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Abstract. Elental® is an L‑glutamine‑rich elemental diet (ED) 
that has been widely used in Japan as a nutritional supplement 
for malnourished patients. In addition, Elental® has been 
successfully used in the management of chemotherapy‑induced 
mucositis in cancer patients. Recently, it was also reported that 
Elental® can effectively reduce chemotherapy‑induced oral 
mucositis in patients with oral squamous cell carcinoma, and 
can also reduce mucositis and dermatitis in animal models. 
However, it is unclear whether oral intake or topical applica-
tion of Elental® can act directly on chemotherapy‑induced oral 
mucositis or dermatitis. The aim of the present study was to 
investigate the possible direct healing effect of Elental® on 
chemotherapy‑induced dermatitis and raw wound areas in a 
mouse model. Dermatitis and raw wounds were induced in 
nude mice by administration of 5‑fluorouracil (5‑FU) (via 
gastric tube) and mechanical injury (using a metal brush or a 
surgical knife). We then compared the outcome following oral 
or topical application of Elental® in these mice. The effect of 
Elental® on the growth and migration ability of the human oral 
keratinocyte cell line, HOK, was also examined using MTT 
and migration assays, respectively. In the mouse model, both 
oral administration and topical application of Elental® reduced 
5‑FU‑induced dermatitis and healed raw wound areas more 
effectively compared with the topical application of saline. The 
MTT assay revealed that Elental® exerted a growth‑promoting 
effect on HOKs. In addition, Elental® enhanced the ability of 
HOKs to migrate, as demonstrated by the migration assay. 
These findings demonstrated that the topical application as 
well as the oral intake of Elental® exerted a direct healing effect 
on chemotherapy‑induced dermatitis or raw wound areas. The 

data also indicated that oral intake of an ED may exert a direct 
healing effect on chemotherapy‑induced oral mucositis.

Introduction

Elental® is an elemental diet (ED) with a high L‑glutamine 
content that has been used in Japan as a treatment for indi-
viduals who are malnourished, patients with cancer, and 
patients with inflammatory bowel disease  (1‑5). This diet 
has an easily digestible nutritional formula that combines 
18 amino acids, carbohydrates, vitamins and minerals, with 
minimal fat content (1,5). Elental® has been reported to be 
useful in the treatment of Crohn's disease, as it can suppress 
bowel inflammation and allow the bowel to rest (6‑9). It has 
also been suggested that Elental® consumption may lower 
the incidence of chemotherapy‑related hematological toxicity 
in patients with gastric cancer, and may decrease pancreatic 
pain in patients with chronic pancreatitis (10,11). It was also 
reported that Elental® may be useful for the management of 
chemotherapy‑induced mucositis in patients with various 
types of cancer (12‑16). Miki et al reported that the amino 
acid components of Elental® increased the survival rate of rats 
with acute liver injury, by lowering the expression of nitric 
oxide synthase and tumor necrosis factor (TNF)‑α; it was also 
found to inhibit the expression of inflammatory mediators 
and nuclear factor (NF)‑κB activation in cultured hepatocytes 
in vitro (17).

Elental® has been used for the treatment of malnutrition 
in patients with oral squamous cell carcinoma (OSCC) in 
recent years, and our clinical studies have revealed its healing 
effects on oral mucositis and dermatitis in patients with OSCC 
who were receiving chemotherapy and radiotherapy (18,19). 
Recently, it was also reported that Elental® reduced chemo-
therapy‑induced oral mucositis and dermatitis in hamster and 
mouse models (20,21). In addition, our in vitro studies revealed 
that Elental® may accelerate the recovery from 5‑fluorouracil 
(5‑FU)‑induced oral mucositis and dermatitis through the 
induction of fibroblast growth factor (20). Moreover, it was 
demonstrated that Elental® suppresses the expression of 
pro‑inflammatory cytokines, such as TNF‑α, interleukin 
(IL)‑1β and IL‑6, in keratinocytes by inhibiting NF‑κB (21). 
However, the detailed mechanisms of its action in healing 
wounded regions, mucositis and dermatitis remain unclear.
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Interestingly, in our clinical studies it was observed that 
Elental® tends to reduce chemotherapy‑induced oral mucositis 
more effectively by oral administration (OA) rather than by 
nasal administration. Therefore, it was hypothesized that 

