SERUM PROTEINS IN HIBERNATING HAMSTERS

D-(--) muscarine and all racemic stereoisomers
(epi, allo, epiallo) possess only a fraction of
the potency of dl-muscarine. 3. Keto ana-
logues of muscarine (muscarones) are more
potent than muscarine in stimulating smooth
muscle: in addition, they possess. on frog
skeletal muscle, remarkable nicotinic activity
of which the muscarines are almost devoid.
4. The potency of the muscarones is not
stereospecific. Both -+ and — muscarones
are more potent than L-(4) muscarine, and
al-allo muscarone is only slightly less potent
than dl-muscarone.
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In view of the manifold metabolic adjust-
ments which accompany natural hibernation
(1.2,7) it is not unreasonable for one to ex-
pect an alteration in the partitions of serum
proteins during this state. That certain such
changes may occur in at least the hibernating
hedgehog (Erinaceus curopeueus) was shown
by Bitrck et al.(3) whose data also indicated
that there was no change in total serum pro-
tein level during hibernation in spite of a
marked increase in hematocrit. The primary
aim of our work was to determine what
changes take place in serum proteins upon
assumption of hibernation by the golden ham-
ster (Mesocricetus auratus). We also have
attempted to follow these changes in small
series of cold exposed hamsters prior to onset
of hibernal sleep and following spontaneous
arousal therefrom.

Materials and methods. Other than con-

* This work was supported by grant from Nat.
Iust. Health, U.S.P.H.S. RG-5305.

trol hamsters, maintained at room tempeta-
ture, all animals were kept in a temperature
controlled room at § + 0.5°C. Experimental
animals were divided into 3 groups: Group 1
was exposed to the cold for various intervals
of time, but had not hibernated; Group 2 had
hibernated continuously for 2 days; Group 3
had been awake in the cold for one and 2 days
after spontaneous arousal from hibernation.
All animals were killed by cervical fracture.
Blood for serum electrophoresis and hema-
tocrit determinations was obtained directly
from right ventricle after exposure of heart.
Serum was analyzed for total protein by micro
biuret method with pure bovine serum albu-
min serving as standard(8). Duplicate 0.1 ml
samples of the serum were then subjected to
paper electrophoresis using a Durrum type
cell (Spinco commercial model R). After
20 hours at 5 ma. in a 0.05 M veronal buffer
the electrophoretic strips were dried, stained
with brom phenol blue and analyzed using the



880 SERUM ProTEINS IN HIBERNATING HAMSTERS

TABLE L. Serum Proteing during Cold Exposurce and Hibernation. Coneentration espressed as g/100

ml.

Total Alpha,- Alpha,- Bela- Gamma-

protein - Albumin  globulin  globulin  globulin  globulin  Hematocrit
Controls (10 7.30 12% 2,68 .00 1.2v 11 1.02 .10 1.00 .11 1.36 .12 46.3 1.78
1 day cold exposed (3 6.13 .59 243 .00 84 08 74 .18 1.43 .06 711 .08 464 3.44
2 days " (3) TA8 A48 245 .23 lw 05 142 23 118 .16 1.115 .33 50.1 1.62
5 77 ” (6] 7.50 .73 2090 .16 Lol o6 00 .10 155 41 131 .32 51.8 1.89
o » " " (6) 742 24 258 20 130 .06 82 .05 1.42 26 1.17 .20
2mo 7 " (3) T4 120 243 100 1360 .07 G681 .08 1,76 .09 1.20 .12
Hibernating (14 R8T B8 340 07 13s 05 102 08 1.74 13 1.00 .10 622 .97
1 day after arousal  (3) 6.56 93 239 .08 1.06 05 g5 07 114 24 121 24 509 .52
2days 7 * H 6.90 .11 219 14 ST6 000 150 220 1,49 .09 A11 .09 50.8 1.01

# Ktand. error, No. of animals used are contained in parentheses,

Beckman Analytrol Scanner. Concentrations which took place in gamma-globulin during

of the various protein fractions were calcu-
lated from the relative percentage of each
fraction and the total serum protein content

(Table T).

