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Background: Vitamin C plays a part in various roles in the human body. In this study, we
examined the effect of oral administration of high-dose vitamin C on the skin dryness
induced by irinotecan.

Methods: To establish the experimental model of irinotecan-induced skin dryness, the drug
was intraperitoneally administered for four consecutive days. Simultaneously, oral adminis-
tration of high-dose vitamin C (4 g/kg) was continued for 4 days.

Results: High-dose vitamin C administration ameliorated the skin dryness induced by
irinotecan. The expression of caspase-3 and caspase-9, reactive oxygen species, and the
number of TUNEL-positive cells increased in the skin of irinotecan-treated mice but were
lowered by high-dose vitamin C administration. In contrast, fibroblasts and collagen type I
decreased in the skin of the irinotecan-treated mice but was increased by high-dose vitamin C
administration.

Conclusion: These results suggested that high-dose vitamin C administration can improve
the skin dryness induced by irinotecan.
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Introduction

A cancer cell reports a disorderly proliferation. DNA replication is necessary for
cell proliferation. Irinotecan is activated upon hydrolyzation by SN-38 and
obstructs topoisomerase I, which is necessary for DNA replication.'” The drug
acts not only on cancer cells but also on healthy cells, thus killing them.
Furthermore, it is known to have various side effects, such as leukopenia,3’4 loose
intestines,” and the psilosis. Irinotecan also causes skin dryness® have become a
course of the infective disease and the allergy.” However, skin dryness induced by
irinotecan has not been studied in detail.

Vitamin C is well known for its antioxidant action.® Furthermore, a vitamin C
has an effect in prophylaxis of scorbutus with a compound necessary for generation
of the collagen which is connective protein.” In addition, high-dose vitamin C
administration has been reported to have anticancer effects.'®!' We also reported
that high-dose vitamin C administration has an ameliorative effect against colon
cancer induced by azoxymethane and dextran sodium sulfate.'? In this study, we
examined the mechanism by which irinotecan induces skin dryness, and whether
high-dose vitamin C administration has an ameliorative effect against skin dryness.
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Materials And Methods

Experimental Animals

Male hairless mice (HR-1; 7-week-old) were obtained from
SLC (Hamamatsu, Shizuoka, Japan). The animals were
housed under a 12-h light/dark cycle, a constant tempera-
ture of 23 + 1°C, and 50 + 10% relative humidity. The mice
were allowed free access to laboratory chow and water.
After an acclimation period of 1 week, the mice were
randomly assigned to four groups (n = 5/group). Group 1
was the control group; Group 2 included animals that were
administered high-dose vitamin C (Fuso Pharmaceutical
Industries Ltd., Osaka, Japan); Group 3 included animals
that
Healthcare Co., Ltd., Tokyo, Japan); and Group 4 com-

were administered irinotecan (Daiichi Sankyo
prised animals that were administered irinotecan and vita-
min C. We performed repeated administration of vitamin C
(100 mg/mouse/day) and irinotecan (60 mg/kg/day) once
per day for 4 days. These reagents were diluted with dis-
tilled water. Furthermore, vitamin C was administered
through the oral route and irinotecan through the intraper-
itoneal route.'? Each of these solutions was administered at
0.2 mL. On the fifth day of the study, dorsal skin samples
were obtained. The study was carried out in strict accor-
dance with the recommendations of the Guide for the Care
and Use of Laboratory Animals of Suzuka University of
Medical Science (approval number: 34). All surgeries were
performed under pentobarbital anesthesia and every effort
was made to minimize animal suffering.

Measurement Of Transepidermal Water

Loss

Transepidermal water loss (TEWL) from the dorsal skin was
measured. TEWL measurements were obtained to determine
skin permeability (reflecting the barrier function of the skin)
by using Tewameter TM300 (Courage+Khazaka Electronic
GmbH, Cologne, Germany), as described previously."
TEWL serves as a marker of skin permeability, reflecting
the barrier function of the skin; increased TEWL indicates
dry skin.