Elental® may affect chemotherapy‑induced oral mucositis 
directly, as well as indirectly through gut immunity in the 
intestine/stomach. However, it remains unclear whether the 
oral intake of ED can act directly on chemotherapy‑induced 
oral mucositis or dermatitis.

The aim of the present study was to investigate whether 
Elental® directly affects chemotherapy‑induced and mechani-
cally induced dermatitis or raw wound areas in a mouse 
model, and to elucidate the possible mechanism underlying the 
action of Elental® in the wound healing process. Therefore, the 
effects of Elental® on the growth and migration of healthy and 
5‑FU‑treated keratinocytes were examined in vitro.

Materials and methods

Animals. A total of 24 female athymic nude mice, aged 4 weeks 
and weighing 20‑25  g, with a CAnN.Cg‑Foxnlnu/CrlCrlj 
genetic background, were purchased from CLEA Japan, Inc. 
The mice were housed in a pathogen‑free, sterile and tempera-
ture‑controlled environment under a 12 h light/dark cycle, and 
they were provided access to water and food ad libitum. All 
procedures including animal handling and the experimental 
protocols were conducted according to the guidelines approved 
by the Ethical Committee for Animal Experimentation of 
Yamaguchi University (Yamaguchi, Japan).

Induction of experimental dermatitis and raw wound areas. 
A total of 12 nude mice were used for the dermatitis model. 
Dermatitis was induced by two intraperitoneal (i.p.) administra-
tions of 60 mg/kg 5‑FU (Wako Pure Chemical Industries, Ltd.) 
on the first and third days of the experiment, together with 
superficial scratching of the dorsal skin with a metal brush 
under anesthesia (pentobarbital sodium, 30  mg/kg, i.p.; 
Somnopentyl®, Kyoritsu Seiyaku Co., Ltd.), until erythematous 
changes in the skin were observed (Fig. 1A), on the second and 
third days of the experiment. Similarly, raw wound areas were 
also induced in 12 nude mice by two i.p. administrations of 
60 mg/kg 5‑FU on the first and third days of the experiment, 
followed by dermabrasion of the dorsal skin with a surgical 
knife (no. 15) under Somnopentyl® anesthesia on the second 
day of the experiment (Fig. 1B).

In  vivo experimental groups. The experimental design of 
our in vivo study is outlined in Fig. 1. A total of 6 groups of 
nude mice were set up (n=4/group), as described below, with 
dermatitis induced by 5‑FU + abrasion, or raw wound areas 
induced by 5‑FU + dermabrasion. Briefly, the 5‑FU + abrasion 
and the 5‑FU + dermabrasion groups served as the untreated 
controls in this experiment, and they received only topical 
application of saline (1 ml/body/day) from the third day of the 
experiment onwards. Elental® was purchased from EA Pharma 
Co., Ltd. The OA group and the topical application (TA) group 
received Elental® (18 kcal/100 g body weight/day), which was 
administered daily, either orally or topically, from the third 
day of experiment onwards until the wounded area was almost 
completely healed. All mice were sacrificed using an overdose 

of Somnopentyl® (sodium pentobarbital, 200 mg/kg; Merck & 
Co., Inc.) at the end of the experiment. The healing of the 
dermatitis or raw areas of each mouse was assessed daily and 
the affected area was measured. The area of each lesion was 
calculated by multiplying the length (mm) x width (mm).

