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Effect of quercetin on impaired immune function in mice exposed to imadiation
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Abstract

Radiation used in cancer treatment may cause side effects such as inflammation. Quercetin is a polyphenol that reduces inflammation. This study
evaluated the recovery efficacy of quercetin on impaired immune function in irradiation-induced inflammatory mice. Quercetin administered at two
concentrations of 10 and 40 mg/kg body weight was initiated 2 weeks before irradiation and was continued 30 days after irradiation. The animals
exposed/not exposed to radiation were sacrificed on radiation days 10 and 30. Splenocyte proliferation, which was diminished after irradiation, was
enhanced significantly by quercetin supplementation after 30 days of irradiation. Cytokine secretion increased in the radiation group compared to
that in the non-radiation control group. After 30 days of radiation, interleukin (IL)-1f3 and IL-6 secretion decreased significantly in the radiation-quercetin
groups. When quercetin was administered for 44 days, it showed a possible protective effect against irradiation-induced inflammation in mice. Quercetin
could be beneficial in the recovery of irradiation-induced increases in cytokine secretion.

Key Words: Quercetin, imadiation, cytokines, anti-inflammatory, mice

Introduction

Many medicines are being developed to treat chronic diseases,
including cancer, but their effects are limited. Therefore, it is
important to develop healthy foods that have low toxicity but
high treatment effects using natural resources [1]. Various studies
have reported that the occurrence of chronic diseases, including
cancer, is low in areas where individuals eat sufficient fruits and
vegetables [2,3]. This preventive effect is due to antioxidant
compounds present as bioactive materials in vegetables [4,5].

Various types of antioxidant compounds are active against
reactive oxygen species produced during metabolism and reduce
oxidative damage of DNA, proteins, amino acids, and lipids.
These compounds also prevent the initiation or decrease the
duration of inflammation by controlling the expression of various
proteins; thus, preventing diseases such as cancer, rheumatoid
arthritis, and stroke [6,7]. The most effective antioxidants in food
that reduces oxidation stress in the body are polyphenols.
Quercetin is a type of polyphenol and a renowned antioxidant
that effectively prevents cancer by removing free radicals [8,9].
Quercetin is normally ingested in vegetables and red-colored
fruits [2]. The medicinal properties of quercetin are well known
and include the reduction of lipid peroxides [10] and carcino-
genetic materials, inhibition of mutant cancer cell growth [11],
and anti-bacterial effects [12]. Radiation treatment is adminis-

tered to 50-60% of patients with cancer [1,13] However, it
damages normal cells and causes nutritional problems.

Radiation-induced cell death is an immunogenic process that
can be potentially exploited to stimulate tumor-specific immune
responses [14]. Some researchers have suggested that pro- and
anti-inflammatory cytokines can be used as markers to predict
radiation-induced immunocompromised status [15,16]. Interleukin
(IL)-12 induces interferon-gamma, IL-6, and tumor necrosis
factor (TNF)-a production; stimulates T and natural killer cells;
promotes T cell responses; and inhibits neovascularization [17].

The severity of the nutritional problems related to radiation
treatment, which include weight loss, depends on the location
and amount of treatment, tissue thickness, nutritional status,
tissue sensitivity, and psychological status of the patient. Radia-
tion treatment causes stomatitis, mucositis, esophagitis, gastroen-
teritis, loss of taste, nausea, vomiting, diarrhea, constipation,
bleeding, and proctitis, which lead to difficulties eating and in
digestion [18,19]. Malnutrition caused by radiation weakens
immunity, which, in turn, increases the rate of infection, reduces
the reaction to treatment, weakens the whole body, reduces
quality of life, and ultimately leads to death [20,21].

Some researchers have studied the immune-enhancing activities
of quercetin. However, most results were obtained in cell culture
studies. In addition, no data are available on the use of quercetin
for mitigating the adverse effects of radiation therapy. Hence,
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in this study, we induced inflammation by exposing mice to
radiation. The mice were orally administered quercetin for 6
weeks, and we determined changes in weight, splenocyte proli-
feration, T lymphocyte composition in blood, cytokine (i.e., IL-1
B, IL-6, and TNF-a) secretion levels, and blood protein levels
(i.e., total protein and albumin) to clarify the effect of orally
administered quercetin on immunity and nutritional indices of
mice that received radiation treatment.

