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ABSTRACT

Background: Folinic acid (FA) is used to reduce Methotrexate (MTX) toxicity during treatment of childhood acute
lymphoblastic leukemia (ALL). However, FA has been shown to reduce MTX treatment efficacy and cure rates of ALL.
Recent studies suggested that fish oil (FO) supplementation may protect bone during MTX chemotherapy.

Aim of Work: to compare the protective effect of FA versus FO on the growing bone of MTX-treated young rats monitored
by histological, immunohistochemical, morphometric and laboratory methods.

Materials and Methods: Forty two, 6 weeks-old-male albino rats were divided into: group I (control), group II (MTX-
treated), group III (MTX and FA-treated) and group IV (MTX and FO-treated). MTX was injected subcutaneously, once
daily for 5 consecutive days, 0.65 mg/kg, followed by 9 days of rest, then 1.3 mg/kg twice weekly for 4 weeks. FA was
injected intraperitoneally, 6 hours after each dose of MTX, 0.87 mg/kg, thenl.3 mg/kg twice weekly. FO was given orally
daily for 6 weeks, 0.5 ml/100 gm. Left knee joints were processed for measuring RANKL/ OPG ratio (Receptor Activator of
Nuclear factor Kapp-B Ligand/ Osteoprotegerin). Right knee joint sections were stained with H&E, Masson's Trichrome and
immunohistochemical staining for Caspase-3. Morphometric measurements and statistical analysis were done.

Results: MTX-treated group sections revealed disruption in the growth plate structure with subsequent reduction in
endochondral bone formation. Supplementation with FA and FO preserved growth plate integrity and bone formation.
Conclusion: Fish oil showed better effect than Folinic acid in ameliorating growth plate disruption and retarded bone
formation encountered during MTX chemotherapy in young rats.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common cancer in the pediatric age group, accounting
for almost one third of newly diagnosed pediatric cancer
cases!!l.

Childhood leukemia survivors are at risk of a reduced
bone density. Clinical studies have highlighted osteoporosis
as a complication of chemotherapy for childhood
malignancy. This osteoporotic condition increases bone
fracture risk with a fracture incidence during leukemia
treatment as high as 39%. The poor bone quality persists
into adult life and may increase bone fracture risk at an
older age. Thus, understanding the bone growth arrest and
osteoporosis side effects is important!!.

Methotrexate (MTX) is an anti-folate that competes for
the folate binding site of the enzyme dihydrofolatereductase
(DHFR), thus disrupting reduction of folic acid to
tetrahydrofolic acid, responsible for DNA synthesis and
cell replication. Methotrexate is a mainstay treatment for
childhood ALL and has been shown to be effective in other
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malignancies such as choriocarcinoma and osteogenic
sarcoma. Follow up studies highlighted the effect of the
drug in inducing bone growth arrest, diminished bone
mineral density (BMD) and bone defect in the form of
fractures, especially in pediatric patients, as well as in
long-term follow up in survivorst!,

Owing to significant impact of MTX on skeletal health,
it has become critically important to develop treatments to
ensure bone health during the course of treatment. Folinic
acid (FA) is readily converted to active forms of folate,
as this folic acid analogue doesn’t require action of the
DHFR in the folate metabolism cycle; thus FA is now used
clinically to reduce MTX toxicity in soft tissues as it is
considered as MTX antidotet..

However, the use of FA has been shown to reduce MTX
treatment efficacy and cure rates in childhood ALL, cause
cancer relapse and possibly support tumor growth™.

Accordingly, cancer sufferers are increasingly turning
to alternative treatments including natural products for
better bone health and improved life quality. Recent studies
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suggested that oral supplementation of fish oil (FO) may
protect bone during MTX treatment in ratsl.

This study was designed to compare the protective
effect of folinic acid versus fish oil on the growing
bone of Methotrexate-treated young rats; monitored by
histological, immunohistochemical, morphometric and
laboratory methods.

MATERIALS AND METHODS

Drugs

a. Methotrexate (MTX): Trade name: Methotrexate,
manufactured by Shanxi PUDE pharmaceutical
Co., Ltd, China (imported by Techno Pharma,
Egypt), in the form of vial 50 mg. The drug was
dissolved in 0.9%sodium chloride.

b. Folinic Acid (FA): Trade name: Calcium Folinate,
manufactured by Shanxi PUDE pharmaceutical
Co., Ltd, China (imported by Techno Pharma,
Egypt), in the form of vial 50 mg. The drug was
dissolved in 0.9%sodium chloride.

c. Fish oil (FO): Omega-3- fish oil raw material,
manufactured by Henry Lamotte, France (imported
by Pharma Treat, Egypt).

