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The observation that some aromatic hydrocarbons 
(naphthalene, phenanthrene, anthracene, 3,4-benzpy- 
rene, cholanthrene, methylcholanthrene) undergo aero- 

in doses of 0.5 mgm.,  which caused a mortality of 
nearly 75 per cent in the first 3 days, or of 0.25 mgm.  
(57 per cent mortality in 39 days).  They found that 
the amounts of ascorbic acid in the liver were almost 
wholly within the wide range (152 to 465 7 per gm.)  
normally found in these mice, while the glutathione 
content was generally raised, in some cases to twice the 
normal amount.  They carried out comparative experi- 
ments with two compounds that do not act especially 
upon the liver; namely, with methylcholanthrene (1 
mgm.  in lard per 20 gin. mouse body weight)  and 
1,2,5,6-dibenzanthracene (2 mgm.  in olive oil). Thus  
their doses were 10 to 20 times smaller than those used 
in the work described here (Table IV) .  

METHODS 

The compounds tested may be classified as follows: 

1. Carcinogenic hydrocarbons; 3,4-benzpyrene, 
1,2,5,6-dibenzanthracene, 1,2,5,6-dibenzphenanthrene, 
cholanthrene, methylcholanthrene, 9,10-dimethyl-l,2- 
benzanthracene, and the weakly carcinogenic 1,2-benz- 
anthracene. 

TABLE I:  ASCORBIC ACID IN LIVER (BoYLAND AND MAWSON) 

Normal range in mixed-stock mice 

Intraperitoneal injection 

3,4,5,6-Dibcnzcarbazole 0.5 mgln. 
. . . .  0.25 mgm. per 20 gin. body weight 

Methylcholanthrene 1 mgm. 

1,2,5,6-Dibenzanthracene 2 mgm. 

Nunlber of Days after "g Ascorbic acid 
mice injection per gram liver 

152 to 465 

21 2 to 17 Mean 235 
15 10 to 176 " 355 

" 317} 8 4 to 8 
12 t2 to 20 " 384 357 
8 3 to 10 " 275 

bic oxidation in the presence of ascorbic acid in vitro 
(12) suggested the experiments in vivo described 
below. 

The only investigation on this subject that has been 
found in the literature is that of Boyland and Maw- 
son (1),  who gave single intraperitoneal injections of 
3,4,5,6-dibenzcarbazole in olive oil to mixed-stock mice 

* Because of the difficulties of. international communication the 
authors have not read proof of this article. 

2. Carcinogenic compounds acting chiefly upon the 
liver; dimethylaminoazobenzene,  2,2'-azonaphthalene. 

3. An  estrogenic carcinogen; stilbestrol. 
4. Noncarcinogenic hydrocarbons; naphthalene, 

phenanthrene,  anthracene. 
These were injected in amounts f rom 1 to 40 mgm. ,  

in 0.1 to 0.25 cc. sesame or arachis oil,. either subcu- 
taneously, or intraperitoneally, into mice (CBA and 
MRC male and female, stock male)  that were killed 
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368 Cancer Research 

from 2 to 19 days later. Controls received injections 
of solvent only. In all, 700 mice were used. 

Estimations of ascorbic acid were carried out in two 
w a y s  : 

1. The liver of a single mouse was ground with 3 
per cent metaphosphoric acid (28 cc. in all) and the 
extract titrated with 2,6-dichlorophenolindophenol; 
for details see (8). All the experiments with 3,4- 
benzpyrene recorded in Tables II and III, and some 
of those with dimethylaminoazobenzene and anthra- 
cene (Tables V and VI), were performed in this way. 

2. The livers of from 3 to 10 mice were pooled and 
ground up together either in 3 per cent metaphos- 

~ 30[ 

[~.20L _ - -  l1 

tion of 3,4-benzpyrene in sesame oil, either subcutane- 
ously or intraperitoneally, is followed by an increase 
of ascorbic acid in the liver. In establishing the occur- 
rence of any such increase one encounters the difficulty 
that the normal range of variation in this amount 
is of the order of 100 per cent. Thus in 20 normal 
mice of the kind (CBA males) used in this case the 
range was from 236 to 436 7 ascorbic acid per gram 
liver, mean 349 7 (8). Hence each of the batches of 
mice exposed during various intervals to different 
amounts of hydrocarbon was accompanied by its own 
batch of controls, which were similar in age and 
weight and received injections of the same volume of 
solvent. 

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, 

3OO 

2" 

- - 1 2  3 ~ 6  S q ~o I~ Is 

Fxo. 1.--CBA male mice. 3,4-Benzpyrene, subcutaneously in 
sesame oil. In Figs. 1 to 4, hatched columns represent control 
mice receiving oil only; plain columns represent mice receiving 
hydrocarbons in oil. In Figs. 1 and 2, horizontal dotted lines 
represent mean values found in CBA male mice receiving no 
injections at all (8). 

phoric acid (35 to 100 cc.) or in similar amounts of 
M/15 KH2PO4 (pH 4.7; in this case the extract was 
precipitated with 1/10 volume 3 per cent metaphos- 
phoric acid, and centrifuged, before titration) in order 
to obtain a larger volume of extract for comparative 
titrations by the potentiometric method; this procedure 
gives less complete extraction, but the same number 
of control livers was treated in exactly the same way, 
hence the comparative results should be reliable. 

