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Modifying Role of Somatotrophin On Trabecular Width &
Osteoblast Count of Irradiated Long Bones of Young Albino Rats
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ABSTRACT

Objective: To evaluate the modifving effect of Somatotrophin in preservating the harmful effect of a-
radiation on trabecular width and osteoblast count in long bones of albino rats litters.

Study Design: Experimental study.

Place & Duration: Experimental work was completed in six month duration at Basic Medical Sciences
Institute (BMSI), Jinnah Postgraduate Medical Center (JPMC) Karachi.

Material & Methods: 30 newborn albino rats were taken for this study. They were divided into three
groups: Group A (control), Group B was given 5Gy gamma radiation and Group C was given radiation
and inj. Somatotrophin (Growth Hormone). Each group was further divided into two subgroups
according to their respective period of treatment i.e. 2 and 4 weeks respectively. At the end of their
respective period of study the rats were anaesthetized by ether, dissection was done and their long bones
humerus and femur taken out, transferred, fixed and processed. Su longitudinal sections were cut with
rotatory microtome. The tissues stained with Goldner's trichrome for visualization of osteoblast cells
and trabeculae.

Results: A highly significant decrease in osteoblast count and trabecular width was noted in irradiated
subgroups compared with control. And highly significant increase in osteoblast count and trabecular
width was noted in Somatotrophin treated subgroups as compared to irradiated subgroups.

Conclusion: Irradiation causes destruction of bone marrow, trabeculac and osteoblast cells while

Somatotrophin reverses the damage.
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INTRODUCTION:

Radiation therapy involves treating the
cancer with ionizing radiation; for certain
localized causes, it may be curative. lonizing
radiation can be delivered by radiation emitted
from decay of radioactive isotopes or by high-
energy radiation beams.' lonizing radiation is
either penetrating (x-rays.y-rays), or non-
penetrating.
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Penetrating radiation aftects the skin and
deeper tissues, while non-penetrating radiation
affects the skin alone.” Damage to underlying bone
can be a major complication of radiation therapy,
whether alone or with chemotherapy. Radiation
changes resulting from serious complications
have been reported in several bones." The cell
nucleus is considered the primary target for the
lethal cffects of ionizing radiation.” Radiation
damages DNA, rapidly dividing cells are more
vulnerable to injury than the quiescent cells.
Tissues with a high rate of cell division, such as
gonads, bone marrow, lymphoid tissue and the
mucosa of gastrointestinal tract, are extremely
vulnerable to radiation, and the injury is manifes-
ted early after exposure.” Dose limiting complica-
tions of radiotherapy include skeletal abnormali-
ties and disturbances in skeletal development
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within the irradiated field.” Sensitivity of cells to
radiation varies directly with their reproductive
power.

Growth hormone causes growth of almost
all tissues of the body that are capable of growing.
It promotes increased sizes of cells and increased
mitosis., with development of greater number of
cells and specific differentiation of certain types of
cells such as bone growth cells and early muscle
cells.” Growth hormone stimulates increased dep-
osition of protein and increased growth in almost
all tissues of body, its most obvious effect is to
increase growth of skeletal frame. This results
from multiple effects of Growth hormone on bone,
including: increased deposition of protein by the
chondrocytic and osteogenic cells that cause bone
growth, Increased rate of reproduction of these
cells, and a specific effect of converting chondro-
cyte into osteogenic cells, thus causing deposition
of new bone.” Growth hormone reduces radiation
associated mortality.”

MATERIAL & METHODS:

Thirty newborns of Albino rats were taken
for this experimental work, they were weighed
and marked on 1" post natal day and divided into 3
groups, i1-e, A, B and C each comprising of 10
animals. Each group was further divided into two
subgroups, i-e, Aland A2; B1 and B2; Cland C2
as their respective period of treatment, i.e., 2 and 4
weeks respectively. Each subgroup comprised of 5
animals, and was kept in separate cages along with
mothers for milk feeding. The mothers given
laboratory feed and water ad libitum. Rats kept in
experimental room for 10 days prior to comm-
encement of study, for acclimatization to the
experimental conditions with 12 hours light and
dark cycle. Animals were watched daily for their
health status. On 10" post natal day animals
(litters) weighed, and treated according to their
grouping. The rats were treated as under:

Group-A (Al and A2). was observed as
control. Group-B (BI and B2), rats given 5 Gy
irradiation 2.02 min. from 60-unit cobalt
chamber,”" at the Department of Radiotherapy
JPMC Karachi, at the commencement of study.
Group-C (C1 and C2), rats were given Radiation

and injection Somatotrophin at the dose of
0.3pug/gm body wt. of animal for their respective
period of study.” After treatment, all the animals
watched daily for their health status. The animals
were weighed weekly. After 2 and 4 weeks, the,
animals were sacrificed under ether anaesthesia.
They were fixed on dissecting board and dissec-
ted. Their long bones Humerus and Femur were
taken out and transferred and fixed in 10%
formalin fixative for 48 hours, then kept in 5%
formic acid for 24 hours, then processed and
embedded in paraffin. The bones were oriented
horizontally and 5u longitudinal sections were cut
with rotatory microtome. Sections were floated on
the surface of warm water at 42 C in water bath.
Then cut sectioned were transferred on
albuminized glass slides and were put on hot plate
overnight at 37-40C for fixation of tissues. The
tissues were stained with: Goldner's trichrome
stain, to visualize trabeculae, osteoblast and
osteoclast cells. The width of trabeculae in
section, apparently seen of marked thickness was
measured out by ocular micrometer scale under
8X ocular and 40X objective. The osteoblast cells
were observed just below the EGP, and counted
with the help of ocular counting reticule in 10
different randomly selected areas of tissue section
under &8X ocular and 40X objective of light
microscope. The statistical significance of the
difference of various quantitative changes bet-
ween the experimental and control groups was
evaluated by student t-test by utilizing computer
software SPSS-20.

RESULTS:

Both gross and microscopic observations
were made, in all groups. The microscopic
changes were observed in Sum thick, Goldners
trichrome stained sections. The following obser-
vations and results were recorded for statis-tical
analysis. Both bones in both subgroups showed
numerous trabeculae, long and slender in shape,
some interconnected. projecting from calcifying
matrix to the metaphysis, and were lined by
regular rows of osteoblast cells. The marrow was
highly cellular and was filled with myeloid
elements (figure-1). On observing Goldners
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trichrome stained sections, in both humerus and
femur of both subgroups B1 and B2, there was loss
of trabeculae in the diaphysis, and the persisted
trabeculae were short. The osteoblast cells were
scanty lining the borders of trabeculae and
osteocytes disappeared from lacunae. There was
decrease in myeloid elements (Fig-2). The mean
trabecular width of Humerus measured in
subgroup B1 and B2 showed significant decrease
in subgroup B1 and highly significant decrease in
trabecular width of subgroup B2 as compared to
control Al and A2 respectively (Table-1). The
mean trabecular width of femur measured in
subgroup Bl and B2 showed highly significant
decrease in subgroup Bl there was significant
decrease in trabecular width of subgroup B2 as
compared to control Al and A2 respectively
(Table-1). The mean osteoblast cell count in
Humerus of subgroup B1 and B2 showed a highly
significant  decrease in cell count in both
subgroups as compared with control subgroup Al
and A2 respectively (Table-2). The mean
osteoblast cell count in femur of subgroup B and
B2 showed a highly significant decrease in cell
count in both subgroups as compared with control
subgroup Al and A2 respectively (Table-2). On
Goldners trichrome stained sections, in both
humerus and femur of both subgroups C1 and C2,
the trabeculae were observed to be long and
slender and thickened, with lacunae containing
osteocytes, and the borders lined mainly with
osteoblasts, inter trabecular spaces filled with
marrow elements (Fig-3). The trabecular width
measured in humerus of subgroup C1 and C2

showed moderately significant increase as

at
Fig.1 Goldners trichrome stain in Spm thick

section of femur of control group at 400X
magnification

Fig.2 Goldners trichrome stain in 5pum thick
section of femur of irradiated group B
at 400X magnification

Fig.3 Goldners trichrome stain in S5pm thick
section of femur of Radiation+ GH treated
(C group) at 400X magnification

compared to irradiated subgroups Bl and B2
respectively. There was insignificant decrease of
trabecular width in humerus of both subgroups C1
and C2, as compared to control subgroups Al and
A2 respectively. The mean trabecular width of
femur showed moderately significant increase in
subgroup C1, and highly significant increase in
subgroup C2 as compared to irradiated subgroup
Bl and B2 respectively. There was highly
significant decrease of trabecular width in femur
of subgroup Cl and significant increase in
subgroup C2 as compared to control Al and A2
respectively (Table-1). The mean osteoblast cell
count in Humerus showed a highly significant
increase in cell count in subgroup CI and
moderately significant increase in subgroup C2,
as compared with irradiated subgroup Bl and B2
respectively. There was significant decrease in
subgroup Cl and C2, when compared with
control. The mean osteoblast cell count in femur of
subgroup C1 and C2 which showed a highly
significant increase in cell countin both subgroups
C1 and C2. as compared with irradiated subgroup
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Bl and B2 respectively. There was highly
significant decrease of cell count in femur in
subgroup C1 and moderately significant decrease

in subgroup C2, when compared to control

subgroups A1 and A2 (Table-2).

