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Prevention of Gamma Radiation Induced Anaemia in Mice by Diltiazem

Vandana NUNIA and P. K. GOYAL*

Radiation/Pro- and normoblsts/Blood Constituents/Erythr opoietin/Diltiazem.

Intraperitoneal administration of diltiazem (DTZ), half an hour prior to whole body gamma irradiation
(25, 5.0, & 7.5 Gy), showed the protection of animals from radiation-induced anaemia. Radiation exposure
sgnificantly (p < 0.001) reduced the number of pro- and normoblastsin bone marrow and RBC counts, hemo-
globin (Hb), hematocrit (Hct ), and erythropoietin (EPO) level in blood, but increased myeloid / erythroid ratio.
At al the radiation doses, the maximum decrease in these values was noted on the 3rd day, followed by a grad-
ual recovery from the 7th day, but it was not recorded as normal even until the end of experimentation. In ani-
mals pretreated with DTZ, these values were measured higher at al the time periods in comparison to
corresponding control, and these were almost normal at the last autopsy interval only at 2.5 Gy radiation dose.
DTZ maintained the higher erythropoietin level in blood, which acted on bone marrow and spleen colony
forming unit for erythroblast (CFU-E), and stimulated such cells to produce RBCs. These results confirm that
DTZ has the potency to alter anaemic condition favorably through the protection of bone marrow stem cells,
and subsequently it maintains the higher number of pro- and normoblastsin bone marrow, RBC counts, hemo-
globin (Hb), hematocrit (Hct) percentage, and erythropoietin level in blood and the lower myeloid/erythroid
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ratio in bone marrow.

INTRODUCTION

Anaemia is the condition characterized by a reduction in
the number of red blood corpuscles (RBCs), the quantity of
hemoglobin, and the volume of packed RBCs per 100 ml of
blood.*? Different types of anaemias are known, viz. as (i)
anaemia because of blood loss, (ii) aplastic anaemia because
of radiation and chemotherapy or the inability of damaged
stem cells in the bone marrow to manufacture new red blood
cells, (iii) anaemiain which theimpaired production of RBCs
is due to the deficiency of iron, vitamin By, protein, ascorbic
acid, folic acid, and niacin, and (iv) hemolytic anaemia
because of blood loss. Anaemia can be induced experimen-
tally in laboratory animals. Radiation-induced anaemia can be
detected by looking at the sample of blood that may show a
lack of immature red cells called reticulocytes or a sample of
bone marrow that shows an absence of red blood cell precur-
sors. Anaemiais also caused by alow level of erythropoietin.
Since kidneys produce this cytokine, such a condition may
occur asaresult of kidney damage.®

Severa attempts have been made to find a suitable radio-
protector by taking synthetic compounds like Dimethyl pros-

*Corresponding author: Fax: +91-0141-2624611,

E-mail: pkgoyal 2002@rediffmail.com
Radiation & Cancer Biology Laboratory, Department of Zoology, University
of Rajasthan, Jaipur—302 004, India.

taglandin,® Sodium tungstate,® Chitosan,® Beer,” Turpen-
tine® and various plant products such as Liv. 52,9 Garlic,®
Ginseng,®? Spiruling,® Ocimum,®® and Mentha® Most of
these have not yet been clinically applied because of their tox-
icity at protective dose levels, and a search is till on to find
out a potent radioprotector with minimum or no toxicity. Dilt-
iazem is a calcium channel blocker used in cardio-vascular
therapy, and it acts by inhibiting the influx of Ca2* through
specialized channels into cells and thus influences numerous
cell functions® There are some reports on the protective
action of calcium channel blockers against radiation.’>?¥ The
present experiment is an attempt to study the protective effect
of diltiazem on radiation-induced deleterious changes in
blood and bone marrow cellsthat are responsible for anaemia.

MATERIALSAND METHODS

Animals

Swiss abino mice, 6-8 weeks old and weighing 22 + 2 g.,
from a close-bred colony were used for the present study.
These animals were maintained under controlled conditions
of temperature and light (Light/dark, 10 h/14 h) as per norms
laid down by a departmental ethical committee. They were
provided standard mice feed (procured from Hindustan
Levers Ltd., India) and water ad libitum. Tetracycline water
once a fortnight was given as preventive measures against
infections.
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Irradiation

A cobalt teletherapy unit (ATC-C9) at the Cancer Treat-
ment Centre, Radiotherapy Department, SMS Medical Col-
lege & Hospital, Jaipur, was used for irradiation.
Unanaesthetised animals were restrained in well-ventilated
perspex boxes and exposed to gamma radiation at a distance
(SSD) of 77.5 cm from the source to deliver the dose rate of
1.04 Gy/min.

