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Abstract
A total of 198 patients of various bone disorders like osteoporosis, chronic renal failure,
fractures and bone malignancy attending the OPD between October 2002 to May 2005 at
Dr. D.Y. Patil Medical College, Hospital and Research Centre and Command Hospital,
Pune were selected for the study.
Assessment of the basal serum levels of biochemical markers like Tartarate resistant acid
phosphatase (TrACP), Malondialdehyde (MDA), Alkaline phosphatase, free calcium (Ca++),
Inorganic phosphorus (Pi), Superoxide dismutase (SOD) and erythrocyte reduced glutathione (GSH) was done. Then, the patients were divided into groups A (Vitamin E- Evinal
400 mg), B (Vitamin C- Celin 500 mg) and C (E+C) for administering antioxidants over a
period of 90 days.
Biochemical markers were reassessed in all the groups after 45 and 90 days of supplementation. The results revealed that after 90 days supplementation there was significant reduction
in serum MDA and serum ALP as compared to basal levels (p<0.001) in all three groups.
Serum SOD and erythrocyte GSH showed significant increases compared to basal level
(p<0.001 ) in all three groups . Serum TrACP was significantly reduced in group A and B
(p<0.001) as compared to basal levels. Serum free calcium and phosphorus were unaltered.
To conclude antioxidant vitamins E and C individually or conjointly improve bone metabolic status in skeletal disorders.
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Introduction
In bone disorders there is imbalance of osteoclastic and
osteoblastic activity leading to overproduction of free
radicals like superoxide [1]. Normally they act as chisels
and are responsible for bone remodeling [2]. The free
radicals though a cutting tool, their destructive action is
reconciled with discrimination, and thus controlled production of free radicals is probably the key to make this
destructive activity to complement the construction effected by osteoblasts. Thus the correct blend of the two
leads to the ultimate goal of remodeling [3,4,5].
.
These free radicals if produced in excess, in turn, are expected to produce oxidative stress mainly through lipid
peroxidation. A pilot study which was conducted in our
institute has, precisely corroborated this expectation. Thus
the osteoblastic activity is likely to be eclipsed by osteoclastic activity in all bone disorders namely osteoporosis,

renal osteodystrophy, bone malignancies and fracture [1].
The natural correction of the imbalance to restore the construction and to ameliorate the condition obviously cannot
cope with the onslaught of oxidative stress. Thus external
intervention by way of supplementation of antioxidants to
beef-up whatever natural metabolic effort, seems in order
without which the system may succumb to oxidative
stress.
In view of this the present study was undertaken to assess
the plausible role of antioxidant vitamins in bone disorders.

Materials and Methods
Study design
The study group included 198 clinically diagnosed cases
of skeletal disorders like osteoporosis (n=75), chronic
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renal failure (n=32), fractures (n=33) and bone malignancies (n=58). Various bone disorders were considered to
minimize biased results due to single skeletal pathology.
This was done as the study design was to assess effect of
antioxidant vitamin supplementation on deranged bone
metabolism of skeletal pathology in general.
The patient selected were those attending the OPD at Dr.
D Y Patil Medical College, Hospital and Research Centre
and Malignant disease training centre, Command Hospital, Pune from October 2002 to May 2005. The patients
with bone disorders were in the age group between 25-70
years. Patients suffering from non-osteoid metabolic disorders like Diabetes Mellitus, Hyperparathyroidism, those
on antioxidant supplementation or anti-resorptive therapy
and smokers were excluded. Fifty age and sex matched
healthy controls were selected for comparison of altered
bone metabolism in skeletal disorders. The controls were
not suffering from any disease and were not on any medication or vitamin supplementation before and during the
study period. All patients and controls gave informed
consent for the study.
Analytical Methods
Fasting venous sample (10 ml whole blood) was collected, under aseptic conditions, from both the control and
study groups around 8.00am. 6 ml of it was collected in a
plain sterile bulb for the estimation of ALP; Pi, SOD and
MDA
100 μL serum was kept for the measurement of TrACP. 3
ml of whole blood was collected anaerobically in a
capped conical centrifuge tube for the free calcium estimation. 1 ml of whole blood was collected in the acid
citrate dextrose (ACD) bulb for the erythrocyte GSH estimation.

Samples were collected and analyzed for biochemical markers within 3 hours of sample collection by the following methodologies: SOD by Marklund
and Marklund [6], MDA-Wilbur et al [7], ALP [8], Pi [9],
TrACP [10], Ca++ by ion selective electrode
[11] and Erythrocyte GSH-Beutler et al [12].
After assessment of baseline concentrations of biochemical markers, the test group was subdivided into three
groups A, B and C randomly but maintaining the ratio of
various disorders in each group. Group A was administered only Vitamin E (Evinal 400 mg), Group B were administered only Vitamin C (Celin 500 mg). Group C were
received conjoint therapy of Vitamin (E+C) i.e. for a period of 90 days. Samples were collected and analyzed at
45 and 90 days after supplementation.
Statistical analysis
The sample size was decided in consultation with statistian. The results were expressed as mean ±S.D. Comparison of control and test group was done by unpaired ‘t’
test. The change in markers before and after antioxidant
supplementation was studied by paired ‘t’ test. Comparison of efficacy of antioxidant supplementation was tested
by ANOVA.

