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The radioprotective effect of Rapana thomasiana hemocyanin (RtH) against radiation-induced injuries (stomach ulcers, survival
time and endogenous haemopoiesis) and post-radiation recovery was investigated in male albino mice (C3H strain). Radiation
course was in a dose of 7.5 Gy (LD 100/30 — dose that kills 100% of the mice at 30 days) from *’Cs with a dose of 2.05 Gy/
min. Radiation injuries were manifested by inducing 3 hematopoietic form of acute radiation syndrome. RtH was administered
intraperitoneally in a single dose of 50, 100, 150 and 200 mg/kg body weight (b. w.) once a day for five consecutive days before
irradiation. The results obtained showed that radiation exposure led to (1) 100% mortality rate, (2) ulceration in the stomach
mucosa and (3) decrease formation of spleen colonies as a marker of endogenous haemopoiesis. Administration of RtH at a dose
of 200 mg/kg provided better protection against radiation-induced stomach ulceration, mitigated the lethal effects of radiation
exposure and recovered endogenous haemopoiesis versus irradiated but not supplemented mice. It could be expected that RtH
will find a use in mitigating radiation induced injury and enhanced radiorecovery.
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Introduction

Hemocyanins are copper-containing respiratory glycopro-
teins with quaternary structure. They are found in the hae-
molymph of some invertebrate species from the Molluska
and Arthropod families. Hemocyanins are characterized
with structural heterogeneity, high molecular weights and
presence of carbohydrate component and act as strong acti-
vators of the immune system.[1,2] There are data showing
that hemocyanins from different origin are widely used in
laboratories and clinics as an immune stimulant and in the
immunotherapy of bladder cancer and of renal cell carci-
noma.[3] The possibility for protection of the organism
after exposure to ionizing radiation, when the body absorbs
high dose radiation energy, is practically nil.[4] Currently,
in cases of accidental irradiation with high doses of radia-
tion and developing of radiation syndrome, it is still possi-
ble to apply only conservative and symptomatic therapy.
[5] A large number of drugs of synthetic and natural origin,
e.g. antioxidants, cytoprotective agents, angiotensin-con-
verting enzyme (ACE) inhibitors, etc., have been tested in
both in vitro and in vivo models, and in human clinical tri-
als to mitigate injuries caused by ionizing radiation expo-
sure in sublethal and supralethal doses.[6—8]

The radioprotective effect of Rapana thomasiana
hemocyanin (RtH) against radiation exposure has not
been studied. The aim of the present work was to investi-
gate the radioprotective effect of RtH administrated intra-
peritoneally at different single daily doses in mice
irradiated by a lethal dose of 7.5 Gy.

Materials and methods
Preparation of hemocyanin

Native RtH was isolated from freshly obtained hemo-
lymph of marine snails Rapana thomasiana by ultracentri-
fugation at 180,000x g (ultracentrifuge Beckman LM-80,
rotor Ti 45) for 4 h at 4 °C and stored in the presence of
20% sucrose (w/v) at —20 °C until used. The purity of the
isolated RtH was controlled by SDS- and native poly-
acrylamide gel electrophoresis (PAGE) as described
previously.[9]

Experimental animals and treatment

Male white mice C3H obtained from the Animal House
of National Research, weighting about 22-25 g
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(8—10 weeks of age), were housed in cages with free
access to drinking water and diet and maintained in the ani-
mal care facility throughout the duration of the experiment.

Experimental animals randomly divided into 10
experimental groups (rn = 10) were placed in a specially
designed well-ventilated acrylic container and the whole
bodies of the animals were exposed to 7.5 Gy y-irradia-
tion (LD 100/30), given at a dose of 2.05 Gy/min from a
37Cs source, which produced a hematopoietic form of
acute radiation syndrome. Propofol 100 mg/kg was
administered intraperitoneally (i.p.) before the irradiation
procedure.

Animal husbandry and the experiments were con-
ducted in accordance with the guidelines of the Animal
Care and Use Committee of the Bulgarian Academy of
Science. The experimental groups are shown in Table 1.

RtH was dissolved in phosphate-buffered saline (PBS)
and administered intraperitoneally in doses of 50, 100,
150 and 200 mg/kg body weight (b. w.) for five consecu-
tive days before irradiation. Up to day 30 after the radia-
tion exposure animals were kept in the habitual
conditions. On day 11 mice for spleen colony assay were
anesthetized and sacrificed by decapitation.

