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sone (Groups B and C) exhibited a mean weight 
nearly equal to  the mean weight of the control 
groups (Groups A and D). 

The administration of cortisone acetate to  the 
mice of Groups B and C delayed the resurgence of 
hair growth approximately 2 weeks beyond the re- 
surgence of hair growth in the control groups. 
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Table I V  shows that the cortisone-treated mice 
(Groups B and C) in Parts 1 and 2 of this study had 
a definite retardation or even a significant decrease 
in mean body weight at the termination of the 
cortisone injections, while the control mice (Groups 
A and D) exhibited a definite increase in mean body 
weight during the same period. 

SUMMARY 

The administration of 0.4 mg. of cortisone ace- 
tate per 30 Gm. of body weight, injected sub- 
cutaneously five times a week over a 16-day period 
(12 injections) during the early phase of the experi- 
ment, caused a slight decrease in the incidence of 
methylcholanthrene-induced tumors. 

When administered subcutaneously, cortisone 
acetate suspension decreased the skin irritation and 
subcutaneous vasodilation caused by the application 
of a 0.12% solution of methylcholanthrene in ace- 
tone to  the interscapular region. However, this ef- 
fect was noticeable only during the interval of corti- 
sone therapy and for a short period thereafter. 

The CF-1 albino mice used in this experiment also 
showed definite retardation or even a significant de- 
crease in body weight during the 16-day period of 
cortisone acetate administration. However, when 
cortisone acetate was withdrawn, the mice gained 
weight rapidly. At the termination of the experi- 
ment, the groups of mice which had received corti- 
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Effect of Sodium Cobaltinitrite on the 
Minimal Carcinogenic Dose,, (MCD,,) of 

Methylcholanthrene in Albino Mice 
By RAYMOND F. ORZECHOWSKI, RONALD F. 

DAVID E. MA", JR. 

The bi-weekly, intraperitoneal administration 
of sodium cobaltinitrite in doses of 50, 60, 
and 70 mg./Kg. in mice subjected to the 
MCD,o of metbylcholanthrene resulted in a 
reduction of tumor incidence to 3 1, 3 1, and 
25  per cent, respectively, compared to 47 per 

cent for the controls. 

ROM T m  MANY diverse factors that  have been 
shown to modify experimentally induced 

carcinogenesis, an intriguing concept has arisen 
which stresses the need for a deeper understanding 
of the role played by oxygen in the inception and 
regulation of the cancerization process. Accord- 
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ing to Warburg 
cerous because 

GAUTIERI, and 

( I ) ,  a normal cell becomes can- 
of irreversible damage to its 

respiratory mechanism. Cells which are unable 
t o  compensate immediately to the abrupt change 
in intracellular respiration die, while others sur- 
vive only by adjusting to a fermentation type of 
respiration, thus becoming undifferentiated and 
cancerous. In short, the cancer cell derives 
energy from fermentation which fulfills i ts  meta- 
bolic demands as adequately as intracellular 
respiration meets the requirements of the normal 
cell. On the other hand, Weinhouse (2) presented 
experimental evidence tha t  the respiration of 
tumor slices is approximately equal to the oxida- 
tive metabolic activity of normal cells. In further 
support of these findings, isotope studies per- 
formed in 1949 (3) have shown tha t  tumor cells 
can oxidize glucose to carbon dioxide at rates com- 
parable to those of normal cells. Therefore, it  
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appears unlikely that an impairment of oxygen 
consumption or utilization is an aberration com- 
mon to all neoplasms. 

The present investigation was undertaken to 
observe the effect that an in vivo oxygen de- 
ficiency might produce on the growth of chem- 
ically induced tumors in mice -specifically on 
squamous cell carcinomas resulting from the 
topical application of methylcholanthrene. The 
basis for this study was an established method 
which has elicited a consistent tumor response. 
Accordingly, the bi-weekly application of 0.02 ml. 
of a 0.12% methylcholanthrene solution to the 
shaved interscapular area for 10.4 weeks has re- 
peatedly resulted in tumor formation in approxi- 
mately 50% of the treated animals. This dose/- 
response relationship has been termed the minimal 
carcinogenic dosew (MCDw) of methylchol- 
anthrene (4) and has provided a satisfactory pro- 
cedure for the evaluation of various factors, such 
as the effects of gonadectomy and/or estrogen (5), 
and cortisone (6), on controlled tumor production. 