Cell lines and cell culture. The human oral keratinocyte 
cell line, HOK, was purchased from ScienCell Research 
Laboratories. The cells were cultured in Oral Keratinocyte 
Medium (OKM)‑New Zealand Origin BPE medium (OKM‑NZ; 
cat. no. 2611‑NZ; ScienCell Research Laboratories) at 37˚C 
in a humidified atmosphere containing 5% CO2. OKM‑NZ 
complete medium consists of OKM basal medium supple-
mented with 1% oral keratinocyte growth supplement‑New 
Zealand Origin BPE (OKGS‑NZ, cat. no. 2652NZ; ScienCell 
Research Laboratories) and 1% penicillin/streptomycin solu-
tion (cat. no. 0503; ScienCell Research Laboratories).

Cell proliferation assay. Cells (5x103 cells per well) were seeded 
on 96‑well plates (Becton Dickinson Labware) in OKM‑NZ 
complete medium. After 24 h, the medium was exchanged 
for OKM‑NZ medium containing 0 or 1% OKGS‑NZ growth 
supplement, or OKM‑NZ medium containing 1% OKGS‑NZ 
and 5‑FU (final concentration, 2 µg/ml). After 24 h, the cells 
were treated with different concentrations of Elental® (0, 0.1, 
0.5, 1, 5, 10, 50 or 100 µg/ml) dissolved in OKM‑NZ medium 
containing 0 or 1% OKGS‑NZ growth supplement (Fig. 2). 
After a further 24 h, MTT (25 µl/well) was added to the 
96‑well plate and incubated for 4 h at 37˚C. Next, the culture 
medium was removed and replaced with dimethyl sulfoxide 
(100 µl/well), and the absorbance was measured with a spec-
trophotometer (BioRad Laboratories, Inc.) at 490 nm. Each 
treatment group was examined for its cell proliferation ability. 
All assays were performed in triplicate.

Cell migration assay. The cell migration assay was performed 
using a Boyden chamber, according to the manufacturer's 
instructions (Neuro Probe). Briefly, 25 µl OKM‑NZ medium 
containing 0 or 1% OKGS‑NZ growth supplement plus 
different concentrations of Elental® (0, 0.1, 0.5, 1, 5, 10, 50 or 
100 µg/ml) was added as chemoattractant in the lower chamber. 
Next, 5x103 cells in 50 µl OKM‑NZ medium containing 0% 
OKGS‑NZ were seeded on a gelatin‑coated polycarbonate 
membrane in the upper chamber. After the cells had been 
incubated for 24 h at 37˚C, the polycarbonate membrane was 
washed three times at room temperature (2 min/wash) with 
phosphate‑buffered saline, and any cells on the top surface 
of the polycarbonate membrane were removed using a cotton 
swab. Cells adhering to the lower surface were fixed with 
methanol for 15 min at room temperature, stained with hema-
toxylin solution for 20 min at room temperature, and counted 
under an optical microscope (BX51; Olympus Corporation) 
in five predetermined fields (magnification, x200). All assays 
were independently repeated at least three times.

Statistical analysis. All data are expressed as means ± standard 
deviation (SD). The significance of the experimental results 
was determined using one‑way analysis of variance (ANOVA) 
and Tukey‑Kramer multiple comparisons tests. The differences 
were considered to be statistically significant when P<0.05.
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Figure 1. Induction of dermatitis or raw wound areas in a mouse model. (A) Dermatitis on nude mouse dorsal skin was induced by the intraperitoneal (i.p.) 
injection of 5‑FU (60 mg/kg, i.p.) on days 1 and 3, along with mechanical trauma on days 2 and 3 of the experiment. There were three experimental groups as 
follows: The 5‑FU + abrasion group received saline only (1 ml/body/day; n=4); the Elental® TA group received Elental® by TA (18 kcal/100 g body weight/day; 
n=4); and the Elental® OA group received Elental® by OA (18 kcal/100 g body weight/day; n=4); all administrations were performed daily, starting from day 3 
of the experiment until the mice were sacrificed. (B) Raw wound areas on nude mouse dorsal skin were induced by i.p. injection of 5‑FU (60 mg/kg, i.p.) on 
days 1 and 3 of the experiment, followed by dermabrasion with a surgical knife on day 2 of the experiment. There were three experimental groups as follows: 
The 5‑FU + dermabrasion group received saline only (1 ml/body/day; n=4); the Elental® TA group received Elental® by TA (18 kcal/100 g body weight/day; 
n=4), and the Elental® OA group received Elental® by OA (18 kcal/100 g body weight/day; n=4); all administrations were performed daily, starting from day 3 
of the experiment until the mice were sacrificed. 5‑FU, 5‑fluorouracil; OA, oral administration; TA, topical application.

