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Amino Acids May Have Protective Effects on
Salivary Glands of 5S-FU-administered Mice
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Abstract. Background/Aim: This study aimed to identify the
most useful components of Elental® in the treatment of 5-
fluorouracil (FU)-induced mucositis and salivary gland
atrophy in mice. Materials and Methods: Mice (except the
control group) were intraperitoneally injected with 5-FU.
The mice received saline (control group and 5-FU group),
dextrin (Dextrin group), amino acids (17AA group), or
Elental® (Elental® group). Results: The volume and weight
of salivary glands was higher in 17AA and Elental® groups
compared to 5-FU group. The number of mucous glands was
higher, whereas the number of damaged granular ductal
epithelial cells was lower in the salivary glands of all groups
except the 5-FU group. Salivation was also decreased in the
5-FU group compared to the other groups. Conclusion:
Amino acids could be the most effective components of
Elental® for protecting mouse salivary glands from 5-FU-
induced atrophic changes, and might be useful in the
treatment of oral mucositis in cancer patients.

Oral mucositis is one of the adverse reactions to
chemotherapy and radiotherapy which increases the duration
of hospitalization, cost of care and survival rates in cancer
patients (1, 2). Patients suffer a wide range of complications
including acute oral pain, infection, bleeding, bacteremia,
sepsis, salivary gland atrophy and xerostomia that can
compromise nutritional intake, salivary gland functions, body
weight and oral hygiene in cancer patients, especially in
immunosuppressed patients (1-4). There is limited knowledge
regarding the detailed mechanism of chemotherapy- or
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radiotherapy- induced mucositis. Approximately 80% of
cancer patients receiving S5-fluorouracil (5-FU) - based
chemotherapy suffer from mucositis, whereas 20% of them
experience severe mucositis (5). Antineoplastic drugs may
damage basal epithelium and mucosal cells in the oral cavity,
oropharynx, gut and skin; as well as stem cells (6-9). Salivary
gland functions and saliva volume play an important role in
modulating the health of the oral cavity and oropharynx (3).
Saliva proteins including mucins are essential for lubrication,
while lactoferrin, defensins and immunoglobulin A (IgA)
have antimicrobial and protective effect (10). It is a well-
established fact that chemotherapeutic agents including 5-FU,
taxanes and platinum derivatives injure salivary gland tissues,
and decrease saliva secretion volume as well as saliva
proteins, which might contribute to the occurrence and
severity of oral mucositis (3, 11-13). The efficacy of the
available therapies for the prevention or treatment of
chemotherapy-induced mucositis is still limited (14-17). And
most of these agents are not aimed to protect salivary glands
and salivary gland functions against the adverse effects of
chemotherapy. Therefore, finding new strategies to alleviate
adverse reactions of anticancer agents and to develop novel
therapies for mucositis are urgently needed.

ELENTAL® (Ajinomoto Pharmaceutical Ltd., Tokyo,
Japan) is an elemental diet (ED), which is composed of
several components including amino acids, carbohydrate,
vitamins, minerals and fat (18, 19). ELENTAL® contains
Dextrin (63.41 g/80 g) and a mixture of seventeen different
amino acids (14.1 g/80 g with particularly high amount of L-
glutamine (1,932 mg/80 g) and L-leucine (899 mg/80 g)
(Table I). This ED is used in Japan for decades as a treatment
for malnutrition in cancer patients, and also used globally in
the treatment of Crohn’s disease (19-22). Several clinical
studies showed the beneficial effects of Elental® against
chemotherapy-induced mucositis in cancer patients (23, 24).
Animal studies have shown that ED with glutamine may
protect the gut from chemotherapeutic agents and radiation,
and can help in the treatment of chemotherapy-induced
mucositis and dermatitis (7, 9, 25, 26). We also reported the
healing effects of Elental® against chemotherapy-induced
mucositis and dermatitis in head and neck cancer patients
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Figure 1. Experimental schedule. All mice (except those in the Control
group) received 5-FU (40 mglkg/day) intraperitoneally for 4 days (from
day 0 to day 3). The Control group and the 5-FU group mice received
saline orally (0.8 ml/day), the Elental® group received Elental® (043
g/0.8 ml/day), the Dextrin group received (0.34 g/0.8 ml/day) and
thel7AA group mice received a mixture of 17 kinds of amino acids (0.07
8/0.8 ml/day) orally for 8 days (day 0 to day 7). The mice were
sacrificed on day 8.