3,4-Bryzvvl~ryE 

The mean results summarized in Tables II and III, 
and Figs. 1 and 2, which were obtained from extracts 
in 3 per cent metaphosphoric acid of livers from 65 
individual mice without pooling, show that the injec- 

4o0 
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Fro. 2 . - -CBA male mice. 3,4-Benzpyrene, intraperitoneally 
in sesame oil. 

The amounts per gram liver in the series of subcu- 
taneous injections are actually higher throughout 
(second to 19th day) in the treated mice, the largest 
difference appearing on the 15th day (36 per cent 
increase), and on this day there is the largest increase 
(62 per cent) in ascorbic acid per gram body weight. 
In the intraperitoneal series the change is more tran- 
sient, owing no doubt to more rapid absorption, and 
has disappeared by the ninth day; the highest figure 
was obtained (from a single mouse) on the sixth day, 
when the concentration was 42 per cent more than in 
the controls, and the amount per gram body weight 
in the liver, which was enlarged, was greater by 127 
per cent. 

Seven other experiments, of which two are recorded 
in Table VII, upon extracts in 3 per cent metaphos- 
phoric acid or M/15 KH2PO4 of pooled livers of 37 
mice in all receiving 20 to 25 mgm. 3,4-benzpyrene in 
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Kennaway et al.--Aromatic Compounds Affecting Ascorbic Acid Liver Content 369 

0.25 cc. arachis oil in t raper i tonea l ly  3 days before,  and  

38 controls ,  gave  c o n f i r m a t o r y  evidence  of a consider-  
able increase in the  ascorbic acid of the  l iver after  
inject ion of  the  h y d r o c a r b o n .  

Sections of the  livers of  all the  65 mice  re fe r red  to 
in Tables  II and  III  were  e x a m i n e d  microscopica l ly ,  

ob ta ined  by p o t e n t i o m e t r i c  t i t r a t ion  of extracts  in 3 
per  cent  m e t a p h o s p h o r i c  acid or  M/15 K H ~ P O 4  of  the  
pooled livers of  f r o m  3 to 6 mice  tha t  h a d  received 
in t raper i tonea l  in jec t ions  in 0.25 cc. arachis  oil 2 to 
7 days previous ly .  

T h e  concen t r a t i on  of  ascorbic acid in the  liver is 

TABLE II: 3,4-BENZPYRENE SUBCUTANEOUSLY IN SESAME OIL 

Interval  Mean 
Number Dose of after liver weight, Mean aseorbie acid in liver 
of mice 3,4-benz- inieetion, per cent of T per gram ~/per gram Total 

(CBA of) pyrene, mgm. days body weight liver body weight q/ 

4 - -  2 4.8 342 16.4 418 
5 40 2 4.3 358 15.5 414 

3 * - -  3 5.4 315 16.7 348 
4 20 3 5.1 355 18.0 392 

2 - -  5 5.83 290 17.0 477 
2 20 5 5.13 359 18.4 507 

2 - -  6 5.0 301 15.0 381 
2 20 6 4.9 370 18.2 444 

2 - -  8 5.4 304 16.4 413 
2 20 8 5.9 338 20.1 516 

1 - -  9 5.3 329 17.3 401 
1 20 9 5.4 390 21.0 472 

2 - -  12 4.8 232 11.1 256 
2 20 12 5.6 280 15.8 464 

2 - -  15 5.45 263 14.3 452 
2 20 15 6.5 358 23.2 592 

2 - -  19 4.7 305 14.3 364 
2 20 19 5.35 365 18.5 463 

The figures from a mouse giving the abnormal amount of 478 "r per gram liver were excluded from these means. 

TABLE 1II: 3,4-BENZPYRENE INTRAPERITONEALLY IN SESAME OIL 

Interval  Mean 
Number Dose of after liver weight, Mean ascorbie acid in liver 
of mice 3,4-benz- injection, per cent of q/per gram q~ per gram Total 

(CBA cr pyrene, mgm. days body weight liver body weight "y 

2 - -  2 5.25 329 17.3 348 
1 5 2 6.1 383 23.2 511 

4 - -  3 6.3 320 20.1 438 
1 10 3 5.9 372 21.8 438 
4 20 3 6.3 423 30.3 449 

1 - -  ~ 5 6.25 342 21.4 492 
1 20 5 6.35 404 25.7 380 

3 - -  6 5.2 278 14.5 326 
1 10 6 8.3 396 33.0 661 

1 - -  9 5.2 321 16.7 375 
1 10 9 5.6 293 16.3 413 

2 - -  13 6.2 242 15.05 396 
1 10 13 6.7 219 14.7 374 

and  those f r o m  the  mice  rece iv ing  b e n z p y r e n e  s h o w e d  

no  dis t inct ive pa tho log ica l  changes .  