The present investigation was undertaken to 
observe the tumor incidence in normal and 
hypoxic mice subjected to the MCDp of methyl- 
cholanthrene. A temporary hypoxic state was 
produced through the formation of methemo- 
globinemia, a condition which results in a 
decreased oxygen-carrying capability of the 
blood. Several groups of agents are known 
to induce methemoglobinemia, including ni- 
trites and &amino phenol derivatives. Sodium 
cobaltinitrite, Na,Co(NO&, was chosen because 
i t  is superior to sodium nitrite as an antidote for 
cyanide poisoning in mice, presumably from its 
ability to convert hemoglobin to methemoglobin 
(7). 

EXPERIMENTAL 
The experiment was divided into three separately 

performed parts, designated as trials 1,2,  and 3. In 
each trial, 300 or 360 mice (CF-1) were divided into 
groups of 60 mice. each with 30 males and 30 females. 
Table I lists these groups and the treatment which 
each received. Cages employed, diet, handling, 
shaving, and method of application of the caranogen 
were described in a previous paper (4). Ampuls con- 
taining 10 ml. of 0.12y0 methylcholanthrene (East- 
man-Kodak) in acetone were prepared and re- 
frigerated until used. The carcinogen was applied 
twice weekly (Tuesday and Thursday); freshly pre- 
pared aqueous solutions of sodium cobaltinitrite were 
injected intraperitoneally on Mondays and Fridays. 
This schedule of injections was begun on the Friday 
of week 1 of each trial; therefore, the mice had been 
exposed to two previous applications of methyl- 
cholanthrene. Concentrations of the cobaltinitrite 
ranged from 0.5 to 1.6%, depending on the dose to  
be administered, so that  the volume of solution 
injected would not exceed 0.3 ml. 
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determined by the method of Litchfield and Wilcoxon 
(8), was 159 (149 to 17O)mg./Kg. Since the animals 
were to receive a total of 20 injections over a period 
of 72 days, it was necessary to choose dosage levels 
which, while producing a definite methemoglobine- 
mia, would not elicit toxic symptoms. After a 
single intraperitoneal injection of 50 to 100 mg./Kg., 
mice exhibited ataxia, reduced respiratory activity, 
and a moderate degree of cyanosis within 5 minutes. 
However, noticeable toxic manifestations were not 
apparent 1 or 2 hours later; the animals appeared 
normal in all respects. When doses greater than 
100 mg./Kg. were administered, marked cyanosis 
accompanied by gasping and occasional convulsions 

TABLE I.--GROUPING AND TREATMENT OF MICE IN 
TRULS 1 , 2 .  AND 3 

Groupa Treatment 
Trial 1: Mar. 20 to May 31, 1962 

A-1 Methylcholanthrene (controls) 
B-1 Methylcholanthrene + sodium cobaltini- 

C-1 Methylcholanthrene + sodium cobaltini- 
trite: 30 

trite, 40 
D-1 Methvlcholanthrene 4- sodium cobaltini- 

trice, 50 

trite, 60 
E-1 Metkylcholanthrene + sodium cobalthi- 

Trial 2: June 7 to Aug. 18. 1962 
A-2 Methylcholanthrene (controls) 
D-2 Methylcholanthrene + sodium cobaltini- 

