MuscLE CONTRACTION IN

3. Wachstein, M., Arch. Path., 1944, v40, 57.

4. Kosterlitz, H. W., J. Physiol., 1947, v106, 194.

5. Monesi, V., Riv. Istochem. norm. pathol., 1957,
v3, 368.

6. Grossman, M. 1., Greengard, ., Am. J. Physiol.,
1942, v138, 676.

7. Curtis, A. C., Newburgh, L. H., drch. Int. Med.,
1927, v39, 828.

8. Gyorgy, P., Ann. N. Y. Acad. Sci.,, 1954, v57,
632.

9. Jaffe, E. R,, Humphreys, E. M., Benditt, E. P.,
Wissler, W., Arch. Path., 1949, v47, 5.

10. Daft, F. S., Ann. N. Y. Acad. Sci., 1954, v57,
623.

11. Koch-Weser, D., de la Huerga, J., Popper, H
Nutrition, 1953, v49, 443,

12. Gyorgy, P, Goldblatt, H., J. Exp. Med., 1939,
v70, 185.

B

ADRENALECTOMIZED RATS 481

13, ———, ibid., 1949, v89, 245.

14. Schwarz, K., Aun. N. Y. Acad. Sci., 1954, v57,
&78.

15. Nino-Herrera, H.,, Harper, A.
C. A., Nutrition, 1954, v53, 469.

16. Kent, G., Popper, H., Dubin, A., Bruce, C,
A.M.A. Arch. Path., 1957, v64, 398.

17. Popper, H., Kent, G., Stein, R., J. Mt. Sinai
Hosp., 1957, v24, 551.

18. Farber, E., AM.A. Arch. Path., 1959, v67, 1.

19. Adamstone, F. B., Spector, H., idem., 1950, v49,
173.

20. Sidransky, H., Farber, E., idem., 1958, v66, 119.

21. Schlicht, 1., Virchow’s Arch. f. d. ges. Pathol.,
1957, v330, 436.

22. Wachstein, M., Meisel, E., Proc. Soc. Exp.
Bror. anp MEp., 1954, v85, 314.

E., Elvehjem,

Received November 16, 1959. P.S.E.B.M., 1960, v103.

Effect of Krebs-Ringer Medium on Muscle Contraction In sifu in

Adrenalectomized Albino Rats.

Saur. M. ScHANBERG* AND I. A. Maccurt
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Dept. of Biology, Clark University, Worcester, Mass.

Although it is well established that adrenal
cortical insufficiency is accompanied by re-
duced ability for sustained muscle perform-
ance 7 vivo, underlying mechanisms are not
clearly understood. Tensile(1,2), electrical
(2), or biochemical (3) properties of resting
muscle are apparently not sufficiently altered
in adrenal insufficiency to be implicated in
any major way as direct targets of corticoid
action. Nevertheless, corticoids normally may
act directly on contractile processes to a lim-
ited extent(4). Although weight of evidence
(5,6,7,8,9) suggests that impaired muscle
performance i# vivo in adrenal insufficiency is
related to well known accompanying circula-
tory and cardiovascular disturbances(10,11),
it is not certain whether these contribute di-
rectly by acting on contractile processes or
indirectly by interfering with circulatory ad-
justments normally occurring -under physio-
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logical demands for sustained muscular activ-
ity. Whatever the underlying physiological
mechanism, immediate cause of impaired mus-
cle function may be consequential to inade-
quate transport of metabolic substances vital
to sustained muscle activity or to inadequate
removal of toxic metabolites. The immediate
importance of circulatory factors is suggested
by the work of Ramey, Goldstein, and Levine
(5) who have shown that differences in work
performance #n vivo of intact and adrenalecto-
mized rats fatigued by swimming are not re-
flected in diaphragm and oblique abdominal
muscles isolated to nutrient medium. How-
ever, in these studies differences in muscle
work performance prior to isolation were as-
sumed and not demonstrated. In the present
paper we have obtained quantitative data
from in situ experiments designed to demon-
strate more definitively the effect of nutrient
medium on muscle contractile capacity in
adrenalectomized rats.

