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ABSTRACT

Vitamin C

Since the discovery of vitamin C many studies have illustrated its characteristic effect as a tumor
prevention agent. Conversely: the extracellular presence of lactate dehydrogenase (LDH) is associated
with cell necrosis and tissue breakdown and is therefore considered as a tumor marker. In present study
effects of vitamin C on the levels of oral LDH was estimated during the development of squamous oral
carcinoma. Histological findings of study revealed changes in the oral tissue of the animals treated with
dimethyl benzanthracene (DMBA) alone or DMBA associated with vitamin C such as moderate
dysplasia associated with basal cell hyperplasia. Notably: differentiated oral squamous cell carcinoma
was observed in the rats belonging to group injected with DMBA after 6 weeks. Otherwise: anaplastic
oral carcinoma was observed after 5 weeks in group treated with DMBA and vitamin C. High levels of
LDH were detected throughout the induction of the squamous cell carcinoma phases in comparison to
the anaplastic phase. These findings demonstrate that the injection of DMBA in association with vitamin
C accelerates the induction of anaplastic carcinoma and that these changes are associated with increased
LDH levels in the differentiated squamous carcinoma compared with the undifferentiated carcinomas.

Lactate dehydrogenase
LDH
Squamous cell carcinoma
9: 10 dimethyl 1:2 benzanthracene
DMBA.
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Vitamin C increases the level of lactate dehydrogenase in rats ‘oral squamous cell carcinoma

1 Introduction
Ascorbic acid (vitamin C) has enormous biological importance
and represents one of the most important reducing substances
known to occur naturally in living tissues (Iqbal et al, 2004).
Although most of animals can synthesize vitamin C but it cannot
be synthesized by humans being and they are totally dependent
upon dietary intake to meet their demands. Vitamin C is known to
be essential for enhancing immune response (Holmannová et al.,
2012), the structural integrity of the intracellular matrix
(Nishikimi et al., 1994), formation of collagens (Jagetia et al.,
2007) and hormone synthesis (Kishimoto et al 2013). In addition,
numerous studies have reported that vitamin C can function as a
tumor prevention agent and human cancer tissues contain elevated
levels of ascorbic acid (Padayatty et al., 2006), and this value was
approximately 4-fold higher than those found in tissues of normal
origin. The use of vitamin C in preventing cancer might be
ascribable to its requirement in collagen synthesis, which is entire
for the protective encapsulation of tumors (May & Harrison,
2013). Furthermore, vitamin C inhibits lysosomal enzymes, which
are responsible for malignant invasion (Cabanillas, 2010).
In contrast, many other studies have rejected the conclusion that
vitamin C prevents or inhibits the development of tumors. High
dosages of vitamin C were shown to induce toxic symptoms in the
liver and kidney of rat (Tiwari et al., 1982) and increased the
induction of neoplastic and pre-neoplastic lesions of the bladder
by nitrosamine. Thus, suggesting its role as a promoter of bladder
carcinoma is contradictory (Fukushima et al., 1988). The
enhanced role of vitamin C in this system was thought to result
from the large amount of vitamin C required by the neoplastic
cells as compared to normal cells maintain their higher rate of
multiplication (Du et al., 2012).
Lactate dehydrogenase (LDH) is an intracellular enzyme that
catalyzes the reaction of lactate production via pyruvate reduction
during anaerobic glycolysis. Its extracellular presence is
associated with cell necrosis and tissue breakdown (Gray et al
2014). Since the discovery of LDH and its importance as a marker
of tumorigenesis, it has been utilized as a diagnostic enzyme to
distinguish between normal, premalignant, and malignant cells
(Andreoli & Alpern, 1993). Subsequently, a relationship has been
established between the concentration of LDH and the
development of cancer (Rizwan et al., 2013). Increased LDH
activity has been verified in malignant tissues, including in the
brain (Palani et al., 2010), lung, stomach, breast and in colon
adenocarcinoma and malignant lymphoma (Hu et al., 2015).
Furthermore, an increase in the activity of two LDH isoenzymes
(LDH 7 and 9) was demonstrated in patients with squamous cell
carcinoma (Gorogh et al., 1990).
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To further elucidate the mechanisms involved in LDH-mediated
cancer progression and the role of vitamin C therein, a dosedependent study was performed on the promotion of oral
squamous cell carcinoma using DMBA in male rats with or
without vitamin C supplementation. LDH activity was also
examined as evidence of DNA synthesis and cancer development.
2 Materials and Methods
2.1 Experimental Animals
Male rats (6–8 weeks old) weighing 150–200g were housed
throughout the experimental period in the animal house of the
Science Faculty, KAU, Jeddah, KSA. All mice were housed under
specific pathogen free conditions including diet at a temperature
of 22 C (+/− 2 C) with a continuous supply of water. All animal
experiments were approved by local authorities in compliance
with the Saudi Animal Protection Law.
2.2 Induction of squamous cell carcinoma in the oral cavities
of rats
9,10 Dimethyl-1,2-benzanthracene (DMBA) (Sigma Aldrich: St.
Louis: MO: USA) was used to induce squamous cell carcinoma in
the buccal cavities of rats. DMBA was used at 0.5% dissolved in
paraffin oil. For the study of the mechanisms involved in the
initiation of oral squamous cell carcinoma and its relation to in
situ LDH level,5 percent DMBA were locally injected into the
buccal cavity of 20 rats at 0.2 ml/kg body weight for three times
weekly for 4 consecutive weeks (Group III).To limit the
consequence of vitamin C injection on the LDH level during the
initiation of oral carcinoma, 20 rats were injected with 0.2 ml/kg
body weight of 5% DMBA as for Group III combined with
injection of 10 milligram/kilogram body weight vitamin C
through the caudal vein (Group IV). Additionally, two control
groups without oral cancer induction (healthy rats) were analyzed,
20 rats served as the untreated control group (Group I) and
another 20 rats were injected with 10 mg/kilogram body weight
vitamin C through the caudal vein (Group II).Four rats from each
group were euthanized by using ether and the buccal cavity
samples were compiled from all the four groups after 1, 3 and 6
weeks from the start of the experiment. The buccal mucosae were
removed and stored at −70 C until used.
2.3 Histological study of the rat oral mucosa
Small pieces of buccal mucosa cavities were fixed with a 10%
neutral formalin solution for one hour. After fixation, each portion
of the specimen was dehydrated in a series of 80, 96 and 100%
ethanol solutions, and then the tissues were cleared in 2 changes
of xylene solution and permeated with paraffin. Sections of 5–7
nm thickness were cut from the longitudinal sections and stained
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with hematoxylin for 2 min and with eosin for 30 s (H&E),
dehydrated in an ethyl alcohol concentration series, cleared in
xylol and mounted in Canada balsam for light microscopy
examination (Rabah et al., 2013).
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3 Results
3.1 Levels of LDH in the control groups (Group I & II)