CARCINOGENIC COMPOUNDS OT HE R T H A N  

3,4-BENZPYRENE 

All  the results  g iven  by 8 such  c o m p o u n d s ,  w h i c h  
are s u m m a r i z e d  in Tab le  IV,  and  Figs .  3 a n d  4, were  

3 

increased in the  mice  rece iv ing  these c o m p o u n d s  in  

every ins tance  except  tha t  of 9 , 1 0 - d i m e t h y l a n t h r a c e n e ;  

in the  case of 1 ,2 ,5 ,6 -d ibenzan thracene  this rise is no t  

s ignif icant  on  the  th i rd ,  bu t  is d is t inc t  on  the  s even th  

day.  

T h e  ca rc inogen ic  c o m p o u n d s  9 ,10-d imethy l - l ,2 -benz-  

an th racene ,  c h o l a n t h r e n e ,  m e t h y l c h o l a n t h r e n e ,  1,2,5,6- 
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370 Cancer Research 

dibenzphenanthrene, and stilbestrol all cause increases 
of from 6 per cent to 135 per cent; of the l l experi- 
ments with these 5 compounds 7 show increases of 
from 30 to 70 per cent. But one cannot assert any 
invariable relationship between this effect and the 

. ~  30 
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Fie. 3 . - -MRC male mice. Carcinogenic and noncarcinogenic 
compounds, intraperitoneally in arachis oil. 
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FIG. 4.--CBA male anti female mice. Carcinogenic and non- 
carcinogenic compounds; 3 days after intraperitoneal injection 
in arachis oil. 

carcinogenic power of the compound, for two reasons 
at least; (a) 9,10-dimethylanthracene, which gave a 
negative result, is distinctly though not strongly car- 
cinogenic to the skin, while apparently devoid of 
sarcoma-producing power (7); and (b) 1,2-benz- 
anthracene, which produced an increase of 60 per 

cent in each of two experiments, is only slightly car- 
cinogenic. This compound induced one epithelioma in 
80 mice by application to the skin (3), and its endo- 
succinate in conjunction with x-radiation gave 3 sar- 
comas in 10 mice but no tumors in 11 nonirradiated 
mice (10). The endosuccinate, however, differs from 
those of many carcinogenic hydrocarbons in being 
nonhemolytic (11). An experiment now in progress, 
consisting of the injection of this compound subcu- 
taneously into mice of a strain very susceptible to 
induced sarcoma (C3H),  has so far given negative 
results. In some other respects 1,2-benzanthracene 
behaves either in the same way as do carcinogenic 
compounds, causing deposition of iron-containing ma- 
terial in lymph nodes (6), or in the same way as do 
the noncarcinogeffic compounds, anthracene and 
phenanthrene, producing effects on the Congo-red 
index of rabbits (5). Hence the biological properties 
of this compound appear to overlap those of the car- 
cinogenic and noncarcinogenic hydrocarbons. 

CARCINOGENIC COMPOUNDS ACTING CHIEFLY UPON 

THE LIVER 

1. Dimethylaminoazobenzene, injected intraperi- 
toneally in doses of 1 to 5 mgm., in 0.25 cc. oil, was 
tested (a) by visual titration of extracts of single 
livers (sesame oil; 3 per cent metaphosphoric acid); 
and (b) by potentiometric titration of extracts of 
pooled livers (arachis oil; M/15 KH2PO4) from 79 
mice killed after 2 to 5 days (Table V). The results 
were not conclusive. The mean concentration of ascor- 
bic acid in the liver in 17 pools was 175 y per gram in 
30 control mice, and 195 ,/ in 42 receiving the com- 
pound, an increase of 11 per cent. Larger doses (10 
mgm. and in some cases 5 mgm.) were too toxic. 

The experiment in which single livers of mice (CBA 
males) were extracted showed an increase of 19 per 
cent: 

")/ ASCORBIC ACID PER GRAM LIVER 

Dimethyl- 
Days aminoazo- 
after benzene 

injection Controls (5 mgm. ) 

3 285 369 
261 

6 282 346 
9 321 311 

Mean 287 -- 100 342 -- 119 

2. Experiments with 2,2'-azonaphthalene are de- 
scribed under "Saturation Tests" below. 

NONCARCINOGENIC HYDROCARBONS 

Three compounds of this class, naphthalene, anthra- 
cene, and phenanthrene, were tested by potentiometric 
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"]'ABLE 1~:': (~ARCINO(~,ENI(: (.;OXIPOUNDS OTHER "I*ItAN 3,q-BENZPYRI':NL 

Strain Interval Mean 
and sex of mice, after liver weight, Mean ascorbic acid in liver 

Compound, and intraperitoneal and number injection, per cent of 5 ~ per gram 3/per gram 
dose in mgm. l)ooled days body weight liver body weight 

