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In a previous communication (3) we described the 
inhibition of carcinogenic activity of 3,4-benzpyrene 
when a mixture of lipids prepared from ox brain was 
employed as solvent. Out of an effective total of 29 
mice receiving subcutaneous implants of pellets of these 
lipids containing 0.3 mgm. benzpyrene only 1 mouse 
developed a tumor, whereas among an effective total 
of 40 control mice injected with the same dose dis- 
solved in vegetable, oils 30 tumors were obtained. The 
method of preparation suggested that the main con- 
stituents of the lipid mixture were phospholipids and 
cholesterol. It was decided to repeat the experiment 
with purified preparations of lecithin and cephalin 
and to study at the same time the rate of elimination 
of benzpyrene from the animal. 

The fact that the inhibitory effects observed were 
shown by fats and lipids from animal sources only, 
and were absent from vegetable oils, suggested that 
they might be connected with the presence of one of 
the unsaturated fatty acids such as arachidonic or 
clupanodonic acid, which so far have been found only 
in animal fats. As cod liver oil is a particularly rich 
source of these unsaturated fatty acids, we tested the 
hypothesis by using cod liver oil as the solvent for a 
series of benzpyrene injections. Hartwell's catalogue 
(6) contains only one instance where cod liver oil has 
been employed as vehicle, a reference to a remark of 
Burrows (2),  who found no tumors in 10 mice in- 
jected subcutaneously with 1,2,5,6-dibenzanthracene 
(amount not stated). Similar experiments with fresh 
pork fat, olive oil, or sperm oil as vehicles also gave 
negative results. 

A fourth group of mice, which served as a con- 
trol experiment, was injected with benzpyrene dis- 
solved in tricaprylin. 

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

** Temporarily seconded to the Royal Naval Personnel Com- 
mittee, Medical Research Council, National Institute for Medical 
Research, Hampstead. 

EXPERIMENTAL 

Preparation of cephalin and lecithin.--Cephalin was 
prepared from ox brain according to the method of 
Folch and Schneider (5). After four precipitations 
from ether or light petroleum by alcohol, followed 
by emulsification with hydrochloric acid, precipitation 
by acetone, and finally solution in light petroleum 
and ether, with precipitation by acetone from each of 
these solvents, cephalin was obtained as a buff-colored 
powder that gave the following analyses: total N, 
1.87 per cent; amino N by nitrous acid, 1.59 per cent; 
P, 3.88 per cent; ratio amino N/total  N, 0.85; ratio 
N / P ,  1.06. It may be mentioned that, according to 
Folch (4), cephalin of approximately this degree of 
purity consists of several fractions, including phos- 
phatidyl inositol, phosphatidyl serine, and phosphatidyl 
aminoethanol. 

Lecithin was obtained from the alcoholic mother 
liquors from which the cephalin had been isolated as 
described. These were concentrated in vacuo and the 
lecithin was purified by four successive precipitations 
as the cadmium chloride compound (9) followed by 
decomposition by ammoniacal methanol, emulsifica- 
tion in dilute acetic acid, and precipitation by acetone. 
The product was a pale yellow, waxy solid. Analysis: 
total N, 2.05 per cent; amino N, 0.09 per cent (this 
value included residual traces of NH3) ;  P, 3.70 per 
cent. 

Medicinal cod liver oil.--A commercial product of 
Messrs. Wilkinson and Simpson, Newcastle upon 
Tyne. 

Tricaprylin.--The sample, which had a melting 
point of 8 ~ to 9 ~ C., was prepared by the method of 
Hershberg (7). 

Subcutaneous administration.--Lecithin and cepha- 
lin were mixed with an equal weight of tricaprylin 
containing 0.2 per cent benzpyrene, but even so a 
thick paste resulted that was not suitable for injec- 
tion. The technic of implanting pellets was there- 
fore resorted to, as previously described, the only 
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modifications being the following: The skin of the 
midback area was epilated with 40 per cent barium 
sulphide paste a few days before the experiment. The 
incision was closed with Michel clamps, which were 
removed after 25 days. 

