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ABSTRACT Radiation therapy is a commonly used cancer treatment modality. However, its application is lim-
ited because of its toxicity to healthy tissue. The search for effective radioprotective agents remains one of
the key goals of radiation oncology and radiobiology. This study focuses on experimental modeling of radi-
ation injury in animals and the investigation of Dimephosphon radioprotective properties, a drug exhibiting
anti-acidotic, antitumor, and antioxidant activities. It was shown that 14-day administration of the drug at a
dose of 750 mg/kg after single-dose (5 Gy) irradiation of CD-1 mice resulted in a local radioprotective effect,
reducing the severity of the radiation-induced injury to the intestinal epithelium and splenic capsule. The
results of metabolomic screening revealed that the levels of the key metabolites responsible for antioxidant
properties such as alpha-tocopherol, nicotinamide riboside, N-carbamoyl-L-aspartate, and adenylosuccinate
were significantly increased, indicating that the Dimephosphon drug provides enhanced antioxidant protec-

tion.
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INTRODUCTION

Cancer remains one of the leading causes of mortal-
ity worldwide. As of 2023, the incidence rate of ma-
lignant neoplasms in Russia was more than 670,000
new cases; and this parameter was on the increase
by 8.0% compared to 2022 [1]. Radiation therapy (RT)
is an effective method for combatting malignancies.
It is estimated that ~ 50% of cancer patients receive
radiation therapy, whereas ~ 70% require this treat-
ment, and in some cases radiation therapy is the sole
cancer treatment option available [2]. The lack of se-
lectivity toward cancer cells, which disrupts metabol-
ic processes in healthy tissues and organs and results
in severe complications, including radiation-induced
injury, is the primary factor limiting broader applica-
tion of RT [3]. The emergence of more selective RT
modalities does not eliminate the toxicity to healthy
tissues. Therefore, approaches that would combine
radiation therapy and systemic administration of ra-
dioprotective agents are currently being investigat-
ed. Importantly, the radioprotective drugs approved
for use in Russia are associated with serious adverse
effects such as splenic rupture, acute respiratory dis-
tress syndrome, alveolar hemorrhage, and atrioven-

tricular block, which limit the widespread application
of these agents [4—6]. For this reason, the radioprotec-
tive potential of natural compounds is currently be-
ing extensively investigated; however, all the develop-
ments remain at the preclinical phase [7, 8]. Therefore,
searching for effective low-toxicity agents protecting
healthy tissues against radiation-induced damage dur-
ing radiation therapy remains a critical challenge in
radiation oncology and radiobiology.

To perform preclinical studies of novel radiopro-
tective agents and optimize treatment strategies for
different types of cancer, it is essential to be in pos-
session of adequate animal models of radiation injury
that would reliably and accurately replicate the key
clinical manifestations and pathogenetic mechanisms
of the disease in humans. The suitability of X-ray ra-
diation with a peak voltage of 320 kV for inducing ra-
diation injury on in vivo models has previously been
demonstrated [9].

We have developed a procedure for inducing radia-
tion injury in laboratory animals (mice) that allows
one to assess the efficacy and safety of radioprotec-
tive agents. The original drug Dimephosphon, manu-
factured in Russia, was selected as a radioprotective
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agent for validating this procedure. Dimephosphon is
an aqueous solution of (1,1-dimethyl-3-oxobutyl)phos-
phonic acid dimethyl ester (Fig. 1); it is characterized
by low toxicity and high bioavailability and can easily
cross the blood—tissue barriers [10, 11].

In 1983, the drug (a 15% solution for oral and topi-
cal administration) was approved for clinical use as
an anti-acidotic and vasoactive agent [12—14]. Later,
the efficacies of three radioprotective compounds (sea
buckthorn oil, Evdoshchenko oil solution, and drug
Dimephosphon) were evaluated in the context of ra-
diation therapy for laryngeal cancer. Administration
of Dimephosphon resulted in the smallest quantitative
differences in the laryngeal air column thickness, a
key indicator of acute radiation syndrome, measured
before the initiation of radiation therapy and after a
40-Gy dose had been administered [15].