Figure 2. Treatment schedule for the MTT assay. After 24 h of cell seeding, cells were cultured in OKM‑NZ medium containing 0 or 1% OKGS‑NZ growth 
supplement, or 1% OKGS‑NZ and 2 µg/ml 5‑FU. Then, both 5‑FU treated or untreated cells were cultured in OKM‑NZ medium containing 0 or 1% OKGS‑NZ 
growth supplement and different concentrations of Elental®. After 24 h, the ability of the cells to proliferate was evaluated using an MTT assay. 5‑FU, 5‑fluo-
rouracil; OKM‑NZ, Oral Keratinocyte Medium (OKM)‑New Zealand Origin BPE medium; OKGS‑NZ, OKM‑NZ complete medium consisting of OKM basal 
medium supplemented with 1% oral keratinocyte growth supplement‑New Zealand Origin BPE.
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Results

Effect of Elental® on dermatitis of mouse dorsal skin. To 
induce dermatitis on the dorsal skin in mice, 5‑FU administra-
tion and mechanical trauma were used. Ulcerated skin tissue 
was observed after the second mechanical irritation (on day 3). 
As shown in Fig. 3A, the Elental® TA and OA groups exhibited 
better healing rates compared with the untreated control group 
(5‑FU + abrasion). After 7 days of treatment (10th day of the 
experiment), the affected dorsal area had completely healed 
in the Elental® OA group, whereas the wound persisted in the 
Elental® TA group.

Effect of Elental® on raw wound areas of mouse dorsal skin. 
The administration of 5‑FU and dermabrasion with a surgical 
knife was used to induce raw wound areas on mouse dorsal 
skin. Compared with healing in the 5‑FU + dermabrasion 
group (untreated control), the Elental® TA and OA groups 
exhibited better healing of the wounded areas (Fig. 3B). After 
10 days of treatment (12th day of the experiment), Elental® OA 
treatment had completely healed the raw wound area, whereas 
Elental® TA treatment had not.

Effect of Elental® on human oral keratinocyte cell morphology 
and proliferation. The morphology of HOKs cultured in 

Figure 3. Effect of Elental® on 5‑FU‑induced dermatitis or raw wound areas of mouse dorsal skin. (A) The Elental® TA and OA groups exhibited better 
healing rates compared with the 5‑FU + abrasion group (untreated control). Elental® OA healed dermatitis faster compared with Elental® TA. (B) The Elental® 
TA and OA groups exhibited better healing rates compared with the 5‑FU + dermabrasion group (untreated control), while Elental® OA healed wounded 
areas faster compared with Elental® TA. *P<0.05 compared to 5‑FU + abrasion‑treated animals or 5‑FU + dermabrasion‑treated animals. #P<0.05 compared 
between TA and OA in 5‑FU + abrasion‑treated animals or 5‑FU + dermabrasion‑treated animals. Data were analyzed using one‑way analysis of variance and 
Tukey‑Kramer multiple comparisons tests. 5‑FU, 5‑fluorouracil; OA, oral administration; TA, topical application.

