
uortance is intensified in certain instances 
and should be considered in any situation 
where multiple recrystallization is to be 
encountered. 
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Changes of Thixotropic Behavior 
in Actoniyosin Solutions Induced 
by Cardiac Glycosides 

Actomyosin solutions are thixotropic, 
~vhich literally means that they "change 
by touching." An internal structure 
formed by the fibrous protein molecules 
is partially broken by agitation of the 
fluid, and, for example, the viscosity is 
accordingly diminished. As long as the 
flolv remains constant, the structure will 
not reform. As soon as flow stops, thixo- 
tropic structure is built up again. 

For measuring changes in viscosity, 
the thixotropy has to be kept a t  a steady 
state. I n  making these measurements 
~v i th  an  Ostwald viscosimeter. we found 
that numerous active and inactive car-
diac glycosides reduce the viscosity of 
actomyosin solutions parallel to the de- 
gree of biological fixation on heart mus- 
cle. The  binding of some glycosides to 
actomyosin was proved by ultrafiltration 
and determination of the dissociation 
constants. One receptor group per 
molecule of actomyosin (molecular 
weight taken as 1 0 9  was found, prob- 
ably belonging to myosin ( I) .  

The  thixotropy of actomyosin that 
had been extracted from rabbit skeletal 
muscle was studied in a rotational vis- 
cosimeter at O°C. Eighteen milliliters of 
protein solution ( 3  mg/ml in Weber-
Edsall fluid rt~ith barbiturate buffer) was 
placed in a narrow cylindrical slit in 
which another cylinder was rotated with 
constant speed. The  breaking force on 
the cylinder exerted by the viscous solu- 
tion lvas counteracted by a spring and 
!\.as measured on a dial. I t  was propor- 
tional to the viscosity of the fluid. 

We measured the coefficient of 
"thixotropic breakdo~vn with time" (2) : 

~vhereU ,  is the viscosity a t  time t ,  and 
U ,  is the viscosity at time t,. T h e  times 
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t ,  and t ,  were 1 and 10 minutes, respec- 
tively. Both the coefficient for actomyo- 
sin (BAAi) and for actomyosin of the 
same concentration with 1 0 - W  glyco- 
side (BaarG), were determined. No al- 
cohol was used to increase solubilities, 
for we found that even traces of alcohol 
caused fundamental changes in actomyo- 
sin. T h e  difference in thixotropy (BA,I -
BaMG) was then compared ~v i th  the bio- 
logical activity (see Fig. I ) .  Potency is 
expressed as reciprocal of lethal Hatcher 
dose (moles per kilogram) determined 
in cats by I V .  R. Schalch of Sandoz AG. 
Basel. T h e  probability that A-thixotropy 
(BAAI-BaJIG) is significant (<0.02 to 
0.05) lvas computed from the v'triances 
of the determinations of BaXr-BAIIc, 
using the t distribution. 

There exists an interesting correlation 
bet~veen these t ~ v o  properties. Cardio-
active glycosides diminish the thixotropy, 
whereas biologically inactive glycosides 
(potency = 0 )  augment it. Activities of 
lanataglycosides are approximately pro-
portional to the decrease of thixot~opy. 
I n  three cases (open bars in Fig. 1: digi- 
toxin, acetyldigitoxin a, and acetyldi-
goxin a )  in rt~hich the ion concentration 
in the solution was diminished by add- 
ing the glycosides in water instead of 
buffer solution, the effect was larger 
th:m was expectcd from the biological 
activities. This may be connccted ~v i th  
the poor water solubility of these three 
glycosides, or else with the decrease of 
the ion concentration. A change in the 
active ion concentration or some other 
charge phenomenon along the actomJ.0- 
sin fiber may be responsible for the ob- 
served effect. Preliminary studies on the 
dialysis of actomyosin in 0.G:M I< solu-
tion have shown the concentration of 
free potassium ions to be diminished by 
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Fig. 1. Comparison of differrnce in thixo- 
tropy (B.III- BIAIG)wit11 biological ac-
tivity. 

adding M glycosides (lanatosid A, 
B, C, scillaren A, cymarin, and stroph- 
anthin) but not by the inactive glyco- 
sides hexahydroscillaren A and al1oc)--
marin. 

I t  is therefore possible that there ex-
ists a direct mode of action of cardiac 
glycosides on actomyosin within the cell 
and not only in the cell membrane phase, 
as was suggested by previous workers ( 3 ) .  