E-2 Methylcholanthrene + sodium cobaltini- 

F-2 Methylcholanthrene + sodium cobaltini- 

G-2 Methylcholanthrene + sodium cobaltini- 

trite, 50 

trite, 60 

trite, 70 

trite, 80 
Trial 3: Sept. 25 to Dec. 6, 1962 

A-3 Methylcholanthrene (controls) 
B-3 Methylcholanthrene + sodium cobaltini- 

C-3 Methylcholanthrene + sodium cobaltini- 

D-3 Methylcholanthrene + sodium cobaltini- 

E-3 Methylcholanthrene + sodium cobaltini- 

F-3 Methylcholanthrene + sodium cobaltini- 

trite, 30 

trite, 40 

trite, 50 

trite, 60 

trite, 70 

O E a c h  group consists of 60 mice equally divided regarding 
sex. b All doses (mg./Kg.) of aobium cobaltinitrite are by 
intraperitoneal injection. 

TABLE 11.-FORMATION AND DURATION OF 
METHEMOGLOBINEMU IN MICE AFTER 

INTRAPERIMNEAL INJECTIONS OF SODIUM 
COBALTINITRITE (80 mg./Kg.) OR SODIUM NITRITE 

(80 mg./Kg.) 

After 7% Methemoglobina- 
InjTtion. Sodium Sodium 

min. Cobaltirutrite Nitrite 
10 
20 
40 

15 f 3 
32 i 4 
39 f 6 

30 f 2 
39 f 2 
34 f 3 

60 27 i 5 30 f 2 
90 

120 
180 

16 f 7 16 f 4 
11 f 3  4 f 3  
3 f 2  ... 

a Expressed as per cent of total hemoglobin converted to 
methemoelobin. Each value listed is the mean of six different 

The intraperitoneal LDs of sodium cobaltinitrite, det&mTn&ions f standard error. 
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IN  MICE RECEIVING THE MCDN OF METHYLCHOLANTHRENE 
TABLE III.-EPFEcT OF INTRAPERITONEAL INJECTIONS OF SODIUM COBALTINITRITE ON TUMOR INCIDENCE 

-Trial f--- -Trial Z--- -Trial -Total Trial- 
Treatment (mg./Kg.) Tumor Tumors, Tumor Tumors, Tumor Tumors, Tumor Tumors, 

and Group No. Incidence0 To Incidence yo Incidence Yo Incidence % 
Methylcholanthrene controls 

Na Cobaltinitrite, 3@ (B-I, 

Na Cobaltinitrite, 40 (C-1, 

Na Cobaltinitrite, 50 (D-1, 

Na Cobaltinitrite, 60 (E-1, 

Na Cobaltinitrite, 70 (F-2, 

(A-1, A-2, A-3) 30/59 51 24/58 41 28/59 48 82/176 47 

B-3) 27/59 46 ... . . 20/58 35 47/117 40 

(2-3) 26/60 43 ... . . 20/59 34 46/119 39 

D-2, D-3) 20/58 35 13/60 22 21/59 36 54/177 31b 

E-2, E-3) 16/58 28 24/57 42 14/59 24 54/174 31b 

F-3) . . .  . . 16/59 27 14/59 24 30/118 25b 
Na Cobaltinitrite, 80 (G-2) . . .  . . 18/59 31 . . .  . .  ... .. 

Ratio expressed as: No. of mice bearing one or more tumors . EBective total of mice in RToup b Significant reduction of tumor incidence compared with 
control value. (Chi* test, P < 0.01). c Dose is mg./Kg. 

occurred. Death usually ensued within 2 hours. 
On the basis of these preliminary observations, it  was 
decided not to exceed the 80-mg./Kg. dose level. 

A blood study was conducted on a separate group 
of mice to  determine the extent and duration of the 
methemoglobinemia produced by sodium cobaltini- 
trite (80 mg./Kg.) and by sodium nitrite at a com- 
parable dose in terms of nitrite present. The 
colorimetric method of Evelyn and Malloy (9) was 
employed; the results of this experiment are listed in 
Table 11. The data indicated that a peak methemo- 
globin concentration was achieved within 60 min- 
utes after the time of injection and decreased until 
negligible concentrations remained after 3 hours. 
This peak value represented the conversion of 
approximately 40% of the total hemoglobin to  
methemoglobin. It should be kept in mind that 
80 mg./Kg. was the highest dose of sodium cobaltini- 
trite utilized, and that the methemoglobinemic re- 
sponse was, naturally, less at the lower dosage 
schedules. Several determinations at a dose of 60 
mg./Kg. gave results indicating peak values of 
approximately 25% methemoglobinemia, which 
diminished appreciably by the end of 2 hours. 

