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to endotodn. Findings of the present study 
support the view that the intestine of the dog 
does not play a major role in promoting de- 
velopment of the irreversible phase of endo- 
toxin shock. 

Sumrnarjr. Previous reports have suggested 
that the gastrointestinal tract plays a major 
role in development of irreversible endotoxin 
shock in the dog. However, results presented 
here do not support this view but show a sta- 
tistically significant stepwise decrease in sur- 
vival time as an increasing m o u n t  of vis- 
ceral tissue is removed from the dog. These 
data indicate that the gut of the dog is not 
the “shock organ” but rather serves a pro- 
tective role in endotoxin shock. A possible 
mechanism for development of the irrevers- 
ible phase of endotoxin shock in the cat, rab- 
bit. dog and monkey is suggested. 

-4ppreciation is expressed to Mr. Chin Hyong Kim 
for technical assistance. 
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Tretnorine Tremor in Chronic Spinal Rats. (27152) 

R. K. CHALMERS* AND G. K. K. YIM (Introduced by T. S. Miya) 
Department of Pharmacology, SchooE of Pharmacy, Piirdue University, Lajayette, Znd. 

Everett and his co-workers. who discov- 
ered the characteristic properties of Tremor- 
ine ( 1,4-dipyrrollidino-2-butyne). reported 
that 5 to 20 mg/kg by any route of adminis- 
tration produced a marked, sustained tremor 
in all animals tested ( 1,2,3). The tremor was 
seen particularly in the head and limbs. They 
initially noted that acute spinal rats exhib- 
ited Tremorine tremors above the level of 
section: but none caudal to it. Sash and 
Emerson later reported that Tremorine (35 
mg/kg, i.v.) given to 2-week chronic spinal 
cats would induce tremor and spasticity at 
it11 levels above and below the section( 4 ) .  
Kaelber and Hamel recently reported their 
inability to reproduce this “spinal” tremor 
in 2-week chronic spinal cats given Tremor- 
ine, 35 mg,/kg: i.v.(S). They suggested that 

~~ ~ ~~~ 

* This investigation was carried out during the 
tcnure of a USPHS Predoctoral Fellowship. 

the phenomenon reported by Nash and Em- 
erson may really have been the twitching of 
clonus associated with various mass reflexes 
commonly seen in chronic spinal animals. 

The use of Tremorine as a tool ‘for produc- 
tion of “spinal” tremor led us t . ~  plan a de- 
tailed study of the phenomenon, using more 
than 7 5  chronic spinal rats maintained up to 
one month post-operatively. 

Methods. A11 operations were performed 
aseptically under ether anesthesia upon fe- 
male Wistar albino rats weighing 200 g. 
Spinal cordectomy was accomplished by lami- 
nectomy and removal of a 2-3 mm segment 
of cord between the sixth and ninth thoracic 
vertebrae. Subsequent dorsal root sections 
in chronic spinal rats were performed either 
unilaterally or bilaterally by laminectomy 
and diivision of the dorsal root fibers central 
to the spinal ganglia of the fifth, sixth and 
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seventh lumbar nerves. Limb denervation 
\-vas effected by section of these same spinal 
nerves peripheral to the bifurcation of the 
dorsal and ventral roots. All sections were 
confirmed at  termination of the experiments 
by examination of formalin-fixed spinal cord 
and roots. 

The animals were tested daily following 
cord section for the return of spinal reflexes 
in response to toe pinch, and for the ability 
of Tremorine to elicit tremors in the hind 
legs. All injections were administered intra- 
peritoneally. After trying transducers and 
electromyography, the following method was 
used for obtaining visual recordings of tre- 
mor activity. The rat was placed prone in a 
rat holder with its hind’ l i m b  hanging free. 
.A small magnet (obtained from a magnetic 
automatic pencil) was taped to the bottom of 
the foot and a coil of copper wire placed 
close to the magnet. Movements of the mag- 
net induced minute currents in the coil which 
were amplified by a Grass P-5 preamplifier 
and displayed on a Tektronix 502 Dual-beam 
oscilliscope. Grass C-4 Kymograph camera 
recordings were taken of these patterns. 

