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THE CARDIAC AND NEUROMUSCULAR BLOCKING EFFECTS of the non-depolarizing
muscle relaxant gallamine have been widely studied.?%¢82 However, no report
is available concerning endocrine responses to the administration of gallamine in
man.

The present investigation was undertaken to explore whether or not adminis-
tration of a clinical dose of gallamine influences adrenocortical and sympathetic
nervous function as reflected by plasma cortisol and catecholamine concentra-
tions in peripheral blood during halothane-nitrous oxide-oxygen anaesthesia in
man.

MATERIALS AND METHODS

Ten patients were studied, ranging in age from 19 to 52 years with a mean age
of 34.5 years. Nine were female and one was male. They were free from hepatic,
renal and endocrine disease and had no history of steroid therapy. The surgical
procedures and the duration of operation and anaesthesia are listed in Table I.

Pre-anaesthetic medication consisted of 50 mg meperidine and 0.4-0.5 mg
atropine sulphate in five patients and 5 to 8 mg morphine, 10 mg diazepam and
0.4 mg atropine sulphate in five patients given intramuscularly one hour prior to
the start of anaesthesia.

The patients received halothane — nitrous oxide — oxygen anaesthesia for at least
30 minutes before the start of the operation as described previously.?®* No intra-
venous ultrashort acting barbiturate was used for induction of anaesthesia except
in one patient who received 40 mg of intravenous thiamylal. Respiration was
manually assisted or controlled for the first 45 minutes. Five minutes after the
beginning of anaesthesia 40 mg of gallamine was given intravenously, followed
by incremental doses of 40 mg up to total 200 mg every four minutes in all cases
except the last three. In these the initial dose was 80 mg and the remaining 120
mg was given as in the other seven cases.

Induction of anaesthesia in all cases was between 9 a.m. and 11 a.m. in con-
sideration of the circadian variation of plasma cortisol levels.'? Tracheal intuba-
tion was easily performed in all cases after blood sampling had been completed.
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TABLE 1
PATIENTS AND PROCEDURES STUDIED

Duration of Duration of
Case No. Age Sex Surgery Surgery (min) Anesthesia (min)
1 31 F Vaginal Hysterectomy 90 165
2 30 M Cholecystectomy 135 180
3 44 F Abdominal Hysterectomy 100 150
4 32 F D &C 20 50
5 38 F D &C 25 60
6 27 F Laparotomy 120 150
7 42 F D & C, Tubal Ligation 25 60
(Presacral Neurectomy)
8 30 1 Abdominal Hysterectomy 60 135
9 19 F Abdominal Hysterectomy 115 155
10 52 F Vaginoplasty 220 380
Mean 34.5 91.0 148.5

The arterial blood samples were taken through an indwelling catheter from the
brachial artery.

Blood sampling times for determination of plasma cortisol and blood gas
analyses were immediately before the induction of anaesthesia and 5, 15,
20 and 30 minutes after the start of anaesthesia. Arterial blood samples for the
estimation of plasma catecholamines were also taken at 0, 2, 5 and 10 minutes
following the first intravenous injection of gallamine.

Plasma cortisols were determined by Rudd’s method?! and plasma catechola-
mine concentrations were measured by Vendsalu’s method modified by Kelsch.?
Arterial blood gas analyses were performed by Astrup’s micro-method utilizing
the Siggard—Anderson nomogram.!

REsSULTS

1. Circulatory Changes

As illustrated in Figure 1, the mean systolic blood pressure remained un-
changed during the first 30 minutes after induction of anaesthesia, while the
mean diastolic pressure rose significantly at 20 and 30 minutes after the start of
anaesthesia (p < 0.02). Significantly increased pulse rates over the base line level
were observed at 15, 20 and 30 minutes after the beginning of anaesthesia (p <
0.001).

2. Plasma Cortisol Concentrations

As illustrated in Figure 2, the mean plasma concentration of cortisol was 15.4
* 24 pg/100 ml (+SEM) just prior to the induction of anaesthesia, and 15.4 =
2.5 ug/100 ml five minutes after the induction at the time when the initial dose
of gallamine was given. It remained almost unchanged at 15 and 20 minutes
after the start of anaesthesia and after repeated incremental doses of gallamine.
At 30 minutes after induction and after the total dose of 200 mg gallamine, it
increased significantly (p = 0.034). The pattern observed was similar to that
observed after succinylcholine and diallyl-nor toxiferine as illustrated in Figure
3. With all three muscle relaxants the increase in cortisol concentration was found
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Ficure 1. Blood pressure and pulse rate changes during induction of anaesthesia and following
gallamine administration.
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Ficure 2. Plasma concentrations of cortisol and norepinephrine following intravenous ad-
ministration of gallamine.
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Fieure 3. Effects of various muscle relaxants on plasma cortisol concentrations.

to be significant (p < 0.05) but did not differ from the controls who had re-
ceived no muscle relaxants (p < 0.05); this has been published previously.1o1

3. Plasma Catecholamine Concentrations

As illustrated in Figure 2, there was a significant elevation in plasma catechola-
mine concentrations at two minutes (p < 0.05) and five minutes (p < 0.025)
following the first administration of intravenous gallamine. The value at 10
minutes after the gallamine injection was not significantly higher than the base
line level (p > 0.05).

4. Arterial Blood Gas Analyses

Simultaneous analyses of arterial blood gases revealed neither respiratory nor
metabolic abnormalities.