In comparing the cobaltinitrite response with that 
produced by sodium nitrite, a similar overall picture 
was observed. Peak levels were practically identical 
and occurred at approximately the same time. How- 
ever, 2 hours after injection, the 80-mg./Kg. 
cobaltinitrite-treated mice exhibited higher meth- 
emoglobin values than the corresponding nitrite 
group. Thus, the one difference attributed to  so- 
dium cobaltinitrite-compared with sodium nitrite- 
was a slight prolongation in duration of methemo- 
globinemia. 

It is unnecessary to  describe in detail the macro- 
scopic changes which occurred in the mice as they 
were exposed to  repeated methylcholanthrene 
applications, since these observations have been 
published (4). It is sufficient to  mention that the 
epidermal reactions were similar and consisted of an 
initial period of epilation which lasted for about 3 
weeks. This was followed by another period of re- 
newed hair growth, at which time the animals were 
left with longer hair in the interscapular region than 
in other areas of their bodies. 

The appearance of tumors was first noted on a 
few mice during the sixth week of each trial. Both 

TABLE IV.-INITIAL AND FINAL WEIGHTS OF MICE 

Initial Wt. Final Wt. 
Group (Gm. f S.D.) (Gm. f S . D . )  
Trial 1 

A- 1 25 f 3 33 f 4 
B- 1 25 f 5 31 f 3  
c-1 26 f 3 33 *3 
D-1 26 f 2 32 f 3  
E-1 25 f 2 31 f 6  

Trial 2 
A-2 20 f 2 30 f 4 
D-2 21 1 2  
E-2 21 f 2  
F-2 20 f 2 

29 1 3  
29 f 3 
28 i 3 

G-2 22 f 3 30 f 3 

A-3 25 1 4 30 1 3 
B-3 24 f 3 30 f 2 
C-3 25 f 3 29 f 3 
D-3 26 f 3 30 f 3 
E-3 26 f 3 29 f 3 
F-3 25 i 2 29 i 3 

control and cobaltinitrite groups responded at  the 
same time; Le., no outstanding delay in tumor onset 
could be attributed t o  the methemoglobinemia, al- 
though at a given time there were usually less tumors 
in the test groups than in the controls. It was not 
our purpose to study the chronological progression 
of tumor growth, for it was apparent that a close 
daily examination of 360 mice would be extremely 
impractical. Rather, the experiment was designed 
to use the established method of producing tumors in 
a 72-day period. and to compare the tumorous mice 
in the test groups with the number of tumorous mice 
in the controls at the end of this time. 

At the termination of each trial, all growths which 
measured at  least one dimension (width versus 
height) of 1 mm. or greater were drawn and recorded 
on individual data sheets. All mice were chloro- 
formed and the tumors excised and immersed in 
Bouin’s fixative. Histological examination re- 
vealed that these growths were true cancers of the 
type that are produced on the epidermis by methyl- 
cholanthrene, vie., squamous cell carcinomas. 

