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TABLE 111. Comparison of Effect on Permeability Activity of Heating Serum Before a n d  
After Addition of C’1 Esterase. 

Permeability activity (diameter of lesion in inni) in mixtures 
coiitainiiig 

(2’1 esterase“ Uiilieated Hea tcd Heated No 
(units/nil) serum serumt (eiizyme + serum) serum 

~~ 

7.3 2.7 7.3 4.4 
6.3 3.3 4.5 3.1 
5.5 2.2 3.0 1.9 
3.4 2.8 3.0 2.7 

* Final concentration in reaction mixtures. 
t Serum heated a t  56°C for 30 min before addition of C’1 esternse. 
$ Mixture of C’1 esterase and normal serum heated a t  56°C for 30 min. 

guinea pig serum in vitro. The action of this 
factor was blocked by treatment of test ani- 
mals with an anti-histaminic drug, tripolidine. 
Generation of the factor from serum was 
prevented by inactivation of the enzymatic 
activity of C’1 esterase with DFP or human 
serum inhibitor of C’1 esterase. SBTI, with- 
out effect on C’l esterase, did not inhibit 
generation. Concentrations of C’1 esterase 
which elaborated permeability activity in 
guinea pig serum also produced marked de- 
pression of the hemolytic complement titer 
of the serum. A relationship was also ob- 
served between the residual complement 
titers of heated sera and their capacity to 
produce a permeability factor upon mixture 
with C’1 esterase. The data are consistent 
with, but do not prove, the hypothesis that 
C’1 esterase mediates increased vascular 
permeability by interaction with the comple- 
ment system. 
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lar GSH concentration. Marked decreases in 
rodent liver GSH concentration may be ob- 
tained by use of mercapturic acid precursors 
(3,4,5). This paper describes, for livers and 
kidneys of intact mice, effects on both GSH 
concentration and i n ~ u l i n - 1 ~ ~ ~  degradation of 
overnight fast plus bromobenzene or benzyl 
chloride administration. Increase in solubility 
of in TCA ( 5 %  trichloracetic acid) has 
been used as main criterion of tissue activity 
in degrading labeled insulin, in accordance 
with findings and considerations which have 
been summarized by  Lee(6). 

Methods. Swiss-Webster strain male mice, 
10-20 weeks old and weighing 25-40 g, were 
used. Tn a given experiment mice were 
selected to give groups of nearly identical 
average weight and weight range. About 5 
P.lI., 16-18 hours before sacrifice, each 
mouse was caged alone with water but no 
food. Each mouse was also injected I M  with 
sesame oil (controls) or drug in oil (test 
mice), .005 ml/g. Drug in oil mixtures 
consisted of 1 volume of bromobenzene, or 
benzyl chloride, plus 9 volumes sesame oil. 
In the bromobenzene experiments the IM in- 
jections were made 12-14 hours before sacri- 
fice; in the benzyl chloride experiment these 
injections were made 2 hours before sacrifice. 
Each mouse was also injected by tail vein, 
5 or 25 minutes before sacrifice, with .005 
ml/g of insulin-Pl,  prepared to contain per 
ml: human serum albumin, 60 mg: beef in- 
sulin, 2 pC and 1, 10 or 50 pg .  Radioactivity 
was supplied by use of Abbott Co. 1131 labeled 
insulin, originally about 4 mC/mg, the bulk 
of the insulin by use of Eli Lilly insulin low 
in glucagon. Except when stated otherwise, 
dry ice frozen liver and kidney samples were 
obtained from each mouse a t  sacrifice. For 
each tissue sample, t (total CPM/g), s (TCA 
soluble P1, CPM/g), i (TCA insoluble 1131, 

