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The Effects of Halothane and Succinylcholine on
Oxygen Uptake of the Canine Gracilis Muscle

Richard A. Theye, M.D., Arnold L. Brown, Jr., M.D.,
Russell A. Yan Dyke, Ph.D.

The effcets of halothane and succinylcholine
(SCh) on Vo, and blood flow of the canine graci-
lis muscle were determined and compared with
previous findi for the gasl muscle.
B haloth d d sand SCh increased
the Vo.'s of the two muscles to approximately the
same estent, the responses of the two muscles
were averaged and used to estimate the contribu-
tion of change in skeletal muscle Vo. to change
in whole-body Vo~ These projections suggested
that increasing halothane from 0.1 to 0.8 per
cent would reduce skeletal muscle Vo. approxi-
mately 12 per cent and comprise a decrease of 4
per cent in whole-body Vi. Infusion of SCh,
0.3 mg/kg/min, was estimated to increase skeletal
muscle Vo. approximately 30 and 14 per cent dur-
ing the first and second hours, respectively, and
to contribute increases in wholebody V. of 11
and 3 per cent, respectively. The accuracy of
the Iatter estimates was supported by previous di-
rect determinations of the effects of SCh on whole-
body V.. Whereas the gracilis and gastrocnemius
muscles were similar in these responses, actual
resting Vo, and hlood flow were significantly less
for the gracilis muscle, as were cytochrome ¢ con-
centration, succinic dehydrogenase activity, and
V. in ctitro. (Key words: Skeletal muscle O:
consumption; Ilalothane; Succinylcholine; Cyto-
1 Py

c; dehyd )

Tue RaTE of O, consumption (Vg,) of the
canine gastrocnemius muscle is decreased by
halothane and increased by succinylcholine.!-
These findings cannot safely be extrapolated
to skeleta] muscle generally because of the
many differences among individual muscles of
the same species, including varfations in struc-
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ture, composition, innervation, responses to
nervous stimuli, and resting Vo,.> Nor can
the overall effect on skeletal muscle be di-
rectly determined, because total skeletal mus-
cle V¢, cannot be measured at the present
time. The issue is regarded as important,
however, because skeletal muscle Vo, is the
greatest single component of whole-body Vo,
and has been variously estimated to comprise
30 to 40 per cent of total Vg4 3

The present studies offer an indirect ap-
proach to the question of the nature of the
general responses of skeletal muscle; we have
determined the effects of halothane and suc-
cinylcholine (SCh) on another canine mus-
cle, the gracilis, which has a resting Vo, con-
siderably less than that of the gastrocnemius
muscle (approximately 0.3 and 1.0 ml/min/
100 g, respectively).::* 67 Because in the
present studies gracilis muscle Vo, values de-
creased with halothane and increased with
SCh in approximately the same proportions as
gastrocnemius muscle Vo, values, it seems
likely that the combined findings can be ex-
trapolated, percentage-wise, to skeletal muscle
generally. In addition, the relative difference
between the Vo_'s of the gracilis and gas-
trocnemius muscles was confirmed, and sup-
porting evidence for the validity of these ob-
served differences was obtained in the form of
differences between cytochrome ¢ concentra-
tions, succinic dehydrogenase activities, and
Vo.s in titro.

Materials and Methods

For the determination of gracilis muscle
Vo., five unpremedicated dogs weighing 15
to 22 kg were anesthetized with halothane and
the tracheas intubated with the aid of 1 to 4
mg of SCh. Pulmonary ventilation with 35
per cent O, in N, was provided by a Harvard
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Tabtk 1. Values it Canine Gracilis and Gastrocnemius Muscles at Rest at 37 C
and during Halothane Ancsthesia (1.7 = 0.1 Per Cent Expired)