Controls CBA ~ 5 3 5.8 170 9.9 
9,10-Dimethyl- 1,2-benzanthracene 5 . . . .  5 3 6.5 250 16.3 

Controls . . . .  5 3 5.4 167 9.0 
9,10-Dimethyl- 1,2-benzanthracene 10 . . . .  6 3 7.0 392 27.5 

Controls . . . .  6 3 5.4 125 6.7 
Methylcholanthrene 20 . . . .  6 3 6.6 213 14.1 

Controls " c~ 4 3 5.5 198 10.9 
Methylcholanthrene 20 . . . .  3 3 5.2 323 16.6 

Controls MRC ~ 4 3 7.9 158 12.5 
Cholanthrene 20 . . . .  4 3 6.7 261 17.4 

Controls . . . .  4 3 4.7 227 10.7 
Cholanthrene 20 . . . .  4 3 6.4 240.5 15.3 

Controls CBA c~ 4 3 5.2 293 15.4 
Cholanthrene 20 . . . .  4 3 6.1 358 22.0 

Controls MRC c~ 5 3 6.2 270 16.6 
1,2,5,6-Dibenzanthracene 20 . . . .  5 3 6.0 278 16.6 

Controls . . . .  5 7 5.3 188 10.0 
1,2,5,6-Dibenzanthracene 20 . . . .  5 7 5.9 277 16.4 

Controls . . . .  4 3 5.3 176 9.4 
1,2,5,6-Dibenzphenanthrene 20 . . . .  5 3 6.7 262 17.7 

Controls . . . .  5 3 5.3 172 9.1 
1,2,5,6-Dibenzphenanthrene 20 . . . .  5 3 6.6 226 ' 15.0 

Controls " ~? 5 3 6.4 214 13.8 
9,10-Dimethylanthracene 20 . . . .  5 3 7.2 212 15.3 

Controls . . . .  4 7 6.4 266 17.1 
9,10-I)imethylanthracene 20 . . . .  4 7 5.5 244 13.6 

Controls CBA c~ 4 3 5.9 183 10.8 
1,2-Benzanthracene 20 . . . .  4 3 6.7 295 19.8 

Controls . . . .  5 3 5.0 224 11.1 
1,2-Benzanthracene 20 . . . .  5 3 5.9 360 21.5 

Controls MRC c~ 5 2 5.5 224 12.4 
Stilbestrol 5 . . . .  5 2 6.7 262 17.5 

Controls . . . .  5 3 5.0 175 8.8 
Stilbestrol 10 . . . .  4 3 7.0 292 20.4 

Total 

167 
330 

166 
459 

135 
272 

23O 
4O4 

313 
472 

243 
353 

396 
5 0 1  

356 
381 

239 
368 

244 
484 

247 
382 

353 
428 

359 
310 

234 
375 

282 
5O4 

343 
576 

224 
531 

Strain and 
sex of mice, 
and number 

pooled Dose, mgm. 

CBA ~ 6 Controls 
. . . .  6 3 

. . . .  3 Controls 

. . . .  3 3 

. . . .  3 4 

. . . .  3 2 

. . . .  3 3 

. . . .  6 Controls 

. . . .  3 2 

. . . .  3 3 

. . . .  3 Controls 

. . . .  3 3 

. . . .  3 4 

" c~ 6 Controls 
. . . .  6 1 
. . . .  6 2 

. . . .  6 Controls 

TABLE V: DIMETHYLAMINOAZOBENZENE 

Interval Mean 
after liver weight, 

injection, per cent of q~ per gram 
days body weight liver 

2 5.4 165 
2 5.6 198 

2 6.1 222 
2 7.1 183 
2 7.1 236 

2 5.6 196 
2 5.8 220 

3 7.2 134 
3 8.8 186 
3 6.7 177 

5 5.7 218 
5 7.4 157 
5 6.0 211 

2 4.9 156 
2 5.1 176 
2 5.4 208 

3 6.0 202 

371 

Mean ascorbic acid in liver 
~, per gram Total 
body weight -y 

8.9 179 
11.2 232 

13.5 244 
12.9 181 
16.8 307 

11.0 221 
12.6 224 

9.7 182 
16.4 324 
11.9 281 

12.4 211 
11.7 218 
12.7 257 

7.7 139 
8.9 158 

11.3 229 

12.2 265 
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titration of extracts in M/15 KH2PO4 of the pooled 
livers of from 4 to 6 mice, 3 days after intraperitoneal 
injection in 0.25 cc. arachis oil. In no case was there 
any significant increase in the concentration of ascorbic 
acid in the liver; the figures for this quanti ty are actu- 
ally lower in the treated than in the control mice 
in 5 of the 6 experiments (Table VI) .  Napthalene is 
the most toxic of these compounds; 10 mgm. of it made 
the mice shaky and limp, but 5 mgm. had no visible 
effect. 

