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Temporary riboflavin deficiency in young mice tends to enhance chemically. 
induced skin carcinogenesis. When mice are kept on a normal diet, the injec- 
tion of riboflavin before initiation or promotion does not affect the tumor induc- 
tion by the two-step mechanism of chemical carcinogenesis. 

1BOFI.AVIN DEFICIENCY I N  MICE CAN LEAD TO R atrophy and hyperkeratosis of the epithe- 
lium of the upper alimentary tract as well as 
to hyperylasia of the skin.1° These changes 
led to investigation of the response of this al- 
tered epithelial tissue to a carcinogen. 

One of the earliest links of riboflavin to car- 
cinogenesis came from its inhibitory effect on 
the induction of liver tumors in rats by butter 
yellow. Kensler et a1.0 showed that yeast or ri- 
boflavin with casein added to the diet of rats 
tended to protect the mimals against the car- 
cinogenic effect of the azotlye. Riboflavin was 
thought to be an  essential constituent of the 
enzyme systems that detoxify butter yellow.5 
Its protective influence was found to be less 
when the liver carcinogen 2’- or  3’-methyl-4’- 
dimethylamitioazo-beii~ene was given.3 

Tannenbaum and Silverstonell reported 
that vitamin B complex administered in high 
concentrations did not affect skin tumor in- 
duction in mice. Boutwell et a1.1 fourid little 
change in tumor yield when benzo(a)pyrerie 
W;IS applied to the skin of animals on diets 
containing varying amounts of vitamin R 
complex. Mice kept low on all B vitamins had 
a relatively low tumor yield. After repeated 
applications of 3,4-benzo(a)pyrene, Roe7 
found no beneficial effect of a dietary supple- 
ment of riboflavin although injected ri- 
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boflavin resulted in a slightly, but not sigriifi- 
cantly, reduced tumor induction. 

These studies dealt with the long-term 
effects of vitamins on chemical carcinogenesis. 
In  the present report, the effect of temporary 
riboflavin deficiency on mouce skin tumorige- 
nesis is reported. 

Female Swiss ICR mice (Millerton lie- 
search Farms), 3-4 weeks old a n d  approxi- 
mately 13 g in weight, were used. IVinety-nine 
mice were divided into 4 Lgroups and fed a vi- 
tamin B,-deficient diet (Nutritional Biochemi- 
cals Corp., Cleveland, Ohio, consisting of 18yo 
vitamin test casein, 6876 su~rose, 10% vegeta- 
ble oil, and 47” U.S.P. salt mixture) for 4 
weeks, after which the animals were returned 
to a normal diet (Purina Lab Chow). On  the 
21st, 24th, 28t11, or 29th clay of the experi- 
ment, mice in one of the groups were initiated 
on their shaved backs with a fresh 0.15% solu- 
tion of purified 7,12-dimethyl-ben~anthracene 
(DMBA, 75 pg) in spectrograde acetone. 
Twice weekly for 18 weeks, 100 pl of 0.57, 
croton oil in acetone u’as pipetted on the iiiiti- 
ated skin of the mice, beginning 10 days aftei 
they were returned to a normal diet. The  c o n  
trols (129 mice) were kept on a normal diet 
for 4 weeks before being initiated with DMBA 
and 10 days later were promoted with croton 
oil twice weekly. 

Another experiment investigatecl wlietliei 
administration of the synthetic diet contain- 
ing the vitamin B complex might affect tumoi 
development. Three groups of mice were initi- 
ated with 75 pg of DMBA after being put on 
either a fortified vitamin B complex diet (sini 
ilar in Composition to the vitamin B,-deficient 
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diet but with riboflavin added) for 4 weeks (70 
mice), a normal diet for 4 weeks (40 mice), or, 
a vitamin B,deficient diet for 5 weeks (26 
mice). Immediately after initiation, all mice 
were given a normal diet and, beginning 10 
days later, were painted with 1% croton oil in 
acetone twice weekly for 12 weeks. 

Another control group of 30 mice was put 
on a calorie-restricted diet (1 to 1% g of normal 
diet a day) for 4 weeks. The  body weight was 
checked regularly to ensure that their weight 
gain paralleled that of mice on the vitamin 
B,-deficient diet. After 4 weeks, they were also 
initiated with 75 pg of DMBA and food given 
ad libitum. Beginning 10 days later, they were 
promoted by pipetting 100 pl of 0.5% croton 
oil on to their backs twice weekly for 18 
weeks. 

The effect of an excess of riboflavin on 
tumor yield was also investigated. Four 
groups of 40 S-week-old mice were initiated 
with 75 pg of DMBA, and 100 p1 of 0.5% cro- 
ton oil was pipetted on twice weekly for 15 
weeks. Riboflavin was then given intraperito- 
neally in the following manner: Group 1: 350 
pg 3 hours before application of DMBA; 
Group 2: 350 pg 3 hours before each applica- 
tion of croton oil; Group 3: 350 pg 3 hours be- 
fore application of DMBA and again before 
each application of croton oil; Group 4: none. 

A11 animals were checked regularly ant1 tu- 
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mors larger than 1 mm in diameter were re- 
corded weekly. All the registered tumors per- 
sisted and continued to grow in size through- 
out the entire period of observation. 

RESULTS 

All 4 groups of mice recovering from a 4- 
week vitamin deficiency and initiated with 
DMBA had a tumor yield significantly greater 
(x2 test, p < 0.01) than that of controls kept 
on a normal diet (Figs. 1, 2). T h e  deficient 
mice developed tumors earlier and in greater 
numbers. There was no  difference in  tumor 
yield between the 4 groups of mice on the 4- 
week riboflavin-deficient diet initiated at var- 
ious times. 