Animals

The study was conducted at the Animal House of
Kasr-Al Aini Faculty of Medicine, according to the ethical
guidelines for the care and use of laboratory animals. Forty
two male albino rats, 6 weeks old, were used in this study,
their weight ranging from 90-100 (95+1.25 gm). They
were housed in hygienic stainless steel cages and kept in
clean well-ventilated room. They were fed standard chow
diet and allowed free access to water.

Experimental design

Animals were divided into the following groups:

I- Group I (Control Group): included 12 rats.

Control animals received the solvent of the drugs by the
same route of administration and for the same experimental
period as for the corresponding experimental groups. The
subgroup of animals corresponding to those receiving fish
oil received vegetable oil.

Control rats were subdivided equally into three
subgroups; 4 rats each:

*  Subgroup la: 4 rats received 0.5 ml 0f 0.9% sodium
chloride (solvent of MTX) by subcutaneous (S.C.)
injection.

*  Subgroup Ib: 4 rats received 0.5 ml 0of 0.9% sodium

chloride (solvent of MTX and FA) by S.C. as well
as intraperitoneal (I.P) injection.

*  Subgroup Ic: 4 rats received 0.5 ml of 0.9%
sodium chloride (solvent of MTX) S.C. and 0.5 ml
of vegetable oil orally (corresponding to fish oil
therapy).

Control rats were sacrificed with the corresponding
experimental groups.

II- Group II (MTX-Treated Group): included 10 rats
which received MTX in two phases mimicking regimen for
ALL treatment!®l.

* During the induction phase, rats were
subcutaneously injected with MTX, once daily
for 5 consecutive days, at a dose of 0.65 mg/kg,
followed by 9 days of rest.

e During the maintenance phase (from the end of
week 2 till the end of week 6), rats received MTX
S.C. at a dose of 1.3 mg/kg twice weekly.

III- Group III (MTX and FA-Treated Group):
included 10 rats which received MTX in the same regimen
as in group II, in addition:

*  During the induction phase, FA was injected L.P,,

6 hours after each daily dose of MTX, at a dose of
0.87 mg/kg.

*  During the maintenance phase, rats received FA at
a dose of 1.3 mg/kg, I.P, 6 hours after MTX, twice
weeklyt®.

IV- Group IV (MTX and FO-Treated Group):
included 10 rats which received MTX in the same regimen
as in group II. Concomitant with MTX therapy, FO was
given orally daily, using a gastric tube, at a dose of 0.5
ml/100 gm body weight daily!.

Measurement of the Length (in cm) and Weight (in gm)
of each rat

This was done at the start of experiment and at the end
of week 6. The length of each rat was measured as the
distance from the tip of the nose to the end of the tail®!.
Statistical analysis was done for these measurements.

Sample Collection and Processing

At the end of 6 weeks, rats were anaesthetized by I.P
injection of Phenobarbital at a dose of 80 mg/kg. Rats
were sacrificed and both knee joints from each rat were
dissected out.

Left Knee Joints were Processed for Biochemical Analysis

Left knee joints from all animals were dissected.
Left tibiac were analyzed for studying gene expression
of RANKL, OPG and measuring RANKL/OPG ratio
(Receptor Activator of Nuclear factor Kappa-B Ligand/
Osteoprotegerin) [This was done at the Biochemistry
Department, Faculty of Medicine, Cairo University].
Statistical analysis was done for these measurements.

Gene expression of RANKL and OPG was done by
Real Time PCR which included RNA extraction, DNA
synthesis and amplification steps!'l.

Right knee joints were processed for the Light Microscopic
Study

Right knee joints from all rats were dissected,
decalcified using 10% nitric acid for 14 days, then, were
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processed into paraffin blocks. Sections were subjected to
the following stains:

A) Hematoxylin& Eosin (H&E) stain!',

B) Masson's Trichrome stain!'?, for demonstration of
mineralized and unmineralized bone matrix in the bony
trabeculae of the secondary spongiosa.

C) Immunohistochemical staining using the avidin-
biotin peroxidase complex technique!'?], for detection of:

Caspase-3 (CASP-3): Rabbit polyclonal antibody
(NEO markers, Thermo scientific Laboratories, USA,
catalogue number RB-1197-R7). CASP-3 positive cells
show brown cytoplasmic deposits.