An experiment in which single livers of mice (CBA 
males) receiving anthracene (20 mgm. in 0.2 cc. 
sesame oil, intraperitoneally) were extracted with 3 
per cent metaphosphoric acid gave a confirmatory 
result: 

"), A S C O R B I C  A C I D  P E R  G R A M  L I V E R  

Days after 
injection Controls Anthracene 

1 316 340 
253 254 

4 320 232 
256 

Mean 296 271 

Protocols 1 and 2 show that marrow juice can de- 
stroy completely the substance in the livers both of 
normal mice and of those receiving 3,4-benzpyrene, 
which reacts with 2,6-dichlorophenolindophenol, and 
this destruction is from 10 to 20 times as rapid (see 
protocol 2) as that which occurs spontaneously. There 
seems to be no doubt, therefore, that the substance in 
question is ascorbic acid. 

In similar experiments the reducing substance in the 
liver extract (M/15  KH2PO4) after administration of 
anthracene (20 mgm. in 0.25 cc. arachis oil intraperi- 
toneally 3 days before) was lowered by marrow juice 
to one-tenth of the initial value in one experiment, and 
to zero in the other, in 30 minutes at 26~ and in one 
of several experiments with dimethylaminoazobenzene 
(1.0 and 2.0 mgm. intraperitoneally) complete removal 
in 30 minutes was brought about. 

GLUTATHIONE 

In the analyses of single livers of mice glutathione 
was estimated by titration with iodine after the end- 

Compound, 
and 

intraperitoneal 
dose in mgm. 

Controls 
Naphthalene 10 

Controls 
Naphthalene 5 

Controls 
Phenanthrene 20 

Controls 
Phenanthrene 20 

Controls 
Anthracene 20 

Controls 
Anthracene 20 

Strain and 
sex of  mice, 
and number 

pooled 

MRC o # 

. 6, 

6~ 6* 

CBA ~? 

TABLE VI: N O N C A R C I N O G E N I C  H Y D R O C A R B O N S  

Mean liver weight, Mean ascorbic acid in liver 
bPer cent of 3~ per gram 'y per gram Total 
ody weight liver body weight "g 

5 4.8 206 9.8 266 
4 5.5 171 9.4 198 

5 5.7 170 9.7 238 
5 4.9 183 9.0 257 

5 5.7 206 11.7 268 
4 7.2 184 13.3 309 

5 5.6 217 12.1 271 
5 6.5 216 14.0 324 

6 7.2 140 10.1 200 
6 6.1 138 8.5 157 

5 5.3 206 10.9 236 
6 5.8 177 10.3 209 

NATURE OF REDUCING SUBSTANCE 

The question had to be considered whether the ad- 
ditional amount  of substance reacting with 2,6-di- 
chlorophenolindophenol that is found in extracts of 
the livers of mice receiving hydrocarbons is actually 
ascorbic acid. This  was tested (a)  by checking the 
visual titration by titration under  potentiometric con- 
trol (4) ;  and (b)  by adding ascorbic acid oxidase, 
present in the juice obtained by thawing vegetable 
marrow after freezing for 2 days (9),  which would 
remove the reducing agent if this consisted wholly of 
ascorbic acid. All preparations of marrow juice are 
not equally effectual, but some samples gave results 
such as that shown in the following protocols 
(Table  VII) .  

point with 2,6-dichlorophenolindophenol was reached, 
with the following results: 

CBA C 

20 controls, no injection 
Sesame oil (0.1 to 0.25 cc.) used in all 

injections 
18 oil subcutaneously 0.88 
18 oil intraperitoneally 0.93 
31 3,4-benzpyrene, subcutaneously and intra- 

peritoneally 5 to 40 mgm. 0.985 
3 dimethylaminobenzene, intraperitoneally 5 

mgm. 0.946 
4 anthracene, intraperitoneally 20 mgm. 1.086 

TABLE VIII: GLUTATmONE IN LIVER 

Mean 
ce. 0.01 N 

iodine 
per gram liver 

1.00 
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TABLE VII: ASCORBIC ACID OXIDASE 
Protocol 1 

Sept. 11, 1942 5 c~ CBA received intraperitoneally 0.25 cc. arachis oil each (A) 
4 c~ . . . . . . . . . . . .  + 20 mgm.  3,4-benzpyrene each (B) 

Sept. 14, 1942 Killed. Mean weight of liver: A, 1.18 gm.:  B, 1.30 gm. 

Livers ground in 20 cc. M/15 KH2PO4, spun; residue twice stirred with 15 cc. buffer and spun; combined supernatants made 
up to 52.0 cc. (A) and 53.5 cc. (B) 

(a) 10 cc. extract q-- 1 cc. 50% metaphosphoric acid, spun; supernatant + 10 cc. buffer titrated 
(b) 10 cc. ext rac t -q-10 cc. buffer "~ 
(c) . . . . . . . .  marrow juice j 1 5 '  at 26 ~ 

(d)  . . . . . . . .  buffer 
(e) . . . .  marrow j u i c e v35 '  at 26 ~ 

(b), (e), (d), (e) were placed in open Erlenmeyer flasks and were spun + 2 ee. 50% metaphosphorie acid before titration. 