Results
The present study involved the comparison of alteration
in the biochemical markers in the skeletal disorders with
healthy controls (Table I). The results revealed significant
increase in baseline levels of serum MDA, TrACP and
ALP in bone disorders as compared with controls (p <
0.001, p < 0.05, p<0.001 respectively) No statistical difference was observed in concentration of serum Ca++, Pi,
SOD and erythrocyte GSH.

Table 1: Comparison of biochemical markers and antioxidant status between skeletal disorders and control groups.
Biochemical Parameters

Serum Alkaline Phosphatase (ALP) IU / L
Serum Free Calcium (Ca++) mmole / l
Serum Inorganic Phosphorus (Pi) mg/dl
Serum Malondialdehyde ( MDA) nmole/ ml
Serum Tartarate Resistant Acid Phosphatase (TrACP) IU/ L
Serum Superoxide Dismutase (SOD) units / ml
Erythrocyte Reduced Glutathione (GSH) μmole / gm of Hb

Controls
(n = 50 )
69.54 ± 1.95
1.26 ± 0.07
3.64 ± 0.64
3.40 ± 1.44
1.21 ± 0.72
4.28 ± 1.51
8.06 ± 2.85

Value are Mean ± SD of number of observation ( n ). * indicates p < 0.05 and
** p < 0.001

Bone Disorders
(n =198 )
78.92 ± 17.47**
1.26 ± 0.10
3.56 ± 0.83
6.15 ± 3.18**
1.57 ± 0.95*
4.73 ± 1.53
7.38 ± 2.70
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Table 2: Comparison of biochemical markers and antioxidant status before and after vitamin E supplementation in
skeletal disorders (Group A)

Biochemical Parameters

Base line level
(n = 72 )

45 days
( n = 72 )

90 days
( n = 72 )

Serum Alkaline Phosphatase ( ALP)IU / L

78.90 ± 16.17

71.90 ± 14.44**

71.11± 16.64**

Serum Free Calcium ( Ca++) mmole / l

1.27 ± 0.07

1.24 ± 0.16

1.25±0.49

Serum Inorganic Phosphorus ( Pi) mg / dl

3.55 ± 0.70

3.41 ± 0.59

3.40±0.64

Serum Malondialdehyde (MDA) nmole/ ml

5.34 ± 2.45

4.42 ± 1.94**

3.64±1.71**

Serum Tartarate Resistant Acid Phosphatase
(TrACP) IU / L

1.67 ± 0.96

1.46 ± 0.83 *

1.20±0.45**

Serum Superoxide Dismutase (SOD) units / ml

4.40 ± 1.31

5.40 ± 1.60**

6.60±2.00**

Erythrocyte Reduced Glutathione
7.03 ± 2.69
7.56 ± 2.27**
(GSH ) μmole/ gm of Hb
Value are Mean ± SD of number of observation ( n ). * indicates p < 0.05 and
**p < 0.001

8.41±2.20**

Table 3: Comparison of biochemical markers and antioxidant status before and after vitamin C supplementation in
skeletal disorders (Group B )

Biochemical Parameters

Base line level (
n =72 )

45 days
( n =72 )

90 days
( n = 72 )

Serum Alkaline Phosphatase (ALP) IU / L

80.38 ± 19.33

74.11 ± 17.22**

70.90± 17.01**

Serum Free Calcium (Ca++) mmole / l

1.27 ± 0.09

1.23 ± 0.20

1.22±0.25

Serum Inorganic Phosphorus ( Pi) mg / dl

3.58 ± 0.84

3.31 ± 0.75*

3.27±0.73*

Serum Malondialdehyde (MDA) nmole/ ml

6.56 ± 3.87

5.00 ± 2.86**

4.51±2.88**

Serum Tartarate Resistant Acid Phosphatase
(TrACP) IU / L

1.72 ± 0.91

1.55 ± 0.99

1.30±0.80**

Serum Superoxide Dismutase (SOD) units / ml

4.55 ± 1.50

5.68 ± 2.60**

6.36±2.05**

Erythrocyte Reduced Glutathione
(GSH ) μmole / gm of Hb

7.19 ± 2.50

8.02 ± 2.53**

9.06 ± 2.62**

Value are Mean ± SD of number of observation (n). * Indicates p < 0.05 and
**p < 0.001
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Table 4: Comparison of biochemical markers and antioxidant status before and after vitamin (E + C) supplementation in skeletal disorders. (Group C)
Base line level
( n = 54)

Biochemical Parameters

45 days
( n = 54 )

90 days
( n = 54 )