Results. Trernorine. Immediately after 
spinal section, rats responded to hindlimb 
toe pinch by feeble ipsilateral flexion only. 
Tremorine in doses up to 20 mgjkg produced 
a pronounced tremor above the Ievel of sec- 
tion, but none in the rear extremities. By 
the second day this ipsilateral flexion re- 
sponse was pronounced; in addition, the con- 
tralateral limbl responded to the toe pinch by 
cz feeble adduction of the limb up toward the 
body midline. By the third to fiIth rlay this 
contralateral response developed into a 
crossed extension in which the rat extension 
kicked the contralateral limb toward the 
pinched foot. Return of these contralateral 
responses was generally accompanied by the 
ability of Tremorine to induce active tremors 
in the hind limbs. While the hind limbs of 
rats showing contralateral adduction did not 
always respond to Tremorine, invariably 
with the return of the crossed extension pat- 
tern, spinal tremors could be elicited with 5 
to 10 mg,kg of Tremorine. 

Fig. 1 demonstrates typical magnet record- 
ings of Tremorine tremors taken from the 

‘ Magnet ’ ’ recordings from hind limbs of chronic 
spinal rats. (A) control; (B) after tremor drug; 

(C) after procyclidine, 15 mg/kg. 
FIG. 1. Tremorine, 10 mg/kg, both hind limbs 

intact. 
FIG. 2. Tremorine, 10 mg/kg; (B) left hind 

limb intact, (B’) right hind limb dorsal roots sec- 
tioned. 

FIG. 3. Arecoline HBr, 10 mg/kg, both hind 
limbs intact. 

FIG. 4. Physostigmine salicylate, 1 mg/kg, both 
hind limbs intact. 

FIG. 5. Physostigmine salicylate, 1 mg/kg; (R) 
left hind limb intact, (B‘) right hind limb dorsal 
roots sectioned. 

right hind foot of a spinal rat 2 weeks post- 
operatively. Prior to Tremorine the hind 
limbs were quiet. Fifteen minutes after 
Tremorine, 10 mg/kg, typical 1 to 2 second 
bursts of tremor a t  a rate of lO/sec. were 
seen in the right hind foot. These bursts rep- 
resented alternation of tremor back and 
forth between the right and left hind limbs. 
This alternate tremor was periodically inter- 
rupted by unilateral or bilateral limb flexion 
accompanied in many cases by hip abduction 
at the height of flexion. The pattern shown 
in Fig. 1 consists of pure tremor with no 
flexion. 

Above the level of section the Tremorine 
response was a nearly continuous moderate 
tremor of the head and forelimbs. This fore- 
limb tremor could not be satisfactorily re- 
corded for comparison with the hind limb 
events since the front limbs could not be kept 
in a stationary position for magnet record- 
ings. The synthetic anti-Parkinson drug, 
procyclidine (Kemadrinm) , 15 ingikg, quick- 
ly blocked the tremor of the hindlimbs (as 



well as that above the level of section). 
Fig. 2-B’ shows the abolition of Tremorine 

tremors in a limb following section of its 
dorsal roots. Note also the reduction of 
tremor in the left, intact limb of this animal 
(Fig. 2-B). 

As a number of find- 
ings suggest that Tremorine acts by a central 
cholinergic mechanism. we studied the 
cholinergic drugs. arecoline, physostigmine. 
and prostigmine in chronic spinal rats. 

The type of response obtained with areco- 
line HRr. 10 mg’kg. is shown in Fig. 3. 
I’ffeifer has reported a Parkinson-like tremor 
with this drug in normal rats(6). I n  chronic 
spinal rats a tremor of about 10 sec. was 
seen to alternate in intensity from right limb 
to left. The duration of this tremor was 
only about 10 minutes as compared to 1 hour 
with Tremorine. Procyclidine also blocked 
the spinal tremors of arecoline. Unilateral 
dorsal root section blocked arecoline tremors 
in the sectioned limb. 