= t - s) and % P S I  TCA soluble (= 100 
s / t )  were estimated. Counting mixture for 
estimation of t was prepared by homogeniz- 
ing the tissue sample in .3 M sucrose, 9.3 
ml/g, dissolving .5 ml of this homogenate in 
1 ml of hyamine with heat (62O, 1-3 hours), 
then adding .5 ml 5% TCA and 8 ml of 
counting solution P6 1 1 ( 7 ) .  Counting mix- 
ture for estimation of s was prepared by 

centrifuging a 1 : l  mixture of sucrose tissue 
homogenate and 10% TCA, and placing 1 
ml of supernatant in a counting vial together 
with 1 ml hyamine and 8 ml P611. Values 
for to (total CPM inj /g mouse) and so (TCA 
soluble 1131, CPM inj/g mouse) were taken 
as equal to CPM, total and TCA soluble re- 
spectively, present per .005 ml of the Insulin- 
1131 injected into the mice. Concentration 
ratios T ,  S and Z were obtained for each tissue 
sample by dividing t ,  s and i respectively by 
to. The T ,  S, Z and % Z l S *  TCA soluble 
values of the Tables are Group means. The 
Abbott 1131 labeled preparations used in the 
preparations contained only about 3 to 4% 
of their T131 in a TCA soluble form (100% 
( so / t , , )  = 3 to 4%) .  Count rates were meas- 
ured using an automatic TRI-CARB liquid 
scintillation spectrometer, voltage 1050, pulse 
discriminator window range 10- 100, and cor- 
rected for decay. 

While engaged in the present experiments 
we found(8) that if the nitroprusside method 
of Thompson and Watson(9) were applied to 
5% TCA solutions of L-cysteine and/or GSH, 
the color developed by L-cysteine faded so 
rapidly that by delaying readings until 3 
minutes after mixing it was possible to ob- 
tain optical density increases due entirely to 
GSH. The “GSH” values of the Tables have 
been obtained by this variation in the method 
of Thompson and Watson. Tt should be noted 
that acetoacetate shows slow color develop- 
ment in all nitroprusside methods supposedly 
specific for -SH compounds, and may be 
expected to be present in measurable amounts 
in tissues of fasted animals. Hence the “GSH” 
values of the Tables can be only anproxima- 
tions of true tissue GSH. However, use of 
this method has presented us with assurance 
that in the L-cysteine experiments of this 
paner (Table 11) the repletion of tissue 
NPSH which we obtained in bromobenzene 
treated mice by use of L-cysteine was due to 
resynthesis of GSH (cf. also 3,  4) ,  rather 
than to accumulation of L-cysteine in these 
tissues . 

Values for total NPSH of the Tables were 
obtained by use of the nitroprusside method 
of Grunert and Phillips( l o ) ,  in which both 
GSH and L-cysteine gave rapid develop- 
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TABLE I. Effects of Bromobenzene Pretreatment on Mouse Tissue Non-protein Sulfhydryl 
(NPSH), and 1 n s ~ l i n - I ’ ~ ~  Fixation and Degradation. 

(-Mean values k standard deviations$--------? 

Group of No. of I I 3 ’  concentration ratios 
tissues micein NPSH zt9 % 1131 

Exp” analyzed t group meq S/kg T I TCA soluble 

1 LC5 
LB5 
LC25 
LB25 
KC5 
K B 5  
KC25 
KB25 

2 LC5 
LB5 
LC25 
LB25 
KC5 
EB5 
KC25 
KB25 

7 
5 
5 

11 
7 
5 
5 

11 
7 
6 
7 
5 
7 
6 
7 
5 

5.24 & .42 
.G2 + .16Q 

4.81 2 .88 
1.17 L- .65$ 
4.19 & .29 

3.77 2 .44 
2.24 +1.19$ 
3.94 +- .68 
1.17 +- .80$ 
4.17 f -42 

.75 t .29 
3.51 2 .52 
1.50 +1.20$ 
3.65 k .16 
1.59 & .65Q 

.55 2 .224 

4.72 2 .69 
3.06 + .27$ 
1.53 I+ .42 
2.25 & .474 
6.21 -+ .87 
6.19 2 1 . 0 0  
4.18 21.19 
7.40 k2.794 
4.56 2 .79 
5.16 21.52 
1.38 2 .20 
3.40 2 .96Q 
8.52 23 .15  
6.30 k4 .44  
4.57 2 .77 
8.28 23.504 