PETER G. ~ V A S E R  
Department of Pharmacology, 
Medical School, University of 
Ziirich, Zurich, Switzerland 
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Withdrawal Hyperexcitability 
Following Chronic Administration 
of Meprobamate to Mice 

Because of known side cffccts and 
potential "behavioral" toxicity, concrrn 
over the indiscriminate use of the so-
called "tranquilizing agents" is readil>- 
justified. However, the added possibility 
that these drugs might also possess acl- 
diction liability has been little, if a t  all, 
explored. Recently, Lemere (1) reported 
that one patient ~ ' h o  took G.4 g of me-
probamate (Equanil, Miltown) daily for 
30 days exhibited a grand ma1 convul- 
sion 10 hours after therapy was discon- 
tinued. I n  view of this report, the effects 
of the chronic administration of this 
agent and its abrupt withdrart~al on the 
excitability of the central nervous s!s-
tein of mice, by use of the experimental 
design developed by hIcQuarrie ancl 
Fingl ( 2 ) ,  were studied. 

Since this investigation ( 3 )  was 
planned merely to determine rt~hether 
tolerance develops during the chronic 
administration of meprobamate and 
whether abrupt u,ithdrawal is follort~ed 
by increased excitability of the central 
nervous system, only high dose lelels 
were employed. This choice of dosagc 
was justified also on the bases 111 r t  larpc 
amounts are taken by patients rt7110 abuse 
drups and that excessive quant~ties a lc  
usually necessary to demonstrate phys-
ical dependence on ethanol and bal-
biturates in man (4, 5 ) .  I t  must bc em- 
phasized that final assessment of the ad- 
diction liability of any drug must be 
bascd on quantitative comparison of the 
dosage schedules that induce ~vithdrart~al 
phenomena with those that are required 
to obtain therapeutic results. 

Male albino n i c e  (Carrt~orth Farms, 
CF # 1 strain, 25 to 35 g ;n M eight) were 



randomly divided into two groups of 50 
animals each. Meprobamate (6)  was ad- 
ministered orally to one group either as 
a 2- or 3-percent suspension in 6-percent 
acacia solution in a total daily dose of 
1200 mg/kg (200 mg/kg at 8 A.M., 12 
noon, 4 p.af., and 8 P.M., and 400 mg/kg 
at 12 midnight) for 6 days. Because of 
the development of tolerance, following 
the 8 .4.hl. treatment on day 7, each dose 
was increased by 50 percent to make a 
total daily dose of 1800 mg/kg; this 
higher dose level was continued for 10 
days, except as indicated in the legend 
to Fig. 1. The  other group served as a 
control and was given the requisite vol- 
ume of 6-percent acacia solution. Low- 
frequency electroshock seizure threshold 
\\-as determined for both groups at the 
times indicated in the legend to Fig. 1. 
Seizures were induced by means of a 
Grass stimulator (model S4B). T h e  stim- 
ulus parameters employed were the same 
as those previously described (7)-
namely, unidirectional pulses of 0.2-msec 
duration delivered for 3 seconds at a fre- 
quency of 6 pulses per second. Mice were 
hocked at various voltages by the stair- 

case procedure ( 8 ) , and the voltage re- 
quired to evolie convulsions in 50 per- 

cent of each group was determined; the 
95-percent confidence limits were calcu- 
lated by the method of Litchfield and 
Wilcoxon ( 9 ) .  Results are presented as 
the threshold ratio (threshold of drug 
group/threshold of control group).  In  a 
separate series of experiments, 80 mice 
were divided into two equal groups. One 
group was given orally 300 mg/kg of 
meprobamate, and the other group the 
requisite volume of 6-percent acacia 
solution; the seizure threshold of each 
group was determined 30 minutes after 
drug administration. This procedure was 
repeated at intervals of 3 or 4 days in 
the same groups of mice until the seizure 
threshold was established 1, 2, 3, and 4 
hours after drug administration. 

As illustrated in Fig. 1, tolerance de- 
velops to the threshold-raising effect of 
meprobamate. For example, the admin- 
istration of 300 mg/kg of meprobamate 
to nontolerant animals increased the 
threshold more than tenfold (see small 
inset in Fig. I ) ,  whereas, after treatment 
for 6 days with 1200 mg/kg day and then 
for 10 days with 1800 mg/kg day, this 
same dose of drug increased the threshold 
only 2.5-fold. 

Figure 1 also illustrates that, 4 hours 
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Fig. 1. Effects of chronic administration of meprobamate on threshold for low-frequency 
electroshock seizures in mice. Time in days is indicated on the abscissa. Seizure threshold 
ratio (threshold of drug group/threshold of control group) is shown on the upper ordi- 
nate, and total daily dose administered is shown on the lower ordinate. Vertical bracketed 
lines indicates 95-percent confidence limits. A, B, and D indicate the ratio at %, 4, and 8 
hours, respectively. after an 8 A . M .  dose: C indicates the ratio 8 hours after the double 
midnight dose; E, F, G, H, and I indicate the ratio at 4, 28, 52; 100, and 148 hours, 
respectively, after the final dose of the drug. The inset in the upper right-hand corner 
illustrates the duration (in hours) of the effect of a single dose of meprobamate (300 
mg/kg) on seizure threrhold. 

