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ABSTRACT- Radioprotective mechanisms of Rutin (RUT) and Quercetin (QRT) against gamma radiation was studied
by investigating recovery of histopathology of intestinal mucosa and bone marrow in Swiss albino mice. These mice
were treated with RUT (10mg/kg.b.wt.) and QRT (20 mg/kg.b.wt.) once daily for five consecutive days and exposed to
7.5 Gy of gamma radiation after the last administration. RUT and QRT treatment before exposure to 7.5 Gy of gamma
radiation. To assess the intestine and bone marrow protective potential of RUT and QRT, histological analysis was
carried out by observing the villus height, crypt survival, number of goblet cells/villus section and dead cells/villus
section in the mouse jejunum and bone marrow cellularity at 24 hours post-irradiation. Mice exposed gamma radiation
caused a significant decline in the villus height and crypt humber with an increase in goblet and dead cell number with a
significant decrease in bone marrow nucleated cells. The potent antioxidant nature of RUT and QRT mitigate the

oxidative stress induced by gamma radiation and thus protect the mice from gastrointestinal damage.
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INTRODUCTION

Radiation therapy has been successfully used to treat
malignant tumours of different histological origin and
stages, (individually or in combination with
chemotherapy and surgery, or both) for several decades.
The response of mammalian cells to ionizing radiations at
the cellular and molecular level is complex and is an
active irreversible process that is dependent on both the
radiation dose and the tissue-weighting factor 1. Most of
the tissue damage caused by ionizing radiation is
mediated by the reactive oxygen species (ROS) generated
from the interaction between radiation and water
molecules in cells . These ROS react with biological
molecules including proteins, lipids, lipoproteins and
DNA B,

Many synthetic compounds have been studied for their
ability to protect against adverse effects of radiation ever
since the original observation of radioprotection by Patt
and co-workers 1,
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However, the practical applicability of the majority of
these synthetic compounds remains limited, owing to
high toxicity at their optimum protective dose .. Due to
lack of effective protective agents, new compounds are
currently under investigation as a possible adjuvant in
radiation treatment of cancer. Herbal medicines have only
recently begun to receive some attention as possible
modifiers of the radiation response . Naturally
occurring dietary components also offer opportunities for
development as effective radioprotective agents because
of their potential low toxicity %!, Natural antioxidants
can protect the human body from free radicals and retard
the progress of many chronic diseases as well as
radiation-induced oxidative damages ™. Hence, the
studies on natural antioxidants have gained increasing
greater importance.

Rutin and Quercetin are common dietary flavonoid that is
present in fruits, vegetables and plant-derived beverages
such as tea and wine. Recently, flavonoids have attracted
attention because of their beneficial biological activities
to human health. Rutin's anti-inflammatory potential has
been demonstrated in a number of animal studies %4,
Quercetin  also  has  demonstrated  significant
anti-inflammatory activity because of direct inhibition of
several initial processes of inflammation. The intestinal
mucosa is extremely sensitive to ROS ®21. Since there is
limited information on the importance of rutin and
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guercetin as an antioxidant in vivo, we focused on the
protective effect of rutin on intestinal oxidative injury.

A severe depression of gastrointestinal function often
takes place in patients undergoing radiotherapy due to the
high sensitivity of these organs. ¥ Developing a
strategy to protect and stimulate these cell pools is very
important and desirable to counteract the adverse effects
of radiation, and thus allow a more intensive and effective
therapy 2%, Therefore, in the present study, we have
attempted to evaluate the protective role of RUT and
QRT  against  radiation-induced  alterations  in
clonogenicity of bone marrow cells and intestinal mucosa
of mice as experimental end points.

MATERIALS AND METHODS

Animals: Swiss albino mice strain of either sex
weighing 25 to 30 g, four to six weeks old were selected,
and kept in well ventilated polypropylene cages under
standard conditions of temperature (23+£2°C), humidity
(50£5%) and light (10 and 14 hours of light and dark,
respectively). Animals were allowed food and water ad
libitum. The guidelines issued by the World Health
Organization, Geneva, Switzerland and the Indian
National Science Academy, New Delhi, India were
followed during animal care and handling. Institutional
Animal Ethics Committee approval was obtained for this
animal experiment.

Chemicals

Drug preparation and mode of administration
Various doses of RUT and QRT 10-100 mg/kg body
weight orally once a day for five consecutive days was
given. Rutin (RUT) and Quercetin (QRT) powder was,
suspended in water using 0.5% wi/v Carboxy Methyl
Cellulose (CMC) and was given once daily (5 ml/kg body
weight), Rutin and Quercetin was purchased from
Himedia Laboratories Pvt. Ltd., Mumbai, India. Radiation
exposure was performed 1 hour after the last dose of RUT
and QRT administration.

