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V )  on metal toxicities is important for an- and Ni to Corcyrn larvae has been deter- 
other reason also. From the present data it 
is difficult to say whether the effect of M g  i n  
Co and Ni toxicities is primarily indicative 
of a Mg deficiency since both Fe and Mg can 
reverse these toxicities. However, it is pos- 
sible that the effect of each of these 2 metals, 
viz., Fe and Mg, is itself dependent on the 
physiological status of the organism with re- 
spect to the other metal. For instance, it has 
been found recently that in the mold AT. 
crassa ( 5 )  , wherein the level of Mg determines 
the concentration at which Co, Ni or Zn be- 
comes toxic, reversal of these toxicities by 
Fe requires a very much higher amount of 
Fe on a low-Mg medium as compared to one 
wherein the Mg content is 10-fold higher. 

It may be conjectured that excess Fe and 
Mg influences the intracellular accumulation 
of toxic metals by tissues. In this context, 
the demonstration by Abelson and Aldous (3) 
of such a control of metal ion uptake in cer- 
tain organisms is of interest. 

In any event, the present data indicate 
that the toxicity of Co, Ni and Zn is asso- 
ciated with their interference with the func- 
tioning or utilization of physiological active 
elements like Fe and Mg. It is likely that 
such derangements, in turn, bring about far 
reaching metabolic defects by affecting the 
rate of synthesis or degradation of vital meta- 
bolites. The complete reversal of Zn toxicity 
in Corcyra larvae by nucleic acids without 
any concomitant effect on accumulation of 
Zn""( 12)  is indicative of such a possibility. 

The range of toxicity of Co Szfmnrary. 

mined. It has been shown that under condi- 
tions wherein excess Co, Ni and %n produce 
severe inhibition of growth in these larvae, 
supplementation with Fe uniformly restores 
growth to normal in all 3 metal toxicities and 
that Mg is effective only in Co and Ni toxici- 
ties. The significance of these results in re- 
lation to metal interrelationships in Corcyra 
larvae has been discussed. 
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Thyroid State and Glucose Oxidation by Blood." (27134) 
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The in vitro glucose oxidation rate of of triiodothyronine, but continued treatment 
erythrocytes is changed by prior treatment of causes the oxidation rate to decrease until i t  
the animal with triiodothyronine and thy- reaches 62% of normal by the 21st day when 
roxine( 1,2). Oxidation is increased during thyrotoxic symptoms first appear( 2). In 
the first 4 days of treatment with high doses ~ ~ i t r o  addition of physiological do* of tri- 

iodothyronine to solutions containing eryth- *Supported in part by USPHS Grant. 
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rocytes and methylene blue will also cause a 
significant increase in oxygen consumption, 
glucose utilization and carbon dioxide pro- 
duction from glucose-l-('14 but not from glu- 
cose-6-C14( 3 ) .  lye  have added glucose-l-C" ' 
and methylene blue to blood from normal and 
thyrotosic patients to determine the effect 
thyroid hormone has on production of radio- 
active carbon dioxide(4). The radioactive 
carbon dioxide produced can be used to esti- 
mate hexosemonophosphate shunt ( H l I P )  
activity(4). 

Methods. Five ml of heparinized bltmod 
was obtained from normal subjects and pa- 
tients with the clinical syndrome of thyro- 
toxicosis. Diagnosis of thyrotoxicosis was by 
clinical examination? I l ' ; l  uptake, radioactive 
triiodothyronine serum binding test and pro- 
tein bound iodine. Blood was obtained also 
from 3 normal individuals who received 100- 
200  pg of L-triiodothyronine daily for 4 to 7 
days. This resulted in no demonstrable 
change in white blood cell count or differen- 
tial. 

After a 15-minute pre-incubation period in 
a Warburg flask 0.5 ml of a 1% solution me- 
thylene blue and 5 pc of l-C1* glucose (0.08 
mg/pc) was added. Incubation was contin- 

ued for 1-3 hours at 37°C in a continuous 
stream of 100% oxygen. The evolved carbon 
dioxide was collected by bubbling it into 10 
in1 of 0.5 $1 hyamine hydroxide. The radio- 
activity present in 1 ml of hyamine solution 
was determined by using a liquid scintillation 
detector. Results are expressed as percent- 
age of injected appearing as radioactive 
carbon dioxide. 

Results. During the first hour af incuba- 
tion 10.1 t 0.4% (mean t standard error) 
of the C1* from glu~ose-1-C~~ was collected 
as carbon dioxide from blood of 12 normal 
subjects and 2.9 zfi: 0.5 from 11 hyperthyroid 
individuals. There is a statistically signifi- 
cant difference in these 2 means, P<.oo11. No 
overlap was found between the 2 groups. 

