
12 SCIE'NCE VOL. 102, NO. 2636 

the tubercle bacillus. Against Staphylococczcs and 
Streptococcus it  has only slight activity, and against 
E s c h e k h i a  coli none at all. 

The active agent, whatever its nature, is very stable, 
for it is not conlpletely destroyed even when auto-
claved at a pressure of fifteen pounds for fifteen 
minutes. The filtrates from cultures kept at 2 8 O  C. 
for three months still show activity, and samples of 
the residue from ether extraction kept at So C. for 
the same length of time lose none of their potency. 

Preliminaty tests on mice have indicated that the 
orude extract is relatively non-toxic. Between 6 and 
8 mgms can be tolerated by a mouse. 

The experiments thus far  have shown that there 
is an additional fungus of the Aspergillus group from 
the culture filtrate of which a substance can be ob- 
tained that definitely inhibits the growth of 31. tuber-
culosis in vitro. I t  seems desirable, before attempting 
to establish the value of the antibiotic substance in 
experimental tuberculosis to obtain it in a more pure 
form. Studies are in progress to this end. 

THE EFFECT OF CYSTEINE ON STREPTO- 
MYCIN AND STREPTOTRRICIN 

THE recent communication of Cavallito and Bailey1 
describing the complete or partial inactivation of a 
large number of antibiotics by cysteine prompted us 
to test the action of the latter on streptothricin and 
streptomycin concentrate^.^ I t  was found that strep- 
tomycin is inactivated by cysteine, whereas strepto- 
thricin is not. Streptomycin is also inactivated by 
2-aminoethanethiol but not to any significant extent 
by thioglycollie acid. The inactivation experiments 

TABLE 1 

ERBECTO F  SULFUR ON ACTIVITYO FORGANIC COMPOUNDS 

S T R E P T O ~ ~ Y C I AAND SOLUTIONSSTREPTOTHRICIN 

Concentration of organic
sulfur compound 

(mg/ml) 

Streptomycin
assay

(units/ml) 
Streptothricin

assay
(units/ml) 

Control (phosphate butrer)
Cysteine H01 

0.13 

49 

39 
0.25 29 

1Cavallito and Bailey, SCIENCE, 100: 390, 1944. 
2 The activity of streptomycin concentrates varied from 

80 units/mg to 600 units/mg; the activity of the strep- 
tothricin was 440 units/mg. 

were carried out by adding neutral solutions of the 
organic sulfur compounds to known amounts of 
streptomycin or streptothricin dissolved in neutral 
phosphate buffer. After storing for several hours, 
the solutions were tested for antibiotic activity against 
Bacillus subtilis by the Oxford cup method.3 

The difference in behavior of streptomycin and 
streptothricin toward cysteine is of interest and of 
particular significance in view of the microbiological 
similarity of the two substance^.^ With the use of 
cysteine one can not only differentiate the two anti- 
biotics but estimate the relative amounts of each in 
mixtures of the two (Table 2). 

TABLE 2 

EFFECTOF CYSTEINEON MIXTURESOF STREPTOXYCIN 

AND STREPTOTHRICIN 

myEin thribin $j:;Ge Assayedadded added activity
(units/ml) (units/ml) (units'm1) 

Solution I . . . 25 25 0 45
Solution I1 . . 100 0 .  2 0
Solution I11 . 100 8 2 9
Solution I V  . 100 15 2 17
Solution V .. 50 50 1.3 45 

The cysteine inactivation of streptomycin can be 
reversed by iodine; presumably cystine is formed dur- 
ing this process. To our knowledge, this is the first 
recorded instance of reversible cysteine inactivation of 
an antibiotic. The regeneration of the antibiotic ac- 
tivity of streptomycin solutions containing cysteine 
was carried out by shaking such solutions with small 
amounts of a carbon tetrachloride solution of iodine 
until no further decolorization occurred. The solu- 
tions were aerated to remove the organic solvent be- 
fore assay. The recovery of activity was quantitative. 