4.24 f .63 
2.84 -+ .25Q 
1.13 f .32 
1.76 2 .554 
5.69 f .76 
5.84 21 .02  
2.96 f .93 
6.06 23.029 
3.76 k .74 
4.71 k l . 6 6 $  

.89 2 .16 
2.73 k .80Q 
7.55 f2.93 
5.90 k4 .41  
2.97 2 .66 
6.88 e3.225 

10.4 k 1.0 
7.4 3.6 

27.8 3.2 
22.6 +- 5.0Q 

8.3 + 2.5 
5.6 2 2.0 

29.7 & 3.7 

17.7 2 6.2 
10.5 2 8.4Q 
35.7 2 2.5 
30.2 2 4.44 
11.5 +- 3.2 
10.4 214.7 
35.7 2 3.7 
18.0 L- 5.14 

20.8 2 7.7Q 

* The injected i n ~ u l i n - 1 ~ ~ ’  

t L = h e r ,  E = kidney; 
tween injection of insulin-Ixa 

Pg; EXP 2J.50 Pug. 
contained per ml 2 pC and total insulin as follows: Exp 1, 1 0  

C = control, B bromobenzene treated group; 5 & 25 = min be- 

$ NP>H by method of Grunert & Phillips(l0) ; T = I’m found per g t i s ~ u e / I ~ ~ ’  inj  per g 
Im TCA soluble = 

. and sacrifice. 

mouse; I = TCA insoluble 113’ found per g tissue/I1m inj  per g mouse; 
100% (TCA soluble Ilm/total P). 

$ P <.05, difference between paired C and B groups. 

ment of color and stoichiometrically equiva- Metabolic handling of I n ~ u 1 i n - I ‘ ~ ~ :  (a) For - -  
lent optical density readings. 

Results. I. Fixation and TCA solubiliza- 
tion of I IS1  of labeled insulin: (a) Radioac- 
tivity was highly concentrated in livers and 
kidneys of mice sacrificed 5 minutes after in- 
jection of labeled insulin (cf. T values of 
Table I )  ; most of this radioactivity was TCA 
insoluble (cf. I and 70 I I S 1  TCA soluble val- 
ues of Tables), (b)  by 25  minutes after in- 
jection of labeled insulin significant increases 
in tissue % I I S 1  TCA soluble values had oc- 
curred; in livers and kidneys of control mice 
there was also considerable decrease in total 
radioactivity present (cf. T values of Table 
I ) .  All of these findings are similar to those 
which had previously been reported for livers 
and kidneys of rats by others ( 11,12). 

11. Bromobcnzene etects  using intact mice: 
A. NPSH and “GSH”: From the data of the 

mice sacrificed 2 5 minutes after injection of 
labeled insulin, i t  was found that the mean 
% I IS1 TCA soluble value obtained for any 
particular control group of tissues, e.g., LC2 5 
or KC25 of Table I, was invariably signifi- 
cantly greater than that obtained for the cor- 
responding test group of tissues, e.g., LB25 
or KB25 of Table I. It is therefore con- 
cluded that bromobenzene treatment results 
in impaired ability of both mouse liver and 
kidney to transform 1131 of labeled insulin 
from a TCA insoluble into TCA soluble form. 
(b)  Over the period of time 5-25 minutes 
after injection of labeled insulin, mean T and 
I values were, in bromobenzene injected mice, 
moderately decreased in the liver, actually 
increased in the kidney. In control mice, the 
mean T and I values decreased significantly 
in kidney, markedly in liver. To explain these 

Tables it is apparent that bromobenzene pre- 
treatment induced appreciable and statistical- 
ly significant decreases in NPSH and “GSH,” 
not only of liver but also of kidney. (B)  

findings,- we assume that radioactivity of in- 
sulin is more likely to remain in a given tis- 
sue if the is not changed into TCA sol- 
uble form, and that if a given tissue, e.g., the 