In Table I percentage of CI4 O2 produced 
during 3 hours of incubation is shown. The 
marked inhibition of carbon dioxide produc- 
tion by thyrotoxic b l d  during the first hour 
of incubation is present to a lesser extent dur- 
ing the second hour of incubation but not 
seen during the third hour of incubation. 

Table IT shows percentage of carbon diox- 
ide produced by blood from normal subjects 
who had received 100 pg of triiodothyronine 
daily. The depression of C14 02 production 
which followed triiodathyronine treatment 
has disappeared 10 days after therapy. Sub- 
ject 2 showed a continued decrease for at 
least 48 hours after stopping triiodothyro- 
nine. 

Discussion. Using radioactive C- l-glucose 
Necheles and Beutler(3) found that prduc- 
tion of radioactive CO? by washed human 
red cells could be increased by the acute addi- 
tion of triiodothyronine (3.75 )( lO-*M con- 

TAELF: TI. Effcct of l o 1 3  &g of Triiotloth~1.oiiii~~? Daily on C14 0, Produc,tioii from Blood 
Trwtal with 1 -el4 Glucose. 

Days of therapy 
Sur111:II 10 days 

0 su1,ject 0 1 - 3 4 5 10 post therapy 

1st  111. of iiic.ulJ;ttion 1 10.49 l!I.43 8.11 6.12 5.70 5.79 - 10.36 
11.35 

2iitl 111- of iiic.ul):~tio~~ 1 - 15.31 10.49 15.32 11.83 11.53 - 11.09 

.) x. - l(J.2G 13.62 8.30 5.84 6.53 8.45 - 
3 1 0 . 1 i  9.W) 2.91 9.40 2.52 5.42 5.98 - 
o* I 18.73 9.96 12.34 14.49 12.90 - - 
3 13.10 15.56 11.25 13.25 - 13.78 12.60 I 

* Subject 2 received triiodothyronine for only 3 days. 
Results are percentage of added Ci4 collected as carbon dioxide. 
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centration) suggesting stimulation of the 
HMP shunt. Others have shown that washed 
red cells taken from rabbits treated with 125 
pg/kg of thyroxine per day show, during the 
first few days of treatment, increase in glu- 
cose utilization followed by a depression its 
treatment continues( 2 ) .  The HMY shunt 
pathway of the intact rats as measured by 
the ratio of radioactive C-1 to C-6 glucose 
oxidation is depressed after chronic thyroxine 
administration( 5). Our results with whole 
blood show a suppression of the HMP path- 
way in thyrotoxic humans and after acute 
administration of triiodathyronine. Combin- 
ing these data suggests that administration of 
thyroid hormone may produce a.n early in- 
crease in the HMP shunt followed by marked 
depression. The disease of thyrotoxicosis is 
associated with a decrease in HMP activity. 

Glucose-6-phosphate dehydrogenase and 
6-phosphogluconic dehydrogenase, 2 of the 
earliest enzymes used in the HMP shunt, 
have been shown to be increased in thyrotoxic 
individuals and in experimentally produced 
hyperthyroidism (5,6). In  erythrocytes, these 
enzymes increase within 48 hours of adminis- 
tration of thyroxine or triiodothyronine( 6). 
An increase in these enzymes should be re- 
flected by a comparable increase in oxidation 
of l-C14-glucose. Our data demonstrate a 
reduction in COa production during the first 
hour of incubation of blood from thyrotoxic 
patients and from nor& subjects treated 
with triiodathyronine. Glucose oxidation dur- 
ing the second hour of incubation is inconsis- 
tently depressed and no depression is noted 
during the third hour of incubation. This 
indicates that erythrocytes from thyrotoxic 
individuals are capable of oxidizing glucose 
normally. 

The activity of glucose-6-phosphate dehy- 
drogenase is dependent on the presence of 
triphosphopyridine nucleotide (TPN) and 
perhaps an activator substance( 7,8,9). 
Glucose- 6-phospha te dehydr ogenase reduces 
TPN following which TPN is oxidized by 
the cytochrome oxidase system. This system 
is not present in mature erythrocytes. Addi- 
tion of methylene blue to the incubation mix- 
ture is designed to perform this reduction and 
in this way stimulate HMP activity(4). 

