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Introduction

Long-term glucocorticoid hormones affect bone
metabolism by decreasing formation activity and
increasing resorption activity. Both osteoblast
number and activity are inhibited, while
osteoclast . activity is  stimulated. Excess
glucocorticoids also inhibit calcium absorption
from the intestines and increased calcium
excretion by the kidneys. Other effects include
reduction in plasma testosterone, estrogen and
calcitonin levels and secondary
hyperparathyroidism!. -Studies on rats showed
that long-term glucocorticoid administration
resulted in arrest of bone formation associated
with increased bone resorption?. Cell culture
studies suggested that physiological levels of

glucocorticoids are necessary for osteoblast
differentiation and allow the control of osteoblast
recruitment by PGE.. High levels of
glucocorticoids drastically reduced proliferation of
the  osteoblast precursors leading to
glucocorticoid-induced osteoporosis®. ~ Cortisol
was found to decrease al(l) procollagen gene
transcription in osteoblasts, but not in fibroblasts,
suggesting that the mechanisms of glucocorticoid
suppression are cell-type specifict.
Histomorphometric studies indicate a decreased
rate of mineral apposition and decreased width of
trabecular packets’. Long-term glucocorticoid
therapy for asthma was found to reduce
trabecular bone mineral density and increased hip
and vertebral fracture prevalence®.

This article was accepted: 4 March 2002

Corresponding Author: Ima Nirwana Soelaiman, Dept. of Pharmacology, Faculty of Medicine, Universiti Kebangsaan Malaysia,

Jalan Raja Muda Abdul Aziz 50300 Kuala Lumpur, Malaysia.

136

Med | Malaysia Vol 57 No 2 June 2002



Palm Vitamin E Profects Bone Against Dexamethasone-Induced Osteoporosis in Male Rats

Lipid peroxidation have been implicated in the
pathogenesis of osteoporosis. Accumulation of
free radicals was found to be associated with
bone resorption by osteoclasts’.  Free radicals
was also found to be toxic to osteoblasts®.
Avitabile et al’ found a strict relationship between
low activity of antioxidant systems and
demineralization process of the bone. Vitamin E is
an important antioxidant which has been shown
to protect against free radical associated diseases.
Palm oil derived vitamin E is rich in tocopherols
and tocotrienols, containing about 196 ppm o-
tocopherol, 201 ppm o-tocotrienol, 372 ppm ¥-
tocotrienol and 96 ppm &-tocotrienol®. In our
previous study, palm vitamin E successfully
protected against impairment of bone calcification
by an oxidizing agent, ferric nitrilotriacetate.
Palm vitamin E also protected against increased
bone resorption in hyperthyroid rats? as well as
against ovariectomy and orchidectomy-induced
osteoporosis® ¥, Other researchers have reported
increased lipid peroxidation in total plasma of
laboratory rats treated with dexamethasone®.
Vitamin E also plays a role in calcium metabolism,
since vitamin E deficiency was shown to reduce
intestinal calcium absorption” and to impair
function of vitamin D*. This effect of vitamin E is
probably not due to its antioxidant properties.

Since palm-oil derived vitamin E was shown to
offer protection against other forms of
experimentally-induced osteoporosis, this aim of
this study was to determine the effects of palm
oil-derived vitamin E on glucocorticoid-induced
OSteoporosis.

Materials and Methods

Animals and treatment

Seventy, 3-month-old male Wistar rats were
obtained from our Animal Breeding Centre, The
animals were divided into groups of 10 and given
the following treatments: G1: sham-operated
controls; G2: adrenalectomized (adrx); G3: adrx,
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palm vitamin E (PVE); G4: adrx, dexamethasone
(DEX), G5: adrx, deoxycorticoxterone (DOC), G6:
adrx, PVE, DEX, G7: adrx, PVE, DOC. The
duration of treatment was 8 weeks.

Adrenalectomy was done two days after receiving
the animals. Through a dorsal, midline incision
under ketapex and zylazil (1:1) anaesthesia (Troy
Laboratories, Australia), the adrenals were
identified and removed. 2-3 drops of ampicillin
sodium (Ranbaxy Laborotaries, India) were
instilled in the incision before suturing. The
procedure for sham-operation was similar except
that the adrenals were left in-situ.