286 BROMOBENZENE ON -SH AND INSULIN-113’ 

TABLE II. I,-Cystciiic Ag:tiiist ~ ~ ~ o i i i o ~ ) e ~ i z c ~ i i ~ ~ ,  7’c Tissue NPSH and Iiisuliii-113’ Metabolism. 

r Mean values 2 staiiclard deviations t 7 

Group of KO. of KPSTI (iiicq S/kg) I“%’ coiicciitratioii ratios 

:111:~1yzc~(l* group ( ‘ G S H  ” Total  KPSII 1’ I TCA soluble 
tissues mice ill yo 1131 

L C  
LC-SH 
LB 

K C  
K G S H  
KB 
KB-SH 

LB-SH 

~~~ 

11 4.39 t .43 1 . i G  2 .ti3 .91 -t .15 .44 & .07 51.6 & 4.3 
11 3.9i & .-I7 4.29 .(i3 1.04 2 .32 5 6  2 .32 47.9 k 6.8 
12 1.95 t .91$ 1.97 + l . S l $  1.36 t .36$ .88 2 .32$ 37.4 _+ 8.2; 
12  4.64 + l . G O  5.59 2 1 . 5 8  1.50 2 .32$ .98 2 .32$ 36.1 & 7.94 
11 .9Ci +_ 2 2  3.45 & 5 7  4.32 .88 2.72  t .86 38.4 2 7.4 
11 .90 2 2 6  3.28 2 ..52 1.19 -+ .73 2.85 _t . i 2  32.5 +_ 5.9 
12 3 1 2  .42 2.72 2 .82: 6.35 k1.30: 4.64 k l .25 :  26.6 k 4.8$ 
1 2  1.38 & .58 3.93 k .93 6.22 t 1 . 6 4 :  4.64 k l . 6 6 $  26.8 _+ 6.9$ 

~- 

* Mice were injected at times before sacrifice as follows: ( a )  at 12-15 hr, IM, sesame oil into 
0 and G-SH mice; bromobenzene in sesame oil into B and B-SH mice; (b) at 85 min, IP, 
1 mmol/kg, L-alaiune into C and B mice; L-cysteine into C-SH and B-SH mice; (c)  a t  25 min, 
I V ,  10 &C and 50 &g per kg, iiisulin-I1zl, ATAL mice. L z liver, K = kidney. 

t “GSH” by modified nicthod of Thonipson arid Watson (see tex t ) ;  total  NPSH by (10). 
F o r  T, I arid yo TCA soluble see Table  I footnotes. 

$ %’here P <.@5, difference between paired B slid C, or B-SII and C-SH groups. 

kidney, of the bromobenzene treated mouse, 
changes I1:il of labeled insulin into TCA sol- 
uble form a t  a slow rate, and good blood flow 
brings additional labeled insulin to this or- 
gan, actual increases in total and TCA in- 
soluble radioactivity may occur, a t  least for 
a time. 

111. Effects of L-cysteine administration: 
If bromobenzene impairment of the ability 
of mouse liver and kidney to make 1131 of 
labeled insulin TCA soluble were due pri- 
marily to decrease in GSH concentration, 
then tissues of mice with GSH previously de- 
pleted by use of bromobenzene, but with 
GSH repleted by use of L-cysteine, should 
NOT exhibit impairment of their ability to 
convert P1 into TCA soluble form. An ex- 
periment was therefore performed which gave 
the data of Table 11. Four groups of mice 
were deprived of food and injected I M  at 
9 PM. Control Groups C and C-SH received 
sesame oil, test groups B and B-SH received 
bromobenzene in oil. The next morning, 85 
minutes before sacrifice, mice of Groups C 
and B were injected IP with L-alanine, 
moles/kg, while mice of Groups C-SH and 
B-SH were injected IP with L-cysteine, 
moles/kg. Twenty-five minutes before sacri- 
fice, each mouse of all 4 groups was injected 
by tail vein with 1 n s ~ l i n - I ~ ~ ~ .  

Data obtained are shown in Table 11. 
From intercomparisons of the NPSH data of 
this Table it may be concluded that: (a )  

bromobenzene pretreatment resulted in 
marked depletion of liver “GSH” and total 
NPSH, moderate depletion of kidney “GSH” 
and total NPSH, (b) NPSH depletions in- 
duced in liver and kidney by use of bromo- 
