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ONE OF THE ACTIONS of d-tubocurarine is said to be a significant ~elease of t~ista- 
mine from the skeletal muscles. Alam in 1939 first demonstrated that d-thbo- 
curarine was capable of releasing histamine from the dog gastroc:aemius muscle. 1 
The histamine blood level of the dog rose as the rate, of d-tubocl,xarine injection 
increased, and the blood pressure decreased in proportion to the I ate of injection. 
Since Alam's report other investigators have quantitated the his:amine released 
from the skeletal muscles of experimental animals following bbth curare and 
d-tubocurarine administration. 2-~ 

Mongar and Whelan ~ could not demonstrate any histamin~ release from 
human muscle. These authors cannnlated a vein from a forea~:m muscle and 
injected d-tubocurarine into the artery supplying the muscleJ No histamine 
release could be recorded on injecting up to 50 nag. of d-tubocur~rine unless the 
circulation to the muscle was occluded for at least two minutes. Histamine release 
in the human secondary to the administration of curare compounds has been. 
implied by other investigators ~-9 (although no measurements of ~lood histamine 
have,been made).  This report is based on a study carried out on humans to 
determine the effect on histamine blood levels of intravenously administered 
d-tubocurarine. 

METHOD 

Seventeen patients scheduled for elective surgical procedures constituted the 
study group. None of the subiects had a history of allergy and all were free of 
clinical or laboratory evidence of cardiac and respiratory disease. Preoperative 
medication was pentobarbital, 4 rag. per kg. of body weight, given intramuscu- 
larly 90 minutes before the induction of anaesthesia, and atropine, 0.01 rag. per 
kg. of body weight, given intravenously 15 minutes prior to the induction of 
anaesthesia. In the cont~:,ol group (six subjects ) an initial blood sample was 
drawn from each subject 15 minutes after the intravenous atropine and three 
more blood samples were drawn at 2-minute intervals." 

The remaining 11 subjects formed the study group. These patients received 
thiopental intravenously in 5-cc. increments to a dose of 8 rag. per kg. of body 
weight. Five minutes after the last incremental dose a blood sample was taken 
to establish a control blood histamine concentration, d-Tuboeurarine 0.44 rag. 
per kg. of body weight, was then given intravenously in a single rapid injection. 
If no side-effects of d-tubocurarine administration, such as an elevated pulse rate, 
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systolic hypotension, bronchoconstriction, decreased compliance, or skin erythema, 
were present, a second blood sample was taken 5 minutes after the d-tubocurarine 
injection. From patients showing any of the above signs the second sample was 
taken when the signs were well established. In these ea~es the average time 
interval between the injection of d-tubocurarine and the~ax imum severity of 
the signs was 4 to 5 minutes. 

The interval of 5 minutes between the administration ~f  the d-tubocurarine 
and the blood sampling was chosen for the following reasorls. The maximal effect 
of intravenously administered d-tuboeurarine is seen inJ3 to 5 minutes. I~ 
Changes in blood levels of histamine occur after only the t i~e of one circulation 3 
and persist for periods much longer than 5 minutesY -',13 Electromyographic 
studies done by us indicate that the neuromuscular block produced by d-tubo- 
curarine is usually maximal by 3 minutes. 

Histamine analysis was done using the speetrophotometr~c technique described 
by'Code and Mclntire? 4 This method gives values s]ightlyl below those obtained 
using biological methods in similar samples. Using this r0ethod a maximum of 
85 per cent of the histamine present in any sample can be measured. Samples 
containing a known .quantity of added histamine base w~re analysed until we 
consistently obtained terminal amounts of histamine of not  less than 80 per cent 
of the added amount. 
,~ All blood samples for histamine determinations were drawn in syringes con- 

taining one-tenth volume of 1.76 per cent potassium oxalate. Tlhe syringes were 
immersed in ice water and analysis was begun within 20 minutes of taking the 
final sample. All analyses were carried out in quadruplieate. 

RESULTS 

The means and standard deviations of the blood histamine levels of the four 
samples from each of the six control patients are given in Table I. By referring 
to Table II normal blood histamine values as determined by others can be com- 
pared with our mean value. 

The histamine blood levels of the patients of the study group before and after 
intravenous d-tuboeurarine are listed in Table III. 

T A B L E  I 

HISTAMINE BLOOD LEVELS IN /~G. OF BASE PER CC. OF BLOOD 
IN CONTROL PATIENTS PREMEDICATED WITH ATROPINE AND 

PENTOBARBITAL 

t 

Age Mean hlsta- No. ,of 
Pat ient  (yr.) mine level ~I.D. samples 

1 20 0 033 0"001 16 
2 60 0 055 0 003 12 
3 84 0 087 0 004 12 
4 35 0 106 0 005 16 
5 72 0 039 0 004 12 
6 50 0 085 0 004 14 

Mean 53 0 067 0 027* 

*Standard error of the mean. 
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T A B L E  II  

MEAN BLOOD HISTAMINE LEVELS IN /zG. OF BASE PER CC. OF B]LOOD AS 
REPORTED BY OTHER AUTHORS 

I 
Mean hista-  ! 