Drug

Diltiazem (procured from Dr. Reddy’s L aboratory, Hydera-
bad) was dissolved in double distilled water (DDW) accord-
ing to the body weight of the animals and injected in mice
intraperitonially (i.p.) as 100 mg/kg body weight.

EXPERIMENTAL DESIGN

Determination of optimum dose of DTZ against radiation

A dose selection of diltiazem was done on the basis of drug
tolerance study. For this purpose, various doses of Diltiazem
(25, 50, 100, and 200 mg/kg b.wt.) were tested for their toler-
ance in Swiss abino mice. Thus the most optimum and toler-
able dose of diltiazem (100 mg/kg b.wt.) was obtained in our
previous study® and used for further detailed experimenta-
tion.

Maodification of radiation response

Animals selected for this study were divided into four
groups. Animals of group 1 were injected intraperitoneally
(i.p.) with double-distilled water or DDW (volume equal to
diltiazem) to serve as normal, and animals of Group 2 were
given diltiazem (100 mg/kg b.wt.) alone intraperitonialy.
Animals of Group 3 received DDW (equivalent to DTZ) and
then exposed to different doses of gamma radiation (2.5, 5.0,
& 7.5 Gy) to serve as control. Animals of Group 4 were given
DTZ (asin Group 2) and exposed after half an hour to differ-
ent doses of gamma radiation (as in Group 3) to serve as
experimental subjects. At least six animals from each group
were autopsied at 1/2 day, 1 day, 3 days, 7 days, 14 days, and
28 days of post-irradiation.

Bone marrow smear preparation and counting

Femur bones from the above mice were dissected out and
cleaned, their heads were cut, and bone marrows were flushed
out and diluted with mice serum with the help of a syringe.
Thin films of the cell suspension were prepared on clean glass
dlides and stained with Leishman’s reagent. A total of 500
cellswere counted from each dlide and the percentage of bone
marrow cells were determined in relation to the total cellular
count.

Erythropoietin level
Erythropoietin (EPO) level was measured in serum by SRL
Ranbaxy Ltd., Mumbai (India). This test was done with the

immulite analyzer kit (Catalog No. LKEPZ) manufactured by
Diagnostic Products Corporation, USA.

Hematological study

For hematological parameters, blood was collected from
the caudal vein of mice in a via containing 0.5 M EDTA.
Tota erythrocyte counts and the haematocrit and hemoglobin
values were determined by adopting standard procedures.

Endogenous spleen colony assay (CFU-S)

The endogenous spleen colony assay was done with the
slight modification of the method of Till and Mac Culloch.®
Endogenous spleen colony forming units (CFU-S) were
determined on day 10 after single whole body irradiation.
Briefly, the animalswere sacrificed on day 10 after irradiation
by cervica didocation, and their spleens were removed,
weighed, and fixed in Bouin’s solution, and grossy visible
nodules on the surface of the spleen were counted. The nod-
ules observed in the spleens of the irradiated mice were dis-
crete, round, or oval, gray in color, and embedded in the red
mass of the spleen. Such nodules were counted by naked

eyes.

Satigtical analysis

The datawere subjected to a Student’ st-test for comparison
between the groups. The values are expressed as mean *
SEM, and significance levels were set at p < 0.05, p < 0.005,
and p < 0.001 levels.

RESULTS

No toxic effects in terms of sickness were observed in the
animals treated with DDW (Group 1) and diltiazem (Group
2). All animals exhibited signs of radiation sickness within 2
days after exposure to 7.5 Gy with DDW (Group 3 as con-
trol). These symptoms included anorexia, lethargicity, diar-
rhea, body weight loss, and ruffled fur. The animals started
dying from the 7th day and was observed within 30 days of
pogtirradiation. In the animals pretreated with diltiazem
(experimental), 87.5% of the animals survived until 30 days
after irradiation.