The localization and activity of the LDH enzyme were verified by
the presence of blue formazan granules in the cytoplasm whereas
the nuclei yielded negative results. The rate of formation
precipitation was proportional to the concentration of the enzyme
in the rat cheek pouch sections (Pearse, 1980; Pearse, 1985).

Histological investigation of the untreated rat buccal mucosa
sections (Group I) illustrated the presence of flat stratified
squamous epithelium without rate pegs, these cells are 4–5 layers
in thickness, with occasional keratinization on the surface. The
submucosa layer consisted of fibrous connective tissues
containing no glands, followed by a layer of longitudinal stratified
muscle fibers. Both the epithelium and submucosa layers showed
weak LDH activity, whereas the striated muscle layer exhibited
moderate LDH activity. On the other hand, sections of rat buccal
pouch injected with vitamin C (Group II) appeared to be similar to
the untreated group, except that an increase in the keratinized
layer was observed after 6 weeks of vitamin C injection
(Figure 1a). This keratinized layer showed a negative reaction for
the LDH enzyme, whereas moderate activity was observed in the
epithelium and the submucosal connective tissues layers. Intense
activity of the LDH enzyme was demonstrated in the striated
muscles after 6 weeks of vitamin C injection (Figure 1b).

a

b

2.4 LDH histochemical study
Pearse’s method was employed to demonstrate LDH intensity.
Fresh cryostat sections were incubated for 20 min at 37 C in
medium containing 20 mg nicotinamide adenine dinucleotide
(NAD), 10 mg Nitro blue tetrazolium salt, 1 ml sodium lactate,
2.5 ml 0.1 M Tris buffer and 1 ml 0.05 M magnesium chloride
with pH 7.4. Sections were post-fixed at 15% formal-saline for 15
min, washed in distilled water and mounted in glycerin.