The mixture of cephalin and tricaprylin liquified on 
heating to about 60~ C. and could be squeezed through 
a warm syringe. Before this was found, about half 
of the animals in this group had already received 
pellets. The remainder were injected. 

Cod liver oil and tricaprylin, both containing 0.1 per 
cent benzpyrene, were delivered into the subcutane- 
ous tissue of the interscapular region through a thin 
two-inch needle, which was inserted full length from 
a point above the tail. 

As before, the estimated weight of a pellet was 
0.3 gm. and the volume of the licjuid injections was 
0.3 ml. The dose of benzpyrene was therefore 
0.3 mgm. in each case. 

Owing to difficulties in the supply of mice, mainly 
females of mixed stock that had previously been used 
for breeding were available and the scope of the ex- 
periment was further limited by the amount of pure 
lipid material that had been prepared. Twenty ani- 
mals of each group were kept for the observation of 
tumor development, while 10 to 13 of each group 
were destined for analyses of benzpyrene at weekly 
intervals. A number of mice of the lecithin and 
cephalin groups that died within 24 hours after opera- 
tion were replaced on the following day. The bodies 
were analysed for benzpyrene. 

Estimations of benzpyrene were made by the method 
of Weil-Malherbe (12). 

Observations during latent period.--As far as could 
be judged by inspection and by examination in filtered 
ultraviolet light there was no serious primary leakage 
in any of the groups. With both phospholipids, how- 
ever, and especially in the case of cephalin, the fur 
assumed a greasy appearance everywhere, not only 
in the neighborhood of the site of application. Lumps 
were not observed in the phospholipid groups, but 
there was a fairly late appearance of sloughs and ulcers 
in some animals of the lecithin group. These were 
observed after 3 weeks in 10 of 22 animals. In the 
group of animals that received cephalin by injection 
small sloughs were observed in 4 of 10 animals in 
the second week; 4 sloughs and 1 ulcer were observed 
in the group of 10 animals with implanted cephalin 
pellets, also in the second week. In the group of ani- 
mals injected with tricaprylin neither lumps nor ulcers 
were observed, whereas there was a number of lumps 
in the cod liver oil group. These lumps appeared after 
about 2 to 3 months and remained stationary, in some 
cases to resume growth later and develop into a tumor, 
in others to regress after many months, and in some 

cases to persist until death. On postmortem inspec- 
tion they were found to consist of encapsulated, yellow, 
putty-like material. In 2 cases rapidly growing tumors 
developed without previous appearance of stationary 
lumps. No ulceration occurred in this group. 

RESULTS 

Tumor incidence.--The results are summarized in 
Table I. The incidence of local tumors in the con- 
trol experiment was lower than had been anticipated 
from the results of the preceding study (3), where 
the same dose caused the appearance of 90 per cent 
tumors in the group injected with sesame oil as 
solvent. It is unlikely that the difference is due to 
any solvent effect, but it may be connected with the 
fact that in the present series mainly female mice were 
used, which are known to be less susceptible to sub- 
cutaneous tumor induction than male mice (8). But 
this does not adversely affect the present experiment, 
whose groups are comparable with each other. It is 
obvious from an inspection of the table that there are 
two main groups, one with low tumor incidence con- 
sisting of the two phospholipid groups, and one with 
high tumor incidence comprising the tricaprylin and 
the cod liver oil group. The results within each of 
these two main groups are practically identical. How- 
ever, there is a difference between the tricaprylin and 
cod liver oil groups concerning the latent period; 
tumors in the second group appeared about 2 months 
earlier than in the first group. 

In the tricaprylin group 2 tumors were observed 
remote from the site of injection and one such tumor 
appeared in the cephalin group. In a female mouse 
of the latter group a tumor arose that had the locali- 
zation of a spontaneous mammary carcinoma. The 
microscopic examination, however, suggested that it 
might be a sarcoma rather than a carcinoma, and it 
was therefore grouped as a local tumor. 