Mean aseorbie acid 
3' per gram 

"/per liver liver 

A mice (Controls) 202 171 
B mice (3,4-Benzpyrene) 350 270 

Protocol 2 

Sept. 15, 1942 10 ~ CBA Controls (A) \ in jec t ion  
10 c~ " 3,4-Benzpyrene ( B ) J a s  above 

Sept. 18, 1942 Killed. Mean weight of liver: A, 1.27 gin.; B, 1.425 gin. 

Livers ground in 50 cc. M/15 KH._,PO~,; spun q- 25, 25, and 10 cc. made up to 110 cc. (A) and 112 cc. (B) 

(a) 10 cc. extract 
(b) . . . . . .  -n t- 70 cc. buffer ~f 
(c) . . . . . . . . . .  marrow juice j 1 9 '  at 26 ~ 

(d)  . . . . . . . . . .  buffer "~ 
(e) . . . . . . . . . .  marrow juice ~ 47 '  at 26 ~ 

(a), (b), (e), (d), (e) treated as above. 
Blank. 35 ce. marrow juice + 3.5 ee. 50% metaphosphorie acid, spun. 
Mean of 3 values 

ec. Dye 
(potentio- 

metric 
titration) 

A B 

0.485 0.655 
0.50 0.685 
0.00 0.00 
O.45O O.655 
0.00 0.00 

Mean ascorbic acid 
'y per gram 

"/per liver liver 

A mice (Controls) 286 225 
13 mice (3,4-Benzpyrene) 372 261 

0.65 0.83 
0.54, 0.55 0.81, 0.81 
0.06, 0.055 0.06, 0.035 
0.49, 0.50 0.76, 0.76 
0.00, 0.00 0.03, 0.02 

0.045 

Thus, under the conditions of these experiments, the 
concentration of glutathione in the liver is not affected 
distinctly by the compounds used, even in doses, in 
most cases, of 20 mgm. 

RATIO OV LIVER W~ICHT TO BODY WrICHT 

During the investigations described below we had at 
first assumed that the injections of sesame or arachis 
oil had no effects that were significant from the present 
point of view. But examination of the figures in a 
series (CBA males) where comparison was possible 
gave the following mean results (8): 

Liver weight, Aseorbie acid 
per cent of ~/per gram "r per gram 

body weight liver body weight 

Uninjected 4.8 349 16.7 
Injected (Sesame oil sub- 

cutaneously or intraperi- 
toneally) 5.40 306 16.4 

Hence sesame oil (a) decreases the concentration of 
ascorbic acid in the liver, and (b) increases the ratio 
of liver weight to body weight; this latter change 
might of course be due either to a rise in liver weight 
or to a fall in body weight. An experiment designed 
to test this point, in which CBA male mice were 
weighed daily after subcutaneous or intraperitoneal 
injections of sesame oil, showed no alterations in body 
weight different from those shown by controls. 

The data obtained in these experiments upon the 
ratio of liver weight to body weight are summarized 
in Table IX. 

The results in Table IX show, in the most complete 
series, namely the CBA males, (a) that the injection 
of sesame or arachis oil alone raises the ratio; (b) that 
intraperitoneal injection is much more effectual than 
subcutaneous; and (c) that carcinogenic hydrocarbons 
cause a further increase beyond that due to the oil. 
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The table shows further (d)  that other mice are 
affected in the same way by carcinogenic hydrocarbons; 
(e) that the noncarcinogenic hydrocarbons, and di- 
methylaminoazobenzene,  give irregular results; and 
(f)  that these effects are less distinct or absent in 
female mice, in which normally the ratio is higher 
than in the male (8).  

This enlargement of the liver tends to counteract 
the increase in the  amounts of ascorbic acid per gram 

pooled livers of 4 mice were titrated by the poten- 
tiometer (Table X) .  The first experiment showed an 
increase of 42 per cent (394 as against 278 7 per gram) : 
a repetition gave the very high figure of 376 7 per 
gram liver in the control mice, a concentration higher 
than that in the mice receiving the compound (331 y) .  
The  comparison of these two results suggested that 
the increases, usually of 30 to 70 per cent, produced 
by carcinogenic compounds in mice of other strains 

TABLE IX: RATIO OF LIVER WEIGHT TO BODY WEIGHT 

CBA d 20 

21 
22 

13 
10 

17 
16 

12 
23 

CBA ~ 35 Uninjected 

16 Controls. 
17 

11 
12 

18 
3O 

Uninjected 

Controls. Sesame oil subcutaneously 
. . . . . .  + benzpyrene 

Controls. " " intraperitoneally 

Controls. Arachis oil intraperitoneally 
Methylcholanthrene, cholanthrene, 1,2-benzanthracene, in arachis oil intraperitoneally 

Controls. Arachis oil intraperitoneally 
Dimethylaminoazobenzene . . . . . . . .  