Histological study

The procedure for preparing preparations for histological
study was according to the standard protocol approved by
the Department of Anatomy and Histology of Medical
University, Sofia. Macroscopic and microscopic evalua-
tion and histological analyses of ulcers were performed.
The stomachs were immersed in 4% neutral formalin, and
seven days later a procedure of dehydration in alcohol
was performed, following lightening in cedar oil. Then,
the samples were embedded in paraffin, and series of cuts
20 pm in thickness were prepared.

The stomachs were collected on the 4th, 12th and 24th
hour after irradiation and filled with 1.0% formalin for

Table 1. Experimental design of the study.

Experimental groups RtH (mg/kg)
Non-irradiated mice

Group | 0
Group 11 50
Group III 100
Group IV 150
Group V 200
Irradiated mice

Group VI 0
Group VII 50
Group VIII 100
Group IX 150
Group X 200

10 min. The mucose were exposed by opening the stom-
achs along the greater curvature. The length and the width
(mm) of ulcers on the gastric mucosa were measured with
a planimeter (1 mm x 1 mm) under a dissecting micro-
scope (x0.7—3.0; Carl Zeiss). The ulcer areas were deter-
mined as described by [10]

ulcer area = length x width x /4

The total ulcer area in square millimetres (mm?)
was scored.

Spleen colony assay

On day 11 following irradiation mice for spleen colony
assay were put to death through cervical dislocation.
Their spleens were extracted and fixed with Bouin
solution for 24 h, then laved with 86% alcohol. Prolif-
erated colonies on the parietal surface of the spleen
that were over 0.2 mm in diameter were counted three
times and the mean number of colonies was taken into
account.[11]

Antioxidant properties of RtH in liposomal suspension

We used a liposomal suspension obtained from phospholi-
pids of egg yolk extracted according to Folch et al.[12]
After evaporation under vacuum, the chloroform fraction
was dissolved in 50 mmol/L K-Na phosphate buffer, pH
7.4, to a final concentration of lipids of 2 mg/mL.

Antioxidant activity (AOA) of RtH in liposomal sus-
pension was measured by formation of endogenous lipid
peroxidation products reacting with 2-thiobarbituric acid
(TBARS), and detected spectrophotometrically (An.x =
532 nm) as described by Mileva et al.[13] The induction
of lipid peroxidation was initiated by adding 50 uL of
Fe>* to a final concentration of 1 mmol/L. Each sample
contained 1.8 mL of liposomal suspension with lipid con-
centration of 1 mg/mL, 50 uL of 2.1 mmol/L ascorbic
acid and 100 uL solution of RtH to obtain concentrations
of 10, 50, 100 and 200 pg/mL. The amount of TBARS
generated in the system was determined after incubation
for 30 min at 37 °C. The activity of RtH was compared
against the activity of butyl hydroxytoluene (BHT), a
common antioxidant, at the same concentrations. The
AOA was defined as the ratio of the absorption at 560 nm
for the sample containing the tested substances in differ-
ent concentrations and the same absorption for the con-
trols (without RtH or BHT) expressed in percentage
terms.

All data were presented as means =+ standard error
(SE) and analysed using one-way analysis of variance
(ANOVA). Survival rate was evaluated by the
Kaplan—Meier test (SPSS for Windows, ver.16).



Results and discussion

In the present study we investigated an aspect of the bio-
logical activities of RtH — its radioprotective capability in
an experimental mice model after supplementation with
daily doses of 50 mg/kg b. w to 200 mg/kg b. w for 5 con-
secutive days before radiation exposure.

The administration of different doses of RtH for five
consecutive days did not induce morbidity and mortality.
Mortality was observed for 30 consecutive days after the
last day of administration. Irradiation of animals with 7.5
Gy resulted in sickness within 7—10 days after exposure.
The symptoms included reduction in the food and water
intake, weight loss, diarrhoea. All of them are reported as
gastrointestinal and hematopoietic symptoms.[7,14] In
our experiments, doses of 50 and 100 mg/kg b. w. of RtH
had similar effects on the survival rate after the radiation
damage. Pretreatment with RtH in doses of 150 and
200 mg/kg b. w. led to an increase in the period (up to
10 days) without clinical symptoms induced by radiation.