Bone marrow counts

The animals treated with DTZ aone (Group 2) showed no
significant change in the number of pro- & normoblasts, and
their values were found as nearby normal at all the autopsy
intervals. A significant decrease in the number of such cellsin
group 3 as compared to normal was observed at all the radia
tion doses (2.5, 5.0, & 7.5 Gy). Maximum decrease was
observed on day 3 pogtirradiation (17.34 £ 0.30, 13.24 + 0.48,
& 10.68+ 0.22 a 2.5, 5.0, & 7.5 Gy respectively). At 2.5 and
5.0 Gy, gradual recovery started from the 7th day, but vaues
could not be recorded near normal even until the end of
experimentation. At 7.5 Gy, elevation in counts started from
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Fig. 1. Variations in pro- and normoblasts (%) in Swiss abino
mice after exposure to different doses of gamma radiation with
(experimental) or without (control) diltiazem. The values represent
mean = SEM. The stetistic significance was obtained between Nor-
mad vs. Control and Control vs. Experimental (3p < 0.05, °p < 0.005,
°p < 0.001).
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Fig. 2. Variationsin RBC countsin Swiss albino mice after expo-
sure to different doses of gamma radiation with (experimental) or
without (control) diltiazem. The values represent mean + SEM. The
statistic significance was obtained between Normal vs. Control and
Control vs. Experimenta (3p < 0.05, "p < 0.005, °p < 0.001).

the 7th day (10.54 £ 0.734) with agradual decline at the 14th
day (10.26 + 0.526). Pro- and normablasts number was found
to be significantly lesser (p < 0.001) at dl intervas in this
group. In DTZ pretreated animals (Group 4), a significant
increase in the counts of pro- and normoblasts was observed
in comparison to their respective control (Group 3) a each
autopsy interval. Such cells increased from the 7th day, and
values were found to be near normal by 28 postirradiation
only inthe 2.5 Gy radiation dose (Fig. 1).

Hematological studies

Animals of group-2 (DTZ aone) exhibited no significant
dteration in hematological values in comparison to the nor-
mal.

Total RBC counts decreased the maximum on the 3¢ day of
autopsy interval (2.5, 5.0, and 7.5 Gy at 6.60 = 0.74, 5.73 +
0.14, & 4.25 £ 0.16, respectively) in al radiation doses. At
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Fig. 3. Variations in haemoglobin concentration in Swiss abino
mice after exposure to different doses of gamma radiation with
(experimental) or without (control) diltiazem. The values represent
mean + SEM. The datistic significance was obtained between Nor-
mal vs. Control and Control vs. Experimental (?p < 0.05, ®p < 0.005,
p < 0.001).
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Fig. 4. Variationsin haematocrit percentage in Swiss albino mice
after exposure to different doses of gamma radiation with (experi-
mental) or without (control) diltiazem. The values represent mean
+ SEM. The statistic significance was obtained between Normal vs.
Control and Control vs. Experimental (3p < 0.05, ®p < 0.005, %p <
0.001).

2.5 and 5.0 Gy, gradual recovery started from the 7th day, but
values could not be recorded as normal even until the end of
experimentation. At 7.5 Gy, elevation commenced from the
7th day (5.73 + 0.06) with a subsequent decline at the 14th
day (5.02 + 0.24). RBC counts showed significant decrease (p
< 0.001) throughout the experiment at all radiation dose lev-
els. Irradiated animals (Group-4, pretreated with DTZ) exhib-
ited a dgnificant increase in RBC counts with respect to
control during the entire period of study by attaining the nor-
mal value on the last day (i.e., the 28th day), only in the 2.5
Gy radiation dose (Fig. 2).

Hb concentration in irradiated groups (2.5, 5.0, & 7.5 Gy)
showed a maximum decrease on the 3rd day (12.04 £ 0.16,
10.06 £ 0.56, and 9.36 + 0.34, respectively) with a gradua
reparation from the 7th day, regaining almost normal level by
day 28. In theirradiated group (Group 4, with DTZ), animals
showed significantly higher Hb concentration than the respec-

J. Radiat. Res,, Vol. 45, No. 1 (2004); http://jrr jstagejst.go.jp



14 V. Nuniaand P. K. Goyal

Myeloid / Erythroid ratio

Y day 1 day 3 days 7 days 14 days 28 days
Post-treatment autopsy intervals
aP<0.05 —e—Normal DTZ ~ a--250y —a—DTZ+2506y

bP < 0.005
oP <0,001 --®:-50Gy —e—DTZ+50Gy —-75Gy —-—DTz+7.5Gy|

Fig. 5. Variations in myeloid / erythroid ratio in Swiss abino
mice after exposure to different doses of gamma radiation with
(experimental) or without (control) diltiazem. The values represent
mean = SEM. The stetistic significance was obtained between Nor-
mal vs. Control and Control vs. Experimental (3p < 0.05, °p < 0.005,
p < 0.001).
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Fig. 6. Variations in erythropoietin level in Swiss albino mice
after exposure to different doses of gamma radiation with (experi-
mental) or without (control) diltiazem. The values represent mean
+ SEM. The datistic significance was obtained between Normal vs.
Control and Control vs. Experimental (?p < 0.05, ®p < 0.005, %p <
0.001).

tive control, and amost a normal level was evident at 2.5 Gy
radiation dose level (Fig. 3).