Figure 4. Effect of Elental® on HOK morphology. The morphology of untreated or Elental® treated HOK cells were observed under an optical microscope 
(BX51; Olympus Corporation; magnification, x100). Both untreated and Elental®‑treated HOKs showed similar morphology (scale bar, 50 µm). HOKs, human 
oral keratinocytes.
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OKM‑NZ complete medium with or without Elental® was 
examined. No differences in morphology were detected 
between untreated and Elental®‑treated HOKs (Fig.  4). 
An MTT assay was used to measure the growth rate of the 
Elental®‑treated and untreated HOKs. As shown in Fig. 5, the 
growth rate of Elental® (0.1‑100 µg/ml)‑treated HOKs was 
higher compared with that of untreated HOKs after 24 h of 
culture, under both nutritionally poor conditions (medium 
with 0% OKGS‑NZ growth supplement) and nutrient‑rich or 
substantial conditions (medium for the optimal growth of cells, 
with 1% OKGS‑NZ). Moreover, a higher concentration of 
Elental® (5‑100 µg/ml) was able to stimulate the proliferation 
of 5‑FU‑pretreated (2 µg/ml) damaged HOKs, under both 

nutritionally poor and substantial conditions after 24 h of 
treatment. Among the concentrations tested, 5 µg/ml Elental® 
exerted the most prominent proliferative effect, both in 
healthy and 5‑FU‑damaged HOKs. Briefly, Elental® exerted a 
growth‑promoting effect on all cells, even on damaged cells or 
cells cultured under nutritionally poor conditions.

Effect of Elental® on migration ability. The migration 
activity of Elental®‑treated HOKs was measured using a 
Boyden chamber. As shown in Fig. 6, Elental®‑treated HOKs 
exhibited a significantly higher migration ability compared 
with that of untreated HOKs, under both nutritionally poor 
conditions (medium with 0% OKGS‑NZ growth supplement), 

Figure 5. Proliferative activity of Elental®‑treated HOKs. Elental® exerted a growth‑promoting effect on all cells following 24 h of treatment, under both nutri-
tionally poor conditions (medium with 0% OKGS‑NZ growth supplement) and nutrient‑rich or substantial conditions (medium with 1% OKGS‑NZ). Elental® 
(5‑100 µg/ml) exerted a proliferative effect on 5‑FU (2 µg/ml)‑pretreated HOKs, even under nutritionally poor conditions, after 24 h of treatment. Error bars 
represent the standard deviation of the mean of three independent experiments. #P<0.05 compared to the control (one‑way analysis of variance and Tukey‑Kramer 
multiple comparisons tests). OD, optical density; HOKs, human oral keratinocytes; 5‑FU, 5‑fluorouracil; OKGS‑NZ, Oral Keratinocyte Medium (OKM)‑NZ 
complete medium consisting of OKM basal medium supplemented with 1% oral keratinocyte growth supplement‑New Zealand Origin BPE.

Figure 6. Migration activity of Elental®‑treated HOKs. The ability of Elental®‑treated HOKs to migrate was significantly higher compared with that of untreated 
HOKs, under both nutritionally poor conditions (medium with 0% OKGS‑NZ growth supplement) and nutrient‑rich or substantial conditions (medium with 
1% OKGS‑NZ). Error bars represent the standard deviation of the mean of three independent observations. #P<0.05 compared to the control (one‑way analysis 
of variance and Tukey‑Kramer multiple comparisons tests). HOKs, human oral keratinocytes; OKGS‑NZ, Oral Keratinocyte Medium (OKM)‑NZ complete 
medium consisting of OKM basal medium supplemented with 1% oral keratinocyte growth supplement‑New Zealand Origin BPE.
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and nutrient‑rich or substantial conditions (medium with 1% 
OKGS‑NZ medium), while 5 µg/ml Elental® exerted a more 
noticeable effect on cell migration compared with other 
concentrations.