Methods. Male Rockland-Sherman rats
weighing approximately 200 g were bilaterally
adrenalectomized or sham operated under
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ether anesthesia and maintained postopera-
tively on tap water and Purina Chow ad lib.
Under sodium pentobarbital anaesthesia, the
triceps brachii muscle was freed distally at
insertion with minimal damage to nervous and
vascular elements and attached in situ, via
the tendon, to a muscle lever so that contrac-
tions could be recorded with muscle immersed
in oxygenated Krebs-Ringer phosphate me-
dium (pH 7.4, 200 mg % added glucose. temp.
24 + 2°C) contained in a chamber between
muscle and recording lever. Mluscle contrac-
tions were recorded by the Everse-DeFremery
method (12) with some modifications. The iso-
lated muscle was after-loaded with 10 ¢
weight and under constant tension stimulated
tetanically by maximal faradic stimuli
through copper electrodes implanted in its
proximal end. Fach record was obtained by
procedures of intermittent stimulation previ-
ously described(12). Three separate records
were obtained at 25 minute intervals for each
test muscle: the first representing initial con-
traction; the second corresponding to period
of immersion in nutrient medium; and the
third corresponding to period after removal
from medium. Time intervals employed be-
tween records were those wherein maximal ef-
fects of immersion or removal of muscle from
the medium were first observed. For descrip-
tive and quantitative purposes, it has been
assumed that, following initial fatigue, reduc-
tion in peak amplitudes of the last 3 contrac-
tion curves observed typically in each record
(Fig. 1-4) is an index of recovery of muscle
contractile capacity. By relating average
peak height of these 3 curves to that of initial
peak contraction, a relative value of recovery
(expressed as percent) has been obtained for
each record. Values thus obtained are inher-
ently more uniform, since variations in con-
traction heights resulting from differences in
muscle mass, initial tension, and other vari-
ables inherent in the recording method are in-
variably reflected in amplitude of initial curve
and are thus internally compensated. Finally
blood hematocrit values and body weights
were obtained for all animals immediately
after obtaining the third record.
Results.  Adrenalectomized Rats. Five

rats bilaterally adrenalectomized 5 to 11 days
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FIG. 1. Representative kymographic recordings
of contractile capacity in situ of triceps brachii
musele in adrenaleetomized rats obtained at 25
min. intervals without immersion of musele in
Krebs-Ringer medium.

FIG. 2, Same as Fig. 1 except that second record
was obtained after immersion of test musele for
25 min. in Krebs-Ringer medium and third record
25 min, atter removal of hath.

FIG. 3. Representative kymographie recordings
of contractile capacity in sitw of triceps braehii
musele in sham operated rats obtained at 25 min,
intervals without immersion of musele in Krebs-
Ringer medium.

F1G, 4. Same as Fig. 3 except that sccond record
was obtained after immersion of test muscle for 25
min. in Krebs-Ringer medium and third record 25
min, after removal of the bath.

previously and showing overt signs of moder-
ate adrenal insufficiency were tested as de-
scribed above without subjecting muscles to
Krebs-Ringer medium. Fig. 1 shows repre-
sentative records which demonstrate that re-
covery of muscle contraction is impaired fol-
lowing adrenalectomy. In 7 rats prepared as
above, the muscle was immersed in Krebs-
Ringer medium for 25 minutes immediately
after completion of first record and prior to
obtaining the second record. The medium
vas then removed, and the third record ob-
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TABLE T.
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Recovery in Contractile Capacity of the In Situ Triceps Brachii Muscle Preparation of Intact

and Adrenalectomized Male Albino Rats.

Y% recovery in muscle con-

No. of Mean Blood traction
Musele No. of dayspost- changein hemato- 1st 2nd 3rd

Procedure treatment rats  operative  body wt crit record reecord record
Sham operation Nomne 6 8 +35 40 + 4% 63.8%  46.9 43.2
+ 164 =77 x£12.6
Ldem Krebs-Ringer 6 8 +27 44 + 4 65.3 46.0 33.8
=187 +92 94
Adrenaleetomy None 5 9 -29 51 +4 17.9 11.8 4.5
+ 129 +10.8 =+55
Tdem Krebs-Ringer 7 7 - 27 52+ 3 19.2 499 3.9
+6.3 =101 =x3.2

Adrenalectomy Noune 2 9 +29 39 52.7 23.5

(1o evident in-
sufficiency)

* Mean + S.D.

tained after 25 minutes. Fig. 2 shows that in
adrenalectomized rats recovery of muscle con-
tractile capacity is restored to normal fol-
lowing in vitro exposure of test muscle to
Krebs-Ringer medium, but falls below pre-
immersion levels upon subsequent removal of
the medium.

