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In addition. echo-6 was recovered from 3 
cases of aseptic meniingitis in Rhode Island 
during the summer of 1954. Together with 
evidence being obtained in other laboratories, 
these data strongly support the view that 
echo virus type 6 is one of the etiological 
agents of the aseptic meningitis syndrome. 
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The effect of antibiotics on the host has 
received considerable attention. Their p s -  
sible effect on cardiac action has been empha- 
sized. One of the authors, with another 
worker ( 2 ) found that epinephrine-chlortetra- 
cycline induced arrhythmia can be demon- 
strated in isolated frog and turtle har t s .  
This led ,to the experiments reported here on 
the effect of epinephrine-chlortetracycline on 
the isolated mammalian heart.* 

Methods. A white rat was killed by a blow 
a t  the base of the skull. The heart was ex- 
cised and the coronary arteries were perfused 
through a modified Straub cannula in the 
aorta. The heart was allowed a 10-15 minute 
stabilization period and its contractions were 
recorded kymographically. After an addi- 
tional 10 minutes, the drug was administered 
by injection into the perfuate and in ap- 
proximately 20-25 minutes following this a 
challenge dose of epinephrine (1 pg) was 
added to the perfusate. 

The temperature for each experiment was 

kept to within t 0.5"C and ranged between 
34-37OC in different experiments. The per- 
fusaite was well-oxygenated Lockes' solution ; 
a glucose concentration of 0.2% strength 
rather than the lower limit of 0.1% aided in 
reducing irritability and in stabilizing the 
heart (Fig. 1 ) . The elapsed ,time per experi- 
ment averaged 1.9 hours although a normal 
record without irregularity of beat for up to 
3.4 hours was made. 

Results. An isolated rat heart treated with 
100 mcg of chlortetracydine-HC1t followed 
by 1 pg of epineph,rine developed bath in- 
otropic and chronotrapic irregularities (Fig. 
2) in which the normal beat was interrupted 
for from 5-30 minutes, usually 15-20 minutes, 
by one or more of several different kinds of 
arrhythmia as follows: 1. Cyclic variation in 
amplitude; 2. Penids of increased amplitude 
followed by 2-20 dropped beats or by con- 
tractions of smaller amplitude; 3. Series 
(2-5) of beats irregular in rate and ampli- 
tude; 4. Complete cessation of beat (Fig. 5 ) .  

*With the aid of a grant from the San Francisco t Through the courtesy of the Lederle Laboratories 
Heart Assn. Division, American Cyanamid Co. 
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FIG. 1. Scgiiicbiit of norninl kpiogr:ipliic tracing of bent of isolated rat  heart 0.9 h r  follow- 

FIG. 2. Effect of 100 pg of chlortctrnc~c~liiie-HCl 011 bent of isolated r a t  hcnrt 1.3 h r  follow- 

FIG. 3. Effect of 90 p g  of tetrnsorliuiii versenate on beat of isolated rat heart 1.0 hr follow- 

FIG. 4. A1lr~i:ition of arrh~-thmin in iso1:itecl ra t  henrt by 40 pg of Mn++ (as  MnCl,, 4HSO) 

F I G .  ,5. Ccss:itioii of lwnt of isolntcd rat heart due to  500 pg of c1ilortctr:icycline-HCl. 
(Tiiiier iiiarkings in secoiicls in all tracings.) 

ing theoretical drug addition. The ciitirc tr:icing rcwiiibled this scgnient. 

ing addition of drug. 

ing addition of drug. 

1.2 hr  following ii(l(liti0n of 100 pg of clilortetrac~cline-Z-1C1. 
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Twenty pg of a known chelating agent, 
tetrasodium versenate, were added to the per- 
fusate in place of chlortetracycline-HC1 in 4 
experiments. Cardiac irregulanities developed 
which were almost identical with irregulari- 
ties induced by chlwrtetracycline-HC1 and 
which appeared in approximately the same 
time intervals (Fig. 3). In 3 experiments, the 
addition of 40 pg Mn++ as manganous chlar- 
ide to the perfusate following onset of ar- 
rhythmia that had been induced by chlortetra- 
cycline alleviated the itrregularities tempor- 
arily with resumption of a normal beat (Fig. 

Discussion. To account for the effect of 
chlortetracycline-HC1 on the isolated frog 
heart, Yang and Harvey(5) proposed altera- 
tion of acetylcholine regulation of cardiac x- 
tion as a possible explanakion. If alteration 
of acetylcholine control resulted in accumula- 
tion of acetylcholine, the inhibitory effect of 
this mediator on heart rate would occur and 
imtropic and chrmotropic irregularities 
would appear. Alteration of acetylcholine 
regulation of cardiac action might result from 
chelation of the co-factor of cardiac cholin- 
esterase by chlortetracycline. Thus, cholines- 
terase would be unable to destroy acetylchd- 
ine which would accumulate and cause cardiac 
irregularity. \Vei.denheimer, Reed and Up 

4) 9 

ham( 4) demonstrated the ability of chlortet- 
racycline to fmm complexes with 11 different 
metallic ions. Mn++ was not included in 
this list. However, Albert(1) showed that 
chlortetracycline will chelate Mn++ and Saz 
and Slie(3) found that Mn++ will reverse 
Ithe inhitbition of nitro reductase by chlartetra- 
cycline. 

Summary. The effect of chlortetracycltine- 
HCl on the isolated mt heart is practically 
identical with the effect of a known chelating 
agent, tetrasodium vermate. This effect can 
be reversed temporarily by Mn++. Thus, 
chlortetracycline seems to cause irregularities 
in the isolated rat heart by chelation of the 
co-factor of cholinesterase which inactimtes 
this enzyme and permits acetylcholine to ac- 
cumulate and to exert its inhibitory effect on 
the heart. The co-factor of cardiac cholines- 
terase may be Mn++. 
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Recent studies( 1 , 2 )  of adaptive changes 
induced in small mammals by prolonged ex- 
posure to cold have indicated that 'there is a 
reduction of muscular activity after adapta- 
tion. This demonstration along with the ob- 
servation that heat production in the cold is 
increased (3,4) suggests that a regulatory 
mechanism not dependent on excitation of 

* This research was supported in part 'by U. S. Air 
Force under Contract No. AF 18(600)-1467, moni- 
tored by Alaskan .4ir Command, Arctic Aeromedical 
Laboratory. 

skeletal muscle is effective after adaptation. 
Such control of metabolic heat production 
was postulated by Rubner(5) to account for 
increased heat production not accompanied 
by increased muscular activity. 

Regulation not due to muscular activity 
has been postulated to be med'iated through 
release of epinephrine from adrenal medulla 
(6,7). The increase in such thermogenesis 
on cold adaptation may be due either to 
greater release of epinephcrine or to greater 
sensitivity of adapted animals to the hormone. 