Other chemicals: Acridine orange (AO) was purchased
from BDH Chemicals Ltd, Poole, England. The other
chemicals such as absolute alcohol, dimethyl sulphoxide
(DMSQ), ethylene diamine tetraacetic acid (EDTA),
sodium bicarbonate, sodium chloride, potassium
hydrogen phosphate and hydrochloric acid were
purchased from Qualigens Fine Chemicals (A Division of
GlaxoSmithKline Pharmaceuticals), Mumbai, India. RUT
and QRT, glutathione, chloro-2,4-dinitrobenzene
(CDNB), 5,5-dithiobis-2- nitrobenzoic acid (DTNB),
trichloroacetic acid (TCA), thiobarbituric acid (TBA),
ethidium bromide, normal melting agarose (NMA), low
melting agarose (LMA) and fetal bovine serum (FBS)
were purchased from Sigma Chemical Co. (St. Louis,
MO, USA).

Radiation exposure: %“Co Tele-therapy facility
(Theratron Atomic Energy Agency, Canada) at the Shirdi
Sai Baba Cancer Hospital, Manipal was used for whole
body irradiation. Unanesthetized mice were restrained in
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a specially designed, well-ventilated acrylic box and
exposed to gamma radiation, at a dose rate of 1.33
Gy/minute & source to surface distance (SSD) of 61 cm.

Histopathological studies
Effect of RUT and QRT on radiation induced
changes in intestinal mucosa- In this study, we have
examined histopathologically the anatomy of the small
intestine of mice after irradiation and the protective role
of RUT and QRT; animals were divided into following
groups with six animals per group.

1. Untreated Control group- These groups of animals
were given 0.1 ml/kg.b.wt. of CMC orally for five
consecutive days.

2. RUT and QRT alone- These groups of animals were
given an optimum dose of 10 mg/kg.b.wt. RUT and 20
mg/kg.b.wt. QRT orally for five consecutive days.

3. Radiation alone group: These groups of animals
were given 0.1 ml /kg.b.wt. of CMC orally for five
consecutive days. One hour after the last
administration on the third day, animals were exposed
to 12 Gy gamma radiation.

4. RUT and QRT + Radiation group- These groups of
animals were given an optimum dose of 10
mg/kg.b.wt. RUT and 20 mg/kg.b.wt. QRT orally for
five consecutive days. One hour after the last
administration, animals were exposed to 12 Gy gamma
radiation.

Animals from above groups were euthanized 72 hours
after irradiation. Paraffin sections of the small intestine
(jejunum) fixed in Bouin’s fixative for 24 hours and were
stained with hematoxylin and eosin (H&E). Histological
alterations produced in the jejunum such as changes in
villus  height, the population of crypts/jejunal
circumference; goblet and dead cells/villus section in
response to different treatments were analysed (Fig. 1 B
and 1 C).

Effect of RUT and QRT on radiation induced
changes in bone marrow nucleated cells: To study
the effect of RUT and QRT on radiation induced changes
in bone marrow nucleated cells, animals were divided
into following groups with six animals per group.

1. Untreated Control group: These groups of animals
were given 0.1 ml/kg.b.wt. of CMC orally for five
consecutive days.

2. RUT and QRT alone: These groups of animals were
given an optimum dose of 10 mg/kg.b.wt. RUT and 20
mg/kg.b.wt. QRT orally for five consecutive days.

3. Radiation alone group: These groups of animals
were given 0.1 ml/kg.b.wt. of CMC orally for five
consecutive days. One hour after the last
administration on the third day animals were exposed
to 6 Gy gamma radiation.

4. RUT and QRT + Radiation group: These groups of
animals were given an optimum dose of 10
mg/kg.b.wt. RUT and 20 mg/kg.b.wt. QRT orally for
five consecutive days. One hour after the last
administration on the fifth day animals were exposed
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to 6 Gy gamma radiation.
Animals from above groups were euthanized nine days
after irradiation; femurs were removed and fixed in 10%
formaldehyde solution for 5 hours. The samples were
decalcified in 12-18% sodium EDTA (pH 7.4-7.5) for 10
days. Bone specimens were then dehydrated through
graded ethanol concentrations. Paraffin embedding was
carried out and bone tissues were cut into Spum sections
using microtome and then stained with H&E. In
decalcified, H&E stained paraffin sections an estimate of

RESULTS

RUT and QRT protect radiation induced changes
in intestinal mucosa

RUT and QRT alone treatment did not alter the histology
of jejunum when compared to the sham-irradiation group
(Fig. 1 and 2). Whole body irradiation of mice showed
distorted villus morphology, with depopulated and
degenerating crypts with a reduction in the villus height
and reduction in crypt cell number.
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general hematopoietic activity (cellularity) was observed
and compared (Fig. 1 Cand 1 D).