Discussion

Elental® is a good source of nitrogen and amino acids; it is an agent 
that is calorically dense, but with a low fat content (Table SI), 
which is suitable for enteral feeding, and its easily digestible 
nutrition formula does not require a fully functional digestive 
system  (1,3). It has been reported that early postoperative 
feeding with Elental® is beneficial in patients who have 
undergone surgery, as it provides a higher amount of nutrients 
that ultimately results in decreased weight loss (2‑4). This ED is 
cost‑effective, safe, and has been approved and covered by public 
insurance in Japan as an appropriate prescription treatment 
for malnutrition. Elental® has been reported to be effective in 
reducing the severity of chemotherapy‑induced mucositis and 
dermatitis in patients with colorectal and esophageal cancer, 
as well as in acute Crohn's disease (1,22‑24). Elental® contains 
a large quantity of L‑glutamine (2.4 gm/100 g), which helps in 
the treatment of cellular injuries, chemotherapy‑induced cell 
toxicity and mucositis (1,17,25‑30). In our previous clinical 
study, Elental® was found to be effective for the treatment of 
chemotherapy‑induced oral mucositis and dermatitis, without 
causing any adverse effects (18,19).

In the present clinical study, Elental® exerted strong healing 
effects against chemotherapy‑induced oral mucositis when 
administered orally compared with its effects following nasal 
administration, which indicates that Elental® may not only act 
indirectly through gut immunity, but may also have a direct 
healing effect on wounded areas. However, there are currently 
no reports available on the direct effects of any ED, including 
Elental®. Therefore, it was investigated whether direct TA of 
Elental® could also accelerate recovery from oral mucositis 
or dermatitis in an animal model. The hamster cheek pouch 
model is one potential model for examining the effect of ED 
on oral mucositis. However, topically administering an ED 
inside a hamster's mouth on a daily basis is quite difficult; 
additionally, to assess any effects on a hamster's cheek pouch 
we would either have to use general anesthesia or sacrifice the 
animal. Therefore, numerous hamsters would be required for a 
single set of experiments. Instead, in the present study, a mouse 
model of dermatitis was used to assess the effect of Elental® 

on chemotherapy‑induced dermatitis or raw wound areas. This 
mouse model of dermatitis may be considered as a suitable 
alternative model for oral mucositis. As expected, TA and OA 
of Elental® both exerted better healing effects on dermatitis and 
raw wound areas compared with those observed in the untreated 
control (Fig. 3A and B), although the wounded areas healed 
more rapidly following Elental® OA compared with Elental® TA. 
MTT and migration assays in vitro using HOKs were performed 
to further elucidate the effect of Elental® on cell growth and 
migration, which is important for the wound healing process. 
Although these in vitro assays cannot explain the differences 
between OA and TA, they may explain the mechanism of action 
of the possible ʻdirect effectʼ of Elental® that was observed in 
our mouse model. Elental® also exerted a growth‑promoting 
effect on all cells, even damaged cells treated with 5‑FU, as 

well as cells cultured under nutritionally poor conditions (0% 
OKGS‑NZ medium) (Fig. 5). Furthermore, Elental® enhanced 
the migration ability of HOKs, irrespective of the nutritional 
conditions (Fig. 6). Therefore, it may be inferred that this cell 
growth‑promoting property of Elental® may contribute to its 
direct healing effect on chemotherapy‑induced dermatitis and 
mucositis. In the present study, no significant differences in 
body weight were observed between the groups with or without 
Elental® administration (data not shown). It was hypothesized 
that this was due to the fact that the mice had free access to food 
during these experiments. Whether Elental® TA and OA exert 
synergistic effects against 5‑FU‑induced dermatitis or mucositis 
and in the healing of raw wound areas has yet to be investi-
gated. We aim to evaluate the sequential or combined effects 
of Elental® TA and OA using in vivo dermatitis and mucositis 
models in the future.

In conclusion, the present study demonstrated that both oral 
and topical Elental® may act directly on chemotherapy‑induced 
dermatitis and promote the healing of raw wounds in vivo; 
therefore, it is possible that oral or topical ED may also directly 
affect oral mucositis. This may explain why Elental® was able 
to reduce chemotherapy‑induced oral mucositis more effec-
tively when administered orally compared with when it was 
administered nasally, as observed in our previous clinical study.
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