EXPERIMENTAL

Animals

All the manipulations with animals were conducted in
strict compliance with the legislation of the Russian
Federation, Decision No. 81 “On the Approval of the
Rules of Good Laboratory Practice of the Eurasian
Economic Union in the Field of Drug Circulation” dat-
ed November 3, 2016, and the provisions of Directive
2010/63/EU of the European Parliament and the
Council of the European Union dated September 22
2010 on the protection of animals used for scientif-
ic purposes. The study protocol was approved by
the Bioethics Commission of the Laboratory of
Pharmacological Research, N.N. Vorozhtsov
Novosibirsk Institute of Organic Chemistry, SB RAS
(Protocol No. R-14-2025-01-01 dated January 10,
2025).

Female outbred CD-1 mice (weight, 25-30 g) were
procured from the SPF vivarium of the Institute of
Cytology and Genetics, SB RAS, Russia. The animals
were housed under optimal conditions (temperature,
21 * 1.5°C; humidity, 40—60%; 12-h day/night cycle; ad
libitum access to water and pelleted forage). Prior to
the experiments, the mice were acclimatized to the
housing conditions for 1 week.

Compound under study

Dimephosphon® (OJSC “Tatchempharmpreparaty”,
Kazan, Russia) used in this study was administered
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intragastrically at a dose of 750 mg/kg (0.1 mL per
10 g of body weight). The animals received the first
dose 3 h prior to irradiation; the drug was then ad-
ministered as a single dose every 24 h during 14 days.

Experimental design and setup

An X-RAD 320 irradiation system (Precision X-Ray
Inc., Branford, CT, USA) with a fixed distance from
a radiation source (SSD 50 cm), equipped with a me-
dium-hardness filter (0.75 mm tin, 0.25 mm copper,
1.5 mm aluminum), was used to experimentally in-
duce radiation injury in mice. Total-body single-dose
(5 and 7.5 Gy) irradiation of mice (n = 6) was per-
formed at a dose rate of ~ 0.98 Gy/min. The survival
rate of the animals was assessed on days 4, 7, 11, and
14 post-irradiation, and a radiation dose for studying
the radioprotective effect of the drug was selected.

The radioprotective properties of Dimephosphon
were assessed at the next stage in mice that had
received a single selected radiation dose. The ani-
mals were randomly allocated into three groups
(n = 8): mice in group 1 were administered 750 mg/kg
Dimephosphon (DMPN); mice in group 2 were admin-
istered 750 mg/kg Dimephosphon + total-body irra-
diation (DMPN + IR); and mice in group 3 were sub-
jected to total-body irradiation only (IR).

Animals’ body weight was measured prior to ir-
radiation (point 0) and then on days 4, 7, 11, and 14.
Blood samples were collected from the retro-orbital
sinus to conduct metabolomic screening and hema-
tology testing. All the mice were euthanized on day
14; their organs (the thymus, heart, lungs, liver, and
spleen) were weighed to calculate the organ mass in-
dices and further used for histological examination.

Hematology testing

Complete blood count was performed using a
MINDRAY BC-2800 Vet automatic hematology ana-
lyzer (Shenzhen Mindray Animal Medical Technology
Co. Ltd., China). Peripheral blood samples (20 uL) col-
lected into vials containing a standard volume of iso-
tonic diluent were used for testing. The total counts
of leukocytes, erythrocytes, platelets, hemoglobin con-
centration, and hematocrit, were determined.

Histological examination

The collected organs (the thymus, heart, lungs, liver,
and spleen) were weighed to calculate the organ mass
indices. The spleen and small intestine were fixed in
10% neutral buffered formalin, dehydrated in eth-
anol and xylene of different concentrations using a
MICROM automated system (Carl Zeiss, Germany).
The tissue samples were then embedded in paraf-
fin blocks. Sections (4 um thick) were prepared using
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a rotary microtome and stained with Hematoxylin
and Eosin (H&E). The prepared samples were ex-
amined by optical microscopy (X100 magnification),
with Kohler illumination alignment. The AxioVision
software was used to perform a morphometric anal-
ysis of the histopathological images and calculate the
intervillous space, length of intestinal villi, and thick-
ness of the splenic capsule for assessing the severity
of organ damage.

