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The Use of Triphenyltetrazolium Chloride 
for the Study of Respiration 
of Tissue Slices 

Maurice M. B l ~ k  and Israel S. Klcincr 

Deparfmcrzt o f  Pathology arzd Biochemistry, 
New Y o r k  Medical College, N e w  York  Ci ty  

I n  1948 8tmuss, Cheronis and 8traus suggested the use 
of tiiphenyltetrasoliurri chloride for  the differentiation of 
cancer tissue from surrounding norm:il tisstre. The au-
thois indicated tha t  tumor tissue would reduce the dye 

more readily than normal tissues (9). The use of tri-
pl~enyltetrazoliurri chloride was also niei~tioned by LCun 

and Abood ( 1 )  i n  a study of the respiration of tissue 
honiogcnates. Our paper will desciibe a technique 
whereby the respiration of tissue slices may be rrieasured 
with the aid of 2,3,5-triphenyltetlazolium chloride, and 
will present some results of these measurements. 

The tissues which were studied include liver, kidney, 
spleen, di:lphragm, small intestine, and spontaneous rnani- 
rriary carcinoma, all frorri CFW niice. With the exception 
of the diapbrayrri, tissues are sliced freehand, a t  a thick- 
ness of approxirriately 0.5 rrim. Thc diaphragm was not 
sectioned, since i t  is thin enough to  perrriit ready dif- 
fusion. All sections were run in duplicate so tha t  re-
producibility of the results could be evaluated. 

The animal was usually killed rapidly by crushing the 
cervical cord, and scctions of the organs were made within 

Colorin1etc.r Tissue Readinq
Tissue weightreridilly in my per mg 

I~ibcr,:I . . . . .. . . 131  3.1 42.8 
Liver, b . . . . . . . . 140 3.1 45.1 
Kidney, a . . . . . . . SR 1.6 55.0 
ICidney, b . . . . . . . 226 R.7 61.0 
l'umor, :I . . . . . . . 120 6.7 17.8 
rI7 umor, b . . .. . . . 146 7.3 20.0 

:I fcxv minutes of death. The tissue sections were placed 
ill wide mouthed test tubes (1.5 x 10 cm) and 5 rril of 
normal saline was added to remove blood and extraneous 
rriaterial. The solution w:is the11 decanted and 3 rril of 
thc buffered (pII 7.2) 1 %  tetrazolium solution in dis 
tilled water was added. The tubes, placed in a rack in 
an incubator rriaintained a t  37" C, were agitated gently 
by means of a rriechanical shalter. After incubation the 
tubes were removed, the tetrazolillrr~ solution was de-
canted, and the red color of the reduced tetrazolium ex-
tracted with acetone. The extraction was a quarrtitative 
one nccoinplished by nleans of ~epea t ed  washings with 
acetone. Each washing was added to a Klett colorin~eter 
tube. TJsually four washings of 2 ml, 1 nil, + nil, and 
;ml were sufficient to remove all the color from the tis- 
sue. The acetone in each colo;irrietev tube was then di- 
lnted to the 5-in1 mark with additional acetone, and after 

tllorouyli rriixi.jg, tire iyitensity of the color was read in 
a IClett-Sumrricrson photoelectric colorirrieter, using the 
green No. 42 filter. The tissues were allowed to dry a t  
room temperature, a procedure which was accorriplished 
rapidly because of the previous acetone dehydration. The 
tissues were then weiylred on an  analytical balance and 
the color reading determined per mg of tissue. The 
color readings can also be converted to  gamma of tetra- 
zoliurri reduced, by the use of a standard dilution curve 
of reduced tetrazoliuni as  indicated by Kun and Abood. 

The values obtained by this technique were reproducible 
in duplicate slices a s  shown in Table 1. The rriean values 
a s  well as  the spread of v:llues for  the endogenous nietab- 
olisni of the various tissues of CFW niice, with and with- 
out spontaneous niarrilnary carcinoma, are shown in 
Table 2. 

It will be noted tha t  the values obtained are similar 
in tissues from anirrials with and without spontaneous 
breast carcinorria. The only apparent exception to this is  
in the case of the diaphragrri a f ter  30-min incnbation, 

COLORIIETRIC OF OBESTIBIA~'IONRKDUCTION 
TKI~HENY~,TIGTRAZOLI~~~CHI.ORIDE 

BY TISSUE SLICES 
-- . --

Fcmalc CFW mice with spolitarieous nlamniary carcinom:~ 
30-min. incnbation GO-mi11 incubation 

+-' 
Organ 

a m  C m w C 

1,iver 
ICiBney 
Diaphragm 
Small 

intestines 
Tumor 
Spleen 

Male and female CFW mice without tumor 
1,iver 6 34 52 41 17 53 93  63 
Kidney 6 44  71 52 12 83 141 91 
Diaphragm 5 '  24 76 52 5 20 36 29 
Small 

intestilies 
Spleen 

where the mean value obtained was lower ill the presence 
of the tumor. However, after  a 60-min incubation period 
the mean values were identical. The relative intensity 
of the endoyenous metabolisni as  nieasured by this tech- 
nique (with 1-hr incubation) is  in the following order: 
kidney, liver, duodenum, diaphragm, tumor, spleen. It 
also appears significant tha t  while the kidney, liver, and 
duodenum show increased reductions of the dye after 60-
min incubation as  compared with 30-min incubation, this 
was not the case with the tumor and spleen, wherein little 
change occurred, and with sections of diaphragm, where 
an actual decrease in values was observed. The exact sig- 
nificance of this observation is  not clear a t  present and 
is being studied further. 