Arachis oil intraperitoneally 
9,10-Dimethyl-l,2-benzanthracene, methylcholanthrene, in arachis oil intraperitoneally 

Controls " " " 
Anthracene " ' . . . . .  

Controls . . . . . .  
Dimethylaminoazo- ' . . . . . . .  

benzene 

MRC d' Uninjected, none 

29 Controls Arachis oil intraperitoneally 
29 1,2,5,6-Dibenzanthracene in . . . . . .  

1,2,5,6-Dibenzphenanthrene . . . . . . . .  
Stilbestrol . . . . . . . .  

20 Controls ' . . . . .  
18 Naphthalene, phenanthrene, ' . . . . . . .  

MRC ~? 

Buff 9 Uninjected 
12 

White 17 Controls 
17 

Arachis oil or saline intraperitoneally 

9,10-Dimethylanthracene, cholanthrene, in 
Arachis oil intraperitoneally 

Liver weight, 
per cent of 

body weight 

4.80 

5.09 
5.18 

5.79 
6.41 

5.35 
5.99 

5.51 
5.37 

5.76 

5.70 
6.73 

6.39 
5.99 

6.18 
6.56 

5.44 

6.51 

5.42 
5.95 

6.38 
6.13 

6.42 
6.57 

liver, produced by carcinogenic compounds. Hence 
this increase in ascorbic acid is sometimes shown more 
distinctly by the amounts per gram body weight 
(Tables II, III, and IV, and Figs. 1, 2, and 3). 

SATURATION TESTS 

2,2'-Azonaphthalene, which produces cholangioma 
and hepatoma and is not known to produce any other 
tumors (2),  was given (10 mgm. intraperitoneally) to 
male stock mice obtained from a breeder, and after 3 
days extracts (3 per cent metaphosphoric acid) of the 

(Tables II, III, IV, and Figs. 1-4) could occur only if 
there were some deficiency in the store of ascorbic acid 
already present. To test this possibility the strongly 
carcinogenic compound 9,10-dimethyl-l,2-benzanthra- 
cene, which caused a considerable increase (Table IV 
and Fig. 4) in CBA female mice whose normal level 
of ascorbic acid in the liver is low (8) ,  was given to 
these same stock mice (10 mgm. intraperitoneally; 4 
mice pooled 3 days later) and no increase occurred. 
The result of this comparison (Table X) supports the 
suggestion made above, that the increase of ascorbic 
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acid brought about by carcinogens is analogous to the 
filling-up of a partially filled vessel. To test this ques- 
tion, some preliminary saturation tests were made, as 
follows: 

Series A.- -Four  stock males injected subcutaneously 
with 1.0 mgm. ascorbic acid in 0.25 cc. water on 3 
consecutive days and given water to drink containing 
4 mgm./cc,  ascorbic acid; killed on third day and 
treated as in preceding experiments. There was prac- 
tically no increase in the ascorbic acid (Table X).  

Series B.--Same as series A, but 5 mgm. ascorbic 
acid in 0.25 cc. saline injected subcutaneously on 2 
consecutive days; saline containing 4 mgm./cc,  ascorbic 
acid given to dr ink;  killed on second day. The  result 
confirms that of series A. 

NovE oN THE POTENTIOMETRIC METHOD 

Harris, Mapson, and Wang  (4) have described a 
method for the electrometric determination of ascorbic 
acid, based on the use of a mercury-coated pla t inum 
electrode, that gives excellent results with solutions of 
pure ascorbic acid, plant extracts, and, in our experi- 
ence, human  and animal urines. Prel iminary experi- 
ments showed that it was unsuitable for use with 
extracts of mouse liver because, owing to the large 
amounts of interfering substances present in such ex- 
tracts, the electrode does not reach equil ibr ium 
rapidly. In all the present experiments, therefore, we 
employed the alternative technic described by these 
authors in which a bright plat inum electrode is used. 

TABLE X: SATURATION TESTS 

Mice 

2 ,2'-Azonaphthalene 
Controls 4 Stock c~ 
Injected, 10 mgm. " " 
Controls . . . .  
Injected, 10 mgm. " " 

9,10-Dimethyl-l ,2-benzanthracene 
Controls 5 CBA 
Injected, 5 mgm. " " 
Controls . . . .  
Injected, 10 mgm. 6 " 
Controls 4 Stock c~ 
Injected, 10 mgm. " " 

Saturation experiment 
Series A. 

Controls . . . .  
Ascorbic acid . . . .  

Series B. 
Controls . . . .  
Ascorbic acid . . . .  