aftw the 8 A.M. dose on da) 12 and 4 
hours after drug withdrawdl on day 17 
(see B and E, Fig. 1 ), the selzure thresh- 
old in meprobam'lte-treatcd mice was 
only approximately 0.8 that of control 
animals. Such hyperexcitability (but of 
lesser degree) was also observed 8 hours 
after the double midnight dose on  day 13 
and 8 hours after the 8 i \ . ~ r .  dose on day 
14 (see C and D, Fig. 1 ) .  Since seizure 
threshold is not reduced 4 hours after 
the single administration oi this same 
dose of meprobamate to nontolcrant ani- 
mals (see small inset in figure), the with- 
dra~val hyperexcitability must be attrib- 
uted to the chronic administration of 
this agent. 

AflcQuarrie and Fingl ( 2 )  have shorl-n 
that hyperexcitability in mice follolring 
the chronic administration of either 
ethanol or phenobarbital is usually not 
present 24 hours after drug withdrawal, 
is maximal on day 2 or 3, and declines 
progressively over the next 2 to 4 days. 
In  the studies reported here, hyperex- 
citabi~ity in mice following chronic ad- 
ministration of meprobamate is detect- 
able -1. and 8 hours after drug withdrawal 
and subsides within 28 hours. At the 
clinical level, tremors and nervousness 
may bc experienced during the first day 
of abstinence from either ethanol or bar- 
biturates, but the most severe withdrawal 
symptoms appear later, spontaneous con- 
vulslons usually occurring between the 
second and the fifth day atter ingestion 
of the drug has been stopped ( 4 ,  5 ) .  In  
contrast, hyperexcitability climaxcd by a 
grand mnl convulsion has been noted 10 
hours after meprobamate withdrawal 
(1 ) .Thus, the time course of hypersus- 
ceptibility to induced seizures following 
cessatioil of chronic administration of 
either ethanol, barbiturates, or mepro-
bamate in mice appears to parallel that 
of withdrawal hypcrcxcitability in man. 

'The abstinence syndrome which oc-
curs in man follolring the chronic abuse 
of bnrbiturates is characterized by hyper- 
i:xcitability, which may progress to con- 
vulsions, and by psychosis. This with-
drawal syndrome is qualitatively similar 
to that which occurs upon withdrawal of 
various other central nervous system de- 
pressants, including ethanol, chloral hy- 
drate, and paraldehyde (4,1 0 ) .  How-
ever, the relative prominence of these 
major withdrawal symptoms, and par-
ticularly the time course, vary with the 
addicting drug. Clinical observations 
such as those of Lemere ( I )  suggest that 
tneprobamate should be added to the 
list of drugs that cause withdrawal syn- 
dromes, and the experiments in mice 
described herein support this view. The  
meprobamate abstinence syndrome dif- 
fers from the others by its more rapid 
development and briefer duration. 
M7hether psychosis can occur as a fea-
ture of the meprobamate withdrawal 
syndrome remains to be explored. Like- 
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wise, the minimal dosage schedules 
which induce withdrawal phenomena 
have yet to be established. 

T ~ v o  important clinical implications 
merit brief mention. First, the clualita- 
tive similarity of the meprobamate and 
the barbiturate abstinence svndromes im- 
plies that precautions should be taken to 
minimize both the development of phys- 
ical dependence 011 meprobamate and 
the severity of the ~vi thdra~val  syndrome; 
s11c11 precautions as those currently used 
in the case of barbiturates could be ex-
pected to be effective. I n  particular, fol- 
lotving a period of chronic administra- 
tion of large doses of thc drug, mcdica- 
rion should never be stopped abruptly. 
The  second implication is that demon-
stration of physical dependence and an 
abstinence syndrome follo\ving abuse of 
meproblmate suggests that all members 
of the new classes of tranquilizing agents 
should be held suspect until definitely 
proved to bc devoid of such undesirable 
properties. 

E W A K ~A. SWISYAKI) 
L ~ s c o r ~ i vCHIN 
E~WARIIFINGL 

Uepartrnent of Plza~rnacology, Universit? 
of U tah  College of I'harrnac~' and 
College of Medicine, Salt Lake City 
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Enlargement of Avian Eye by 
Subjecting Chicks to Continuous 
Incandescent Illulnlination 

During studies on the effect of differ- 
ent clurations of diurnal artificial illumi- 
nation on the growth of chicks, it was 
obscrvcd that the eves of chicks sub-
jected to continuous light appeared to 
be flattened. This condition \<,as mani- 
fested by reduced depth of the anterior 
chamber and the apposition of the 
periphery of the iris to the cornea. 

