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I. Introduction

Since X-ray was discovered by W. C. Rontgen in 1895, radiation has rapidly
become valuable and has widely been used in such fields as medicine, engineering,
and science and, in particular, the area of radiation is also applied to diagnosis and
therapy in the medical field due to the increase of medical check-ups and the
development of radiation diagnostic equipment; however, how helpful or harmful it
1s to a human life is very controversial'™. In this respect, the recently increased
use of atomic energy facilities, the potential of regions neighboring nuclear waste
sites to be contaminated by radioactive substances, and the increased chances for a
human body to be exposed to radiation for the purpose of diagnosis and therapy
are increasing the need of radioprotection. A radiation dose above a certain level
may cause three types of radiation injury: sublethal damage from which one can
recover within several hours after stimulation, potentially lethal damage which is
usually lethal but from which one can recover if proper environmental changes are

. 2
made, and lethal damage from which one can never recover”

. In particular, a
session of high-dose whole-body irradiation can result in more serious radiation
injury. Ordinary people can be exposed to radiation through natural radiation
exposure, medical exposure, and accidental exposure. Natural radiation exposure
refers to exposure to radiation in the air, from underground, and from the space
and i1s made In a lower dose than permissible one. Medical radiation exposure
during radiodiagnosis or radiotherapy for cancer is unavoidable to preserve health
but can possibly cause serious radiation injury, thereby ruining health. In addition,
sudden, accidental exposure, for example, due to radioactivity leakage from nuclear
power plants in Chernobyl, the former Soviet Union in 1986 and nuclear test in
North Korea in 2006 is a threat that can bring a tremendous disaster to human
beings. Materials which are used to reduce radiation injury through proper
treatment of an organism before or after irradiation are called radioprotectors. Such

materials are classified into two functional categories: protection, which is a

requirement of treatment before irradiation, and repair, which is effective as

_1_
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treatment after irradiation. Radioprotectors include such chemicals as cyanide,
carbon monoxide, epinephrine, histamine, serotonin, cysteine, cysteamine, AET
glutathione, WR-series, and polymer compounds (e.g. dextran sulfate,

B Some of the

Lipopolysaccharide, carbon particle, polyacrylamide beads, etc.)
other radioprotectors are natural protective agents, which can usually be taken
thanks to lower levels of chemical toxicity, including ginseng extracts, vitamin C,
and vitamin E. Ginseng extracts had the repairability of cells and the survival rate
significantly affected by the administration time: the greatest protective effects
were found in case of administration 24 hours before irradiation. Polymer
compounds gave the greatest protective effects in case of administration one to

three days before irradiation'”.

South Korean researchers have recently examined
such chemical protective agents to reduce radiation injury as Macro Glucan, TMG
(vitamin E derivative), Guarana, propolis, extracts of edible mushrooms (EEM),

831 However, most of the

green tea, thio agents, melatonin, vitamin C, and ginseng
other protective agents than vitamin agents, green tea, and ginseng have limitations
in usage due to high levels of toxicity in the effective dose (ED); in particular,

10 S recent research has paid

they need to be treated before radiation exposure
attention to bio-response changes with radiation of natural products, such as
epigallocathechin gallote (EGCG), a core catechin component of green tea, ginseng,
and red ginseng[llfm. Research on radioprotection is being very positively conducted
abroad as well. An acidic fibroblast growth factor (FGF;) makes radioprotective
effects through a mechanism of stimulating proliferation of bone marrow stem cells
and has been found to stimulate not simply fibroblasts but also diverse cells,

M Tn-vitro test was performed to

including bone marrow cells and endothelial cells
see how protective three stable nitroxides—carbamoyl (CM)-, methoxycarbonyl
(MC)-, and hydroxymethyl (HM)-PROXYL—were of a lethal X-ray (8Gy)
irradiated mouse from having DNA damage; as a result, radioprotective effects
were found in the order of HM- > CM- = MC-PROXYL. Radioprotection by these
nitroxides may depend not only on the potential for oxidation-reduction reaction
and reactivity but also on dynamic actions, such as absorption and excretion of

medicine'™®. It has recently been reported that ammonium trichloro-tellurate (AS101)

_2_
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has significant radioprotective and chemically protective effects on hematopoiesis in
a mouse exposed to radiation or treated with various chemicals. Treatment with
AS101 has been found to be very effective in recovering hematopoiesis in patients
suffering from excessive or accidental exposure to radiation by reducing the

6] IL-1B nonapeptides in human beings

amount of semi-acute protein and albumin
are palmitoyl residues, which perform immunostimulation of innate molecules
without inflammation or febrility and significantly protect a mouse exposed to
ionizing radiation in the potential lethal dose. This result not only suggests the
importance of small peptide derivatization in radioprotection but also implies that

1
U1 In a mouse

toxin cytokine is generated to increase radioprotective activities
exposed to a sublethal or lethal dose of radiation, IRS-19 administration may
promote the regeneration of hematopoietic cells in the spleen and bone marrow.
Such hematopoietic colony stimulation may lead to radioprotection in combination

18 . . .
sl Besides, manganous superoxide dismutase

with step-by-step reaction of cytokine
(MnSOD), which is enzyme generated from mitochondria and is excellent in
antioxidant protective functions, reportedly has radioprotective effects and a
cytokine approach method, which can also be applied to radiation injury in clinical

a2, Squalene (SQ; hexamethyltetracosahexane; CsoHso)

practice, has been presente
1s formed by thirty hydrocarbon chains, including six double bonds, has molecular
weight of 410.70, and is structurally similar to B-carotene. As an intermediate
generated during the process of cholesterol synthesis in vivo, SQ i1s hydrocarbon
synthesized in vertebrates and plants; in particular, a large amount of SQ 1is

LU SqQ is synthesized through

contained in the liver of centrophorusatromarginatus
farnesyl pyrophosphatase after mevalonate phosphorylation during the process of
cholesterol synthesis; cholesterol 1is synthesized through SQ epoxidase and
lanosterol and hydrocarbon chains are unstable and are vulnerable to oxidation.
Olive oil among plants contains the largest amount of SQ, which is principally
synthesized in the liver of animals and a large amount of which is contained in
diverse regions, including blood plasma, the skin, subcutaneous fatty tissues,

abdominal fatty tissues, lymph nodes, arterial walls, adrenal glands, the pancreas,

and the myocardium. SQ is not oil because it contains no hydroxycarboxyl group

_3_
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but is particularly characterized by easy combination with oxygen ions. It acts in a
similar way to ozone, 1s effective in curing a wound, increases cardiac activity, and
inhibits vasodilatation and atherosclerosis. SQ has long been used as a health food
in Japan and Korea and is reportedly effective against hyperlipemla, atherosclerosis,

22 It has been

myocardial infarction, liver diseases, and gastrointestinal diseases
found that SQ synthesis and synthetase are located at the endoplasmic reticulum in
liver cells of a white mouse and that SQ synthesis in a microsomal fraction varies
with a few low-fat medicines or diet™*". While an accurate mechanism of SQ has
not been discovered yet, dietary SQ intake may activate cholesterol synthesis and
low density lipoprotein (LDL) apoB metabolism in human beings (Miettinen et al.,
1986) and reduce 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase

[25]

activity in the liver of a white mouse ™. An SQ inducer, 2-aza—2-dihydrosqualene,

serves as a cholesterol synthesis inhibitor, facilitates cell division in the stratum

[26], and makes skin regeneration effects by removing

[27]

basale of the skin with a burn
harmful oxygen caused by a burn”". Storm et al. found that SQ not only removed
reactive oxygen species, promoted cellular immune responses, facilitated recovery of
damaged cells and cell proliferation but also was effective in protecting tissues and
extending lifespan by stabilizing reactive oxygen and activating antioxidants'®,
Bennett et al. noted that tissue recovery or regeneration, inflammatory responses,
mitosis, angiogenesis, synthesis, and extracellular matrix as well as delay of aging

L9 A peptide growth

were performed through a complicated biological process
factor, which plays a crucial role in initiating and maintaining regeneration of these
tissues, reportedly controls such a process in vitro and induces generation of a
peptide growth factor, which controls an important phase in curing a wound, In
vivo. Typical factors include a platelet derived growth factor (PDGF), a
transforming growth factor-8 (TGF-B), an epidermal growth factor (EGF), an
insulin like growth factor I (IGF-I), and a fibroblast growth factor (FGF). A
mechanism of the growth factors is performing its function in target cells through
internal secretion, iso—secretion, autocrine, and receptor coupling; EGF is

polypeptide, which is stable with heat, is safe from dialysis, and consists of 53

amino acids with molecular weight of 6,045 and three intramolecular disulfide bonds

_4_
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"I In particular, EGF, which is associated with

necessary for biological activity
epidermal regeneration, forms TGF-a, amphiregulin, and heparin-binding EGF
families, which have similar structural functions. Human EGF has a similar
molecular structure, antigens, and biological properties to that of a mouse, has no
species specificity because it acts equally on a receptor of cell membranes, and has
a lower level of activity than murine EGF®™. EGF is coupled with an epidermal
growth factor receptor (EGFR) to activate tyrosin kinase of the receptor and to
facilitate cell proliferation and differentiation and DNA, mRNA, and protein
synthesis[sz‘%]. EGF has metabolic effects: it facilitates protein and RNA synthesis,
facilitates protein synthesis in ribosome, induces ornithine decaboxylase, and

I EGF is secreted from kidneys, the lacrimal

accumulates polyamine intracellularly
gland, the submandibular gland, the Brunner gland, and megakeryocyte and
excreted through saliva, lachrymal fluid, and urine, and is discharged by platelet
activation in the initial stage of tissue regeneration with blood EGF concentration
of approximately 130 pmol/L, which is the amount of secretion that can facilitate

] Nanney found that EGF played a role in active skin

cell movement and division
regeneration by increasing the number of fibroblasts, by increasing
neovascularization, and by accumulating collagenous fibers in the process of curing

6] Neill et al. noted that EGF and its receptors played

a wound in the porcine skin
a crucial role in restoring soft and hard tissues to cure a wound and that
treatment with EGF could accelerate recovery of normal tissues and facilitate cure

d® To prevent any injury from radiation exposure, it 1S necessary to

of a woun
receive treatment with a proper radioprotector before or after irradiation. However,
most radioprotectors cannot be effective protectors from radiation injury because
they are chemicals accompanied by high levels of toxicity, can hardly be taken
usually, and are rarely available to ordinary people. It is therefore essential to
conduct research on the radioprotective effects of natural products, such as SQ,
which do no harm to human health and which anyone can take at any time (Fig.

1).
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Fig. 1. Cell signaling.

The purpose of this study is to determine the radioprotective effects of SQ
extracted from natural products, a large amount of which is contained in the liver
of centrophorusatromarginatus. For this purpose, SQ was administered to mice
exposed to a session of 3 Gy whole-body irradiation; then, first, Caspase-3 and
Caspase—9 in the cell signaling pathways, which led to apoptosis, were measured to
examine cell activity; second, nitric oxide (NO) was measured to observe
inflammatory responses in cells; and third, a tumor necrosis factor (TNF)-aq,
interleukin  (IL)-6, and interleukin (IL)-10 were measured to observe
radiation-induced cytokine. In addition, biochemical analyses of the serum from the
same mice were made as part of an attempt to obtain supplementary data about

the radioprotective effects of SQ.
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II. Materials and Methods
A. Materials

1. Experimental Animals

The experimental animals in this study were C57BL/6 mice (weighing 25-35
g) produced and supplied by Damul Laboratory Animal Center (South Korea).
They were raised in a cage made of polycarbonate (40 x 25 x 17 c¢cm) in a
breeding room with temperature kept at 23 + 2°C and humidity at 45 + 5%
and were allowed to have feed (manufactured by Cheiljedang) and water freely.
A total of 49 mice, 7 per experimental group, were used in this study.

The animals were used with the aim of promoting and protecting health of
mankind to meet the purport of the Declaration of Helsinki;, proper measures
were taken to minimize adverse environmental effects; and every effort was
made to create the optimum welfare environment for them throughout the peri-

od of experiment.

2. Reagents

The reagents in this study included Bicincchoninic acid (BCA) protein
assay kit (Pierce, U.S.A.), Sodium nitrate (Sigma, U.S.A.), sulfanilamide
(Sigma, U.S.A.), N-(naphthyethylene)diamine (Sigma, U.S.A.), Tris (Bio
Basic, U.S.A.), Ethylenediaminetetraaceticacid (EDTA, Sigma, U.S.A)),
Sdoium chloride (NaCl, Junsei, Japan), Triton-X 100 (Junsei, Japan),
Sodium nitrate (Sigma, U.S.A.), ELISA Kits of monoclonal antibodies for
TNF-a, IL-6, and IL-10 (R&D systems, MIN, US.A), and
Caspase-3/CPP32 & Caspase-9/Mch 6 Colorimetric Assay Kit (Biovision,
U.S.A)), and SQ was a product of Semo (South Korea).

3. Serum Analyzer

Serum centrifuged from murine blood was analyzed using an auto

analyser (7170, Hitachi, 2004).
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4. Irradiator

A 10 MeV Linac X-ray radiation therapy system (Clinac 21Ex, Varian,

2004) was used for irradiation.

B. Grouping for Experiment

The experimental groups were divided into normal, irradiation control, SQ
treatment before irradiation, and SQ treatment after irradiation groups; then, the
irradiation control group was subdivided into irradiation + measurement after
3 days and irradiation + measurement after 7 days groups, the SQ treatment
before irradiation group into SQ treatment for 7 and 3 days + irradiation + meas-
urement after 3 days and SQ treatment for 7 and 3 days + irradiation + meas—
urement after 7 days groups, and the SQ treatment after irradiation group into
irradiation + SQ treatment for 3 days + irradiation + measurement after 3 days
and irradiation + SQ treatment for 7 days + irradiation + measurement after 7
days groups. There were a total of seven experimental groups; considering the
fact that it might take the specimens long to be absorbed into living tissues,
seven—- and three-day factors were applied to the pretreatment groups and

three- and seven-day factors were applied to the posttreatment groups.

C. Methods

1. Irradiation

To determine the radioprotective effects of SQ, a 10 MeV LINAC radiation
therapy system was used to expose mice to a session of whole-body irradiation
in a dose of 3 Gy, which induces the greatest biochemical changes in living

tissues, at the dose rate of 300 cGy/min (Fig. 2).
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3 Gy Irradiation (300cGy/min)

s 10 MeV Linac

Mouse =

Fig. 2. Irradiation in mice using the 10 MeV Linac X-ray.

2. Specimen Administration

8 mL/kg SQ, which was a specimen in this study, was abdominally injected
to C57BL/6 mice. It was administered for seven days before irradiation in the
SQ treatment for 7 days + irradiation group, for three days before irradiation
in the SQ treatment for 3 days + irradiation group, for three days after irradi—-
ation in the irradiation + SQ treatment for 3 days group, and for seven days

after irradiation in the irradiation + SQ treatment for 7 days group (Table 1).
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Table 1. Classification of experimental groups

Z

Measured after Group

irradiation

N

Normal

Irradiation control (3 day)
SQ(pre 7 day) + Rad

3 day
SQ(pre 3 day) + Rad

Rad + SQ

Irradiation control (7 day)

SQ(pre 7 day) + Rad
7 day
SQ(pre 3 day) + Rad

SRS BRSNS TR BN

Rad + SQ

3. Animal Sacrifice and Tissue Collection

The animals were simultaneously sacrificed three days after irradiation in the
normal, irradiation control, and SQ treatment before irradiation groups and
three days after the final specimen administration in the SQ treatment after
irradiation groups and the experimental tissues from the small intestines and
the liver and serum were collected right after the sacrifice. Cervical dislocation

was used to sacrifice them.