Elimination o[ benzpyrene.kIt may be assumed 
that the process of elimination in each mouse  follows 
the course of a monomolecular reaction, i.e., that the 
rate of disappearance is proportional to the concentra- 
tion. Berenblum and Schoental (1) have indeed ob- 
tained evidence that this is the case. Hence the 
constant 

1 l o g +  K = --2-- 

was calculated, where t =  the time in days, a =  the ini- 
tial quantity of benzpyrene (300~gm.), and S = ~ g m .  
benzpyrene left after t days. Thus a value is obtained 
that enables a quantitative comparison to be made 
between different animals at different times. A value 
of 0.3 ,~gm. benzpyrene was taken as the lower limit 
of sensitivity. Although the error may be great at 
this level, a result of 0.3 ~gm. benzpyrene provides at 
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least qualitative evidence for the presence of benzpy- 
rene. Results below this level are marked < 0.3/~gm. 
in Table II, and the K-value for S--0.3 ~gm. and the 
respective value of t is entered with the prefix > .  
In the lecithin group the last measurable observation 
was made on the 47th day. For all the following 
analyses a value of K was assumed greater than that 
which would correspond to a value of 0.3 /~gm. on 
the day of the first negative analysis. A similar pro- 
cedure was followed for the cephalin group; a value 
greater than that corresponding to S=0 .3  ~gm. on 
the day of the first negative analysis following the last 
measurable observation was assumed for all follow- 

table, although the exact time of their deaths is uncer- 
tain; some presumably died from an overdose of 
anesthetic without regaining consciousness. In these 
cases leakage would be expected to be smaller than 
in animals that moved about before the wound had 
had time to close. Although great care was taken 
during the injection of cod liver oil and tricaprylin, 
this did not preclude the occurrence of some leakage 
even in these groups; the divergence of results within 
both these groups can hardly be interpreted differently. 

Other factors besides leakage may account to some 
extent for the variations of K, such as differences of 
the exact site of injection; smaller or greater dispersal 

Number of 
mice alive at 

appearance of r 
1 st tumor Number,  site, 

Solvent (4 months) histology 

Lecithin 22 2 loc. 1 sarcomas 
(20 9, 2 d) 

Cephalin 19 1 loc. sarc. 
(17 ~?, 2 ~ 1 m a m m a r y  t u m o r  s 
9 PY, 10 I. 3) 1 l ymphob la s toma  

of  liver 

Tricaprylin 18 
(14 9, 4 c~) 

6 loc. sarc. 

1 pu lm.  adeno-  
carc inoma 

1 mediast ,  l y m p h o -  
blas toma 

Cod liver oil 19 7 loc. sarc. 
(18 ?, 1 d) 

Notes: 1 Loe . - - l oca l ,  at site of injection. 
2 p.  = pellet. 
a I. ~ injection. 
4 1 month - -  30 days. 

TABLE I :  TUMOR INCIDENCE 

Tumors 

Sex of Latent period, 
mouse months 4 

2 ~ 6.0, 8.2 

Number  
Time of death of mice Percentage 
of nontumor alive incidence 

mice, after 14 of local 
months ~ months tumors 

4 . 2 , 7 , 7 , 8 , 8 ,  
8.2, 9.3, 9.5, 
10.2, 12, 12.5, 
13 

I. 3 6.6 4.3, 4.3, 7, 8.6, 
I. 3 4.6 10, 11, 1I 

c~ p.2 8.6 

8 9 

9 9.5 

4 ,~ 5.5, 6.0, 6.5 4.6, 7.5, 8.5, 
2 c~ 6.5, 6.6, 8.0 10 
2 7.0 

? ~1.o 

6 33 

all ~? 4.0, 4.0, 4.0, 7.7, 8.6, 9, 9, 4 37 
4.0, 4.6, 4.6, 10, 11, 12.5, 
8.0 12.5 

5 Although this tumor was in close proximity to mammary gland tissue of left axilla, the appearances suggested a very actively 
growing sarcoma rather than a carcinoma. 

ing analyses. However this procedure is not exact 
enough to permit of any statistical computation; the 
calculation of means was therefore omitted in these 
two groups, and the rate of elimination is to be 
judged from the time that marks the last measurable 
observation of benzpyrene. 

