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Some Properties of 2,3,5-Triphenyl- 
tetrazolium Chloride and Several 
Iodo Derivatives1 
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The vital staining properties of "tetrazole" (2,3,5-
triphenyltetrazolium chloride) (4) and of i ts  various 
derivatives have been under investigation in this labora- 
tory for  some time (1). An observation of partially 
selective staining action on sunflower tumor tissue has 
led to consideration of compounds in this series as  
neoplasm indicators, of iodo derivatives fo r  quantitative 
estimation of tumor mass, and as  a means of localized 
application of organically bound radioiodine. Various 
derivatives are being synthesized for  possible extension 
of their utility in oncology, germinability, enzymology, 
sperm fertility, and in other applications. Two reports 
which have appeared from other laboratories concern 
behavior of 2,3,5-triphenyltetrazolium chloride ( 8 )  and 
of the 3-p-iodophenyl analogue in animal tumors (7) .  
While such compounds serve partially as  selective tumor 
stains, radioiodine injected in this form has not accumu- 
lated selectively in animal tumors tested (6, 7 ) .  

Variations noted in germinability tests (3') may be ex- 
plained in  par t  by the finding tha t  whereas the triphenyl- 
tetrazolium chloride is  readily prepared by the usual pro- 
cedure (3) ,  purification from HC1 solution followed by 
drying in  air  yields the di-(tetrazolium chloride) hydro- 
chloride hydrate. Drying a t  105"-110" C for  5 h r  
reconverts the hydrochloride hydrate to the chloride. 
The added acidity due to the HC1 may affect the stain- 
ing ability of this material, since this property has been 
found to  be pH-sensitive. 

The tetraeole employed here has been prepared by tlle 
usual procedure (3)  except tha t  an  amount of butyl 
nitrite equimolar to the isoamyl nitrite previously em-
ployed has been used. 

When 2,3,5-triphenyltetrazolium chloride of mp 243' C 
(with decomposition) was dissolved in ten parts of warm 
water, precipitated wit11 three parts of concentrated HC1 
solution, and allowed to dry in air, sillry needles of nlp 
180" C with preshrinlring were obtained. Some samples 
exhibited only partial melting. Analysis. Calculated 
fo r  (C,,H,,N,Cl), . HCl.H,O: N, 15.48; C1, 14.69. Found: 
N (Dumas), 15.70, 15.43; C1, 14.70, 14.58. 

When a sample of this compound was dried a t  105"- 
110" C, crystals of mp 243" C (with decon~position) 
were recovered. Analysis. Calculated for  C,,H,,N,Cl: 
N, 16.74; C1, 10.59. Found: N, 16.77, 16.69; C1, 10.54, 
10.60. The hydrochloride hydrate could also be recon-
verted to the chloride by solution in alcohol and pre- 
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cipitation with ether. Simple washing with ether did not 
effect the conversion. 

More rapid and more intense staining by iodo tetra- 
zoliums ( 2 )  than by the parent compound was observed 
in numerous experiments. I n  corn germinability tests, 
the times for  first visual recognition are noted i n  Table 
1. The solutions employed were 0.05% by weight and 
were read by an  observer unacquainted with the contents 
of the solutions. The corn was a sample of high ger- 
minability. The nitro compound proved not only to  be 
the most rapidly reactive of the group, but also permitted 
more rapid visual differentiation of the tissues within 
the embryo. 

TABLE 1 

TIUm aon REDUCTION OR TETI~AZOLIUMSALTSBY 

COIlN I<EBNEl,S 

Coloration equiva- 
Fks t  lent to 30-n~iu 

Tetrazolium chloride perceptible staining by 2,3,5- 
coloration t r i~~ l~ms l t e t r a -

(min) zolium chloride 
(min) 

2.3.5-Triphcnyl 7 30 
2,5-Diphcnyl-3-

(P iodophenyl) 3-4 15 
2,3-Di-(p-iodopheny1)-

ti-phmyl 3 10 
2-(p-1oilophenyl)-

3- (n-nitropheny1)- 
5-phenyl 2 4 

Stained sections of sunflower s t a l l~  and tumor are 
shown in Fig. 1. The appearance a t  1 hr indicates 
virtually complete visual specificity in reaction. After 
4 h r  tlle appearance of formazan in normal tissue is  
definitely observable. I n  color photographs or i n  actual 
observation, the contrasts between control and stained 
sections are more striking. Since these phenomena are  
based on differential rates of reaction, precise control of 
test conditions as  well as  of suhstituent groups in  the 
compound may be critical in some of the applications 
of tetrazolium salts. 