Author mine le~ el Range No. pts. 
t 

Nilzen 1"~ 0 06 0 045-0 084 30 
Rose 19 0 04 0 020-0 075 50 
Tar ras - \Vahlberg  -'~ - -  T ra c e -0  050 20 
R a n d o l p h - R a c k e r m a n n  '-'~ 0 045 0 019-0 071 50 
Cerqua 26 0 085 0 07 - 0  100 - -  
EI-Sayed 27 0 055 - -  - -  

+ 

T A B L E  III 

HISTAMINE BLOOD LEVELS BFFORE AND AFTER INTRAVENOUS D-TuBOCURARINE 

Blood Blood 
sample  sample  
before a f te r  
curare  curare  

histamine his tamine  
Age \Vt.  Curare  in in 

No. (yr.) (kg.) (nag.) pg . /ml .  ~g . /ml .  :~b--2~ (T) Clinical  signs 

004  000  
2 48 72 6 45 0 .106 0 108 + 0  002 0 45 
3 72 52 30 0 052 0 049 - -0  003 0 .68  
4 52 97 40 0 093 0 094 --I-0 001 0 .23  N?ne  

5 19 53 30 0 092 0 142 -1-0 050 11 3 NOne 
6 49 52 30 0 024 0 061 + 0  037 8 4 NOne 
7 74 45 .4  24 0 045 0 060 -k-0 015 3 4 None 
8 75 64 9 30 0 096 0 144 + 0  048 10 8 None 

9 57 82 6 40 0 058 0 026 - -0  032 7 2 Ches t  e ry thema ,  B.P.  
If all 160/80 to 100/70 

10 52 45 4 21 0 .058 0 042 - -0  016 3 6 Quest ionableerythema,  
B.P. fall 200/100 to 

( 160/95 
11 48 9~.7 45 0 118 0 072 - 0  046 10 4 Genera l ized e ry thema ,  

B.P.  fall 120/75 to 
S 0 / 5 0 - - p r o l o n g e d  
expiration 

DIscussioN 

Our normal mean of 0.067 pg. of base per ml. of blood is slightly higher than 
that obtained by others. The patients used by us were premeditated with atropine, 
which is capable of raising blood histamine levels. 15 Values reported by other 
authors were obtained from unpremeditated individuals. 

Stagnant hypoxia of muscle, such as occurs when a tourniquet is left on during 
withdrawal of a blood sample, can cause an elevation in the blood histamine 
level. 16 Samples were withdrawn in most cases without using a tourniquet but in 
some this was not possible. In these latter cases the tourniquet was applied, a 
partial sample taken, the tourniquet released, and the process repeated until an 
adequate sample was obtained. 

Changes in blood histamine produced by the psychological stress o4 being 
brought to the operating room and having an intravenous started probably are 
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minimal. Selye has shown that stressful circumstances do produce an initial re- 
lease of histamine but that the blood concentration decreaseshs stress continu~es. 
These factors may account for the higher mean blood histamine value obtained 
by us. 

The data obtained from the patients in the study group c~n be divided into 
three groups according to the changes seen in the histamine blood level following 
intravenous d-tubocurarine. In the first group no change in tile concentration of 
histamine occurred; in the second group an elevation occurred; and in the third 
group a decrease in the blood histamine occurred. The three patients in the third 
group also showed the secondary signs of eurarization. Th~magni tude  of the 
clinical signs was proportional to the drop in the histamine blood level but the 
size of the group precludes any conclusions. 

The data obtained from the patients in the second g;oup d~monstrate that the 
intravenous administration of d-tubocurarine in clinical dwes is capable of causing 
a rise in blood histamine. The elevation in blood histamiI~e, hqwever, was without 
clinical significance. The direction of the change in blood I histamine was not 
related to the weight or the age of the patient or to the amount of d-tubocurarine 
injected. The initial blood histamine value in itself yeas not significant and the 
rate of injection of d-tubocurarine was approximately the salim in all cases. 

The decrease in the blood histamine concentration iollowin~ the administration 
of d-tubocurarine may be explained in several ways. First, one may assume that 
no histamine was released and the clinical signs were due to d-tubocurarine 
reducing the thresholds of the effector end-organs to sffeh a degree that the 
physiologically active histamine already present in the blood produced a reaction. 
Evidence for or against such a mechanism does not exist as yet. Similarly there is 
no evidence to indicate that any other substance capable of producing the clinical 
signs was present or released at the time of the d-tubocurarine injection. 

