The Excretion of Gallamine in the Dog
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The excretion of *H.gallamine was studied in
the dog. Eighty-four per cent of the drug was
recovered unchanged from the urine in 24 hours.
Following ligation of both renal pedicles a sus-
tained blood gallamine concentration was main-
tained for 24 hours, producing prolonged paresis.
Unlike °H-d-tubocurarine, *H-gallamine was ex-
creted in the bile in negligible amounts only.

GarramiNg TRIETHIODIDE (Flaxedil) has been
used as a neuromuscular blocking agent in an-
esthetic practice since 1948. In a study of its
pharmacologic properties, Mushin et al.! re-
ported that 20-80 per cent of the drug was
recovered from the urine of rabbits in two
hours. The amount of drug was estimated by
biological assay. Because of the lack of suit-
able chemical methods for assaying gallamine,
there has been no confirmation of this original
work. In spite of the wide variation in the
amount of drug recovered reported by these
authors, it has become accepted that gallamine
is largely excreted unchanged in the urine.
Reports of prolonged paresis following the ad-
ministration of gallamine to patients with re-
nal failure 2 % ¢ have justified this assumption.
Cohen et al.5 demonstrated that d-tubocurarine
is also largely excreted unchanged in urine,
yet there have been relatively few reports of
prolonged paresis following the use of this
drug in patients with renal failure.7 Fur-
thermore, in no case has the prolongation of
action reported been as great as that found
with gallamine. This suggested the possibility
that there is a fundamental difference in the
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way the body excretes the two drugs. The
present study was undertaken to ascertain the
role of renal excretion in the termination of
action of gallamine and the effect of renal fail-
ure upon elimination of the drug.

Method

Thirteen mongrel dogs (16.3-23.5 kg) were
used for this study. The animals were anes-
thetized with intravenous sodium pentobarbi-
tal, 30 mg/kg. Following intubation, the lungs
were artificially ventilated and a stable pH,
7.40 to 7.46, was maintained throughout the
experiment. An infusion of Ringer’s lactate
solution was started at a rate of 5.0 ml/kg/
hour and maintained at a level sufficient to
ensure diuresis, The femoral artery was can-
nulated for monitoring blood pressure and for
withdrawal of blood samples. In three ani-
mals, exhaled water was collected by passing
the expired gases through a cold trap-condens-
ing system. In ten animals an indwelling
catheter permitted collection of total urinary
excretion. In three animals renal function was
ablated by double ligation of both renal padi-
cles. In seven animals, the common bile duct
was cannulated after prior ligation of the cys-
tic duct to allow collection of the total biliary
excretion. All animals received minimal sup-
plementary doses of pentobarbital to ensure
unconsciousness.

Each animal received an intravenous injec-
tion of 2 mg/kg gallamine containing 100-200
pe *H-gallamine § diluted with nonradioactive
drug. Blood, urine, exhaled water, and bile
were sampled periodically and radioactivity

§ Tritiated gallamine was supplied by Nuclear
Chicago, Des Plaines, Ill. The preparation was
back-exchanged at 37-40 C, pH 7.4 for several
days until constant activity was obtained. Purity
was confirmed by descending paper radiochro-
matography. The specific activity of the final
product was 365 uC/mg.
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content determined by liquid scintillation
counting. |

Blood samples were withdrawn into hepa-
rinized syringes and the plasma separated by
centrifugation. 0.1 ml of plasma was mixed
with 10 ml dioxane or with toluene x-100 mix-
ture * in a scintillation vial. There was good
correlation between the radioactivity of the
samples counted by both methods. Where
both methods were employed, the mean was
used in calculating the results. Samples of
urine were counted in a toluene NCS 1 mix-
ture or toluene x-100 mixture. Acidification of
the toluene NCS mixture was required to pre-
vent chemiluminescence. Radioactivity of the
bile samples (0.5 ml) was determined follow-
ing dilution with an equal volume of water.
Scintillation counting was in dioxane. Quench
suppression factors were determined for each
counting system used and for each type of
biological sample.

Samples of urine collected during the ex-
periment were concentrated and subjected to
descending paper radiochromatography. This
procedure confirmed that the tritium activity

§ Beckman scintillation system.
# Triton x-100 (Beckman No. 161405).
$ Nuclear Chicago Solvent.

in the urine was associated with a compound
identical to that of the original *H-gallamine
(fig. 1).

The extent to which the presence of red
blood cells modified the plasma 3H-gallamine
content was studied in vitro with both dog and
human blood. A known amount of *H-galla-
mine was added to blood of known hematocrit
and incubated at 37 C for two hours. The dif-
ference between the initial plasma *H-galla-
mine content and that at equilibration repre-
sented loss on to, or into, the red blood cell.
The total amount of gallamine in the circulat-
ing blood was calculated from the plasma con-
centration, assuming a red blood cell volume
of 40 per cent and a blood volume of 100
ml/kg.