Fig. 4 demonstrates the ability of physos- 
tigmine salicylate. a tertiary amine which in- 
hibits cholinesterase. to produce tremors in 
the chronic spinal rat. These tremors, al- 
though slightly greater in amplitude and rate 
than those produced by Tremorine. also al- 
ternated in intensity from limb to limb. Pro- 
cyclidine effectively blocked the spinal trem- 
ors. 

Unilateral dorsal root section blocked the 
physostigmine tremors in the sectioned limh 
(Fig. 5-B’), but also markedly diminished the 
tremor amplitude in the intact limb (Fig. 
5 - B ) .  The slow activity during drug action 
in the limb with root section. and in the in- 
tact limb after procyclidine (Fig. S - C ) ,  rep- 
resents a peripheral component of the action 
of physostigmine in the farm of a slow, visi- 
ble, muscle fasciculation. Dorsal root sec- 
tion or acute limb denervation did not abol- 
ish this action: the magnitude of this fas- 
ciculation artifact, however, did not con- 
tribute significantly to the apparent tremor 
response. 

In  contrast to physostigmine. the quater- 
nary aniine inhibitor of cholinesterase, pro- 
stigmine methylsulfate in doses of 0.1 to 1 
mg/kg, produced no typical spinal tremors 

Cholinergic drugs. 

in chronic spinal rats, but only the slow, visi- 
ble. muscle fasciculation of the hind limbs. 
This fasciculation was not blocked by acute 
limb denervation nor procyclidine, and it 
even persisted 4 to 5 minutes after death. 

Discussion. Hind limb’ tremors were con- 
sistently observed in chronic spinal rats given 
doses of Tremorine which were also in the 
minimal range for eliciting upper body 
tremors. Our study of this phenolmenon in- 
dicates the possibility that the qualitatively 
similar tremors produced in the hind limbs 
of chronic spinal rats by Tremorine, areco- 
line, and physostigmine are centrally medi- 
ated, but subject to feedback control. These 
drugs possess tertiary amine structures and 
thus pass readily into the spinal fluid to ex- 
ert their action. In contrast. the quaternary 
amine compound, prostigmine, evidently does 
not penetrate into the spinal fluid to exert a 
direct effect. The apparent reduction of 
Tremorine and physostigmine tremors in the 
intact limb of a chronic spinal rat where the 
opposite leg has undergone a sectioning of its 
dorsal roots, combined with the finding that 
tremor induction paralleled the return of the 
crossed extensor reflex, suggests further that 
adequate input across the cord is necessary 
for reinforcement of these tremors. 

The ability of the clinically effective anti- 
c holinergic, an ti-Parkinson agent, procycli- 
dine, to block the tremors of Tremorine, are- 
coline, and physostigmine, but not the fas- 
ciculations of physostigmine and prostigmine, 
implicates central cholinergic sites for tremor- 
ogenic activity. Thus far, cholinergic trans- 
mission in the central nervous system has 
been definitely established only for the motor- 
axon collaterals to the Renshaw cells( 7) .  
Kenshaw cell stimulation by cholinergic 
agents depresses tnotoneuron activity. Feld- 
berg et nl .  present evidence which supports 
the existence of cholinergic synapses at inter- 
neurons in the polysynaptic reflex pathways 
from dorsal to ventral root(8). The action 
of Tremorine on these systems is now being 
studied in chronic spinal dogs. 

Summary. Tremorine and 2 other cen- 
t rally-acting cholinergic compounds, arecoline 
and physostigmine, have been shown to in- 
duce tremors of the hind extremities in 
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chronic spinal rats. These tremors have been 
blocked by the anticholinergic, anti-Parkin- 
son agent, procyclidine, as well as by dorsal 
root section. In contrast, prostipine me- 
thylsulfate produced only muscle fascicula- 
tions which were not blocked by procyclidine 
or acute limb denervation. The implications 
of these findings are briefly discussed. 

