in the sub-

maxillary gland of the hibernating
arctie gronnd squirrel, Mayer (1960)
noted a deerease in the size and a
disorganized appearance of acinar
cells, The present data for hiber-
nating hawsters indicate a similar

regponse for acinar cell size, The
disorganized appearance of acini

among the experimentals in this
study was not apparent and may bo
dne to the Tact that the animals were
hibernating for a very brief period.

The decrease in RNA content of
the atrophie cells of hibernating an-
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imalg i= indieative of a decreased
protein synthesis.

The present cdata with PAS stain
indicates that the apparent concen-
tration. of PAS-positive substances
in the atrophied glands was not sig-
nificantly different from controls, It
appears likely that the change in
woight of the glands vesnlting from
cold exposure and hibornation is
not duc to cxcessive loss of PAS-
positive substances such as mueopro-
teing and mnecopalysaccharides. The
chemical natore of the PAS-positive
maferial has not been determinad,
however, the malt diastase controls
indicated that the tnaterial present
wnas not glycogen.
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