
2 14 

Tremorine-Induced Rage and Its Antagonism by Atropine.* (25783) 

W. W. BAKER, M. J. HOSKO, W. J. RUTT AND J. R. MCGRATH~ 
Dept .  of Pharmacology, Jeflerson 

Tremorine (1,4 - dipyrrolidino - 2 - butyne) 
was reported to produce a marked parasympa- 
thetic stimulation and a sustained tremor ( 1, 
2 ) .  Extensive use has been made of its trem- 
orgenic effects to evaluate compounds for 
antiparkinsonian activity( 3.4). The trem- 
orgenic ( 5 ) , hypothermic ( 7 ) . 
and stimulatory properties (8 )  of Tremorine 
were compared with those of other centrally 
active agents which possess these actions. 11-e 
were interested in supplementing this work. 
most of which had been done in rodents, with 
Tremorine studies in the cat. During the in- 
vestigation we noted that Tremorine, in addi- 
tion to its previously described actions, pro- 
duced a rage response which was abolished by 
atropine. An attempt was made to relate this 
response to parallel changes in cortical and 
subcortical electrograrns and to gain an un- 
derstanding of the underlying central mechan- 
isms. 

Materials and methods.  Over 40 cats (2.0- 
3.0 kg) were used to study changes in overt 
behavior and brain electrical activity pro- 
duced by Tremorine hydrochloride.: The  
agents were administered parenterally a t  fol- 
lowing doses: Tremorine (5-20 mg k ~ ) ,  atro- 
pine sulfate ( 2  mgjkg) and atropine methyl- 
nitrate ( 2  mgjkg) . Overt  effects. Tremorine 
(105-20 mg/kg) was studied in conscious, un- 
restrained animals, Atropine sulfate or atro- 
pine methylnitrate was injected before Tre- 
morine or a t  peak of rage response. Post- 
mortem observations were made, and brain 
and other tissues were removed for histologic 
study. Electrographic studies. These experi- 
ments were performed under anesthesia with 
pentobarbital (3 5 mg/kg) , Dial-urethane (0.7 
ml/kg) , or while the cat was immobilized with 

analgesic ( 6 ) ,  
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succinylcholine chloride. A small series oif 
enckphale is016 preparations was also studied. 
S 11 ont a neous electrical activity from several 
cortical and subcortical areas was recorded 
bipolarly on a Grass polygraph using silver 
ball and stainless steel concentric electrodes, 
respectively. Doses of Tremorine slightly 
smaller (5-10 mg/kg) than those used to ob- 
serve behavior were employed. Atropine was 
given either before or after the Tremorine- 
induced cortical activations. Blood pressure 
was monitored from the femoral artery dur- 
ing some experiments. Measures also were 
taken to maintain body temperature (rectal) 
to offset hypothermia produced by Tremorine. 

Resul ts .  Overt  responses and antagonism 
I T , j i  atropine. In  cats which were conscious 
and unrestrained different phases could be 
recognized during action of Tremorine (10-20 
mg Be). No signs were evident during the 
first hour (latency). Then there was a period 
of intense parasympathetic stimulation (vom- 
iting, defecation, salivation, etc.) . At this 
time some of the cats developed fine tremors 
of head and limbs. As these effects subsided, 
the animals became agitated and easily ex- 
cited. During the next several hours the rage 
response which included hissing, clawing, and 
biting mounted in intensity (Fig. 1 ) .  The 
animals reacted violently to various external 
stimuli a t  which they directed their attack. 
This agitation, which persisted for several 
hours, was fatal within 24 hours if unchecked. 
Atropine abolished the rage response and 
quieted the animal within a few minutes after 
injection (Fig. 2 ) .  When given before Tre- 
morine, i t  inhibited both the rage and para- 
sympathetic discharge. In  contrast, methyl- 
atropine a t  the same dose antagolnized only 
the peripheral parasympathetic effects. At 
smaller, sublethal doses (less than 5 mg/kg) 
Tremorine did not produce rage; a t  higher 
doses (greater than 20 mg/kg) i t  produced 
ataxia, and death shortly thereafter. 

Pathology. At this time only a preliminary 
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FIG. 1-4. Actions of Tremorine in c a t  and their 
antagonism by atropine. 1. Rage response. 2. An- 
tagonism of rage by atropine. 3. Cortical and snb- 
cortical electrical changes in  cat anesthetized with 
pentobarbital. Leads : P.X.G.-posterior suprasyl- 
vian gyrus ; M.X.G.-middle suprasylvian gyrus ; 

report can be made of the pathologic effects 
produced by Tremorine. In enraged animals 
pertinent lesions were found in gastrointes- 
tinal tract, lungs, and brain. Gastric lesions 
were most consistent, but varied in severity 
from mucosal hyperemia to ulceration with 
hemorrhage (Fig. 4) .  Some of the animals 
evidenced hyperemia of rectal mucosa. The 
lungs, when involved, were congested, hemor- 
rhagic, and of ten contained excessive bronchi- 
olar secretions. Histologic sections of the 
brain revealed acute congestion with endo- 
thelial proliferation, edema, and various forms 
of neuronal degeneration in cerebrum, cere- 
bellum, and brain stem. Necropsy of animals 
pretreated or treated a t  the height of rage 
with atropine did not reveal similar changes. 