Morphometric Study

Using “Leica Qwin 500 C” image analysis computer
system Ltd, (Cambridge, UK), the following parameters
were measured.For each group, five slides of five different
specimens were examined. From each slide, ten non-
overlapping fields were examined at a magnification of
x100 for all parameters (Optical density x400).

The following parameters were measured

1. Mean thickness of growth plate cartilage in H&E-
stained sections.

2. Mean area % of adipocytes in BM cavities in
H&E-gtained sections.

3. Mean optical density of mineralized bone in
the bony trabeculae of secondary spongiosa in
Masson's Trichrome-stained sections.

4. Mean number of immunoreactive chondrocytes
for anti-caspase-3 in the proliferative zone of the
growth plate cartilage in CASP-3 immunostained
sections.

Statistical Analysis

All measurements were subjected to statistical analysis
using Student T test and ANOVA test using (SPSS)
software version 16 Chicago USA',

RESULTS

1. Laboratory Results

Measurements of RANKL, OPG and RANKL/OPG
Ratio (Table 1)

2.Histological Results

A-  Hematoxylin  and  Eosin-Stained  Sections

(Plate. 1 and 2)

Histological examination of longitudinal sections
at the upper metaphyseal ends of tibiaec showed that the
growth plate consisted of a cartilaginous portion exhibiting
various histologic zones "epiphyseal cartilage" and a bony
metaphyseal portion which comprised two distinct regions;
the primary spongiosa and the secondary spongiosa.

Histological examination of control sections revealed

normal histological architecture. The epiphyseal cartilage
appeared well-organized and comprised histologically
distinct zones including the resting zone with quiescent
chondrocytes, the proliferative zone with many
chondrocytes organized into adjacent columns of stacked
cells, hypertrophy zone, with enlarged chondrocytes.
In the provisional calcification zone, empty lacunae
appeared, denoting loss of chondrocytes by apoptosis.
This was accompanied by calcification of the cartilage
matrix spicules, which appeared more basophilic. In the
metaphyseal portion, at the ossification zone, primary
spongiosa was formed of irregular, fine longitudinally-
oriented trabeculac which were separated by narrow bone
marrow spaces (Plate. 1A).

The secondary spongiosa was composed of enlarged,
calcified, acidophilic bony trabeculae remodeled from the
primary spongiosa, with osteocytes imprisoned inside their
lacunae. Trabeculae were separated by multiple irregular
bone marrow cavities, occupied mostly by developing
hemopoietic stem cells (Plate. 1B).

Sections of group II revealed that the epiphyseal
cartilage exhibited marked reduction in thickness
as compared to the control sections. The epiphyseal
cartilage appeared disorganized, exhibiting disruption in
chondrocytes columnar arrangement and marked reduction
in chondrocytes number within the proliferative zone.
Some homogenous areas of cartilaginous matrix were
devoid of chondrocytes. Metaphyseal changes were in
the form of marked reduction in the height of trabeculae
of the primary spongiosa (Plate. IC). Bony trabeculae of
the secondary spongiosa appeared few, discontinuous and
widely separated with multiple irregular bone marrow
cavities, occupied mostly by adipocytes, replacing the
developing hemopoietic stem cells (Plate. ID).

Histological examination of sections of group III,
which received MTX and FA, revealed some improvement
in the histological picture, where the epiphyseal cartilage
appeared well-organized with restoration of its normal
thickness, as well as restoration of chondrocytes
arrangement in the different histologic zones. Apparent
increase in chondrocytes number within the proliferative
zone was observed, as compared to sections of MTX-treated
rats, but some homogenous areas devoid of chondrocytes
were still evident. Trabeculae of the 1ry spongiosa exhibited
relative increase in height (Plate. 2A). Bony trabeculae
of secondary spongiosa appeared relatively thick with
intervening multiple irregular bone marrow cavities which
were occupied mostly by developing hemopoietic stem
cells and some adipocytes (Plate. 2B).

Histological examination of sections of group IV, which
received MTX and FO, showed marked improvement in
the histological architecture. The epiphyseal cartilage
appeared highly organized with apparently normal
thickness. Preserved cellularity and regular organization
of chondrocyte columnar arrangement were also evident,
with marked increase in chondrocytes number within
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the proliferative zone. Apparent increase in the height of
trabeculae of the primary spongiosa was evident (Plate.
2C). Bony trabeculac of secondary spongiosa appeared
relatively thick. Intervening bone marrow cavities were
occupied mostly by developing hemopoietic stem cells
with few adipocytes (Plate. 2D).