Skin Staining

The fixed skin specimens were cut into 5-um-thick sections.
The sections were then stained with hematoxylin and eosin
(H&E) for histopathological analysis of the tissue in accor-
dance with established procedures. The other specimens
were used to analyze apoptosis. Apoptosis was evaluated
in situ in colon sections with an apoptosis detection kit

(Takara Biomedicals, Tokyo, Japan). The number of term-
inal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL)-positive cells was determined using the image-
processing software Image J (National Institutes of Health,
Bethesda, MD, USA).

Western Blot Detection Of Collagen
Type |, Caspase-3, Caspase-9, And
Fibroblasts In The Skin

Western blotting was performed as previously described.'®
Briefly, the samples were separated by electrophoresis and
the membranes were incubated at 25°C for 1 h with primary
antibodies against S100A4, a fibroblast-specific marker
(1:1000; RB-1804-A0, Thermo Fisher Scientific, Waltham,
MA, USA), collagen type I (1:1000; 234,167, Millipore,
Billerica, MA, USA), cleaved caspase-3 (1:1000; Cell
Signaling Technology, Danvers, MA, USA), cleaved cas-
pase-9 (1:1000; Cell Signaling Technology), or B-actin as
the loading control (1:5000; A5441-100UL, Sigma-Aldrich
Corp., St. Louis, MO, USA). The membranes were then
treated with a horseradish peroxidase-conjugated secondary
antibody (1:1000; Novex, Frederick, MD, USA). Images of
the membranes were acquired with the Multi-Gauge
Software Program (Fujifilm, Greenwood, SC, USA).

Quantification Of Skin ROS Level

The skin reactive oxygen species (ROS) level was deter-
mined with an OxiSelect'™ STA-347 in vivo ROS/RNS
assay kit (Cell Biolabs, Inc., San Diego, CA, USA) in accor-
dance with the manufacturer’s instructions.

Statistical Analyses

All data are presented as mean + standard deviation (SD)
value. The results were analyzed with Microsoft Excel 2010
software (Microsoft Corp., Redmond, WA, USA). Differences
between the groups were evaluated by one-way analysis of
variance followed by Tukey’s post-hoc parametric test using
SPSS version 20 software (SPSS, Inc., Chicago, IL, USA).
The results were considered significant at p < 0.05.

Results

Effects Of High-Dose Vitamin C
Administration On Change In Skin Status
In The Mice

We measured TEWL from the dorsal skin to evaluate
skin dryness. TEWL significantly increased in the
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irinotecan administration group; the remaining three
groups did not show a change (Figure 1A). Further,
we examined histological changes in the skin by H&E
staining. Skin thickness decreased in the irinotecan
administration group. Skin thickness in the vitamin C
plus irinotecan administration group was not different
from that in the control and vitamin C administration
groups (Figure 1B). In addition, the expression of skin
collagen type I, which is a supporting tissue in the
skin, was significantly lowered by the irinotecan
administration. The expression of collagen type I in
the irinotecan plus vitamin C administration group
was not different from that in the control and
vitamin C administration groups (Figure 1C).
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Effects Of High-Dose Vitamin C
Administration On The Expression Of
Caspase-3, Caspase-9, Fibroblast, And
Apoptosis In The Skin Of The Mice

We examined caspases associated with apoptosis and fibro-
blasts.
(cleaved) caspase. The pro-caspase forms are always pre-

Caspases include pro-caspase and activated
sent in cells, and their levels do not relate to apoptosis.
Therefore, we confirmed the expression of cleaved caspases
3 and 9 in this study. Caspase-3 and caspase-9 levels
increased most by irinotecan administration: levels in the
irinotecan plus vitamin C administration group were sig-
nificantly lower than those in the irinotecan administration

group but were higher than those in the control and vitamin
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Figure | Effects of high-dose vitamin C administration on irinotecan-induced skin dryness. TEWL (A), skin thickness (B), and the expression of collagen type | in the skin
(C). Values are presented as the mean + SD values of six animals. *P < 0.05. Scale bar = 100 pm.

Abbreviation: Vit C, vitamin C.
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C administration groups (Figure 2A and B). On the other
hand, the number of fibroblasts in the skin decreased in the
irinotecan administration group but increased in the irino-
tecan plus vitamin C administration group; however, they
were not different those in the control group (Figure 2C).
of TUNEL-positive cells
increased after irinotecan administration. However, the

The number significantly
number was not different between the control, Vitamin C,
and irinotecan plus vitamin C administration groups
(Figure 2D).