Metabolomic screening

Sample preparation. Dried whole-blood spot samples
were prepared for metabolomic analysis. A 10 pL al-
iquot of blood was applied to Whatman 903™ protein
saver cards (GE Healthcare, #10534612, USA) and air-
dried at room temperature for 3 h. The samples were
stored at —70°C until sample preparation, which was
conducted in accordance with the protocol described
in ref. [16]. The dried blood spots were resected from
the cards, placed into 0.5 mL polypropylene vials,
and 150 pL of a pre-cooled MeOH-ACN-H,O mix-
ture (40:40:20, v/v/v) was added. The samples were
incubated at +4...+5°C for 20 min and centrifuged at
16,000 rpm (~ 24,000 g) on an Eppendorf 5417R centri-
fuge for 10 min at +4°C. The supernatant was trans-
ferred to plastic inserts for chromatographic vials and
analyzed.

Analysis of the samples

The samples were analyzed by high-performance
liquid chromatography—tandem mass spectromet-
ric assay (HPLC-MS/MS) according to ref. [17].
Chromatographic separation was conducted on
an LC-20AD Prominence chromatography system
(Shimadzu, Japan) and an CTO-10ASvp column oven.
The mobile phase consisted of eluent A (a 20 mM
aqueous solution of ammonium carbonate adjusted to
pH 9.8 with a 25% aqueous solution of ammonia, and
5 vol.% acetonitrile) and eluent B (100% acetonitrile).
Each sample was analyzed twice: in the hydrophilic
interaction liquid chromatography (HILIC) and re-
verse-phase chromatography (RPC) modes. The fol-
lowing conditions were used. HILIC gradient: 0 min —
98% B, 2 min — 98% B, 6 min — 0% B, 10 min — 0% B.
The column was equilibrated for 4 min. RPC gradient:
0 min — 0% B, 1 min — 0% B, 6 min — 98% B, 16 min —
98% B. The column was equilibrated for 3 min. The
flow rate in each analysis was 300 pL/min. Sample
volume was 2 pL. In both chromatography modes,
the analysis was conducted using a monolithic col-
umn (2 X 60 mm) based on 1-vinyl-1,2/4-triazole. The
monolithic material of the column was synthesized
according to ref. [18]: copolymerization of a mixture

consisting of styrene/divinylbenzene/1-vinyl-1,2,4-tri-
azole monomers at a 10 : 50 : 40 volume ratio was
performed in a glass tube.

Mass-spectrometric detection was conducted using
an API 6500 QTRAP mass spectrometer (AB SCIEX,
USA) equipped with an electrospray ionization source.
A total of 489 metabolites were detected in the mul-
tiple reaction monitoring (MRM) mode in the re-
gions of positive and negative ionization with polarity
switching. The key mass spectrometric parameters
were as follows: voltage of the ion source (IS), 5,500
and —4,500 V for the positive and negative ioniza-
tion, respectively; drying gas temperature, 475°C; gas
in the collision-activated dissociation cell was set at
“high”; pressure of the nebulizing gas (GS1), drying
gas (GS2), and the curtain gas (CUR) was 33, 33 and
30 psi, respectively. The declustering potential (DP)
was 91 V, the entrance potential (EP) was =10 V,
and the collision cell exit potential (CXP) was £9 V.
The dwell time for each MRM transition was 3 ms.
Instrument control and data acquisition were per-
formed using the Analyst 1.6.3 software (AB SCIEX).
The precursor-to-product ion transitions, metabolite
names, fragmentation times, and the respective colli-
sion energies were adapted from refs [19, 20].

Statistical analysis

Statistical analysis was performed with the Statistica
10.0 software (StatSoft, USA). The data were tested
for normality using the Kolmogorov—Smirnov test.
The Student’s t-test was used for the normally dis-
tributed samples; the Mann—Whitney U test was em-
ployed for the nonnormally distributed samples. The
results are presented as the mean * standard error
of the mean (M £ SEM) or the mean * confidence
interval for nonparametric samples. The differences
were considered statistically significant at p < 0.05.
The diagrams were plotted using the Seaborn library
(Python) and the Origin software.