The observations thus far made indicate that the 
inactivation of streptomycin is reversible, not a prop- 
erty of the sulfhydryl group alone, nor is it  limited to 
cysteine. A mechanism postulating either a reversible 
chemical reaction between the two substances or a 
competitive effect on metabolic processes would be 
consistent with these - observations. 
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THE MECHANISM OF PAIN IN TRIGEMINAL 
NEURALGIA1 

TRIGEMINALneuralgia (tic douloureux), an episodic, 
recurrent, unilateral pain syndrome, occurs for the 

3 Foster and Woodruff, J. Bact., 45: 408-9 (1943). 
1Waksman, Bugie and Schatz, Proc. StaffMeetings 

Vayo  Clinic, 19: 537-548, 1944. 
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most part in persons over fifty years of age who may 
have vascular disorders such as arteriosclerosis, ar-
terial hypertension, migraine or Meniere's syndrome. 
Series of attacks may occur during periods of anxiety, 
fatigue, tension or stress. 

Various conceptions of this disorder have been 
p r e ~ e n t e d . ~ , ~Recent observations indicate a relation 
between tic douloureux and defects in cranial circula- 
tion. Thus, surgical procedures designed to induce 
cranial vasodilatation have in two instances eliminated 
tic douloureux for an The ad- indefinite p e r i ~ d . ~ , ~  
ministration of vasodilator agents has reduced both 
the frequency and intensity of attacks of t ic6 Beta 

talking, laughing, swallowing, shaving or drinking 
cold water. The pain was limited to an area of the 
face innervated by one or more divisions of the fifth 
cranial nerve. 

The seven patients so selected were instructed to 
indicate, on stimulation of the '(trigger area," the 
moment of onset, the duration and the intensity of 
each attack. Before the action of any agent was 
studied a suitable "control" was established by ex-
perimentally inducing attacks of pain a t  three-minute 
intervals for twenty-one to thirty minutes. 'A vaso-
dilator agent was then administered for varying 
periods, the patient meanwhile being stimulated at 

methylcholine chloride was effective in one ~ a t i e n t . ~  
Also, attacks of tic pain have been temporarily abol- 
ished by the inhalation of amyl nitrite, and the con- 
tinued administration of nicotinic acid by mouth had 
longer lasting effect in seven patients.? On the other 
hand, attacks of pain have been precipitated in pa- 
tients with trigeminal neuralgia by vasoconstrictor 
agents, i.e., by the administration of benzedrine sul- 
phate and subcutaneous e~inephr ine .~  

I t  has been demonstrated that during the initial 
phases of anoxia, nerve cells and axones may have 
their thresholds lowered or may discharge spon-
t a n e o u s ~ ~ . ~  mayFurthermore, high intensity pain 
result from pressure ischemia of the Gasserian gan- 
glion and adjacent sensory root and nerve^.^ These 
data, demonstrating that cranial vasodilatation can 
eliminate pain and that impaired circulation and vaso- 
constriction about the head can precipitate pain, sug- 
gested that this apparent relation of the cranial 
circulation to tic douloureux should be further investi- 
gated. 

MATERIALAND METHODS 

onlythose patients were used for investigation who 
had '(trigger which, when experimelltally stirnu- 
lated, produced pain. ~h~~~ patients, for 
varying periods of years, had had paroxysmal 
of moderate or high intensity, burning and aching 
pain, lasting from one to sixty occurring 
sipgly or in series, spontaneously and after stimula- 
tion of ''trigger and precipitated by chewing, 

1From the New York  Hospital and the ~ ~o f  

Medicine and Psychiatry, Cornell University Medical Col- 
lege, New York ,  N .  Y .  