Fig. 1. Determination of LDH levels in the rat buccal cavities in the Vitamin C group. (a) Histological section of rat cheek pouch after 6
weeks of vitamin C injection characterized by the presence of a keratinized layer (K), whereas the epithelium layer (E) with no rets pegs is still
observed. (H&E) ×150. (b) Rat cheek pouch after 6 weeks' vitamin C injections. Note the moderate LDH activity in the epithelium (E) and the
submucosa layers (S); intense activity can be observed at the striated muscle (M), whereas the keratinized layer (K) shows a negative reaction ×75.
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3.2 Levels of LDH in rats injected with DMBA (Group III)
After one week of DMBA injections, histological changes in rat
buccal cavities indicated the presence of hyperkeratosis and
hyperplasia in the form of an increase in the number of epithelial
layers associated with some proliferation of the epithelium into
the submucosa to form rete pegs. In addition, mild dysplasia in the
form of lost polarity and hyperchromassia were observed in some
sections (Figure 2a). At this time, a negative reaction was
observed for LDH within the keratinized layer, whereas moderate
activity was observed in the basal cell layer of the hyperplastic
epithelium and submucosal connective tissues whereas intense
activity was demonstrated in the striated muscles (Figure 2b).
After 3 weeks of DMBA injection, rat check pouch sections
acquired areas of patchy thinning of the epithelium alternating
with areas of hyperplasia and papillomatosis. Mild to moderate
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dysplasia was observed, which was associated with basal cell
hyperplasia and moderate hyperkeratosis. An inflammatory cell
reaction was observed in the submucosal layer (Figure 3a). The
level of the LDH enzyme appeared to be similar overall to that
after 1 week of DMBA injection despite the marked to intense
LDH activity observed in the epithelium layer around the
keratotic crypts and basal cell hyperplasia (Figure 3b).
Severe dysplasia of the epithelium lining and invasive basal cell
carcinoma, adenoid cystic type was demonstrated in rat buccal
pouch sections exposed to DMBA for 6 weeks. Furthermore,
some sections showed an undifferentiated tumor in the form of
cords of malignant cells invading into the submucosa with no
special arrangement, indicative of developing squamous cell
carcinoma (Figure 4a). After 6 weeks of DMBA injections, the
adenoid cystic carcinoma showed very intense LDH activity
around the nest (Figure 4b).

b
a
Fig. 2. Determination of LDH in the rat buccal cavities after 1 week of DMBA injections. (a) Histological changes in the rat check pouch
indicate the formation of moderate hyperkeratosis (K), papillomatosis (P), and basal cell hyperplasia (BCH). Moderate dysplasia (D) can be
detected and an inflammatory reaction (I) is exhibited at the sub-mucosa layer (H&E) ×150. (b) A weak level of LDH can be observed in the
epithelium (E) and the submucosa layers (S). Intense activity can be observed at the striated muscle (M), whereas the keratinized layer (K) showed
negative reactions. The papillomatosis (P) showed moderate LDH activity, which is concentrated at the basal cell hyperplasia layers (BCH). The
submucosal layer (S) illustrated moderate LDH activity while the keratinized layer (K) recorded a negative reaction ×150.
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b
a
Fig. 3.Determination of LDH in the rat buccal cavities after 3 weeks of DMBA injections. (a) Histological changes in oral pouch
sections indicate the presence of papillomatosis (P), and basal cell hyperplasia (BCH) (H&E ×150). (b) The papillomatosis (P) exhibits
increases in LDH activity and intense activity at the basal cell hyperplasia layers (BCH). The submucosal layer (S) shows moderate
LDH activity while the keratinized layer (K) exhibits a negative reaction. Intense LDH activity can be observed in the epithelium layer
(E) (×75).

b
a
Fig. 4. Determination of LDH in the rat buccal cavities after 6 weeks of DMBA injections. (a) Histological investigation show the
formation of basal cell carcinoma (BCC) with adenoid cystic (AC) features, severe dysplasia (D) with basal cell carcinoma (BCC) and
the cysts (CY) in the basal cell carcinoma (H&E ×150). (b) Detection of the very intense LDH activity in the malignant cell sheets (SE)
and around the nest of squamous cell carcinoma (Nest) (×75).
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3.3 Level of LDH in rats injected with DMBA combined with
vitamin C (Group IV)

the basal layer of the papilloma and around the keratotic crypts
(Figure 6b).

Histological investigation of rat buccal sections after one week of
DMBA plus vitamin C injections demonstrated several changes
including hyperplasia of the epithelium lining and downward
proliferation into the submucosal layer. Moderate dysplasia
showed actual papilloma with nuclear changes. The papilloma
was associated with buccal cell hyperplasia. In addition, an
inflammatory cell reaction was observed in the submucosal layer
(Figure 5a). Meanwhile, moderate LDH activity was observed in
the basal cells of the hyperplastic epithelium layer and in the
striated muscle as well as the submucosa, but a negative LDH
reaction of LDH was reported in the keratinized layer (Figure 5b).