Histologically, the tumors were all papillo- 
mas of the types described by Shubik et al.8 
Classification into morphological types was 
not attempted. 

There were no  differences in tumor yield 
between mice on a normal diet and mice 
which had received the synthetic diet fortified 
with vitamin B, for 4 weeks (Fig. 3) indicat- 
ing that the accelerated tumor development 
noted with mice recovering from riboflavin 
deficiency was not related to the synthetic 
diet. In  addition, Fig. 3 shows that acceler- 
ated tumor development also occurred in mice 
initiated after 5 weeks of deficient diet, and 
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WEEKS A f E R  S l A R l  OF PROMOTION 

FIGS. 1 (left) and 2 (right). Cumulative tumor incidence in female Swiss mice (3 weeks old) 
either on a riboflavin-deficient diet lor 4 weeks then returned to normal diet thereafter, or con- 
trols on normal diet throughout. The riboflavin-deficient mice were initiated with DMBA at the 
time as shown and the controls at 7 weeks of age. Croton oil was pipetted on all mice twice 
weekly beginning at age 894 weeks. 
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then painted with 1% croton oil twice weekly 
after being put back on a normal diet. 

T h e  animals kept on a calorie-restricted 
diet for 4 weeks had a similar tumor yield to 
the controls. Thus, the phenomenon observed 
in the 4-week riboflavin deficient animals does 
not appear to be a direct result of retarded 
growth. 

In  those experiments in which mice on a 
normal diet were injected with riboflavin be- 
fore initiation and/or promotion, the tumor 
yield did not differ from that of the controls. 
This indicates that the riboflavin treatment 
per se does not counteract the initiating effect 
of DMBA, nor the promoting effect of croton 
oil as given in these experiments. 

DISCUSSION 

Much of this experimental work originated 
from epidemiological observations of the rela- 
tionship between Plummer-Vinson’s syn- 
drome, or excessive consumption of alcohol, to 
cancer of the upper alimentary tract; this sug- 
gested that nutritional deficiencies might facil- 
itate the malignant transformation of certain 
types of epithelial cells.14. 15 

In  a preliminary experiment carried out to 
determine the point at which riboflavin de- 
ficiency reaches its peak in affecting mouse 
skin tumor induction, i t  was found that 
mouse skin tumor development was enhanced 
more after 4 or 5 weeks’ than 3 or 7 weeks’ de- 
ficiency. Certainly at 3 weeks, the “optimal” de- 
gree of deficiency for chemical carcinogenesis 
seems not to have been reached, while at 7 
weeks it is too far advanced. 

Several factors may explain the findings of 
the present study. Twenty-four to 30 hours 
after initiation, a larger amount of the ap- 
plied DMBA could be extracted from the skin 
of a mouse recovering from riboflavin defi- 
ciency than in the skin of a normal mouse? 
After 4 weeks of riboflavin deficiency, the epi- 
thelium undergoes atrophy and is accompanied 
by a reduced rate of tritiated thymidine uptake 
(labeling index) in the interfollicular basal 
cells. Since the higher the labeling index the 
more cells are initiated,2 it could be argued 
that deficiency should reduce the number of 
cells that become initiated. On the other hand, 
with the epithelium atrophied, more of the 
carcinogen applied during initiation might 
come into contact with the surviving basal 

* Chan, P. C., and Wynder, E. L.: Unpublished data. 
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FIG. 3. Cumulative tumor incidence in female Swiss 
mice (3 weeks old) initiated with DMBA after being 
put on a normal diet for 4 weeks, a fortified vitamin B 
complex diet for 4 weeks, or a vitamin B,-deGcient 
diet for 5 weeks. All mice were put on normal diet 
after initiation and painted with 1% croton oil twice 
weekly beginning 10 days after initiation. 

cells of the epidermis. After returning to a 
normal diet, an increased labeling index in 
the basal cells and a gradual return to normal 
appearance of the epidermis was noted.* This 
increased tritiated thymidine uptake, coupled 
with the prolonged presence of DMBA in the 
skin, might enhance the initiation phase of 
skin tumor development. 

Wilk and Wynder12r l3 have shown that not 
only do carcinogenic hydrocarbons tend to in- 
terfere with mitochondrial respiration but cro- 
ton oil and its most active metabolite, phorbol 
ester, do as well. Abnormal mitochondrial 
changes have been observed in the livers of ri- 
boflavin-deficient mice.99 10 Croton oil is par- 
ticularly toxic when applied to the skin of ri- 
boflavin-deficient animals and of ten leads to 
death. Mitochondria1 function in mice re- 
covering from riboflavin deficiency in our ex- 
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perimental setting may be related to tumor ar- 
celeration. Experimental evidence implicating 
the mitochondria in neoplastic transformation 
has been reported by GrafT~.~ 

Although riboflavin deficiency seemed to 
enhance the yield of mouse skin tumors, vi- 
tamin R, supplements (lo not cause a sparing 
effect. However, such nept ive findiny5 tnay re- 
\tilt from the possihility that ribofla1 in in- 

jected into an animal that do f s  not lack the 
vitamin will be readily metabolized and/or 
excreted uncliangetl before it can affect indi- 
vidual skin cells. Unless the application of 
DMBA and croton oil increa3es the demand 
of skin epithelial cell5 for riboflavin, the 
specific transport to, and deposition of, the vi- 
tamin in dermis and epidermis, appear un- 
likely. 
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