NEUROMUSCULAR AND GANGLIONIC BLOCKING
ACTION OF THIAMINE AND ITS DERIVATIVES

Josern R. Dr Parya, MLD., axo Pumwie Hrrencock, M.D.

Tuere have been several reports in the past deeade indicating that
thiamine in large doses intravenously or intramusecularly can cause
vaseular collapse (1, 2, 3). The vascular failure generally has been
attributed to an anaphylactic reaction. A more recent report attributes
the fall in blood pressure to release of histamine and to inhibition of
cholinesterase (4). There is also a brief report that thiamine is
capable of causing ganglionic block (5). These pharmacologic ac-
tions of thinmine should be of interest to anesthetists since many surgi-
cal patients receive as a routine large parenteral doses of thiamine.

Thiamine by virtue of its thinzelium ring structure is a quarternary
ammonium compound and thus related, although remotely, to com-
pounds which are neuromuscular and ganglionic blocking agents. In-
deed, the neuromusecular blocking eapacity of thinmine has been sub-
stantially established (4, 6, 7, 8). The present investigation is an at-
tempt to relate the fall in blood pressure following thinmine to gangli-
onic block and further to show the temporal relationship hetween the
neuromuscular and ganglionic block. Acetylthinmine, oxythinmine,
and pyrithinmine were also studied to learn if these pharmacologieal
effects were common to homologous chemieal compounds.

Merions

The dogs and eats in these experiments were anesthetized with
Dial-Urethane 0.6 ml/kg. intraperitoneally. The right vagus trunk
together with the sympathetic trunk was isolated and the earotid artery
prepared for blood pressure recording. The scintie nerve was then
dissected and ent, the peripheral end reserved for stimulation of the
corresponding gastrocnemius muscle. A heavy spring isometric type
lever was firmly attached to the freed tendon of Achilles. A thread
was then attached to the isometric lever and passed over a pulley to
reverse the direction to a loaded heart muscle lever for kymograph
recording. The right nictitating membrane was hooked with a small
fish hook and by means of a thread passed over a pulley attached to a
lightly loaded heart lever for recording.
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A glass enclosed Sherington type electrode was applied to the seiatic
nerve, The uncut vagus together with the sympathetic trunk was
stimulated with a Harvard type electrode shielded from shorting and
drying by a thin sheet of rubber. A thyrotron stimulator supplied a
100 eycles/second source.  The 100 eycles/second was seleceted and used
in all experiments although it was realized to be a high frequency of
stimulation for the cervieal sympathetic trunk. This was done because
it was believed to be desirable to stimulate hoth the sciatic and the
autonomic nerves simultancously from the same source. The current
zoing to the cervieal sympathetic trunk was reduced by passing it
through an adjustable 300,000 ohm rheestat. In every experiment in-
cluded in this report the original source voltage never exceeded 5 volts.
In the control period the response of the nictitating membrane and the
gastrocnemius muscle was set at a threshold by gradually increasing
the voltage until a satisfactory recordable contraction resulted. In-
ereasing the voltage further increased the size of the responses in each
instance. The threshold which was selected was thus not the strietly
subliminal one but at least there was assurance that it was well below
maximum levels. Nevertheless, each experiment was not considered
satisfactory unless stimulation at 5 minute intervals for 30 minutes
yielded responses which were identical during the control period. Ex-
periments were made in which each individual stimulation lasted from
0.1 second to 10 seconds. After many trials it was found that a 10
second period of stimulation was the most satisfactory one in our hands.
This, of course, gave a long period of fetany of the gastroenemius
musele which was useful because the appearance of fatigue could be
casily noted. At the same time the long stimulus was ideal for causing
a sustained contraction of the nictitating membrane and in addition
resulted in most animals in a reflex vagal eardiac slowing. Accord-
ingly the experiments reported here are all with a 10 second stimula-
tion period. In interpreting the results the control responses were
considered as 100 per cent. A decrease to one-half the original height,
peak to baseline, was considered to be a 50 per cent reduction, ete.
In most experiments to avoid anoxia as neuromuscular block oc-
curred the animals were given artificial ventilation. In some experi-
ments where the effect of the drug on respiration was to be observed,
no artifiein]l ventilation was supplied and the respiratory movements
were recorded by means of a chest pneumograph.  All test drugs were
injected rapidly into a femoral vein cannula. The dilution of each dose
was calenlated so that the injected volume was less than one milliliter.