Gracilis* Gastroenemiust

Mean SE Mean SE
Vos (nl/min/100 g) 0313 0.03 0.06
Flow (ml/min/100 g) 5.6 0.6 2.7
Po: (muscle venous) (mm Hg) 41% 1 35 2
Excess lactate produced (per cent)§ 15 1 14 1
Arterial pressure (mean) (mm Hg) 91 4 93 2
Pao, (mm IHg) 160 11 163 5
Paco, (mm Hg) 35 2 37 1
b (/100 ml) 12 1 13 1
Weight (wet) () 398 3 G 3

* Present study, ten muscles in five dogs.
1 Previous studies.!®

+ Signifieantly different from gastrocnemius muscle value (P < 0.05) by Student’s ¢ test, unpaired data.
§ Expressed in O: equivalence units relative to total muscle Vos.

pump, adjusted to result in a Pagg, of 30 to
45 mm Hg (electrodes, 37 C). The average
mean expired halothane concentration, by in-
frared analyzer, was 1.7 = 0.1 per cent. There
were no spontaneous movements. Catheters
were placed in the carotid artery and in one
or more peripheral veins for sampling, pres-
sure measurements, and infusion of fluids and
drugs. Core temperature (right atrial) was
maintained at 37.0 = 0.1 C by electric blan-
kets and heat lamps. The venous drainages
of the right and left gracilis muscles were iso-
lated and, after heparinization and cannula-
tion, collected separately, with provision for
muscle venous blood sampling and determina-
tion of flow rate by timed collections. Muscle
temperature was maintained at 37.0 = 0.1 C
by heat lamps.

These preparations were followed by a one-
hour period during which control values were
determined. After this, SCh was infused in-
travenously in amounts previously demon-
strated to result in total paralysis (0.3 mg/
kg/min) and an increase in gastrocnemius
muscle V.. The response to SCh was fol-
lowed for two hours, after which halothane
concentration was reduced to 0.1 =0.1 per
cent, expired, and maintained at this level for
an additional hour while maintaining the in-
fusion of SCh.

Gracilis muscle Vo, was calculated by the
Fick formula from venous flow rate and AV,
and expressed relative to the wet weight of

the muscle removed at autopsy. Blood O.
content was calculated from Py, (electrodes at
37 C) and hemoglobin and oxyhemoglobin
(IL CO-Oximeter, Model 182), as validated
by comparison with Van Slyke-Neill determi-
nations.® Arterial pressure was transduced by
strain gauge. Arterial and muscle venous
blood lactate and pyruvate concentrations
were determined by enzymatic methods. Ex-
cess lactate production by muscle and the O.
equivalence of excess lactate produced were
calculated as suggested by Miller.® Values
reported for g, are based on determinations
of flow and A-V,, each five minutes. Other
measurements were less frequent but all
spanned the period of observation.

In additional studies, the right and left
gastrocnemius and gracilis muscles of eight
dogs anesthetized with halothane (1.7 per
cent, expired) were removed and prepared
for histochemical studies and determination of
cytochrome ¢ content (C-c), succinic dehy-
drogenase activity, and Vo, in vitro. Samples
were from the midportion of the belly of the
muscle and from adjacent tissue toward the
origin and the insertion. Each was analyzed
in duplicate. There were only small, insignifi-
cant differences among the findings at the
three sites, and all data have been averaged
to vield a single value for each muscle. The
staining technique of Nachlas and associates 1
for the demonstration of succinic dehydro-
genase was used in the histochemical studies.
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Tantk 2. Cytochrome ¢ Content, Succinic Dehydrogenase Activity, and Yoy in vitro of
Canine Gracilis and Gastrocnemius Muscles (16 Each, Eight Dogs)

Gracilis Gastrocnemius
Mean SE Mean SE

Cytochrome ¢ (eg/g) 149* 7 179 8
Succinic dehydrogenase activity (mgformazan/g) 2.8* 0.2 3.9 0.3
Vo: (ul/g/min) s.8* 0.6 13.6 1.0

* Significantly different (P < 0.03), Student’s ¢ test, paired data.