In an additional two experiments, the de-
gree of neuromuscular block was correlated
with the blood content of gallamine. The
hypoglossal nerve was stimulated supramaxi-
mally at a rate of one per sec. The resultant
tongue twitch was recorded with a Statham
strain-gauge transducer (GI-95021). Galla-
mine, 2 mg/kg, containing 200 pC 3H-galla-
mine, was then injected, and blood samples
were withdrawn at 15-minute intervals and
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the radioactivity determined. The degree of
neuromuscular block and the effect of tetanus
were observed at each interval.

Results
InTACT RENAL FUNCTION

Urine ( Table 1). The *H-gallamine was
largely excreted by the kidneys. Following a
fluid load, 84 =+ 3.6 per cent of the drug was
recovered from the urine in 24 hours. Excre-
tion was maximal during the first hour, and by
the second hour had accounted for 56 * 7.4
per cent of the drug given (fig. 2).

Bile (Table 2). Minimal amounts of 3H-gal-
lamine were recovered from the bile. Within
12 hours only 3.5 = 1.4 per cent of the drug
was present in the bile.

Exhaled Water. Less than 0.1 per cent of
the injected tritium was recovered from the
exhaled water over a six-hour period. This
provides evidence for a lack of back exchange
and also suggests that the gallamine is not
metabolized to a significant extent in the body.
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Percentage of Injected *H-gallamine
Excreted in Urine

TasLE 1.

Time Cumulative Percentage
1 hour 37.9 +6.9
2 hours 56.0 +7.4
3 hours 65.0 +8.1
4 hours 67.8 +7.7
6 hours 73.8 =+7.0
9 hours 76.7 +7.0
12 hours 78.2 +6.5
21 hours 79.2 %53
24 hours 84.3 +3.6

Blood (Table 3). The plasma:red blood cell
distribution ratio of :H-gallamine in the dog
was 2.5 to 1.0. This differed markedly from
the distribution ratio in human blood, which
was 1.34 to 1.0.

One minute following injection of 3H-galla-
mine the blood content was 52.2 = 6.0 per
cent (fig. 3). By five minutes only 25.0 + 4.5
per cent remained in the circulation, and at 30
minutes the blood contained 12.2 = 1.5 per

//%
v b

L T T T

1 2 3 4 5 10

T Y T

15 20 24 hours

Fic. 2. Urinary excretion of *H-gallamine.
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TasLe 2. Percentage of Injected 3H-gallamine
Excreted in Bile

Time Cumulative Percentage

1 hour 1.28 +0.8

2 hours 1.31 +1.1
3_hours 2.33 +0.9

4 hours 2.56 +0.8

5 hours 2.74 +1.1

6 hours 2.92 +1.2

9 hours 2.98 +1.2

12 hours 3.50 +14

cent of the drug. At this time spontaneous
respiratory movement was frequently observed,
suggesting this to be a subparalytic concentra-
tion. At one hour the blood contained 7.4 =
0.8 per cent of the original dose of *H-galla-
mine.

BiLATERAL ReENAL PEDICLE LiGATION

Blood (Table 4). Figure 3 shows that bi-
lateral renal pedicle ligation resulted in a de-
layed reduction in the initial 3H-gallamine con-
tent of blood and also a considerable delay in
the rate of fall of blood gallamine during a 24-
hour period. By five minutes 32.2 = 7.0 per
cent of the drug was present in the blood, com-
pared with only 25.0 4.5 per cent in dogs
with intact renal circulation. At 30 minutes,
17.5 = 1.9 per cent of the drug was still pres-
ent in the circulation, and at 24 hours 9.8 =+

TaBLe 3. Percentage of Injected *H-gallamine
in Blood Following Intravenous Injection
of 2 mg/kg body weight

Time Percentage
1 minute 52.2 +6.0
5 minutes 25.0 +4.5
10 minutes 19.0 +2.2
30 minutes 12.2 +1.5
1 hour 7.4 +0.8
2 hours 4.1 =+1.0
3 hours 2.9 +1.1
4 hours 2.3 +0.8
6 hours 1.6 +0.6
9 hours 1.2 +0.7
12 hours 14 +0.1
15 hours 1.3 +0.0
18 hours 1.2 =+0.0
21 hours 1.2 =+0.0
24 hours 1.1 +0.1
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1.2 per cent of the drug still remained in the
blood. Twenty-four-hour blood levels in these
animals were comparable to those found after
30-60 minutes in dogs with normal renal cir-
culation.

Bile (Table 5). In spite of the sustained
high blood concentrations of *H-gallamine,
there was negligible loss of the drug in the
bile. Only 0.9 == 0.1 per cent of the injected
gallamine was recovered from the bile in 24
hours following bilateral renal pedicle ligation.
This was actually less than the amount recov-
ered from bile in dogs with normal renal cir-
culation, although in both circumstances the
biliary loss of gallamine was negligible.