benzene plus fasting were more than nullified 
by administration of L-cysteine, lo-“ moles/ 
kg, 85 minutes before sacrifice, (c) as ex- 
pected from the literature, practically all of 
the liver NPSH consisted of “GSH,” and (d) 
“GSH” constituted less than half of kidney 
NPSH. In other experiments we have found 
that mouse and rat kidneys contain sufficient 
Sullivan reacting material (L-cysteine, L- 
cysteinylglycine and their disulfides ( 13)  ) 
to more than account for the non-“GSH” of 
mouse tissue NPSH. 

From intercomparison of Table I1 data on 
T and I concentration ratios, and % Ii”l 

TCA soluble values, i t  may be concluded 
that: (a) as in the experiments of Table I, 
bromobenzene treatment resulted in impair- 
ment of ability of mouse liver and kidney to 
convert 11“1 of labeled insulin into TCA sol- 
uble form, (b)  this impairment was not re- 
versed by administration of L-cysteine in 
amount sufficient to bring about an actual 
overrepletion of the previously depleted 
“GSH” of these 2 tissues. 

IV. In vitro experiments: These experi- 
ments were carried out in the hope that by 
simplifying experimental conditions, it  might 
be possible to obtain more clear cut conclu- 
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TABLE 111. Broiiiobeiizene (R)  or Be~tzyl  Cliloi.icle (X)  Prctrcatment  011 in vitro Tissue Deg- 
radat ion of I r i s ~ l i n - 1 ~ ~ ’ .  

r-- Mean values 5 standard deviationst -\ 

Group of No. of NPSH (meq S/kg)  113’ concentration ratios 
tissues mice i n  70 1131 

Exp* aii:ilyzeil t group ‘ ‘ GSH ” Tot,al NPSH l l  I TCA soluble 

1 LC5-0 
LC5-20 
LR5-0 
LB 5-2 0 
KC5-0 
KC5-20 
KR5-0 
KB5-20 

2 LC2-0 
LC2-10 
LB2-0 
L B  2-1 0 

3 LC2-0 
LC2-10 
LX2-0 
T1X2-10 

10  5.22 51 .06  
” 4.63 k1 .01  
10 2.02 ~ 1 . 1 3 9  
” 1.71 f .92$ 
10 1.47 f .25 
” 1.05 5 .21 
10 1.22 .60 

.64 2 .21$ 
11 4.01 & .51 
” 3.24 f .53 

9 )  

9 1.62 k .53$ 
’’ 1.22 & .8l$ 
7 4.83 k1.50 
” 4.0’7 51 .57  
8 2.48 f .77$ 
’’ 1.78 5 .73$ 

4.53 k .79 5.43 & .76 4.42 k .68 
4.58 .65 5.48 k2 .16  1.77 k .24 
1.49 k l . 2 0 9  5.19 5 .98 4.70 .93 
1.46 21.209 5.17 f .94 2.38 k .53 
3.28 k .37 6.88 k1 .04  6.17 .89 
3.28 k .70 7.11 k 1 . 2 1  5.29 f .98 
3.17 k1 .44  7.75 +2.07 7.28 f2.07 
2.21 k1.29Q 8.12 k1 .99  6.63 k1.69  

5.45 .57 5.10 2 .53 
5.17 5 .56 3.60 5 .39 
4.48 & .459 4.20 & .43$ 
4.36 f .45Q 3.21 f .35Q 
4.84 5 .92 4.56 _+ .83 
4.84 k .92 3.28 k .77 
4.61 k 1 . 2 0  4.33 +LO9 
4.54 k 1 . 1 6  3.05 & .90 

20.7 2 6.2 
67.5 f 3.0 

9.6 2 4.24 
54.1 -+ 5.2Q 
10.2 -+ .5 
25.5 f 2.1 

6.8 k 2.44 
18.4 5 3.2Q 

6.4 5 1.2 
30.4 f 3.5 

6.3 .a 

5.9 1.4 
32.5 t 5.7 

6.0 t .9 
32.3 ? 5.8 

26.0 f 5.90 

* Insulin-I’= contained per  rill 2 pC 11:” and total insulin: E x p  2, 1 p g ;  Exp 1 & 3, 1 0  fig. 
t L = liver, K z kidiicy; C = control, B = bromobenzene, X = benzyl chloride injected 

mice; No. a f te r  C, B or X = niin between insulin-I1n injection and  sacrifice; 0 a f te r  dash indi- 
cates tissue samples frozen iiiiniecliately on sacrifice; 10 or  20 a f te r  dash indicates tissue 
samples incubated at 37°C f o r  10  or 20 niin before freezing. 

f See footnotes, Tables I and 11. 
