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Abstract:

6-Mercaptopurine (6-MP) is an antimetabolite. The drug inhibits DNA synthesis of cells by acting as a false analog of purines. 6-MP

displays a cytostatic and immunosuppressive activity. The studies carried out so far focus mostly on recognizing the clinical

effectiveness of 6-MP, particularly in treating autoimmune diseases, whereas its effect on the osseous tissue still remains unknown.

We examined the effect of 6-MP on the osseous system in rats after a 4-week period of its administration by analyzing

histomorphometric parameters and bone mass, mineral and calcium content. We also tested the reversal of the above changes after

the lapse of 4 week-period during which 6-MP was not administered. Male Wistar rats were divided into 6 groups, each group was

composed of 8 animals. Treatment of 6-MP started on day 2 of the experiment, and the drug was administered for 28 days, i.e.

between day 2 and 29 in all groups examined. Changes in the histomorphometric parameters were examined in 3 groups 4 weeks

after the first 6-MP or 0.9% NaCl administration: I – control group (0.9% NaCl solution), II – 6MP group (6-MP at the dose of

2.5 mg/kg po), III – 6-MP group (6-MP at the dose of 5 mg/kg po). Reversal of the changes was examined 8 weeks after the first 6-MP

or 0.9% NaCl administration in 3 groups: IV – control group (0.9% NaCl solution), V – 6-MP group (6-MP at the dose of 2.5 mg/kg

po), VI – 6-MP group (6MP at the dose of 5 mg/kg po). We demonstrated that 6-MP administered orally at a dose of 2.5 mg/kg po or

at a dose of 5 mg/kg po for the period of 4 weeks inhibited the synthesis and mineralization of the osseous tissue by causing a disorder

in histomorphometric parameters, which were not totally reversed after 4 weeks. 6-MP administered at a dose of 5 mg/kg also caused

a reduction of mineral and calcium content, mostly in the cancellous bone, which returned to normal after 4 weeks.
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Introduction

6-Mercaptopurine (6-MP) is a 6-thiopurine analogue

of naturally occurring purine bases: hypoxanthine and

guanine. It is a phase-specific drug, inhibiting cell di-

vision in the S-phase of the cell cycle and it is

a prodrug requiring intracellular activation to thiopu-

rine nucleotides to exert an antileukemic effect. 6-MP is

known to inhibit de novo purine synthesis only through

inhibition of phosphoribosylpyrophosphate amidotrans-

ferase by methylthioinosine nucleotides [9, 21].

Intracellularly, 6-MP is converted by hypoxanthine-

guanine phosphoribosyltransferase into thioinosine

monophosphate and subsequently into thioguanosine

monophosphate by a two-step process involving ino-

sine monophosphate dehydrogenase and guanosine

monophosphate synthetase [10]. This process com-

petes with methylation by thiopurine S-methyltransferase,

an enzyme subject to genetic polymorphism [22].
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Thiopurine methyltransferase converts 6-MP into in-

active methylmercaptopurine, but also metabolizes

thioinosine monophosphate into active methylthioino-

sine monophosphate, an inhibitor of phosphoribo-

sylpyrophosphate amidotransferase [8]. The conse-

quence of inhibition of de novo purine synthesis by

6-MP is purine deprivation, leading to the inhibition

of DNA synthesis, decreased cell proliferation, and

antileukemic effect [9].

6-MP is an antimetabolite which has been in clini-

cal use for over 30 years. It is an antileukemic agent,

widely used to treat childhood acute lymphoblastic

leukemia, and is commonly used as a major compo-

nent of remission maintenance treatment [19, 26].

6-MP and its prodrug azathioprine (AZA), is an ac-

tive azathioprine metabolite. They also display an im-

munosuppressive effect. Although they have been

used in clinical practice as immunosuppressive drugs

for more than 20 years, their mechanism of action is

still unknown. This is largely due to the fact that 6-MP

and AZA are by themselves inactive and must be trans-

formed intracellularly into active 6-thioguanine me-

tabolites [6]. In vitro they act on T and B lympho-

cytes, inhibit the expression of surface receptors and

block mitogen-stimulated immunological response

[16]. Low doses of 6-MP are used for the treatment of

inflammatory bowel disease, ulcerative colitis, Crohn’s

disease and multiple sclerosis [12, 17].