Evaluation of 30-day survival rate after lethal whole
body irradiation is showed as a gold standard for radiopro-
tective activity.[6] The results demonstrating the radiopro-
tective potential of RtH on the survival rate of mice are
shown in Table 2. Exposure to ionizing radiation with a
dose of 7.5 Gy caused 100% mortality for the whole
period. Death occurred between the day 10 and day 15
after radiation exposure.

Spleen colony assay was performed on day 11 after
irradiation. The results are shown in Figure 1. The admin-
istration of RtH in a dose of 200 mg/kg b. w. increased
the number of endogenous spleen colonies in the experi-
mental animals in group X as compared to that in the irra-
diated, but not supplemented mice in group VI (p < 0.05).
The spleen colony assay showed that when the mice had
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Figure 1. Spleen colony assay on day 11 post-irradiation. The
experimental groups are designated as described in Table 1.

received lethal irradiation to suppress endogenous haemo-
poiesis, on day 11 after irradiation endogenous colonies
were produced in the spleen (Figure 1). These colonies
were from the pluripotent cells, which derived from the
reserved cells in the bones of irradiated animals. The colo-
nies varied in morphology: erythroid, granulocyte or
mixed. The nodules observed in the spleens of the irradi-
ated mice are usually discrete, round or oval, grey in col-
our, and embedded in the red mass of the spleen.[15,16]
Colony-forming units are very sensitive to radiation influ-
ence.[17,18] These cells are indicative of regeneration
capabilities of haematopoiesis. The formation of haemato-
poietic colonies in the spleen after irradiation is thought to
be a function of surviving pluripotent stem cells, i.e. cells
which respond to an appropriate stimulus by differentia-
tion into red cells, white cells, or platelets and which are
capable of self-replication.[19] The results of the spleen
colonies test showed that regeneration of the stem cells
after radiation exposure followed a wavy line, and reached

Table 2. Effect of RtH on the survival rate of experimental mice supplemented with different doses of RtH for five consecutive days
before exposure to gamma irradiation with a dose of 7.5 Gy. The experimental groups are as described in Table 1.

Mortality on different days post-treatment

RtH
Groups (mg/kgb. w.) 5 10 15 25 30 Mortality (%) Survivors/total
Non-irradiated mice
| 0 0% 10/10
I 50 0% 10/10
I 100 0% 10/10
vV 150 0% 10/10
\% 200 0% 10/10
Irradiated mice
VI 0 3 7 100% 0/10
VII 50 5 80% 2/10
VIII 100 5 70% 3/10
IX 150 3 1 40% 6/10
X 200 5 50% 5/10
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its maximum between the 2nd and the 5th hour, decreased
to the 11th hour and maintained steady values between
the 20th and the 25th hour after irradiation.[4,8,11] Cell
regeneration typically occurs before the resumption of the
suppressed mitotic activity of the cells.[15,16,20] RtH
was applied at a prophylaxis regimen before the radiation
exposure. The results suggest that this scheme may be the
reason for the lack of stem cells line regeneration. We sup-
pose that there could be several aspects for the protective
action of the preparation: (1) provocation of the cells repar-
ative processes, (2) stimulation of the stem cells pools by
differentiation, (3) activation of the antioxidant defence, as
well as (4) impact on the medullar microenvironment.

The administration of RtH ip. for five consecutive
days increased the life expectancy of the experimental
animals (Figure 2). The survival curves showed that the
point of early death was shifted to the right: between day
11 to day 15 of exposure and administration with 50, 100,
150 and 200 mg/kg b. w. of RtH. The statistical analysis
of the results showed significant difference between the
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administered RtH versus the irradiated only group, and
versus the non-irradiated group supplemented with differ-
ent doses of RtH. The prolongation effect of the doses of
150 RtH and 200 mg RtH on the mortality can be seen
clearly in Figure 2(C) and 2(D).