Results. The most obvious alterations in
serum protein levels were related to the he-
moconcentration that accompanied cold ex-
posure and hibernation. Hematocrits of hi-
bernating animals were about 347% higher
than those of controls. Concentrations of
total serum protein and serum albumin showed
increases of 22 and 279 respectively (<
0.01 in all cases. While albumin. the major
serum protein. increased in concentration. the
total circulating quantity of the fraction was
probably not altered. since the rise was ap-
proximately equal to that of the hematocrit.
Upon arousal. there occurred a general de-
crease in hematocrit and proteins approxi-
mating control or pre-hibernation levels.
Alpha-globulins did not show a significant in-
crease during hibernation but. considered on
the basis of percentage of total protein. an
actual decrease in total circulating amount
was indicated. The reality of this decrease
is questionable since it is well known that
complete separation of these fractions from
albumin by paper electrophoresis is usually
poor, at best.

Of greater interest was the observation that
the beta-globulins showed an increase prior to
and during hibernation which was signifi-
cantly greater than could be accounted for
on the basis of simple concentration of serum
proteins.

In contrast to the disproportionate increase
in the beta-globulins was the marked decline

torpidity.

Discussion.  From data presented here, it
would appear that changes in serum proteins
of the hibernating hamster were brought about
both by a simple hemoconcentration and
through operation of other, as yet unexplained,
factors. The hemoconcentration. as indi-
cated by the more-or-less commensurate in-
creases in hematocrit, total serum protein and
serum albumin concentrations, confirms those
data obtained by others studying other hiber-
nating species(1.3.4). In partial conflict with
our observations are those of Bitrck et al.(3)
on the hedgehog. These investigators found
no change in total serum protein concentra-
tion during hibernation, in spite of the fact
that the reported hematocrits rose signifi-
cantly. Their results also differ from ours in
that they found a decrease in beta-globulins
whereas we found a significant increase.

Of the changes which occurred in serum
proteins. and which could not be explained
on the basis of hemoconcentration, the fall in
gamma-globulin - was the most striking.
Whether this is due to a lack of stimuli for
immunological reactions as suggested by
Bitrck (3) or to some metabolic peculiarity is
not possible to ascertain at present.

Alterations in the circulating quantity of
alpha and beta fractions raise the question of
nutritive adaptations since alpha,-globulin
and beta-globulin are especially associated
with blood lipids(5).

Upon examining the data, the possibility
that the various fractions are differentially
stored or removed from active circulation, or
in the case of the beta-globulins released into
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circulation from auxiliary stores, during hi-
bernal sleep might be considered. In contrast
to the hibernating hamster, the rabbit dis-
plays a decreased concentration of serum
beta-globulins and an elevation of gamma-
globulin during simple cold exposure(6).

Summary. 1) Alterations in various frac-
tions of serum proteins and hematocrits were
studied in hibernating and non-hibernating
hamsters. 2) During hibernation the hema-
tocrit, serum albumin and beta-globulins in-
creased to a significant degree. The increase
in beta-globulins was too large to be accounted
for on the basis of simple hemoconcentration.
Since concentrations of neither alpka, nor al-
phas-globulin increased, the data were inter-
preted to mean that total circulating quantity
of these globulins decreased. A marked de-
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cline in concentration of gamma-globulin oc-
curred.
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Human leukocytes can be isolated, incu-
bated in wvitro, and observed to incorporate
labeled precursor compounds into cellular pro-
tein, nucleic acid, and acid-soluble compon-
ents at rates characteristic of cell type and
maturity (4). Incorporation of formate(4)
and glycine(1) has been previously shown to
be significantly more rapid in Krebs-Ringer-
Bicarbonate-Glucose media than in normal
human serum, suggesting that serum may con-
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Hospitals, Chicago, and at Veterans Admin. Hospital,
Hines, IIl. We wish to thank the many physicians
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1938.
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tain inhibitors or dilutors of metabolic proc-
esses in which these precursors are involved.
These findings may suggest the presence of a
substance or substances in normal circulation
which regulate metabolic processes in leuko-
cytes. The physiological and clinical impli-
cations of such regulators might prove to be of
great interest. Further studies of the effect
of serum on formate and glycine incorporation
into normal and leukemic leukocytes iz vitro,
therefore, were undertaken.

Materials and methods. Separation, incu-
bation, and fractionation of leukocytes. Leu-
kocytes were collected in citrate-fibrinogen,
washed in saline, suspended in 1 ml of Krebs-
Ringer-Bicarbonate-Glucose (KRBG)$ me-

§ The following abbreviations have been used in
this paper: KRBG = Krebs-Ringer-Bicarbonate
supplemented with 3 mg/ml glucose; KRB = Krebs-
Ringer-Bicarbonate; GPF == gross protein fraction;
ASF — acid soluble fraction; CLL = chronic lympho-
cytic leukemia; CGL = chronic granulccytic leu-
kemia; and AL == acute leukemia.