DISCUSSION 

Trial 3 

Table I11 contains the complete data with respect 
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to tumor incidence in the separate groups at the 
termination of each trial and lists the composite re- 
sults of the three trials. These totals were ob- 
tained by combining the corresponding individual 
groups of each trial, thus giving a single “per cent 
tumor” value for the control mice and for each of the 
five cobaltinitrite groups. The effective total of 
mice in each group was, in most cases, less than the 
original number of 60. Obviously, this was due to  
deaths which occurred during the trial period. of 
the 960 mice employed in all three phases of the 
experiment, only 28 died. Mice which died before 
tumors were noted in the group were not counted in 
the effective total. When a death occurred after 
qowths had appeared, the animal was examined for  
the presence of a tumor, and the data obtained were 
incorporated into the final results. No evidence of 
cumulative toxicity was ever apparent throughout 
the experiment; the animals seemed normal in all 
respects. Table IV, which shows the initial and 
final weights of the various groups, fails to  reveal any 
differences that might indicate some toxic manifesta- 
tion. 

Table I11 shows that of 176 control mice (those 
which received only the methylcholanthrene), 82 
developed tumors of 1 mm. or greater in one dimen- 
sion. This corresponds to  a 47% tumor incidence, 
a result which is very close to  the expected value of 
50% and which reconfirms the MCDm of methyl- 
cholanthrene. The mice which had received the two 
lower doses (30 and 40 mg./Kg.), responded to  the 
MCDm with a slight but insignificant decrease in 
tumors. However, at the 50-mg./Kg. dose level 
and higher, a significant reduction of tumor incidence 
was seen. Thus, bi-weekly, intraperitoneal injec- 
tions of 50, 60, and 70 mg./Kg. of sodium cobaltini- 
trite were capable of reducing the per cent of tumor 
bearing mice to 31, 31, and 25, respectively, com- 
pared t o  the 47% control value. 

It is difficult to accept that the reduction in tumor 
incidence is the result of the transient hypoxia pro- 
duced by sodium cobaltinitrite. Periods of meth- 
emoglobinemia which lasted no longer than 3 h o w  
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and were elicited twice weekly certainly should not 
be unquestionably concluded as being the sole cause 
of this tumor inhibition. To reiterate the initial 
statements, the role of oxygen in the inception of the 
cancerization process is obscure, as is the basic 
mechanism of methylcholanthrene-induced carcino- 
genesis. It is quite possible that some metabolic 
effect other than hypoxia is responsible for or con- 
tributes to  the decreased tumor incidence ob- 
served. 

As a consequence of the theory that sulfhydryl 
enzymes may be involved in the induction of chem- 
ically-induced carcinogenesis by a fixation of the 
carcinogen to cellular proteins through sulfur link- 
ages (10) an interesting concept arises. Lusky, el el. 
(11). obtained significant tumor reduction by apply- 
ing dimercaprol (BAL) to  mice during painting with 
3,4-benzpyrene and reasoned that the additional SH- 
groups might compete with cellular SH for the 
carcinogen. Coupling this theory to the report by 
Vollmer and Carey (l2)-that methemoglobinemia 
produced by sodium nitrite and p-amino propio- 
phenone induces an increase in blood SH-enzyme 
levels-leads to  the similar possibility that the in- 
creased SH-groups in the blood might also compete 
with the SH-groups of epidermal cell proteins, there- 
by affecting the neoplastic changes. 
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Nonketol Reduction of Tetrazolium Salts in 
Pharmaceutical Analysis 

By EDWARD F. SALIMt, PETER E. MANNIf, and JOSEPH E. SINSHEIMER 

Nonketol compounds of pharmaceutical ia- 
terest have been tested for reduction of tetra- 
zolium salts; the quantitative applications of 

these reactions have been evaluated. 

N CONTRAST TO most organic compounds, the 
reduction of tetrazolium salts yields highly 
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colored compounds. Based essentially upon this 
property, the production of these formazans by 
various reducing systems has led to a diverse 
range of biological and chemical applications. 
Lakon (1) has used triphenyltetrazolium chloride 
to  detect viability of seeds, while Straus, 
Cheronis, and Straus (2) have applied tetrazolium 
salts in the study of carcinomatous tissue. 

Chemical applications of tetrazolium salts in- 
clude the quantitative analysis of reducing sugars 
(3), ketol steroids (4), and ascorbic acid (5) .  
Rosenkrantz (6) has compared the effect of struc- 