B. Masson’s Trichrome (MT)-Stained Sections (Plate. 3)

Examination of Masson's trichrome-stained longitudinal
sections at the metaphyseal ends of tibiae of control rats
revealed that, the bony trabeculae of secondary spongiosa
were formed mostly of mineralized bone matrix which
appeared red in staining and few areas of unmineralized
bone matrix (osteoid) which appeared blue in staining with
intervening bone marrow cavities (Plate. 3A).

Sections of group II showed that, the thin discontinuous
bony trabeculae were formed mostly of unmineralized bone
matrix and few areas of mineralized bone matrix (Plate.
3B). Sections of group III revealed more improvement
in the trabecular mineralization pattern where the bony
trabeculae were formed mostly of mineralized bone
matrix and few areas of unmineralized bone matrix with
intervening bone marrow cavities (Plate. 3C). Sections
of group IV showed marked improvement in trabecular
mineralization pattern where the bony trabeculae were
formed mostly of mineralized bone matrix and few areas of
unmineralized bone matrix with intervening bone marrow
cavities (Plate. 3D).

C. Immunohistochemical Results (Plate. 4)

Examination of longitudinal sections at the upper
metaphyseal end of tibiac of control rats stained with
anti- Caspase-3 antibody, revealed that the majority of
chondrocytes within the proliferative zone of the epiphyseal
cartilage exhibited negative caspase-3 immunoreactivity,
while very few chondrocytes exhibited positive
immunoreactivity. Chondrocytes of the hypertrophic
zone expressed positive immunoreactivity (Plate. 4A).
Examination of sections of group II revealed positive
caspase-3 immunoreactivity in most of the chondrocytes
within the proliferative zone of the epiphyseal cartilage
(Plate. 4B). Examination of sections of group III revealed
few positive caspase-3 immunoreactive chondrocytes
within the proliferative zone (Plate. 4C). Examination
of sections of group IV showed few positive caspase-3
immunoreactive chondrocytes within the proliferative
zone (Plate. 4D).

3. Quantitative Morphometric Results
Mean Rats' Weight in gm in the Studied Groups

Group II showed a statistically significant decrease
(P<0.05) when compared to the corresponding control as
well as to groups I1I and IV. Group III showed a statistically

significant decrease (P<0.05) when compared to the
corresponding control and group IV. The highest value was
reported for the control group and the lowest value was
reported for group II (Table 2).

Mean Rats' Length in cm in the Studied Groups

Group II showed a statistically significant decrease
(P<0.05) when compared to the corresponding control as
well as to groups Il and IV. Group III showed a statistically
significant decrease (P<0.05) when compared to the
corresponding control and group IV. The highest value was
reported for the control group and the lowest value was
reported for group II (Table 3).

Mean Thickness of Growth Plate Cartilage in um in
H&E stained sections

Group II showed a statistically significant decrease
(P<0.05) when compared to the corresponding control, as
well as to groups III and IV. Group III showed a statistically
significant decrease when compared to the corresponding
control and group IV. The highest value was reported for
the control group and the lowest value was reported for
group II (Table 4).

Mean area% of adipocytes in BM cavities in H&E stained
sections

Group II showed a statistically significant increase
(P<0.05) when compared to the corresponding control, as
well as to groups Il and I'V. Group I1I showed a statistically
significant increase when compared to the corresponding
control and group IV. The highest value was reported for
group II and the lowest value was reported for the control
group (Table 5).

Mean optical density of mineralized bone in the
bony trabeculae of secondary spongiosa in Masson's
Trichrome-stained sections

Group II showed a statistically significant decrease
(P<0.05) when compared to the corresponding control, as
well as to groups I1I and IV. Group III showed a statistically
significant decrease when compared the corresponding
control and group IV. The highest value was reported for
the control group and the lowest value was reported for
group II (Table 6).