Discussion

The sinus tachycardia frequently observed following intravenous administra-
tion of gallamine has been considered to be due solely to its vagolytic action.16:22
Recently, however, Brown and Crout,® Smith and Whitcher?? and Rathbun and
Hamilton'® have demonstrated that gallamine may cause positive inotropic and
chronotropic effects in both in vitro and in vivo animal experiments and also in
man. They suggested that the release of catecholamines from cardiac sympathetic
nerves was responsible for the observed effect. Although in vitro pharmacologic
studies by Brown and Crout? indirectly indicated the increased release of nor-
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epinephrine, no determinations have been carried out on catecholamine concen-
trations in mammals and in man in vivo. Therefore, it seemed appropriate to
investigate further the effects of gallamine on adrenal function which in turn is
related to the sympathetic nervous system. It was anticipated that the adminis-
tration of gallamine might result in elevated plasma concentrations of catechola-
mines and consequently in cortisol concentration. However no significant changes
were observed in the plasma levels of cortisol following the administration of
gallamine except at 30 minutes after the start of anaesthesia. The pattern was
similar to that of the halothane group in the previous study in which no muscle
relaxant had been given.!® The data obtained show that clinical doses of gallamine
have no appreciable influence on plasma cortisol levels, since the findings were
similar to those obtained with succinylcholine and diallyl-nor-toxiferine.

The authors used a total paralyzing dose of 200 mg of gallamine which was
almost equi-potent to the other muscle relaxants employed in the previous
study.1%1* Although a single dose of over 2 mg/kg at rapid rate of injection might
have resulted in an elevated cortisol concentration, such a large dose is not usu-
ally used in clinical anaesthesia. The plasma cortisol concentration is influenced
by various factors: secretion from the adrenal cortex, hepatic metabolism, excre-
tion by the kidneys and utilization in the peripheral tissues. Diethyl ether,'® halo-
thane'* and ketamine'® per se cause a significant elevation of the plasma level of
cortisol, mediated by ACTH release from the anterior lobe of the pituitary gland,
while no appreciable alterations in plasma cortisol concentrations are observed
during methoxyflurane anaesthesia® and a significant (p < 0.05) decrease during
thiopentone anaesthesia.l”

Brunt and Ganong,* Castognoli, Goldfine and Ganong® reported that the re-
lease of ACTH from the hypophysis results in elevated levels of cortisol during
acute hypoxia. On the other hand, Done, Ely and Kelly? demonstrated that
chronic hypoxia is accompanied by decreased concentrations of plasma cortisol
in man. The results of blood gas analyses in the present study revealed no ab-
normalities; therefore, respiratory depression can be eliminated as the cause of
the observed changes.

Plasma catecholamine concentrations were determined only in five out of ten
patients in the present study. Significant elevation of free norepinephrine was
observed at two and five minutes following the initial intravenous dose of 40 to
80 mg of gallamine. No rise in free epinephrine concentration was noted. The
increase in norepinephrine concentration, however, was not as great as that ob-
served following intravenous ketamine injection?* or inhalation of cyclopropane
or diethyl ether.2®

It has been said that gallamine may cause release of catecholamines from
sympathetic nerve endings of the heart muscle?!® The results of the present
study, though the number of the patients was small, seems to confirm this. Part
of the released norepinephrine could escape metabolism, which might result in
elevated catecholamine concentrations in the arterial plasma. Further studies with
larger doses are in progress to elucidate the exact mechanism of catecholamine
release caused by gallamine.
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SUMMARY

Effects of gallamine on plasma cortisol and catecholamine concentrations were
studied in ten elective surgical patients. A total of 200 mg of gallamine in divided
doses was administered intravenously to each patient prior to start of the opera-
tion. Maintenance of anaesthesia was with halothane-nitrous oxide-oxygen.
Hypoxia and hypercarbia were not allowed to occur, as substantiated by blood
gas determinations.

Until 20 minutes after induction, no significant changes from base line were
observed in plasma cortisol concentrations. A significant increase was observed
at 30 minutes following induction and before the operation had started (p <
0.05). This pattern is similar to those observed previously with succinylcholine
chloride and dialyl-nor-toxiferine.

Significant elevations of free norepinephrine concentrations were observed
at two minutes (p < 0.05) and five minutes (p < 0.025) following the initial
intravenous dose of 40 to 80 mg of gallamine. However, no alteration was found
in free plasma epinephrine. It is concluded, therefore, that gallamine is likely to
cause the release of free norepinephrine from sympathetic nerve endings.

REsumE

Chez dix candidats a de la chirurgie élective, nous avons étudié les effets de la
gallamine sur les concentrations des catecholamines et du cortisol plasmatiques.
A chacun des malades, avant le début de I'opération, nous avons donné, par voie
endoveineuse, en doses fractionnées, un total de 200 mgs de gallamine. Le main-
tien de lFanesthésie sest fait avec de Ihalothane, du protoxyde d’azote et de loxi-
gene. Nous avons évité Phypoxie et Fhypercabie comme le prouvent les résultats des
gaz artériels.

Jusqu'a vingt minutes aprés I'induction, nous n’avons pas observé de changement
des taux de cortisol plasmatique. Trente minutes aprés I'induction, avant le début
de la chirurgie, nous avons noté une augmentation significative (p<{ 0.05). Cette
allure est semblable a celles observées antérieurement avec le chlorure de succinyl-
choline et le dialyl-nor-toxiferine.

Nous avons trouvé une augmentation importante des concentrations de norephi-
nephrine ibre 3 deux minutes (p< 0.05) & 5 minutes (p < 0.025) aprés une dose
initiale par voie endoneineuse de 40 4 80 mgs de gallamine. Toutefois, nous n’avons
pas noté de modification du taux d’épinéphrine plasmatique libre. En conséquence,
nous concluons que, selon toute vraisemblance, la gallamine provoque la libération
de nor-epinephrine libre des terminaisons nerveuses sympathiques.
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