RESULTS AND DISCUSSION

Assessment of animals’ survival rate exposed

to irradiation with 5 and 7.5 Gy doses

The optimal radiation dose for modeling radiation in-
jury in experimental animals was determined at the
first stage of the study. Total-body irradiation at a
dose of 7.5 Gy caused 100% lethality on experiment
day 11 (Fig. 2). Hence, the absolute lethal dose (caus-
ing death in 100% of mice) was identified; its further
use was unreasonable. After single-dose (5 Gy) irra-
diation, 50% of mice remained alive by the end of the
experiment (day 14), corresponding to the sublethal
radiation dose (death in 50% of mice, LD,).
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Fig. 2. The survival rate of CD-1 mice after single-dose
irradiation (5 and 7.5 Gy) (n = 6)

The survival rate, mean body weight, and
hematological parameters of mice exposed at a dose
of 5 Gy radiation and administered Dimephosphon
The effect of Dimephosphon oral administration on
the organism of experimental animals subjected to
single-dose (5 Gy) total-body irradiation was evaluat-
ed at the second stage of the study.

The use of Dimephosphon did not increase the
survival rate of the animals after exposure to X-ray
radiation (Fig. 3A). On experiment day 14, the sur-
vival rate in the IR group was 50%, being ~ 40% in
the DMPN + IR group. This was probably caused by
the varying animal sensitivity to radiation [21], since
the LD, of the drug orally administered to mice was
3 g/kg [10]. Furthermore, the mean body weight of
the irradiated animals was significantly reduced com-
pared to the baseline, without statistical differences
between the groups of irradiated (DMPN + IR, IR)
and non-irradiated mice (DMPN) (Fig. 3B).

According to published scholarship, the develop-
ment of radiation injury involves three syndromes:
the hematopoietic (occurring at doses > 1 Gy), gastro-
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intestinal (at doses of 6—15 Gy), and cerebrovascular
(at doses > 20 Gy) ones. In other words, the hemato-
poietic system, spleen, thymus, and intestinal epithe-
lium are first to sustain damage in response to expo-
sure to ionizing radiation [22].

The dynamics of hematological parameters were
identical across the groups of irradiated animals. On
day 4 post-irradiation, mice in both the DMPN + IR
and IR groups had acute leukopenia; leukocyte counts
started to recover on day 14 in both groups (Fig. 4A).
The decline in erythrocyte count was related to a
concurrent reduction in the hematocrit and hemoglo-
bin levels on days 4 through 14 (Fig. 4C—E). Platelet
count dropped abruptly by day 7 but started to re-
cover on day 14 post-irradiation. Administration of
Dimephosphon statistically significantly accelerated
only the platelet count recovery in irradiated animals
on day 14 (Fig. 4B).

Histological examination of the internal

organs of mice exposed at a dose of 5 Gy

radiation and administered Dimephosphon

Exposure to X-ray radiation statistically significantly
altered the mass index of the thymus (Table 1). The
observed acute involution of the thymus (reduction in
its mass index more than twofold) in the DMPN + IR
and IR groups was probably associated with an
abrupt decline in the counts of T-lymphocytes and
thymic epithelial cells [23]. The mass ratio of the
spleen was also increased in the groups of mice ex-
posed to radiation. However, this effect was statistical-
ly non-significant.

The histological data showed that mice in the
DMPN group had a typical structure of the small in-
testine, with normal length of the intestinal villi and
normal crypt depth (Fig. 5B). Contrariwise, mice in
the IR group suffered radiation-induced injury to the
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Fig. 3. The effect of oral administration of 750 mg /kg Dimephosphon 3 h before 5 Gy total-body irradiation and daily
after in CD-1 mice (n =8, M = SEM). (A) animal survival; (B) the mean body weight dynamics of the animals
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Fig. 4. The dynamics of the hematological parameters of the blood of CD-1 mice (n =8, M = SEM) that received
Dimephosphon after total-body irradiation at a dose of 5 Gy. (A) leukocytes; (B) platelets; (C) erythrocytes;
(D) hemoglobin; and (E) hematocrit on days 4, 7, 11, and 14 post-irradiation. The statistical analysis was performed

using the Mann—Whitney U test, *p < 0.05 compared to IR

small intestine such as atrophy and shortening of the
intestinal villi, along with an increased distance be-
tween them (Fig. 5A,E). Furthermore, thickness of
the small intestinal mucosa was smaller compared
to the DMPN and DMPN + IR groups (Fig. 5B).
Administration of Dimephosphon to irradiated mice
mitigated the severity of the radiation-induced injury:
increased length of the intestinal villi, reduced inter-
villous space, and greater crypt depth were observed
(Fig. 5A,D). Mucosa thickness in the DMPN + IR
group was greater than that in the DMPN group, be-
ing probably related to enhanced regeneration of the
intestinal epithelium (Fig. 5B).