$ P <.05, difference between paired C and B, 

sions than can be obtained by use of whole 
animals. The general procedure was to inject 
a mouse, control or test, with Insulin-1131, 
wait 2 or 5 minutes, sacrifice, rapidly excise 
the liver and kidneys, dry ice freeze half the 
liver and one kidney immediately, and incu- 
bate the other half of the liver and the other 
kidney on Ringer moistened filter paper in- 
side a stoppered glass vial which was held in 
a shaking water bath at  37°C. After 10 or 
20 minutes’ incubation, the other half of the 
liver and the other kidney were frozen. Data 
obtained are summarized in Table 111. 

As was expected, T values obtained for 
each pair of liver halves, or for each pair of 
kidneys excised from a given mouse, were 
throughout the experiments reasonably close 
to each other. Hence, by use of an in vitro 
procedure, we have been able to eliminate 
the considerable changes in total 1l3l concen- 
trations which occur within particular tissues 
of whole animals with passage of time, and 
thus to focus on mean % ZI3‘ TCL4 soEubZe 
values as criteria of possible effects of an ex- 
perimental procedure on metabolic degrada- 

3r C and  X groups. 

tion of labeled insulin. The data obtained 
indicate clearly that the incubation condi- 
tions used did not prevent mouse kidney, and 
liver especially, from converting Il3I of la- 
beled insulin into TCA soluble form rapidly. 

In the bromobenzene experiments (1 and 2 
of Table 111), test mice exhibited decreased 
liver NPSH values and impaired ability in 
both liver and kidney to convert 1131 of la- 
beled insulin into TCA soluble form. How- 
ever, the data suggest that most of bromo- 
benzene action on ability of liver and kidney 
to solubilize the 1131 may have been due to 
changes which occurred in these tissues prior 
to the incubation periods. In Exp. 2, in 
which mice were sacrificed only 2 minutes 
after i.v. injection of Insulin-I131, appreciably 
lower T values were obtained for livers of 
test than of control mice, suggesting that 
bromobenzene treatment may result in slowed 
fixation of insulin, as well as decreased ability 
to convert 1131 of labeled insulin into TCA 
soluble form. In Exp. 3 of Table 111, benzyl 
chloride, given 2 hours before sacrifice, was 
substituted for bromobenzene as the tissue 
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NPSH depleting agent. From the data ob- 
tained it is apparent that benzyl chloride as 
used induced significant decreases in mouse 
liver “GSH” but had no measurable effect on 
ability of liver to solubilize P1 of labeled 
insulin. 

Discussion. Stoichiometric considerations 
suggest that, no matter how essential GSH 
may be for in vivo degradation of insulin, 
physiologic alterations of insulin degradation 
rate are not likely to be due in any appre- 
ciable degree to alterations in intracellular 
GSH concentration. In the present experi- 
ments, wide departures from usual tissue in- 
sulin-GSH ratios were achieved by combina- 
tion of high insulin dosage and marked lower- 
ing of intracellular GSH concentration, ob- 
tained by use of bromobenzene or benzyl 
chloride. With such high insulin dosage: and 