Up until now, the studies have mostly focused on

recognizing clinical effectiveness of 6-MP, in particu-

lar in treating autoimmune disorders. No studies into

the effects of 6-MP on the osseous tissue have been

conducted so far.

We examined the effect of 6-MP on histomor-

phometric parameters of bones in rats after a 4-week

period of its administration. We also examined whether

the period of 4 weeks was sufficient to reverse the

changes in the examined parameters.

Materials and Methods

The tests were carried out on male Wistar rats of ini-

tial body mass between 241–274 g from the Central

Animal Farm of the Silesian Medical University. Dur-

ing the experiment the animals were housed in poly-

styrene cages (8 animals/cage). The temperature and

humidity were kept constant at 20 ± 3°C and 60–70%,

respectively. The rats received water and diet ad libi-

tum. A standard laboratory animal diet was used con-

taining 10.20 g/kg of calcium and 5.10 g/kg of phos-

phorus (food pellets GLM, Poland). The permission

for the animal tests and experiments was granted by

the Local Ethics Commission, Katowice.

Animals were divided into 6 groups, each group

was composed of 8 animals (n = 8).

Changes in the histomorphometric parameters were

examined 4 weeks after the first 6-MP administration

in 3 groups: I – C-4 group (0.9% NaCl solution in the

volume of 2 ml/kg po daily for 28 days), II –

MP-2.5po/4 group (6-MP at the dose of 2.5 mg/kg po

daily for 28 days in the volume of 2 ml/kg), III –

MP-5po/4 group (6-MP at the dose of 5 mg/kg po

daily for 28 days in the volume of 2 ml/kg). 6-MP was

administered orally for 28 days, i.e. between day

2 and 29, starting on day 2 of the experiment. On day

1 of the experiment (24 h before starting to administer

6-MP or 0.9% NaCl solution) and on day 29 of the ex-

periment (24 h before the animals were sacrificed),

the rats were given tetracycline hydrochloride at the

dose of 20 mg/kg ip.

Reversal of changes was examined 8 weeks after

the first 6-MP administration in 3 groups: IV – C-8

group (0.9% NaCl solution in the volume of 2 ml/kg

po daily for 28 days), V – MP-2.5po/8 group (6-MP at

the dose of 2.5 mg/kg po daily for 28 days in the vol-

ume of 2 ml/kg), VI – MP-5po/8 group (6-MP at the

dose of 5 mg/kg po daily for 28 days in the volume of

2 ml/kg). 6-MP was administered orally for 28 days,

i.e. between day 2 and 29, starting on day 2 of the ex-

periment. The animals were not administered 6-MP in

the period between day 30 and 57 of the experiment.

On day 29 of the experiment (24 h before the start of

the 4-week period in which 6-MP or 0.9% NaCl solu-

tion was not administered) and on day 57 of the ex-

periment (24 h before the animals were sacrificed) the

rats were given tetracycline hydrochloride at the dose

of 20 mg/kg ip.

Tetracycline hydrochloride was administered to all

animals twice in order to establish the transverse

growth of the tibial bone. Each administration of tet-

racycline hydrochloride results in formation of two

stripes: one on the side of periosteum and one on the

side of endosteum [3].

The animals were sacrificed by spinal cord dis-

placement (rats in groups: C-4, MP-2.5po/4 and

MP-5po/4 on day 30 of the experiment, whereas rats

in groups: C-8, MP-2.5po/8 and MP-5po/8 on day 58
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of the experiment) and then the right and left femoral

bones, right and left tibial bones, and L-4 vertebra

were isolated and cleaned of the adjacent soft tissues.

The left femur was divided into epiphyses and dia-

physis.

The effect of 6-MP on histomorphometric parame-

ters was assessed based on determining the transverse

cross-section area of the cortical bone in the diaphysis

and the transverse cross-section area of the marrow

cavity in the tibia, as well as the ratio of the marrow

cavity transverse cross-section area to the transverse

cross-section area of the cortical bone, transverse

growth of the tibia and the width of periosteal and en-

dosteal osteoid in the tibia, the width of trabeculae in

the femoral epiphysis and metaphysis and the width

of epiphysial cartilage in the femur.

The examination of changes in histomorphometric

parameters was carried out on histological prepara-

tions made of non-decalcified bone sections [5, 24].