The splenic architecture morphology in the animals
in the DMPN group was normal (white and red pulp
separated by a marginal zone and covered by a con-
nective tissue capsule) (Fig. 6B). The splenic archi-
tecture was altered by day 14 post-irradiation: white
pulp had expanded because of cell proliferation, and
the distinct boundary between the red and white pulp
had disappeared (Fig. 6D). Massive lymphocytic infil-
tration of the red pulp was observed, with lympho-
cytes initially residing in splenic sinusoids and liga-
ments. The sinusoidal spaces were enlarged and had
increased blood filling. Furthermore, thickness of the
splenic capsule in the IR group was reduced com-

pared to the control group (Fig. 6A), which is consis-
tent with the observed trend toward an elevated mass
ratio for this organ (Table 1) and is an indicator of
splenomegaly [24]. Administration of Dimephosphon
to mice exposed to radiation did not change the archi-
tecture of the splenic parenchyma but contributed to
a restoration of normal thickness for the splenic cap-
sule (Fig. 6A,C).

Hence, the histological findings give grounds for
suggesting that Dimephosphon exerts a local radio-
protective effect by mitigating the severity of radia-
tion-induced injury to the small intestine and splenic
inflammation.

Table 1. Organ mass index (%) of CD-1 mice after to-
tal-body irradiation at a dose of 5 Gy (M = SEM)

Organ DMPN DMPN+IR IR
Thymus 0.38 £ 0.01 0.15 £ 0.02* | 0.11 £ 0.03*
Heart 0.52 = 0.02 0.53 = 0.01 0.46 = 0.02
Lungs 0.98 = 0.07 1.05 £ 0.07 0.96 = 0.05
Liver 5.85 = 0.27 4.78 = 0.60 5.34 £ 0.44
Spleen 0.74 = 0.11 1.18 = 0.40 1.29 + 0.23

Note: Statistical analysis was carried out using the Mann—
Whitney U test, *p < 0.05 compared to DMPN.
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Fig. 5. The effect of Dimephosphon on radiation-induced damage to the small intestine of CD-1 mice. (A) The distance
between villi and (B) thickness of the small intestine mucosa (M = SEM). The histological presentation of the small intes-
tine in the groups: (C) DMPN; (D) DMPN + IR; and (E) IR. Hematoxylin and Eosin staining, * 100 magnification.

The statistical analysis was performed using the Student’s t test, *p < 0.05 compared to DMPN, #p < 0.05 compared

to DMPN + IR

Metabolomic screening of the blood samples

from mice exposed at a dose of 5 Gy radiation

and administered Dimephosphon

Metabolomic screening of 489 metabolites was con-
ducted for mice in the DMPN + IR and IR groups at
key experimental time points. The statistical analysis
algorithm involved metabolite examination between
days 0 and 11; among those, metabolites having statis-
tically significant differences were selected. Set inter-
sections were analyzed to identify metabolites unique
to each group. A total of 208 metabolites were found
to show negative dynamics (153 metabolites exhib-
ited negative dynamics in both groups, 13 metabo-
lites were unique to the IR group, and 42 metabolites
were unique to the DMPN + IR group); 26 metabo-
lites showed positive dynamics (15 metabolites exhib-
ited positive dynamics in both groups, 5 metabolites
were unique to the IR group, and 6 metabolites were
unique to the DMPN + IR group) (Fig. 7).
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After the irradiation, mice in the IR group had ab-
normal tocopherol metabolism, characterized by a
gradual decline in its level throughout the experi-
ment, increasing the organism’s susceptibility to free
radical damage. Figure 8A shows that the blood level
of tocopherol in the DMPN + IR group was not re-
duced, as opposed to that in the IR group. Alpha-
tocopherol is a potent fat-soluble antioxidant exhib-
iting antioxidant and radioprotective effects due to
free radical scavenging [25] and the indirect impact on
the secretion of specific growth factors and cytokines
[26]. Therefore, the observed dynamics of the alpha-
tocopherol level can indirectly attest to the radiopro-
tective mechanism of the drug.