A modification of the method of Margoliash
and Walasek 3* was used for the determina-
tion of C-c, using standards prepared daily by
solution of C-c (Candida krusei, Cal Biochem)
in dilute NaOH of pH 9.0, with analysis in
duplicate by means of a recording spectro-
photometer, using the difference between ab-
sorbances at 550 and 560 mpu. In 24 studies
utilizing samples of muscle with and without
added standard, the yields averaged 83 = 16
per cent. Final values were corrected to re-
flect the retention of solvent by pellets but not
the average yvield. Succinic dchydrogenase
activity was determined with a modification
of the method of Kun and Abood,** using
standards prepared in the range of 5 to 50 pg
of INT formazan per milliliter of ethyl ace-
tate and readings at 490 mg in a spectropho-
tometer (Gilford 300N). Vo, in vitro was
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determined at 37 C with the aid of a Model
KM Oxygraph equipped with a Clark-type
electrode (Gilson Medical Electronics, Mid-
dleton, Wis.). After a two-minute tempera-
ture equilibration of the muscle homogenate
(0.9 ml), 10 pmoles of sodium succinate and
1 pmole of adenosine diphosphate were added,
and Vy, was followed for at least 10 minutes.

Results

In the present study, mean gracilis muscle
Vo, was 0.31%0.03 ml/min/100 g, com-
pared with 1.05 = 0.06 ml/min/100 g previ-
ously determined for the gastrocnemius mus-
cle during conditions that were similar in all
known respects, including halothane concen-
tration (1.7 per cent), absence of SCh, tem-
perature, arterial pressure, Pay,, Pagg,, and
Hb (table 1). The significantly lower Vg, of

Muscle
® Gastrocnemius
O Gracilis

Fic. 1. Responses of
gracilis and gastrocne-
mius muscle Vo.s to_in-
fusion of succinylcholine
{SCh). Note the similar
patterns and magnitudes
of increase in Vo. for
the two muscles.

MEAN gnd SE

o ) {
4 0.5
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STARTED HOURS
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gracilis muscle was associated with a lesser
blood flow rate, absolutely as well as relative
to muscle Vo, Although venous Po, was
lower for the gracilis muscle, this was with-
out apparent effect on the patterns of meta-
bolic pathways utilized, because lactate pro-
duction occurred in each gracilis muscle and
at a relative rate, having an average value not
significantly different from that previously de-
termined for the gastrocnemius muscle. Ac-
cordingly, these muscles differ not only in
aerobic but also in total (aerobic plus an-
aerobic) metabolic activity. The wet weight
of the whole gracilis muscle was less than that
of the gastrocnemius muscle for dogs of simi-
lar total body weight (15 to 22 kg, present
study; 14 to 23 kg, previous study).

These differences between Vg, values in
gracilis and gastrocnemius muscles in tivo
during halothane anesthesia were paralleled
by differences in composition and aerobic ac-
tivity in vitro (table 2). In these studies,
gracilis as compared with gastrocnemius mus-
cle had a lesser C-c concentration, less suc-
cinic dehydrogenase activity, and a lower Vo,
in vitro. Succinic dehydrogenase activity was
also less apparent in the histochemical studies
of the gracilis muscle, with a predominance of
A fibers and fewer of the B and C fibers of
Stein and Padykula,’® as compared with the
gastrocnemius muscle.

With SCh and unchanged halothane (1.7
per cent, expired), gracilis muscle Vo, and
A-V,, increased in each muscle studied. The
pattern of an early peak increase in V., fol-
lowed by a lesser, sustained increase, was
similar to that previously determined for the
gastrocnemius muscle (fig. 1). Overall, the
mean increase in gracilis muscle Vo, with
SCh was slightly less than, but not signifi-
cantly different from, that observed for the
gastrocnemius muscle (table 3). For both,
the increases in Vo, were accomplished pri-
marily by increases in extraction of O rather
than by increases in muscle blood flow.