In the current study, all the participant animals completed the
duration of the experiment except for Group IV. Anaplastic
carcinomas were found to have developed in rat buccal pouch
sections exposed to DMBA combined with vitamin C after only 5
weeks, thus demonstrating tumor development at an earlier stage
than that observed in Group III, which was injected with DMBA
only (Figure 7a). The tumor appeared in the form of scattered
undifferentiated malignant cells invading the submucosal layer
(Figure 7a). The anaplastic carcinomas investigated after 5 weeks
of injections showed a very high increase in the levels of LDH
(Figure 7b).

The histological criteria of rat check mucosa after 3 weeks of
DMBA and vitamin C injections recorded moderate dysplasia and
basal cell hyperplasia (Figure 6a). In addition, some histological
changes showed keratotic crypts lined by normal epithelium with
no signs of malignant development. In current study, the
papilloma was characterized by intense LDH activity, observed at

4 Discussion and Conclusion
Since the discovery of the carcinogenic effects of tar and its
derivatives DMBA, these substances have been used as
carcinogens for different organs. This carcinogenicity
depends on numbers of known and unknown factors (Starek & Podolak,

a
b
Fig. 5. Determination of LDH in the rat buccal cavities after 1 week of DMBA and vitamin C injection. (a) Histological changes in the
rat check pouch indicate the formation of moderate hyperkeratosis (K), moderate dysplasia (D), and basal cell hyperplasia (BCH) (H&E)
×150. The epithelium shows actual papilloma (P) and inflammatory cells (I) are observed in the mucosa. (b) A weak level of LDH can be
observed in the epithelium (E) and the submucosa layers (S). The keratinized layer shows a negative reaction. Moderate LDH activity is
concentrated at the basal cell hyperplasia layers (BCH), whereas a negative reaction is observed in the keratinized layer (K) (×150).
Journal of Experimental Biology and Agriculture Science
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b
a
Fig. 6. Determination of LDH in the rat buccal cavities after 3 weeks of DMBA and vitamin C injections. (a) Histological
changes in oral pouch sections indicate the presence of hyperkeratosis (K), papillomatosis (P), and basal cell hyperplasia (BCH)
(H&E ×150). (b) The papillomatosis (P) shows an increase in LDH activity and intense activity at the basal cell hyperplasia layers
(BCH). The submucosal layer (S) shows moderate LDH activity whereas the keratinized layer (K) shows a negative reaction (×150).

