Histopathological Evaluation of Protective
Effect of Telmisartan against Radiation-
Induced Bone Marrow Injury

Masoomeh Fooladi'®, Mohsen Cheki* Alireza Shirazi', Pey-
man Sheikhzadeh3, Mahsa Amirrashedi"4, Fatemeh Ghah-
ramani®, Mehdi Khoobi®7*

ABSTRACT

Background: Radiation-induced hematopoietic suppression and myelotoxicity can
occur due to the nuclear accidents, occupational irradiation and therapeutic interven-
tions. Bone marrow dysfunction has always been one of the most important causes of
morbidity and mortality after ionizing irradiation.

Objective: This study aims to investigate the protective effect of telmisartan
against radiation-induced bone marrow injuries in a Balb/c mouse model.

Material and Methods: In this experimental study, male Balb/c mice were
divided into four groups as follow: group 1: mice received phosphate buffered saline
(PBS) without irradiation, group 2: mice received a solution of telmisartan in PBS
without irradiation, group 3: mice received PBS with irradiation, and group 4: mice re-
ceived a solution of telmisartan in PBS with irradiation. A solution of telmisartan was
prepared and administered orally at 12 mg/kg body weight for seven consecutive days
prior to whole body exposing to a single sub-lethal dose of 5 Gy X-rays. Protection
of bone marrow against radiation induced damage was investigated by Hematoxylin-
Eosin (HE) staining assay at 3, 9, 15 and 30 days after irradiation.

Results: Histopathological analysis indicated that administration of telmisartan re-
duced X-radiation-induced damage and improved bone marrow histology. The number
of different cell types in bone marrow, including polymorphonuclear /mononuclear
cells and megakaryocytes significantly increased in telmisartan treated group com-
pared to the only irradiated group at all-time points.

Conclusion: The results of the present study demonstrated an efficient radiopro-
tective effect of telmisartan in mouse bone marrow against sub-lethal X-irradiation.
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Introduction
n recent years, due to increasing risk of nuclear disasters, occupa-
tional irradiation, and the widespread use of ionizing radiation in
modern medicine, the use of safe and effective radioprotectors is
highly required [1, 2].
Bone marrow, as one of the main components of the hematopoietic
system, is very sensitive to ionizing radiation. Radiation damage in bone
marrow can affect the proliferative ability in hematopoietic progenitor
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cells as well as immune system, which is the
most important determinant of radiation-in-
duced mortality [3]. On the other hand, a de-
crease in the number of peripheral white blood
cells, especially lymphocytes following radia-
tion therapy, has been widely reported. Given
the key role of white blood cells in improv-
ing the immune system against cancer, reduc-
ing their number due to the radiation therapy
can be a negative prognosis for survival and
response to the treatment in patients with
cancer. Therefore, protection and recovery of
bone marrow (myeloprotection) is essential
for survival and life quality of cancer patients
undergoing radiation therapy [4, 5].

Over the past few decades, the development
of new radioprotectors with natural or synthet-
ic origin has always been of great interest. De-
spite many studies in the field of radioprotec-
tors, no compound has been found for optimal
radiation protection effects without toxicity
[6]. The currently available radioprotector is
amifostine, which has been clinically approved
by the Food and Drug Administration (FDA).
Although amifostine offers good radioprotec-
tion properties, its side effects, including hy-
potension, nausea, and vomiting have limited
its acceptability. With this in mind, researchers
have paid more attention to find less toxic and
more effective radioprotectors, easily admin-
istrated [7]. Previous studies have shown that
modulating drugs of renin-angiotensin-aldo-
sterone system (RAAS), including angioten-
sin converting enzyme inhibitors (ACEIls) and
angiotensin receptor blockers (ARBs) are ef-
fective in protecting against radiation-induced
injury in kidney, lung and brain [8-10].

Telmisartan is a highly selective AT1 re-
ceptor blocker, widely used in the treatment
of hypertension [11]. Telmisartan has many
advantages compared to other ATI-receptor
blockers, including higher AT1 receptor affin-
ity, longer duration of action and peroxisome
proliferator-activated receptor (PPAR) activa-
tion, resulting in an effective anti-oxidant and
anti-inflammation agent [12, 13]. In addition,

telmisartan chemically consists of benzimid-
azolic and benzoic groups providing unique
scavenging properties for hydroxyl radicals
[14]. Protective effects of telmisartan against
various experimental models of tissue injuries
have been reported in previous studies, indi-
cating the efficacy of telmisartan for clinical
conditions other than hypertension treatment.
On the other hand, an ideal radioprotector
should have an acceptable route of adminis-
tration, preferably oral or intramuscular [15].
Compared with amifostine administered by in-
travenous injection, telmisartan can be orally
administered. Telmisartan is also more avail-
able and cheaper than amifostine and has fa-
vorable safety profile and the longest half-life
compared to amifostine or other ARB drugs
[16, 17].