The results (Table II) are to be regarded as of pro- 
visional and exploratory character only. There is a 
considerable individual variation of K-values, even 
within the groups. Partly, at least, these variations 
are due to leakage, which would not have been sus- 
pected without analyses. In Table III the results of 
recovery experiments, 18 hours after subcutaneous ap- 
plication, are shown. Nine mice of the lecithin group 
and 2 of the cephalin group were found dead on the 
morning after the operation and are included in the 

of the injected solution; and, finally, truly individual 
factors such as different tissue responses (various de- 
grees of encapsulation, vascularization, phagocytic in- 
filtration, etc.). 

As the risk of leakage is probably greater in the 
implantation experiments than in the injection experi- 
ments all the analyses of the cephalin group were done 
on injected animals. 

In spite of the large individual variations the means 
of both the cod liver oil group and the tricaprylin 
group are significant. The first value of the cod liver 
oil series shows an especially large divergence from 
the other values. It must be suspected that this is due 
to leakage. This result has therefore been omitted 
from the calculation of the mean and standard 
deviation. 
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The difference between the means of the cod liver 
oil and tricaprylin groups is significant ( P = 0 . 0 3 ) .  

DISCUSSION 

Contrary to our hypothesis cod liver oil did not show 
any inhibitory effect on the carcinogenic activity of 
benzpyrene. This proves that the effect of mouse fat 
and other "inhibitory" lipid solvents, amongst which 
we may now also include lecithin and cephalin, is 
not due to their content of potyethenoid fatty acids. 
This is in accordance with the findings os Leiter and 
Shear (8),  who showed a correlation between retarda- 
tion of tumor induction and saturation of the solvent. 
The  abundance of unsaturated fatty acids in cod liver 

incidence; the shortening of the latent period rather 
suggests a favorable influence on tumor production 
by cod liver oil. The  lower tumor incidence in the 
phospholipid group, on the other hand,  is also accom- 
panied by a more rapid elimination of benzpyrene. 

It might  be argued that the greatest weight should 
be attributed to the lowest K-values found in each 
group, as they represent presumably those cases where 
leakage was absent. But even if this is done, the 
differences of the rates of elimination remain about 
the same. 

The elimination of benzpyrene after subcutaneous 
injection in sesame oil (0.5 ml.) was measured by 
Berenblum and Schoental (1).  From their data a K 

TABLE I1: DISAPPEARANCE OF 3,4-BENZPYRENE 

L e c i t h i n  C e p h a l i n  

b a y s  S I~ b a y s  S I~ ' D a y s  

13 126 0.029 0.75 238 0.133 8 
18 5.5 0.096 8 (4) (0.234) 13 
26 0.9 0.097 13 66.5 0.050 21 
33 0.6 0.082 21 0.4 0.137 28 
41 0.3 0.073 28 0.4 0.103 35 
47 0.7 0.056 35 < 0.3 > 0.086 42 
54 < 0.3 > 0.055 42 < 0.3 > 0.086 49 
60 < 0.3 > 0.055 49 < 0.3 > 0.086 55 
67 < 0.3 > 0.055 55 < 0.3 > 0.086 62 
74 < 0.3 ~ 0.055 62 < 0.3 > 0.086 
88 < 0.3 ~ 0.055 69 < 0.3 > 0.086 

83 < 0.3 ~ 0.086 
97 < 0.3 > 0.086 

M e a n  : app rox .  0.06 M e a n  : app rox .  0.09 

S : / z g m .  b e n z p y r e n e  p r e s e n t  a t  t ime  t. 
1 

log ~ (see t e x t ) .  K-- --/-- 
. 3  

oil may even have been responsible for the earlier 
appearance of tumors in the group injected with this 
solvent as compared with the tricaprylin group. A 
special affinity of growing tumor tissue for highly 
unsaturated fatty acids is suggested by the observa- 
tion that  these acids disappear from the subcutaneous 
tissues of rats bearing rapidly growing transplanted 
tumors (10, 11). 