Statistical analysis

All the values are expressed as meantSEM and the
statistical analyses were performed using one-way
analysis of variance (ANOVA) followed by Bonferroni’s
Post-hoc test to determine the significance between the
various groups. The differences between the groups were
compared and p<0.05 was considered significant.
Histological demonstrations in Fig. 1 were shown the
representative images showing the villi height (cross
section of jejunum) and crypt survival in the hematoxylin
and eosin-stained sections of the untreated control. A:
Untreated control-arrow indicates normal jejunal crypts,
B: RUT alone, C: Irradiation alone-single arrow indicates
degenerating crypts and D: Rutin + Irradiation- normal
jejunal crypts.

Fig. 1: Histopathological representation of protective effect of RUT (10 mg/kg.b.wt.) in the small intestine of irradiated
mice
A) Untreated control; B) RUT (10 mg/kg.b.wt.) alone; C) Radiation alone (6 Gy);
D) RUT (10 mg/kg.b.wt.) + 6 Gy Radiation

Above Fig. 2 shown the Histopathological presentation of
protective effect of Quercetin (20 mg/kg.b. wt) in the
small intestine of irradiated mice. Photomicrographs of
jejunum  sections, A: Control showing normal
morphology; B: (20 mg/kg.b.wt. QRT alone) showing
normal morphology; C: Radiation treated (12 Gy)
showing shortened, irregular and thickened villi with
increased number of goblet cells; D: QRT + Irradiation
indiciates-normal  villi, occasional occurrence of
thickened villi, restoration of crypt cells and normal
distribution of goblet cells.
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RUT and QRT protects radiation induced
changes in bone marrow nucleated cells

RUT treatment did not affect the bone cellularity, which
was similar to that of untreated control group (Fig. 3B).
Significant decrease in the nucleated cells in mouse bone
marrow cellularity was observed in radiation group which
was normalized in the group of mice receiving RUT (10

mg/kg.b.wt.) before irradiation (Fig. 3D).
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Fig. 2: Histopathological representation of protective effect of QRT (20 mg/kg.b.wt.) in the small intestine of irradiated
mice
A) Untreated control; B) QRT (20 mg/kg.b.wt.) alone; C) Radiation alone (6 Gy);

Fig. 3: Histological representation of bone marrow of mice with H&E stained, untreated or treated with RUT (10
mg/kg.b.wt.) before exposure to 6 Gy gamma radiation
A) Untreated control; B) RUT (10 mg/kg.b.wt.) alone; C) Radiation alone (6 Gy);
D) RUT (10 mg/kg.b.wt.) + 6 Gy Radiation

Histological examination of mouse bone marrow  decline of nucleated cells, which was normalized in the
cellularity from QRT alone treated group was similar to  group of mice receiving QRT (20 mg/kg.b.wt.) before
that of the sham-irradiated group (Fig. 4 A and B). As irradiation (Fig. 4 C and D).

obvious, radiation exposure resulted in a significant

Copyright © 2015-2017| IJLSSR by Society for Scientific Research is under a CC BY-NC 4.0 International License Page 1325



SEPTEMBER 2017

mg/kg.b.wt.) before exposure to 6 Gy gamma radiation
A) Untreated control; B) QRT (20 mg/kg.b.wt.) alone; C) Radiation alone (6 Gy);
D) QRT (20 mg/kg.b.wt.) + 6 Gy radiation

DISCUSSION

Toxicity to normal organs not only limits the use and
achievement of the complete therapeutic potential of
radiotherapy but also cost in terms of patient morbidity
and mortality. In clinics, the current therapeutic
approaches favour treatment intensification, with the
supposition that higher radiation therapy doses or novel
fractionation schemes will result in increased patient
survival . However, the major challenge is to optimize
the therapeutic ratio by minimizing treatment-related
morbidity, while maintaining or improving local control
and survival by selectively protecting the normal cells
from the radiation effects #2241, One of the approaches to
minimize the damaging effect of radiotherapy is the use
of radioprotective agents.

Recent reports have shown that dietary phytochemicals
act as excellent free radical scavengers in different
experimental systems . The use of polyphenols as
potential radioprotectors is of increasing interest because
of their adaptogenic ability and abundance in the diet.
The present study demonstrated the potential of RUT and
QRT, dietary polyphenols in ameliorating radiation
induced toxicity under in vivo condition. Various tissues
and organ systems of an individual differ in their response
to radiation and as a rule the systems with proliferating
cells are most sensitive.