ResuLts

Neuromuscular and Ganglionic Block.—As shown in tables 1 and
9, doses of 10 to 100 mg./kg. intravenously of thiamine hydrocliloride
produced various degrees of blocks in dogs and cats. The dose to
cause complete block to stimulation of the sciatic nerve was 20 mg./kg.
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TABLE 1
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in cats whereas 80 mg./kg. was necessary in the dog. Both species
demonstrated ganglionie block simultancously with the neuromuscular
block. However, this was not a complete block except for the largest
doses as noted in tables 1 and 2. Tt was also found that the duration
of the ganglionic block was much shorter than that of the neuromuscular
block. A typical experiment is shown in figure 1.

Respiratory Paralysis—Five unanesthetized rabbits were given
intravenous doses of thinmine hydrochloride ranging from 10 to 80
mg./kg.  With doses of more than 30 mg./kg. head drop and transient
apnea occurred, One rabbit died with the 80 mg./kg. dose.

In anesthetized dogs, doses of 50 to 100 mg./kg. intravenously caused
apnea of variable degree dependent on the dose as shown in table 1.
The apnen was complete only with doses of 80 mg./kg. or more. With
this dose (80 mg./kg.), spontancous respiratory movements were in-
capable of supporting the animal for the tidal volume was negligible.
Artificial respiration was instituted. At 5 minute intervals the animal

TABLE 2

Errects oF Tuiasise Hynrocuromipe o8N NEUROMUSCULAR AND
Ganouiosic TraNsstissioN 18 10 Cams

Sclatie-Guatrocnemiun Block | Sympathetic Truak Nietitating
Dose Number of Number of
(mg./kg.) Animals Times Teated . R
Degreo b Pegree e
10 4 5 60-75 per 5-10 10 per 2—
cent cent
20 4 7 complete 10-16 50 per 4-8
cent
50 2 3 complete 12-18 50-70 per 5-10
cent
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was allowed to breathe on his own to determine if the tidal volume
was suflicient to maintain life. Geuerally at this dose level it took 15
minutes before spontancous respiration was adequate. In each in-
stance the degree of apnea eorresponded to the degree of neuromuscular
block observed simultaneously on the reeord of the gastrocnemius con-
tractions on the sciatie nerve stimulation.

In smesthetized eats mueh the same observations were made as for
the dogs exeept that the dose required for complete apnea was 30
mg./kg.

Blood Pressure Fall—In each animal there was an immediate fall
in the arterial blood pressure on the intravenous injection of thiamine.
The degree of fall was related to the dose and the amount of ganglionie
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Fia. 1. Cat 14. From above down, blood pressure, gastroenemius muscle, nictitating
membrane, stimulus signal and time base in scconds.  Control, left, at 1:58. Note that with
stimulation there was marked vagal cardiae slowing, There wns a sustained tetany of the
gastrocnemius with no evidence of fatigue. The npictitating membrane showed 2 well devcloped
contraction. At 2:04 a test dose of epinephrine caused a characteristically slow prolonged eon-
traction of the nictitating membrane. The blood pressure eurve showed a typieal immediate
rise foll d by a gradually d ling slope. At 2:10, 20 mg./kg. of thiamine was given
intravenously. The record was taken at 2:12 during the 10 sccond stimulation period. Note
that there had been a fall in basal blood pressure to 60 mm. of mercury and that there was
little vagal eardine slowing. The gastrocnemius tetany had diminished in amplitude to 30
per cent of its former level and shows fatigue. The nictitating membrane had 70 per cent
of ity control peak contraction. At 2:13 a dose of cpineplrine after the administration of
thinmine eaused a similar rise a8 in the control period except that the curve continued to rise
after the first peak cffect showed loss of inhibitor vaseular reflexes. The nictitating mem-
hrane contricted as previously so that the thiamine block was probably located in the superior
cervien] ganglion, At 2:14, 0.03 mg. of edrophonium was given intravenously and at 2:16 a
record of the stimulation is shown. No antagonism of the neur lar block d but
the vagal slowing was enhanced and the character of the nictitating membrane contraction was
altered by the edrophonium. At 2:26 recovery was complete with return of vagal slowing,
nietitating membrane and gastrocnemius contractions are similar to the controls, (The shift
of the base line of the nictitating membrane curve is an artefact.)