(27, 28). However, the components of Elental® are most
useful in the treatment of 5-FU-induced mucosistis were not
identified; and whether Elental® can protect salivary glands
against 5-FU-induced atrophic changes in patients suffering
from oral mucositis were not identified.

In the present study, we used an animal model to identify
the most useful components of Elental® in the treatment of
5-FU-induced mucosistis. Moreover, we examined whether
Elental® or Elental® components alleviates the adverse
reactions associated with cancer chemotherapy including 5-
FU-induced salivary gland atrophy and salivary gland
functions in mice.

Materials and Methods

Animals. Ten-week-old female ICR mice were obtained from CLEA
Japan Inc. (Tokyo, Japan). Mice were housed in a controlled
pathogen-free environment in accordance with the Guidelines for
Animal Experimentation of Yamaguchi University, Ube, Japan.
They were adapted in that environment for one week before the
experiment. They were provided with food and water ad libitum. All
animal experiments conformed to the guidelines and were approved
by the Animal Experimentation committee of Yamaguchi University
(approval no. 55-017).

Induction of atrophic changes in mouse salivary glands by 5-FU
and assessment of the protective effects of Elental® or Elental®
components. Fifteen mice were divided into five groups (Control
group, 5-FU group, Dextrin group, 17AA group and Elental® group;
n=3) on day O (time of grouping is referred to as day 0). Mice of
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Table 1. Composition of Elental®.

Composition Amount Amount
(one package:  (for feeding mice:
80 g) 0.43 g/day)

Dissolved into 300 ml water 0.8 ml water

Energy (kcal) 300 1.6
Carbohydrate (g)
Dextrin 63.41 0.34
Fat (g)
Soy bean oil 0.51 0.003
Amino acid total (g) 14.1 0.07
Amino acid (mg)
L-Isoleucine 642 3424
L-Leucine 899 4.79
Lysine hydrochloride 888 4.73
L-Methionine 648 345
L-Phenylalanine 871 4.64
L-Threonine 523 2.79
L-Tryptophan 151 0.80
L-Valine 701 3.74
L-Histidine hydrochloride 501 2.67
monohydrate
L-Arginine hydrochloride 1,125 6
L-Alanine 899 4.79
L-Aspartic acid 1,036 5.52
magnesium potassium
L-Aspartic acid sodium 867 4.62
monohydrate
L-Glutamine 1,932 10.30
Aminoacetic acid 505 2.69
L-Proline 630 3.36
L-Serine 1,159 6.18
L-Tyrosine 110 0.58
Branched-chain amino 2,242 11.95

acids or BCAA (mg)

each group had almost the same mean body weight. Figure 1 shows
the experimental schedule. Twelve mice (except the Control group)
were treated with intraperitoneal injections of 5-FU (40 mg/kg/day,
Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan) for 4 days (from day
0 to day 3) to induce atrophic changes in the salivary glands. The
Control and 5-FU groups of mice received saline orally (0.8 ml/day)
whereas the Elental® group received Elental® (0.43 /0.8 ml/day,
Ajinomoto) orally for 8 days (day O to day 7). Table I shows the
components of 0.43g Elental® The Dextrin group received dextrin
of the Elental® component (0.34 g/0.8 ml/day, Ajinomoto) and the
17AA group received a mixture of 17 amino acids present in
Elental® (total amount 0.07 g/0.8 ml/day, Ajinomoto) orally for 8
days (day O to day 7). The amount of Dextrin and 17 amino acids
for each day was that of 0.43 g Elental® (Table 1). Body weight was
measured before administration of 5-FU, saline, dextrin, amino
acids or Elental® from day 0 to day 8. The experiment was
terminated on day 8 and all the mice were sacrificed by cervical
dislocation. Salivary glands (the submandibular gland and
sublingual gland) were collected, measured and weighed on day 8
soon after sacrifice, and were fixed in 4% neutral buffered
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Figure 2. Effect of Elental® or Elental® components on mice body weight and morphology. (A) Photos of mice. Notable macroscopical changes
were not observed among the groups. (B) Change of body weight. 5-FU, Elental® or Elental® component did not affect mouse body weight. No
significant difference of body weight was observed among the groups. Bars, SD.

paraformaldehyde for histological analysis. The volume of the
salivary glands was calculated by the following formula: 0.4x length
(L)xwidth (W2).