Evaluation of the transverse cross-section area of

the cortical bone and the transverse cross-section area

of the marrow cavity in the tibia was performed by

means of a preparation of the tibial transverse cross-

section, using Baylink’s planimetric method [2] and

MP-3 lanameter, with magnifying power of 50.

The evaluation of changes with regard to the re-

maining histomorphometric parameters was performed

by means of Nikon microscope of Optiphot-2 type in-

terfaced with RGB camera, made by Cohu and with

a computer equipped with Lucia G 4.51 software for

digital histological measurements. The tibial trans-

verse growth was measured in UV light, whereas the

remaining histomorphometric parameters were meas-

ured in visible light [4].

We also examined the effect of 6-MP on changes in

the mass of the femoral epiphyses, femoral diaphysis,

tibia and L-4 vertebra, the mineral and calcium con-

tent in these bones. The examined bone mass was de-

termined immediately after they were isolated and

cleaned of soft tissues by weighing them using ana-

lytical balance type AS 200 made by Ohaus, accuracy

to 0.0001 g. Bone mineral content was established by

determining the mass of bones which had previously

been mineralized at 640°C for 48 h. The mineralized

bones were weighed using analytical balance of AS

200 type, made by Ohaus, accuracy to 0.0001 g. The

mineralized bones were dissolved in 6 M HCl solu-

tion for 24 h and then the calcium content was deter-

mined by means of colorimetric method using a stan-

dard kit for calcium content determination produced

by Pointe Scientific. Absorption was measured by

Pointe-180 plus biochemical analyzer.

The results were presented as an arithmetic mean

± SEM (Tab. 1–2). The results were statistically

evaluated by Student’s t-test for unpaired data.

Results

Changes in the examined parameters 4 weeks after

6-MP administration are shown in Table 1. 6-MP ad-

ministered at a dose of 2.5 mg/kg po (MP-2.5po/4

group) caused a statistically significant disorder of

histomorphometric parameter of in the cancellous and

cortical bones when compared to the controls (C-4

group).

A reduction in the width of trabeculae was ob-

served in the cancellous bone in the femoral epiphysis

(by 6.17%), whereas in the cortical bone, the osteoid

width was observed to be decreased on the side of pe-

riosteum (by 8.68%) and the tibial transverse growth

on the side of periosteum (by 7.16%) and on the side

of endosteum (by 8.91%).

No statistically significant changes in the bone

mass, mineral and calcium content or the ratio of min-

eral content to the bone mass were observed in rats of

MP-2.5po/4 group in comparison with the controls

(C-4 group).

More significant changes of histomorphometric pa-

rameters were observed after administering 6-MP at

the dose of 5 mg/kg po. The MP-5po/4 group of rats

displayed a statistically significant disorders of histo-

morphometric parameters in the cortical and cancel-

lous bones when compared to the controls. The can-

cellous bone displayed a reduction in the width of tra-

beculae in the femoral epiphysis (by 12.51%), while

the cortical bone showed a reduction of transverse

cross section area of the cortical tibia (by 8.93%), the

width of osteoid on the side of periosteum (by

14.57%) and on the side of endosteum (by 12.58%),

the tibial transverse growth on the side of periosteum

(by 12.25%) and endosteum (by 12.42%) and the in-

crease in the ratio: marrow cavity transverse cross

section area to cortical tibia transverse cross section

area (by 10.55%). A statistically significant decrease

in the width of epiphysial cartilage was also observed

in the femur (by 8.05%).
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The MP-5po/4 group of rats displayed a statisti-

cally significant decrease in the mass of femoral

epiphysis (by 7.15%), the tibial mass (by 4.63%) and

the L-4 vertebrae mass (by 6.18%), a decrease in the

mineral content in the femoral epiphyses (by 6.59%),

in the tibia (by 4.80%) and L-4 vertebrae (by 5.91%)

as well as a decrease in calcium content in L-4 (by

5.35%) when compared to the controls (C-4 group).

Reversal of the changes in the examined parame-

ters 8 weeks after 6-MP administration is shown in

Table 2. Within four weeks the changes in the mass

and mineral and calcium content in bones, which were

observed after the administration of 6-MP at the dose

of 5 mg/kg (MP-5po/8 group) returned to normal.

