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Polycyclic aromatic hydrocarbons (PAH) posses-
sing oncogenic properties are composed principally of
four, five or six aromatic rings. The oncogenic activity
of PAHs is related to their chemical structure which pro-
vokes a high pi-electron density at definite molecular
positions, thus increasing their reactivity and fixation
with the cell components. Regions with a raised
pi-electron density are called K-regions [1].  Suppos-
edly the K-regions are the carcinophore groups of the
oncogenic PAH. The carcinogenic potency of the
K-region can be identified by the presence of aromatic
rings, as well as after methylation. The most common
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carcinogenic PAH are  anthracene, phenanthrene, fluo-
ranthrene, chrysene, cholanthrene, and pyrene deriv-
atives.  Although pyrene is not a carcinogenic agent,
its mono- and dibenzo-derivatives are strong carcino-
gens. Benzo(a)pyrene (3,4-benzopyrene, BaP) which
is the most important representative of the benzopy-
rene group is regarded to be a potent oncogenic agent.

The oncogenic properties of PAH can best be stu-
died in rats because the local development of a tumor
in the area of subcutaneous (sc) or intramuscular (im)
injection of 10.08 mg BaP approaches 100% under cer-
tain experimental conditions. Thus, rats belong to the
carcinogen susceptible animal group and therefore are
predestined for screening tests to elucidate the anti-
carcinogenic effect of substances which could act as
inhibitors of the PAH carcinogenesis. Wistar rats rep-
resent suitable living models for examination due to the
fact that they are genetically similar and live under the
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Inhibition/modification of chemical carcinogenesis induced by benzo(a)pyrene in 496 male Wistar rats by treat-
ment with ascorbic acid alone or in combination with α-tocopherol was investigated in this study. The carcinogenic
and anticarcinogenic potencies of substances used were calculated by using the animals mean survival time from
each studied group. It was proven that ascorbic acid exerts an anticarcinogenic potency of 7.2 units; its combina-
tion with α-tocopherol highly enhances the anticarcinogenic potency to 20.1 units. A statistically significant differ-
ence was found between the control group and the animal group treated with ascorbic acid as well as between the
control group and the group of animals treated with the combination of ascorbic acid/α-tocopherol.  Furthermore,
a statistically significant difference regarding the mean survival time in days was found between the animal group
treated with ascorbic acid alone and the other animal group treated with the ascorbic acid/α-tocopherol combina-
tion (p < 0.001). In conclusion, antioxidants like ascorbic acid and α-tocopherol may inhibit or modify chemical
carcinogenesis induced by benzo(a)pyrene.
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Èññëåäîâàíî âëèÿíèå àñêîðáèíîâîé êèñëîòû è α-òîêîôåðîëà íà êàíöåðîãåíåç, èíäóöèðîâàííûé áåíç(à)ïèðåíîì,
ó 496 êðûñ-ñàìöîâ ëèíèè Wistar. Êàíöåðîãåííîå èëè àíòèêàíöåðîãåííîå äåéñòâèå âåùåñòâ îöåíèâàëè ïî âåëè÷èíå
ñðåäíåé ïðîäîëæèòåëüíîñòè æèçíè æèâîòíûõ. Óñòàíîâëåíî, ÷òî àíòèêàíöåðîãåííûé ïîòåíöèàë àñêîðáèíîâîé
êèñëîòû ñîñòàâëÿåò 7,2 åä., à òàêîâîé åå êîìáèíàöèè ñ α-òîêîôåðîëîì — 20,1 åä. Îáíàðóæåíû ñòàòèñòè÷åñêè
çíà÷èìûå ðàçëè÷èÿ â ïðîäîëæèòåëüíîñòè æèçíè ìåæäó æèâîòíûìè êîíòðîëüíîé ãðóïïû è ãðóïïàìè, ïîëó÷àâøèìè
àñêîðáèíîâóþ êèñëîòó èëè åå êîìáèíàöèþ ñ α-òîêîôåðîëîì, à òàêæå ìåæäó ïîñëåäíèìè (p < 0,001). Òàêèì
îáðàçîì, àñêîðáèíîâàÿ êèñëîòà è α-òîêîôåðîë ìîãóò èíãèáèðîâàòü èëè ìîäèôèöèðîâàòü êàíöåðîãåíåç,
èíäóöèðîâàííûé áåíç(à)ïèðåíîì.
Êëþ÷åâûå ñëîâà: õèìè÷åñêèé êàíöåðîãåíåç, áåíç(à)ïèðåí, ïîëèöèêëè÷åñêèå óãëåâîäîðîäû, êðûñû ëèíèè Âèñòàð,
àñêîðáèíîâàÿ êèñëîòà, òîêîôåðîë.
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same, controlled conditions. Several types of neoplastic
tumors can be induced at a very high incidence, al-
most 100%. The histological type of the developed tu-
mors is mainly fibrosarcomas, rhabdomyosarcomas,
undifferentiated sarcomas and mixed tumors. Other
types of tumors such as mesothelioma polymorphic cell
sarcomas, hemangiosarcomas, osteochondrosarco-
mas, squamous cell carcinomas, adenocarcinomas,
breast and gastric carcinoma can also be induced by
means of BaP [2, 3].