Materials and Methods

Treatment and laboratory animals

We purchased quercetin dehydrate from Sigma Chemical Co.
(St. Louis, MO, USA). The animals were 6-week-old female ICR
mice weighing 24-26 g (Central Laboratory Animal Inc., Seoul,
Korea), and they were housed in the laboratory at 22 +2C and
40-60% humidity with a 12-hour light/12-hour photoperiod. The
mice had free access to solid feed and water and were allowed
to acclimatize for 1 week before the experiment. The animals
were divided into six groups, which received different radiation
and quercetin doses. Quercetin was dissolved in distilled water
and administered orally for 10 or 30 days. The groups were
further divided into normal groups (NC: normal control group,
QC10: control group orally administered quercetin at 10 mg/kg
body weight [bw], and QC40: a control group orally admi-
nistered quercetin at 40 mg/kg bw) and radiation groups (RC:
radiation control group, QR10: radiation group orally adminis-
tered quercetin at 10 mg/kg bw, and QR40: radiation group orally
administered quercetin at 40 mg/kg bw). Quercetin (10 or 40
mg/kg of body weight) was provided on alternate days throughout
the experimental period. All animal procedures were in
accordance with the guidelines for the care and use of laboratory
animals issued by Sookmyung Women’s University.

Irradiation

Based on the results of our pilot study [22] and another report
[23], a dose of 15 Gy was chosen for evaluating the time
sequential changes in the mice. Before radiation, all mice were
injected intramuscularly with 0.4 mL ketamine (0.8 mL) and
xylazine (0.5 mL) to induce paralysis. A single 15-Gy dose of
radiation was administered to the mice in the small intestinal
area using a linear accelerator to induce inflammation at 2 weeks
after quercetin administration. The mice were sacrificed on days
10 and 30 after irradiation. The irradiation was performed in the
Department of Radiation Oncology, Ajou University of Medicine,
Suwon, Republic of Korea.

Measurement of splenocyte proliferation

Splenocytes were separated using the method of Mishell and

Shiigi [24]. To measure splenocyte proliferation, splenocyte
suspensions in each group were diluted and plated on 96-well
plates (Corning, Corning, NY, USA). and Con A (5 pg/mL) and
lipopolysaccharide (LPS) (15 pg/mL; Sigma Co., St. Louis, MO,
USA) were used as mitogens. Optical density was measured using
an enzyme-linked immunoassay (ELISA) reader at 540 nm for
the MTT assay.

The proliferation index was calculated as follows: proliferation
index = optical density in the sample well/optical density in the
control well.

Measurement of blood CD4+ and CD8+ T-lymphocyte levels

Blood T lymphocyte levels were measured in samples collected
by heart puncture from mice in each group. Monoclonal mouse
CD3-FITC, CD4-PE, and CDS-PE antibodies were purchased
from Immunotech (Beckman Coulter Inc., Marseille, France).
Immunostaining was performed according to the manufacturer’s
instructions. Briefly, 100 pL of whole blood was incubated with
20 pL of anti-CD3, anti-CD4, or anti-CD8 antibodies for 15 min
at room temperature in the dark. The cells were then incubated
in 500 pL of Optilyse C Solution for 15 min to lyse red blood
cells, washed twice with 1 x phosphate-buffered saline (PBS),
resuspended in 500 pL of 1xPBS, and analyzed by flow
cytometry (Coulter Epics XL, Brea, CA, USA).

Measurement of serum cytokine secretion

The blood samples collected by heart puncture were centri-
fuged for 30 minutes at 800 x g, at 4C. Blood serum was then
extracted, and an ELISA cytokine kit (BioSource, Ann Arbor,
MI, USA) was used to measure IL-1[3, IL-6, and TNF-a levels.

Measurement of serum protein levels

All indices were measured in blood serum. Total protein
content was measured by reading the optical density at 540 nm
using the Burette method and Clinimate TP (Hitachi 7600-210,
Tokyo, Japan) as the indicator. Albumin levels were measured
by observing the optical density at 630 nm using the BCC method
and Clinimate ALB as the indicator.

Statistical analysis

Mean + standard deviation values of all data were calculated
using SAS version 9.0 (SAS Institute, Cary, NC, USA). An
analysis of variance (ANOVA) followed by Duncan’s multiple
range test was used to assess differences. A P-value <0.05 was
considered significant.
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Results

Body weight changes in the mice

The changes in body weight over 6 weeks are shown in Fig.
1. Mice in the radiation group showed a rapid decrease in body
weight after 5 days of radiation. However, these mice began to
recover lost weight, and the recovery rate started to decelerate
from irradiation day 20. Although no significant difference was
observed between the quercetin and non-quercetin groups after
radiation, the group receiving quercetin showed a more rapid
increase in weight.