Changes in histomorphometric parameters ob-

served in the cancellous bone after administering
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Groups

C-4
Control

MP-2.5po/4
6-MP (2.5 mg/kg po)

MP-5po/4
6-MP (5 mg/kg po)

Transverse cross-section area of the tibial diaphysis [mm�] 4.110 ± 0.095 3.938 ± 0.127 3.743 ± 0.061��

Transverse cross-section area of the tibial marrow cavity [mm�] 0.907 ± 0.045 0.894 ± 0.020 0.882 ± 0.028

Transverse cross-section area of the tibial marrow cavity/tibial
diaphysis ratio

0.218 ± 0.008 0.228 ± 0.009 0.241 ± 0.005�

Width of tibial osteoid [µm] Periosteal 20.38 ± 0.65 18.61 ± 0.44� 17.41 ± 0.52��

Endosteal 12.08 ± 0.45 11.22 ± 0.23 10.56 ± 0.20��

Transverse growth of cortical bone in tibia [µm] Periosteal 54.20 ± 1.38 50.32 ± 0.89� 47.56 ± 0.73��

Endosteal 21.66 ± 0.81 18.73 ± 0.38�� 17.97 ± 0.54��

Width of trabeculae in the femur [µm] In epiphysis 79.48 ± 1.16 74. 58 ± 1.04�� 69.57 ± 1.41���

In metaphysis 49.68 ± 1.84 48.51 ± 0.95 47.53 ± 1.40

Width of epiphysial cartilage of femoral bone [µm] 79.60 ± 2.07 76.43 ± 2.52 73.19 ± 1.81�

Bone mass [mg] Femoral epiphyses 366.02 ± 6.39 362.00 ± 5.54 339.84 ± 6.13�

Femoral diaphysis 416.67 ± 9.48 423.13 ± 10.90 425.33 ± 9.07

Tibia 573.22 ± 9.03 555.53 ± 6.90 546.70 ± 2.88*

L-4 vertebra 280.22 ± 4.24 271.12 ± 2.39 262.90 ± 2.40*

Bone mineral content [mg] Femoral epiphyses 136.18 ± 2.60 133.35 ± 2.58 127.20 ± 1.80*

Femoral diaphysis 197.02 ± 5.93 200.38 ± 6.70 194.37 ± 2.26

Tibia 239.05 ± 3.38 232.87 ± 3.80 227.58 ± 2.20*

L-4 vertebra 89.98 ± 1.48 87.63 ± 1.19 84.66 ± 1.28*

Bone mineral content/bone mass ratio Femoral epiphyses 0.374 ± 0.013 0.368 ± 0.006 0.375 ± 0.008

Femoral diaphysis 0.473 ± 0.003 0.474 ± 0.002 0.458 ± 0.010

Tibia 0.417 ± 0.003 0.419 ± 0.003 0.416 ± 0.003

L-4 vertebra 0.321 ± 0.002 0.320 ± 0.003 0.322 ± 0.002

Calcium content [mg/g of bone minerals] Femoral epiphyses 336.85 ± 8.43 330.49 ± 4.97 320.12 ± 3.82

Femoral diaphysis 356.83 ± 9.85 360.91 ± 9.06 362.56 ± 5.73

Tibia 355.94 ± 6.37 347.66 ± 6.41 340.12 ± 4.03

L-4 vertebra 344.94 ± 4.90 344.66 ± 3.06 326.47 ± 4.68*

*��#�� ��� ��������� �� ��� ���� + �,� (� - .)/ 0 � 1  / 2� 00 � 1  / �� 000 � 1  /  � 3 ����������� �����	����� ��		������� �� ���������� !���
������� ($�� ���#�)/ $�� ���#� 3 ������ ����� !���� !��� �����  /45 6�$ ��#����7 �
��/2��8� ���#� 3 ���� ����� '��
 �� ��� ���� �	
�/2 ��8�� �� ����7 �
�2��8� ���#� 3 ���� ����� '��
 �� ��� ���� 2 ��8�� �� ����/ '��
 !�� ������������ 	�� �. ����� �/�/ 9��!��� ��� � ���
�4� �������� �� ��� � �	 ��� �&��������/ $������ !��� �&������ � !���� �	��� ��� 	���� '��
 ��������������



6-MP at 2.5 mg/kg returned to normal after 4 weeks,

whereas in case of 6-MP administration at 5 mg/kg,

the changes were not reversed completely within this

period. The MP-2.5po/8 group of rats did not display

a statistically significant changes in the width of tra-

beculae in the femoral epiphysis and metaphysis,

whereas the MP-5po/8 group of rats displayed a sta-

tistically significant decrease in trabeculae width in

the femoral epiphysis.