The Wistar rats die from the development of neo-
plastic tumors between 100–250 days after the BaP
injection. Substances with anticarcinogenic properties,
to a various extent, inhibit the tumor induction caused
by carcinogens, thus, prolonging survival time.  Vita-
mins C and E belong to a group of naturally occurring
antioxidants which inactivate carcinogens [4, 5]. These
antineoplastic substances are produced either as in-
termediate products of metabolic pathways such as cis-
aconitic acid, or are introduced into the organism mainly
through the diet. Vitamin C has a paradoxical effect on
neoplastic cells, varying from tumor stimulation to tu-
mor inhibition. It depends mainly on the histological type
of the developing tumor [6]. This strange effect of vita-
min C was the reason for many controversial reports in
scientific publications. Vitamin E appeared to have an-
ticarcinogenic effects also. As a liposoluble antioxidant,
vitamin E suggests that lipid peroxidation is involved in
tumor induction caused by carcinogens [7, 8]. Hereby,
the inhibitory action of vitamin C alone and in combi-
nation with vitamin E in tumor bearing Wistar rats treated
with BaP has been studied.

MATERIALS AND METHODS

We used 496 male Wistar rats, 8–10 weeks old with
their weight ranging from 120 to 160 g. BaP (Merck,
Germany) was dissolved in tricapryline (Sigma, USA)
shortly before sc injection of 10.08 mg per animal in
the right shoulder. All animals were previously anes-
thesized with ether. Animals were divided into three
groups as below: group 1 (G1) — control group con-
sisting of 198 animals injected with BaP solution to in-
duce tumor;  group 2 (G2) — 156 animals in which
550 mg vitamin C in 2% sugar solution was adminis-
tered per os (this drinking water solution is more at-
tractive to the animals, causing thirst and assuring that
the whole amount will be consumed as well as provi-
ding a number of calories to the treated animals);
group 3 (G3) — 142 animals in which a combination of
vitamin C and vitamin E (LaRoche, Switzerland) at the
doses of 550 mg and 440 mg, respectively, was ad-
ministered per os (Table 1).

Animals were followed up until death; then autopsy
was performed with tumors carefully excised, weighed
and submitted for histological examination. Lungs, liver,

stomach, intestine and kidneys undergo histological
examination.

Results were evaluated by the mean survival time
(in days from the BaP administration until death) of all
the animals in each group, the histological type and
grade of tumor(s) developed, the tumor weight, and
the number of animals in each group manifesting more
than one site of tumor development. In order to com-
pare the experimental results we used the following
equation to indicate the CP of BaP and the anticarci-
nogenic potency of substances [2, 9]:

CPBaP = Tumor incidence (%) × 100.
             Survival time (days)
The AP of substances used is determined by cal-

culating the difference between the CP of BaP when it
is administered alone and CP of BaP administered si-
multaneously with anticarcinogens.