Mean number of immunoreactive chondrocytes for anti-
caspase-3 in the proliferative zone of the growth plate
cartilage

Group II showed a statistically significant increase
(P<0.05) when compared to the corresponding control, as
well as to groups IIT and I'V. The highest value was reported
for group II and the lowest value was reported for control
group and group IV (Table 7).
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Plate. 1: [A] A photomicrograph of a longitudinal section at the upper metaphyseal end of tibia of the control group (group I) showing well-organized epiphyseal
cartilage comprising the different zones; resting zone (R), proliferative zone (P) showing adjacent columns of proliferating chondrocytes, hypertrophy zone (H)
with enlarged chondrocytes, calcification zone (C) with empty lacunae and surrounding basophilic calcified cartilage matrix (wavy arrow). Primary spongiosa
(PS) consists of thin irregular trabecular spicules with mixed staining pattern (arrow) and intervening narrow bone marrow cavities (BM). (H& E X200). [B]
A photomicrograph of a longitudinal section at the metaphyseal end of tibia of group I showing secondary spongiosa formed of a network of branching and
anastomosing bony trabeculae (T) containing osteocytes imprisoned inside their lacunae (arrowheads). The intervening multiple irregular bone marrow spaces
(BM) are occupied mostly by developing hemopoeitic stem cells. (H& E X200). [C] A photomicrograph a longitudinal section at the upper metaphyseal end of
tibia of MTX-treated group (group II) showing disorganized epiphyseal cartilage, disruption in chondrocytes columnar arrangement, reduction in chondrocytes
number in the proliferative zone and many homogenous areas devoid of chondrocytes (black stars). Trabeculae of primary spongiosa (PS) are separated with
multiple bone marrow cavities (BM). Note the reduced thickness of the growth plate cartilage and the height of trabeculae of primary spongiosa (PS). (H& E
X200). [D] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of group II showing secondary spongiosa formed of thin bony trabeculae
(T), widely separated by multiple irregular bone marrow cavities (BM) occupied mostly by adipocytes (green stars). (H& E X200).
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Plate. 2: Plate. 2: [A] A photomicrograph of a longitudinal section at the upper metaphyseal end of tibia of MTX and FA-treated group (group III) showing
well-organized epiphyseal cartilage and preservation of resting zone (R), proliferative zone (P) with increased number of stacked chondrocytes, hypertrophy
zone (H), calcification zone (C). Some areas of cartilage matrix are devoid of chondrocytes (black stars). Trabeculae of primary spongiosa (PS) are separated
with multiple bone marrow cavities (BM). (H& E X200). [B] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of group I1I showing
secondary spongiosa formed of thick bony trabeculae (T) with osteocytes inside their lacunae (arrowheads). Trabeculae are separated by multiple irregular
bone marrow cavities (BM), mostly occupied by developing hemopoietic stemcells and some adipocytes (green stars). (H& E X200). [C] A photomicrograph
of a longitudinal section at the upper metaphyseal end of tibia of MTX and FO-treated group (group IV) showing highly organized epiphyseal cartilage,
well-organized chondrocytes in the different histologic zones; resting zone (R), proliferative zone (P) with increased number of stacked chondrocytes,
hypertrophy zone (H) and calcification zone (C). Trabeculae of the primary spongiosa (PS) are separated with bone marrow cavities (BM). (H& E X200). [D]
A photomicrograph of a longitudinal section at the metaphyseal end of tibia of group IV showing secondary spongiosa formed of thick bony trabeculae (T) with
osteocytes inside their lacunae (arrowheads). The multiple irregular bone marrow cavities (BM) are occupied mostly by developing hemopoietic stem cells and
few adipocytes (green stars). (H& E X200).
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Plate. 3: [A] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of a control rat (group I) showing the bony trabeculae formed
mainly of mineralized bone appearing red in staining (M) and few areas of unmineralized bone appearing blue in staining (U). Bony trabeculae are separated
by multiple irregular marrow cavities (BM). (MT, X200). [B] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of MTX-treated
rat (group II) showing bony trabeculae formed mostly of unmineralized bone matrix (U) and few areas of mineralized bone matrix (M). The intervening bone
marrow cavities (BM) appear relatively widened. (MT, X200). [C] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of MTX &
FA-treated rat (group III) showing bony trabeculae formed mostly of mineralized bone matrix (M) and few areas of unmineralized bone matrix (U) with
intervening bone marrow cavities (BM).(MT, X200). [D] A photomicrograph of a longitudinal section at the metaphyseal end of tibia of MTX and FO-treated
rat (subgroup IV) showing bony trabeculae formed mostly of mineralized bone matrix (M) with few areas of unmineralized bone matrix (U) with intervening
bone marrow cavities (BM). (MT, X200).
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Plate. 4: [A] A photomicrograph of a longitudinal section of the upper metaphyseal end of tibia of a control rat (group I) showing that the majority of
chondrocytes in the proliferative zone of the epiphyseal cartilage exhibit —ve Caspase-3 immunoreactivity. One immunoreactive chondrocyte is observed
(curved arrow). Note that chondrocytes of hypertrophic zone express positive immunoreactivity. (CASP-3 immunostaining X400). [B] A photomicrograph of
a longitudinal section of the upper metaphyseal end of tibia of MTX-treated rat (group II) showing Caspase-3 immunoreactivity in most of the chondrocytes
in the proliferative zone of the epiphyseal cartilage (curved arrows). (CASP-3 immunostaining X400). [C] A photomicrograph of a longitudinal section of
the upper metaphyseal end of tibia of MTX and FA-treated rat (group III) showing few Caspase-3 immunoreactive chondrocytes in the proliferative zone of
the epiphyseal cartilage (curved arrows). (CASP-3 immunostaining X400). [D] A photomicrograph of a longitudinal section of the upper metaphyseal end of
tibia of MTX & FO-treated rat (group IV) showing few Caspase-3 immunoreactive chondrocytes in the proliferative zone of the epiphyseal cartilage (curved
arrows). (CASP-3 immunostaining X400).
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Table 1: Mean values of RANKL, OPG and RANKL/OPG
Ratio in the studied groups