Hematocrit (Hct) percentage was found to be significantly
lower in al the irradiated groups. The maximum decline was
observed on the 3rd day (35.34 + 0.28, 32.42 + 0.16, and
26.48 £ 0.16 a 2.5, 5.0, and 7.5 Gy respectively). In experi-
mental animals, Hct values were higher in comparison to
respective control throughout the period of study (Fig. 4).

Myeloid/erythroid ratio

The animals treated with DTZ showed no significant
change in bone marrow myeloid/erythroid ratio in regard to
normal. A significant increase in this ratio was observed in
control animals (irradiation aone) in comparison to normal at
dl radiation doses studied (2.5, 5.0, and 7.5 Gy). Maximum
increase in control animals was observed on day 3 of postirra
diation (4.37+0.12,7.85+0.04, & 10.68+0.10at 2.5,5.0, &
7.5 Gy, respectively). At 5.0 Gy, a gradua decrease started

Table 1. Spleen response on day 10 in Swiss abino mice
after exposures to different doses of gamma radiation with
(Experimental) or without (Control) DTZ.

Rad'?té?/r)] dose Group Spleen colony units (CFU-S)
25 Control None
Experimental None
5.0 Control None
Experimental 520+ 0.33*
75 Control 6.66 + 0.88*
Experimental 17.64+ 1.76*

Significance level: Control vs. Experimentd. *p < 0.001.

from the 7th day, and values could not be obtained normal till
the end of experimentation. At 2.5 and 7.5 Gy, a decline
started from the 7th day (2.83 + 0.04 & 7.90 + 0.10) with a
gradua elevation at the 14th day (3.85 + 0.06 and 7.94 +
0.06). The myeloid/erythroid ratio showed significant
increases (p < 0.001) in al radiation doses. This increase was
two times higher in 2.5 Gy- and five times higher in 7.5 Gy-
irradiated animals. In DTZ pretreated animal s (experimental),
asgnificant decrease in myeloid/erythroid ratio was observed
in comparison with the respective control a each autopsy
interval, and this became almost normal by 28 postirradiation
at 2.5 Gy (Fig. 5).

Endogenous spleen colony assay

The protective effect of DTZ againgt radiation injury to
stem cells was assessed by the endogenous spleen colony
assay. No spleen colonies were evident in control and experi-
mental (irradiated) groups at 2.5 Gy or in the control group at
5.0 Gy. However, colonies in the spleen (5.20 + 0.33)
appeared in the experimental group at 5.0 Gy. Similarly, a
significant increase in their number over normal was scored
in 7.5 Gy control (6.66 £ 0.88), which was significantly
enhanced in experimental (17.64 + 1.76) group (Table 1).

Erythropoietin level

In the present investigation, no significant variation in
serum EPO was observed in DTZ-al one treated animals with
respect to norma. However, a dose dependent decrease in
EPO level was observed in animals, and this decrease was
maximum on the 3rd day (1.89 £ 0.16, 1.80 + 0.20, & 1.64 +
0.22 a 2.5, 5.0, & 7.5 Gy, respectively). Experimenta ani-
mals exhibited a significant increase in EPO level with respect
to control, and these values were nearly normal at 2.5 Gy, but
remained below normal at 5.0 and 7.5 Gy doses (Fig. 6).

DISCUSSION

The results from the present study indicate that a pretreat-
ment of DTZ protects the mice from radiation-induced
anaemia. The protective effect of DTZ was demonstrated by
an increase in colony-forming units in spleen, number of pro-
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and normoblasts in bone marrow, various hematological con-
stituents (RBC, Hb, & Hct) and erythropoietin level in periph-
eral blood. A significant radioprotection was achieved when
DTZ was given intraperitoneally as 100 mg/kg b.wt. half an
hour prior to irradiation.