Effect of orally administered quercetin on splenocyte proliferation

The splenocyte proliferation observations are shown in Table
1. After day 10 of oral quercetin administration, the group not
exposed to radiation showed a higher spleen index than that of
the group exposed to radiation. In the experiment in which
splenocyte proliferation was induced by Con A activation, which
selectively induces T cell proliferation (cells related to cell
immunity), the QRI10 group showed higher splenocyte proli-
feration than that in the non-RC group after day 30. In the
experiment in which splenocyte proliferation was induced by LPS
activation, which selectively induces B cell proliferation (cells
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Fig. 1. Changes in body weights of mice orally administered quercetin and
treated with or without irradiation for 6 weeks

Table 2. Percentage of CD4+/CD8+ lymphocytes in mice orally administered
quercetin and treated with or without irradiation (10 and 30 days of radiation)

CD4+/CD8+ ratio (%)

Conditions
10th day 30th day

Normal control 4.65+1.73" 4.03+1.31"
Quercetin

10 mg/kg bw 3.64 +2.06™ 3.44+1.12

40 mg/kg bw 447 £9.01* 3.64+1.22
Irradiation control 3.03+1.72° 3.57+1.13
Irradiation + Quercetin

10 mg/kg bw 457 +1.74® 3.82+0.25

40 mg/kg bw 4.02 +3.40® 3.58+1.16

" Data are mean =+ standard deviation of six mice per group,
Different letters within a column indicate significant differences (P<0.05) as
determined by Duncan’s multiple range test (a>b). NS, not significant,

related to humoral immunity), the QR10 group tended to show
higher splenocyte proliferation than that in the other groups, but
the difference was not significant. The RC group showed
splenocyte proliferation indices of 0.48 +0.05 and 0.30+0.03
after 10 days of radiation exposure to the abdomen and oral
administration of quercetin when stimulated with Con A and LPS,
respectively, indicating that splenocyte proliferation decreased
after radiation exposure. When quercetin was orally administered
for 30 days, the groups exposed and not exposed to different
doses of radiation showed differences in splenocyte proliferation;
the RC group exhibited the lowest splenocyte proliferation. Upon
inducing splenocyte proliferation with Con A and LPS, the QR10
group showed the highest level of splenocyte proliferation.

Effect of orally administered quercetin on CD4+ and CDS8+
T-lymphocyte profiles

The results of this experiment are shown in Figs. 2 and 3.
No significant difference in the levels of CD4+ cells, (helper
T cells) was observed after 10 and 30 days of radiation exposure,
despite the changes in exposure status and variations in
concentrations. The RC group on day 10 of radiation had
significantly higher levels of CD8+ cells (cytotoxic T cells) than
those in the NC group. Although significant differences were

Table 1. Proliferation of splenocytes in mouse orally administered quercetin treated and treated with or without irradiation (10 and 30 days of radiation)

Proliferation Index" (10th day)

Proliferation Index (30th day)

Conditions
Without mitogen ConA Without mitogen ConA LPS

Normal control 1.00°? 1.85+0.11° 1.25+0.10° 1.00 2.18+0.51™ 164 +0.75
Quercetin

10 mg/kg bw 1.13+0.08° 2.24 +0.08 1.48 +0.09° 2.20 +0.24%® 2.99 +0.40° 2.69+0.55%

40 mg/kg bw 1.05+0.05 1.67+0.07° 1.30 £0.08° 2.56+0.51° 3.15+0.44° 2.91+0.65°
Irradiation control 0.08+0.01° 0.48 +0.05° 0.30+0.03° 0.55+0.13¢ 1.57 +0.44° 0.93+0.37°
Irradiation + Quercetin

10 mg/kg bw 0.14+0.01° 0.56 +0.07° 0.43+0.06" 1.57 +0.63” 2.58+0.12°° 1.98+0.19%°

40 mg/kg bw 0.12+0.01° 0.53 +0.04° 0.32+0.03° 1.16 +0.38™ 2.29+0.22°" 1.73+0.27°

Y Proliferation Index = mean of optical density (OD) value in test wells/mean OD in control wells,

9 Data are mean =+ standard deviation of six mice per group,

Different letters within a column indicate significant differences (£<0.05) as determined by Duncan’s multiple range test (@>b>c>d),
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Table 3. Cytokine (IL-183, IL-6, TNF-a) secretion in serum of mice orally administered quercetin and treated with or without irradiation (10 and 30 days of radiation)