There were also differences in the actual colors pro- 
duced. The triphenyl salt upon reduction gave a 
cl~aracteristic pink to carmine color. With tlie iodo de- 
rivative, tlle red was more pronounced. Tlie diiodo 
compound gave a more violet-red color, and the color 
produced by reduction of the iodonitro compound was 
brownish. 

Miscoscopic examination of the stained sections sllowed 
considerably less diffusion of color with the three iodine- 
containing derivatives. More dctails could be 01,served 
in stained parts. This was especially true of the iodo- 
nitro compound. Because of this property, a s  well as  the 
rapidity of reduction, this substance may have special 
value as  a biological stain. 

Another ol)servation of interest was tlie photoreduci- 
bility of tetrazolium salts by strong reflected sunlight 
in the presence of some media and the inhibition of such 
photoreduction in other media. This was first noted in 
a search for  growth inhibitors. Bits of sunflower tumor 



386 SCIENCE April 14, 1950, Vol. 111 

FIG. 1. Photographs of stained sections of ~nnflomer stalk and attaclied tumor (induced by Ph~tOmOna8 tumefaclen8). 
Sections at  the left are controls; those in the middle were stailled with tetrnzole and those at the right with monoiodotetra- 
zole. The three top sections were stained for 1 hr and the three at  the bottom for 4 hr. 

tissue were nourished on an agar medium containing 
2,3,5-triphenyltetrazolium chloride. The visually color- 
less medium turned carmine with photographic speed 
when exposed to sunlight. Similar results were observed 
in the bacteriological medium of Kuiken et al. (5); 

testing various portions of i t  revealed that the phosphates 
mixture possessed this property especially (Table 2), and 
the effect may therefore be one that is particularly pH- 
sensitive. The presence of small amounts of riboflavin 
were found to inhibit the reduction. 

As a means of determining the approximate photo- 
cl~emieal threshold, plastic boxes of four different colors 
(red, green, yellow, blue) were made. These were placed 
over the Petri dishes containing the tetrazolium solution 
to which the phosphate solution was added. At the end 
of 10 min the solution under the blue box was almost 
as red as the control which was covered with glass. The 
solutions under the yellow, green, and red boxes were 
not appreciably affected. At the end of 1 hr the control 
and the solution under the blue box were very dark red. 
The solutions under the green and yellow boxes were un- 
colored, whereas that under the red box was a very faint 
pink. 

Spectral transmission curves were determined for thc 
plastics used by inserting samples into the light path of 
a Coleman Model I1 spectrophotometer. From the 
curves it was apparent that the threshold must lie near 
450 mp. 

Tests made simultaneously on solutions of triphenyl- 
tetrazolium chloride, and on the iodo, diiodo, and iodo- 

TABLE 2 

EFFECTS O F  DIRECT SUNLIGHT AND OF RIBOFLAVIN UPON THB 
PBOTOREDUCTION O F  2,3,5-TRIPHEXYLTETRAZOLIUM CHLORIDE 

Appearance 
after 5-min 

exposure 
Solution 

Tetrazolium solution* Faint pink 
Tetrazolium solution + phosphatest Dark red 
Tetrazolium-phosphates + 0.05 pg of 

riboflavin Pink 
Tetrazolium-phosphates + 0.5 pg of 

riboflavin Faint pink 
Tetrazolium-phosphates + 5.0 pg of 

riboflavin Colorless 
Tetrazolium-phosphates + 25 pg of 

riboflavin Colorless 

Fifty mg of 2,3,5-triphenyltetrazolium chloride in 5 ml 
of water. 