2 W .  E.Dandy, Am. Jour. Surg., 24: 447, 1934. 
3 F. H. Lewy and F. C. Grant, Arch. Neur. and Psy- 

chiat., 40: 1126, 1938. 
4 P. G. Flothow, Northwest Medicine, 29: 69, 1930. 

two- or three-minute intervals on the "trigger area," 
which during the control period had predictably 
elicited pain. When an agent was repeatedly ad-
ministered during a period of two weeks, the "trigger 
area" was stimulated at stated intervals each day. 
The effects of such stimulation were recorded in terms 
of occurrence, duration and intensity of pain. The 
action of four vasodilator agents, known also to have 
an effect on intracranial vessels, histamine,lO amyl 
nitrite,ll ten per cent. carbon dioxide12 and nicotinic 
acid13,14 was investigated. I n  these experiments blood 
pressure changes never exceeded 20 mm of mercury 
above or below its initial level. 

I n  all the patients both spontaneous and experi- 
mentally induced attacks of pain were diminished in 
intensity and duration, or eliminated by a t  least one 
of the vasodilator agents used. I n  most patients each 
of the four vasodilator agents was effective in modi- 
fying or eliminating attacks of pain during adminis- 
tration and for a short time thereafter. The additive 
effect of two agents, i.e., nicotinic acid and amyl 
nitrite, could be demonstrated. Placebo procedures 
and agents did not have a similar effect. The vaso- 
dilator agents induced their effects usually some min- 
utes after administration, either intravenous or by 
inhalation. Four minutes after nicotinic acid was 
given attacks could longer be in-
duced for a thirty-minute period. There was occa-
sionally a time interval of as long as sixty minutes 
between the beginning of administration and the onset 

a major effect on tic. I n  several instances during ~ ~ ~ t ~ ~ 
the repeated administration of nicotinic acid (200 
mg orally every four hours for two weeks) recurrence 

10 H.  S .  Forbes, H. G. W o l f f  and S. Cobb, Am.  Jour. 
Physiol., 89:  266, 1929. 

'1
 H. G. W o l f f ,  Arch. Neurol. and Psychiat., 22: 686, 
R. E. McKechnie, Canadian Med. d sn .  Jour., 28: 41, 1929. 

1933. 	 12 H.G. W o l d  and W.  G. Lennox, Arch. Neurol. and 
6M. J.  Cooper, Am. Jour. Ned.  Sci., 195: 83, 1938. Psychiat., 23: 1097, 1930. 

W .  E. Adams and W .  Robinson, Lancet, 2 :  555, 1941. 13 C. D. Aring, H. D. Ryder, E. Roseman, M .  Rosen-
Detlev W .  Bronk, Proc. Asn. hTerv. and Ment. Dis., baum and E. B. Ferris, Arch. Neurol. and Psychiat., 46: 

18: 298, 1937. 	 649, 1941. 
Harvey Gushing, Am. Jour. Med. Sci., 160: 157, 1920. l4M. T. Moore, Arclh. Int .  Ned., 65:  1, 1940. 
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of mild attacks of pain occurred when the patients 
were startled or when they were inarkedly anxious. 
111 every patient sustained sensations of burning and 
aching were experienced over one or more divisions of 
the fifth nerve on the side of the tic for the first tliyo 
to six days of nicotinic acid administration. There-
after, in all but one patient, pain was eliminated 
during the short period of observation. I t  would 
appear that the paresthesias v7ere due to partial 
ischemia because they were eliininated by inhaling 
aniyl nitrite. In three patients nicotinic acid was 
effective in reducing the frequency and intensity of 
attacks for the first two days of adniinistratiori, but 
then for two to three days spontaneous attacks oc-
curred more frequently and were inore intense, and 
attacks could be more readily induced experimel>tally. 
Thereafter, attacks of pain were eliminated. Cessation 
of adlninistration of nicotinic acid was followed by .t 

return of the attacks of paill, both the spontalleous 
and the experimentally induced. I11 sonle of these 
patients the recurrence of tic douloureux ~i.as first 
noted during episodes of anxiety or sudden physical 
activity. 

I n  one patient an attack of tic douloureux mas 
initiated a t  the peak of the pressor response 1%-hen 
an extreinity was inlniersod in ice water. 