Effects Of High-Dose Vitamin C
Administration On ROS Levels In Mouse
Skin

ROS levels in mouse skin significantly increased after

irinotecan administration. The ROS levels in the irinotecan
plus vitamin C administration group were lower than those

in the irinotecan administration group but were higher than
those in the control and vitamin C administration groups
(Figure 3).

Discussion

In this study, an increase in TEWL, a decrease in skin
thickness, and a decrease in the expression of collagen
type I were observed after administration of irinotecan,
and skin dryness was induced. These levels approached
those in the control group after the administration of
high-dose vitamin C, and amelioration of skin dryness
was noted. Furthermore, after the administration of
irinotecan, an increase in ROS, caspase-3, and cas-
pase-9 levels; a decrease in the number of fibroblasts;
and induction of apoptosis were observed. On the other
hand,
parameters.
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Figure 2 Effects of high-dose vitamin C administration on caspase-3 (A), caspase-9 (B), fibroblasts (C), and TUNEL-positive cells (D) in the skin. Values are presented as the

mean * SD values of six animals. *P < 0.05. Scale bar = 100 pm.
Abbreviation: Vit C, vitamin C.
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Figure 3 Effects of high-dose vitamin C administration on skin levels of ROS in the
mice. Values are presented as the mean * SD values of six animals. *P < 0.05.
Abbreviation: Vit C, vitamin C.

The administration of an anticancer agent affects not only
cancer cells but also healthy cells, results in the induction of
apoptosis and eventually destruction a cell.'>"'® Stimulation by
anticancer agents activates BCL2 associated X (Bax). Bax is
taken into the mitochondrial membrane and leads to the release
the cytochrome C. The released cytochrome C combines with
apoptotic protease-activating factor (Apaf)-1 and activates
caspase-9. Finally, caspase-9 activates caspase-3, which causes
DNA fragmentation and induces apoptosis.'*>'® The activation
of caspase-9 and caspase-3 occurred thusly after irinotecan
administration in this study, and was followed by the induction
of apoptosis (Figure 2A, B, and D). Furthermore, the number
of fibroblasts decrease (Figure 2C). Based on these findings, it
was thought that the apoptosis of the fibroblasts, which gen-
erate collagen type I, was induced and collagen type I expres-
sion decrease. In addition, it has been reported that ROS
generation occurs in the induction process of apoptosis
mediated by an anticancer agent.'* %

Vitamin C exhibits an antioxidant effect by reducing
free radicals and oxygen-derived species such as hydroxyl
radicals and hydrogen peroxide.** The abovementioned
findings suggested that regard to the amelioration of skin
dryness by high-dose vitamin C administration, vitamin C
administration inhibited apoptosis induction in fibroblasts
by inhibiting ROS generation. ROS directly stimulate

fibroblasts. Stimulation of fibroblasts promotes the produc-
tion of matrix metalloproteinase-1 and decomposition of
collagen.” High-dose vitamin C may suppress the degra-
dation of collagen type I by inhibiting ROS production.
Furthermore, it was thought to facilitate damage recovery
in the skin and ameliorate skin dryness by ensuring the
production of collagen type 1.°° However, further studies
are warranted because vitamin C has not only antioxidant
function but also cofactor activity.

Conclusions

Skin dryness is a side effect of irinotecan. It was caused by
damage to the mitochondria and ROS generation, which was
caused by cell destruction due to apoptosis induced by irino-
tecan. Oral administration of high-dose vitamin C inhibited
the induction of the apoptosis and ROS generation mediated
by irinotecan. Thus, it can be used to care for the skin of
patients receiving anticancer drug treatment and can improve
patients’ quality of life. However, since this study has been
performed in mice, clinical testing in humans is necessary.

Abbreviations

TEWL, transepidermal water loss; TUNEL, transferase dUTP
nick end labeling; ROS, reactive oxygen species; Bax, BCL2
associated X; Apaf, apoptotic protease-activating factor.
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