Our study was focused on the stomach ulcers as a mor-
phological marker of gastrointestinal radiation injuries.[7]
The same changes could be observed during the hemato-
poietic form of acute radiation syndrome.[4] Microscopic
observation showed that y-irradiation induced gastric
mucosal lesions (Figure 3). Histological haematoxylin/
eosin (HE) analysis of experimental gastric ulcers induced
by gamma irradiation showed that the ulceration started at
the 4th hour after irradiation (Figure 3(C) and
3(D)). The small light vacuoles appearing in the cyto-
plasm are additional extensions of smooth endoplasmic
reticulum. Figure 3(C) shows noduli lymphatici (thin
arrow) and dilated vessel (thick arrow), and Figure 3(D)
— vacuolization of the stomach epithelium (thin arrow)
and area of normal epithelium (thick arrow). Stomach
integrity on the 12th and 24th hour (Figure 3(E) and 3(F))
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Figure 2. Survival curves of mice supplemented with different doses of RtH: 50 mg/kg (A), 100 mg/kg (B), 150 mg/kg (C) and 200 mg/
kg (D). The experimental groups are designated as described in Table 1. Mice were irradiated with 7.5 Gy gamma radiation. Survival
was monitored up to 30 days post-irradiation. Statistically significant difference between Group VI (irradiated only), and irradiated

Groups supplemented with RtH (p < 0.05).
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Figure 3. Histological haematoxylin/eosin (HE) analysis of experimental gastric ulcers induced by gamma irradiation. Stomach of
healthy mice (A), HE x 10; nerve endings in the underlying tissue of the stomach in healthy mice (B), HE x 40; ulceration on the 4th
hour after irradiation (C) — noduli lymphatici (thin arrow) and dilated vessel (thick arrow), HE x 40; and vacuolization (D) of the stom-
ach epithelium (thin arrow) and area of normal epithelium (thick arrow), HE x 40; stomach integrity on the 12th hour (E) and 24th hour

(F) after radiation exposure; HE x 40.

after radiation exposure was disturbed, as manifested by
the presence of a large amount of purulent exudate (thick
arrow) composed of neutrophils, necrotic cells and edem-
atous fluid.

Macroscopic observation showed that the stomach
ulcer area (Figure 4) was increased at the 4th, 12th and
24th hour post-irradiation. The changes in the stomach
mucosa at the 4th hour showed that radiation induced
stress ulcerations on the stomach mucosa of mice. RtH in
a dose of 200 mg/kg mitigated the effect of the radiation
factor. On the 12th and 24th hour post-irradiation, the mit-
igation effect increased in a dose-dependent manner.
Lower doses of RtH did not have a pronounced protection
effect on the stomach mucosa (Figure 4).

Gastric ulcers often result from an acute single expo-
sure of total body irradiation, which suggests that the ulcers
produced in our experimental conditions were probably
acute peptic acid ulcers, and since the animals died shortly
thereafter, there was no opportunity for healing or for the
development of delayed injury.[21] Since these were all
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Figure 4. Stomach ulcer area (mm?) of mice 4—24 h after irra-
diation exposure. The experimental groups are designated as
described in Table 1. Statistical significance: *** p < 0.001 vs.
Group I; +++ p < 0.001 vs. Group VI; ++ p < 0.01 vs. Group
VI; n.s. — non-significant.
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early experimental ulcers, they could most likely be
attributed to direct radiation-induced mucosal cell damage.
Capillary endothelial cell abnormalities and acute thrombo-
ses may have added injurious ischemic effects.[22]

Gastric mucosal integrity is maintained by a dynamic
process of cell death and cell proliferation.[23] The mech-
anism of formation of gastric mucosal lesions is not well
studied but oxidative damages and apoptotic cell death,
along with other factors, are generally considered to be
involved in the loss of gastric mucosal integrity.[24]
There data show that a series of events happen in cells:
(1) free radicals are generated, (2) lipid peroxidation takes
place and (3) apoptotic processes develop. Reactive oxy-
gen species are known to play a role in the induction and
pathogenesis of gastric injury,[25] and lesions develop
when oxidative damage and apoptosis dominate over the
healing process.[18] That is why we assumed that RtH
may possesses some antioxidant properties. It is known
that the change in the level of production of free radicals
in the organism changes the level of the lipid peroxidation
as well. Therefore, in our subsequent experiments we
checked the AOA of RtH as compared to a common anti-
oxidant BHT in an experimental liposomal system. RtH
could possibly exhibit radical-scavenging properties, and
this effect is probably connected with mitigation of radia-
tion injuries. For a more detailed analysis of the mecha-
nism of the radioprotective effect of RtH a more complete
study of its antioxidant profile is necessary. Figure 5
shows the results of Fe*"-induced oxidation of an aqueous
emulsion system of egg liposomes as an antioxidative
activity test of RtH in the concentration range of
10—200 pg/mL. The results are expressed as percentage
of inhibition of the oxidation process in comparison to
control sample (without tested substance). Our findings
demonstrated that RtH had a lower AOA versus BHT. For
all concentrations tested AOA of RtH was about 30% less
than that of BHT.