Cortical and subcortical electrograms. EEG 
changes produced by Tremorine were similar 
in anesthetized (Fig. 31, succinylcholine-im- 
mobilized (Fig. 5 > ,  and enckphale is016 ani- 
mals and followed a comparable time se- 
quence. The first EEG effects appeared 
shortly after onset of salivation (parasympa- 
thetic discharge), usually an hour after in- 
jection. Quite consistently, the records 
showed diffuse cortical activation which per- 
sisted during entire experimental period (Fig. 
5 ) .  Onset of activation was particularly ap- 
parent when pentobarbital spindling was con- 
verted to low amplitude, high frequency ac- 
tivity (Fig. 3 ) .  In one oif the posterior cor- 
tical leads (Fig. 5 > , a spontaneolusly occurring 
spike-like po tential similarly disappeared dur- 
ing activatioln. Atropine consistently ter- 
minated EEG arousal and restored the con- 
trol or spindling (Fig. 3) pattern within 15 
minutes. Supplementary doses of pento- 
barbital further increased frequency of spind- 
ling. 

N. Cautl.--c.andate nucleus ; D. Hipp.-dorsal hip- 
pocanips.  4. Gastric lcsjoiis. Time after admin- 
istration of the agent indicated in parentheses. 

F I G .  5.  Electrographic changes produced by 
Treinorirte in sucrinyleholine - irriniobilized cats. 
A. Diffuse cortical activation. €3. Increased brain 
activity accoinpaiiied by phasic rise in blood pres- 
sure. Leads: B.P.---femoral artery blood pressure; 
A.X.G. - antcrior suprasylvian ggrus; M.L.G. - 
iiiiddle lateral gyrus ; P.L.G. - posterior lateral 
gyms ; M.S.G. - middle suprasylvian gyrus ; D. 
Hipp .- dorsal hippocampus; P.Hypo. - posterior 
Iiypothalaiiius. Time aftcr aclmiiiistration of agent 
i d e a t e d  in  parentheses. 
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None of the subcortical areas surveyed were 
as consistently involved as the cortex. Of the 
former, the posterior hypothalamic nuclei and 
dorsal hippocampus most often exhibited in- 
creased electrical activity (Fig. 5B). Cau- 
date, anterior hypothalamic, and thalamic in- 
tralaminar nuclei seemed least affected. In 
animals anesthetized with pentobarbital Tre- 
morine produced a steady drop in blood pres- 
sure which could be readily offset by small 
doses of methylatropine. Abrupt and phasic 
rises in blood pressure occurred in some of the 
succinylcholine preparations (Fig. 5B) .  These 
coincided with a further activation of cortex 
and increased activity in hippocampus and 
posterior hypothalamus. 

Discussion. A central cholinergic mechan- 
ism appears to be involved in Tremorine- 
induced rage, since atropine, itself lacking a 
C.N.S. depressant action, rapidly abolishes 
the rage. This is further suggested by the 
atropine reversal of electrographic changes 
produced by Tremorine, thus paralleling the 
changes in behavior. The efficacy of atro- 
pine, in contrast to its quaternary deriLTative, 
methylatropine. is in agreement with the find- 
ing of €"an r t  d . ( 3 )  that tertiary congeners 
are much more effective against the central 
actions of Tremorine in mice. 

Our results also support an interpretation 
which links the activated cortical EEG with 
the rage phase and identifies the reversal of 
this electrical pattern by atropine with sub- 
dued behavior. Kaelber and Correll(9) were 
prompted in their studies to relate the in- 
creased cortical activity directly to the tre- 
morgenic actions of Tremorine. 

The relationship between a central cholin- 
ergic action and the accompanying changes in 
EEG and behavior were variously interpreted. 
Evidence obtained by Bradley and Elkes ( 10 ) 
indicates that cortical activation per se, such 
as produced through the central cholinergic 
actions of physostigmine, need not be accom- 
panied by any significant behavioral arousal. 
Nor is atropine reversal necessarily associated 
with sedation since atropine previously has 
been demonstrated to result in a pharmacolo- 
gic dissociation of behavior and the EEG ( 1 1 ) . 
It is significant in our investigation that such 

a dissociation with atropine is no longer evi- 
dent after Tremorine since both EEG and be- 
havior are in accord with sedation. 

Perhaps more significance should be at- 
tached to the subcortical actions of Tremorine. 
Thus, the antagonism by atropine in our 
studies might be explained by its effectiveness 
in blocking an upward cortical activation re- 
sulting from hypothalamic stimulation( 1 2 ) .  
Some of the results suggest such a posterior 
hypothalamic involvement during rage. Also 
i n  accord with this was the increased electri- 
cal activity of the hypothalamus which pre- 
ceded cortical activation and the phasic rises 
in blood pressure (autonomic manifestation of 
rage) in the succinylcholine-immobilized 
preparation. Ingram et al. (13) related 
changes in hypothalamic activity to EEG and 
behavior arousal. Prolonged stimulation of 
hypothalamic areas was also shown to pro- 
duce gastric lesions( 14) and might contribute 
to the lesions seen after Tremorine-induced 
rage. 