Thus,
CPBaP = A
CPBaP+vitC = B
APvitC = A – B = CPBaP – CPBaP+vitC

and similarly,
CPBaP = A
CPBaP+vitC+vitE = C
APBaP+vitC+vitE = A – C = CPBaP – CPBaP+vitC+vitE

RESULTS

According to our experimental results, vitamin C was
able to inhibit malignancy caused by BaP, so that a
non-neoplastic cyst, an atheroma, was developed in-
stead of a malignant tumor.

Wistar rats without any treatment usually live for 800
to 900 days. Mortality rate after a single sc injection of
10.08 mg BaP is between 100–250 days (plus 56–
70 days old at time of injection = 156–320 day lifespan).
Animals of all groups developed tumors at the site of
BaP injection, identified histologically as sarcomas
weighing at death almost 25–30% of body weight ex-
cept of two animals of the group G2 which developed a
non-neoplastic cyst at the site of injection instead of a
malignant tumor. The most common histological type
observed was fibrosarcomas. Less common were rhab-
domyosarcomas, undifferentiated sarcomas, and mixed
tumors. The developed tumor-weight ranged from 58 g
to 170 g. Table 2 describes the mean survival time and
P-value (Student’s t-test) among the three studied
groups. Table 3 shows the tumor incidence, the carci-
nogenic potency (CP) and the anticarcinogenic poten-
cy (AP) observed in the three studied groups. Fig. 1
shows the histological examination of the tumor ex-
cised, which was a rhabdomyosarcoma. Two animals
of G3 lived about 820 days, thus they reached the max-
imum survival time of Wistar rats (Table 2, Fig. 2). Fig. 2
represents the death rate curve of rats in the three
groups studied.

According to the above mentioned equations and
the data from Table 2, it was found that in G1 group the
CPBaP was 51.1, in G2 group CPBaP+vitC   = 43.9, in G3
group CPBaP+vitC+vitE = 31; and APvitC = 7.2 and APvitC+vitE =
20 (Table 3).

Table 1. Experimental groups of Wistar rats used in this study 

Group Number 
of animals 

B(a)P (10.08 mg sc 
per animal) 

Vitamins 
administered 

Dose  
(mg per day) 

1 198 Yes   
2     156 Yes Vitamin C 550 
3       142 Yes Vitamin C + E 550/400 
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DISCUSSION

PAH constitute an important class of mutagenic
environmental pollutants which are produced mainly
during the combustion of coal, gasoline and diesel fu-
els. They are also found in cigarette smoke as well as
in smoked and grilled food. BaP, a substance of envi-
ronmental origin, is a potent carcinogenic agent. The
PAH molecules are relatively inert and insoluble in ac-
queous solutions. However, in living cells these mole-
cules are metabolized by P450 cytochromes in mi-
crosomes and mitochondria to a variety of oxygenated
products which are more water soluble than the parent
hydrophobic aromatic compounds. Thus, these me-
tabolites are more easily excreted by the organism. BaP
is one of the most widely studied PAH compounds. The
metabolism of BaP is highly stereoscopic, and over thirty
different metabolites have been identified [10]. PAH me-
tabolism is associated with high free radicals produc-