Changes of histomorphometric parameters in the

cortical bone observed after the administration of

6-MP were not totally reversed after 4 weeks. Both the

MP-2.5po/8 group, and the MP-5po/8 group displayed

a statistically significant decrease in tibial transverse

growth on the side of periosteum and on the side of en-

dosteum when compared to the controls (C-8 group).

After the lapse of 4 weeks, the MP-2.5po/8 group

and MP-5po/8 group displayed a reversal of changes
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Groups

C-8
Control

MP-2.5po/8
6-MP (2.5 mg/kg po)

MP-5po/8

6-MP (5 mg/kg po)

Transverse cross-section area of the tibial diaphysis [mm�] 4.312 ± 0.181 4.237 ± 0.061 4.150 ± 0.037

Transverse cross-section area of the tibial marrow cavity [mm�] 1.000 ± 0.040 0.982 ± 0.035 0.980 ± 0.030

Transverse cross-section area of the tibial marrow cavity/tibial diaphysis ratio 0.235 ± 0.015 0.231 ± 0.006 0.237 ± 0.007

Width of tibial osteoid [µm] Periosteal 19.83 ± 0.59 18.88 ± 0.58 18.60 ± 0.26

Endosteal 11.34 ± 0.34 10.72 ± 0.44 10.54 ± 0.25

Transverse growth of cortical bone in tibia
[µm]

Periosteal 57.68 ± 0.99 54.20 ± 1.13� 51.94 ± 1.09 ��

Endosteal 20.84 ± 0.53 19.33 ± 0.31� 18.61 ± 0.61�

Width of trabeculae in the femur [µm] In epiphysis 78.98 ± 1.08 75.54 ± 1.16 74.57 ± 1.52�

In metaphysis 49.40 ± 0.51 48.47 ± 0.76 49.63 ± 1.61

Width of epiphysial cartilage of femoral bone [µm] 76.60 ± 1.94 75.75 ± 2.86 71.53 ± 1.87

Bone mass [mg] Femoral epiphyses 383.55 ± 8.95 376.72 ± 18.21 372.53 ± 9.21

Femoral diaphysis 488.07 ± 18.39 505.05 ± 19.74 491.48 ± 16.93

Tibia 651.98 ± 15.38 629.70 ± 16.36 644.02 ± 14.82

L-4 vertebra 298.48 ± 7.67 293.72 ± 5.19 292.33 ± 5.28

Bone mineral content [mg] Femoral epiphyses 147.15 ± 2.75 144.45 ± 7.43 143.28 ± 3.12

Femoral diaphysis 238.13 ± 9.21 239.10 ± 10.60 240.83 ± 11.06

Tibia 285.22 ± 6.13 274.35 ± 12.74 282.02 ± 11.75

L-4 vertebra 108.93 ± 2.45 106.63 ± 3.05 106.13 ± 2.21

Bone mineral content/bone mass ratio Femoral epiphyses 0.384 ± 0.005 0.383 ± 0.003 0.385 ± 0.005

Femoral diaphysis 0.488 ± 0.003 0.474 ± 0.015 0.490 ± 0.004

Tibia 0.438 ± 0.004 0.435 ± 0.004 0.438 ± 0.003

L-4 vertebra 0.365 ± 0.004 0.363 ± 0.005 0.363 ± 0.003

Calcium content [mg/g of bone minerals] Femoral epiphyses 334.97 ± 1.93 336.17 ± 4.76 338.88 ± 4.13

Femoral diaphysis 364.75 ± 6.83 356.45 ± 6.49 371.48 ± 6.86

Tibia 362.52 ± 3.58 365.72 ± 2.08 371.73 ± 4.67

L-4 vertebra 335.31 ± 1.11 343.51 ± 7.73 338.39 ± 3.25

*��#�� ��� ��������� �� ��� ���� + �,� (� - .)/
�
� 1  / 2�

��
� 1  / � 3 ����������� �����	����� ��		������� �� ���������� !��� ������� ($�.