TABLE- 1
*Mean Trabecular width (um) of Long Bones in different Groups of Albino Rats at variable time interval
Groups | Subgroups Treatment given 2 weeks 4 weeks
Humerus Femur Humerus Femur
A Al (n=5) Control 78.5%2 69 84%1.69 - -
(n=10) A2 (n=5) = = 68%2.0 71.5%1.69
B B1(n=5) Radiation 53%3.48 46.532 57 - -
(n=10) B2(n=5) = = 49%2.03 56.531.0
c C1(n=5) Radiation+Growth 741187 65+1.11 - =
(n=10) C2(n=5) Hormone = = 66.5122.04 | 77215

Statistical analysis of differences in mean trabecular width in Humerus and Femur bones
between different groups at variable period

Statistical Humerus Femur Statistical Humerus Femur
comparison P-value P-value comparison P-value P-value
B1vsA1 <0.01™* <0.001*** B2vsA2 <0.001*** | <0.01**
C1vsB1 <0.01™* <0.01** C2vsB2 <(.04%* <0.004
C1vsAt >0.05* <0.001 **+** C2vsA2 >0.05* <0.03*

Key: *non significant, **significant, ***moderately significant, ****highly significant

TABLE- 2
*Mean Osteoblast number of Long Bones in different Groups of Albino Rats at variable time interval
Groups | Subgroups Treatment given 2 weeks 4 weeks
Humerus Femur Humerus Femur

A A1 Control 72+0.44 74.2%1.28 = =
(n=10) A2 - . 52.441.43 | 53.4%1.69

B B1 Radiation 22.4%1.36 17.841.49 - -
(n=10) B2 - - 27.431.12 23%1.18

c C1 Radiation+Growth 53.283.29 | 64.281.35 - -
(n=10) c2 Hormone < 5L | 43.48.07 | 41.4+1.66

Statistical analysis of differences in mean osteoblast number in Humerus and Femur bones
between different groups at variable period

Statistical comparizon Humerus Femur Statistical comparison | Humerus Femur
P-value P-value P-value P-value
Bivsa1 <0001+ <0.001%+ B2veA2 20.001%+ <0.004++
C1vsB1 <0.001+* <0001+ C2vaB2 <01 <0.001+
CivsA1 <0.01 <0.001+ C2vsA2 <0.04+ <0.01%+

Key: "non significant, **significant, ***moderately significant, ****highly significant
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Bl and B2 respectively. There was highly
significant decrease of cell count in femur in
subgroup C1 and moderately significant decrease

DISCUSSION:

Radiation consists of cosmic radiation and
radiation emitted from radioactive substances
present in the ground or commercial sources.”
Radiations are used in medical treatment and
diagnostic procedures. It can be used in combina-
tion with surgery and/or chemotherapy to provide
permanent control or death of a tumor.' Somato-
trophin can stimulate growth of different tissues,
such as skeletal and soft tissues, by increasing
number of cells.” Lloyd et al.,” used mice for
radiation, and observed a profound and prolonged
loss of trabeculae in long bones. Matsoukaetal.,”
reported that low dose irradiation on femur of
wistar rats. is capable of inducing apoptosis in
bone marrow cells and endonuclease activation
manifested by subsequent fragmentation of DNA
and RNA. and the growth hormone administration
reverse this process. Wikipedia,” reported that
growth hormone directly stimulate the division
and multiplication of chondrocytes of cartilage.
Parker and Berry, " reported that radiation induced
suppression of bone marrow function. According
to Guyton and Hall," Somato-trophin strongly
stimulates the osteoblasts, there-fore, the bones
can continue to become thicker throughout life.
This study was in agreement with Furstman' that
in group B animals the structural changes were
observed inhumerus and femur from 2 to 4 weeks,
and the cartilage cells were disorganized, and
trabeculae in metaphyseal and cortical bone were
either absent or decreased and persisted trabeculae
were reduced in thick-ness. Osteoblasts were less,
and osteocytes were destructed or absent from
lacunae, the bone marrow was deficient.

CONCLUSION:

In the light of above considerations the net
result suggest that injurious effect of radiation
occur more frequently at a dose of 5 Gy in growing
long bones of young albino rats. Gamma radiation

produces destruction of trabeculae, osteoblasts,
osteocytes and bone marrow elements in diaphysis
of long bones of rats, which can be minimized by
Growth hormone. So, this research suggest that
adverse effects of irradiation need special cautions
for human subjects and this study may act as base
line for extension of project for humans.
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