IL-18 production (pg/ml)

IL-6 production (pg/ml)

TNF-a production (pg/ml)

Conditions
10th day 30th day 10th day 30th day 10th day 30th day

Normal control 4292 +7.18" 10.21+2.12° 11.47 £561° 6.09 + 1.28"™ 18.95+5.91° 7.29+1.30"
Quercetin

10 mg/kg bw 55.72 +5.92° 11.32+3.06° 15.28 + 5.44%° 7.40 +0.93™ 23.00+7.16° 11.88 £6.31

40 mg/kg bw 57.96 +7.55° 11.88 +5.03° 14.17 £5.35® 5.87 £ 1.15™ 28.92 +11.59™ 7.19£17.25
Irradiation control 92.58 + 12.57° 20.09 +3.71° 21.88+7.29° 12.16 £ 2.42° 49.32 +8.26° 13.66 + 6.34
Irradiation + Quercetin

10 mg/kg bw 61.28 +9.88° 1148 +4.19° 17.05 £ 6.94%° 5.06 +1.80° 37.45+9.54° 7.31£4.90

40 mg/kg bw 78.61+7.88° 13.46 +2.53° 18.05 £ 6.72%° 917 £1.77° 33.05+9.55° 7.73+7.13

" Data are mean + standard deviation of six mice per group,

Different letters within a column indicate significant differences (P<0.05) at a=0,05 as determined by Duncan’s multiple range test (a>b>c>d). NS, not Significant
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Fig. 2. Percentage of CD4+ lymphocytes in mice orally administered quercetin
and treated with or without irradiation. Values are mean =+ standard deviation for
six mice per group (P<0.05). NS, not significant,

observed due radiation exposure, the changes in exposure status
or variations in concentration did not produce significant
differences in CD4+ and CD8+ T-lymphocytes after 10 days of
radiation, except that the CD4+/CD8+ ratio was lower in the
RC group than that in the NC group because of the effect of
CD8+ cells. After 30 days of radiation, no significant difference
was observed between the groups despite changes in exposure
status and variations in concentration (Table 2).
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Fig. 3. Percentage of CD8+ lymphocytes in mice orally administered quercetin
and treated with or without irradiation. Values are mean + standard deviation in
six mice per group (P<0,05). Means with different letters (a, b) are significantly
different at a =0.05 as determined by Duncan's multiple range test (a>b). NS, not
significant,

Effects of orally administered quercetin on cytokine secretion

The levels of IL-1[3, IL-6, and TNF-a in blood were measured
after inducing inflammation in mice by exposure to radiation and
oral administration of quercetin for 6 weeks and are shown in
Table 3. IL-183 levels were higher on day 10 of radiation than
those on day 30. This result shows that inflammation was initially
induced by radiation in the small intestine, which, in turn,
increased cytokine secretion and subsequently ameliorated the
anti-inflammation reaction, probably because of oral quercetin

Table 4. Total protein, albumin, cholesterol, and triglyceride levels in serum of mice orally administered with quercetin and treated with or without irradiation (10

and 30 days of radiation)

Total protein (g/dL)

Albumin (g/dL)

Cholesterol (mg/dL)

Triglyceride (mg/dL)

Conditions 10" day 30" day 10" day 30" day 10" day 30" day 10" day 30" day
Normal control 423+0.25"2 424 +0.40° 150+£0.10® 1524011  6867+3.06 71.60+305° 3967+6.11  43.00+3.08°
Quercetin

10 mg/kg bw 4.50 +0.14° 4.48 +0.30° 1.65+0.07° 1.56+0.15 6550+7.78  6860+590°  3850+0.71  37.60+3.78°

40 mg/kg bw 4.40 +0.14° 4.37 +0.42° 1.65+0.21° 1.65+0.23 63.00£849  70.83+3.97°  3650+2.12  37.50+4.59"
Irradiation control 2.70+0.26 3.60 £0.43° 1.27 +0.06° 148+0.13 7400+11.14  78.38+943°  4467+252  52.88+7.59°
Irradiation + Quercetin

10 mg/kg bw 3.25+0.53" 4.42 +0.45° 140+0.12° 1.56+0.17 68.70+10.52 65.33+883"° 41604773  3944+7.97°

40 mg/kg bw 3.09+0.73° 4.33+0.39° 1.38+0.17° 1.53+0.16 7553+15.33  70.50+548%  42.88+528  4225+2.31°