Radiation induced concomitant clinical problems of a ten-
dency toward uncontrolled hemorrhage, decreased resistance
to infection, and anaemia likewise will vary considerably
from as early as 10 days to as late as 6-8 weeks after expo-
sure. A reasonable average time of onset of the clinical prob-
lems of bleeding, anaemia. and decreased resistance to
infection is 2—3 weeks. This may cause weight loss, hair loss
and ultimately death. Following lethal exposures, the marrow
may be so damaged that recovery is impossible?” In the
present study, 87.5% survival was observed in diltiazem-pre-
treated irradiated animals (group 4). Similar results were
observed earlier by Floershem,'® who found that DTZ pro-
tects the mice from bone marrow damage and therefore from
death from the bone marrow syndrome, allowing survival up
to 93% after irradiation. Surviva of endogenous spleen col-
ony forming cells®¥ and granulocyte/macrophage colony
forming cells (GM-CFC) by diltiazem was also determined at
day 1014, which indicates recovery from radiation damage
in bone marrow.?®

Normal bone marrow contains cells capable of forming
macroscopically visible colonies in the spleens of heavily
irradiated animals. Colonies developing in the spleens of mice
irradiated with doses between 6 and 8 Gy have been used to
study the behavior of colony forming cells in situ.?® In the
present study, a significant increase in the number of spleen
colony forming units was observed in DTZ pretreated ani-
mals. Such a number is five times higher in the case of 5.0
Gy-irradiated animals and three times higher in 7.5 Gy-irradi-
ated animals pretreated with DTZ. This shows significant
protection of stem cells by diltiazem.

In the irradiated mice, a pool of erythropoietin sensitive
cells has been found to be increased. Erythropoietin not only
acts on the existing erythropoietin sensitive cdlls, but also on
the stem cells that enter in the process of differentiation,®
enabling these cdlls to proliferate and differentiate into func-
tioning erythrocytes. CFU-E in the bone marrow is the pri-
mary target cdl for EPO, and the largest number of EPO
receptors are formed at the stage of development between the
CFU-E and the proerythroblasts3® When EPO binds to its
receptor, it is rapidly internalized and undergoes endocytosis
and degradation. The kidney, especially the peritubular inter-
stitial cells, is the main production site of EPO production.3?
Kidneys are probably less sengitive to ionizing radiation, but
at higher doses (6-8 Gy) they show serious damage,®? which
isfurther responsible for adecrease in EPO production. In the
present study, a significant decrease in serum EPO level was
observed in irradiated animals. This decrease was lower in
DTZ-pretreated animals, which is because DTZ has specific
effects on kidneys. A renal protective effect of DTZ on kid-

neys has been observed by Bakris and Shaikh® and Schul-
man.* These effects have been divided into those that are
primarily mediated by changes in rena blood flow®=® and
secondarily mediated by eectrolyte handling,>” whereas
some may be renal specific, and others may result from the
systemic hypotensive effects that are produced by dilt-
iazem.® Diltiazem might aso protect the tubular necrosis of
kidneys through its calcium channel blocking action® and
maintain the normal level of erythropoietin in kidneys and
further in blood. Erythropoietin stimulates CFU-E cells in
bone marrow and spleen for the formation of reticulocytes™
as well as the synthesis of RBC cell membrane proteins and
on set of enucleation.*2

In the present study, an increase in pro- and normoblasts
and in RBCs was observed in DTZ-pretreated animals, which
shows that DTZ maintains a high EPO level, and this is
responsible for an increase in the number of these cells.
Hematocrit is the percentage of whole blood that is made up
of cells, and a decrease in its value below normal indicates
anaemia. Another measure of anaemia is a decrease in Hb
percentage.®® In the present invedtigation, it has been
observed that the Hb level declined significantly following
radiation exposure. The minimum value of Hb was obtained
on the 3rd day of postirradiation at al the radiation groups
(25,50, & 7.5 Gy). However, a decrease in the Hb content
was observed in the present study as a function of radiation
dose. These observations are in accordance with the findings
of others**" The decrease in Hb content attributed to a
decline in the number of red blood cells. In DTZ-pretreated
animals, Hb values were higher at al radiation doses, which
shows a significant protection of RBCs by DTZ. An increase
in EPO level by DTZ is dso directly responsible for an
increase in Hb content. The synthesis of Hb begins 12 hrs.
after the binding of EPO to its receptor*® because of increased
iron pool by EPO.*Y A decrease in Hct percentage is dso
observed in the present study, which can be attributed to the
failure of erythropoiesis, destruction of mature cells, or
increased plasma volume.5® The decline in hematocrit values
is due to decreased erythropoiesis and increased plasma vol-
ume. The decrease in the number of pro- and normoblasts as
well as RBCs in the present study also supports the view of
decreased erythropoiesis as the cause of the decline in hemat-
ocrit values. DTZ protects bone marrow and blood erythro-
poietic cells and maintains the normal percentage of Hct.

Results from the present study suggest that DTZ retains the
normal counts of bone marrow stem cells and subsequently
hematological counts, which protect the individuals from
radiation-induced anaemia.
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