4. Measurement

a. Caspase-3 and Caspase-9: Cell Activity Measurement
Provide 100 pg of tissues from the liver and 100 pg from the small intestines
with cell lysis in a 100 pL cell lysis buffer and incubate it in ice for ten
minutes. After one-minute centrifugal in 10,000 g, transfer supernatant to a
new tube and keep it in ice. Perform quantitative analysis of protein. Dilute
a 50 pL cell lysis buffer to contain 100-200 nug protein and transfer it to 96

well plates. Put a 50 pL 2X Reaction buffer (reaction reagent containing 10
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mM DTT) in each tube. Add 5 uL 4mM LEHD-pNA substrate to each tube
and incubate it at 37°C for 1-2 hours. Then, perform measurement in a mi-

croplate reader (microreader: 405 nm, U.S.A.).

b. Nitric Oxide (NO): Inflammatory Response Measurement
The tissues from the small intestines and the liver were completely dis—
solved in a lysis buffer to measure NO. The experiment was carried out as
follows: Use a Griess reagent in a form of NO2- to measure the amount of
NO generated in the tissues from the small intestines and the liver. Elute
the supernatant to 96 well plates and add a 100 pL Griess reagent (0.8% sul—-
fanilamide/0.75% N-(naphthyethylene) diamine in 0.5N HCI, Sigma) to each
of them. Leave the plates at room temperature for 15 minutes; then, use a
microplate reader (Molecular Devices, Sunnyvale, CA, U.S.A) to measure the
concentration of nitrite at 540 nm wavelength. Use sodium nitrate (0.5-100

M) as standard nitrite.

c. Cytokines: (TNF-a: tumor necrosis factor; IL-6 and IL-10:

immune factors)

Cytokines, such as TNF-a, IL-6, and IL-10, were measured according to
the manufacturer’s instruction. First, put a 50 pL assay diluent in each well,
add 50 pL of a standard solution and 50 pL of an experimental solution to
the center of the well for each cytokine, hit the plate gently on the floor to
mix well, cover them with airtight tapes, and leave them at room temperature
for two hours to make a reaction. Then, remove the tapes and give five ses—
sions of washing with the washing buffer. Put a 100 uL conjugate solution
of cytokine to measure in each well and cover it with airtight tapes to make
a reaction for two hours; then, give five sessions of washing with the wash-
ing buffer. Put a 100 uL substrate solution in each well and keep it at room
temperature in a light-shielded environment for thirty minutes to make a

reaction. Then, put a 100 uL stop solution in each well and perform measure—
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ment within thirty minutes (microreader: 450 nm, wavelength correction: 570

nm, U.S.A.).

d. Protein Content (Serum Measurement)

The protein concentration was measured using a BCA protein assay Kkit.
Use BCA as a standard to elute 25 uL of each protein specimen to 96 well
plates, add a 200 pL. BCA agent composed of reagents A and B (50 : 1) to
each of the plates, and incubate it at 37°C for one hour. After the incubation,
use a microplate reader (Molecular Devices, Sunnyvale, CA, USA) to meas—

ure absorbance at 540 mm.

D. Statistical Analysis

The results of each experiment were presented in the mean and standard
deviation. Since there were only a few samples that constituted the experimental
groups, significance was tested among experimental groups by using a boot—
strap method to estimate an asymptotic 95% confidence interval. The bootstrap
method developed by B. Efron, which is to estimate a confidence interval
through sampling without specific supposition of a probability model, is useful
in estimating a more robust and accurate confidence interval in case of asym-
metrical data, as compared with traditional methods reliant on distribution.
Typical methods to estimate a confidence interval by bootstrap include a per—
centile method and a Bias-corrected and accelerated (BCa) method. Since the
latter, which gives correction of skewness, has a problem with estimation of
a confidence interval with an asymmetrical type of large distribution, the former
was used in this study. Kruskal-Wallis test was carried out to get the mean
between groups on the basis of ordinal variables in testing hypotheses. The

statistical test was processed at the p < 0.05 significance level.
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ITI. Results

A. Cell Signaling Pathways Leading to Apoptosis

1. Caspase-3 Observation in Cell Signaling Pathways

Leading to Apoptosis
a. Small intestines
SQ was administered to irradiated mice to observe Caspase-3 in the
tissues from the small intestines. As for the O.D. value at 405 nm,
Caspase-3 was estimated to be 0.020 in the normal small intestines.
Caspase-3 was estimated to be 0.720 and 0.779—higher than the normal
level of 0.020—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 0.505 and 0.688 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 0.642 in case of SQ administration after irradiation, all of which
were lower than that of the group receiving irradiation alone (M=0.720).
It was estimated to be 0.610 and 0.652 seven days after irradiation
following SQ administration seven days and three days before
irradiation, respectively, and 0.622 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.779). At the 95% confidence interval, there were
statistically significant differences between both the group with
measurement three days after irradiation following SQ administration
seven days before irradiation (SQ(pre-seven days)) and the group
receiving SQ administration for three days after irradiation (Rad+SQ)
and the group receiving irradiation alone (Rad control group) (p < 0.05)
but not between the group with measurement three days after irradiation
following SQ administration three days before irradiation (SQ(pre-three
days)) and the Rad control group. Statistically significant differences

were found between both the groups with measurement three days after
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irradiation following SQ administration seven days and three days before

irradiation (SQ(pre-seven days) and SQ(pre—three days)) and the group

receiving SQ administration for seven days after irradiation (Rad+SQ)

and the Rad control group (p < 0.05). In particular, radioprotective

effects of Caspase-3 in the small intestines were found to be greatest in

the group receiving SQ administration for seven days before irradiation

(Table 2, Fig. 3).

Table 2. Caspase-3 in Small intestine of 3 Gy irradiated mice with SQ

treatment
Measured Group N Mean S.D. 951ﬁr(\:7(e)1r11f:1dseig(g:e
after boostrap method
irradiation ~ Normal(Intestine) 7 0.020 0.009 (0.012 0.024)
Irradiation control 7 0.720 0.046 (0.675  0.755)
3 day SQ(pre 7day)+Rad 7 0.505 0.005 (0.501 0.508)"
SQ(pre 3day)+Rad 7 0.688 0.016 (0.672  0.706)
Rad+SQ 7 0.642 0.013 (0.633  0.653)"
Irradiation control 7 0.779 0.008 (0.775  0.786)
7 day SQ(pre 7day)+Rad 7 0.610 0.004 (0.606 O.614)i
SQ(pre 3day)+Rad 7 0.652 0.009 (0.642  0.659)
Rad+SQ 7 0.622 0.011 (0612 0.627)°

Note: The interaction effect was determined using boostrap

unit is the number of O.D. 405 nm. p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe Caspase-3 in the
tissues from the liver. As for the O.D. value at 405 nm, Caspase-3 was
estimated to be 0.201 in the normal liver. Caspase-3 was estimated to
be 0676 and 0.683—higher than the normal level of 0.201—in the
irradiation control group three days and seven days after 3 Gy
irradiation to normal mice, respectively. Three days after irradiation
following SQ administration seven days and three days before
irradiation, it was estimated to be 0.395 and 0.606, respectively, both of
which were lower than that of the group receiving irradiation alone
(M=0.676). In contrast, it was estimated to be 0.697 in case of SQ
administration after irradiation, which was higher than that of the group
receiving irradiation alone (M=0.676). Seven days after irradiation
following SQ administration seven days and three days before
irradiation, it was estimated to be 0.527 and 0.613, respectively, both of
which were lower than that of the group receiving irradiation alone
(M=0.676). In contrast, it was estimated to be 0.718 in case of SQ
administration after irradiation, which was higher than that of the group
receiving irradiation alone (M=0.779). At the 95% confidence interval,
there were statistically significant differences between the groups with
measurement three days after irradiation following SQ administration
seven days and three days before irradiation (SQ(pre-seven days) and
SQ(pre-three days)) and the Rad control group (p < 0.05) but not
between the group receiving SQ administration for three days after
irradiation (Rad+SQ) and the Rad control group. Statistically significant
differences were found between the group with measurement seven days
after irradiation following SQ administration seven days before
irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05)
but not between the group with measurement seven days after

irradiation following SQ administration three days before irradiation
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(SQ(pre-three days)) or the group receiving SQ administration for seven

days after irradiation (Rad+SQ) and the Rad control group. In particular,

radioprotective effects of Caspase-3 in the liver were found to be

greatest in the group receiving SQ administration for seven days before

irradiation (Table 3, Fig. 3).

Table 3. Caspase-3 in Liver of 3 Gy irradiated mice with SQ treatment

Measured

95% confidence

Group N Mean S.D. interval using
after boostrap method

irradiation ~ Normal(Intestine) 7 0.201 0.057 (0.164 0.239)

Irradiation control 7 0.676 0.047 (0.644 0.686)

SQ(pre 7day)+Rad 7 0.395 0.035 (0.355 0.418)"

) day SQ(pre 3day)+Rad 7 0.606 0.018 (0583 0.627)

Rad+SQ 7 0.697 0.113 (0.614 0.694)

Irradiation control 7 0.683 0.038 (0.648 0.727)

SQ(pre 7day)+Rad 7 0.527 0.058 (0456 0.586)"

7 day SQ(pre 3day)+Rad 7 0.613 0.044 (0.567 0.656)

Rad+SQ 7 0.718 0.062 (0.664  0.800)

Note: The interaction effect was determined using boostrap method. The

unit is the number of O.D. 405 nm. p < 0.05.
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Fig. 3. Caspase-3 in small intestine and liver of 3 Gy irradiated mice with

SQ treatment.

_17_

{“ICollection @ chosun



2. Caspase-9 Observation in Cell Signaling Pathways

Leading to Apoptosis
a. Small intestines
SQ was administered to irradiated mice to observe Caspase-9 in the
tissues from the small intestines. As for the O.D. value at 405 nm,
Caspase-9 was estimated to be 0.088 in the normal small intestines.
Caspase-9 was estimated to be 0.725 and 0.786—higher than the normal
level of 0.088—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 0.065 and 0.090 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 0.096 in case of SQ administration after irradiation, all of which
were lower than that of the group receiving irradiation alone (M=0.725).
It was estimated to be 0.079 and 0.099 seven days after irradiation
following SQ administration seven days and three days before
irradiation, respectively, and 0.090 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.779). At the 95% confidence interval, there were
statistically significant differences between both the groups with
measurement three days after irradiation following SQ administration
seven days and three days before irradiation (SQ(pre-seven days) and
SQ(pre-three days)) and the group receiving SQ administration for three
days after irradiation (Rad+SQ) and the Rad control group (p < 0.05).
Statistically significant differences were found between both the groups
with measurement seven days after irradiation following SQ
administration seven days and three days Dbefore irradiation
(SQ(pre-seven days) and SQ(pre-three days)) and the group receiving
SQ administration for seven days after irradiation (Rad+SQ) and the Rad
control group (p < 0.05). In particular, radioprotective effects of

Caspase-9 in the small intestines were found to be greatest in the group
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receiving SQ administration for seven days before irradiation (Table 4,

Fig. 4).

Table 4. Caspase-9 in Small intestine of 3 Gy irradiated mice with SQ

treatment
Measured Group N Mean S.D. %iﬁrff(;rllflildseigge
after boostrap method
irradiation  Normal(Intestine) 7 0088 0.004 (0.084  0.090)
Irradiation control 7 0.725 0.025 (0.700  0.753)
3 day SQ(pre 7day)+Rad 7 0.065 0.002 (0.063 0.067)i
SQ(pre 3day)+Rad 7 0.090 0.007 (0.090 0.093)
Rad+SQ 7 0.096 0.002 (0.094 0.098)"
Irradiation control 7 0.786 0.003 (0.784  0.789)
SQ(pre 7day)+Rad 7 0.079 0.006 (0.073  0.084)"
7 day SQ(pre 3day)+Rad 7 0.099 0.012 (0.088 0.115)"
Rad+SQ 7 0.090 0.004 (0.087 0.092)"
Note: The interaction effect was determined using boostrap method. The

unit is the number of O.D. 405 nm. ‘p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe Caspase-9 in the
tissues from the liver. As for the O.D. value at 405 nm, Caspase-9 was
estimated to be 0.150 in the normal liver. Caspase-9 was estimated to
be 0.801 and 0.750—higher than the normal level of 0.150—in the
irradiation control group three days and seven days after 3 Gy
irradiation to normal mice, respectively. Three days after irradiation
following SQ administration seven days and three days before
irradiation, it was estimated to be lower than that of the group receiving
irradiation alone (M=0.801): 0.382 and 0.791, respectively. In contrast, it
was estimated to be 0.870, which was higher than that of the group
receiving irradiation alone (M=0.801), in case of SQ administration after
irradiation. It was estimated to be 0.734 and 0.622 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 0.602 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.750). At the 95% confidence interval, there were
statistically significant differences between the group with measurement
three days after irradiation following SQ administration seven days
before irradiation (SQ(pre-seven days)) and the Rad control group (p <
0.05) but not between the group with measurement three days after
irradiation following SQ administration three days before irradiation
(SQ(pre-three days)) or the group receiving SQ administration for three
days after irradiation (Rad+SQ) and the Rad control group. Statistically
significant differences were found between both the group with
measurement seven days after irradiation following SQ administration
three days before irradiation (SQ(pre-three days)) and the group
receiving SQ administration for seven days after irradiation (Rad+SQ)
and the Rad control group (p < 0.05) but not between the group with

measurement seven days after irradiation following SQ administration
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seven days before irradiation (SQ(pre-seven days)) and the Rad control
group. In particular, radioprotective effects of Caspase-9 in the liver
were found to be greatest in the group with measurement three days
after irradiation following SQ administration seven days before
irradiation and in the group receiving SQ administration seven days after

irradiation (Table 5, Fig. 4).

Table 5. Caspase-9 in Liver of 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 0150 0.030 (0120 0.182)
Irradiation control 7 0.801 0.091 (0.702  0.850)
SQ(pre 7day)+Rad 7 0.382 0.129 (0.274  0501)"
0 day SQ(pre 3day)+Rad 7 0.791 0.050 (0.753  0.857)
Rad+SQ 7 0.870 0.070 (0.798  0.936)
Irradiation control 7 0.750 0.034 (0.721  0.783)
SQ(pre 7day)+Rad 7 0.734 0.090 (0.650 0.832)
7 day SQ(pre 3day)+Rad 7 0.622 0.026 (0596 0.650)"
Rad+SQ 7 0.602 0.008 (0596 0.609)"

Note: The interaction effect was determined using boostrap method. The

unit is the number of O.D. 405 nm. p < 0.05.
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Fig. 4. Caspase-9 in small intestine
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B. Inflammatory Response Measurement
1. Nitric Oxide (NO)

a. Small intestines

SQ was administered to irradiated mice to observe NO in the tissues
from the small intestines. NO was estimated to be 6.064 in the normal
small intestines. NO was estimated to be 1.652 and 3.802—lower than
the normal level of 6.064—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 3.835 and 2.492 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 2291 in case of SQ administration after irradiation, all of which
were higher than that of the group receiving irradiation alone (M=1.652).
It was estimated to be 2.873 and 2.136 seven days after irradiation
following SQ administration seven days and three days before
irradiation, respectively, and 1414 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=3.802). At the 95% confidence interval, there were
statistically significant differences between both the groups with
measurement three days after irradiation following SQ administration
seven days and three days before irradiation (SQ(pre-seven days) and
SQ(pre-three days)) and the group receiving SQ administration for three
days after irradiation (Rad+SQ) and the Rad control group (p < 0.05). In
contrast, there was no statistically significant difference between the
groups with measurement seven days after irradiation following SQ
administration seven days and three days Dbefore irradiation
(SQ(pre-seven days) and SQ(pre-three days)) or the group receiving SQ
administration for seven days after irradiation (Rad+SQ) and the Rad
control group. In particular, radioprotective effects of NO in the small
intestines were found to be greatest three days after irradiation following

SQ administration seven days before irradiation (Table 6, Fig. 5).
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Table 6. NO(Nitric Oxide) in Small intestine of 3 Gy irradiated mice with

SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 6064 0559 (559 6.863)
Irradiation control 7 1.652 0.035 (1.606  1.693)
SQ(pre 7day)+Rad 7 3.835 0.949 (2514 4.744)
) day SQ(pre 3day)+Rad 7 2.492 0.473 (2.034 2.970)"
Rad+SQ 7 2.291 0.426 (1.835  2.660)"
Irradiation control 7 3.802 0.440 (3.439 4.439)
SQ(pre 7day)+Rad 7 2.873 0.853 (2.315 4.125)
7 day SQ(pre 3day)+Rad 7 2.136 0.276 (1.835 2.505)
Rad+SQ 7 1.414 0.096 (1.328  1.520)
Note: The interaction effect was determined using boostrap method. The

unit is the number of nM/ug. p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe NO in the tissues
from the liver. NO was estimated to be 3.044 in the normal liver. NO
was estimated to be 2.232 and 2.034—lower than the normal level of
3.044—in the irradiation control group three days and seven days after 3
Gy 1irradiation to normal mice, respectively. It was estimated to be 2.626
and 2.593 three days after irradiation following SQ administration three
days before irradiation and in case of SQ administration after irradiation,
respectively, both of which were higher than that of the group receiving
irradiation alone (M=2.232). In contrast, it was estimated to be 2.100
three days after irradiation following SQ administration seven days
before irradiation, which was lower than that of the group receiving
irradiation alone (M=2.232). It was estimated to be 2.649 and 2.107 seven
days after irradiation following SQ administration seven days before
irradiation and in case of SQ administration after irradiation, respectively,
both of which were higher than that of the group receiving irradiation
alone (M=2.034). In contrast, it was estimated to be 1.965 seven days
after irradiation following SQ administration three days before irradiation,
which was lower than that of the group receiving irradiation alone
(M=2.034). At the 95% confidence interval, there were statistically
significant differences between the group receiving SQ administration for
three days after irradiation (Rad+SQ) and the Rad control group (p <
0.05). In contrast, no statistically significant difference was found
between the group with measurement three days after irradiation
following SQ administration seven days or three days before irradiation
(SQ(pre-seven days) or SQ(pre-three days)) and the Rad control group.
There were statistically significant differences between the group with
measurement seven days after irradiation following SQ administration
seven days before irradiation (SQ(pre-seven days)) and the Rad control

group (p < 0.05). In contrast, no statistically significant difference was

_25_

Collection @ chosun



found between the group with measurement seven days after irradiation
following SQ administration three days before irradiation (SQ(pre-three
days)) or the group receiving SQ administration for seven days after
irradiation (Rad+SQ) and the Rad control group. In particular,
radioprotective effects of NO in the liver were found to be greatest in
the group receiving SQ administration after irradiation in case of
measurement three days after irradiation and in the group with
measurement seven days after irradiation following SQ administration

seven days before irradiation (Table 7, Fig. 5).