In the tongue—hypoglossal nerve preparation,
complete neuromuscular block was present
until the blood gallamine level fell below 13.2
per cent of the injected dose, corresponding to
a plasma gallamine concentration of 3.8 ug/
ml. Muscle twitch returned to 50 per cent of
its resting height when the blood content was
10.8 per cent and some degree of neuromuscu-
lar block was present until the blood content
fell to 7.0 per cent, representing a plasma gal-
lamine concentration of 1.94 pg/ml. At this
plasma concentration no posttetanic facilitation
was demonstrable, and tetanus was well main-
tained.

Discussion

It has been postulated, on the basis of clini-
cal observations, that a combination of redis-
tribution and renal excretion produces a fall in
blood gallamine concentration and terminates
the action of the drug.® This has been con-
firmed by the present investigation. Even in
the absence of renal function, 69 per cent of
the injected dose of gallamine leaves the cir-
culation in five minutes. The drug is rapidly
distributed in the extracellular-water compart-
ments of the body, especially the lung, liver,
spleen, muscle and cartilage.® If renal circula-
tion is intact, the drug is concentrated seven-
to eightfold in the kidneys prior to excretion.?
Under these conditions even more of the drug
leaves the circulation in the first five minutes.
Although further equilibration between tissues
and blood continues, it is urinary excretion that
plays the final major role in reducing the blood
gallamine level to below that which produces
neuromuscular block.
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*H-gallamine in blood following injection of 2 mg/kg. X = normal renal function;

@ = following bilateral renal pedicle ligation.

Assuming that the duration of muscle pa-
ralysis depends upon the plasma concentration
of gallamine, the first evidence of returning
neuromuscular conduction should occur 35 to
45 minutes after the injection of 2 mg/kg.
Fifty per cent of twitch would occur at 60
minutes, and full restoration of neuromuscular
conduction should be established by 120 min-
utes. Following administration of the same
dose of gallamine to animals with bilateral re-
nal pedicle ligation, paralysis could continue
for six to nine hours, and it should take ap-
proximately 18 hours for 50 per cent restora-
tion of twitch height. Full recovery of neuro-
muscular conduction might be delayed several
days.

Churchill-Davidson et al.® reported pro-
longed paresis following administration of gal-
lamine to patients subjected to bilateral neph-
rectomy prior to renal transplantation. Al-
though prolonged paralysis was recorded fol-
lowing the use of d-tubocurarine, it was less

frequent and less prolonged. Strunin?® used
d-tubocurarine in patients prior to renal trans-
plantation and reported that only one patient

TaBLe 4. Percentage of Injected *H-gallamine
in Blood Following Intravenous Injection
of 2 mg/kg Body Weight
(Bilateral Renal Pedicle Ligation)

Time Percentage
1 minute 56.0 +7.3
5 minutes 31.2 +7.0
10 minutes 23.3 +2.5
30 minutes 17.5 +1.9
1 hour 17.1 +2.1
2 hours 15.7 +1.0
3 hours 14.9 +0.8
4 hours 14.5 +1.5
6 hours 13.5 +2.1
9 hours 12.3 +1.3
12 hours 11.6 +1.9
15 hours 11.1 +2.0
18 hours 10.6 +1.4
21 hours 10.5 +1.3
24 hours 9.8 +1.2
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TaBLE 5. Percentage of Injected 3H-gallamine
Excreted in the Bile Following Intravenous
Injection of 2 mg/kg Body Weight
(Bilateral Renal Pedicle Ligation)

FELDMAN, COHEN, AND GOLLING

Time Cumulative Percentage

1 hour 0.08 +0.04
2 hours 0.14 +0.01
3 hours 0.20 =+0.08
4 hours 0.27 +0.08
6 hours 0.39 +0.10
9 hours 0.52 +0.10
12 hours 0.62 +0.12
15 hours 0.71 +0.10
18 hours 0.83 +0.10
21 hours 0.85 +0.08
24 hours 0.89 +0.10

developed prolonged paresis. Cohen et al.®
demonstrated that 74 per cent of the injected
dose of d-tubocurarine could be recovered
from the urine of dogs in 24 hours. However,
when the renal pedicles were ligated, the bili-
ary excretion of d-tubocurarine increased, ac-
counting for more than 38 per cent of the in-
jected dose, thereby causing an effective re-
duction in the blood curare level. From our
present results, it would appear probable that
the difference in the responses of patients with
renal suppression to the two drugs is due to
the absence of significant biliary excretion of
gallamine and the presence of this alternative
method of excretion for d-tubocurarine.

Conclusions

The duration of the clinical activity of galla-
mine is largely limited by redistribution and
renal excretion of the drug. In the absence of

Anesthesiology
June 1969

renal excretion, blood levels of gallamine are
sustained. Following a dose of 2 mg/kg, 10.3
per cent of the injected dose is still present in
the blood at the end of 24 hours. Biliary ex-
cretion of gallamine is very limited and, unlike
d-tubocurarine, gallamine is not lost in the
bile to any significant extent following renal
pedicle ligation.
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