b
a
Fig. 7. Determination of LDH in the rat buccal cavities after 5 weeks of DMBA and vitamin C injections. Histological changes
in oral pouch sections indicate the pretense of anaplastic carcinoma (AN) wherein cellular de-differentiation was detected (H&E
×150) (a). Marked LDH activity can be observed in the anaplastic carcinoma (AN) (×75) (b).
Journal of Experimental Biology and Agriculture Science
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2009). The relation between DMBA and the development of
check pouch carcinoma was first examining seventy years ago
(Levy et al., 1950; Ferguson & Smillie, 1979; Merch et al., 1979;
MacDonald, 1981; Tsiklakis et al.,1987). Present histological
investigations demonstrated the initiation of carcinogenesis after
the first week of DMBA injections in the form of hyperkeratosis
and hyperplasia as well as mild dysplasia, hyperchromassia and
some downwards proliferation of the epithelium into the
submucosal layer. Areas of patch thinning of the epithelium
alternating with areas of hyperplasia, papillomatosis with
moderate dysplasia and keratotic crypts lined by benign
epithelium with no signs of malignant changes were observed rat
buccal pouch sections exposed to DMBA for 3 weeks. The
development of squamous cell carcinoma was observed after 6
weeks of DMBA injections. The simultaneous injection of
vitamin C with DMBA yielded no additional histological changes
in rats as compared to the rats was injected with DMBA alone
after 1 and 3 weeks of injection. After 5 weeks, tumors appeared
in the form of scattered malignant cells with no special
arrangement. This indicates that vitamin C injected
simultaneously with DMBA accelerated tumor induction such that
tumors were founded at an earlier stage than those in the group
injected with DMBA alone. This finding was in accordance with
the results of previous studies that reported enhancement of the
development of laryngeal and tracheal (Harada et al., 1985),
bladder (Ito et al., 1984) and forestomach (Imaida et al., 1983)
neoplasia in experimental animal groups exposed to different
carcinogenic materials combined with vitamin C which suggested
the role of vitamin C as promoter of various type of carcinoma
(Fukushima et al., 1988). In addition, tumor growth was shown to
be considerably increased by vitamin C injected subcutaneously
or fed in high concentrations by mouth (Migliozzi, 1977; Maeda
et al., 2000).
LDH is a glycolytic enzyme that is widely distributed in all living
cells (Schmidt & Guder., 1979). This enzyme involved in
carbohydrate metabolism and is utilized as a marker of glycolysis
(Wynder & Hoffman, 1979). LDH level associated with
carbohydrate metabolism was demonstrated in the ovarian tissues
also after the injection of medroxyprogestrone acetate (Di Carlo et
al., 1984). Role of LDH has been extensively studied in different
pathological conditions, especially in cancer. Many studies have
reported a weak level of LDH isoenzyme activity in the
epithelium layer (Gorogh et al., 1990). Similar findings were
observed in the present study in both the epithelium and
submucosal layer, whereas moderate LDH activity was observed
in the striated muscle layer of rat buccal pouch sections obtained
from Groups I and II: which represent control groups. Although
some previous studies have maximized the role of vitamin C as a
protective factor against LDH release (Ramos & Acosta, 1983),
others have reported no changes in the LDH levels in mice
Journal of Experimental Biology and Agriculture Science
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suffering from vitamin C deficiency compared to those fed with
vitamin C for 21 days (Chen & Thachker, 1986).
In previous study, LDH concentrations remain constant until
malignant lesions were established. These changes were not
observed in benign hyperplastic lesions, suggesting that the
presence of this enzyme might be worth in the diagnosis of
premalignant lesions of hamster oral mucosa (Pereira et al., 2015).
Consistent with the previous results, findings of present study
revealed that intense level of activity of LDH was detected in the
epithelium layer around the keratotic crypts in addition to basal
cell hyperplasia after 3 weeks of DMBA injections. Subsequently,
very intense LDH activity was observed in adenoid cystic
carcinomas within rat buccal pouches injected with DMBA for 6
weeks. This phenomenon has been explained to result from the
presence of partial tissue destruction at the neoplastic region
(Ninomiya & Mori, 1985).
The differences in the elevation of LDH activity in different
groups in present study attribute the differences of the direct
effects of each injected substance. These results might be
interpreted as representative of the shift from aerobic toward
anaerobic glycolysis. The decrease of LDH activity in anaplastic
carcinoma compared to that in differentiated carcinoma (Gill et
al., 2016) and has been confirmed by Valvona et al. (2016) who
stated that the activity enzymes of the citric acid cycle were
inversely proportionate to the mitotic activity. Furthermore,
Slavov et al. (2014) studied the relationship between the
metabolisms of cell division and tumor growth. They showed that
the respiratory production of energy was reduced in mitotic cells
where in the energy required for cell division was provided by
glycolysis. In addition, Ciesielski-Treska et al. (1972) determined
that respiratory metabolism decreased during cell multiplication
and increased during differentiation. This might explain the
increased enzymatic activity observed in the differentiated
compared with the undifferentiated carcinomas. However,
Vitamin C does not increase the LDH levels as a consequence of
the development of the undifferentiated cancer cells (Fukushima
et al.,1988), in current study reduction in the LDH level was
established in the group injected with DMBA combined with
vitamin C for 5 weeks compared to that in the group injected with
DMBA alone.
Many previous studies confirmed the increase of serum LDH
levels in both oral premalignant and malignant lesions and have
shown that serum LDH estimation may serve as a valuable
biochemical marker of malignancy (Pereira et al., 2015). In
current study injection of vitamin C in addition to DMBA resulted
in an earlier increase the level of LDH in comparison with that
obtained in groups C in addition to DMBA resulted in an earlier
increase the level of LDH in comparison with that obtained in
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groups injected with DMBA alone which confirmed the
promotional role of vitamin C on the development of oral
squamous cell carcinoma. Otherwise, the level of LDH was
decreased in anaplastic (undifferentiated) oral carcinoma (induced
by the injection of vitamin C in addition to DMBA) as compared
with that in oral squamous cell (differentiated) carcinomas
(resulting from injection of DMBA) which confirmed the
decrease the LDH level in the undifferentiated rather than the
differentiated oral squamous cell carcinoma. This study suggested
that the intravenous vitamin C therapy in cancer treatment should
be reassessed according to the types of cancer as well as the stage
of the carcinoma.
Abbreviations
DMBA; 9: 10 dimethyl 1:2 benzanthracene; LDH: lactate
dehydrogenase; Vitamin C: ascorbic acid
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