Palm vitamin E was provided by the Palm Oil
Research Institute of Malaysia (PORIM). It has the
following composition: 24.82% o-tocopherol,
20.73% o-tocotrienol, 26.68% 7y-tocotrienol and
13.32% d&-tocotrienol. It was diluted in olive oil
(Bertolli, Italy) and given by oral gavage six days
a week at a dose of 60 mg/kg rat weight/day.
Dexamethasone (Sigma, USA) and
deoxycorticosterone (Sigma, USA) were dissolved
in olive oil in doses of 120 pug/kg rat weight and
2400 pg/kg rat weight respectively. The drugs
were given by intramuscular injection 6 days a

‘week. The palm vitamin E, dexamethasone and

deoxycorticosterone were started simultaneously
one week after the adrenalectomy. Sham-operated
controls were given vehicle olive oil only.

The animals were placed in clean cages under
natural sunlight and darkness at night. They were
given rat pellets (Gold Coin, Malaysia) ad libitum.
The sham-operated animals were given tap water,
while the adrenalectomised animals were given
normal saline to drink ad libitum.

The following parameters were measured at the

end of 8 weeks of treatment:

1. bone mineral density

2. left femoral length

3. left femoral and fifth lumbar bone calcium
content.
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Bone mineral density measurements

Bone mineral content and density measurements
were made using the Dual-Energy X-ray
Absorptiometer (DEXA XR-36, Norland, USA).
Skeletal parts scanned were the proximal,
midshaft and distal parts of the left femur; 4®
lumbar vertebra and the 3% to the 5% lumbar
vertebrae. The femoral subdivisions were
arbitrarily assigned as follows: the proximal part
was marked as 1 ¢cm in length from the hip joint,
while the distal part was marked 1 cm in length
from the knee joint. The area in between was
designated the midshaft region. The 5% lumbar
vertebra was identified as the last vertebral body
before the sacrum. These subdivisions were
selected to demarcate cancellous and cortical
bones. Whole body bone mineral density
readings were also obtained.

The rats were anaesthetized with ketapex and
zylazil (1:1) (Troy Laboratories, Australia) and
placed prone for the whole body and vertebral
readings, and supine with the left lower limb in
external rotation for the femoral readings.

Femoral length and bone calcium content

The animals were sacrificed after 8 weeks of
treatment under ketapex/zylazil anaesthesia.
Death was achieved by cervical dislocation. The
5% lumbar vertebra and left femur were dissected
out and cleansed of all soft tissues. The left femur
was measured using Vernier calipers. The bones
were then left at room temperature for 24 hours,
dried in at oven at 100°C for 24 hours, then ashed
in a furnace at 800°C for 12 hours. The ash was
weighed, dissolved in 3 ml. nitric acid and diluted
in lanthanum chloride. Calcium content was
measured with a flame Atomic Absorption
Spectrophotometer (Shimadzu AA-680, Kyoto,
Japan) at 422.7 nm.

Analyses of data

Data were tested for normality using the
Skewness test. Since most of the groups were
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found to be not normally distributed, the data was
analysed using non-parametric statistics, i.e. the
Krusskall-Wallis test followed by the Mann-
Whitney U test for comparison between treatment
groups. The Wilcoxon Signed-Rank test was used
for comparison before and after treatment for the
same group. Statistical software used was the
Statistical Package for Social Sciences (SPSS). Data
was presented as mean + standard deviation
(s.d).

This study was approved by the University's
Research and Ethics Committee.

Results

Bone mineral density

Total body bone mineral density increased after
four months for all the treatment groups except
group 4, i.e. the adrenalectomised group given
Dexamethasone (Fig. 1). The same observation is
seen in all the regional bone mineral density
readings, i.e. for the L4 and L3-L4 regions; whole
femur as well as the proximal, midshaft and distal
femoral regions (Table D). In addition to that, the
BMD after treatment in group 4 was significantly
lower than group 1 in the 14 and distal femur
regions, and significantly lower than group 3 in
the whole femur and femoral midshaft regions
(Table I). Bone mineral density was also lower in
group 6 compared to group 3 in the femoral
midshaft region (Table D.