" Data are mean + standard deviation of six mice per group.
Different letters within a column indicate significant differences (P<0.05) as determined by Duncan’s multiple range test (@>b). NS, not significant,
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administration. The QR10 and QR40 groups showed lower IL-1[3
levels than those in the RC group after 10 and 30 days of
radiation. After day 10 of radiation, the QR10 and QR40 groups
tended to show lower IL-6 levels than those in the RC group,
but the difference was not significant. However, the difference
between these groups was significant after 30 days, and the QR10
group showed the lowest level. The QR10 and QR40 groups
showed lower TNF-a levels than those in the RC group after
10 days of radiation. Furthermore, TNF-a secretion was
significantly lower in the QR10 and QR40 groups than that in
the RC group on day 10 of radiation.

Effects of orally administered quercetin on protein levels

After inducing inflammation in the mice by exposure to
radiation and oral administration of quercetin for 6 weeks, the
protein indices in blood were measured and are shown in Table
4. The protein levels observed after day 10 of radiation were
significantly higher in the non-radiation groups than those in the
radiation groups. The group exposed to radiation and adminis-
tered quercetin tended to have higher protein levels than those
in the RC group, but the difference was not significant. However,
the QR10 and QR40 groups had higher protein levels than those
in the RC group after 30 days of radiation. The albumin levels
observed on day 10 of radiation differed significantly between
the non-radiation and radiation groups. However, this difference
was not observed after 30 days of radiation. The QR10 and QR40
groups tended to have higher albumin levels than those in the
RC group, but the difference was not significant. Significant
differences were observed between the groups with respect to
cholesterol levels on day 30 of radiation.

Discussion

This study analyzed splenocyte proliferation after adminis-
tering various concentrations of quercetin to mice to reveal the
effects of quercetin on activation of the immune response in
animals exposed to radiation. Patients with cancer receiving
radiation treatment incorporate various fruits and vegetables
containing quercetin into their diet. Patients receiving radiation
treatment lose 5% of their normal weight during the treatment
period [25]. The results of our study show that the main adverse
effect of radiation treatment was weight loss and this has been
confirmed in other studies. In particular, the results of our study
are identical to those of a previous study [26] in that the reasons
for the weight loss over 5 days and the subsequent recovery were
enzyme activation and increased protein levels due to inflam-
mation of the small intestine after 1 day of radiation followed
by a recovery beginning after 4 days. which may have been due
to relief of inflammation in the small intestine. Splenocytes, bone
marrow cells, and thymocytes are the major cells used to
investigate the immune reaction. Furthermore, the organs of

laboratory animals are used to measure cell proliferation to
determine the effects of food within the body [27]. The spleen
is an organ in which various lymphocytes such as T lymphocytes,
B lymphocytes, and macrophages are densely aggregated. The
size and number of splenocytes are related to the strength of
immunity [28]. We showed that splenocyte proliferation was
restricted by exposure to radiation, which can be considered an
adverse effect of radiation [29,30]. This adverse effect was
relieved by orally administering quercetin. A fundamental aspect
of the immune system is the induction and regulation of
proliferation of specific immune cell populations. The spleen is
the major site of immune responses to blood-borne antigens and
is also a site of hematopoiesis in rodents [31]. Splenocyte
proliferation after day 10 of radiation was less than that observed
after the day 30. This is because complete absorption and
metabolism could not occur because of inflammation in the small
intestine. The increase in proliferation on day 30 of radiation
occurred because of relief of inflammation and the increased
number of immune cells. Thus, long-term administration of
quercetin improved splenic immune cell proliferation after
radiation exposure. No significant difference in the CD4+/CD8+
ratio was observed despite the exposure status and concentration
variation, and only after 10 days did the CD4+/CD8+ ratio show
a significant difference in response to radiation. The number and
ratio of T lymphocytes decreased due to poor calorie and protein
intake. These changes were reversed promptly by nutritional
treatment. Therefore, the number and ratio of T lymphocytes are
important standards for estimating nutritional status [32] and
identifying possible infectious diseases [33,34]. This result shows
that although quercetin may not affect T-lymphocyte subsets
directly, it may affect other immune functions.