Mean ascorbic acid in liver 
qr per gram 'y per gram Total, 

liver body weight "r 

278 15.7 388 
394 22.9 629 
376 23.4 592 
331 20.2 515 

170 9.9 167 
250 16.3 330 
167 9.0 166 
392 27.5 459 
381 27.5 742 
379 24.8 6O8 

373 23.4 568 
386 22.4 533 

323 21.5 445 
344 20.8 453 

The similarity of the maximum concentrations (392, 
381, 379, 394, 376, 373, 386 3') suggests that 350 to 
400 -r per gram liver is a limiting concentration of 
ascorbic acid in these mice. Values above these are 
seldom observed, presumably because excretion of 
ascorbic acid into the urine rapidly restores the nor- 
real level in the liver. 

The degree of saturation of the liver tissue with 
ascorbic acid varies apparently from strain to strain. 
We made no further experiments with these stock 
mice, and do not know under what conditions they 
may have lived elsewhere. Other mice from the same 
source have shown much lower amounts of ascorbic 
acid (8, Fig. 4). We  have not ascertained the maxi- 
mum concentration of liver ascorbic acid that can be 
achieved in other strains (e.g., CBA, C3H, dba, RIII) ,  
but the choice of strain is clearly of importance in 
experiments designed to show increases in the normal 
concentration. This  question is under further investi- 
gation here. 

The endpoint  in all cases was quite sharp and marked 
by a rise in potential of about 100 inv. 

DISCUSSION 

1. Several lines of investigation suggest a possible 
relation between ascorbic acid and carcinogenic fac- 
tors, and also a contrast between ascorbic acid and 
glutathione in this respect. Such evidence consists of: 

(a)  The aerobic oxidation of carcinogenic (and 
other) hydrocarbons in the presence of ascorbic 
acid (12). 

(b) The higher concentration of ascorbic acid in the 
liver of mice of some high-cancer strains at any rate, 
and the absence of any such difference between high- 
cancer and low-cancer strains in regard to glu- 
tathione (8).  

(c) The effect of 3,4,5,6-dibenzcarbazole (1) which, 
in doses (0.25 and 0.5 mgm.)  causing a high mor- 
tality and in some cases great enlargement and con- 
siderable histological change of the liver, produced 
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increases of glutathione up to twice the normal amount,  
but no definite effect upon the ascorbic acid. 

(d )  In contrast to these results those recorded in 
this paper show that many carcinogenic hydrocarbons 
in doses of 20 mgm.  produce, without mortality or 
obvious changes in the liver, increases up to 70 per 
cent in the concentration of ascorbic acid, while the 
compound of this class tested upon this point, namely 
3,4-benzpyrene, did not affect the glutathione content 
of the liver. 

2. The  results presented in this paper show a contrast 
between the carcinogenic and noncarcinogenic com- 
pounds tested. The former (3,4-benzpyrene, 1,2,5,6- 
dibenzanthracene, 1,2,5,6-dibenzphenanthrene, 9,10- 
dimethyl-l ,2-benzanthracene, cholanthrene, methyl- 
cholanthrene)  cause an increase in the concentration 
and total amount  of ascorbic acid in the liver, while 
the 3 noncarcinogenic compounds (naphthalene,  
anthracene, phenanthrene)  have not this effect. We 
cannot, of course, say whether  this contrast will hold 
good for other compounds of the two classes, but ex- 
perinaents upon this question are being continued. 

SUMMARY 

1. 3,4-Benzpyrene injected in sesame or arachis oil 
subcutaneously or intraperitoneally, and other carci- 
nogenic compounds (9,10-dimethyl-l,2-benzanthra- 
cene, 1,2,5,6-dibenzanthracene, 1,2,5,6-dibenzphenan- 
threne, cholanthrene, methylcholanthrene)  injected in 
arachis oil intraperitoneally, caused an increase in the 
concentration of ascorbic acid in the liver of mice. 
Dimethylaminoazobenzene  produced a less definite 
increase, and the three noncarcinogenic compounds 
tested (naphthalene,  anthracene, phenanthrene)  
caused no increase at all. 1,2-Benzanthracene had an 
effect similar to that of the strongly carcinogenic com- 
pounds named above, while 9,10-dimethylanthracene, 
which is carcinogenic to the skin, gave a negative re- 
sult. The  identity with ascorbic acid of the reducing 
substance estimated in these experiments was shown 
by the use of ascorbic acid oxidase from vegetable 
marrow. 

2. The glutathione content of the liver was not af- 
fected distinctly by the compounds (3,4-benzpyrene, 
dimethylaminoazobenzene,  anthracene) tested in this 
respect. 

3. In male mice injection of sesame oil subcutane- 
ously or intraperitoneally, and of arachis oil intraperi- 

toneally, caused an increase in the weight of the liver, 
and the addition of carcinogenic hydrocarbons to the 
oil caused a further increase. 

4. Some evidence was obtained that these increases 
in ascorbic acid in the liver occur only if there is some 
deficiency in the store of the compound already present. 

One of us (F.L.W.) wishes to express his thanks to the Sir 
Halley Stewart Trust for a Fellowship held during the course 
of this work. This investigation has been assisted by generous 
financial grants from the British Empire Cancer Campaign and 
The Anna Fuller Fund. 
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