A second explanation that has been offered is that the clinical signs are a result 
of ganglionic blockade. Sympathetic ganglionic paralysis following curare ad- 
ministration does not occur until five to ten times the dose required for muscle 
paralysis has been given, iv Atropine, which will block the musearinic effects of 
acetylcholine, and neostigmine cannot block the vasodilatory effect of intravenous 
or intra-arterial curare, Prior injection of tripelennamine or diphenhydramine 
will block this vasodflation. ~ Goodman and Gilman make the statement', that 
"inasmuch as considerably larger doses of curare are required for blocking 
synaptic transmission than for blocking neuromuscular transmission, it is unlikely 
that the therapeutic use of curare entails any sigflificant element of autonomic 
ganglionic blockade. ''~s 

The third explanation, the explanation which we believe is correct, is that 
histamine was released by d-tubocurarine and the clinical signs were due to the 
uptake of histamine by effector end-organs. That d-tuboeurarine is capable of 
releasing histamine was shown to be true by the elevated blood histamine in the 
second group of subjects. It is conceivable that histamipe was released into the 
blood by d-tubocurarine and was rapidly taken up by the histamine effector end- 
organs of the body, e.g., smooth muscle of cutaneous arterioles, bronchial 
musculature, and gastric mueosal glands. 
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Studies of blood histamine levels with concomitant allergic reactions are 
numerous but they give a varied picture of the blood histami:ae changes. Nilzen 
found that when a patient had clinical signs of an allergic res 3onse to arsphena- 
mine (erythema, facial oedema) dae histamine blood level dr(~pped from 0.12 to 
0.05 Etg. per ml. of blood. Following subsidence of the reaction ~ae blood histamine 
rose to 120/2g. per ml. and later returne d to normal. 12 Rose has  described two 
cases of m'ticarial reactions following sulphamethylthiozole a~ d torantil in which 
blood histamine levels dropped with the onset of- skin manifest ations. 16 This Isame~ 
author has also described decreases in blood histamine followlng surgical shock ~9 
and in cases of angioneurotic oedema. -~ -~ During acute aslhmatic attacks the 
level of blood histamine has been shown to rise or remain unchanged. 21 We have 
reported a ease of urtmana" " and angioneurotie oedema. . follov~ingla d-tubocurarine 
administration with a rise in the blood level of hlstamme. The reaction in this 
patient, however, was confined to localized areas, a recent ski h graft on the head 
and neck. 

Histamine binding, sites have been demonstrated to be abnlormal in the serum 
of allergic patients. ''z It has also been shown that i n asthmCtics the histamine- 
activated end-organs are abnormally sensitive. 23 ~u dither of these two 
fdctors is present in the patients in the third group canno~be proved by our 
studies, but all patients were free of any allergic symptoms ot history. 

The method used to determine blood histamine does not differentiate the in 
vitro nature of the histamine. A varying proportion of the histamine may be in 
the bound and/or conjugated form. Therefore a high blood ]~istamine level may 
not be indicative of a high blood level of physiologically active histamine. Con- 
versely very small elevations of blood histamine may cause symptoms if the 
binding sites ai~e al~normal or saturated with histamine, a7 This fact can explain 
the difference b&ween the second group, where all histamine released was either 
bound (e.g. to the globulin fraction of the plasma proteins), or was in a con- 
jugated state, and the third group, where the histamine released was not bound 
and was taken up by effeetor end-organs. 

SUIKIMARY AND CONCLUSION 

The blood level of histamine was measured in six control patients scheduled 
for elective surgery. In eleven patients the histamine blood level was measured 
before and five minutes after the rapid intravenous injection of 0A4 rag. per kg. 
body weight of d-tuboeurarine. There was no change in the histamine blood level 
of four patients, a rise in the histamine blood level of four patients, and a decrease 
in the histamine blood levels of three patients. The last group ,of patients all 
showed evidence of systolic hypotension, increased airway resistance, and skin 
erythema. 

Histamine may be released from endogenous sources by d-tuboettrarine. The 
significance of this release is determined by the sensitivity of the histamine 
effeetor cells and by the state of the histamine binding sites. When these are 
abnormal, such as in asthmatic or "ectopic" individuals, it is wise to use relaxants 
other than d-tuboeurarine. 
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l ~ s ~  
Le taux d'histamine dans ]e sang rut mesur6 chez six malades t6moins devant 

subir  une  chirurgie 61ective. Chez onze malades ,  le tatLX d 'h is tamine  rut  mesur6  
avant,  et cinq minutes  apr~s l ' injection rap ide  de  d- tubocm'ar ine  par  vole I.V., 

raison de 0.44 mg./kg, de poids corporel.  I1 n 'y eut  aucun  c h a n g e m e n t  du  taux 
d 'h is tamine chez qua t re  malades;  il y cu t  une  616vation chez qua t re  autres  
malades ,  et une  d iminut ion  chez trois ma]ades.  Chez ces derniers,  on constata  
une  hypotens ion  systolique, une  r6sistance augmen t6e  du "airway," et de  
l '&yth&me. 

La d- tube  peu t  p rovoquer  la l iberat ion d 'h is tamine  ~ part ir  de sources 
endogbnes.  

L'exp]ication de cette ]ib6ration nous serait donn6e par la sefisibilit6 des 
cellules effectrices de l'histamine, et par ]'&at des r6cepteurs d'histamine. Quand 
ceux-ci sent anormaux, comme chez les asthmatiques, il est sage de se servir de 
myor6solutifs autres que la d-tubocurarine. 
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