t Five hundred pg each of KHzPOI and KzHPOI added. 
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nitro derivatives showed tha t  the triphenyltetrazolium 
chloride is  most subject to photoreduction in sunlight. 
A solution of tho latter  compound was definitely pinlr 
a f ter  10 rnin in direct sunlight. At  the end of 1hr, tlle 
iodo derivative was barely pinlr, whereas the other two 
compounds showed no pink coloration. 
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Use of Dyestuffs for Determining the 
Activity of Proteolytic Enzymes 

Benjamin Carroll1 

Newark Colleges of Rutgers University, Newark, and 
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Numerous investigators (1) have shown that  native 
albumin has an  affinity for  simple dye anions, n~hetlter 
tlre protein is on tlre acid or alkaline side of i ts  isoelectric 
point. This is  usually indicated by a spectral change 
when the protein is  added to an  aqueous solution of the 
dye. Pepsin, a s  well as  other proteolytic enzymes, sho~vs 
pr:~ctically no combining capacity for  these dyes. This 
fac t  suggests a new method of deterrniniilg activity of 
proteolytic enzymes which may offer ndva~rtages. 

Klotz ( 2 )  has shown that  common denaturants, such 
as  sodium hydroxide and heat, cause bqvine serum albu- 
min to lose i t s  binding ability for  anionic dyes. We have 
found that  the action of proteolytic enzymes upon this 
native protein produces the same effect. Thus a change 
in the structure of the albumin molecule due to denatura- 
tion or fission of i ts  peptide linkages can be detected in 
the presence of an  enzyme. Quantitative activity meas- 
urements may be made by estimating the concentration 
of the native protein in the presence of the proteolytic 
enzyme a s  n function of the time, using a n  empirical 
curve as  is  usually done in spectrophotometric analysis. 
It should be emphasized tha t  this procedure alone will not 
indicate the state of the protein tha t  has been acted upon 
by the enzyme. The method is based on measuring tlie 
quantity of native protein remaining in solution, whereas 
the usual activity determination is  based on a n  analysis 
of the products of hydrolysis. 

Fig. 1shows the effect of a 0.1% pepsin solution upon 

lThe interest and sugg(~stions of Prof. A. I?. I'homas are 

gratefully aclcnowlcilged. 


'IG. 1. Effcct of 0.1% pepsin on 0.2% albumin in 
0.0 x 1O4nr or.;lngc?I at  pII 5.4 (pl~ospl~:~tebt~ffrr) .  A-Dye 
alonr. X--1)ye + ~ I ~ ~ I I I I I I ~ I I+ fllh~in~in. C-I))e + pepsin after 
23 min. D-Same as C after 02 nlin. E-Same as C after 
195 min. 

a 0.2% bovine albumin2 solution a t  p l I  5.4 in the pres- 
ence of a corlstant colicentration of the dye, orange I. 
The extinction is plotted as  a function of the wavelength 
a t  various time intervals. The cuvettes containing the 
reaction mixture were kept in the housing of the Beck- 
man quartz spectropliotometer througllout tlie experiment. 
No attempt was made to rcgulato the tenlperatnre of the 
solution, which was about 37" + 2" C. It will be seen t l ~ n t  
addition of bovine albu~rlin to  the dye causes a depression 
of about 20y0 in t l ~ e  absorption maximum, which is  in 
keeping with the data  reported by Klotz. Upon addition 
of crystallized pepsin, the optical density of the reaction 
mixture in the presence of the dye approaches that  for  
the dye alone. 

'IR. 2. Optical density a t  475 m p  for orange I (2.0 x lO+b~) 
in presence of 0.2% albumin and 0.1% pepsin at  pH 5.4. 

The values of the optical density of the reaction mix- 
ture a t  475 m p  are plotted a s  a function of the time in 
Fig. 2. The values for  the concentration scale are on 

"Crystallized bovine albunlin and crystallized pepsin (por- 
cine mucosa) were used in prepamtion of solutions. These 
were purchased from the Armour Laboratories, Chicago, 
Illinois. 