Group RANKL OPG RANKL/OPG Ratio
Group [ 1 1 1
Group 11 7.53+0.41 0.24+0.38 31.37
Group 11T 1.90+0.12 0.78+0.03 2.40™
Group IV 1.31+0.31 0.90+0.03 1.40™

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group IIT at

P<0.05.

Table 2: Mean values of rats' weight in gm (+SD) in the studied
groups

Group Mean + SD
Group I (control) 161£2.38
Group 11 96+3.42"
Group III 149+1.92™
Group IV 158+1.25*

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.

Table 3: Mean values of rats' length in cm (£SD) in the studied
groups

Group Mean = SD
Group I (control) 23.34+0.5
Group II 14.3440.37
Group III 21.26+0.79"
Group IV 22.67+0.45"

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.

Table 4: Mean thickness of growth plate cartilage (+SD) in the
studied groups.

Mean + SD
313.17+10.21

Group

Group I (control)

Group II 133.13£7.33™
Group 11T 285.53+ 7.86™
Group IV 304.88+ 10.26™

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.

Table 5: Mean area% of adipocytes in BM cavities (+SD) in the

studied groups.
Group Mean + SD
Group I (control) 4.27+0.94
Group II 73.92+2.47"
Group 111 11.9942.59"
Group IV 4.78+1.15"

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.

Table 6: Mean optical density of mineralized bone in the bony
trabeculae of secondary spongiosa (£SD) in the Studied Groups.

Group Mean + SD
Group I (control) 0.78+0.02
Group II 0.16+0.02
Group 11T 0.63+0.05™
Group IV 0.75+0.03

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.

Table 7: Mean number of immunoreactive chondrocytes for anti-
caspase-3 in the proliferative zone of the growth plate cartilage
(+SD) in the Studied Groups.

Group Mean + SD
Group I (control) 1.40+0.54
Group II 5.60+0.54
Group 11T 2.20+0.83"
Group IV 1.40+0.54

*Significantly different from the corresponding value of the control group
at P<0.05.

«Significantly different from the corresponding value of group II at
P<0.05.

oSignificantly different from the corresponding value of group III at

P<0.05.
DISCUSSION

The present study was designed to compare the
protective effect of folinic acid versus fish oil on the
growing bone of MTX-treated young rats, mimicking the
clinical MTX acute and maintenance phase’s protocol for
ALL.

Monitoring rats' weight and length are regarded as
important indicators for evaluating rats' growth ratef®!.
MTX-treated group showed a statistically significant
decrease in the mean values of rats' weight and length,
when compared to the other experimental groups.
These findings are consistent with?®] who gtated that,
rats receiving chemotherapeutic doses of MTX suffered
from gastrointestinal irritation, malnourishment, poorly-
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tolerated food intake and increase of water loss with
subsequent reduction in body weight. In addition,!
attributed weight loss to the susceptibility of intestinal stem
cell to the toxicity of chemotherapeutic drugs, owing to its
character of rapid turning-over, leading to cell apoptosis in
gut tissue.

MTX-treated group showed a statistically significant
decrease in the mean values of rats' length, when compared
to the other experimental groups. These results could
be explained clearly, based on findings observed on
histological examination of the epiphyseal growth plate
cartilage and metaphysis, which would possibly result in
subsequent retarded bone growth.