Sham operated rats. Duplicate control ex-
periments were performed with sham operated
rats after postoperative recovery periods ap-
proximating those of the adrenalectomized
group. Muscle contraction was recorded in
2 groups of 6 animals each. In one group
muscles were not immersed in Krebs-Ringer
medium; while in the second group, muscles
were immersed prior to obtaining the second
record. Time intervals employed between
records in each case were the same as those
described above. Fig. 3 shows that in absence
of medium recovery of muscle contractile
capacity is superior in sham operated rats to
that observed in adrenalectomized rats under
identical recording conditions (Fig. 1). Fur-
thermore, exposure of the muscle to Krebs-
Ringer medium for 25 minutes does not aug-
ment recovery of muscle contraction (Fig. 4).

Quantitative evaluation. Table 1 shows
average muscle contraction recovery values
for each of 3 records on all groups tested.
From percent values of the second record,
Krebs-Ringer medium had no apparent effect
in sham operated rats. In contrast, adrenalec-
tomized rats, compared with sham operated
controls, showed an overall reduction of 40%

(average of 3 records) in recovery of muscle
contraction in absence of Krebs-Ringer me-
dium with subsequent increase (P<0.01) in
presence of medium to levels observed in sec-
ond record of sham operated rats under simi-
lar conditions. Upon removal of the medium,
recoveries declined to levels observed in third
record of adrenalectomized untreated controls.
Significantly, 2 adrenalectomized rats not
showing overt signs of adrenal insufficiency
were intermediate between sham operated rats
and adrenalectomized rats with evidence of in-
sufficiency. Reduction in muscle performance
in complete insufficiency was accompanied
characteristically by hemoconcentration and
weight loss.

Discussion. Our demonstration that im-
paired muscle performance in adrenal insuf-
ficiency is restored to normal by immersion of
isolated muscle in physiological medium
strongly suggests, as responsible factors, im-
paired transport of ionic and/or metabolic
factors or inadequate removal of toxic metabo-
lites possibly as a consequence of impaired
circulation. Wyman, Fulton, and Shulman
(13) described extensive microcirculatory im-
pairments in the cheek pouch of adrenalecto-
mized hamsters. Further, it has been sug-
gested (5,6) that impaired muscle performance
in adrenal insufficiency may be, secondarily, a
function of failure to make adequate neurocir-
culatory adjustments in time of physiological
need. The effective role of circulation is fur-
ther suggested by our observation that exten-



484

sive chance circulatory damage to the triceps
of sham operated rats prior to recording con-
traction invariably resulted in reduced per-
formance which was restored by immersion of
muscle in physiological medium. Alterna-
tively, alterations in circulatory levels of ionic
and/or metabolic factors necessary for ef-
ficient muscle contraction might be impli-
cated. Hemoconcentration resulting from fluid
loss implies ionic concentration and associated
osmotic imbalance. Coupled with this are
primary disturbances in serum electrolyte and
carbohydrate levels. The latter do not appear
to be important factors contributing to mus-
cle fatigue of adrenal insufficiency, since it
has been demonstrated that salt treated ani-
mals are incapable of sustained muscle activ-
ity despite normal glucose and serum electro-
lyte levels(14,15). In our experiments, how-
ever, hypoglycemia and serum electrolyte im-
balance may be additional complicating fac-
tors, since adrenalectomized rats were not
maintained on salt. Our limited preliminary
observations on the role of metabolic factors
indicate that omission of glucose and oxygen
from Krebs-Ringer medium does not signifi-
cantly impair its effect on increasing muscle
performance in adrenal insufficiency.

Ingle(16) and Ingle, Hales, and Haslerud
(17) demonstrated that, despite absence of
overt signs of insufficiency, partial adrenalec-
tomy reduces performance of muscle made to
work over relatively long periods of time.
Our present findings show that. presumably
under similar conditions of insufficiency, mus-
cle performance is likewise reduced although
under relatively shorter periods of contraction.

Summary. Experiments were performed to
evaluate quantitatively the effect of Krebs-
Ringer medium on contractile capacity of
muscle from adrenalectomized albino rats.
The triceps brachii was used as test muscle
and contraction recorded iz sitw using the
method of Everse and DeFremery. Recovery
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in contractile capacity subsequent to initial
fatiguing of test muscle was expressed as per-
cent of initial contraction height. An overall
reduction of 40% in recovery of contractile
capacity was observed following adrenalec-
tomy with accompanying hemoconcentration
and body weight loss. Following immersion
of test muscle in Krebs-Ringer-glucose-phos-
phate medium for 25 minutes, recovery was
restored to levels observed in sham operated
controls under similar conditions, but declined
to control levels 25 minutes after removal of
the nutrient bath.  Possible underlying
mechanisms are discussed.
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