A review of the scientific literature shows that a radio-
protective agent can be defined as ‘any agent that protects
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Figure 5. Antioxidant activity (AOA) of RtH and BHT in lipo-
somal syspension. Data are expressed as mean + SE.

against radiation-induced damage, whether administered
before, during, or after irradiation’.[20] They have been
classified into three categories: (1) prophylactic agents,
(2) mitigators and (3) therapeutic agents.[18] Prophylactic
agents are administered before radiation exposure to pre-
vent damage. Radioprotectors function on the premise
that some chemicals when given before irradiation protect
the vital biomolecules from radiation-induced lesions,
either by preventing the initial damage to the vital tissues
or by restituting the original structure by repair, or both.
[20,26,27] The modern approach of understanding the
mechanism of the antiulcer effect of protective com-
pounds such as RtH should therefore be directed towards
exploring its possible role in preventing oxidative damage
and apoptosis as well as on the promotion of healing pro-
cess by cell proliferation.[26] A radioprotective agent
should protect normal tissues that are considered sensi-
tive, should reduce acute or late toxicities in these tissues
and finally should be responsible for a significant
improvement in the quality of life, not only symptomati-
cally but also on the functional level (i.e. mucositis, hae-
matopoiesis, etc.). The results of this study demonstrate
that the administration of RtH in a dose of 200 mg/kg b.
w. mitigates the lethal effects of radiation exposure. RtH
possesses a number of biological properties that may con-
tribute to its radioprotective efficacy.

Conclusions

In our experiments, RtH showed a trend to mitigate the
lethal effects of radiation. Our results clearly indicated the
capacity of RtH in these experimental conditions to modu-
late the recovery and regeneration of the gastrointestinal
epithelium as well as the hematopoietic progenitor cells in
the bone marrow, which are the two most radiosensitive
organs that are essential for the survival of the irradiated
body.

Funding

This study was funded by the National Science Fund of the Min-
istry of Education, Youth and Science, Bulgaria [grant number
DTK 02/78].

References

[1] Tchorbanov A, Idakieva K, Mihaylova N, Doumanova L.
Modulation of the immune response using Rapana tho-
masiana hemocyanin. Int Immunopharmcol. 2008;8:
1033—1038.

[2] Yossifova L, Iliev I, Petkova S, Dolashka-Angelova P,
Mihov L, Zacharieva S. Immunological research on the
protective properties of a conjugate of total larval antigen
with hemocyanin derived from Helix vulgaris against
infection with Trichinella spiralis. Biotech Biotechnol
Equipment. 2009;23(2SE):597—600.



[10]

[14]

Jurincic-Winkler CD, Metz K A, Beuth J, Klippel KF. Key-
hole limpet hemocyanin for carcinoma in situ of the bladder:
a long-term follow-up study. Eur Urol. 1996;37:45—49.
Hall EJ. In: Radiobiology for the radiologist. S5th ed. Phila-
delphia (PA): Lippincott Williams & Wilkins; 2000.
p. 124—135.

Das D, Bandyopadhyay D, Banerjee RK. Oxidative inacti-
vation of gastric peroxidase by site-specific generation of
hydroxyl radical and its role in stress-induced gastric ulcer-
ation. Free Radic Biol Med. 1998;24:460—469.

Arora R, Gupta D, Chawla R, Sagar R, Sharma A, Kumar
R, Prasad J, Singer S, Samanta N, Sharma R. Radioprotec-
tion by plant products: present status and future prospects.
Phytother Res. 2005;19:1—22.

Engelstad RB. The effect of roentgen rays on the stomach
in rabbits. Am J Roentgenol. 1938;40:243—263.

Kindekov I, Vassilieva V, Alyakov M., Shekerdijski R,
Galabov AS, Mileva M. Antioxidant prevention as a factor
reducing stress ulcers in acute radiation syndrome. Compt
Rend Bulgarian Acad Sci. 2012;65:1357—1364.

Idakieva K, Severov S, Svendsen I, Genov N, Stoeva S,
Beltramini M, Tognon G, Di Muro P, Salvato B. Structural
properties of Rapana thomasiana hemocyanin: isolation,
characterization and N-terminal amino acid sequence of
two different dissociation products. Comp Biochem Phys-
iol. 1993;106B:53—59.