Table 7. NO(Nitric Oxide) in Liver of 3 Gy irradiated mice with SQ

treatment

Measured Group N Mean S.D. 951%%1’%%?%1?326
after boostrap method

irradiation  Normal(Intestine) 7 3044 0.222 (2788 3.324)

Irradiation control 7 2.232 0.167 (2.067 2.416)

SQ(pre 7day)+Rad 7 2.100 0.127 (1934 2.222)

0 day SQ(pre 3day)+Rad 7 2.626 0.305 (2173 2.822)
Rad+SQ 7 2.593 0.154 (2455 2.737)

Irradiation control 7 2.034 0.083 (1917 2.101)

7 day SQ(pre 7day)+Rad 7 2.649 0.163 (2524 2.890)"

SQ(pre 3day)+Rad 7 1.965 0.169 (1.766  2.179)

Rad+SQ 7 2.107 0.088 (1.989  2.190)

Note: The interaction effect was determined using boostrap method. The

unit is the number of nM/ug. p < 0.05.
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Fig. 5. NO(Nitric Oxide) in small intestine and liver of 3 Gy irradiated mice
with SQ treatment.
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C. Cytokine Measurement

1. TNF-a (Tumor necrosis factor - a)

a. Small intestines

SQ was administered to irradiated mice to observe TNF-a in the
tissues from the small intestines. TNF-a was estimated to be 0.046 in
the normal small intestines. TNF-a was estimated to be 0.454 and 0.550
—higher than the normal level of 0.046—in the irradiation control group
three days and seven days after 3 Gy irradiation to normal mice,
respectively. It was estimated to be 0.295 three days after irradiation
following SQ administration seven days before irradiation, which was
lower than that of the group receiving irradiation alone (M=0.454). In
contrast, it was estimated to be 0504 and 0.475 three days after
irradiation following SQ administration three days before irradiation and
in case of SQ administration after irradiation, respectively, both of which
were higher than that of the group receiving irradiation alone (M=0.454).
It was estimated to be 0.305 and 0.472 seven days after irradiation
following SQ administration seven days and three days before
irradiation, respectively, and 0412 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.550). At the 95% confidence interval, there were
statistically significant differences between the group with measurement
three days after irradiation following SQ administration seven days
before irradiation (SQ(pre-seven days)) and the Rad control group (p <
0.05). In contrast, no statistically significant difference was found
between the group with measurement three days after irradiation
following SQ administration three days before irradiation (SQ(pre-three
days)) or the group receiving SQ administration for three days after
irradiation (Rad+SQ) and the Rad control group. There were statistically
significant differences between the groups with measurement seven days

after irradiation following SQ administration seven days and three days
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before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the
group receiving SQ administration for seven days after irradiation
(Rad+SQ) and the Rad control group (p < 0.05). In particular,
radioprotective effects of TNF-a in the small intestines were found to
be greatest in the group receiving SQ administration for seven days

before irradiation (Table 8, Fig. 6).

Table 8. TNF-alpha in Small intestine of 3 Gy irradiated mice with SQ

treatment
Measured Group N Mean S.D. 951ﬁr(\:7(e)1rllf1ildse£§e
after boostrap method
irradiation  Normal(Intestine) 7 0046 0.016 (0.036  0.064)
Irradiation control 7 0.454 0.108 (0.385 0.542)
SQ(pre 7day)+Rad 7 0.295 0.037 0.264 0.317)
) day SQ(pre 3day)+Rad 7 0.504 0.039 (0.502  0.528)
Rad+SQ 7 0.475 0.017 (0.461 0.493)
Irradiation control 7 0.550 0.030 (0.526 0.601)
SQ(pre 7day)+Rad 7 0.305 0.040 (0.265 0.352)"
7 day SQ(pre 3day)+Rad 7 0.472 0.035 (0.433  0.501)"
Rad+SQ 7 0.412 0.018 (0.397 0.429)"

Note: The interaction effect was determined using boostrap method. The

unit is the number of pg/mG. p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe TNF-a in the
tissues from the liver. TNF-a was estimated to be 0.014 in the normal
liver. TNF-a was estimated to be 0.329 and 0.280—higher than the
normal level of 0.014—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 0.169 and 0.239 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 0.319 in case of SQ administration after irradiation, all of which
were lower than that of the group receiving irradiation alone (M=0.014).
It was estimated to be 0.205 and 0.248 seven days after irradiation
following SQ administration seven days and three days before
irradiation, respectively, and 0.258 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.280). At the 95% confidence interval, there were
statistically significant differences between the groups with measurement
three days after irradiation following SQ administration seven days and
three days before irradiation (SQ(pre-seven days) and SQ(pre-three
days)) and the Rad control group (p < 0.05). In contrast, there was no
statistically significant difference between the group receiving SQ
administration for three days after irradiation (Rad+SQ) and the Rad
control group. Statistically significant differences were found between the
group with measurement seven days after irradiation following SQ
administration seven days before irradiation (SQ(pre-seven days)) and
the Rad control group (p < 0.05). In contrast, no statistically significant
difference was found between the group with measurement seven days
after irradiation following SQ administration three days before irradiation
(SQ(pre-three days)) or the group receiving SQ administration for seven
days after irradiation (Rad+SQ) and the Rad control group. In particular,

radioprotective effects of TNF-a in the liver were found to be greatest
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in the group receiving SQ administration for seven days before

irradiation (Table 9, Fig. 6).

Table 9. TNF-alpha in Liver of 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. E)i?l‘ér%(;rllflildseigge

after boostrap method
irradiation  Normal(Intestine) 7 0014 0,010 (0.006  0.022)
Irradiation control 7 0.329 0.045 (0.281 0.371)

SQ(pre 7day)+Rad 7 0.169 0.016 (0.154  0.180)"

0 day SQ(pre 3day)+Rad 7 0.239 0.042 (0.197 0.265)"
Rad+SQ 7 0.319 0.049 (0.264 0.361)
Irradiation control 7 0.280 0.031 (0.249 0.315)

SQ(pre 7day)+Rad 7 0.205 0.050 (0.155 0.234)"
7 day SQ(pre 3day)+Rad 7 0.248 0.024 (0.236  0.260)
Rad+SQ 7 0.258 0.114 (0.281 0.299)

Note: The interaction effect was determined using boostrap method. The

unit is the number of pg/mG. p < 0.05.
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Fig. 6. TNF-alpha in small intestine and liver of 3 Gy irradiated mice with
SQ treatment.
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2. IL-6 (Interleukin-6)

a. Small intestines

SQ was administered to irradiated mice to observe IL-6 in the tissues
from the small intestines. IL-6 was estimated to be 0.0051 in the normal
small intestines. IL-6 was estimated to be 0.0328 and 0.0401—higher
than the normal level of 0.0051—in the irradiation control group three
days and seven days after 3 Gy irradiation to normal mice, respectively.
It was estimated to be 0.0205 three days after irradiation following SQ
administration seven days before irradiation, which was lower than that
of the group receiving irradiation alone (M=0.0328). In contrast, it was
estimated to be 0.0369 and 0.0367 three days after irradiation following
SQ administration three days before irradiation and in case of SQ
administration after irradiation, respectively, both of which were higher
than that of the group receiving irradiation alone (M=0.0328). It was
estimated to be 0.0228 and 0.0360 seven days after irradiation following
SQ administration seven days and three days before irradiation,
respectively, and 0.0350 in case of SQ administration after irradiation, all
of which were lower than that of the group receiving irradiation alone
(M=0.0401). At the 95% confidence interval, there were statistically
significant differences between the group with measurement three days
after irradiation following SQ administration seven days before
irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05).
In contrast, no statistically significant difference was found between the
group with measurement three days after irradiation following SQ
administration three days before irradiation (SQ(pre-three days)) or the
group receiving SQ administration for three days after irradiation
(Rad+SQ) and the Rad control group. There were statistically significant
differences between the group with measurement seven days after
irradiation following SQ administration seven days before irradiation

(SQ(pre-seven days)) and the Rad control group (p < 0.05). In contrast,
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no statistically significant difference was found between the group with
measurement seven days after irradiation following SQ administration
three days before irradiation (SQ(pre—-three days)) or the group receiving
SQ administration for seven days after irradiation (Rad+SQ) and the Rad
control group. In particular, radioprotective effects of IL-6 in the small
intestines were found to be greatest in the group receiving SQ

administration for seven days before irradiation (Table 10, Fig. 7).

Table 10. IL-6 in Small intestine of 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. 951%2;\:721?%1(15?326
after boostrap method
irradiation  Normal(Intestine) 7 0.0051  0.0030 (0.0020  0.0074)
Irradiation control 7 0.0328  0.0067 (0.0264 0.0389)

5 day SQ(pre 7day)+Rad 7 0.0205  0.0050 (0.0158  0.0256)"
SQ(pre 3day)+Rad 7 0.0369  0.0034 (0.0333  0.0396)

Rad+SQ 7 0.0367  0.0053 (0.0305 0.0404)

Irradiation control 7 0.0401 0.0081 (0.0326  0.0443)

SQ(pre 7day)+Rad 7 0.0228  0.0043 (0.0217  0.0249)"

7 day SQ(pre 3day)+Rad 7 0.0360  0.0036 (0.0332  0.0390)
Rad+SQ 7 0.0350  0.0046 (0.0306  0.0388)

Note: The interaction effect was determined using boostrap method. The

unit is the number of pg/mG. p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe IL-6 in the tissues
from the liver. IL-6 was estimated to be 0.0088 in the normal liver. IL-6
was estimated to be 0.0160 and 0.0303—higher than the normal level of
0.0088—1i1n the irradiation control group three days and seven days after
3 Gy irradiation to normal mice, respectively. It was estimated to be
0.0096 three days after irradiation following SQ administration seven
days after irradiation, which was lower than that of the group receiving
irradiation alone (M=0.0160). In contrast, it was estimated to be 0.0237
and 0.0272 three days after irradiation following SQ administration three
days before irradiation and in case of SQ administration after irradiation,
respectively, both of which were higher than that of the group receiving
irradiation alone (M=0.0160). It was estimated to be 0.0147 and 0.0251
seven days after irradiation following SQ administration seven days and
three days before irradiation, respectively, and 0.0232 in case of SQ
administration after irradiation, all of which were lower than that of the
group receiving irradiation alone (M=0.0303). At the 95% confidence
interval, there were statistically significant differences between both the
groups with measurement three days after irradiation following SQ
administration seven days and three days Dbefore irradiation
(SQ(pre-seven days) and SQ(pre-three days)) and the group receiving
SQ administration for three days after irradiation (Rad+SQ) and the Rad
control group (p < 0.05). There were statistically significant differences
between both the group with measurement seven days after irradiation
following SQ administration seven days before irradiation (SQ(pre-seven
days)) and the group receiving SQ administration for seven days after
irradiation (Rad+SQ) and the Rad control group (p < 0.05). In contrast,
no statistically significant difference was found between the group with
measurement seven days after irradiation following SQ administration

three days before irradiation (SQ(pre-three days)) and the Rad control
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group. In particular, radioprotective effects of IL-6 in the liver were

found to be greatest in the group receiving SQ administration for seven

days before irradiation (Table 11, Fig. 7).

Table 11. IL-6 in Liver of 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 0.0088 00017 (0.0079  0.0102)
Irradiation control 7 0.0160 0.0036 (0.0122 0.0187
SQ(pre 7day)+Rad 7 0.0096 0.0016 (0.0075 0.0113)"
) day SQ(pre 3day)+Rad 7 0.0237 0.0028 (0.0208 0.0262)"
Rad+SQ 7 0.0272 0.0047 (0.0236  0.0294)"
Irradiation control 7 0.0303 0.0036 (0.0268 0.0319
SQ(pre 7day)+Rad 7 0.0147 0.0021 (0.0124 0.0164)°
7 day SQ(pre 3day)+Rad 7 0.0251 0.0022 (0.0228 0.0277)
Rad+SQ 7 0.0232 0.0008 (0.0224  0.0238)"

Note: The interaction effect was determined using boostrap

unit is the number of pg/mG. p < 0.05.
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3. IL-10 (Interleukin-10)

a. Small intestines

SQ was administered to irradiated mice to observe IL-10 in the tissues
from the small intestines. IL-10 was estimated to be 0.0124 in the
normal small intestines. IL-10 was estimated to be 0.0460 and 0.0242—
higher than the normal level of 0.0124—in the irradiation control group
three days and seven days after 3 Gy irradiation to normal mice,
respectively. It was estimated to be 0.0166 and 0.0308 three days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 0.0412 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=0.0460). It was estimated to be 0.0207 and 0.0211
seven days after irradiation following SQ administration seven days and
three days before irradiation, respectively, and 0.0240 in case of SQ
administration after irradiation, all of which were lower than that of the
group receiving irradiation alone (M=0.0242). At the 95% confidence
interval, there were statistically significant difference between both the
groups with measurement three days after irradiation following SQ
administration seven days and three days Dbefore irradiation
(SQ(pre-seven days) and SQ(pre-three days)) and the group receiving
SQ administration for three days after irradiation (Rad+SQ) and the Rad
control group (p < 0.05). No statistically significant difference was found
between the group with measurement seven days after irradiation
following SQ administration seven days or three days before irradiation
(SQ(pre-seven days) or SQ(pre—-three days)) or the group receiving SQ
administration for seven days after irradiation (Rad+SQ) and the Rad
control group. In particular, radioprotective effects of IL-10 in the small
intestines were found to be greatest in the group receiving SQ

administration for seven days before irradiation (Table 12, Fig. 8).
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Table 12. IL-10 in Small intestine of 3 Gy irradiated mice with SQ

treatment

Measured Group N Mean S.D. %iﬁr%%rllflildseigge
after boostrap method
irradiation  Normal(Intestine) 7 00124 0.0024 (0.0092  0.0149)
Irradiation control 7 0.0460 0.0005 (0.0454 0.0466)
SQ(pre 7day)+Rad 7 0.0166 0.0033 (0.0126  0.0198)"
) day SQ(pre 3day)+Rad 7 0.0308 0.0028 (0.0267 0.0327)"
Rad+SQ 7 0.0412 0.0019 (0.0391 0.0432)"
Irradiation control 7 0.0242 0.0033 (0.0194 0.0265)
SQ(pre 7day)+Rad 7 0.0207 0.0032 (0.0183  0.0255)
7 day SQ(pre 3day)+Rad 7 0.0211 0.0018 (0.0188 0.0229)
Rad+SQ 7 0.0240 0.0034 (0.0199 0.0281)

Note: The interaction effect was determined using boostrap method. The

unit is the number of pg/mG. p < 0.05.
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b. Liver

SQ was administered to irradiated mice to observe IL-10 in the tissues
from the liver. IL-10 was estimated to be 0.0070 in the normal liver.
IL-10 was estimated to be 0.0131 and 0.0132—higher than the normal
level of 0.0070—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 0.0127 three days after irradiation following SQ
administration seven days before irradiation, which was lower than that
of the group receiving irradiation alone (M=0.0070). In contrast, it was
estimated to be 0.0149 and 0.0160 three days after irradiation following
SQ administration three days before irradiation and in case of SQ
administration after irradiation, respectively, both of which were higher
than that of the group receiving irradiation alone (M=0.0131). It was
estimated to be 0.0134 and 0.0192 seven days after irradiation following
SQ administration seven days and three days before irradiation,
respectively, and 0.0163 in case of SQ administration after irradiation, all
of which were higher than that of the group receiving irradiation alone
(M=0.0132). At the 95% confidence interval, there were statistically
significant differences between the group with measurement three days
after irradiation (Rad+SQ) and the Rad control group (p < 0.05). In
contrast, no statistically significant difference was found between the
group with measurement following SQ administration seven days or
three days before irradiation (SQ(pre-seven days) or SQ(pre—three days))
and the Rad control group. There was no statistically significant
difference between the group with measurement seven days after
irradiation following SQ administration seven days or three days before
irradiation (SQ(pre—seven days) or SQ(pre-three days)) or the group
receiving SQ administration for seven days after irradiation (Rad+SQ)
and the Rad control group. In particular, radioprotective effects of IL-10

in the liver were found to be greatest in the group receiving SQ
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administration for seven days before irradiation (Table 13, Fig. 8).