In clinical studies, the acute and chronic bone marrow
toxicities are the major limiting factors in the treatment of
cancer as sub-lethal doses of radiations are used %27,
The bone marrow progenitor cells and the gastrointestinal
epithelium are crucial for the maintenance of life and any
damage to these cells will impair the normal
physiological ~ processes  drastically, causing an
undesirable impact on survival. It is generally agreed
that radiation death in the sub-lethal dose range is due to
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impairment of bone marrow haemopoietic function and
that the leucopenia, erythropenia and thrombocytopenia,
which ultimately predisposes to infection, haemorrhage
and death 2%, In the present study, it is important to note
that RUT and QRT could check the bone marrow
histological observations of irradiated animals indicated a
significant hypocellularity, especially in the nucleated
cells and which was normalised by RUT and QRT.

The whole-body high dose gamma ray irradiation of mice
is known to result in the depletion of bone marrow owing
to the intensive destruction of irradiated cells and the
violation of their reproduction due to decreased ability to
proliferate 2% The so called hematopoietic syndrome
death is often sufficient for the organism lethality as a
result of infection due to the impairment of the immune
system. The whole-body irradiation of mice was found to
produce DNA damage and a marked decrease in
antioxidants in the bone marrow. Various mechanisms
such as prevention of damage through inhibition of free
radical generation or their intensified scavenging,
enhancement of DNA and membrane repair,
replenishment of dead hematopoietic and other cells and
stimulation of immune cell activity are considered
important for radioprotection 72,

Radiation causes destruction of the marrow and
haematopoietic cells, but may not cause their complete
disintegration. Such treatments destroy dividing cells
within the tumour, but also devastate other highly
proliferative cell populations such as the bone marrow
and gut epithelial cells. The gastrointestinal epithelium is
less sensitive to radiation than the bone marrow (BM)
progenitor cells, as the gastrointestinal epithelial cell
transit time is quick. The damage will be expressed
earlier than that of haemopoietic syndrome. Radiation
induced mortality within 10 days of post-irradiation is
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generally considered to be the outcome of gastrointestinal
damage, while death between 11 days and 30 days of
post-irradiation is attributed to haemopoietic damage
which is characterized by symptoms such as weight loss,
irritability, lethargy, ruffling of hair, emaciation and
epilation B The pattern of increased survival after
RUT and QRT at various irradiation doses indicates the
effectiveness in arresting Gl damage as well as bone
marrow damage and the resultant deaths in comparison to
that of irradiated animals. It is known that, villi
architecture and crypts of Lieberkuhn continuously
engender cells in a regulated manner and hence are highly
sensitive to radiation injury. Crypt stem cells also play a
central role in mucosal regeneration following injury,
whereas, the intestinal stem cell has the role of
maintaining the epithelial cell population of the crypts.
Crypts contain a few stem cells which continue to
proliferate in a regulated way and the transit time of cells
from proliferative compartment in the crypts in the
extrusion zone at the tip of the villus is between 3-5 days
in the mouse. This rapid turnover makes crypts as one of
the most radio sensitive tissues of the body. Stem cells of
the crypts get sterilized by lethal irradiation, subsequently
the crypts shrink and disappear within 2-3 days; transit
cells, however continue to divide for a few divisions and
migrate to the villus, which itself is lost within 3-5 days
leading to the manifestation of gastrointestinal syndrome
8391 |n our study, a dose of 12 Gy caused damage to Gl
system and especially to the stem cells in the crypts,
which is in agreement with earlier studies 2. It was
clearly observed from the gross histopthalogical section
of jejunum in the present study that pre-treatment with
RUT and QRT restored the crypt architecture with an
elevation in crypt and goblet cell number in 24 hours of
post incubation. These results are in good agreement with
earlier reports, where WR-2721, MPG, vitamin E, and
Mentha piperita has been reported to protect against the
radiation-induced goblet cell changes in the intestinal
mucosa of irradiated mice (404,

The GI protection rendered by RUT and QRT may be
either directly or indirectly by decreasing the damage to
crypt cells through the protection against vascular
endothelial injury in the Gl tract, thereby retaining the
intestinal function by facilitating proper absorption of the
nutrients contributing to increased animal survival.

CONCLUSIONS

The present study indicated that Rutin (RUT), and
Quercetin (QRT) pre-treatment with radiation normalized
the bone-marrow cells, protected the radiation- induced
gastrointestinal stem cells and intestinal mucosa of Swiss
albino mice. To conclude, the protective effects rendered
by the RUT and QRT to mitigate the radiation induced
damage in bone-marrow and intestinal cells of mice may
be partly attributed by the inhibition of radiation induced
oxidative stress and also to scavenging of radiation
induced reactive oxygen species.
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