The adenylosuccinate level (Fig. §B) was decreasing
abruptly in both groups until day 7 post-irradiation,
followed by a significant rise in the metabolite level
in the DMPN + IR group, which was not observed in
the IR group. Adenylosuccinate is involved in purine
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Fig. 6. The effect of Dimephosphon on radiation-induced splenic damage in CD-1 mice. (A) Thickness of the splenic
capsule (M £ SEM). The histological presentation of the spleen in the groups: (B) DMPN; (C) DMPN + IR; and (D) IR.
Hematoxylin and Eosin staining, X100 magnification. The statistical analysis was performed using the Student’s t test,
*p < 0.05 compared to DMPN, #p < 0.05 compared to DMPN + IR

recycling, energy homeostasis, as well as mitigation of
inflammation and other types of cellular stress [27].
Importantly, the blood levels of purine metabolites
correlate with cellular resistance to radiation; their
exogenous administration contributes to the repair of
double-strand DNA breaks after exposure to radia-
tion [28]. Hence, the administered drug Dimephosphon
compensated for the effects of irradiation by increas-
ing the blood level of adenylosuccinate, which may be
indication that the drug can enhance the organism’s
resistance to radiation.

The level of nicotinamide riboside remained virtu-
ally unchanged after irradiation; a slight rise was ob-
served by day 7. However, administration of the drug
abruptly increased the blood level of this metabolite
in mice by day 4, which persisted until the end of the

experiment (Fig. 8C). Nicotinamide riboside is a pre-
cursor of NAD++, which acts as a coenzyme for many
cellular reactions involved in the physiological homeo-
stasis of various organs and systems. This metabolite
was shown to affect the progression of acute radiation
syndrome; its oral administration exerts a radiopro-
tective effect by inhibiting cellular senescence in the
spleen and normalizing the serum metabolite profile
in mice [29]. Furthermore, recent studies have dem-
onstrated that NAD+ precursors, and nicotinamide ri-
boside in particular, play a pivotal role in maintaining
the integrity of the intestinal barrier [30]. The positive
dynamics of the nicotinamide riboside level observed
in our study are consistent with the histological data
and can explain the radioprotective effect in the small
intestine exerted by the drug.
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In the IR group, the N-carbamoyl-L-aspartate lev-
el remained constant, whereas increased levels were
observed on days 7 and 11 after administration of
Dimephosphon (Fig. 8D). Cheema et al. [31] reported
the level of this metabolite decreasing in mouse in-
testinal tissues after single-dose total-body gamma
irradiation. N-carbamoyl-L-aspartate is an early in-
termediate in the de movo synthesis of pyrimidines,
which is essential for cell proliferation and damaged
tissue repair. N-carbamoyl-L-aspartate is formed via
the condensation of carbamoyl phosphate and aspar-
tate, catalyzed by aspartate carbamoyltransferase.
The elevated N-carbamoyl-L-aspartate level in the
DMPN + IR group may attest to an activation of py-
rimidine synthesis aimed at epithelial repair and in-
volvement of this compound in the radiation-induced
adaptive response. That would be consistent with the
fact revealed in our study that the intestinal mucosa
was restored after administration of the drug.

In this study, we have revealed alterations in the
levels of alpha-tocopherol, adenylosuccinate, nicotin-
amide riboside, and N-carbamoyl-L-aspartate. The ob-
served differences in their levels between the IR and
DMPN + IR groups can be the biochemical mark-
ers of the radioprotective efficacy of the drug. These
metabolites are involved in the antioxidant processes
taking place in the cells; the detected metabolomic

changes are indicative of the processes manifesting
themselves at the tissue level as reduced severity of
injury to the small intestinal mucosa and reduction in
the thickness of the splenic capsule.

CONCLUSIONS

Our findings allowed us to choose the radiation dose
and characterize the key indicators of systemic inju-
ry to further study potentially promising radiopro-
tective agents. Dimephosphon was also found to mit-
igate the severity of radiation-induced injury to the
small intestinal mucosa and the splenic capsule, as
well as contribute to the restoration of platelet counts
in CD-1 mice after single-dose irradiation. Meanwhile,
the analysis of other key hematological parameters
and animal survival rates yielded no evidence of the
radioprotective effect of Dimephosphon. The metab-
olomic data, namely, the significant increase in the
blood levels of alpha-tocopherol, nicotinamide ribo-
side, N-carbamoyl-L-aspartate, and adenylosuccinate
in mice administered Dimephosphon, are in line with
the histological findings for the intestinal mucosa and
spleen and demonstrate that Dimephosphon exhibits
an antioxidant activity. @
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