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FIG. 1. 
Manganese deposition in  the thyroid gland of 

the guinea pig follo~viiig a single subcutaneous 
injection of manganese chloride in a dosage of 
10.0 mg per kg of body weight. 

nours 
FIG. 2. 

Rate of elimination of manganese from the 
thyroid gland of the guinea pig. 

content of the thyroid gland was determined 
by the procedure of Ray.2 The results are 
recorded graphically in Fig. 1 and 2. Each 
point on the graphs represents the average 
amount of manganese found in the thymids 
of 3 animals. A detettable increase over the 

2Ray, T, W., J .  Biol. Chem., 1940, EM, 677. 
---_ --______ 

level $found in earlier tests1 was noted in 30 
minutes, and a measurable increment was 
found in one hour. Fig. 1 shows further that 
the accumulation of manganese was rapid 
during the early stages of absorption. Of the 
total amount deposited in a 24 hour period, 
about 70% of it accumulated wisthin the first 
6 hours. Fig. 2 shows that the elimination of 
manganese from the thyroid, once it began, 
was very rapid. More than 70% of the 24 
hour accumulation disappeared within 48 
hours after ,the injection, and 85% of it dis- 
appeared within 96 hours. 

Summary. Subcutaneous injection of man- 
ganese chloride into the guinea pig caused 
manganese to accumulate in all organs of the 
body tbested, but the depsitlicm was especially 
grezt in the thyroid gland where it began to 
appear within 30 minutes after administra- 
tizon. Absorption was particularly rapid dur- 
ing the first few hours, but the element con- 
tinued to accumulate for a t  least 24 hours. Of 
the total amount of manganese deposited in 
the thyroid gland about 70% accumulated 
during the first 6 hours. Elimination of man- 
ganese from the thyroid, once it began, was 
rapid. Seventy per cent of the 24 hour ac- 
cumulation disappeared within 48 hours after 
the injection; 85% of it vanished in 96 hours. 
Rmeived April 12, 1949. P.S.E.B.M., 1949, 71. 

17129. Effect of the D- and L-isomers of Isoamidone" on the Permeability 
of Dog Erythrocytes.? 

MARGARET E. GREIG AND WILLIAM C. HOLLAND.$ 
From Department of Pharmacology, Vanderbilt University School of Hedicine, WashviZle, Tewn. 

We have previously reported that changes 
in the permeability or erythrocytes in vitro 
appeared to be correlated with changes in the 
activity of the acetylcholine-cholineslterase 
system in the red ce11.192 This conclusion was 

none-4. 
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based on the observation thzt phywstigmine 
as well as methadon,$ both of which are ~ h d -  
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TABLE I. 
Effect of the D- and of the L-isomers of Isoamidone on Cholinesterase Activity of Dog Erythro- 

cytes. 
The media used were Ringer Krebs bicarbonate saline (R.K.) ,T sodium bicarbonate saline 

(Ka)  consisting of 100 parts 0.97' NaCl and 21 parts 1.370 NaHC03! and potassium bicar- 
bonate saline (K) consisting of KC.1 and KHC03 in the same proportions as for the sodium 
buffer. 0.2 cc packed dog erythrocytes, and acetylcholine in a final Concentration of 0.01 M 
in a volume of 2 cc were used. Garbon dioxide evolution was measured in Warburg manometers. 

Mma O2 evolved 
Conc. of drug. M 7- 5 

Duration of \ % 70 
Medium esp., min. D L Control D effeet L effect 

Na 60 .006 .0002 113 84 27 84 26 
K 61) ,006 ,0002 122 87 30 67 46 
RK 6 0 .00087 .0008T 202 124 39 98 51 
RtK 6( 1 .00@87 .0008i 228 168 26 102 55 

~- ___ll_____l ____--____ I 

- _ _ _  - ____ . ___ 

TBBLE: 11. 
Effect of the D- and the L-isomers of Isomlidone on Glyeolysis. 

The experinleiits were carried out in a Ringer Krebs bicarbonate medium7 in Warburg 
manometers. The concentration of glucose in  the experiment with erythrocytes was 0.014 M, 
that in the experiment with brain 0.01 M. The amount of tissue was 1.0 cc packed dog erythro- 
cytes or 150 nig homogenized rat brain in a final volume of 2 cc. The gas phase was 95yo Na, 
5% co2. 