In the current study, H&E-stained sections of MTX-
treated group showed marked reduction in thickness
of growth plate cartilage and marked reduction in
chondrocytes number within the proliferative zone.
These findings were explained by!'® who reported that
MTX treatment was shown to decrease chondrogenesis,
accompanied by increased apoptosis of chondrocytes in
the growth plate cartilage. Also, significant reduction in
the growth plate thickness following MTX treatment, as
compared to the control, was reported by,

Examination of Caspase-immunostained sections of
MTX-treated group revealed several immunoreactive
chondrocytes within the proliferative zone of the growth
plate. Increased rate of chondrocyte apoptosis would
possibly explain the reduced growth plate thickness
encountered in the current work. Recent studies have
reported that, rats receiving MTX therapy showed an
increase in the release of free radicals, including the OH
radical that causes direct damage to DNA and a significant
increase in the rate of abnormal chromosomal aberration
leading to cell apoptosis!®.

Mirroring the growth plate damage demonstrated in the
MTX-treated sections in the present study, metaphyseal
sections showed marked reduction in the height of the
primary spongiosa trabeculaec. Secondary spongiosa
trabeculae appeared thin, discontinous and widely
separated with multiple BM cavities occupied mostly by
adipocytes. In accordance with our results, it has been
reported that, MTX induced osteoporosis in children treated
with MTX!), Tracing out the role of MTX-chemotherapy
in reducing primary bone formation, it was suggested to be
due to decreased osteoblasts function as well as increased
osteoclasts formation and function.

Demonstrated that MTX treatment can create an
inflammatory microenvironment in bone that coincided
with increased osteoclasts formation through upregulation
of RANKL/OPG ratio!l.

To evaluate the role achieved by MTX in modulating
the key osteoclastogenic signal, RANKL/OPG ratio was
assessed in the current work. In MTX-treated group,
a statistically significant increase in the mean value of
RANKL/OPG ratio was reported, as compared to the other

experimental groups. These findings are in accordance
with"”" who suggested the important role of this
osteoclastogenic factor in promoting osteoclasts formation
and bone resorption, following MTX-chemotherapy.
Moreover,?? demonstrated that, MTX could increase
osteoclasts density and reduce osteogenic differentiation;
accompanied by reduction in mRNA expression of
osteogenic factors. Similarly,!'” observed, upregulation of
RANKL/OPG ratio and proinflammatory cytokines such
as TNF- a, IL-1 and IL-6 in MTX-treated rats.

It has been reported that, BM stromal cells from MTX-
treated rats have lower osteogenic potential, but higher
adipogeneic potential. This implies that BM stromal
progenitor cells tend to differentiate in favor of adipocyte
lineage over osteoblast lineage due to an increased
expression of the early adipogenic regulator factorsi?*!.

It is noteworthy to mention that, BM adipocytes do not
just simply fill the marrow spaces, but can act as negative
regulators of the BM microenvironment and have direct
functions on hematopoietic cells??*,

Examination of Masson's Trichrome-stained sections
of MTX-treated group showed thin discontinuous bony
trabeculae which were formed mostly of unmineralized
bone matrix with few areas of mineralized bone matrix.
Previous findings were reported by>* who confirmed that,
children with ALL showed a significant decrease in the
bone mineral density (BMD) after MTX-chemotherapy.*!
explained that MTX-induced osteoblastic damage caused
diminished mineralizing surface, mineral apposition rate
and bone formation rate.

Experimental studies performed revealed that
mineralized old trabecular bone and unmineralized
new bone were stained red and blue, respectively, using
Masson's Trichrome stain(?7 24281,

Folinic acid can reduce MTX side effects and
compensate folate deficiency caused by MTX, as folate
is essential for cell proliferation and survival?®, MTX
and FA-treated group showed a statistically significant
increase in the mean values of rats' weight and length, as
compared to MTX-treated group. In agreement with our
results,!® reported that, FA could reduce MTX-associated
gastrointestinal side effects, thereby preserving rat growth.

In the present work, examination of H&E-stained
sections of MTX and FA-treated group revealed more
improvement in the histological architecture of the growth
plate cartilage as bone protective effects of FA were
clarified by"® who reported that, FA supplementation could
diminish the damaging effects of MTX at the growth plate
by preventing MTX-induced chondrocytes apoptosis, via
the suppression of proapoptotic molecules involved in the
death receptor pathway.