Hung C-R, Wang J-J, Chang W-C, Shen CL. Protective
effects of arginine-vasopressin on aspirin-induced gastric
mucosal damage in anesthetized dogs. J Pharm Pharmacol.
1994;46:276—281.

Hadjiiski L. [dissertation]. Bulgaria: Medical University;
1972.

Folch J, Lees M, Shoane-Stoaley CH. A simple method for
the isolation and purification of total lipid from animal tis-
sues. J Biol Chem. 1957;226:497—507.

Mileva M, Hadjimitova V, Tancheva L, Traykov T, Gala-
bov AS, Savov V, Ribarov S. Antioxidant properties of
rimantadine in influenza infected mice and in some model
system. Z Naturforsch. 2000;55:824—829.

Jindal A, Soyal D, Sancheti G, Goyal PK. Radioprotective
potential of Rosemarinus officinalis against lethal effects
of gamma radiation: a preliminary study. J Environ Pathol
Toxicol Oncol. 2006;25:633—642.

Till JE, McCulloch EA. Early repair processes in marrow
cells irradiated and proliferating in vivo. Radiat Res.
1963;18:96—105.

[18]

[19]

[20]

(21]

[24]

Biotechnology & Biotechnological Equipment 539

Till JE. Effect of radiation on cellular proliferation and dif-
ferentiation. In: IAEA Proceedings; 1968; Vienna.

Krishna A, Kumar A. Evaluation of radioprotective effects
of Rajgira (Amaranthus paniculatus) extract in Swiss
albino mice. J Radiat Res. 2005;46:233—239.

Stone HB, Moulder JE, Coleman CN, Ang KK, Anscher
MS, Barcellos-Hoff MH, Dynan WS, Fike JR, Grdina DJ,
Greenberger JS, Hauer-Jensen M, Hill RP, Kolesnick RN,
Macvittie TJ, Marks C, McBride WH, Metting N, Pellmar
T, Purucker M, Robbins ME, Schiestl RH, Seed TM, Tom-
aszewski JE, Travis EL, Wallner PE, Wolpert M, Zahare-
vitz D. Models for evaluating agents intended for the
prophylaxis, mitigation and treatment of radiation injuries.
Radiat Res. 2004;162:711—728.

Hadjiiski L. Opportunities of the pathological approach
into therapy of acute radiation syndrome [dissertation].
Bulgaria: Medical University; 1988.

Weiss JF, Landauer MR. Protection against ionizing radia-
tion by antioxidant nutrients and phytochemicals. Toxicol-
ogy. 2003;189:1—-20.

Mogy M, Kitajima M, Kiuchi T, Kawakami H, Hirano H.
Alteration of the gastric mucosal glycoprotein in stress. Nip-
pon Shokakibyo Gakkai Zasshi. 1990;87:1131—1138.
Brecher G, Cronkite EP, Conard RA, Smith WW. Gastric
lesions in experimental animals following single exposures
to ionizing radiation. Am J Pathol. 1958;34:105—120.
Hahn K, Park I, Kim Y, Kim J, Cho S, Lee S, Young J.
Role of rebamipide on induction of heat-shock proteins
and protection against reactive oxygen metabolite-medi-
ated cell damage in cultured gastric mucosal cells. Free
Radic Biol Med. 1997;22:711-716.

Kanner J, Lapidot T. The stomach as a bioreactor: dietary
lipid peroxidation in the gastric fluid and the effects of
plantderived antioxidants. Free Radic Biol Med.
2001;31:1388—1395.

Amundson SA, Fornace AJ. Gene expression profiles for
monitoring radiation exposure. Radiat Prot Dosim. 2001;
97:11—16.

Biswas K, Bandyopadhyay, U, Chattopadhyay I, Varadaraj
A, Ali E, Banerjee RK. A novel antioxidant and antiapop-
totic role of omeprazole to block gastric ulcer through
scavenging of hydroxyl radical. J Biol Chem. 2003;278:
10993—11001.

Devi PU, Agrawala PK. Normal tissue protectors against
radiation injury. Defence Sci J. 2011;61:105—112.



	Abstract
	Introduction
	Materials and methods
	Preparation of hemocyanin
	Experimental animals and treatment
	Histological study
	Spleen colony assay
	Antioxidant properties of RtH in liposomal suspension

	Results and discussion
	Conclusions
	Funding
	References