- Femur length

Length of the femur after treatment was
significantly shorter in the group 4 animals
compared to the animals in groups 2, 3 and 5
(Fig. 2).

Bone calcium content

Left femoral bone calcium content of the animals
in group 4 was significantly less than that of the
animals in groups 1, 2, 3 and 5 (Fig. 4). The trend
in lumbar bone calcium appeared similar but did
not reach statistical significance (Fig. 3).
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Key to Table 1 and Figures 1-4

G1: sham-operated controls Data are presented as mean + standard
G2: adrenalectomized {adrx) deviation (s.d.)

G3: adrx, palm vitamin E {PVE) Significance was determined at p<0.05.

G4: adrx, dexamethasone (DEX) * indicates significance difference between the
G5: adrx, deoxycorticoxterone (DOC) mean before and after treatment for the same
Gé: adrx, PVE, DEX group. Mean carrying the same alphabetical
G7: adrx, PVE, DOC superscript indicates significant difference

Fig. 1. Whole Body Bone Meneral Density
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Fig. 3. Fifth Lumbar (L5) Vertebra Calcium Content
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Fig. 4. Left Femoral Calcium Content
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Discussion

The sham-operated control group (G1) showed
significant increase in bone mineral density in all
the skeletal regions scanned, and this was also
seen in all the other treatment groups except for
the adrenalectomised group of animals on long-
term, high dose dexamethasone (G4). This
confirmed that excess glucocorticoids impair
bone mineralisation and can lead to osteoporosis,
and is consistent with other reports>*®. However,
in this study no significant reduction in bone
mineral density over time was seen. This could be
because at this age, our animals were still
growing, as was proven by earlier studies?. Thus
the influence of other hormones such as growth
hormone and estrogen probably prevented the
decline in bone mineral density. However, the
dexamethasone dose and treatment period used
in this study was sufficient to prevent normal
bone growth. Adrenalectomy per se did not
influence bone density, since the findings in G2
did not differ from the sham-operated control
group G1. Replacing the adenalectomised animals
with the mineralocorticoid, deoxycorticosterone
(G5), did not cause any significant change in
bone mineral density content, indicating that
deoxycorticosterone did not play any part in bone
metabolism. This therefore confirmed that it is
only the glucocorticoids that affect bone growth
and development.

‘Impairment of bone growth and development by
glucocorticoids was also seen in the femoral
length and calcium content. Femur length was
shorter in the adrenalectomised group given
dexamethasone (G4) compared to groups G2, G3
and G5 (adrenalectomised, adrenalectomised +
palm  vitamin E, adrenalectomised  +
deoxycorticosterone). Similar observations were
also seen in femoral bone calcium content. The
same trend was seen in the fifth lumbar vertebra,
but did not reach significance. These findings are
consistent with current literature. Excess
glucocorticoids have been shown to compromise
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bone by suppressing osteoblast function,
increasing osteoclastic bone resorption and also
by reducing calcium absorption by the
intestines®™ . Recent studies have shown that
glucocorticoids decrease the levels of osteoblast
integrins, which are cell surface receptors that
modulate the attachment of osteoblasts to
extracellular matrix. This appear to contribute to
decreased mineralisation® %, Glucocorticoids was
also shown to inhibit fibronectin production in
developing bone which may contribute to the
altered osteoblast function®.

Giving the adrenalectomised, dexamethasone-
treated animals palm oil-derived vitamin E as in
G6, was effective in maintaining normal bone
mineral density levels. This observation was
further strengthened by the findings that palm
vitamin E was able to maintain normal femur
length and femoral bone calcium content in the
adrenalectomised and dexamethasone treated
(G6) animals. The same trend was seen in the fifth
lumbar bone. This suggests that palm vitamin E
was able to protect bone against the effects of
excessive glucocorticoid treatment. Adding palm
vitamin E to adrenalectomized rats (G3) as well as
to adrenalectomized rats on deoxycorticosterone
(G7) did not change the bone mineral density,
bone calcium content or femur length compared
to the sham-operated control (G1), indicating that
palm vitamin E is protective to bone only when
there is osteoporotic stress, such as when
excessive glucocorticoid was administered. This
study did not attempt to elucidate the
mechanisms involved in the action of vitamin E
on bone; further studies are needed to determine
the effects of palm vitamin E at the cellular level.