Examination of Caspase immunohistochemical-stained
sections of MTX and FA- treated group in this work,
revealed few immunoreactive chondrocytes within the
proliferative zone of the growth plate.
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Examination of metaphyseal bone sections revealed
that FA supplementation proved to preserve primary and
secondary spongiosa bone trabeculac with BM cavities
occupied mostly by developing hemopoietic stem cells.
Our results were confirmed by®? who proved that FA
supplementation is responsible for reestablished marrow
cellularity, preservation of bone volume and attenuation of
BM adiposity following MTX treatment.

Although, FA supplementation in this study showed an
improvement in the histological architecture of the bone
of young growing rats as it preserved epiphyseal cartilage
thickness, chondrocyte number and columnar arrangement,
in spite of the presence of some homogenous areas of
cartilaginous matrix devoid of chondrocytes. FA couldn’t
attenuate the MTX-induced damaging effects completely.
FA supplementation proved to suppress osteoclastogenesis
through modulation in RANKL/OPG ratio. Similar findings
were observed by!”! who reported that FA supplementation
was associated with down regulation of RANKL/OPG
ratio.

Examination of Masson's Trichrome-stained sections of
MTX and FA-treated group, revealed more improvement
in the trabecular calcification pattern. FA prevents MTX
chemotherapy-induced skeletal complications in childhood
survivors. FA may be potentially useful in pediatric patients
who are at risk of skeletal growth suppression and bone
loss as a result of MTX chemotherapy®™.

However, the use of FA is controversial, as its overuse
can reduce MTX treatment effects and cause cancer
relapses. Thus, developing safe/effective solutions for
MTX-induced bone defects is required for pediatric
oncology!'l.

Omega-3 PUFAs have significant health benefits,
including anti-inflammatory and antioxidant properties*°!.
In the current study, MTX and FO-treated group showed a
statistically significant increase in the mean values of rats'
weight and length, as compared to MTX and FA-treated
group. These findings were confirmed by®! who reported
a gradual increase in the body weight of rats supplemented
with FO, which was comparable to the control rats and
explained these findings by the anabolic effect of FO.

In the present study, examination of H&E-stained
sections of MTX and FO-treated group showed marked
improvement in the histological architecture of the
epiphyseal cartilage. Since MTX chemotherapy has
proved to be associated with an inflammatory condition in
bone, with upregulation of proinflammatory cytokines, it
was hypothesized that the anti-inflammatory effect of FO
supplementation could potentially attenuate chemotherapy-
induced deleterious effects on cartilage and bonel?.

Examination of Caspase immunohistochemical
stained-sections of MTX and FO-treated group, revealed
few immunoreactive chondrocytes within the proliferative
zone. Our results were in accordance with*®! who attributed

the bone protective effects of omega-3 to their anti-oxidant
potential and a decrease in the rate of chromosomal
aberration, which confirms the role of omega-3 PUFAs in
protecting the cell from the impact of free radicals.

Metaphyseal bone sections of MTX and FO-treated
group showed marked improvement in the histological
architecture of primary and secondary spongiosa
trabeculae with BM cavities occupied mostly by
developing hemopoietic stem cells. These findings were
in agreement with*"! who reported that daily omega-3
PUFAs supplementation during MTX chemotherapy could
enhance osteogenic differentiation through induction of
osteogenesis factors and also inhibiting expression of
osteoclastogenesis as well as adipogenesis factors.

Omega-3 PUFAs have the ability to inhibit osteoclasts
formation through their anti-inflammatory properties?®*.
Omega-3 PUFAs also promote production of IGF-1
which stimulates growth of bone, thereby helping to
attenuate MTX chemotherapy—induced bone loss as well
as preserving bone formation in rats?*.

In the present study, MTX and FO-treated group
showed a statistically significant decrease in the mean
values of RANKL/OPG ratio when, compared to MTX and
FA-treated group.*®*¢7 confirmed our results by reporting
that, FO supplementation showed suppression of MTX
treatment-induced expression of the pro-inflammatory
cytokines and RANKL/OPG ratio.

Examination of Masson's Trichrome-stained sections of
MTX and FO-treated group, revealed marked improvement
in the trabecular calcification pattern which was confirmed
by who reported an evidence of a positive role of
omega-3 PUFAs or FO on BMD, bone mineral content and
bone calcium levels, in addition to enhancing intestinal
calcium absorption.

From this study we can conclude that fish oil proved to
have better effect than folinic acid in ameliorating growth
plate disruption and retarded bone formation encountered
during MTX chemotherapy in young rats.
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