Table 13. IL-10 in Liver of 3 Gy irradiated mice with SQ treatment

irradiation  Normal(Intestine) 7 0.0070  0.0013 (0.0054  0.0084)
Irradiation control 7 0.0131 0.0007 (0.0122 0.0139)

SQ(pre 7day)*Rad 7 00127  0.0014 (0.0118 0.0147)

) day SQ(pre 3day)*Rad 7 00149  0.0017 (0.0127 0.0167)
Rad+SQ 7 00160  0.0017 (0.0139  0.0180)"

Irradiation control 7 0.0132 0.0019 (0.0114 0.0158)

. SQ(pre 7day)*Rad 7 00134  0.0017 (0.0118 0'01511
SQ(pre 3day)*Rad 7 00192  0.0010 (0.0183  0.0203)°

Rad+SQ 7 00163 00011 (0.0150 0.0175)

Note: The interaction effect was determined using boostrap method. The

unit is the number of pg/mG. p < 0.05.
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Fig. 8. IL-10 in small intestine and liver of 3 Gy irradiated mice with SQ

treatment.
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D. Serum Analysis

To obtain supplementary data about the radioprotective effects of SQ, the
following fourteen bio—chemical tests with the serum from mice exposed to

one session of 3 Gy whole-body irradiation:

1. Total Protein (TP)

SQ was administered to irradiated mice to observe TP in the serum. TP
was estimated to be 4.14 in the normal state and 4.04 and 4.16—similar to
the normal level—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was estimated
to be 445 and 4.12 three days after irradiation following SQ administration
seven days and three days before irradiation, respectively, and 4.08 in case
of SQ administration for three days after irradiation, all of which were
higher than that of the group receiving irradiation alone (M=4.04). It was
estimated to be 442 and 4.06 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 4.15 in case of SQ administration for seven days after irradiation, all
of which were lower than that of the group receiving irradiation alone
(M=4.16). At the 95% confidence interval, there were statistically
significant differences between the groups with measurement three days
after irradiation following SQ administration seven days and three days
before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the
Rad control group (p < 0.05). In particular, radioprotective effects of TP in
the serum were found to be greatest in the group receiving SQ

administration for seven days before irradiation (Table 14, Fig. 9).
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Table 14. TP in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method

irradiation  Normal(Intestine) 7 414 0.23 (396 4.32)
Irradiation control 7 4.04 0.15 (392 4.16)

SQ(pre 7day)+Rad 7 4.45 0.25 (420 4.65)"

0 day SQ(pre 3day)+Rad 7 412 0.22 (400 4.32)
Rad+SQ 7 4.08 0.26 (3.88 4.28)

Irradiation control 7 4.16 0.19 (4.04 4.34)

SQ(pre 7day)+Rad 7 4.42 0.28 (418 4.62)

7 day SQ(pre 3day)+Rad 7 4.06 0.34 (3.80 4.32)
Rad+5SQ 7 4.15 0.31 (3.85 4.35)

Note: The interaction effect was determined using boostrap method. The unit

is the number of g/dL. p < 0.05.

Serum (TP)

T T
] H
i H H
o | H H '
b : i
! H
| o Po
H H
ol o -
H 1 H "
I [ ' H
I I ' H
' T H [
' H
' : I
- ! ! i
Q n .
L [
o ' [
! 1
! 4
| -
:
'
1

T T T T T T T T T
Norm Rad-3 5Q-7 SQ-3 Rad-5Q Rad-7 5Q-7 5Q-3 Rad-5Q

44

g/dL
42

e
'
i
'
'
1
]
]
—_

o

40

Group

Fig. 9. TP in 3 Gy irradiated mice with SQ treatment.
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2. Albumin

SQ was administered to irradiated mice to observe albumin in the serum.
Albumin was estimated to be 3.18 in the normal state and 2.88 and 3.08—
similar to the normal level—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 3.70 and 2.92 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 3.32 in case of SQ administration for three days after irradiation, all
of which were higher than that of the group receiving irradiation alone
(M=2.88). It was estimated to be 3.08 and 3.46 seven days after irradiation
following SQ administration seven days and three days before irradiation,
respectively, and 3.30 in case of SQ administration for seven days after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=2.70). At the 95% confidence interval, there were
statistically significant differences between the groups with measurement
three days after irradiation following SQ administration seven days and
three days before irradiation (SQ(pre-seven days) and SQ(pre-three days))
and the Rad control group (p < 0.05). There were statistically significant
differences between both the groups with measurement seven days after
irradiation following SQ administration seven days and three days before
irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the group
receiving SQ administration for seven days after irradiation (Rad+SQ) and
the Rad control group (p < 0.05). In particular, radioprotective effects of
albumin in the serum were found to be greatest in the group receiving SQ

administration for seven days before irradiation (Table 15, Fig. 10).
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Table 15. ALB in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method

irradiation  Normal(Intestine) 7 3.18 0.41 (283 354)
Irradiation control 7 2.88 0.31 (2.64 3.12)

SQ(pre 7day)+Rad 7 3.70 0.70 (315 4.25)"

) day SQ(pre 3day)+Rad 7 2.92 0.22 (2.76  3.10)
Rad+SQ 7 3.32 0.47 (296 3.66)

Irradiation control 7 2.70 0.12 (262 2.80)

SQ(pre 7day)+Rad 7 3.08 0.13 (298 3.18)

7 day SQ(pre 3day)+Rad 7 3.46 0.68 (294 3.96)
Rad+SQ 7 3.30 0.62 (290 3.88)"

Note: The interaction effect was determined using boostrap method. The unit

is the number of g/dL. p < 0.05.
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Fig. 10. ALB in 3 Gy irradiated mice with SQ treatment.
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3. Glutamine Oxaloacetic Acid Transaminase (GOT)

SQ was administered to irradiated mice to observe GOT in the serum.
GOT was estimated to be 170.60 in the normal state and 250.00 and 170.20
—similar to the normal level—in the irradiation control group three days
and seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 135.25 and 215.60 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 243.00 in case of SQ administration for three days after irradiation, all
of which were lower than that of the group receiving irradiation alone
(M=250.00). It was estimated to be 19240 and 242.40 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, both of which were lower than that of the group
receiving irradiation alone (M=170). It was estimated to be 116.75 in case
of SQ administration for seven days after irradiation, which was higher
than that of the group receiving irradiation alone (M=170.20). At the 95%
confidence interval, no statistically significant difference was found in the
radioprotective effects of GOT in the serum with SQ administration (Table

16, Fig. 11).
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Table 16. GOT in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 17060 66.33 (124.40  230.20)
Irradiation control 7 250.00 229.17 (80.60 427.12)

3 day SQ(pre 7day)+Rad 7 135.25 51.24 (91.50 179.00)
SQ(pre 3day)+Rad 7 215.60 129.19 (129.40 323.40)

Rad+SQ 7 243.00 83.53 (168.80  302.00)

Irradiation control 7 170.20 132.79 (86.40 274.40)

SQ(pre 7day)+Rad 7 192.40 138.53 (90.80 311.40)

7 day SQ(pre 3day)+Rad 7 242.40 198.90 (133.00 419.80)
Rad+SQ 7 116.75 21.70 (104.00 138.00)

Note: The interaction effect was determined using boostrap method. The unit

is the number of IU/L “p < 0.05.

Serum (GOT)

IU/L
40 §00 600
1 1 |
3

300
1

200
1

100
1

T T T - T T T T
Norm Rad-3 SQ-7 SQ-3 Rad-SQ Rad-7 SQ-7 SQ-3 Rad-5Q

Group

Fig. 11. GOT in 3 Gy irradiated mice with SQ treatment.
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4. Glutamine Pyruvic Acid Transaminase (GPT)

SQ was administered to irradiated mice to observe GPT in the serum.
GPT was estimated to be 25.71 in the normal state and 23.00 and 26.86—
similar to the normal level—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 24.17 and 28.29 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
both of which were higher than that of the group receiving irradiation
alone (M=23.00). It was estimated to be 20.86 in case of SQ administration
for three days after irradiation, which was lower than that of the group
receiving irradiation alone (M=23.00). It was estimated to be 25.71 and
19.00 seven days after irradiation following SQ administration seven days
before irradiation and in case of SQ administration for seven days after
irradiation, respectively, both of which were lower than that of the group
receiving irradiation alone (M=26.86). It was estimated to be 29.86 seven
days after irradiation following SQ administration three days before
irradiation, which was higher than that of the group receiving irradiation
alone (M=26.86). At the 95% confidence interval, there were statistically
significant differences in the radioprotective effects of GPT in the serum
with SQ administration for seven days after irradiation (P < 0.05)(Table
17, Fig. 12).
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Table 17. GPT in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method

irradiation  Normal(Intestine) 7 25.71 5.96 (2171 30.00)

Irradiation control 7 23.00 7.75 (1857 29.14)

SQ(pre 7day)+Rad 7 24.17 4.36 (21.17  27.33)

) day SQ(pre 3day)+Rad 7 28.29 15.64 (20.00 40.86)

Rad+SQ 7 20.86 6.49 (16.43 25.43)

Irradiation control 7 26.86 6.23 (22,57 31.00)

SQ(pre 7day)+Rad 7 25.71 5.77 (22.14  30.00)

7 day SQ(pre 3day)+Rad 7 29.86 10.61 (23.29 37.57)
Rad+SQ 7 19.00 1.83 (17.86  20.28)"

Note: The interaction effect was determined using boostrap method. The unit

is the number of IU/L “p < 0.05.
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Fig. 12. GPT in 3 Gy irradiated mice with SQ treatment.
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5. Alkaline Phospatase (ALP)

SQ was administered to irradiated mice to observe ALP in the serum.
ALP was estimated to be 466.29 in the normal state and 476.86 and 406.71
—similar to the normal level—in the irradiation control group three days
and seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 441.83 and 463.71 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 381.14 in case of SQ administration for three days after irradiation, all
of which were lower than that of the group receiving irradiation alone
(M=476.86). It was estimated to be 37629 and 376.29 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 388.71 in case of SQ administration for seven
days after irradiation, all of which were lower than that of the group
receiving irradiation alone (M=406.71). At the 95% confidence interval, no
statistically significant difference was found in the radioprotective effects

of ALP in the serum with SQ administration (Table 18, Fig. 13).
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Table 18. ALP in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation Normal(Intestine) 7 46629 6873 (422.87 516.85)
Irradiation control 7 476.86 43.49 (446.44 506.57)

3 day SQ(pre 7day)+Rad 7 441.83 29.06 (421.00 464.17)
SQ(pre 3day)+Rad 7 463.71 45.32 (433.43  496.00)

Rad+SQ 7 381.14 58.16 (340.57 419.14)

Irradiation control 7 406.71 74.24 (35357 455.69)

SQ(pre 7day)+Rad 7 376.29 97.00 (307.01 436.69)

7 day SQ(pre 3day)+Rad 7 280.00 102.81 (205.00 347.84)
Rad+SQ 7 388.71 31.71 (368.00 411.14)

Note: The interaction effect was determined using boostrap method. The unit

is the number of IU/L “p < 0.05.
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Fig. 13. ALP in 3 Gy irradiated mice with SQ treatment.
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6. Lactate Dehydronase (LDH)

SQ was administered to irradiated mice to observe LDH in the serum.
LDH was estimated to be 1436.86 in the normal state and 1446.29 and
820.57—lower than the normal level—in the irradiation control group three
days and seven days after 3 Gy irradiation to normal mice, respectively. It
was estimated to be 2363.00 and 1657.86 three days after irradiation
following SQ administration seven days before irradiation and in case of
SQ administration for three days after irradiation, respectively, both of
which were higher than that of the group receiving irradiation alone
(M=1446.29). It was estimated to be 1375.00 three days after irradiation
following SQ administration three days before irradiation, which was lower
than that of the group receiving irradiation alone (M=1446.29). It was
estimated to be 1093.00 and 1193.14 seven days after irradiation following
SQ administration seven days and three days before irradiation,
respectively, both of which were lower than that of the group receiving
irradiation alone (M=1446.29). It was estimated to be 583.86 in case of SQ
administration for seven days after irradiation, which was lower than that
of the group receiving irradiation alone (M=820.57). At the 95% confidence
interval, no statistically significant difference was found in the
radioprotective effects of LDH in the serum with SQ administration.
However, radioprotective effects of LDA in the serum were found to be
greatest in the group receiving SQ administration for seven days before

irradiation (Table 19, Fig. 14).
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Table 19. LDH in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. S)i?l‘ér%(;rllflildseigge
after boostrap method
irradiation  Normal(Intestine) 7 143686 39813 (113859 1677.13)
Irradiation control 7 1446.29  647.82 (104291 1906.00)

SQ(pre 7day)+Rad 7 2363.00 52587 (2002.37  2774.00)

) day SQ(pre 3day)+Rad 7 1375.00  307.22 (1171.31 1576.28)
Rad+SQ 7 1657.86  333.04 (1436.15 1890.14)

Irradiation control 7 820.57 381.30 (586.43  1086.84)

7 day SQ(pre 7day)+Rad 7 1093.00  593.16 (70772 1520.10)
SQ(pre 3day)+Rad 7 1193.14  683.95 (775.87 1689.11)

Rad+SQ 7 583.86 131.47 (506.32  684.57)

Note: The interaction effect was determined using boostrap method. The unit
is the number of IU/L “p < 0.05.
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Fig. 14. LDH in 3 Gy irradiated mice with SQ treatment.
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7. Total Cholesterol (TC)