Because of these observations, the eye- 
balls of chicks from t ~ v o  different light- 
ing treatments were subjected to certain 
measurements. Eight chicks that \<,ere 

exposed to continuous incandescent 11lu- 
tnination and eight chicks that received 
such light for 12 hours daily provided 
the material for the study. Each pen, 
from \vllich all natural light was ex-
cluded, received artificial light from a 
60-~vatt, frosted incandescent lamp with 
a light intensity of 2 to 3 ft-ca measured 
a t  the bird height. T h e  chicks were 6 
weeks of age when they \\.ere sacrificed, 
and thev had been on the two different 
light treatments since the day after 
hatching. 

T h e  average ~veight of eyeballs re-
moved from chicks that had received 
continuous light lvas about 38 percent 
greater than the weinht of eyeballs of 
chicks that had received only 12 hours 
of artificial light each day (Table 1 j .  
\Vhen the weight of the eyeballs is ex-
pressed as a percentage of body weight, 
there is still a large difference bet~veen 
the t ~ v o  treatments. Thus the data sho~v 
that an enlargement of the eyeballs of 
chicks \<,as produced by continuoui arti- 
ficial light. 

I t  lvas of interest to determine ~vhethcr 
the increased size of the eyeballs lvas 
brought about largely by an increase in 
tissue water content or by an increase in 
both lvater and tissue dry matter. TVhen 
fluid was d ra~vn  from the posterior 
chamber of the eye by a hypodermic 
syringe, about t~vice as much fluid could 
be extracted from the eyeballs of chicks 
that had been subjected to continuous 
light (0.80 ml per eye) as could be ex- 
tracted from the eyeballs of chicks that 
had been subjected to 12 hours of di-
urnal light (0.45 ml per eye).  \.\Then thr  
dried \<,eight of the eyeb~l ls  is expressed 
as a percentage of the live body \<,eight: 
there is only a slight difference bet\vc>en 
the two treatments. These results show 
that the increased size of the eyeballs of 
chicks that reccivcd continuous light was 
caused primarily by an increased accu-
mulation of fluid. 

I t  n a s  found that the alerage diam- 
eter of evebnlls enucleatcd from chicks 
that received cont in~~ouslight was 2.4 
mm larger than that of eyeballs from 
chicks that had not received continuous 
lighr. Although average depth was also 
slightly increased, it appeared that the 
major change lvas in the diameter of 
the eyeballs. 

A peculiar enlargement of eyeballs in 
chicks caused by feeding them a high 
levcl of glycine was rep0rtt.d by Groschke 
et al. ( I) .  I n  these studies, the eyes werP 
greatly enlarged by the addition of 8 per- 
cent free glycinc to :, purified diet. JVhen 
a similar amount of glycine \<,as added 
in the peptide form, no such enlarge-
ment \<,as observed. 

T h e  data presented in this report (2 )  
indicate that investigatiorls on the effect 
of continuous illumination on the eye 
might well be expanded to determine 
the mechanism of the developmcnt of 

Table 1. Effect of length of diurnal in- 
c'anclescent illumination period on eyes of 
chicks. 
- - - --- - - - - -- --.-

Daily 
illumination 

periodItem -- -

24 12 
hours hours 

No. of chicks 8 8 
rlv. body weight at 

6 wk ( g )  760 733 
-4v. weight of eye- 

balls ( g )  3.83 3.50 
Av. weight of dried 

eyeballs ( g )  0.515 0.465 
A\,. diameter of eye-

ball (mm)  . 15.2 
.4v. depth of eyeball 

(mm)  12.9 12.1 

the abnormality. A study of the rela-
tionship of this light-induced abnormal- 
ity to that of eye abnormalities in other 
species, including man, would be of 
interest. 
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Effects of Embryonic Age on 
Potency in Tissue Culture of 
Embryonic Nucleoprotein Fractions 

I11 thr  preparation of various biologi- 
cal growth media, and especially thosc 
for tissue culture, it is customary to use 
whole embryo extract as a source of 
~rowtll-promoting factors ( I ) .  T h e  
choice of age of chick embryo used for 
makirlg the extract is commorlly one of 
convenience, usually embryos of 8 to 11 
day': ( 2 ) .  Ho~vever, Gaillard ( 3 )  and 
Fowler ( 4 )  found that growth of chick 
heart fibroblasts in plasma culture mas 
stimulated more by slline extracts of 14- 
to 18-day chick embryos than by similar 
extracts of 8- to 11-day embryos. 

Recently a streptomycin-precipitation 
procedure I \  as developed using 12-day 
chick embryos for isolation of the high- 
molecular-weight growth factors from 
whole-embryo extract ( 5 ) . I t  seemed of 
interest to determine whethcr this activc 
nuclroprotein fraction (NPF) would 
show a similar increase in potency or 
specific activity--that is, biological ac-
tivity at the same conci.ntration with in- 