There are several possible explanations for 
decreased HMP activity of blood from thyro- 
toxic individuals even though it has been re- 
ported that the activity of glucose-6-phos- 
phate dehydrogenase is increased in thyro- 
toxic erythrocytes. There may be a net de- 
crease in TPN and TPNH; there may #be a 
decrease in other HMP enzymes; or the 
added methylene blue may not be adequate 
for thyrotoxic blood. These data suggest that 
the increase in glucose-6-phosphate dehydro- 
g e n e  activity found in thyrotoxic Mood 
might be compensatory to a decrease in TPN 
or activator substance. T P N  levels are 
known to be decreased in thyrotoxic liver( 10) 
but similar studies have not been made in 
blood. It is unlikely that the changes noted 
here are due to inabimlity of glucose to enter 
the cell, changes in the white b l d  cell count 
or the slight differences in blood sugar ( 1 1,12, 
13) .  

Summary. 1. Oxidation of glucose by the 
hexase monophosphate shunt pathway has 
been estimated by measuring the radioactive 
c a r h  dioxide produced from l-C14-glucose 
added to blood treated with methylene blue. 
2.  A significant decrease in early C14 O2 pro- 
duction has been found in blood obtained 
from thyrotoxic patients and normal subjects 
treated with triiodothyronine. 
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The purpose of this paper is to describe the 
use of fixed sensitized sheep erythrocytes in  
the Jliddlebrook-Dubos hemagglutina tion 
test for tuberculosis. The classical test de- 
scribed by IIiddlebrook and L)ubos( 1). and 
the modified test by Scott and Smith(2), and 
others(3,4) involves the use of fresh unfixed 
erythrocytes. As such! the preparation for 
the individual tests is rather time-consuming. 
A diagnostic reagent which could be directly 
used would be of great advantage. 

With a view toward development of a rap- 
id, convenient screening test for tosoplasnio- 
sis, the author has previously described a 
stable preparation of alcohol-formalin fised. 
Toxoplasma-sensi t i zed I yophili zed s heel, 
erythrocytes( 6).  These antigen coated cells 
could be stored succesfully for a period of at 
least 2 months. Encouraged by these results 
the author has attempted to adapt this fixa- 
tion technic to the modified Middlebrook and 
l3 u bos test . 

1. Sheep erythro- 
cytes.  Sheep blood collected aseptically in 
1.2 volumes of modified Alsever's solution ( 1 ) 
was kept for a t  least 3 days before use, and 
was used thereafter for a period up to 2 
weeks. Before fixation, the cells were washed 
3 times with normal saline by serial centrifu- 
gation. \Vhen the fresh washed cells were 
used in the test, the final suspensions were 

*This work was supported in part by the Uveitis 
Fund, Institute of Ophthalmology, Presbyterian Hos- 
pital, New York City. 

t The author is a visiting fellow from Chonnam 
National Univ., Korea, and was supported during 
this study by the China Medical Board of New 
York, Inc. 

Material and methods. 

centrifuged at 2,000 rpm for 10 minutes. 
One volume 

of washed packed cells was suspended in 9 
volumes of isotonic phosphate-buff ered sa- 
line (pH 7.2) .  Ten volumes of the fixative 
described below were added to the sheep cell 
suspensions, and the mixture was left at  room 
temperature over night . 

2. Fixation of washed cells. 

.~lcoliol-Fo~iiialin in  Fixative Solution (pH 7.2) 

40 g, for1n:iltlehyde 20 ec 
95cjG ethyl :ilcohol 5 cc 
Acitl sodium phosphate, moiiohydrnte .4 g 
A4nl~pdrous disodium phosphate .64 g 
Distilled water 75 ee 

Details of the fixation and washing pro- 
cedure have been described(6). It was im- 
perative that all traces of formaldehyde be 
removed. The cells were not tanned. 

3 .  Preparation of antigen. Old tuberculin 
(Lederle) ,: 4 times standard strength, was 
diluted 1 : l O  in buffered saline solution (pH 
7.2); 0.5 ml of tuberculin being diluted in 
4.5 ml of buffered saline. To this, 1.0 ml of 
a 10% fixed cell suspension in buffered sa- 
line was added and incubated for 2 hours in 
a water bath at 37°C. The mixture was 
thoroughly shaken at  approximately 15-min- 
ute intervals. This cell suspension was re- 
nioved from the water bath and centrifuged. 
The cells were washed 3 times with 6 ml vol- 
umes of buffered saline and finally resus- 
pended in 50 ml of buffered saline (0.2% cell 
suspension). 

Far comparison, fresh, unfixed erythro- 
cytes were sensitized by the technic of Mid- 

: The author is grateful to Dr. H. Peirsma, Lederle 
Laboratories, Pearl ;River, N. Y., for supplying the 
old tuberculin in preparation. 