To date, literature has been conflicting regarding
the effects of glucocorticoids on lipid
peroxidation. Dexamethasone was found to
impair antioxidant reactions, as shown in a
decline in the activity of superoxide dismutase
(SOD-1) and an increase in the levels of the
thiobarbituric acid reactive substances (TBARS) in
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Table I: Regional Bone Mineral Density

REGION GROUPS BEFORE TREATMENT AFTER TREATMENT
Gl 0.121 £ 0.012 0.159  0.026*
G2 0.123 + 0.012 0.162 + 0.015*
LUMBAR G3 0.122 + 0.009 0.159 + 0.018*
VERTEBRAE G4 0.124 + 0.008 0.142 + 0.013
3-5 G5 0.121 + 0.017 0.144 1 0.012*
Gé 0.121 + 0.013 0.153 1 0.013*
G7 0.126 + 0.010 0.142 + 0.008*
Gl 0.123 + 0.014 0.165 + 0.039%
G2 0.121 + 0.013 0.164 + 0.017* a
LUMBAR G3 0.121 + 0.008 0.160 £ 0.017*
VERTEBRAE 4 G4 0.124 + 0.005 0.140 + 0.014 a
G5 0.118 + 0.015 0.144 + 0.012*
G6 0.119 + 0.010 0.153 £ 0.015*
G7 0.124 + 0.009 0.143 + 0.008*
Gl 0.133+ 0018 0.174 + 0.010*
G2 0.127 + 0.013 0.171 + 0.019%
WHOLE G3 0.130 £ 0.017 0.178 + 0.018* b
FEMUR Ga 0.141 + 0.013 0.154 + 0.021 b
G5 0.125 + 0.013 0.168 + 0.011*
G6 0.136 + 0.018 0.160 + 0.001*
G7 0.131+0.010 0.161 + 0.013*
Gl 0.142 + 0.022 0.182 £ 0.012*
G2 0.137 + 0.017 0.177 + 0.020*
PROXIMAL G3 0.138 1 0.017 0.186 + 0.023*
FEMUR G4 0.151 + 0.015 0.158 + 0.027
G5 0.133 + 0.015 0.174 + 0.013*
G6 0.144 + 0.024 0.167 + 0.014%
G7 0.138 + 0.012 0.166 + 0.015*
Gl 0.122 £ 0.017 0.166 + 0.008%
G2 0.114  0.013 0.165 + 0.018*
MIDSHAFT G3 0.121 + 0.021 0.174 + 0.015* cd
FEMUR Ga 0.133 + 0.016 0.148 + 0.016 ¢
G5 0.1151 0.011 0.163 + 0.010%
Gé 0.127 + 0.016 0.157 £ 0.009* d
G7 0.122 + 0.012 0.157 + 0.014%
Gl 0.132 + 0.017 0.175 + 0.014* e
G2 0.125 + 0.013 0.170 + 0.019*
DISTAL G3 0.127 + 0.015 0.176 + 0.018*
FEMUR G4 0.139 + 0.011 0.154 + 0.019 e
G5 0.125 + 0.015 0.168 + 0.011*
G 0.135 + 0.016 0.156 + 0.009*
G7 0.130 + 0.008 0.159 + 0.014*

*indicates significant difference (p<0.05) between before treatment and affer treatment for each group. Values

indicated by the same alphabet indicates significant differences between ireatment groups:

a:p=0.018
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b: p = 0.042

c:p=0.030

d: p=0.035

e:p =0.045
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erythrocytes*. On the other hand, Berger et al®
showed that dexamethasone did not have any
effect on the generation of the superoxide anion
by osteoclasts. Another study showed that
dexamethasone treatment decreased TBARS
content in lymphoid organs but raised it in the
soleus and gastrocnemius muscles of rat®.
Dandona et al” found that hydrocortisone inhibit
generation of reactive oxygen species (ROS) by
mononuclear cells. Thus, the protective effect of
palm vitamin E seen in this study may be via its
antioxidant properties or via other mechanisms.
Vitamin E deficiency reduced intestinal calcium
absorption'® and impaired function of vitamin DV,
Therefore, the protective effect of palm vitamin E
seen in this study could be via its antioxidant
properties as well as by improving calcium
transport and vitamin D function.

