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Blood Glutathione in Mild Diabetes Mellitus Before Treatment and 
During Sul fonylurea-Induced Hypoglycemia.* (23125) 

HOLBROOKE S. SELTZER. (Introduced by Carleton B. Chapman) 
Department o j  Internal Medicine,  Cnivers i ty  o j  Texas Soicthwestern Medical School, and 

I-elerans .4 d nr inist ru t i c i  n Hospital ,  Dallas. 

To ascertain whether arylsulfonylurea com- 
pounds influence blood glutathione concentra- 
tions, determinations of reduced glutathione 
were made following oral administration of 
tolbutamide (Orinase) + or carbutamide (BZ- 
5 5 ) t  to patients with normal carbohydrate 
metabolism and patients with mild diabetes 
niellitus. Glutathione values were much lower 
in the diabetic patients both before and after 
administration of the sulfonylureas. How- 
ever. no change in glutathione levels was ob- 
served in either group during the acute hypo- 
glycemic response to these compounds. nor 
in diabetic patients who received therapeutic 
doses of tolbutamide for several days. 

nlaterial and methods. The patients were 
all men. Each of 9 control patients had a 
normal oral glucose tolerance test. Twelve 
of the 15 diabetic patients were eating a t  least 
200 g of carbohydrate daily. while the others 
received 150 g daily. Insulin had never been 
given to 12 of the diabetics. and had been dis- 
continued in the others a t  least one week be- 
fore the test. The ages of control patients 
ranged from 24 to 62 years, with a mean of 
37 years. The diabetic patients were older, 
from 46 to 68 years of age with a mean of 59 
years, since most of them were selected for 
probable susceptibility to sul fonylureas. 
Liver function tests were normal in all 24 in- 
dividuals. Following an overnight fast 3 g of 
tolbutamide were given orally to all control 
patients and to 1 1  of those with diabetes. 
The other 4 diabetics received 3 g of carbuta- 
mide orally. Oxalated specimens of venous 
blood were obtained before administration of 
sulfonylurea and a t  hourly intervals for 5 
hours. Duplicate determinations on whole 
blood were done for glucose by the Somogyi- 
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Selson method(l) ,  and for reduced gluta- 
thione by the method of \i-oodward and Fry 
( 2  ) . Hematocrits obtained at each interva1 
on heparinized blood enabled the blood gluta- 
thione concentration to be expressed in terms 
of 100 cc of packed red blood cells. 

Results. In analyzing the findings the dia- 
betic patients are discussed as a group be- 
cause. regardless of magnitude of individual 
hypoglycemic response or sulfonylurea agent 
administered, the glutathione data yielded by 
each diabetic were entirely similar. 

In Table I the desultory hypoglycemic re- 
sponse to tolbutamide in the control group 
contrasts sharply with the marked depression 
of the blood glucose level induced in most of 
the diabetic patients by tolbutamide or car- 
butamide. The average maximum depression 
from the fasting glucose value was 14% in 
the former group and 43% in the latter. 

However, in neither group was the fall in 
blood glucose accompanied by an important 
change in blood concentration of reduced glu- 
tathione (Table I ) .  In  control patients the 
glutathione level remained essentially con- 
stant throughout the test period. In the dia- 
betic group the mean 5-hour glutathione value 
of 70.5 t 7.6 (S.D.) mg/100 cc of packed 
red blood cells was insignificantly higher 
( p  = 0.1) than the mean fasting concentra- 
tion of 66.6 5.6. 

At the same time: the actual blood gluta- 
t hione concentration of diabetic patients was 
distinctly subnormal. The difference between 
the mean fasting blood glutathione concen- 
tration in the normal group (81.3 t 6.7 mg/ 
100 cc of packed red blood cells) and the 
respective value in the patients with diabetes 
(66 .6  t 5.6 mg/100 cc of packed red cells) 
represents a significance of p = < .001 
(Table I ) .  Equally significant differences 
between respective values persisted through- 
out the test period except at the 1-hour inter- 
val, where p = <.01. 
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TABLE I. Blood Coilcentrations of Glucose and Reduced Glutathioiie after hilministration of 3 g of 
Tolbutamide or Carbutamide to Non-Diabetic and Diabetic Patients. 

~ 

Max fall 
from fast- 

Patieii t s Fasting 1 hr 2 Ill- 3 111. 4hr  5 hr ing level 

I Blood glucose (ing $&-Somogyi) \ 

Non-diabetics (9)" 7 7 2  4t 75 2 4 7 2 2  4 i 2 k  5 683-  5 6 8 2  4 145t 6% 
Diabetics (15) 177 -t 59 167 +_ 62 149 2 60 127 ? 56 115 2 57 107 & 51 4 3 2 1 1 %  

Reduced blood glutathione (mg/100 cc packcd red blood cells) 
Non-diabetics (9) 81.3 2 6.7 78.6 & 8.5 81.9 & 9.1 81.0 2 7.6 81.4 2 7.5 83.1 3- 7.5 
Diabetics (15) 66.6 -e 5.6 67.9 5t 4.9 67.3 ? 5.3 68.1 & 7.4 69.3 ? 6.1 '70.5 3- 7.6 
PS < . O O l  < . O l  < . O O l  <.om <.OOl  <.om 

* S o .  of patients. t Stand. deviation. 
tliione values at each interval. 

Blood glutathione concentrations were de- 
termined in 6 diabetic patients who received 
therapeutic doses of tolbutamide for 6 days 
or more. Table I1 demonstrates that the low 
pre-treatment glutathione values remained 
unchanged whether or not the drug was ef- 
fective in restoring normal fasting blood 
sugar levels. 