SQ was administered to irradiated mice to observe TC in the serum. TC
was estimated to be 86.00 in the normal state and 88.00 and 89.14—similar
to the normal level—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was estimated
to be 8983 and 11829 three days after 1irradiation following SQ
administration seven days Dbefore irradiation and in case of SQ
administration for three days after irradiation, respectively, both of which
were higher than that of the group receiving irradiation alone (M=88.00). It
was estimated to be 74.00 seven days after irradiation following SQ
administration three days before irradiation, which was lower than that of
the group receiving irradiation alone (M=88.00). It was estimated to be
7786 and 7371 seven days after irradiation following SQ administration
seven days and three days before irradiation, respectively, and 81.14 in
case of SQ administration for seven days after irradiation, all of which
were lower than that of the group receiving irradiation alone (M=89.14). At
the 95% confidence interval, no statistically significant difference was
found in the radioprotective effects of TC in the serum with SQ

administration (Table 20, Fig. 15).
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Table 20. T.CHO in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. 951%&(\:7(;1511(15326
after boostrap method
irradiation  Normal(Intestine) 7 86.00 7.35 (80.86 90.71)
Irradiation control 7 88.00 3.65 (8558 90.57)
3 day SQ(pre 7day)+Rad 7 89.83 5.81 (8567 94.33)
SQ(pre 3day)+Rad 7 74.00 11.80 (6557 81.29)
Rad+SQ 7 118.29 67.31 (8329 171.43)
Irradiation control 7 89.14 5.43 (84.86 92.29)
7 day SQ(pre 7day)+Rad 7 77.86 3.58 (75.71 80.57)
SQ(pre 3day)+Rad 7 73.71 6.10 (69.57 78.00)
Rad+SQ 7 31.14 4.95 (77771 84.85)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 15. T.CHO in 3 Gy irradiated mice with SQ treatment.
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8. Triglycerides (TG)

SQ was administered to irradiated mice to observe TG in the serum. TP
was estimated to be 31.29 in the normal state and 39.71 and 50.71—higher
than the normal level—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 42.67 three days after irradiation following SQ
administration seven days before irradiation, which was higher than that
of the group receiving irradiation alone (M=39.71). It was estimated to be
1829 and 37.29 three days after irradiation following SQ administration
three days before irradiation and in case of SQ administration for three
days after irradiation, respectively, all of which were lower than that of
the group receiving irradiation alone (M=39.71). It was estimated to be
76.29 and 70.29 seven days after irradiation following SQ administration
seven days and three days before irradiation, respectively, and 55.14 in
case of SQ administration for seven days after irradiation, all of which
were higher than that of the group receiving irradiation alone (M=50.71).
At the 95% confidence interval, there were statistically significant
differences in the radioprotective effects of TG in the serum in case of SQ
administration for three days after irradiation following the administration

three days before irradiation (p < 0.05)(Table 21, Fig. 16).
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Table 21. TG in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. %iﬁr%%rff;dseigge
after boostrap method
irradiation  Normal(Intestine) 7 3129 1151 (2343 39.00)
Irradiation control 7 39.71 20.59 (2715 54.29)
SQ(pre 7day)+Rad 7 42.67 11.98 (3417 52.16)
) day SQ(pre 3day)+Rad 7 18.29 8.22 (1329 24.43)"
Rad+SQ 7 37.29 26.81 (20.86 57.00)
Irradiation control 7 50.71 15.40 (4043 61.14)
SQ(pre 7day)+Rad 7 76.29 217.75 (5543 93.86)
7 day SQ(pre 3day)+Rad 7 70.29 21.89 (5472 83.71)
Rad+SQ 7 55.14 16.73 (44.00 66.71)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 16. TG in 3 Gy irradiated mice with SQ treatment.
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9. High Density Lipoprotein Cholesterol (HDLC)

SQ was administered to irradiated mice to observe HDLC in the serum.
HDLC was estimated to be 57.57 in the normal state and 55.14 and 55.29
—lower than the normal level—in the irradiation control group three days
and seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 52.00 and 43.00 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 48.29 in case of SQ administration for three days after irradiation, all
of which were lower than that of the group receiving irradiation alone
(M=55.14). It was estimated to be 4629 and 46.00 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, both of which were lower than that of the group
receiving irradiation alone (M=55.29). It was estimated to be 54.86 in case
of SQ administration for seven days after irradiation, which was higher
than that of the group receiving irradiation alone (M=55.29). At the 95%
confidence interval, there were statistically significant differences between
both the group with measurement three days after irradiation following SQ
administration three days before irradiation (SQ(pre-three days)) and the
group receiving SQ administration for three days after irradiation
(Rad+SQ) and the Rad control group (p < 0.05). There were statistically
significant differences between the groups with measurement three days
after irradiation following SQ administration seven days and three days
before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the
Rad control group (p < 0.05). In particular, radioprotective effects of HDLC
in the serum were found to be greatest in the group receiving SQ
administration seven days and three days before irradiation (Table 22, Fig.
17).
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Table 22. HDL.CHO in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 5757 412 (5471 60.00)
Irradiation control 7 55.14 3.72 (5257 57.71)
SQ(pre 7day)+Rad 6 52.00 141 (51.00 53.00)
) day SQ(pre 3day)+Rad 7 43.00 5.42 (39.29 4657)
Rad+SQ 7 48.29 3.20 (4586 50.29)"
Irradiation control 7 55.29 3.68 (52.71 57.86)
SQ(pre 7day)+Rad 7 46.29 3.59 (44.00 48.86)"
7 day SQ(pre 3day)+Rad 7 46.00 7.81 (4043 51.29)"
Rad+SQ 7 54.86 5.27 (51.43 58.43)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 17. HDL.CHO in 3 Gy irradiated mice with SQ treatment.
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10. Low Density Lipoprotein Cholesterol (LDLC)

SQ was administered to irradiated mice to observe LDLC in the serum.
LDLC was estimated to be 586 in the normal state and 6.00 and 5.29—
similar to the normal level—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 9.83 and 6.14 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 829 in case of SQ administration for three days after irradiation, all
of which were higher than that of the group receiving irradiation alone
(M=6.00). It was estimated to be 7.00 and 5.86 seven days after irradiation
following SQ administration seven days before irradiation and in case of
SQ administration for seven days after irradiation, respectively, both of
which were higher than that of the group receiving irradiation alone
(M=5.29). It was estimated to be lower seven days after irradiation
following SQ administration three days before irradiation than that of the
group receiving irradiation alone (M=5.29). At the 95% confidence interval,
there were statistically significant differences between both the group with
measurement three days after irradiation following SQ administration seven
days before irradiation (SQ(pre-seven days)) and the group receiving SQ
administration for three days after irradiation (Rad+SQ) and the Rad
control group (p < 0.05). In particular, radioprotective effects of LDLC in
the serum were found to be greatest in the group receiving SQ

administration seven days before irradiation (Table 23, Fig. 18).
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Table 23. LDL.CHO in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using
after boostrap method
irradiation  Normal(Intestine) 7 5.86 168 (486 7.14)
Irradiation control 7 6.00 0.82 (5.43 6.57)
3 day SQ(pre 7day)+Rad 7 9.83 1.17 (9.00 10.67)"
SQ(pre 3day)+Rad 7 6.14 1.68 (486 7.14)
Rad+SQ 7 8.29 1.80 (729 957)
Irradiation control 7 5.29 1.11 (4.57 6.00)
SQ(pre 7day)+Rad 7 7.00 3.74 (5.00 9.86)
7 day SQ(pre 3day)+Rad 7 4.86 1.07 (429 571)
Rad+5SQ 7 5.86 1.35 (5.00 6.86)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 18. LDL.CHO in 3 Gy irradiated mice with SQ treatment.
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11. Glucose

SQ was administered to irradiated mice to observe glucose in the serum.
Glucose was estimated to be 18529 in the normal state and 208.57 and
215.00—higher than the normal level—in the irradiation control group three
days and seven days after 3 Gy irradiation to normal mice, respectively. It
was estimated to be 20883 three days after irradiation following SQ
administration seven days before irradiation, which was slightly higher
than that of the group receiving irradiation alone (M=20857). It was
estimated to be 193.29 and 184.14 three days after irradiation following SQ
administration three days before irradiation and in case of SQ
administration for three days after irradiation, respectively, both of which
were lower than that of the group receiving irradiation alone (M=208.57).
It was estimated to be 205.71 and 179.14 seven days after irradiation
following SQ administration seven days and three days before irradiation,
respectively, and 210.14 in case of SQ administration for seven days after
irradiation, all of which were lower than that of the group receiving
irradiation alone (M=215.00). At the 95% confidence interval, no
statistically significant difference was found in the radioprotective effects

of glucose in the serum with SQ administration (Table 24, Fig. 19).
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Table 24. GLU in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. S)i?l‘ér%(;rllflildseigge
after boostrap method
irradiation  Normal(Intestine) 7 18529 16.22 (17471 19657)
Irradiation control 7 208.57 27.02 (190.14 227.43)

SQ(pre 7day)+Rad 7 208.83 24.56 (192.84 227.66)

) day SQ(pre 3day)+Rad 7 193.29 65.83 (142.71 228.57)
Rad+SQ 7 184.14 20.70 (169.00 197.71)

Irradiation control 7 215.00 32.06 (194.43 239.42)

SQ(pre 7day)+Rad 7 205.71 32.35 (185.14 228.00)

7 day SQ(pre 3day)+Rad 7 179.14 32.63 (15772 201.71)
Rad+SQ 7 210.14 23.15 (194.01 225.86)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 19. GLU in 3 Gy irradiated mice with SQ treatment.
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12. Blood Urea Nitrogen (BUN)

SQ was administered to irradiated mice to observe BUN in the serum.
BUN was estimated to be 19.73 in the normal state and 15.79 and 20.34—
similar to the normal level—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. It was
estimated to be 16.17 and 16.76 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 16.94 in case of SQ administration for three days after irradiation, all
of which were higher than that of the group receiving irradiation alone
(M=15.79). It was estimated to be 17.06 and 16.79 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 17.77 in case of SQ administration for seven
days after irradiation, all of which were lower than that of the group
receiving irradiation alone (M=20.34). At the 95% confidence interval, there
were statistically significant differences between the groups with
measurement three days after irradiation following SQ administration seven
days and three days before irradiation (SQ(pre-seven days) and
SQ(pre-three days)) and the Rad control group (p < 0.05). In particular,
radioprotective effects of BUN in the serum were found to be greatest in
the group receiving SQ administration seven days and three days before

irradiation (Table 25, Fig. 20).
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Table 25. BUN in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. 951%2%%%?%?3?3?
after boostrap method
irradiation  Normal(Intestine) 7 19.73 1.66 (1866  20.80)
Irradiation control 7 15.79 1.47 (1460 16.67)
3 day SQ(pre 7day)+Rad 7 16.17 0.81 (1553 16.73)
SQ(pre 3day)+Rad 7 16.76 0.70 (16.31 17.29)
Rad+SQ 7 16.94 1.45 (16.03 17.99)
Irradiation control 7 20.34 2.15 (1887 21.83)
. SQ(pre 7day)*Rad 7 1706 099 (16.43 17.77)’;
SQ(pre 3day)+Rad 7 16.79 1.90 (1551 18.06)
Rad+SQ 7 1777 2.24 (16.19 19.24)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 20. BUN in 3 Gy irradiated mice with SQ treatment.
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13. Creatinine

SQ was administered to irradiated mice to observe creatinine in the
serum. Creatinine was estimated to be 0.29 in the normal state and 0.30
and 0.31—similar to the normal level—in the irradiation control group three
days and seven days after 3 Gy irradiation to normal mice, respectively. It
was estimated to be 0.32 and 0.29 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 0.30 in case of SQ administration for three days after irradiation, all
of which were similar to that of the group receiving irradiation alone
(M=0.30). It was estimated to be 0.33 and 0.30 seven days after irradiation
following SQ administration seven days and three days before irradiation,
respectively, and 0.31 in case of SQ administration for seven days after
irradiation, all of which were similar to that of the group receiving
irradiation alone (M=0.31). At the 95% confidence interval, no statistically
significant difference was found in the radioprotective effects of creatinine

in the serum with SQ administration (Table 26, Fig. 21).
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Table 26. CREA in 3 Gy irradiated mice with SQ treatment

95% confidence

Measured Group N Mean S.D. interval using

after boostrap method

irradiation  Normal(Intestine) 7 0.29 0.07 (024 0.33)

Irradiation control 7 0.30 0.08 (0.24 0.36)

SQ(pre 7day)+Rad 7 0.32 0.08 (0.27 0.37)

0 day SQ(pre 3day)+Rad 7 0.29 0.07 (024 0.33)

Rad+5SQ 7 0.30 0.08 (024 0.36)

Irradiation control 7 0.31 0.07 (0.27 0.36)

SQ(pre 7day)+Rad 7 0.33 0.08 (029 0.39)

7 day SQ(pre 3day)+Rad 7 0.30 0.06 (0.26 0.34)

Rad+5SQ 7 0.31 0.07 (0.27 0.36)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 21. CREA in 3 Gy irradiated mice with SQ treatment.
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14. Uric Acid (UA)

SQ was administered to irradiated mice to observe UA in the serum. UA
was estimated to be 1.89 in the normal state and 1.97 and 1.57—similar to
the normal level—in the irradiation control group three days and seven
days after 3 Gy irradiation to normal mice, respectively. It was estimated
to be 3.67 and 2.37 three days after irradiation following SQ administration
seven days and three days before irradiation, respectively, and 2.57 in case
of SQ administration for three days after irradiation, all of which were
higher than that of the group receiving irradiation alone (M=1.97). It was
estimated to be 3.29 and 2.09 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively,
and 2.00 in case of SQ administration for seven days after irradiation, all
of which were higher than that of the group receiving irradiation alone
(M=1.57). At the 95% confidence interval, no statistically significant
difference was found in the radioprotective effects of UA in the serum
with SQ administration. However, radioprotective effects of UA in the
serum were found to be greatest in the group receiving SQ administration

for seven days before irradiation (Table 27, Fig. 22).
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Table 27. UA in 3 Gy irradiated mice with SQ treatment

Measured Group N Mean S.D. 951%&%%?&?3?
after boostrap method
irradiation  Normal(Intestine) 7 1.89 0.56 (146 2.26)
Irradiation control 7 1.97 0.31 (1.73 2.17)
3 day SQ(pre 7day)+Rad 7 3.67 1.09 (298 4.58)
SQ(pre 3day)+Rad 7 2.37 0.63 (1.93 2.79)
Rad+SQ 7 2.57 0.43 (2.26 2.84)
Irradiation control 7 1.57 0.77 (1.04 2.07)
7 day SQ(pre 7day)+Rad 7 3.29 1.07 (253 4.03)
SQ(pre 3day)+Rad 7 2.09 0.62 (1.71 2.56)
Rad+SQ 7 2.00 0.98 (1.33  2.71)

Note: The interaction effect was determined using boostrap method. The unit

is the number of mg/dL. “p < 0.05.
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Fig. 22. UA in 3 Gy irradiated mice with SQ treatment.
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IV. Discussion

George et al. noted that SQ is an isoprenoid compound with a similar structure to
B-carotene with six double bonds and thirty carbons, passes through farnselyl
pyrophophatase following phosphorylation of mevalonate during cholesterol
synthesis, 1s an intermediate generated during the process of cholesterol synthesis
through squalene epoxidase and lanosterol, is distributed over adipose tissues, the
skin, lymphatic tissues, kidneys, skeletal muscles, cardiac muscles, and arteries,
with the dry weight of 475 pg/g per 1 ug/g in the skin, about 275 pg/g in adipose
tissues, 75 ug/g in the liver with active cholesterol synthesis, and about 42 pg/g in
the small intestines, is unsaturated fatty acid widely distributed among animals and
plants, and is most abundant in olive oil—7 mg/g per 1 ug/g—among plants and in
the liver of centrophorusatromarginatus among animals and is also contained in

[21]

foods™". It has been found that SQ synthesis and synthetase are located at the

endoplasmic reticulum and microsome in liver cells of a white mouse and vary by

] When a person had a 900 mg daily intake of

a few low-fat medicines or diets
SQ in three doses of 300 mg for four weeks, it was found, on the basis of the
sterol balance as well as the serum SQ level, the cholesterol level, and cholesterol
synthesis, that 60% of it was absorbed from intake and the serum SQ level
increased by 17 times but there was no change in serum triglyceride or

1[251 .

cholesterol™; SQ intake increased cholesterol synthesis and LDL apoB metabolic

activitym; and it reduced HMG CoA reductase activity in the liver of a white
mouse™. SQ is known to act antioxidatively and have a mechanism to suppress
free radicals and reactive oxygen generated from various stimuli and can be an
effective protector of a living body by rapidly eliminating malignant neoplasms
generated by ilonization and excitation right after exposure to irradiation in case of

" In terms of cell signaling pathways

good treatment before or after irradiation
through which irradiation leads to apoptosis, Wang et al. reported that NF-kB, an
important signal transmitter in the process of inflammatory response generation, is
an essential element that leads to apoptosis or cell survival in a transduction