¥20Z YoIe €} uo 3sanb Aq 4ypd'80000-000} L8S61-27S0000/€57019/29./9/6 | /ipd-ajonie/ABojoisayisaue/uwioo JieydIaA|Is Zese//:dpy woly papeojumoq



766 J. R DI PALMA AND P. HITCHCOCK Neeheiol

hlock obtained as shown by the failure of the nictitating membrane to -

contract on sympathetic trunk stimulation (table 1). The duration of
hload pressure fall also coincided with the duration of ganglionice block.
Iipinephrine was still capable of raising the blood pressure during the
maximum action of thinmine. However, after the first peak rise the
blood pressure continued to rise instead of beginning to gradually fall
as in the epinephrine effeet before thinmine (figure 1). Presumably
this was the result of ganglionic block and henee the loss of inhibitory
sascular reflexes.

Vagus Block.~In each experiment it was also found that after
thinmine the slowing of the heart observed on stimulation of the vagus
nerve in the neck was blocked (table 1, figure 1).  In general the degree

TABLE 3

EFFECTS OF ACETYLTHIAMINE, UXYTIIAMINE AND PYRITHIAMINE ON
NEUROMUSCULAR AND GaxgrioNic Traxsyission 1IN Cats

Seiatic-gastroenemiu Mock | Symeathetic TrunkNietitating
Drug Intravenous Dose {00 e
Duration Duration
Desrre Gmimsten) Degree (minuton)
Oxythiamine
2 1 (1] 0
10 4 10 per cent 8-15 0 5-8
30 3 complete 50 per cent
Acetylthiamine .
10 4 30 per cent 10-15 slight 5-8
20 2 complete 50 per cent
Pyrithinmine
1 1 10 per cent 0
2.5 1 complete 10-15 30 per cent 5-10
3 2 complete 50 per cent

of vagus block corresponded to the degree of nictitating membrane
block.  Additional experiments with hexamethonium as a ganglionic
blocking agent produced an analogous result in the same animals. It
could, therefore, e presumed that the vagus blocking effeet of thiamine
was the result of ganglionie block.

Relative Poteney of Thiamine—In order to obtain a comparative
basis of the potency of thiamine, an assay was made using 3 additional
anesthetized eats prepared as in the previous experiments. A dose of
20 mg./kg. of thinmine hydrochloride was the standard test dose and its
cffects were compared to gradually increasing doses of hexamethonium
and succinyleholine.  Accordingly, it was found that 0.1 mg./kg. intra-
venously, of suceinyleholine produced a neuromuscular block and 0.25
mg./kg., intravenously, of hexamethoninm produced a ganglionic block
equivalent in magnitude and duration to the test dose of thiamine.
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Antagonism to Thiamine—The administration of edrophonium in
doses ranging from 0.03 to 2 mg., intravenously, did not significantly
alter the response to the thiamine neuromuscular block from control
levels. Likewise, prostigmine in doses of 0.1 to 0.5 mg., intravenously,
had no effect. If the antagonists were given when the animal had
begun to emerge from the effeets of thiamine, there was acceleration
of the recovery but even this effect was not marked.

Effects of Acetylthiamine, Oxythiamine and Pyrithiamine.—As
shown in table 3, the effeets of acetylthiamine were very similar to
those of thiamine. Oxythiamine and pyrithiamine also had neuro-
muscular and ganglionic blocking actions. IHowever, pyrithinmine was
effective in a dose of only 3 mg./kg. in contrast to oxythiamine which
required a dose of 30 mg./kg. to achieve comparable blocking effeets.

In other experiments, pyrithiamine and oxythiamine were adminis-
tered immediately after and at intervals after an cffective dose of
thiamine. In no instance was antagonism observed. The administra-
tion of the metabolie antagonists produced only additive effects on the
pharmacologic blocking action of thiamine.