The link between subcortical actions and 
central cholinergic mechanisms requires fur- 
ther study and is being investigated. Still un- 
e\;plained are the latency, progressive nature, 
and long duration of Tremorine rage. These 
could result from a slow biochemical transfor- 
mation of Tremorine to an active compound 
which produces rage and is then slowly metab- 
olized. 

Sumnzayy. In  the cat Tremorine produced 
a directed, sustained rage and gastric lesions. 
Klectrographic changes paralleling rage re- 
sponse included diffuse cortical activation and 
increased activity in posterior hypothalamus. 
The rage and electrical changes are antago- 
nized by atropine and appear to involve a 
central cholinergic mechanism of subcortical 
origin. 
- 
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Effect of Zinc Deficiency in Hens on Hatchability and Embryonic 
Development.*+ (25784) 

D. L. BLAMBERG, UNABELLE B. BLACKWOOD,$ W. C. SUPPLEE AND G. F. COMBS 
Poultry Dept., University of Maryland, College Park 

Following demonstration of zinc deficiency 
in chicks ( 1,2)  and poults (3),  an investigation 
of the effect of lolw zinc intake by the laying 
hen was undertaken in this laboratory. A pre- 
liminary study revealed that hens receiving a 
purified diet containing 6 ppm zinc laid eggs 
which hatched considerably poorer than those 
of hens fed a similar diet to which 96 ppm zinc 
had been added(4). Subsequently, Turk et 
ul. (5)  reported that hatchability was de- 
creased when hens were fed a soy protein diet 
of low zinc content (8-9 ppm) and that the 
chicks which hatched were weak, feathered 
poorly and usually died within a few days. 

Methods. Babcock strain White Leghorn 
pullets were holused in individual stainless 
steel cages and fed the basal diet described in 

* Scientific Article No. A841. Contribution No. 
3128 of Maryland Agric. Exp. Station (Dept. of Poul- 
try Husbandry). 

t We are indebted to C. E. Clark and W. 0. Pol- 
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mington, Del. for DL-methionine ; Distillation 
Products Industries, Rochester, N. Y. for d-alpha- 
tocopheryl acetate ; Monsanto Chemical Co., St. 
Lcuis, Mo. for Santoquin ; and Hoffmann-LaRoche, 
Inc., Nutley, N. J .  for biotin. 
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Table I, estimated to contain 6 ppm zinc. 
Feed and distilled water were provided ad Mi- 
tuin in stainless steel containers. Fresh diet 
was prepared at  3-week intervals. Following 
a 6-week preliminary feeding period, 12  hens 
were fed the basal diet with 120 ppm zinc 
added as zinc chloride and 12 hens were con- 
tinued on the unsupplemented basal diet. The 
hens were inseminated at. weekly intervals 
with 0.1 cc of pooled semen from a group of 
flightless strain males which were maintained 

TAELE I. Composition of Basal Ration. 

% % 
Isolated soybean 21.7 Covii oil 4.6 

protein * Antioxidant t .02 
Sucrose 61.63 Choline chloride .15 
DTJ-urethionine .6 Mineral mixture$ 10.45 
(flycine .5 Vitamin ” tj .35 

-x- ADM assay protein (Archer Daniels-Midland 
Co.) washed 3 times with distilled water and dried 
at approxiniately 55°C. 

t 1,2-dihytlro- 6-ethoxy, 2,2,4-trini~thylquirioline 
(Santoquin). 

$ C.P. or reagent grade, supplied (yo of diet) : 
1.53 CaCO,, 6.80 Ca,(PO,),, 0.80 K,HPO,, 0.27 KCI, 
0.30 MgSO, 7H,O, 0.65 NaC1, 0.05 FeSO, 7H,O, 
0.002 CuSO, 5H,O, 0.03 MnSO, 0 H20, 0.0002 Co- 
SO, rn 7 H 2 0 ,  0.001 KI, 0.01 AIK(S0,),*12H20, 0.001 
Na,RifoO, 2H20, 0.005 Na,SiO, 9€I,O, 0.001 H,- 
EO,, 0.00007 Ka,SeO,. 

Supplied/’100 g of diet: nig, 6.6 alpha-tocoph- 
er yl acetate, .O 03 cyaiiocob alaiiiin, 1.0 menadione, 
100 inositol, .5 para-aminobenzoic acid, .08 biotin, 
.2 folacin, 1.8 pyridoxine HCI, 10.0 niacin, 3.4 cal- 
cium pantothenate, 2.0 riboflaviiz, 2.0 thiamine HC1, 
3.0 ascorbic acid; also 1170 I.U. vit, A and 150 
1.C.U. vit. D3. 