]

pathway signals caused by ionizing radiation™; Zaidi et al. found that treatment
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with gentle whole-body thermotherapy (39°C, 1h) twenty hours before whole—body
irradiation of 8 Gy could prevent much of apoptosis from being caused by

[40], and Kim noted that treatment with chitosan could inhibit

whole-body irradiation
lots of chromosomal abnormalities from being induced by contamination with
radioactive mercury[4”. Hong et al. reported that c—fos and junB, acutely expressed
protein genes In brain neurons, made a reaction through brain tissues which

2 and Claudia et al. noted that such enzymes as protein

reacted to irradiation
kinase C known to cause radiation injury and stress response protein kinase
delayed cell division in the Gl phase by inducing acute response genes[43]. It has
been reported that an active process requiring energy, apoptosis 1s caused by
several stimuli to cells, such as ultraviolet rays, lack of cell growth factors,
connection of ligans with a receptor, reactive oxygen metabolites, and DNA damage
by ionized radiation, that degradation of actin and actin-binding protein, fordrin,
forms air bubbles in plasma membranes, which leads to apoptosis, that it is
possible to cause or inhibit artificial apoptosis by getting a good understanding of
the process of signal transmission for apoptosis, and that it is possible to find

W61 1 this study, we

pharmacological and physical means to inhibit apoptosis
examined Caspase-3 and Caspase-9 among cell signaling pathways to apoptosis
after irradiation: while both of them had the O.D. value increased significantly in
the irradiation control group, the former was estimated to be 0.505 and 0.688 three
days after irradiation following SQ administration seven days and three days before
irradiation, respectively, and 0.642 in case of SQ administration after irradiation, all
of which were lower than that of the group receiving irradiation alone (M=0.720). It
was estimated to be 0.610 and 0.652 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 0.622
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=0.779). Caspase-3 of Liver was estimated
to be 0.676 and 0.683—higher than the normal level of 0.201—in the irradiation
control group three days and seven days after 3 Gy irradiation to normal mice,
respectively. Three days after irradiation following SQ administration seven days

and three days before irradiation, it was estimated to be 0.395 and 0.606,
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respectively, both of which were lower than that of the group receiving irradiation
alone (M=0.676). In contrast, it was estimated to be 0.697 in case of SQ
administration after irradiation, which was higher than that of the group receiving
irradiation alone (M=0.676). Seven days after irradiation following SQ administration
seven days and three days before irradiation, it was estimated to be 0527 and
0.613, respectively, both of which were lower than that of the group receiving
irradiation alone (M=0.676). In contrast, it was estimated to be 0.718 in case of SQ
administration after irradiation, which was higher than that of the group receiving
irradiation alone (M=0.779). Caspase-9 of Small intestine was estimated to be 0.725
and 0.786—higher than the normal level of 0.088—in the irradiation control group
three days and seven days after 3 Gy irradiation to normal mice, respectively. It
was estimated to be 0.065 and 0.090 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 0.096
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=0.725). It was estimated to be 0.079 and
0.099 seven days after irradiation following SQ administration seven days and three
days before irradiation, respectively, and 0.090 in case of SQ administration after
irradiation, all of which were lower than that of the group receiving irradiation
alone (M=0.779). Caspase-9 of Liver was estimated to be 0.801 and 0.750—higher
than the normal level of 0.150—in the irradiation control group three days and
seven days after 3 Gy irradiation to normal mice, respectively. Three days after
irradiation following SQ administration seven days and three days before
irradiation, it was estimated to be lower than that of the group receiving irradiation
alone (M=0.801): 0.382 and 0.791, respectively. In contrast, it was estimated to be
0.870, which was higher than that of the group receiving irradiation alone
(M=0.801), in case of SQ administration after irradiation. It was estimated to be
0.734 and 0.622 seven days after irradiation following SQ administration seven days
and three days before irradiation, respectively, and 0.602 in case of SQ
administration after irradiation, all of which were lower than that of the group
receiving irradiation alone (M=0.750). In particular, radioprotective effects of

Caspase-9 in the small intestine and liver were found to be greatest in the group
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with measurement three days after irradiation following SQ administration seven
days before irradiation and in the group receiving SQ administration seven days
after irradiation. In those cells with apoptosis being caused by irradiation, Caspase
serves to induce apoptosis of severely damaged cells by degrading and eliminating
intranuclear anti-apoptosis protein and it is assumed that the SQ treatment groups
had the Caspase O.D. value decreased by SQ, which provided radioprotection

[47-49]

through antioxidation . In terms of an inflammatory response factor, nitric oxide

(NO), Sethi et al. reported that abdominal macrophage activation facilitated

generation of NO, which was greatest 24 hours after a mouse was exposed to

B0 and Nakagawa et al. noted that NO was induced in

lots of organs by ionizing radiation in case of whole-body irradiation to a mouse™,

ultraviolet rays (50 mJ/cm®)

In this study, we administered SQ to 3 Gy-irradiated mice and examined NO:
while the irradiation control group had NO generation decreased in the tissues both
from the small intestines and from the liver, NO in the small intestines was
estimated to be 3.835 and 2492 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 2.291
in case of SQ administration after irradiation, all of which were higher than that of
the group receiving irradiation alone (M=1652). NO of small intestine was
estimated to be 2.873 and 2.136 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 1.414
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=3.802). No of Liver was estimated to be
2.626 and 2.593 three days after irradiation following SQ administration three days
before irradiation and in case of SQ administration after irradiation, respectively,
both of which were higher than that of the group receiving irradiation alone
(M=2.232). In contrast, it was estimated to be 2.100 three days after irradiation
following SQ administration seven days before irradiation, which was lower than
that of the group receiving irradiation alone (M=2.232). It was estimated to be
2.649 and 2.107 seven days after irradiation following SQ administration seven days
before irradiation and in case of SQ administration after irradiation, respectively,

both of which were higher than that of the group receiving irradiation alone
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(M=2.034). In contrast, it was estimated to be 1.965 seven days after irradiation
following SQ administration three days before irradiation, which was lower than
that of the group receiving irradiation alone (M=2.034). n particular, radioprotective
effects of NO in the small intestines were found to be greatest three days after
irradiation following SQ administration seven days before irradiation. After being
generated in cells, NO passes through other cell membranes to inhibit inflammatory
responses there and give a function of immune regulation to confront infection and
it 1s assumed that SQ increases NO generation, thereby giving radioprotection
through inflammatory response inhibition, in the SQ treatment groups[%w. In terms
of TNF-a among radiation-induced cytokines, Kyrkanides et al. reported that
ionizing radiation generated serious levels of TNF-a and ICAM-1 in an experiment

557600 and Fagiolo et al., who gave irradiation to a

with the brain of irradiated mice
pouch of blood with active mitosis and examined the time-response relations in
monocytes, reported that cell proliferation began to be inhibited 24 hours after

6165 Rube et al., who

irradiation and TNF-a generation increased significantly
analyzed cytokines expressed after treatment with an anticancer agent and thoracic
radiotherapy, reported that the experimental group receiving both thoracic

6671 and treatment using gemcitabine had a higher level of TNF-a

radiotherapy
expression in all time slots than the group treated with an anticancer agent alone
or the group receiving radiotherapy alone and Akmansu et al, who measured
TNF-a before and after five-week radiotherapy in the serum from 34 persons
receiving local radiotherapy against head and neck cancer, found that the level of
TNF-a was drastically raised in all the patients receiving radiotherapy alone
without surgical treatment™ ™. Rube et al.,, who examined TNF-a generation when
an immunomodulator, pentoxifylline, was administered to lung tissues after 12 Gy
thoracic irradiation, reported that while the group receiving irradiation alone saw
TNF-a generation facilitated, the experimental group receiving both pentoxifylline

051 and irradiation had a low level of TNF-a generation since

administration
pentoxifylline lowered the level of TNF-a generation and Grandjean-Laquerriere et
al. noted that if cells exposed to ultraviolet rays were treated with kinase A, TNF-

a was significantly inhibited™ ™. In this study, we examined TNF-a in the tissues
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from mice treated with SQ after a session of 3 Gy whole-body irradiation, TNF-a
in the small intestines was estimated to be 0.295 three days after irradiation
following SQ administration seven days before irradiation, which was lower than
that of the group receiving irradiation alone (M=0.454). In contrast, it was
estimated to be 0.504 and 0475 three days after irradiation following SQ
administration three days before irradiation and in case of SQ administration after
irradiation, respectively, both of which were higher than that of the group receiving
irradiation alone (M=0.454). It was estimated to be 0.305 and 0.472 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 0.412 in case of SQ administration after irradiation, all
of which were lower than that of the group receiving irradiation alone (M=0.550).
TNF-a of Liver was estimated to be 0.169 and 0.239 three days after irradiation
following SQ administration seven days and three days before irradiation,
respectively, and 0.319 in case of SQ administration after irradiation, all of which
were lower than that of the group receiving irradiation alone (M=0.014). It was
estimated to be 0.205 and 0.248 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 0.258
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=0.280). In particular, radioprotective effects
of TNF-a in the liver were found to be greatest in the group receiving SQ
administration for seven days before irradiation.

Biological control protein with antitumor effects, TNF-a is induced by stimuli,
such as radiation, and protects cells from being injured and it is assumed that the
SQ treatment group had the level of TNF-a lowered by SQ, which provided

78 In  terms of interleukin among

radioprotection through antioxidation
radiation-induced cytokines, Seki et al. reported that the immune factors of IL-4
and IL-7 as well as IL-2 saved both CD+4 and CD+8 T cells from
radiation-induced apoptosis[&*&ﬂ; Legue et al. noted that injection of cytokines, such
as IL-6, before whole-body irradiation had radioprotective effects with increased
cell survival and had radioprotective effects observed in sertoli cells™: and Frasca

et al., who examined the effects of cytokines generated in DNA-binding process of
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eukaryotic cell ku in monocytes of peripheral blood exposed to x-ray radiation in
young and middle-aged groups, reported that DNA-binding activity of ku increased
drastically, thereby generating IL-6 modified cytokine, K-7/D-6, and inducing

1 Meeren et al. reported that

unscheduled DNA restoration, in the young group
irradiation to human endothelial cells increased IL-6 generation[%]; Ross et al. noted
that generation of IL-6 mRNA in glioblastoma cell lines was more positively
facilitated by low or very low doses than by high or moderate doses®™; and
Grandjean-Laquerriere et al. reported that when the human skin exposed to
ultraviolet rays was treated with PMA, a pharmacologically active agent of protein
kinase C, the level of the immune factor IL-8 was raised in NCTC 2544 cell lines

B8 In this study, we administered SQ to mice exposed to a session

of keratinocyte
of 3 Gy whole-body irradiation and examined IL-6, which was estimated in the
small intestines to be 0.0205 three days after irradiation following SQ
administration seven days before irradiation, which was lower than that of the
group receiving irradiation alone (M=0.0328). IL-6 of small intestine was estimated
to be 0.0369 and 0.0367 three days after irradiation following SQ administration
three days before irradiation and in case of SQ administration after irradiation,
respectively, both of which were higher than that of the group receiving irradiation
alone (M=0.0328). It was estimated to be 0.0228 and 0.0360 seven days after
irradiation following SQ administration seven days and three days before
irradiation, respectively, and 0.0350 in case of SQ administration after irradiation, all
of which were lower than that of the group receiving irradiation alone (M=0.0401).
It was estimated to be 0.0096 three days after irradiation following SQ
administration seven days after irradiation, which was lower than that of the group
receiving irradiation alone (M=0.0160). IL-6 of Liver was estimated to be 0.0237
and 0.0272 three days after irradiation following SQ administration three days
before irradiation and in case of SQ administration after irradiation, respectively,
both of which were higher than that of the group receiving irradiation alone
(M=0.0160). It was estimated to be 0.0147 and 0.0251 seven days after irradiation
following SQ administration seven days and three days before irradiation,

respectively, and 0.0232 in case of SQ administration after irradiation, all of which
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were lower than that of the group receiving irradiation alone (M=0.0303). In
particular, radioprotective effects of IL-6 in the small intestines were found to be
greatest in the group receiving SQ administration for seven days before irradiation.
In this study, we administered SQ to mice exposed to a session of 3 Gy
whole-body irradiation and examined IL-10, which was estimated in the small
intestines to be 0.0166 and 0.0308 three days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 0.0412
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=0.0460). IL-10 of Small intestine was
estimated to be 0.0207 and 0.0211 seven days after irradiation following SQ
administration seven days and three days before irradiation, respectively, and 0.0240
in case of SQ administration after irradiation, all of which were lower than that of
the group receiving irradiation alone (M=0.0242). IL-10 of Liver was estimated to
be 0.0127 three days after irradiation following SQ administration seven days before
irradiation, which was lower than that of the group receiving irradiation alone
(M=0.0070). In contrast, it was estimated to be 0.0149 and 0.0160 three days after
irradiation following SQ administration three days before irradiation and in case of
SQ administration after irradiation, respectively, both of which were higher than
that of the group receiving irradiation alone (M=0.0131). It was estimated to be
0.0134 and 0.0192 seven days after irradiation following SQ administration seven
days and three days before irradiation, respectively, and 0.0163 in case of SQ
administration after irradiation, all of which were higher than that of the group
receiving irradiation alone (M=0.0132). In particular, radioprotective effects of IL-10
in the liver were found to be greatest in the group receiving SQ administration for
seven days before irradiation. An active substance with an immunomediatory
function between cells, such as blood cells, immunocytes, endocrine cells, and
neurons, IL-6 is induced by stimuli, such as radiation, and give radioprotection to
cells and it is assumed that the SQ treatment groups had the values of IL-6 and
IL-10 decreased by SQ, which provided radioprotection through antioxidation. Kim,
who administered 0.196 chitosan oligosaccharide to see how chitosan oligosaccharide

intake affected changes in the chemical composition of blood in irradiated mice,
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found that the alkalinephosphatase (ALP) and aspartate aminotransferase (AST)
groups recovered more quickly in case of treatment with chitosan oligosaccharide
for 14 days before irradiation than the irradiation control group[&”. In this study, we
centrifuged serum from mice exposed to one session of 3 Gy whole-body
irradiation and performed 14 biochemical tests to obtain supplementary data about
the radioprotective effects of SQ, the administration of which led to recovery in
some cases: TP increased three days after irradiation following SQ administration
seven days before irradiation, albumin increased three days after irradiation
following SQ administration seven days before irradiation, LDH increased three
days after irradiation following SQ administration seven days before irradiation;
HDLC decreased three days after irradiation following SQ administration seven
days and three days before irradiation, LDHC increased three days after irradiation
following SQ administration seven days before irradiation, and UA increased three

days after irradiation following SQ administration seven days before irradiation.
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V. Conclusion

To determine the radioprotective effects of squalene, the experimental groups of
mice exposed to one session of 3 Gy irradiation were divided into normal,
irradiation control, SQ treatment before irradiation, and SQ treatment after
irradiation groups; then, the irradiation control group was subdivided into irradiation
+ measurement after 3 days and irradiation + measurement after 7 days groups,
the SQ treatment before irradiation group into SQ treatment for 7 and 3 days +
irradiation + measurement after 3 days and SQ treatment for 7 and 3 days +
irradiation + measurement after 7 days groups, and the SQ treatment after
irradiation group into irradiation + SQ treatment for 3 days + measurement 3 days
after irradiation and irradiation + SQ treatment for 7 days + measurement 7 days
after irradiation groups. There were a total of seven experimental groups and a
total of 49 mice, 7 per experimental group, were used in this study. First,
Caspase-3 and Caspase-9 in the cell signaling pathways, which led to apoptosis,
were measured to examine cell activity; second, nitric oxide (NO) was measured to
observe inflammatory responses in cells; and third, TNF-a, IL-6, and IL-10 were
measured to observe radiation-induced cytokine. In addition, biochemical analyses of
the serum from the same mice were made as part of an attempt to obtain
supplementary data about the radioprotective effects of SQ.