Recent study has also demonstrated that
telmisartan provides the significant radio-
protective effects in testis and reproductive
tissues. To the best of our knowledge, the
protective effect of telmisartan against radi-
ation-induced injury in bone marrow has not
been investigated so far. Hence, the present
study was conducted to evaluate the radiopro-
tective potential of telmisartan on bone mar-
row cellularity in a Balb/c mice model against
sub-lethal X- irradiation.

Material and Methods

Animals

In this experimental study, adult male Balb/c
mice (8-10 weeks old; weighting: 25-30 g)
were purchased from the animal facility of
Pharmaceutical Sciences Research Center,
Tehran University of Medical Sciences. Mice
were housed in good conditions at the univer-
sity animal house and were fed with standard
mouse pellet and tap water. All animals were
kept under controlled laboratory condition of
lighting (light: dark, 12:12 h) and temperature
(22 £ 3 °C) with 50 = 10% relative humid-
ity. All animal-based protocols in this study
were conducted in accordance with applied
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research ethics national association guidelines
for the welfare of experimental animals and
approved by the Animal Ethics Committee of
Tehran University of Medical Sciences (IR.
TUMS.MEDICINE.REC.1398.575).

Study Design

A solution of telmisartan (Sigma—Aldrich
Co., USA) in PBS (pH= 7.6) was freshly pre-
pared and was daily administered by oral ga-
vage in a constant volume to the mice. The an-
imals were randomly divided into four groups
as follow:

1) Control group: the mice were orally ad-
ministrated with phosphate buffered saline
(PBS) and exposed to the sham-irradiation.

2) Telmisartan-treated group (TL group): the
mice were orally administrated with a solution
of telmisartan in PBS (12 mg/kg b.wt.) and ex-
posed to the sham- irradiation.

3) Irradiation-alone group (IR group): the
mice were orally administrated with PBS and
exposed to 5 Gy X-radiation.

4) Telmisartan-treated group under irradia-
tion (TL+IR group): the mice were orally ad-
ministrated with telmisartan (12 mg/kg b.wt.)
and exposed to 5 Gy X-radiation.

All the mice were given gavage of the solu-
tions for seven consecutive days, as described
above. Five mice were placed in each group.
On the seventh day, the mice were exposed to
5 Gy X-rays, 1 h after the last oral administra-
tion. Histopathological study was performed
at days 3, 9, 15 and 30 after irradiation.

Irradiation

The mice were exposed to whole body ir-
radiation (WBI) using a 6MV medical linear
accelerator (Elekta, Compact). According to
previous studies, the radiation dose of 5 Gy
was selected to induce bone marrow injury in
irradiated mice [18]. A single sub-lethal dose
of 5 Gy was applied at a dose rate of 200 MU/
min, through a field size of 40 cm x 40 cm, in
an anterior-posterior direction at a depth of 2.0
cm. The source-to-skin distance was 100 cm.
Figure 1 shows irradiation setup.

Histopathological Study

After treatment or radiation, the mice were
deeply anesthetized intraperitoneally with a
combination of ketamine (100 mg/kg) and xy-
lazine (10 mg/kg), respectively, which was in
accordance with recent American Veterinary
Medical Association (AVMA) guidelines that
injection of 100 pL of a solution of ketamine:
xylazine (10 mg:1 mg) in mice resulted in
death within 3 to 5 s after completion of the
injection. Therefore, animals had no nervous
reflex, and this process eliminated the pain and
distress at death [19, 20]. Right femurs were
then surgically removed from anesthetized
mice at days 3, 9, 15 and 30 after irradiation,
fixed in the 10% neutral buffered formalin
(NBF, pH= 7.26) for 48 h, processed and em-
bedded in paraffin [21-24]. Then 5 um thick
sections were prepared and stained with hae-
matoxylin and eosin (H&E) using standard
procedure. The histological slides were evalu-

Figure 1: Irradiation setup using Elekta linear accelerator.
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ated by the independent reviewer, using light
microscopy (Olympus BXS51; Olympus, To-
kyo, Japan). For the counting of different cell
types in bone marrow, three high-power fields
(3HPF, x800) were randomly selected and
the final measurements were collected by the
average of the data achieved from these three
fields. Histological parameters, polymorpho-
nuclear /mononuclear cells and megakaryo-
cytes were analyzed and recorded.

Statistical Analysis

All the results were expressed as mean +
standard deviation (SD). Statistical analysis
was performed using one-way analysis of vari-
ance (ANOVA) followed by Tukey’s post hoc
test for comparison between multiple groups
(IBM SPSS Statistics Package for Windows,
Version 23.0). A value of P < 0.05 was consid-
ered to be statistically significant.