���#�)/ $�. ���#� 3 ������ ����� !���� !��� �����  /45 6�$ ��#����7 �
��/2��8. ���#� 3 ���� ����� '��
 �� ��� ���� �	 �/2 ��8�� �� ����7
�
�2��8. ���#� 3 ���� ����� '��
 �� ��� ���� 2 ��8�� �� ����/ '��
 !�� ������������ 	�� �. ����� �/�/ 9��!��� ��� � ��� �4 ���� �������� ��
��� � �	 ��� �&��������/ :����� !��� ��� ������������ '��
 �� ��� ������ 9��!��� ��� ; ��� 2< �	 ��� �&��������/ *������ �	 ��� �������
!�� �&������ . !���� �	��� ��� 	���� '��
 ��������������



in the osteoid width on the side of periosteum, while

the MP-5po/8 group displayed a reversal of changes

in the osteoid width on the side of endosteum. In case

of the MP-5po/8 group, also the changes in the corti-

cal tibia transverse cross section were reversed, as

well as the ratio of marrow cavity transverse cross

section area to cortical tibia transverse cross section

area and the epiphysial cartilage width in the femur.

Discussion

Bone remodeling is a normal process that allows

the skeleton to adapt to biomechanical changes and to

repair microdamaged regions. This process requires

coordination between osteoclasts, which resorb bone,

and osteoblasts, which synthesize and mineralize new

bone matrix in previously resorbed areas. When new

bone formation matches bone resorption, bone mass

is maintained [20].

The studies we carried out demonstrated that 6-MP

administered orally for the period of 4 weeks led to

a disorder in cancellous and cortical bone remodeling

process in rats. 6-MP was observed to inhibit the syn-

thesis of new osseous matrix.

The disorder in osseous matrix synthesis in the cor-

tical bone is indicated by a diminished osteoid width,

whereas in the cancellous bone, by a reduced width of

trabeculae in the femoral epiphysis. A decrease in the

new bone synthesis by osteoblasts caused a reduced

tibial transverse growth. 6-MP administered at the

dose of 5mg/kg inhibited the osseous matrix synthesis

to a greater extent, which resulted in a decrease in the

cortical tibia transverse cross section area and bone

mass loss. A decrease in femoral epiphysis mass, tib-

ial and L-4 vertebrae masses was observed.

New osseous matrix synthesized by osteoblasts un-

dergoes mineralization. The obtained results indicate

a decrease in osteoid mineralization following the ad-

ministration of 6-MP at the dose of 5 mg/kg. A de-

crease in mineral content in the femoral epiphysis, the

L-4 vertebrae and the tibia was observed. In case of

the L-4 vertebrae we also observed a reduction of cal-

cium content.

A decrease in the mineral content after 6-MP ad-

ministration may result from either osteoid synthesis

inhibition or intensification of bone resorption. How-

ever, the results of determinations of the mineral con-

tent/bone mass ratio, seem to be indicative of a de-

crease in mineralization being a consequence of os-

teoid synthesis inhibition. No changes in the mineral

content/bone mass ratio were observed, which proves

that the loss was uniform both with respect to the min-

eral content and the bone mass. The results obtained

in this study are in line with the data we obtained ear-

lier, concerning the effect of etoposide on the process

of osseous matrix synthesis and mineralization [3]

and they indicate that 6-MP inhibits osseous matrix

synthesis as a result of inhibiting osteoblast functions,

since osteoblasts are responsible not only for bone

formation, but also for its mineralization [1].

A decreased function of osteoblasts may be a result

of their decreased number or inhibited DNA synthesis

in osteoblast cells. A reduction in the number of hu-

man osteoblasts by 6-MP administered at concentra-

tions � 10–5 M was demonstrated in vitro by Davies et

al. [7].

It is also possible that 6-MP, having a toxic effect

on bone marrow, also inhibits osteoprogenitor cell re-

cruitment and their subsequent differentiation into os-

teoblasts, thus reducing their number. Osteoblasts are

derived from pluripotent mesenchymal stem cells in

bone marrow. Marrow stromal cells give rise to not

only osteoblasts, but also adipocytes, myoblasts,

chondroblasts and fibroblasts [1, 18].