Discussiox

It is important to realize that a substance used for its nutritional
and metabolie actions may also have pharmacological effects espeeially
if administered parenterally and in large doses. Chemieally, thiamine
helongs to a group of complex quaternary nitrogen compounds which
have effects on neuromuscular and ganglionic transmission (9). Obvi-
ously it is the thiazolium portion of the thiamine molecule containing
a quaternary nitrogen which is active pharmacologically. That the
vitamin and cofactor activity of thiamine have little to do with the
ganglionic and neuromuscular blocking activity is nicely demonstrated
by the fact that pyrithiamine an antithiamine with no vitamin activity
is ahout ten times more potent than thiamine in this respeet. Oxythia-
mine, another antihistamine substance, further strengthens this view-
point.

The numerous, although secattered, report of the human and animal
toxicity of thiamine on parenteral administration of large doses can
now be better understood (1, 2, 3). The respiratory and skeletal
muscle paralysis ean be safely attributed to nenromusecular block (6, 7,
8) although an earlier report ascribed it to respiratory center paralysis
(10). The vaseular and cardiae collapse so often reported can in part
now be attributed to ganglionic blockade (5). In an earlier study the
cardiovascunlar toxicity of thinmine was considered to be central in
origin, but these results now appear to be more adequately explained
by ganglionie blockade (11). A eentral eardiovascular depressor action
for quaternary compounds has been described which has not been stud-
ied by us for thinmine (12). However, the exact coincidence of the
degree and duration of the ganglionie blockade with the changes in
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blood pressure in our experiments support the view that the vaseular
chimges we observed could largely be attributed to this effect. The
possibility of anaphylactoid reactions as observed in humans eould not
be exeluded as o mechanism in this type of experiment,

Our results shed some light on a curious toxieity of the antimetabo-
lites, oxythiamine, and pyrithiamine. When these are administered
to mice in an attempt to block thiamine metabolism, pyrithiamine cnuses
prompt pharmacologie effeets consisting of loss of neuromuseular con-
trol. In contrast, oxythinmine does not produce this immediate syn-
drome hut does, in time, cause the symptoms of thinmine deficiency
(13, 14).  Various reasons have heen aseribed to this phenomenon, hut
it now would appear reasonable to assume that pyrithiamine is eausing
the syndrome of neuromuscular block. This is because, as shown in
our studies, it is comparatively a potent neuromusenlar blocking agent
and even the small doses used in antimetabolite experiments should be
capable of this effect apart from the antimetabolic action. Oxythiamine
heing a far weaker neuromuscular hlocking agent could be expected
to show only the late antimetabolic effeets.

Our inability to show good antagonism to the thinmine neuro-
muscular block by edrophonium and prostigmine is at variance with the
results of others (4). This may in part be due to the different tech-
niques employed.  However, an earlier investigation also failed o show
antagonism hy prostigmine (13).

It would be of great interest to observe in human nnesthesia if
paients undergoing surgieal procedures who have heen receiving large
doses of thiamine have unusual sensitivity to curare-like agents. In
the same vein, diffienlty of the maintenance of blood pressure during
anesthesiz in some patients may perhaps be eansed by the ganglionie
blocking action of thiamine.

SuMmaany

Thinmine bydrochloride in doses of 20 mg./kg. in eats and S0
me./kg. intravenously in dogs canses complete neuromuscular paralysis,
At this dose level a 50 to 95 per cent ganglionie block also exists ns
tested hy the blood pressure fall and decrease in nictitating membrane
vesponse,  After a single dose the neuromuscular block lasts on the
average from 15 to 20 minutes and the ganglionic block 5 to 10 minutes.
Pyrithinmine is 10 times more active and oxythinmine weanker by one-
third as compared to thinmine. Acetylthinmine is equal to thinmine
in potency. Tt is important {o keep in mind that metabolic agents may
have significant pharmacologic netions in addition to their biochemi-
enl effeets.

This paper was presented before the Fall Meeting of the Awmeriean Soeciety for Pharma-
celogy and Experimental Therapeuties, Baltimore, September, 1957, The authors gratefully
neknowledge the use of the facilities of the Cardio-vaseular Institute, Hahnemann Medieal
College.
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