This technique is  also applicable to the investigation of 
the effects of enzynie inhibitors on tissue respiration. 

http:rriixi.jg
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Thus the addition of sodium azide to the tetrasoliurn solu- 
tion resulted in depression of the reduction of the dye. 
Typical results a re  indicated in Table 3, which presents 

TABLE 3 
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EFBPCTOF NAN, ON REDUCTIONO F  TRIPHENYLTETRAZ~LI~JM 
CIILORIDPBY TISSUE SLICES 

Tissue 

1,iver 44 -4 .> -1 1 
Kidney 55 -3 G - 2 

*K,=Colorimetcr ren(ling/~ng tissue, dry wt, 30-min 
il~cubation. 

t Sodinm nzide, 0.5 x 10-311 and 0.5 x 10 "1 added to 3 ml 
of 1% tetraphenyltetrnzoli~~~nsolntion. 

the mean values for  tissues from six animals, the experi- 
ments having been done in duplicate. 

It appears from tlle data presented tha t  triphenyltetra- 
zolium chloride may be used in a simple and reproducible 
manner to atudy the metabolism of tissue slices a n d  the 
effects of enzyme inhibitors. 
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Electrolytically Induced Reactions 

Wil l iam Marshall MacNevin 

Department of  Chemistry, 
The Ohio State Ulziversity, 
Columbus, Ohio 

Recently two examples of a novel type of induced re-
action have been observed in this laboratory. Both re-
actions are unique in  being electrolytically induced. The 
first is  the electrolytically induced air  oxidation of triva- 
lent arsenic, AsnI i n  alkaline solution. It has been ob- 
served (1) that air  oxidation of As111 in  a solution 1N 
in sodium hydroxide is slight. But  if electrolytic oxida- 
tion of the arsenic is  carried on in the same solution, 
oxidation occurs up to 50% in excess of that  corrcspond- 
ing to the current used. This excess oxidation is a t -
tributed to  oxygen of the air, since i t  is entirely elimi- 
nated if the surrounding air  is displaced with nitrogen. 
The electrolytic process, however, seems essential. 

The second reaction is the electrolytically induced pre- 
cipitation of iridium with rhodium. It was observed by 
MacNevin and Tuthill (2) tha t  iridium could not be 
deposited from an ammonium chlo~ide solution a t  cathode 
potentials as  great  as  - 1.0 volt. But if rhodium is also 
present, then not only does tlie rhodium prccipitate quan- 
titatively a t  a cathode potential of - 0.3 volts, but the 
major par t  of the iridium does also. 

These two reactions are  considered to  be examples of a 
new type of induced reaction and i t  is proposed to call 
them "electrolytically induced " reactions. 

The Isolation of a Metabolite of 
Pentobarbitall 

E .  W .  Maynert and H .  B. v a n  D y k e  

Department of Pharmacology, College of Pbysicians 
and Surgeons, Columbia University, New York City 

Therc is general agreement tha t  pelltobarbital is  eu-
creted on17 in trace amounts in the urine ( d ,  6, 8, 9 ) ,  but 
up to  tlie present no metabolic products of the drug 
have been reported. I t  llas now been found possil)le t o  
isolate a metabolite of pentobarbital froin tlie urine of 
dogs af ter  anestlletic doses of thc drug. The cornpound 
melts a t  209-210" C and has a n  elcn~entary eornposition 
corresponding to pentobarbital with one additional oxy- 
gen atom (CllII,,O,N,). I n  sodium llydroxide solution 
it has the characteristic ultraviolet absorption spectruni 
of the dialkylbarbituric acids (5). I n  the range of 225-
290 m p  the absorption curve llas exactly the same shape 
as  tha t  of pentobarbital, but the extinction is about 7% 
lower. This would imply a molecular weight of about 
242 for  the new barbiturate. Further evidence for  the 
barbituric acid ring was obtained by the preparation of 
a di-p-nitrobenzyl derivative (3). 

The presence of a hydroxyl group was demonstrated by 
tlie reaction of tlie metabolite wit11 acetic anhydride. A 
new compound was fornled wllich crystallized from aque- 
ous ethanol in the form of blunt needles ; mp 147-148" C. 

OH CH, 0 

CH, 0 

(11) 

It had the elementary composition of the corresponding 
acetate (C,,H,,,O,N,). On treatment with sodium hypoio- 
dite in dioxane solution the metabolite yielded iodoform. 
It would thus appear that  the con~pound could be either 
I or 11. Structure I1 would not seem likely, however, 
because such a compound would probably react with 
sodium hypoiodite to  yield acetic acid, not iodoform. 

1This work was supported hy a grant from the U. S. Pub-
lic TIealth Service. 