A decrease in osteoprogenitor cell function seems

to be confirmed by the studies of showing reversal of

changes in the osseous tissue. The results we obtained

demonstrated that changes in the osseous tissue in rats

which developed within 4 weeks of 6-MP administra-

tion were not reversed completely within the same pe-

riod of time as they occurred. This may indicate that

the changes in the osseous tissue following 6-MP ad-

ministration are not only a result of its adverse effect

on the function of mature osteoblasts, but also of the

influence on osteoprogenitor cells. Hence, the pro-

longed time of the reversal of such changes may

partly result from the necessity to regenerate bone

marrow cells. Additionally, our earlier studies con-

cerning the reversal of changes in the osseous tissue

which resulted from 5-fluorouracyl administration

proved that such changes were reversed to a lesser de-

gree than after administering 6-MP [4]. Taking into

account the fact that 5-fluorouracyl has a stronger

toxic effect on bone marrow than 6-MP, the above

conclusion seems justified.

A balance between the processes of resorption and

bone formation conditions appropriate bone remodel-
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ing, and a disorder of one of the processes cannot re-

main without an effect on the other. Hence, interpret-

ing the results obtained solely on the basis of the ef-

fect of 6-MP on the process of bone formation would

be an oversimplification.

The tests we carried out do not allow us to unambi-

guously identify the effects of 6-MP on the bone re-

sorption process. A decrease in trabeculae width and

mineral content may be indicative of an intensified

process of resorption by osteoclasts. However, the ex-

aminations of marrow cavity transverse cross section

area in the tibia do not confirm the increase in bone

resorption after 6-MP administration. The marrow

cavity transverse cross section area was not found to

be increased. On the contrary, the marrow cavity area

was smaller, although the result was not statistically

significant when compared to the controls. The results

may indicate an insignificant inhibition of bone re-

sorption by 6-MP.

Osteoblasts also function in the regulation of bone

resorption by conferring a supportive activity for os-

teoclast differentiation through the expression of re-

ceptor activator of nuclear factor-�B (RANK) and

osteoprotegerin (OPG) [14, 15]. The recruitment of

osteoclasts to the bone surface is an integral step in

bone remodeling. Osteoclasts are derived from hema-

topoietic stem cells that also give rise to the

monocyte-macrophage lineage. These stem cells dif-

ferentiate into osteoclast precursor cells and subse-

quently into fully functional osteoclasts. This process

is regulated by RANK expressed on osteoclast precur-

sors, RANK ligand (RANKL) expressed by osteo-

blasts, lymphocytes and stem cells, and by OPG,

a protein produced by osteoblasts and stromal cells,

a decoy receptor of RANKL [23, 25, 27].

The decrease in osteoblast function, acknowledged

by in vitro examinations [7] as a result of reduction of

their number by 6-MP, may underlie the decrease in

preosteoclast differentiation to osteoclasts on the bone

surface by a reduced RANKL secretion. The mecha-

nism of inhibiting osteoclast precursor cell differen-

tiation in the presence of RANKL seems to play a ma-

jor role in osteoclasts-mediated bone resorption in

rheumatoid arthritis. Kong et al. in their research on

animals demonstrated that the administration of OPG

to animals with inflammatory arthritis led to inhibi-

tion of local bone erosions [13].

Taking into consideration also the fact that mono-

nuclear osteoclast precursors are bone marrow-

derived cells which circulate in the monocyte fraction

and differentiate into osteoclasts at the bone surface

[11], one may suppose that 6-MP, by disordering the

bone marrow activity, decreases also the number of

osteoclasts. Therefore, one may not exclude the possi-

bility that 6-MP affects preosteoclast differentiation

either as a result of inhibiting osteoblast function or

following a disorder in bone marrow cell activity.

The results obtained in this study for 6-MP effect

on the process of bone resorption need to be con-

firmed by further research. However, with a simulta-

neous decrease in osseous matrix synthesis, they do

not seem to have a significant effect on the final, ad-

verse effect of 6-MP on bone remodeling, as the bal-

ance between the processes of resorption and bone

formation was tilted at a disadvantage of osseous ma-

trix synthesis. In the tests we carried out, histomor-

phometric parameters were found to be disordered

following mainly the inhibition of osseous matrix

synthesis.

Conclusion

6-MP administered orally for 4 weeks inhibited the

synthesis of osseous matrix thus causing disorders in

histomorphometric parameters which were not re-

versed completely within 4 weeks. 6-MP adminis-

tered at a dose of 5 mg/kg caused a disorder of new

osseous matrix mineralization leading to a decrease in

mineral and calcium content mainly in the cancellous

bone, as well as to bone mass loss, which returned to

normal after 4 weeks.
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