Cytokines are not only involved in organic reactions against
antigens between cells and tissues and other external factors but
also control hematogenesis, immune reactions, and inflammation,
consequently, cytokines are closely related to various pathol-
ogical phenomena [30]. IL-1f3 is initially secreted to activate T
cells, and IL-6 is then secreted and participates in B and T cell
differentiation [35,36]. TNF-a is one of the cytokines produced
by mononuclear phagocytes; it is toxic to cancer cells and has
an anti-viral effect [37]. The present results identified the
secretion levels of these cytokines in blood and investigated the
effects of orally administered quercetin in mice exposed to
radiation. Acute effects such as weight loss, dehydration, and
vomiting appeared on day 10 of radiation; these symptoms were
moderated by day 30 of radiation, when long-term effects became
evident. Symptoms that appeared on days 10 and 30 of radiation
determined the effects of quercetin on the moderation of acute
and chronic symptoms. Secretion of IL-18 and IL-6 was
decreased significantly in the groups that were orally adminis-
tered quercetin, whereas TNF-a levels tended to decrease, albeit
insignificantly. In general, the secretion levels of pro-inflam-
matory cytokines (i.e., IL-13, IL-6, and TNF-a) increase in
patients with cancer [38]. Various drugs have been developed
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and used to reduce increased cytokine levels in patients with
cancer [39,40]. According to the results of our experiment,
because the levels of inflammatory cytokines decreased in the
groups orally administered quercetin, oral administration of
quercetin was considered to moderate inflammation, and its effect
on the suppression of cytokine secretion was most significant
at 10 mg/kg bw. Furthermore, quercetin effectively moderated
inflammation, because the cytokine levels recovered on day 30
of radiation in the group orally administered quercetin.
Radiation affects cells present in areas subjected to radiation,
which ultimately causes digestive malfunction if the gastroin-
testinal tract is exposed. The severity of nutritional problems,
including weight loss, differ depending on the investigated
region, quantity to be investigated, thickness of the investigated
tissue subjected to radiation, nutritional status at the time of
starting treatment, sensitivity of the tissue, and physical and
mental status [41,42]. Radiation of the intestine causes nausea,
vomiting, diarrhea, and defective nutritional absorption, and acute
enteritis causes intestinal obstruction, ulcers, small bowel
perforation, and fibrosis, leading to chronic enteritis. Ultimately,
nutritional loss results in malnutrition. These problems may begin
2-3 weeks after starting treatment but often subside when
treatment is completed. However, in some patients, these effects
may become chronic. Most nutrition guidelines recommend that
patients undergoing such treatment eat vegetables, fruits, and
whole-grain products and limit the amount of red meat. However,
when patients are being treated for cancer, nutritionists
recommend eating high-fat, high-protein, and high-calorie foods
to maintain normal weight [43]. This is because many patients
undergoing radiotherapy are already experiencing nutritional
problems and weight loss [44]. In the mice exposed to radiation
and orally administered quercetin, no effects of quercetin on
protein levels were observed after day 10 of radiation, but an
effect was observed after 30 days of radiation. Quercetin
increased total protein and albumin levels that were reduced by
radiation. Therefore, administration of quercetin improved immune
function and nutritional status, which were negatively affected
by radiation. However, additional research on this topic is essential.
The average daily intake of quercetin reaches 30 mg in most
Western countries [45]. The bioavailability of quercetin depends
on the metabolic form present in the food. According to
recommendations, the average daily intake of quercetin for mice
should be calculated using the formula for dose transition based
on the body surface area normalization method [46]. This
calculation provides a mouse-equivalent quercetin dose of 6.8
mg/kg bw The limited solubility of quercetin in water presents
a major problem for chemopreventive administration. Many
studies have investigated potential difficulties in quercetin transport
to various tissues [47]. In this study, we used two concentrations
of quercetin; 10 mg/kg bw as a lower concentration and 40 mg/kg
bw as the higher concentration. Most of our experimental results
indicated that the groups receiving quercetin at doses of 10 mg/kg
bw showed positive effects on splenocyte proliferation, cytokine

secretion, and total protein and albumin levels. Because high dose
quercetin administration is less efficient than normal doses, this
likely holds true for patients undergoing radiotherapy.

The quercetin treatment helped recover the cytokine levels at
the lower dose of supplementation (i.e., 10 mg/kg bw oral
administration) in the irradiated mice. However, the effective
quercetin dose may differ depending on physical parameters. In
conclusion, the results of this study verify that quercetin increased
immune function, relieved inflammation, and enhanced nutriti-
onal status in irradiated mice. We expect our findings to be used
as a basis for developing functional food products that contain
quercetin to improve decreased immune function during radiation
treatment for cancer.
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