In Caspase-3 and Caspase-9 tests to examine cell activity, while both of them
had the O.D. value increased significantly in the irradiation control group,
Caspase-3 of Small intestine was statistically significant differences between both
the group with measurement three days after irradiation following SQ
administration seven days before irradiation (SQ(pre-seven days)) and the group
receiving SQ administration for three days after irradiation (Rad+SQ) and the group
receiving irradiation alone (Rad control group) (p < 0.05) but not between the
group with measurement three days after irradiation following SQ administration
three days before irradiation (SQ(pre-three days)) and the Rad control group.
Statistically significant differences were found between both the groups with

measurement three days after irradiation following SQ administration seven days
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and three days before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and
the group receiving SQ administration for seven days after irradiation (Rad+SQ)
and the Rad control group (p < 0.05). Caspase-3 of Liver was statistically
significant differences between the groups with measurement three days after
irradiation following SQ administration seven days and three days before irradiation
(SQ(pre-seven days) and SQ(pre-three days)) and the Rad control group (p <
0.05) but not between the group receiving SQ administration for three days after
irradiation (Rad+SQ) and the Rad control group. Statistically significant differences
were found between the group with measurement seven days after irradiation
following SQ administration seven days before irradiation (SQ(pre-seven days)) and
the Rad control group (p < 0.05) but not between the group with measurement
seven days after irradiation following SQ administration three days before
irradiation (SQ(pre-three days)) or the group receiving SQ administration for seven
days after irradiation (Rad+SQ) and the Rad control group. Caspase-9 of small
intestine was statistically significant differences between both the groups with
measurement three days after irradiation following SQ administration seven days
and three days before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and
the group receiving SQ administration for three days after irradiation (Rad+SQ) and
the Rad control group (p < 0.05). Statistically significant differences were found
between both the groups with measurement seven days after irradiation following
SQ administration seven days and three days before irradiation (SQ(pre-seven
days) and SQ(pre-three days)) and the group receiving SQ administration for seven
days after irradiation (Rad+SQ) and the Rad control group (p < 0.05). Caspase-9 of
Liver was statistically significant differences between the group with measurement
three days after irradiation following SQ administration seven days before
irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05) but not
between the group with measurement three days after irradiation following SQ
administration three days before irradiation (SQ(pre-three days)) or the group
receiving SQ administration for three days after irradiation (Rad+SQ) and the Rad
control group. Statistically significant differences were found between both the

group with measurement seven days after irradiation following SQ administration
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three days before irradiation (SQ(pre-three days)) and the group receiving SQ
administration for seven days after irradiation (Rad+SQ) and the Rad control group
(p < 0.05 but not between the group with measurement seven days after
irradiation following SQ administration seven days before irradiation (SQ(pre-seven
days)) and the Rad control group. On the basis of Caspase-3 and Caspase-9,
therefore, Caspase generation was inhibited in the SQ administration group.

In the NO test to observe inflammatory responses in cells, statistically significant
differences were found between both the groups with measurement three days after
irradiation following SQ administration seven days and three days before irradiation
(SQ(pre-seven days) and SQ(pre-three days)) and the group receiving SQ
administration for three days after irradiation (Rad+SQ) and the Rad control group
(p < 0.05). NO of small Intestine was statistically significant differences between
both the groups with measurement three days after irradiation following SQ
administration seven days and three days before irradiation (SQ(pre-seven days)
and SQ(pre-three days)) and the group receiving SQ administration for three days
after irradiation (Rad+SQ) and the Rad control group (p < 0.05). In contrast, there
was no statistically significant difference between the groups with measurement
seven days after irradiation following SQ administration seven days and three days
before irradiation (SQ(pre-seven days) and SQ(pre-three days)) or the group
receiving SQ administration for seven days after irradiation (Rad+SQ) and the Rad
control group. NO of Liver was statistically significant differences between the
group receiving SQ administration for three days after irradiation (Rad+SQ) and the
Rad control group (p < 0.05). In contrast, no statistically significant difference was
found between the group with measurement three days after irradiation following
SQ administration seven days or three days before irradiation (SQ(pre-seven days)
or SQ(pre-three days)) and the Rad control group. There were statistically
significant differences between the group with measurement seven days after
irradiation following SQ administration seven days before irradiation (SQ(pre-seven
days)) and the Rad control group (p < 0.05). In contrast, no statistically significant
difference was found between the group with measurement seven days after

irradiation following SQ administration three days before irradiation (SQ(pre-three
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days)) or the group receiving SQ administration for seven days after irradiation
(Rad+SQ) and the Rad control group. It was confirmed, therefore, that SQ
promoted NO generation. In the test of TNF-a among radiation-induced cytokines,
there were statistically significant differences between the group with measurement
three days after irradiation following SQ administration seven days before
irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05).

TNF-a of small intestine was statistically significant differences between the group
with measurement three days after irradiation following SQ administration seven
days before irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05).
In contrast, no statistically significant difference was found between the group with
measurement three days after irradiation following SQ administration three days
before irradiation (SQ(pre-three days)) or the group receiving SQ administration for
three days after irradiation (Rad+SQ) and the Rad control group. There were
statistically significant differences between the groups with measurement seven
days after irradiation following SQ administration seven days and three days before
irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the group receiving
SQ administration for seven days after irradiation (Rad+SQ) and the Rad control
group (p < 0.05). TNF-a of Liver was statistically significant differences between
the groups with measurement three days after irradiation following SQ
administration seven days and three days before irradiation (SQ(pre-seven days)
and SQ(pre-three days)) and the Rad control group (p < 0.05). In contrast, there
was no statistically significant difference between the group receiving SQ
administration for three days after irradiation (Rad+SQ) and the Rad control group.
Statistically  significant differences were found between the group with
measurement seven days after irradiation following SQ administration seven days
before irradiation (SQ(pre-seven days)) and the Rad control group (p < 0.05). In
contrast, no statistically significant difference was found between the group with
measurement seven days after irradiation following SQ administration three days
before irradiation (SQ(pre-three days)) or the group receiving SQ administration for
seven days after irradiation (Rad+SQ) and the Rad control group. It was confirmed,

therefore, that TNF-a generation was inhibited in the SQ administration group. In
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the test of IL-6 among radiation-induced cytokines, there were statistically
significant differences between the group with measurement three days after
irradiation following SQ administration seven days before irradiation (SQ(pre-seven
days)) and the Rad control group (p < 0.05). IL-6 of small intestine was
statistically significant differences between the group with measurement three days
after 1rradiation following SQ administration seven days before irradiation
(SQ(pre-seven days)) and the Rad control group (p < 0.05). In contrast, no
statistically significant difference was found between the group with measurement
three days after irradiation following SQ administration three days before irradiation
(SQ(pre-three days)) or the group receiving SQ administration for three days after
irradiation (Rad+SQ) and the Rad control group. There were statistically significant
differences between the group with measurement seven days after irradiation
following SQ administration seven days before irradiation (SQ(pre-seven days)) and
the Rad control group (p < 0.05). In contrast, no statistically significant difference
was found between the group with measurement seven days after irradiation
following SQ administration three days before irradiation (SQ(pre-three days)) or
the group receiving SQ administration for seven days after irradiation (Rad+SQ)
and the Rad control group. IL-6 of Liver was statistically significant differences
between both the groups with measurement three days after irradiation following
SQ administration seven days and three days before irradiation (SQ(pre-seven
days) and SQ(pre-three days)) and the group receiving SQ administration for three
days after irradiation (Rad+SQ) and the Rad control group (p < 0.05). There were
statistically significant differences between both the group with measurement seven
days after irradiation following SQ administration seven days before irradiation
(SQ(pre-seven days)) and the group receiving SQ administration for seven days
after irradiation (Rad+SQ) and the Rad control group (p < 0.05). In contrast, no
statistically significant difference was found between the group with measurement
seven days after irradiation following SQ administration three days before
irradiation (SQ(pre-three days)) and the Rad control group. IL-10 of small intestine
was statistically significant difference between both the groups with measurement

three days after irradiation following SQ administration seven days and three days
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before irradiation (SQ(pre-seven days) and SQ(pre-three days)) and the group
receiving SQ administration for three days after irradiation (Rad+SQ) and the Rad
control group (p < 0.05). No statistically significant difference was found between
the group with measurement seven days after irradiation following SQ
administration seven days or three days before irradiation (SQ(pre-seven days) or
SQ(pre-three days)) or the group receiving SQ administration for seven days after
irradiation (Rad+SQ) and the Rad control group. IL-10 of Liver was statistically
significant differences between the group with measurement three days after
irradiation (Rad+SQ) and the Rad control group (p < 0.05). In contrast, no
statistically significant difference was found between the group with measurement
following SQ administration seven days or three days Dbefore irradiation
(SQ(pre-seven days) or SQ(pre—three days)) and the Rad control group. There was
no statistically significant difference between the group with measurement seven
days after irradiation following SQ administration seven days or three days before
irradiation (SQ(pre-seven days) or SQ(pre-three days)) or the group receiving SQ
administration for seven days after irradiation (Rad+SQ) and the Rad control group.
It was confirmed, therefore, that IL-6 generation was inhibited in the SQ
administration group. In the test of IL-10 among radiation-induced cytokines in the
small intestines, there were statistically significant differences between both the
groups with measurement three days after irradiation following SQ administration
seven days and three days before irradiation (SQ(pre-seven days) and
SQ(pre-three days)) and the group receiving SQ administration for three days after
irradiation (Rad+SQ) and the Rad control group (p < 0.05). It was confirmed,
therefore, that IL-10 generation was inhibited in the SQ administration group. In
the serum test, SQ administration led to recovery in some cases: total protein (TP)
increased three days after irradiation following SQ administration seven days before
irradiation; albumin increased three days after irradiation following SQ
administration seven days before irradiation; LDH increased three days after
irradiation following SQ administration seven days before irradiation, HDLC
decreased three days after irradiation following SQ administration seven days and

three days before irradiation; LDHC increased three days after irradiation following
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SQ administration seven days before irradiation; and UA increased three days after
irradiation following SQ administration seven days before irradiation.

In conclusion, it has been confirmed that squalene with good antioxidant effects
gives radioprotection by promoting NO generation and by inhibiting Caspase, TNF-
a, IL-6, and IL-10 generation and that a natural product with a lower level of

chemical toxicity can be used as a radioprotector.

_83_

Collection @ chosun



Reference

[1] Lim BS. Radiation exposure dose on persons engaged in radiation -related
industries in Korea. Journal of radiological science and technology 2006; 29(3):
185-195.

[2] Kim CH, Youn HM, Jang KJ, Ahn CB. Effect of Juglandis Semen Herb—Acupuncture

(JSA) on Urine Concentrating Defect in Glycerol-Induced Acute Renal Failure. Journal
of Dong—Eui Oriental Medicine 2003; 7: 89-96.

[3] Asa PB, Cao Y, Garry RF. Antibodies to Squalene in Gulf War Syndrome.
Experimental and Molecular Pathology 2000; 68(1): 55-64.

[4] Asa PB, Wilson RB, Garry RF. Antibodies to Squalene in Recipients of Anthrax
Vaccine. Experimental and Molecular Pathology 2002; 73(1): 19-27.

[56] Kuroda Y, Nacionales DC, Akaogi J, Reeves WH, Satoh M. Autoimmunity induced
by adjuvant hydrocarbon oil components of vaccine. Biomedicine & Pharmacotherapy
2004; 58(5): 325-337.

[6] Vworio AF, Miettinen TA, Turtola H, Oksanen H, Gylling Helena. Cholesterol me-
tabolism in normal and heterozygous familial hypercholesterolemic newborns. The
Journal of Laboratory and Clinical Medicine 2002; 140(1): 35-42.

[7] Clarke GA, Bouchard G, Paigen B, Carey MC. Cholesterol synthesis inhibition distal
to squalene upregulates biliary phospholipid secretion and counteracts cholelithiasis in
the genetically prone C57L/] mouse. Journal Gut 2004; 53(1): 136-142.

[8] Veen M, Stahl U, Lang C. Combined overexpression of genes of the ergosterol bio—-
synthetic pathway leads to accumulation of sterols in Saccharomyces cerevisiae. FEMS
Yeast Research 2003; 4(1): 87-95.

[9] Nishimoto T, Tozawa R, Amano Y, Wada T, Imura Y, Sugivama Y. Comparing
myotoxic effects of squalene synthase inhibitor, T-91485, and 3-hydroxy—-3-methyl-
glutaryl coenzyme A (HMG-CoA) reductase inhibitors in human myocytes. Biochemical
Pharmacology 2003; 66(11): 2133-2139.

[10] Matyas GR, Rao M, Pittman PR, Burge R, Robbins IE, Wassef NM, Thivierge
B, Alving CR. Detection of antibodies to squalene III. Naturally occurring antibodies to

squalene in humans and mice. Journal of Immunological Methods 2004; 286(1-2): 47-67.

_84_

Collection @ chosun



[11] Relas H, Gylling H, Miettinen TA. Dietary squalene increases cholesterol synthesis
measured with serum non-cholesterol sterols after a single oral dose in humans.
Atherosclerosis 2000; 152(2): 377-383.

[12] Nakamura Y, Tonogai Y, Tsumura Y, Shibata T, Uchivama M. Effect of dietary
squalene on the fecal steroid excretions and the lipid levels of serum and the liver in
the rat. utrition Research 1997; 17(2): 243-257.

[13] Senthilkumar S, Devaki T, Manohar BM, Babu MS. Effect of squalene on cyclo-
phosphamide-induced toxicity. Clinica Chimica Acta 2006; 364(1-2): 335-342.

[14] Sabeena Farvin KH, Anandan R, Kumar SH, Shiny KS, Sankar TV, Thankappan
TK. Effect of squalene on tissue defense system in isoproterenol-induced myocardial
infarction in rats. Pharmacological Research 2004; 50(3): 231-236.

[15] Ahn YK, Kim JH. Effects of Squalene on the Immune Responses in
Mice(I):Humoral Immune Responses of Squalene. Archives of Pharmacal Research 1991;
14(4): 370-378.

[16] Ahn YK, Kim JH. Effects of squalene on the immune responses in mice(I): Cellular
and non-specific immune response and antitumor activity of squalene. Archives of
Pharmacal Research 1992; 15(1): 20-29.

[17] Braga MV, Urhina JA, de Souza W. Effects of squalene synthase inhibitors on the
growth and ultrastructure of Trypanosoma cruzi. International Journal of Antimicrobial
Agents 2004; 24(1): 72-78.

[18] Lewis D, Galczenski H, Needle S, Tang SY, Amin D, Gleason M, Bilder G, Perrone
M, Merkel L, Rojas C. Enzyme inhibition during the conversion of squalene to
cholesterol. Steroids 1995; 60(7): 475-483.

[19] Nwokoro NA, Wassif CA, Porter FD. Genetic Disorders of Cholesterol Biosynthesis
in Mice and Humans. Molecular Genetics and Metabolism 2001; 74(1-2): 105-119.
[20] Koh HC, Shin IC. Effects of Clycerol on the Oxygen Free Radical Reactions and
Renal Functions in the Renal Cortex of Rats. The Journal of Applied Pharmacology 1995;
3(4): 260-265.

[21] George CK, Liu EH, Ahrens Jr., Paul HS, John RC. Measurement of Squalene
in human tissues and plasma : Validation and application. J. Lipid Res. 1976; 17(1):
38-45.

_85_

Collection @ chosun



[22] Budiarso IT. Fish oil versus olive oil. Lancet 1990; 336: 1313-1314.

[23] Stamellous KD, Shackelford JE, Shechter I, Jiang G, Conrad D, Keller GA,
Krisans SK. Subcellular localization of squalene synthase in rat hepatic cells.
Biochemical and immunochemical evidence. J. Bio. Chem. 1993; 268: 12825-12836.
[24] Krisans SK. Subcellular localization of squalene synthase in rat hepatic cells.
Biochemical and immunochemical evidence. J. Bio. Chem. 1993; 268: 12825-12836.
[25] Strandberg TE, Tilvis RS, Miettinen TA. Variations of hepatic cholesterol
precursors during altered flows of endogenous and exogenous squalene in the rat.
Biochem. Biophy. Acta. 1989; 1001: 150-156.

[26] Rigal C, Pieraggi MT, Serre G, Bouissou H. Optimization of a model of
full-thickness epidermal burns in the pig and immunohistochemical study of
epidermodermal junction regeneration during burn healing. Dermatology 1992; 184:
103-110.

[27] Kohno Y, Egawa Y, Itoh S, Nagaoka S, Takahashi M, Mukai K. Kinetic study
of quenching reaction of singlet oxygen and scavenging reaction of free radical by
squalene in n-butanol. Biochim. Biophys Acta. 1995; 1256(1): 52-56.