tion [2]. Furthermore, the peroxidase activities of pro-
staglandine synthetase, myeloperoxidase and lacto-
peroxidase can oxidize several procarcinogens in vitro
[11]. Peroxidazing microsomes or irradiated food lipids
have been reported to convert BaP into mutagenic
products and to form diol epoxides from BaP-7,8-diol,
probably by the action of peroxyl radicals. Oxidizing
sulphite ions can produce diol epoxides from 7,8-diols
[11]. The differences of susceptibility to carcinogene-
sis may be explained by a biological inactivation
mechanism existing in carcinogen resistant animal spe-
cies, inhibiting the oncogenic action of environmental
carcinogenic agents. This possibility is supported by
the markedly reduced carcinogenic action of the strong
carcinogenic agent benzo(a)pyrene when it is injected
in rabbit, pig, or cow, even in higher concentrations.
Similarly, certain physiologically occurring compounds,
when administered to carcinogen susceptible labora-
tory animals, effectively postpone or completely pro-
tect them from the oncogenic action of PAH. These
endogenous, or physiological inhibitors of carcinogene-
sis can usually be classified among the following three
groups: the first group includes intermediate products
of the metabolic processes in the human organism:
acids, amines, amino acids, thiols, vitamins, hormones,
enzymes, porphyrins, chalones [5, 12–14]. The second
group includes foodstuff ingredients absorbed from the
alimentary tract, e.g. compounds of the first group, as
well as antioxidants, flavones, and metals [8, 15]. The
third group includes metabolic products of microorgan-
isms (bacteria and viruses) living permanently (mainly
symbiotic in the intestine) or temporarily pathogenic in
tissues in humans, e.g. enzymes, antigens and cyto-
static compounds. Besides the natural anticarcinogens,
synthetic or exogenous anticarcinogens also inhibiting
carcinogenesis are quinones, peroxides and antioxi-
dants. The carcinogenic activity of aromatic compounds
in relation to their molecular geometry, was at first re-
ported in 1968 by Arcos and Argus [16]. PAH carcino-
gens have been shown to interact with nucleic acids.
Modern studies in the field of anticarcinogenesis may
include identification of endogenous inhibitors which
protect the organism against carcinogenesis and elu-
cidation of possible rational modes of controlling car-
cinogenesis with endogenous inhibitors supported by
synthetic antineoplastic agents.

In this experimental study we used vitamin C alone
and vitamin C in combination with vitamin E in order to
estimate their inhibitory action on chemical carcinoge-
nesis induced by BaP in Wistar rats. The early work on
the use of vitamin C in cancer research was noted in
1936. Nowadays, a definite connection between vita-
min C and cancer both in favorable clinical data and in
the detoxification of carcinogenic compounds has been
shown in different cancers [4, 17]. The antitumor pro-
perties of ascorbic acid and its oxidation products have
been reported by several investigators.

Dehydroascorbic acid is able to break denatured
DNA. It is noteworthy that vitamin C may inhibit or ac-
celerate tumor growth. This paradox phenomenon de-

Fig. 1. Rhabdomyosarcoma induced by benzo(a)pyrene (Van
Gieson stain)

Fig. 2. Death rate curve of rats in the three groups studied (  —
ascorbic acid;  — ascorbic acid + tocopherol;  — BaP)

Table 3. Tumor incidence, carcinogenic potency and anticarcinogenic 
potency in various animals groups 

Group Tumor incidence (%) CP AP 

1       100 51.1 — 
2       100 43.9 7.2 
3       99.6 31 20.1 

 

Table 2. Mean survival time and p-value (Student’s t-test) among the 
three studied groups 

Group Mean survival time (days) p < 0.0001 

1 193.5 ± 34.25 SS between 1 and 2 
2 230.5 ± 130.29 SS between 1 and 3 
3 317.5 ± 113.55 SS between 2 and 3 