Discussion. The strikingly subnormal 
blood glutathione concentrations observed in 
these diabetic patients disagrees pointedly 
with recent reports (3,4) of normal glutathione 
values in such patients. Two major consid- 
erations may account for this apparent dis- 
crepancy. 

Woodward and Fry ( 2 )  originally expressed 
concentration of reduced blood glutathione 
in terms of mg/100 cc of whole blood. Since 
blood glutathione exists entirely within the 

TABLE 11. Persistence of Subnormal Blood Glu- 
tathione Concentrations after Several Days of Tol- 

butamide Therapy in Patients with Diabetes. 

Fasting Blood glu- Daily tolbuta- 
blood glu- tathione mide dosage 

cose (mg 70 (mg/100 cc and duration 
Patient -Somogyi) packed RBC) of treatment, 

1 329 
281 

2 152 
148 

3 142 
68 

4 139 
87 

5 132 
80 

ti 113 
82 

62.4 
57.8 
60.8 
62.5 
67.4 
61.5 
72.6 
70.8 
69.3 
65.3 
74.0 
70.9 

P .  t." 
5 g for 6 days 
P. t. 
4 g for 2 mo 
P.  t. 
5 g for 6 days 
P. t. 
4 g for 6 days 
P. t. 
5 g for 7 days 
P. t. 
4 g for 8 days 

* P. t. z Pretreatment. 

$ Derived from coinparison of respective gluta- 

erythrocyte, however, i t  has subsequently 
been emphasized ( 5 , 6 )  that precision requires 
its expression in terms of red cell mass, the 
procedure used in the present study. In re- 
ports employing the former and less accurate 
means of presenting glutathione concentra- 
tions in diabetic patients (3,4) blood gluta- 
thione levels which are actually depressed 
may have appeared normal when masked by 
the hemoconcen tration accompanying severe 
glycosuria. 

The opinion that blood glutathione concen- 
trations are normal in diabetes has also been 
propagated by the tendency of most workers 
to consider their diabetic populations as homo- 
geneous groups. Such an assumption ignores 
the possibility that glutathione concentration 
bears a relationship to degree of diabetic con- 
trol. However, experimental ( 7 )  and clinical 
studies (8,s) strongly suggest that normal 
glutathione metabolism, in both diabetic and 
non-diabetic patients, requires the existence 
of normal carbohydrate tolerance. Although 
blood levels of glutathione are known to be 
low in frank ketosis( lo) ,  no analysis has yet 
appeared of glutathione concentrations in con- 
trolled compared to uncontrolled but non- 
ketotic diabetics. In the present study each 
diabetic patient exhibited an elevated fasting 
blood sugar as evidence of mild to moderate 
uncontrol of his disease, but none had ke- 
tosis. 

Conversely, factors which are known to be 
associated with true depression of the blood 
glutathione concentration were not present in 
these diabetic patients. Such factors include 
starvation, protein depletion, liver disease and 
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ketosis (6).  
The insignificant rise in blood glutathione 

concentrations coincident with sharply fall- 
ing blood glucose levels in the diabetic pa- 
tients indicates that this convenient potential 
index of intracellular sulfhydryl activity is 
unaffected by the arylsulfonylurea compounds. 
Severtheless, the essentially unchanged glu- 
tathione values do not entirely erase the pos- 
sibility that metabolic activity of these agents 
may be mediated by altering the intracellular 
availability of sulfhydryl groups. Esperi- 
mental work ( 11) demonstrates that profound 
changes in tissue concentrations of gluta- 
thione may or may not be accompanied by 
variations in the blood glutathione level. A 
similar situation may also exist in man. 

1. Blood glucose and reduced 
glutathione determinations were performed a t  
intervals on 9 non-diabetic patients and on 15 
patients with moderately uncontrolled dia- 
betes lollowing oral administration of 3 g of 
tolbutamide or carbutamide. 2 .  Mean masi- 
ma1 decrease from fasting blood glucose value 
was 14% in patients with normal carbohy- 
drate metabolism. and 43% in the diabetic 
group. 3. In control patients there was no 
change in glutathione levels during the test 
period. I n  diabetic patients a minimal. insig- 
nificant rise had occurred 5 hours after inges- 
tion of the hypoglycemic agent. 4. The mean 
blood reduced glutathione concentration was 

Sutnvzary. 

strikingly lower in patients with diabetes 
than in those whose carbohydrate metabolism 
was intact. In 4 patients subnormal values 
persisted despite restoration of normal fasting 
blood glucose levels by daily therapeutic doses 
of tolbutamide. 

The technical assistance of Melba Loveall, Lora 
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Human Chorion Cells : Cultivation and Susceptibility to Viruses." (23126) 

ALBERT M. LERNEH, KENNETH K. TAKEMOTO AND ALEXIS SHELOKOV 
(Introduced by 1)orland J. Davis) 

1'. S. Departiiwiif  of Henltl t ,  S . I . H . ,  S a t l .  I n s t .  n! ; i l l e r g ~ i  and lnfectious Diseases, Bethesda, M d .  

The ready availability and usefulness of 
amnion cells in tissue culture virology have 
been demonstrated since the original publica- 
tion of Zitcer et al.( 1) .  Modifications o f  the 
amnion cell culture, virus spectrum, and ap- 

plication to primary isolation have been re- 
ported by several groups(2,3). The chorion 
is a pIacenta1 by-product of every amnion 
trypsinization, and therefore the usefulness of 
the chorion was explored. 

_- - -~ 
* T h e  authors wish to thank the of the Ob- Materials and methods. Chorion cell c d -  

tures. The methods employed were essentially 
similar to procedures used for the amnion(2). 
Fresh membranes were collected within one 
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