C 0 2  evolved in mm3 
Conc. of \ 

Tissue exp., min. M. Control D effect L effect 
Durationof isoamidone, % % 

Erythrocytes 40 .001T4 
Rat Brain 60 .00174 

89 70 21 77  14 
130 107 18 101 22 

inesterase inhibitor$.* produced changes in 
permeability of dog erythrocytes under cer- 
tain conditions. Physostigmine is considered 
to be a specific inhibitor of cholinesterase. 
This drug produced most marked changes in 
the permeability of erythrocytes under the 
conditions where it had its maximum effect on 
cholinestlerase activity. Methdon is not a 
specific inhibitor of cholinesterase as it also 
inhibits glycolysis of glucose5 as well as cer- 
tain oxidative processes.6 However, under our 
experimental conditions, the inhibition of 
cholinesterase rather than the inhibition of 
glycolysis by metha'don seemed to account for 
its effect on permeability of erythrocytes. 

As the D- and L-isomers of imamidone have 
been found to be equally effective in inhibiting 

3Greig, 34. E., and Howell, R. S., PROC?. Soc. 

4Eadie, G. S., Bernheim, F.: and Pitzgerald, 

5 Greig, M. E., Arch. Bwochem, 1948, 17, 129. 
6 Greig, M. E., and Howell, K. S., Arch. Bz'o- 

EXP. BIOL. AND MED., 1948, 68, 352. 

D. P., J .  Pharm. Esp. Therap., 1948, 04, 19. 

&mi., 1948, 19, 441. 

glycolysis, but the L-isomer is a much more 
effective inhibitor of cholinesterase than is the 
D, it was assumed that if the effects m per- 
meability were different with the different 
isomers, this action could be more readily at- 
tributed to their leffect on cholinesterase than 
to that on glycolysis. 

The present communication describes ex- 
periments dealimng with the effects of the D- 
and of the L-isoamidone on the permeability 
of dog erythrocytes. 

Results. In, Table I are presented results sf 
experiments on the effects of the D- and L- 
isomers of isoamihne on the cho1i~mteras.e of 
dog erythrocytes. As in the case of brain 
cholinesterase the L-isomer has a much greater 
inhibitory action than, has the D- in the same 
concentrations.3 

From Table I1 it  may be seen that there 
is little or no difference between the effects of 
the D- and L-isomers on glycolysis of glucose 
by rat brain or by dog erythrocytes. 

7 Krebs, H. A4., and Henseleit, K., 2. phgsi0.l. 
Chem., 1932, 210, 33. 
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I n  our experiments the hemoglobin liber- 
ated has #been taken as a criterion for changes 
in permeability of erythrocytes. If percent 
hemolysis be plotted against time, six pos- 
sible arrangements of curves representing the 
effects of the D- and L-isomers of ismmidone 
on erythrocytes could be obtlaind. If C rep- 
resents the hemolysis in the control suspen- 
sion, D- that with the D-isomer and L that 
with the L-isomer sthe 6 possible types ob- 
tainable would be ( 1 )  L>D>C, ( 2 )  D> 

>C>L, ( 6 )  L>C>D. 
Experimentally we found that all 6 types 

occurred to some extent under different con- 
ditions. The factors controlling the type of 
curve obtained appeared to be mainly the pro- 
portions of N a  and K in the medium and the 
pH. There seemed to be some variation in re- 
sults obtained with red cells from different 
dogs under the same experimental conditions, 
although the results obtained with different 
samples of blood from the same dog under the 
same experimenrtal condi tiom wae  quite con- 
sistent. 

I n  a medium containing a high proportion 
of KC1 compared with NaCl, curves of type 
3 were most frequently obtained, while those 
of 'type 5 and type 1 occurred less often. Of 
23 experiments #carried out in a medium con- 
sisting of isotonic KC1 or a mixture cyf isotonic 
KCl and isotonic NaCl in, the proportions of 
9:1, fifteen fell in type 3 and 8 in type 5. 
It was frequently observed that early in an 
experiment the results would follow curves of 
type 3, later the curves would crass and follow 
those of (type 5 a d  still later those of type 1 
and occasionally type 2.  