Al though the measurements of benzpyrene elimina- 
tion are open to criticism the results, as far as they 
go, indicate definite differences in the rate of elimi- 
nation with the various solvents. If the time of the 
last measurable observation of benzpyrene is taken as 
index the elimination of benzpyrene is most rapid 
with cephalin as solvent, followed by lecithin. The  
cod liver oil and tricaprylin groups cannot be judged 
by this standard, but here the calculation of the mean 
rate of el imination was possible and shows that  there 
is a significantly more rapid disappearance with cod 
liver oil than with tricaprylin. This difference in 
el imination is not reflected in any difference of tumor 

FROM MOUSE AFTER SUBCUTANEOUS APPLICATION 

Cod l i v e r  oil T r i e a p r y l i n  

S K Days S 

(4) (0.234) 8 220 0.017 
61 0.053 13 121 0.030 
52 0.036 21 8.7 0.073 

0.5 0.099 28 18.7 0.043 
5.6 0.049 35 79.5 0.017 
0.3 ~ 0.071 42 18.9 0.029 
0.3 ~ 0.061 49 ~ 0.3 ~ 0.061 

24 0.020 55 15.7 0.023 
0.3 ~ 0.048 62 20.2 0.019 

69 0.4 0.042 
83 7.3 0.019 
97 19.2 0.012 

M e a n  ~ 0.055 M e a n  - -  0 .032 
S t a n d a r d  d e v i a t i o n  - -  0 .024 S t a n d a r d  d e v i a t i o n  - -  0.019 
S t a n d a r d  e r r o r  = 0.0083 S t a n d a r d  e r r o r  - -  0.0055 
M e a n  M e a n  
S . E .  " = 6 " 5  S . E .  - - 5 . 8  

of 0.013 can be calculated, which agrees with the lower 
values found by us for tricaprylin. 

TABLE III .  RECOVERY OF BENZPYRENE 18 HOURS AFTER 

SUBCUTANEOUS APPLICATION 

L e c i t h i n  C e p h a l i n  Cod l i ve r  oil T r i c a p r y l i n  
/zgm. B P  /zgm. B P  /zgm. B P  /zgm. B P  

241 * 280 (P) * 125 (K) 86 (K) 
263" 258 (P)* 236 (K) 142 (K) 
250 * 271 (K) 284 (K) 
252 * 238 (I)(K) "~ 103 (K) 296 (K) 
235 '* 50 (K) 184 (K) 
270 * 155 (K) 
172 * 97 (K) 
170 * 
233 * 

N o t e s :  ]3P - -  b e n z p y r e n e .  
P - -  i m p l a n t a t i o n  of pellet .  
I - -  i n j ec t ion .  
r - -  p o s t o p e r a t i v e  dea th .  

K - -  ki l led.  

t T h i s  v a l u e  is i n c l u d e d  in  T a b l e  I I  also. 

Although the results with lecithin and cephalin are 
in favor of the assumption that solvent effects are due 
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to differences of the e l imina t ion  of benzpyrene ,  more  
evidence is clearly necessary before this correlat ion can 
be generally established. 

SUMMARY 

Four  groups  of mice  were  given subcutaneous im- 
plantations or  injections of a single dose of 0.3 m g m .  
of 3,4-benzpyrene dissolved in (a )  purif ied lecithin;  
(b )  purif ied cephalin,  both f rom ox brain;  (c)  medici-  
nal cod l iver oil; and  ( d )  tricaprylin. T h e  incidence 
of local tumors  was: leci thin group,  2 of an effec- 
tive total of  22 (9 per cen t ) ;  cephal in group,  2 of 
an effective total of 19 (10.5 per cen t ) ;  cod liver oil 
group,  7 of an effective total of 19 (37 per cent ) ;  
tricaprylin group,  6 of an effective total of 18 (33 per 
cent) .  T h e  l a t e n t  period in the cod liver oil g roup  
was approximate ly  4 months ,  compared  wi th  approxi- 
mately 6 m o n t h s  for most  of the other  tumors .  

The  rate of e l iminat ion  of benzpyrene  was measured  
and found to differ in the four groups,  decreasing in 
the fo l lowing order:  cephalin,  lecithin, cod liver oil, 
tricaprylin. 
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