SS: statistically significant. The p-value is statistically significant between 
groups 1 and 2, 1 and 3, as well as between 2 and 3 (p < 0.001).  
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pends partially on the histological type of the tumor and
was the reason for many controversial reports in sci-
entific publications [6]. Schlegel et al [18] suggested
the use of ascorbate acid for the prophylaxis of bladder
cancer. Price [19] found in urine of patients with blad-
der cancer elevated levels of various chemilumines-
cent tryptophan metabolites. Cameron and Pauling
suggested that cell growth is normally restrained from
proliferation by the highly viscous nature of the inter-
cellular glycosaminoglycans [20]. Cells release the en-
zyme hyalouronidase, which promotes their division,
proliferation, and migration. Proliferation continues as
long as hyaluronidase is released and is stopped by
physiological hyaluronidase inhibitors [20]. There is
some evidence that a physiological hyaluronidase in-
hibitor is an oligoglycosaminoglycan that requires
ascorbic acid for its synthesis. A bulk of studies relat-
ing to the role of vitamin C in diet and in various cancer
cases has been reported [4, 8, 17, 21, 22]. According
to our previous experimental results, ascorbic acid can
reduce or prolong the life-span of a number of Wistar
rats treated with BaP [23]. In some cases tumor growth
was delayed in presence of vitamin C, in comparison
with the control BaP group without vitamin C. By data
presented in tables 2 and 3 it is clearly shown that the
combination of vitamin C with vitamin E highly enhances
the AP. Furthermore, a statistically significant differ-
ence was found not only between groups 1 and 2, and
1 and 3, but also between groups 2 and 3 (p < 0.001).

The histological examinations revealed a killing ef-
fect of ascorbic acid on malignant cells despite that vi-
tamin C does not belong to the category of cytostatic
drugs. Also vitamin C was able in some cases to inhibit
malignancy caused by BaP, so that a non-malignant
cyst or an atheroma was developed instead of a ma-
lignant tumor. In our study two animals of G3 devel-
oped a non-neoplastic cyst at the site of injection in-
stead of a malignant tumor. Therefore, the tumor inci-
dence in G3 was 99.6%. Jaffe in 1946 investigated the
influence of wheat germ oil on the production of tumors
in rats by sc injection of methylchloranthrene and no-
ticed a reduced incidence of sarcomas when the ani-
mals were fed with a diet containing this oil. No expla-
nation of the inhibitory effect of wheat germ oil was given
by Jaffe [24]. Later on, it was found that alpha-toco-
pherol appreciably inhibited the carcinogenic activity of
methylchloranthrene in C57 Leaden female mice.

Inhibition of dibenzanthracene-induced cancer in
female Sprague—Dawley rats by dietary vitamin E was
also reported. Since vitamin E is a liposoluble antioxi-
dant, it was suggested that lipid peroxidation is involved
in tumor induction caused by carcinogens [25]. It is known
that peroxidation is increased upon carcinogenesis. The
protective effects of antioxidants against carcinogene-
sis are today very well established. The impact of diets
in DNA damage, as well as the role of vitamin E in colo-
rectal, esophageal, gastric, breast, skin, and prostate
cancer as well as in leukemia cases has been discussed
in many studies [6–8, 12]. Finally, vitamin E derivatives
and other antioxidants may become useful inhibitors

against environmental carcinogens. In conclusion, ascor-
bic acid is a good inhibitor of hyaluronidase. Consequent-
ly, ascorbate could restrain cell activities related to hy-
aluronidase. Therefore, vitamin C might be an effective
drug for suppressing neoplastic cellular proliferation and
invasiveness. It is noteworthy that vitamin C has not re-
ceived much attention in cancer research.

Fortunately, during recent years a noticeable in-
crease in the interest has arised for the use of ascorbic
acid as a supplementary agent for cancer treatment.
From results given it is obvious that the combination of
anticarcinogens (vitamins C + E) enhances significantly
the AP of vitamin C in BaP induced carcinogenesis.
This is partially due to the fact that vitamin C or the
combination of vitamin C + E result in more differenti-
ated tumors and sometimes in development of non-
malignant processes like cysts or atheromas. Results
taken from this study obviously show that there is a
strong ability to inactivate biologically environmental
carcinogenesis, mainly by BaP induced, using sub-
stances like vitamin C and E. Furthermore, the use of
vitamin C and/or vitamin E complementary to the clas-
sic cancer chemotherapy is recommended.
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