None of the vasodilator agents used raised the pain 
threshold. 

CONCEPTOF XECHANISIU 

I t  is inferred froin these observations that tic 
douloureux is the result of paroxysnial ischen~ia of 
trigenrinal structures. The site of the ischemia may 
be central or peripheral. However, it  is di%cult to 
conceive of a central defect so circumscribed as to 
affect the function of only the trigelninal cells without 
involving adjacent nuclei and tracts. Also, such a 
defect nlust be so discrete as to produce pain limited 
to one or another division of the fifth cranial nerve. 
A peripheral ischenlia involving Gasserian ganglion 
sensory root and nerves, homever, could result in such 
a circumscribed disturbance. I t  is of interest that the 
vascular bed of the Gasserian ganglion is relatively 
poor.15, l6 It is therefore postulated that afferent 
stiniuli (touch, pressure, cold, muscle, etc.) arising 

f~oil l  the "trigger area" evoke reflex vasoconstrictio~l 
either widespread or local, but involving the trigemi- 
nal structures. Such reflex vasoconstriction alone, or 
nlore colnnionly when superiinposed upon structurally 
narrowed vessels, results in a sudden and critical in- 
crease ill ischemia and pain. This postulate is com- 
patible with the observation that blocking such effer- 
ents by procaine or alcohol niinilnizes or eliminates 
tie douloureux for shorter or longer periods. 

The short paroxysrn of pain (from one to sisty 
seconds) can be understood as the effect of periodic 
vasoconstriction. I11 patients who are spontaneously 
having a series of attacks an episode of vasoconstric- 
tion inay be followed by a short interval of improved 
blood supply, tvhen the next of a series of vasocon- 
strictor episodes may induce another attack. Such 
phases may follow each other for one or nrore hours. 

The tiwe lapse between the administration of a 
vasodilator agent and reduction of the pain may be 
explained by assuming a cumulative effect of pro-
longed meager blood supply to nerve or a refractive 
state of the local blood vessels. The hyperalgesia 
of the skin over the painful area that occasionally 
occurs after a paroxysnr of pain is compatible with 
a state of lowered pain threshold acconipanying nerre 
ische~nia.~,I r  

I n  those patients who, when startled, apprehensive 
or subjected to imn:ersion of an extreinity in ice water, 
esperience spontaneous attacks of pain, vasoconstric- 
tion within the trige~nirlal structures may be part of 
a widespread vasoconstrictor reflex or a response to a 
blood-borne pressor substance. I n  those patients in 
31-horn vasodilator agents l:lodify the syndrome 0111~~ 
slightly, structural changes in the blood vessels nlay 
be sufficiently advanced to prevent adequate vaso-
dilatation. Because of individual variations in tenl- 
perament, in the degree and rate of structural vascu- 
lay cl~anges and in tolerance to vasodilator agents, 
inferences about long tern1 therapy are not justified. 
This study is focussed on the nlechanisin of pain in 
trigeminal neuralgia. 

RICHARDC. KARL 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 

SYNTHETIC LATEX AS INJECTION MASS 

FOR CLOSED VESSELS 

THE use of natural latex as injection mass has been 
adequately discus~ed,l~~,"4 to our knoll-ledgebut 

15 H. S. Dunning and H. G. Tniolff,Jo?u. ConbP. Nezcr., 
6 7 :  	433, 1937. 

16 H. G. Wolff, PTOO.ASS%.Res. iierv. and Meitt. Dis., 
18: 29, 1937 (see p. 52). 

nothing has been published concerning synthetic 
latexes, although a t  present these are more available. 

Two synthetic latex conipounds have been used in 
the present work for vascular injection of cada~rers. 
Present findings are based upon results of injection 

1; N. Bigelow, I. Harrison, H. Goodell alld H. G. 
Wolff, Jour. Clin. Invest., in press, July, 1945. 

1L. Petrovits and Z. Szab6, Anaf.  dnz., Bd. 89, 111. 
34-45, 1939. 
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