Hematoxylin and eosin (HE) staining and observation. After the
salivary glands were fixed in 4% neutral buffered paraformaldehyde
at 4°C for 24 h, samples were embedded in paraffin. The 4 pm-thick
tissue sections were subjected to HE staining. The tissue sections
were immersed in xylene followed by graded ethanol (100%~70%)
and then washed with tap water at room temperature. Then, they
were immersed in hematoxylin for 10 min, 1% acid-ethanol for 30
s, 1% ammonia water for 30 s, and thoroughly washed under
running tap water. The sections were then treated with eosin for 1
min, and were subsequently dehydrated in graded ethanol
(70%~100%) and xylene. After clearing the section with Histoclear
(National Diagnostics, Atlanta GA, USA), the slides were mounted
with glass coverslips using DPX mounting medium (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). Then, the number of mucous
glands or damaged granular ductal epithelial cells was counted in
10 randomly selected areas per tissue section at 200-fold
magnification using a fluorescence microscope (BX51; Olympus
Corporation, Tokyo, Japan). The results are expressed as the mean
percentage+SD.

Salivary secretion induced by cholinergic agonists. Total saliva was
collected from each mouse just before sacrifice according to the
method of Matsui et al. (29). Animals were fasted for 5 to 7 h
before saliva collection, which was performed between 3:00 and
6:00 p.m. An anesthetic combination [0.3 mg/kg of medetomidine
(Domitol, Meiji Seika Pharma Co., Ltd., Tokyo, Japan), 4.0 mg/kg
of midazolam (Dormicum, Astellas Pharma Inc., Tokyo, Japan), and
5.0 mg/kg of butorphanol (Vetorphale, Meiji Seika Pharma Co.,
Ltd.)] was used as a general anesthesia and was injected
intraperitoneally. Then, pilocarpine hydrochloride (1.0 mg/kg,
FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) was
dissolved in saline and injected subcutaneously in anesthetized mice
to stimulate salivation. Each saliva sample was collected 15 min and
30 min after pilocarpine stimulation from the oral cavity by a
surgical swab, and the weight of the saliva sample was measured
by subtracting the weight of the dry surgical swab from the weight
of the saliva containing swab.
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Statistical analysis. All data are expressed as means+standard
deviation. All data of each treatment group were compared with the
5-FU group using a Mann-Whitney U-test, and p-values were based
on Mann-Whitney U-test. The differences were considered to be
statistically significant when p<0.05. All statistical analyses were
conducted using StatView v.5.0J software (SAS Institute, Inc., Cary,
NC, USA).

Results

The rate of body weight change. We could not detect any
notable macroscopical changes in the animals between the
different treatment groups and 5-FU group (Figure 2A).
There was no a significant difference of body weight among
the groups during the experiment (Figure 2B).