using increase in TCA solubility of Il3I of 
labeled insulin as criterion of insulin degra- 
dation(6), we found that mice pretreated 
with bromobenzene exhibited significant de- 
creases in ability of liver and kidney to de- 
grade insulin. However, other data indicate 
that this bromobenzene effect is due to some 
action of bromobenzene other than its action 
in lowering intracellular GSH concentration: 
(a)  L-cysteine administration resulted in 
rapid repletion of the bromobenzene depleted 
GSH, but not in reversal of the bromoben- 
zene induced inhibition of insulin degrada- 
tion, and (b )  benzyl chloride induced much 
more rapid depletion of GSH than can be 
obtained using bromobenzene, without meas- 
urably affecting insulin degradation. Hence 
it seems quite unlikely that physiologic vari- 
ations in intracellular GSH concentration re- 
sult in significant variations in insulin degra- 
dation rate. 

Summary. 1 )  The radioactivity of 1131 la- 
beled insulin injected by tail vein into mice 
was rapidly concentrated by liver and kid- 
ney, and converted by these organs from 
TCA insoluble into TCA soluble form. 2 )  
Overnight fasting plus bromobenzene adinin- 

istration resulted in significant decreases in : 
(a)  liver and kidney non-protein sulfhydryl 
(reduced glutathione) concentrations, and 
(b )  abilities of these organs to convert radio- 
activity of administered labeled insulin from 
TCA insoluble into TCA soluble form. 3 )  
Rapid repletion of liver and kidney GSH, 
previously depleted by use of bromobenzene, 
was obtained by use of L-cysteine. The ac- 
companying bromobenzene induced impair- 
ment of mouse tissue abilities to solubilize 
radioactivity of labeled insulin was not re- 
stored by L-cysteine administration. 4) Ben- 
zyl chloride administration to overnight 
fasted mice resulted within 2 hours in marked 
decrease in liver GSH concentration, not ac- 
companied by measurable change in insulin 
degradation. 5) I t  therefore appears unlike- 
ly that insulin degradation rate varies signi- 
ficantly as result of physiologic variations in 
intracellular GSH concentrations. 
~~ 

1. Narahara, H. T., Williams, R. H., J .  Biol. Chem., 

2.  Katzen, H., ibid., 1963, v238, 1006. 
3. Eden, E., Granowski, H., Jones, W., Linnane, 

J., Austr. J .  Biol. Sci., 1957, v10, 217.  
4. Kalser, S. C., Beck, L. V., PROC. SCC. Em. 

BIOL. AND MED., 1962, v109, 638. 
5. Barnes, M. M., James, S. P., Wood, P. B., 

Biochem. J. ,  1959, v71, 680. 
6. Lee, N. D., Ann.  N .  Y .  Acad. Sci., 1957, v70, 

94. 
7. Davidson, J. D., Feigelson, P., Znt. J .  Appl. 

Radiation Isotopes, 1957, v2, 1. 
8. Wilson, J. E., Roberts, N., Beck, L. V., Fed. 

PYOC., 1963, v22, 237. 
9. Thompson, R., Watson, D., J .  Clin. Path., 1952, 

v5, 25. 
10. Grunert, R. R., Phillips, P. H., Arch. Biochem., 

1951, t.30, 217. 
11. Elgee, N. J., Williams, R. H., Lee, N. D., J .  

Clin. Invest., 1954, v33, 1252. 
12. Lee, N. D., Williams, R. H., Endocrinology, 

1954, v54, 5 .  
13. Binkley, F., Fujii, S., Kimmel, J. R., J .  Biol. 

Chem., 1950, v186, 159. 

1959, v234, 71. 

Received December 2, 1963. P.S.E.B.M., 1964, v116. 