In conclusion, palm vitamin E was effective in
preventing osteoporosis in dexamethasone

treated rats. The mechanisms involved needed
further study; however the possibility that it acts
via its antioxidant effects as well as through the
calcium-vitamin D pathway should to be
considered. Other possibility is that palm vitamin
E may inhibit the action of glucocorticoids on
osteoblast integrins and fibronectins.

Acknowledgements

This study was supported by a grant no: IRPA 06-
02-02-0053 from The Ministry of Science,
Technology and Environment, Malaysia. We
would like to thank Mrs. Kiftiah Ahmed and Miss
Norlinda Mohd. Daut for their technical
assistance. We would also like to thank En. Abd.
Gapor M. Top from the Palm Oil Institute of
Malaysia for the supply of palm vitamin E. We are
also grateful to Professor Khalid BAK for his
invaluable advice.

1. Jenkinson T, Balla AK. A reappraisal of steroid
induced osteoporosis. British J. Hospital Medic.
1993; 50: 472-76.

2. Ortoft G., Oxlund H. Qualitative alterations of
cortical bone in female rats after long-term
administration of growth hormone and
glucocorticoid. Bone 1996; 18: 581-90.

3. Scutt A, Bertram P, Brautigan M. The role of
glucocorticoids and prostaglandin E2 in the
recruitment of bone marrow mesenchymal cells to
the osteoblastic lineage: positive and negative
effects. Calcif. Tissue Internat. 1996; 59: 154-62.

4. Delany AM, Gabbitas BY, Canalis E. Cortisol
downregulates osteoblast alpha 1 (1) procollagen
mRNA by transcriptional and posttranscriptional
mechanisms. J. Cellul. Biochem. 1995; 57: 488-94.

Med J Malaysia Vol 57 No 2 June 2002

5. Chavassieux P, Pastoureau P, Chapuy MC, Delmas

PD, Meunier PJ. Glucocorticoid-induced inhibition
of osteoblastic bone formation in ewes: a
biochemical and histomorphometric  study.
Osteoporosis Internat. 1993; 3: 97-102.

6. Adinoff AD, Hollister JR. Steroid-induced fractures

and bone loss in patients with asthma. N. Engl. J.
Medic. 1983; 309: 265-68.

7. Garrett IR, Boyce BF, Oreffo RO, Bonewald L,

Poser J, Mundy GR.. Oxygen-derived free radicals
stimulate osteoclastic bone resorption in rodent
bone in vitro and in vivo. J. Clin. Inv. 1990; 85:

632-39.

8. Moreau MF, Chapparf D, Lesourd M, Montheard JP,

Basle MF. Free radicals and side-products released
during methylmethacrylate polymerization are

143



ORIGINAL ARTICLE

10.

11.

12.

13.

14.

15.

16.

17.

18.

144

cytotoxic for osteoblastic cells. J. Biomedic.
Materials Res. 1998; 40: 124-31.

Avitabile M, Campagna NE, Magri GA, Vinci M,
Sciacca G, Alia G, Fero A. Correlation between
serum  glutathione reductases and bone
densitometry values. Bolletino-Soc Italiana Biol
Speriment 1991; 67: 931-37 (abstract).

Elson CE. Tropical oils: nutritional and scientific
issues. Critic. Rev. Food Sc. Nutr. 1992; 31: 79-102.

Yee JK, Ima-Nirwana S. Palm vitamin E protects
against ferric-nitrilotriacetate-induced impairment
of bone calcification. Asia Pacific J. Pharmacol.
1998; 13: 35-41.