The size and weight change of salivary glands. Decreased
saliva secretion is associated with oral mucositis in patients
receiving cancer chemotherapy (30). In this study, we
evaluated the size, volume and weight of salivary glands of
mice after 5-FU administration and treatment with Elental®
or Elental® components. The size of salivary glands was the
smallest in the 5-FU group. The Dextrin group had the
second smallest and the control group had the third smallest
salivary glands (Figure 3A). The size and volume of salivary
glands was comparatively bigger in the 17AA group and
Elental® group than all the other groups (Figure 3A and B).
The average volume of the salivary gland was 123+20.1
mm?> in the Control group, 63.3+17.8 mm?> in the 5-FU
group, 87.4+31.0 mm?> in the Dextrin group, 167.8+34.7
mm?> in the 17AA group, and 148.8+30.2 mm?> in the
Elental® group (Figure 3B). Figure 3C shows that the weight
of the salivary glands was higher in the Control group,
Dextrin group, 17AA group and Elental® group than that in
the 5-FU group. The salivary gland weight of Elental® group
was the heaviest, and the next heaviest was that of the 17AA
group (Figure 3C).
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Figure 3. Effect of Elental® or Elental® components on salivary glands. (A) Photos of salivary glands. The size of salivary glands was the lowest
in the 5-FU group. (B) Change of salivary glands volume. The volume of salivary glands was greater in the 17AA and Elental® groups than all the
other groups. *p<0.01; compared to the 5-FU group (Mann-Whitney U-test). (C) Change of salivary glands weight. The weight of salivary glands
was higher in all groups than that in the 5-FU group. The salivary gland weight of Elental® group was the heaviest; the 17AA group had the second
heaviest salivary glands. Bars, SD. *p<0.01; compared to the 5-FU group (Mann-Whitney U-test).

Histological change of salivary gland. The histology of
salivary glands is shown in Figure 4A. The yellow arrows
show the mucous gland area of the salivary glands. The
mucocus gland size of the 5-FU group was bigger than all the
other groups (Figure 4A). However, the number of mucous
glands was higher in the Control group, Dextrin group, 17AA
group and Elental® group than that in the 5-FU group (Figure
4B). Interestingly, the number of mucous glands was the
highest in the 17AA group and Elental® group (Figure 4B).
Figure 4C shows that, the 5-FU group had the highest number
of damaged granular ductal epithelial cells, and control group
had the lowest number. The number of damaged granular
ductal epithelial cells was markedly lower in the Elental® and
17AA groups than in the Dextrin and 5-FU groups. Moreover,
we could notice the incidence of disappearance or atrophy of
granular ductal epithelial cells (yellow arrows) in 5-FU
treated animals in HE stained tissues (Figure 4C).
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Changes in saliva secretion pattern. We evaluated the
salivary gland function of different mice groups by
measuring salivation stimulated by subcutaneous injection of
pilocarpine hydrochloride (1.0 mg/kg) in anesthetized mice.
Notably, the salivary response was reduced in the 5-FU
group. In contrast, salivation was increased in the 17AA
group and Elental® groups compared to the 5-FU group at
15, and 30 min after pilocarpine stimulation. However,
salivation did not increase significantly in the Dextrin group
(Figure 5).

Discussion

In this study, we investigated the efficacy of Elental® or
Elental® components against 5-FU-induced mucositis that
caused salivary gland atrophy and dysfunction. Saliva, a
mixture of water, ions and proteins is produced by three pairs
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Figure 4. Histological changes of salivary glands in mice. (A) HE staining. Mucous gland size of the 5-FU group was bigger than that of the other
groups. The yellow arrows show the mucous gland area of salivary gland. (B) Change of mucous gland number. The number of mucous glands was
higher in the Control, Dextrin, 17AA and Elental® groups than that in the 5-FU group, whereas the 17AA and Elental® groups showed the highest
number. *p<0.01; compared to the 5-FU group (Mann-Whitney U-test). (C) Change of damaged granular ductal epithelial cell number. The number
of damaged granular ductal epithelial cells was higher in the 5-FU group than in all groups, and was lowest in the Elental® and 17AA groups.
The yellow arrows show the disappearance or atrophy of granular ductal epithelial cells after 5-FU treatment. Bars, SD. *p<0.01; compared to
the 5-FU group (Mann-Whitney U-test).