With reduction in halothane from 1.7 to
0.1 per cent, Vo, increased in each gracilis
muscle studied. The mean change was small
(10 per cent), significant, and similar to that
observed for the gastrocnemius muscle (table
4). With the decrease in halothane, gracilis
muscle blood flow increased approximately the
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TasLe 3. Effects of Succinylcholine on Gracilis and
Gastrocnemius Muscle Vos and A~Vo:

Increase: I’er Cent of Control
0-0.5 0.5-1.0 1.0-2.0
Hour Hour Hours
Mean { SE [ Mesn | SE | Mean | SE
Gracilis
Vo. 35 4 19 3 12 3
A-Vo. 33 4 20 5 24 7
Gastrocnemius®
Vo: 46 7 20 4 16 6
A-Vo. 34 [ 17 9 14 |12

* Previous study2

TanLe 4. Gracilis and Gastrocnemius Musele Vo:
and Blood Flow Values at 0.1 and 1.7 Per Cent
Halothane, Expressed as Percentage
Changes from 0.1 Per Cent Value*

Gracilis Gastrocnemius
(Per Cent)* (Per Cent)f
Mean SE Mean SE
Vo —10 2 —14 2
Bload flow =25 7 19 4
Arterial pressure| —29 3 —29 3

* Present study, sequence 1.7 to 0.1 per cent
halothane only.

1 Previous study, sequence of concentrations
alternated.?

same amount as did mean arterial blood pres-
sure, which implies a lack of significant effect
of halothane on gracilis muscle vascular re-
sistance. A different response had been ob-
served for the gastrocnemius muscle.

Discussion

In the present studies, alterations in gracilis
muscle Vo, by halothane and SCh were ap-
proximately the same as alterations in gastro-
cnemius muscle Vo, by the same drugs de-
spite significant differences between these two
muscles in terms of resting V. in vivo and
blood flow, composition, and Vo, in wvitro.
Accordingly, there is some reassurance that it
is appropriate to extrapolate the average re-
sponses of these two muscles to skeletal mus-
cle generally and to prepare an estimate of
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the halothane and SCh effects on whole-body
Vo.. To do this, several assumptions are
necessary. Skeletal muscle Vo, will be as-
sumed to comprise 35 per cent of whole-body
Vo This is the approximate average of vari-
ous indirect estimates for man,** and the
ratios of skeletal muscle mass to whole-body
mass for dog and man are approximately the
same (40 per cent).* Halothane will be as-
sumed to decrease total skeletal muscle Vo,
12 per cent, which is the average of the 10
and 14 per cent decreases observed for the
gracilis and gastrocnemius muscles, respec-
tively. Based on these assumptions, the de-
crease in whole-body Vo, with halothane at-
tributable solely to decrease in skeletal muscle
Vo, is approximately 4 per cent. Presumably,
as was previously determined for the gas-
trocnemius muscle, this decrease occurs at 0.8
per cent halothane, without further reduction
as halothane is progressively increased to 1.5
per cent.! The increase in muscle Vo, with
SCh had an initial peak phase which termi-
nated within an hour, and a sustained phase
after an hour. The average increases in Vo,
in the gracilis and gastrocnemius muscles dur-
ing the first and second hours were 30 and 14
per cent, respectively. Accordingly, the 11
and 5 per cent increases in whole-body Vo,
during these times can be attributed to the in-
crease in skeletal muscle Vg, with SCh.  The
actual increases in whole-body Vo, observed
with SCh for these periods were 9 and 5 per
cent, respectively.’® This demonstration of
good agrecment between estimated and deter-
mined increases in Vg, supports the appro-
priateness of the above assumptions, and, fur-
ther, is consistent with the previous hypothesis
that the entire increase in whole-body Vi,
with SCh can be attributed to the increase in
skeletal muscle Vo, .1*
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