Ima-Nirwana S, Kiftiah A, Sariza T, Abd. Gapor MT,
Khalid BAK. Palm vitamin E improves bone
metabolism and survival rate in thyrotoxic rats.
Gen. Pharmacol. 1999; 32 : 621-26.

Norazlina M, Ima-Nirwana S, Abd. Gapor MT,
Khalid BAK. Palm vitamin E is comparable to (-
tocopherol in maintaining bone mineral density in
ovariectomised female rats. Exp. Clin. Endocrinol.
Diab. 2000; 108: 1-6.

Ima-Nirwana S, Norazlina M, Abd. Gapor MT,
Khalid BAK. Palm vitamin E prevents osteoporosis
in orchidectomised growing male rats. Nat. Prod.
Sc. 2001; 6: 155-60.

Belkebir-Mesbah D, Bonnefont-Rousselot D, Fre-
Fressart V, Moinard C, Delattre J, Vasson MP.
Consequences of treatment with dexamethasone in
rats on the susceptibility of total plasma and
isolated lipoprotein fractions to copper oxidation.
Endocrine 1999 ; 10 : 233-42.

Sergeev IN, Kha KP, Blazheevich NV, Spirichev VB.
Effect of combined vitamin D and E deficiencies on
calcium metabolism and bone tissue of the rat.
Voprosy Pitaniia 1987; 1 : 39-43 (abstract).

Sergeev IN, Arkhapchev IuP, Spirichev VB. The
role of vitamin E in metabolism and reception of
vitamin D. Biokbimiia  1990; 55: 1989-995
(abstract).

Goldstein MF, Fallon JJJ, Harning R:. Chronic
glucocorticoid therapy-induced osteoporosis in

19.

20.

21.

22.

23.

24.

25.

26.

27.

patients with obstructive lung disease. Chest 1993;
116: 1733-749.

Ima-Nirwana S, Norazlina M, Khalid BAK. Pattern
of bone mineral density in growing male and
female rats after gonadectomy. /. ASEAN Fed.
Endocrine Soc. 1998; 16 : 21-36.

Meunier PJ. Is steroid-induced osteoporosis
preventable? New Engl. J. Medic. 1993; 328: 1781-
82.

Doherty WJ, DeRome ME, McCarthy MB,
Gronowicz GA. The effect of glucocorticoids on
osteoblast function. J. Bone Joint Surg. 1995; 77A:
396-403.

Gronowicz GA, DeRome ME, McCarthy MB..
Glucocorticoids inhibit fibronectin synthesis and
messenger ribonucleic acid levels in cultured fetal
rat parietal bones. Endocrinol. 1991; 128: 1107-14.

Gohel AR, Hand AR, Gronowicz GA. Immunogold
localization of beta-1 integrin in bone: effect of
glucocorticoids and insulin-like growth factor 1 on
integrins and osteocyte formation. J. Histochem.
Cytochem. 1995; 43: 1085-96.

Orzechowski A, Ostaszewski P, Brodnicka A,
Wilczak J, Jank M, Balasinska B, Grzelskowska K,
Ploszaj T, Olczak J, Mrowczynska A. Excess of
glucocorticoids impairs whole-body antioxidant
status in young rats, relation to the effect of
dexamethasone in soleus muscle and spleen.
Horm. Metab. Res. 2000; 32: 174-80.

Berger CE, Horrocks BR, Datta HK. Direct non-
genomic effect of steroid hormones on superoxide
anion generation in the bone resorbing osteoclasts.
Mole.c Cellul. Endocrinol. 1999; 149: 52-59,

Pereira B, Bechara EJ, Mendonca JR, Curi R.
Superoxide dismurase, catalase and glutathione
peroxidase activities in the lymphoid organs and
skeletal muscles of rats treated with
dexamethasone. Cellul. Biochem. Funct. 1999; 17:
15-19.

Dandona P, Thusu K, Hafeez R, Abdel-Rahman E,
Chaudhuri A. Effect of hydrocortisone on oxygen
free radical generation by mononuclear cells.
Metab: Clin. Exp. 1998; 47: 788-91.

Med | Malaysia Vol 57 No 2 June 2002