of major salivary glands. Dysfunction of salivary glands and Chemotherapy- or chemoradiotherapy- induced oral
decreased saliva excretions negatively affect oral mucosal — mucositis increases the risk of malnutrition in cancer
health and oral hygiene (3, 12, 13). Saliva has several patients, which might lead to increased adverse reactions.
functions including lubrication and protection which is  Elental® contains easily digestible free amino acids, as well
mainly related to proteins (11). Certain chemotherapy as easy-to absorb carbohydrates such as dextrin, and is
regimens and radiotherapy may cause salivary gland effective for the maintenance and improvement of nutritional
dysfunction and clinically significant decrease in salivary  status in malnourished patients (18-20). We have been using
flow rates (2-4). Salivary hypofunction has been directly  Elental® for treating malnutrition in patients undergoing
associated with the occurrence and severity of mucositis, and  chemotherapy in recent years. Moreover, we observed that
mucositis may also be caused by insufficient antimicrobial Elental® improved chemotherapy-induced oral mucositis
factors and mucosal protectants (e.g., lactoferrin, defensins,  (25-28). Based on our previous data, we hypothesized that
glycoproteins, IgA, epidermal growth factor, mucins, etc.) (3, Elental® or Elental® components may protect salivary
11, 13). Direct contact of chemotherapeutic agents with the  glands, preserve saliva secretion volume and alleviate oral
oral epithelium might cause mucosal damage through salivary ~ mucositis by improving the oral environment. However, the
secretions (31). Alternatively, a study demonstrated that lower  detailed mechanism by which Elental® alleviates oral
saliva secretion volumes could be one of the reasons for the = mucositis is not clear. Therefore, we investigated the efficacy
higher incidence of 5-FU-induced oral mucositis (13). of Elental® in treating of 5-FU-induced salivary gland
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Figure 5. Changes in saliva secretion. The salivary response to
pilocarpine was reduced in the 5-FU group. In contrast, pilocarpine-
induced salivations were increased in the 17AA and Elental® groups
compared to Dextrin group at 15, and 30 min after pilocarpine
stimulation. Bars, SD. *p<0.01; compared to the 5-FU group (Mann-
Whitney U-test).

atrophy and dysfunction in a mice model and we paid
attention to Elental® components, particularly amino acids.
Our findings suggest that, Elental® or Elental® components
could alleviate some negative effects of 5-FU associated
dysfunction of salivary glands. We observed that the weight
of salivary glands and salivation rate were lower in the 5-FU
group than in the 17AA (amino acids), Elental® or dextrin
groups of mice (Figure 3 and Figure 5). Moreover, the number
of mucous glands was lower and the number of damaged
granular ductal epithelial cells was higher in the salivary
glands of the 5-FU group compared to the other groups
(Figure 4). These data indicate that 5-FU-damaged salivary
glands were recovered by the administration of Elental®,
amino acids or dextrin. We observed that these recovery
effects were highest in case of the Elental® group. In addition,
in all cases, the recovery effects were noticeably higher in
17AA group compared to the Dextrin group. Therefore, we
can conclude that amino acids are the most important
components of Elental® in ameliorating the adverse reactions
of 5-FU-induced atrophic changes in salivary glands.
McCarthy et al. reported that patients receiving 5-FU
showing low salivary flow rates at baseline and during
therapy had increased risk of mucositis (13). The principal
salivary immunoglobulin is IgA. Reduced saliva secretion
volume decreases the salivary clearance ability and decreases
the concentrations of secretory IgA, which has antibacterial
action. Reduced saliva secretion volume decreases the
salivary clearance ability and decreases the concentrations of
secretory IgA. Moreover, EGF is required in saliva during
salivary tissue repair (32, 33). This finding may support the
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hypothesis that bacterial action and end products may be
associated with the severity of mucositis (34). Alternatively,
it has been reported that reduced salivary flow rates during
chemotherapy might help in ameliorate mucositis (35, 36).
However, our data suggests that Elental® might alleviate oral
mucositis because Elental® or Elental® components
increased salivation and recovery of salivary glands from 5-
FU-induced atrophic changes in the mouse model. These
findings support our hypothesis that Elental® or Elental®
components might promote tissue repair and adjustment of
the bacterial flora of the mouth. Further studies are necessary
to understand the toxic effects of chemotherapeutic agents
on the oral environment for the prevention and treatment of
chemotherapy-induced oral mucositis.

In summary, our findings demonstrated that Elental® or
Elental® components, particularly amino acids, alleviate
adverse reactions of cancer chemotherapy including 5-FU-
induced oral mucositis. We conclude that among all the
Elental® components, amino acids may have the highest
ameliorating effect against 5-FU-induced atrophic changes
in salivary glands and salivary gland dysfunction.
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