Results

Micrographs of the bone marrow in control,
IR, TL and TL+IR groups are seen in Figure
2. In addition, the histomorphometric analysis
of harvested tissues of the bone marrow was

Control TL

also listed in Table 1. Treatment with 12 mg/
kg of telmisartan alone (TL group) did not
show any decrease in bone marrow cellularity
compared to the control group on the 3, 9™,
15" and 30" days (p > 0.05). The results con-
firmed the non-toxicity nature of telmisartan at
the applied dosage. There was a significant re-
duction in the number of polymorphonuclear
cells, mononuclear cells and megakaryocytes
in IR group compared to the control group on
the 3" day (p < 0.05). Treatment with telmisar-
tan before irradiation partially preserved bone
marrow cellularity compared to the irradiated
group at 3" day, but the difference between the
two groups was not statistically significant. By
9 days after irradiation, the number of poly-
morphonuclear cells, mononuclear cells and
megakaryocytes had a decrease in both IR
and TL+IR groups. In addition to the marked
hypocellularity, cytolysis and adipose tissue
replacement were observed, which were in-
dicative of severe radiation-induced depletion
of bone marrow. However, an increase in total
cellularity of bone marrow was still signifi-
cantly detectable in TL+IR group (p < 0.05).
Although some relative recovery was observed

15 Day 9 Day 3 Day

30 Day

X800

X100

Figure 2: Photomicrographs of histologic sections of the femoral bone marrow in different ex-
perimental groups on 39, 9t, 15%, and 30™" days; Control; TL: telmisartan (12 mg/kg body weight);
IR: 5 Gy irradiation; TL+IR: telmisartan (12 mg/kg body weight)+5 Gy irradiation; H&E stain.
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Table 1: The number of polymorphonuclear/mononuclaer cells and megakaryocytes in bone

marrow sections of different experimental groups (MeanSD).

Factor Control TL *IR TL+IR
55.6+3.7 (3) 5414 (3) 4744 (3) 51.3+1.5(3)
54.5+2.5 (9) 53.3£3.5(9) 19.6£2.5 (9) #24.612.5 (9)
Polymorphonuclear cells
55.843 (15) 54+2.5 (15) 2243 (15) #48+3 (15)
56.5+2.2 (30) 56+2.6 (30) 43+4.5 (30) #53.6+1.5 (30)
44342 (3) 43.6£3 (3) 36+3.5 (3) 372 (3)
46.3+1.5(9) 455+2.5 (9) 14.3+2.5 (9) #18.6£2.5 (9)
Mononuclear cells
47+2.2 (15) 47.34£2.5 (15) 16.3£1.5 (15) #25.4%2 (15)
45.5+2.5 (30) 46.6+4.1 (30) 34+4 (30) #45%3.5 (30)
7.7£1(3) 7£1.2 (3) 6.610.7 (3) 7.3+1.5(3)
7.241.2(9) 7.54£1.5(9) 0.3£0.1 (9) #2.3+0.5(9)
Megakaryocytes
7.5¢1(15) 7.3£1.1 (15) 1.6+0.3 (15) #5+1(15)
7+1.5 (30) 711 (30) 3.3+0.5 (30) #6.8+1.5 (30)

*p < 0.05 compared to the control and *p < 0.05 compared to IR group (5 Gy) for similar time points; TL: telmisartan (12 mg/kg
body weight); IR: 5 Gy irradiation; TL+IR: telmisartan (12 mg/kg body weight) + 5 Gy irradiation. The numbers in parentheses

represent the time points (day) of the histopathology analysis.

in IR group on the 15" and 30™ days, there was
still a statistically significant decrease in the
number of polymorphonuclear cells, mono-
nuclear cells and megakaryocytes compared
to the control group (p < 0.05). Moreover, the
number of cellularity in bone marrow sections,
including polymorphonuclear cells, mono-
nuclear cells and megakaryocytes was signifi-
cantly higher in TL+IR group than IR group
on 15" and 30™ days (p < 0.05). By the 30
day, the total cellularity in the TL+IR group
returned to the normal level.