I n  a medium containing a high proportion 
of Na compared with, K there was little dif- 
ference in the effects produced by D- and k 
isomers. Usually curves of types 1 and 2 were 
obtained. 

Results of 3 typical experiments are pre- 
sented graphically in Fig. 1-3. 

D ~ S G U S S ~ O ~ .  It may be seen from the above 
results that: 

1.  the D- and L-isomers of isoamidone in 
the same concentrations inhibit the glycolysis 
of glucose by rat brain an'd by dog erythro- 
cvtes to about the same extent. 

L X ,  (3) C>D>L, (4) C>L>D, ( 5 )  D 

fn 

r 
I I 1 I I * 
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FIG. 1. 
One cc packed dog erythrocytes were suspended 

in 10 cc isotonic saline in  Erlenmeyer flasks. The 
final concentration of the isoamidone was 0.00022 
M, that of acetylcholine 0.01 M. Samples of 
suspension of 1 cc were removed at intervals and 
after dilution and centrifugation the hemoglobin 
content of the supernatant fluid was determind 
using a photoelectric colorimeter. 

&Control. 
D-D-isoarnidone. 
L-L-isoamidone. 
Ac ch-Acetyl choline. 

2. thle D- and Lisomers of isoamidone in- 
hibit the cholinesterase activity of erythro- 
cytes to different extents, the L- being a more 
effective inhibitor than the D-isomer. 

3. the D- and L-isomers of isoamidone have 
different effects on the permeability of dog 
e r y t h r q  tes. 

As thle stereoisomers have the same chemical 
properties, e.g., mdecular weight, solubility, 
molecullar radius, rate of diffusion, the differ- 
ent effects on the permeability of erythrwytles 
could not be attributed to these factors. 

If one assumes that the permeability of ltv- 
ing cells is controlled by metabolic activity, 
then of the two metabolic reactions investigat- 
ed which are affected by imamidone the in- 
hibition of cholinesterase activity would seem 
best able to account for the changes in per- 
meabilitv in view of the different effects DTO- 
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duced by the two isomers on this enzyme. 
In  a medium containing a high proportion 

of KC1 compared with NaCl the L-isomer 
usually produced greater resistance to hemoly- 
sis than cthe D a t  the start of the experiment, 
(type 3 and Fig. 1). 

In a bicarbonate medium, pH 8, the L 
usually increased hemolysis, relative to the 
control and the D-isomer (Fig. 2 ) .  These 
results are similar to those found with physo- 
stigmine.1+2 Occasionally curves of type 5 
were found early in the experimental period, 
in which the Livomer caused increased resis- 
tance and the D-increased fragility relative 
to the control. 

The addition of acetylcholine increases the 
resistance of the control suspension in a K 
medium and tended to increase the differences 
between the effects produced by the D- and 
L-isomers relative to the control (Fig. 2) .  

In a medium consisting of either NaCl or 
high Na compared with K the differences be- 
tween the effects of the D- and L-isomers were 
usually less marked (Fig. 3 )  and the D occa- 
sionally produced slightly greater hemolysis 
than the L (curves of type 2) .  

We also found that physostigmine had little 
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FIG. 3. 

effect on permeability in a medium of NeCI 
as evidenced by hemolysis but that i t  pro- 
duced very marked changes in permeability in 
a high K medium, in the presence of acetyl- 
choline and a pH olf 8, under which condi- 
tions it produced maximum inhibition of &d- 
inesterase? 

Investigations of ionic transfer between 
erythrocytes and the medium in .the presence 
of cholinesterase inhibitors are under way. 

Summary. The theory that athe acetyl- 
cholin~-lch~lin~st~rase system is concerned 
with membrane permeability is further sub- 
stantiated by the finding that the L-isomer of 
isoamidone whaich has a greater inhibitory 
action; on &dinesterase than1 has the D-isomer 
also changes permeability of dog erythrocytes 
to a different degree than does the D-isomer. 

The conditions under which the L has a 
greahtler effect than the D-isomer on perme- 
ability are a medium containing a high pro- 
portion? of K ions relative to Na ions. 

TIME IN MINUTES 
FIG. 2. Received April 12, 1949. P.S.E.B.M., 1949, 71. 