[28] Storm HM, Oh SY, Kimler BF, Norton S. Radioprotection of mice by dietrary
squalene. Lipids. 1993; 28(6): 555-559.

[29] Bennett NT, Schultz GS. Growth Factors and Wound Healing: Biochemical
Properties of Growth Factors. Am. J. Surgery. 1993; 165: 728-737.

[30] Taylor JM, Mitchell WM, Cohen S. Epidermal growth factor physical and
chemical properties. J. Biol. Chem. 1972; 247: 5928-5934.

[31] Cohen S, Carpenter GF. Human epidermal growth factor : Isolation and
Chemical and Biological properties. Proc. Natl. Acad. Sci. 1975; 72: 1317-1321.

[32] Cohen S. Isolation of a mouse submaxillary gland protein accelrating
incisoreruption and eyelid opening in the new-born animal. J. Biol. Chem. 1962;
237 1555-1562.

[33] Barrandon Y, Green H. Cell migration is essentiatial for sustained growth of
keratinocyte colonies : the role of TGF-alpha and EGF. Cell 1987; 50: 1131-1137.
[34] Byyny R, Orth DN, Cohen S. Radioimmunoassy of epidermal growth factor.
Endocrinol. 1972; 90: 1261-1266.

[35] Fisher DA, Lakshmanan J. Metabolism and effects of epidermal growth factor
and related growth factors in mannals. Endocr. Rev. 1990; 11: 418-442.

[36] Nanney LB, Lynch JB, Wenczak BA. Epidermal and dermal effects of

_86_

Collection @ chosun



epidermal growth factor during wound repair. J. Invest. Dermatol. 1990; 94:
624-629.

[37] Miettinen TA, Kesaniemi YA. Cholestrol balance and lipoprotein metabolism in
man. In bile acids andatherosclerosis. Raven Press. 1986; pp. 113-155.

[38] Bae YH, Ahn TH, Lim SC, Park SC, Lee JC, Gang NH, Bae CS. Physiology,
Chemistry, Pharmacology, Toxicology: Effect of Alginic Acid on Experimentally
Induced Arthropathy in Rabbit Model. Korean J. Vet. Res. 2002; 42(2): 153-162.

[39] Wang T, Zhang X, Li JJ. The role of NF-kB in the regulation of cell stress
responses. Int. Immunopharmacol. 2002; 2(11): 1509-1520.

[40] Zaidi AK, Bagewadicar RS, Subramanian M, Kaklij GS, Patil MS. Effect of
whole body hyperthermia (39°C, 1h) on radiation-induced apoptosis in Swiss mice.
Journal of Thermal biology 2004; 29(1): 3-8.

[41] Kim YH. Histological and cytogenetic safety of chitosan and its chelation
effects on radiomercury(203HgCl2) in mice, Sc. D. thesis, 2002: Chosun University.
[42] Hong JH, Chiang CS, Sun JR, Withers HR, McBride WH. Induction of c—fos
and junB mRNA following in vivo brain irradiation. Mol. Brain Res. 1997, 48(2):
223-228.

[43] Claudia S, Gerber GB. Adaptive Response to DNA-Damaging Agents.
Biochemical Pharmacology. 1998; 55: 941 - 951.

[44] Stecca C, Gerber GB. Adaptive response to DNA-damaging agents: a review
of potential mechanisms. Biochem. Pharmacol. 55(7): 941-951, 1998.

[45] Duli¢ V, Kaufmann WK, Wilson SJ, TlIsty TD, Lees E, Harper JW, Elledge
SJ, Reed SI. pb3-dependent inhibition of cyclin-dependent kinase activities in
human fibroblasts during radiation-induced G1 arrest. Cell 1994; 76(6): 1013-1023.
[46] Collins MK, Lopez Rivas A. The control of apoptosis in mammalian cells.
Trends Biochem. Sci. 1993; 18(8): 307-309.

[47] Duke RC, Chervenak R, Cohen JJ. Endogenous endonuclease-induced DNA
fragmentation: An early event in cell-mediated cytolysis. Proc. Natl. Acad. Sci.
1983; 80(20): 6361-6365.

[48] Maione R, Fimia GM, Holman P, Schaffhausen B, Amati P. Retinoblastoma
antioncogene is involved in the inhibition of myogenesis by polyomavirus large T
antigen. Cell Growth Differ. 1994; 5(2): 231-237.

[49] Koo MS, Kwo YG, Park JH, Choi W], Billiar TR, Kim YM. Signaling and

function of caspase and c-Jun N-terminal kinase in cisplatin-induced apoptosis.

_87_

Collection @ chosun



Mol. Cells 2002; 13(2): 194-201.

[60] Sethi G, Sodhi A. In vitro activation of murine peritoneal macrophages by
ultraviolet B radiation: upregulation of CDI18, production of NO, proinflammatory
cytokines and a signal transduction pathway. Mol. Immunol. 2004, 40(18):
1315-1323.

[61] Nakagawa H, Ikota N, Ozawa T, Kotake Y. Dose and time-dependence of
radiation—-induced nitric oxide formation in mice as quantified with electron
paramagnetic resonance. Nitric Oxide 2001; 5(1): 47-52.

[52] Kim S, Sohn I, Ahn JI, Lee KH, Lee YS, Lee YS. Hepatic gene expression profiles

in a long-term high-fat diet-induced obesity mouse model. Gene 2004; 340(1): 99-109.
[53] Kim HK, Chang Y]J, Heo HJ, Cho HY, Hong BS, Shin DH. Hypocholesterolemic
Effect of Amaranth Squalene (Amaranth esculantus) in Rats Fed a High Cholesterol
Diet. Nutraceuticals and Food 2003; 8(1): 13-18.

[54] Das B, Yeger H, Baruchel H, Freedman MH, Koren G, Baruchel S. In vitro cytopro—-
tective activity of squalene on a bone marrow versus neuroblastoma model of cispla—
tin—induced toxicity: implications in cancer chemotherapy. European Journal of Cancer
2003; 39(17): 2556-2565.

[55] Kyrkanides S, Olschowka JA, Williams JP, Hansen JT, O'Banion MK. TNF-a and
IL-1B mediate intercellular adhesion molecule-1 induction via microglia—astrocyte inter—
action in CNS radiation injury. J. Neuroimmunol. 1999; 95(1-2): 95-106.

[56] Matyas GR, Wassef NM, Rao M, Alving CR. Induction and detection of antibodies
to squalene. Journal of Immunological Methods 2000; 245(1-2): 1-14.

[57] Matyas GR, Rao M, Alving CR. Induction and detection of antibodies to squalene
II. Optimization of the assay for murine antibodies. Journal of Immunological Methods
2002; 267(2): 119-129.

[58] Satoh M, Kuroda Y, Yoshida H, Behney KM, Mizutani A, Akaogi J, Nacionales
DC, Lorenson TD, Rosenbauer RJ, Reeves WH. Induction of lupus autoantibodies by
adjuvants. Journal of Autoimmunity 2003; 21(1): 1-9.

[59] Kuroda Y, Ono N, Akaogi J, Nacionales DC, Yamasaki Y, Barker TT, Reeves WH,
Satoh M. Induction of lupus-related specific autoantibodies by non-specific in—

flammation caused by an intraperitoneal injection of n-hexadecane in BALB/c mice.

_88_

Collection @ chosun



Toxicology 2006; 218(2-3): 186-196.

[60] Kojima M, Masui T, Nemoto K, Degawa M. Lead nitrate-induced development of
hypercholesterolemia in rats: sterol-independent gene regulation of hepatic enzymes re-
sponsible for cholesterol homeostasis. Toxicology Letters 2004; 154(1-2): 35-44.

[61] Fagiolo E, Toriani-Terenzi C. IFN-y and TNF-a production in y-irradiated
blood units by mononuclear cells and GVHD prevention. Transfus. Apher. Sci. 2002;
27(3): 225-231.

[62] Kawabe Y, Sato R, Matsumoto A, Honda M, Wada Y, Yazaki Y, Endo A, Takano

T, Itakura H, Kodama T. Regulation of Fatty Acid Synthase Expression by Cholesterol
in Human Cultured Cells. Biochemical and Biophysical Research Communications 1996;
219(2): 515-520.

[63] Ito T, Ikeda U, Yamamoto K, Shimada K. Regulation of interleukin-8 expression
by HMG-CoA reductase inhibitors in human vascular smooth muscle cells.
Atherosclerosis 2002; 165(1): 51-55.

[64] Ketomaki A, Gylling H, Miettinen TA. Removal of intravenous Intralipid in patients
with familial hypercholesterolemia during inhibition of cholesterol absorption and
synthesis. Clinica Chimica Acta 2004; 344(1-2): 83-93.

[65] Rajaratnam RA, Gylling H, Miettinen TA. Serum squalene in postmenopausal
women without and with coronary artery disease. Atherosclerosis 1999; 146(1): 61-64.

[66] Ritbe CE, Wilfert F, Uthe D, Konig J, Liu L, Schuck A, Willich N, Remberger
K, Ritbe C. Increased expression of pro-inflammatory cytokines as a cause of lung
toxicity after combined treatment with gemcitabine and thoracic irradiation.
Radiother. Oncol. 2004; 72(2): 231-241.

[67] Hauss T, Dante S, Dencher NA, Haines TH. Squalane is in the midplane of the

lipid bilayer: implications for its function as a proton permeability barrier. Biochim.
Biophys. Acta. 2002; 1556(2-3): 149-154.
[68] Akmansu M, Unsal D, Bora H, Elbeg S. Influence of locoregional radiation treatment
on tumor necrosis factor-a and interleukin—6 in the serum of patients with head and
neck cancer. Cytokine 2005; 31(1): 41-45.
[69] Doh HJ, Kim SY, Ahn JS, Ha Y], Lee SC, Oh JT, Jang MH, Cheong HS, Moon

HM, Park HJ. Induction of Cellular Immune Response with Protein Antigen using

_89_

Collection @ chosun



Squalene-Based Adjuvant. Korean Journal of Immunology 1996; 18(3): 453-462.

[70] O’Sullivan L, Woods JA, O'Brien NM. Squalene but not n-3 fatty acids protect
against hydrogen peroxide-induced sister chromatid exchanges in Chinese hamster V79
cells. Nutrition Research 2002; 22(7): 847-857.

[71] Riitbe CE, Wilfert F, Uthe D, Schmid KW, Knoop R, Willich N, Schuck A, Riibe
C. Modulation of radiation-induced tumour necrosis factor a (TNF-a) expression in the
lung tissue by pentoxifylline. Radiother. Oncol. 2002; 64(2): 177-187.

[72] Fan SR, Ho IC, Yeoh FL, Lin C]J, Lee TC. Squalene inhibits sodium arsenite-in—
duced sister chromatid exchanges and micronuclei in Chinese hamster ovary-K1 cells.
Mutation Research 1996; 368(3-4): 165-169.

[73] Fliesler SJ, Boesze-Battaglia K, Paw Z, Keller RK, Albert AD. Squalene is Localized
to the Plasma Membrane in Bovine Retinal Rod Outer Segments. Experimental Eye
Research 1997; 64(2): 279-282.

[74] Grandjean-Laquerriere A, Le Naour R, Gangloff SC, Guenounou M. Differential
regulation of TNF-a, IL-6 and IL-10 in UVB-irradiated human keratinocytes via
cyclic AMP/protein kinase A pathway. Cytokine 2003; 23(4-5): 138-149.

[75] Hiyoshi H, Yanagimachi M, Ito M, Saeki T, Yoshida I, Okada T, Ikuta H, Shinmyo

D, Tanaka K, Kurusu N, Tanaka H. Squalene synthase inhibitors reduce plasma trigly—
ceride through a low-density lipoprotein receptor-independent mechanism. European
Journal of Pharmacology 2001; 431(3): 345-352.

[76] Tansey TR, Shechter I. Structure and regulation of mammalian squalene synthase.
Biochimica et Biophysica Acta 2000; 1529(1-3): 49-62.

[77] Mokashi V, Singh DK, Porter TD. Supernatant protein factor stimulates HMG-CoA
reductase in cell culture and in vitro. Archives of Biochemistry and Biophysics 2005;
433(2): 474-4K0.

[78] Sawada M, Washizuka Ki, Okumura H. Synthesis and biological activity of a novel
squalene epoxidase inhibitor, FR194738. Bioorganic & Medicinal Chemistry Letters 2004,
14(3): 633-637.

[79] Raiaratnam RA, Gylling H, Miettinen TA. The effect of a single squalene-fat meal
on serum noncholesterol sterols in women with and without coronary artery disease.

Atherosclerosis Supplements 2002; 3(2): 189.

_90_

Collection @ chosun



[80] Souto ML, Manriquez CP, Norte M, Leira F, Fernandez JJ. The Inhibitory Effects
of Squalene-Derived Triterpenes on Protein Phosphatase PP2A. Bioorganic & Medicinal
Chemistry Letters 2003; 13(7): 1261-1264.

[81] Seki H, Iwai K, Kanegane H, Konno A, Ohta K, Ohta K, Yachie A, Taniguchi

N, Miyawaki T. Differential protective action of cytokines on radiation-induced
apoptosis of peripheral lymphocyte subpopulations. Cell. Immunol. 1995; 163(1):
30-36.

[82] Desai KN, Wei H, Lamartiniere CA. The preventive and therapeutic potential of

the squalene—-containing compound, Roidex, on tumor promotion and regression. Cancer
Letters 1996; 101(1): 93-96.

[83] Aguilera Y, Dorado ME, Prada FA, Martinez JJ, Quesada A, Ruiz-Gutiérrez V. The
protective role of squalene in alcohol damage in the chick embryo retina. Experimental
Eye Research 2005; 80(4): 535-543.

[84] Legué F, Guitton N, Brouazin-Jousseaume V, Colleu—Durel S, Nourgalieva K,
Chenal C. IL-6 a key cytokine in in vitro and in vivo response of sertoli cells to external
gamma irradiation. Cytokine 2001; 16(6): 232-238.

[85] Frasca D, Barattini P, Tocchi G, Guidi F, Scarpaci S, Guidi L, Bartoloni C,

Errani A, Costanzo M, Doria G. Modulation of X-ray-induced damage recognition
and repair in ageing human peripheral blood mononuclear cells by an
interleukin—6-type cytokine. Mech. Ageing Dev. 2000; 121(1-3): 5-19.

[86] Van Der Meeren A, Squiban C, Gourmelon P, Lafont H, Gaugler MH.
Differential regulation by IL-4 and IL-10 of radiation-induced IL-6 and IL-8
production and ICAM-1 expression by human endothelial cells. Cytokine 1999;
11(11): 831-838.

[87] Ross HJ, Canada AL, Antoniono R]J, Redpath JL. High and low dose rate
irradiation have opposing effects on cytokine gene expression In human
glioblastoma cell lines. Eur. J. cancer 1997; 33(1): 144-152.

[838] Grandjean-Laquerriere A, Le Naour R, Gangloff SC, Guenounou M.
Contribution of protein kinase A and protein kinase C pathways in ultraviolet
B-induced IL-8 expression by human keratinocytes. Cytokine 2005; 29(5): 197-207.

[89] Kim JS. Protective effects of chitosanoligosaccharide on the irradiation of

gamma-ray in mice. Sc. D. thesis, 2003: Chosun University.

_91_

Collection @ chosun



	I. Introduction  
	II. Materials and Methods  
	A. Materials   
	B. Grouping for Experiment   
	C. Method   
	D. Statistical Analysis   

	III. Results 
	A. Cell Signaling Pathways Leading to Apoptosis   
	B. Inflammatory Response Measurement   
	C. Cytokine Measurement   
	D. Serum Analysis    

	IV. Discussion   
	V. Conclusion   
	Reference  


<startpage>12
I. Introduction   1
II. Materials and Methods   7
  A. Materials    7
  B. Grouping for Experiment    8
  C. Method    8
  D. Statistical Analysis    12
III. Results  13
  A. Cell Signaling Pathways Leading to Apoptosis    13
  B. Inflammatory Response Measurement    23
  C. Cytokine Measurement    28
  D. Serum Analysis     40
IV. Discussion    68
V. Conclusion    77
Reference   84
</body>