Discussion

Ionizing radiation exposure often has fatal
effects on the hematopoietic system, leading
to serious concerns about human health and
limiting the use of radiation therapy in can-
cer patients [25]. Bone marrow, as the most
important hematopoietic organ, is highly ra-
diosensitive. It maintains a high rate of cell
proliferation and forms the various stages
of hematopoietic cell growth. Bone marrow
damage can suppress hematopoiesis, resulting
in low counts of circulating blood cells and
adverse side effects such as bleeding, anemia

and immune impairment [26]. Therefore, it
is important to develop safe and effective ra-
dioprotectors to modify the natural response
of hematopoietic system to radiation-induced
toxicity or fatality. In this regard, histological
analysis of bone marrow has demonstrated that
pre-treatment with radioprotective agents such
as roxadustat, dammarane sapogenins, CpG-
oligodeoxy nucleotides (ODN), homogeneous
polysaccharides ( APS-1a and APS-3a), chlo-
robenzylsulfone derivative (ON 01210.Na),
17-dimethylaminoethylamino-17- demethox-
ygeldanamycin, ascorbic acid, d-tocotrienol
(DT3) and genistein improves the cellularity
in bone marrow and ameliorates hematopoi-
etic toxicity in mice [18, 21-24, 27-30]. Re-
cently, it was reported that telmisartan pro-
tected testis and reproduction organs against
radiation-induced toxicity in animal models.
The radioprotection activity of telmisartan has
been attributed to its radical scavenging and
anti-inflammatory effects resulting in the re-
generation of radiation-induced damage [31-
33]. In the present study, orally administered
telmisartan, an ARB drug, was tested for the
bone marrow radioprotection in the Balb/c

J Biomed Phys Eng 2022; 12(3)
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mice.

In accordance with other studies, bone mar-
row histopathological examination was used
as an indicator of radiation-induced myelo-
suppression and the presence of polymorpho-
nuclear /mononuclear cells and megakaryo-
cytes was studied. Bone marrow sections from
the control and TL groups showed a normal
number of cellularity at all-time points. They
contained the clusters of polymorphonucle-
ar /mononuclear cells and megakaryocytes
mixed with adipocytes in normal proportions.
Our results showed that both TL+IR and IR
groups had almost similar number of bone
morrow cells at 3 days after irradiation, but
the early onset of marrow destruction was
also observed. There were marked hypocel-
lularity, cytolysis, vacuolization and adipose
replacement in both IR and TL+IR groups, in-
dicating that radiation induced severe marrow
depletion on 9 days after irradiation. But, on
days 15" and 30™, the number of bone mar-
row cells, including polymorphonuclear cells,
mononuclear cells and megakaryocytes in the
TL+IR group was significantly higher than
the IR group. The time course study ranging
from 3 to 30 days indicated faster recovery of
radiation-induced bone marrow cell loss in the
TL+IR group than IR group. By the day 30™,
a significant recovery in bone marrow cellu-
larity, near to normal level, was observed in
mice treated with telmisartan, indicating that
telmisartan minimized radiation-induced my-
elosuppression.

Previous studies have shown that treatment
with renin angiotensin aldosterone system
(RAAS) modulators restored bone marrow
cellularity and the number of hematopoietic
progenitor cells after radiation exposure [34].
It was considered that possible mechanisms of
telmisartan may be involved into the following
aspects. Firstly, administration of telmisartan,
as a RAAS modulator, markedly increases tet-
rapeptide AcSDKP (Acetyl-N-Ser-Asp-Lys-
Pro) plasma concentration, showing a di-
rect myeloprotective effect. The AcSDKP is

a hematopoiesis regulator and also acts as a
potent myeloprotector. It was reported that
AcSDKP mediates GO/Glarrest and prevents
subsequent DNA breakage and apoptosis dur-
ing S phase of the cell cycle [35]. The second
mechanism is probably related to the role of
RAAS modulators in hematopoiesis, either
by acting directly on hematopoietic stem cells
through promoting entry into the cell-cycle, or
indirectly by stimulating the secretion of the
cytokines and growth factors from stromal
cells [36]. Finally, it is thought that telmisartan
enhances marrow repopulation capacity and
hematopoietic function through activating the
internal antioxidant defense system in irradiat-
ed mice, because reactive oxygen species are
involved in many ionizing radiation toxicities
[13, 37, 38]. However, the mechanisms related
to the radioprotective effects of telmisartan on
hematopoiesis and bone marrow need further
explorations. In the future, we will focus on a
more detailed mechanistic study of the factors,
affecting the results of telmisartan treatment
against radiation induced myelo/hematopoi-
etic toxicity.

Conclusion

In conclusion, this study is the first report
demonstrating that administration of telmis-
artan before irradiation effectively protects
bone marrow tissue against radiation-induced
injuries and this effect is associated with the
recovery of its structure and function. Telmis-
artan is a well-tolerated, easily available and
cost-effective FDA-approved drug with no
toxicity and can be orally administrated. These
features make telmisartan as an excellent ra-
dioprotector for conditions, in which there is
always a risk of damage to the hematopoietic
system during irradiation. It would be consid-
ered for further clinical study in future.
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