The authors gratefully acknowledged Dr. G. M. 
Everett, Abbott Laboratories, for supplying Trem- 
orine. 

1. Rlockus, I,. H., Everett, G .  M., Fed. Proc., 
1957, .v16, 1209. 

2. Everett, G. M., Nature, 1956, v177, 1238. 
3. Everett, G. M., Blockus, L. E., Shepperd, I. M., 

Toman, J. E. P., Fed. Proc., 1956, vlS,  1369. 
4. Nash, J. B., Emerson, G. A., ihid., 1959, v18, 

426. 
5. Kaelber, W. W., Hamel, E. G., A .  M .  A .  Arch. 

Neurol., 1960, v2, 338. 
6. Pffeifer, C. C., in Molecules and Mental Health, 

Edited by F. A. Gibbs, J. B. Lippincott Co., 1959, 

7. Eccles, J. C., The Physiology of Nerve Cells, 

8.  Feldberg, W.,  Gray, J. A. B., Perry, W. L. M., 

p102. 

The Johns Hopkins Press, 1957, p184. 

J .  Physiol., 1953, v119, 428. 

Received October 20, 1961. P.S.E.B.M., 1962, v109. 

Trachoma Viruses Isolated in the United States. V. Growth Rates and 
Drug Inhibition Patterns in Embryonated Eggs." (27153) 

E. JAWETz, L. HANNA, s. CHINO,+ AND J. ZICHOSCH 
Department o j Microbiology, University of California Medical Center, Sun Francisco 

It has been known for some years that 
clinical trachuma and inclusion conjunctivitis 
respond to several antimicrobial drugs. In 
fact i t  is likely that trachoma could be con- 
trolled throughout the world, and perhaps 
eliminated altogether, if infected persons 
would undergo1 adequate treatment with tet- 
racyclines or other effective drugs. When 
trachoma viruses became available for labora- 
tory study it was found, as expected, that 
they were strongly inhibited by tetracyclines, 
less markedly by penicillin crr chlorampheni- 
col and virtually unaffected by streptomycin 
(1,2,3).  After isolation of the first trachoma 
viruses from the United States in our labora- 
tory( 4) pronounced strain-specific behavior 
was encountered with tetracycline and peni- 
cillin. Ea.ch strain tended to be inhibited in 
its lethality for eggs by a constant and d i s  
tinct quantity of a given antimicrobial drug. 
These initial results suggested the poissibili4ty 
that the reaction patterns to antimicrobial 
drugs might be genetically stable markers of 
trachoma strains(3). Consequently i t  was 
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desirable to submit a larger number of iso- 
lates of trachoma and inclusion conjunctivitis 
(IC) viruses to tests with antimicrobial 
drugs. This report summarizes quantitative 
experiments on the action of penicillin, tetra- 
cycline and tylosin tartrate on 5 strains of 
trachoma and 2 strains of TC viruses. The 
action of antimicrobial drugs on viruses on 
the psittacosis-LGV-trachoma group is re- 
markably similar to their action on bacteria. 
The latter is greatly influenced by metabolic 
activity and growth rate of microorganisms. 
Therefore it was of interest to compare the 
growth rates of different trachoma and IC 
viruses in embryonated eggs and attempt to 
correlate them with susceptibility to drugs. 
Results of such studies are presented hew. 

Materials and methods. Viruses. Isolates 
from the United States were employed at 2 
or more passage levels with the following egg 
ZDrjo titers ( ELDso/m1) : Trachoma strains 
BOUR us 9-11 (104.7 to 1 0 1 7 9 ,  ASGH YS 

( 106.5 to i 0 6 q ,  APACHE #2 YS 8-10 ( 105.6 
7-9(1W1 to l@.*), APACHE #I YS 7-9 

to lW9) ; and inclusion conjunctivitis strains 
IC Cal 1 US 6-9 ( 1O5.O to lo6*') and IC ca l  
3 YS 7-8 ( 1 0 6 e 3  to 1 O 6 e S ) .  In addition one of 