Serum Alkaline Phosphatase (ALP) IU / L

77.01 ± 16.64

71.88 ± 12.14*

74.94 ± 13.26

Serum Free Calcium (Ca++) mmole / L

1.22 ± 0.13

1.22 ± 0.13

1.20 ± 0.17

Serum Inorganic Phosphorus ( Pi) mg / dl

3.58 ± 0.98

3.49 ± 0.85

3.42 ± 0.62

Serum Malondialdehyde ( MDA) nmole/ ml

6.68 ± 2.84

5.10 ± 1.87**

4.20 ± 1.90**

Serum Tartarate Resistant Acid Phosphatase
(TrACP) IU / L

1.26 ± 0.93

1.31 ± 0.62

1.24 ± 0.55

Serum Superoxide Dismutase (SOD) units / ml

5.40 ± 1.65

6.44 ± 2.00**

7.89 ± 1.72**

Erythrocyte Reduced Glutathione
8.10 ± 2.89
9.55 ± 3.03**
(GSH) μmole / gm of Hb
Value are Mean ± SD of number of observation ( n ). * indicates p < 0.05 and
** p < 0.001

10.76 ± 2.66**

Table V: Comparison of efficacy of individual and conjoint vitamin supplementation in skeletal disorders after 90
days
E+C

Vit C

Vit E
-8.01

ALP

0.81

-9.69

Ca++

-1.01

-3.39

-1.69

Pi

4.09

-2.22

- 1.40

-28.50

- 27.90

MDA

- 35.40

TrACP

40.50

-10.90

- 8.80

SOD

56.80

47.10

67.60

GSH

48.30

33.40

29.40

Comments
Maximum reduction is with Vit C. ( E +C)
combination has less effect (and minor raise) among
three.
Statistically significant p=0.02
Reduction with vitamin supplementation.
More reduction with vit C.
Not Statistically significant p=0.877
More raise with combination of vitamins
And reduction with vitamin C and E.
Not statistically significant p=0.522
Maximum reduction is with vitamin E+C ;
less with Vit. E;
Not Statistically significant p=0.100
Raise with combination but reduction with
individual vitamins; Statistically significant, p=
0.000
Raised after vitamin supplementation,
Highest raise with combination of Vitamins;
Not Statistically significant, p = 0.276
Raised with vitamin supplementation,
Highest raise with Vitamins E.
Not Statistically significant, p = 0.092

Percentage change( mean) in values at 90 days from day zero after giving vitamin suppelementation. ANOVA applied to
test the difference among three. (Negative figure indicates reduction and positive indicate rise in value)
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After administration of antioxidants individually and conjointly to the test group for a period of 45 days, serum
MDA is significantly reduced (p < 0.001). No significant
change was seen in serum TrACP levels (Tables II,III
and IV ).
There is significant decreases in serum ALP levels (p <
0.001) while no significant change is seen in serum free
Ca++ after 45 days of antioxidant supplementation in any
of the group (Table II, III and IV). Serum Pi is significantly reduced (p < 0.05) only in group B (Table III)
while no significant change was seen in group A and
group C (Table II and IV respectively).
Serum SOD and erythrocyte GSH levels are significantly
increased in all the groups after 45 days of antioxidant
supplementation (Table II, III and IV).
Serum MDA levels continue to decrease significantly (
p<0.001) and serum TrACP levels are significantly reduced in group A and B (Table II,III) after 90 days of
antioxidant supplementation.
Serum free Ca++ and Pi remain unaltered in all groups and
serum alkaline phosphatase levels continued to decrease
at 90 days in group A and B. Serum SOD and erythrocyte
GSH levels continue to increase significantly after 90
days in all the groups.
Referring to Table No IV number of subjects in group C
differs from group A and B due to drop out of cases for
subsequent follow up.

Discussion
The skeletal disorders are associated with complex interplay of osteoclastic and osteoblastic activities. The pilot
study of this project revealed increased oxidative stress in
skeletal disorders [1,2]. The role of antioxidants in controlling free radical formation and hence alleviating oxidative stress is well established [13,14]. The present
study, hence, was an attempt to assess role of antioxidants, vitamin E and C in reducing oxidative stress in certain skeletal disorders. Biochemical markers of bone metabolism used for assessing the response of the antioxidants included osteoblastic and osteoclastic markers [15,
16]. The correlation of the markers with antioxidant status
was also studied. The mean values of all the parameters in
the control group were found to be in agreement with the
quoted mean values obtained by other workers [6-12].
In the skeletal disorders under consideration, all biochemical markers are increased except serum free Ca++
and Pi. Serum SOD and erythrocyte GSH remain unaltered as compared to their healthy counterparts. The rise

in serum MDA may be due to overwhelming of osteoblastic activity by osteoclastic activity due to activation of
osteoclasts. They use a variety of chemical agents to degrade bone. One important component is generation of
superoxide radicals [3,4,5,17]. This study reveals no
change in basal values of serum SOD and erythrocyte
GSH concentration in skeletal disorders, which may explain rise in serum MDA levels, occurring due to increased lipid peroxidation as a result of increased production of superoxide by osteoclasts.
Osteoclasts being active during the process of bone resorption, secrete large quantities of TrACP in resorption
lacunae leading to the rise in TrACP levels in skeletal
disorders [18].
After antioxidant supplementation for 45 days there
seems to be improvement in the lipid peroxidation index
i.e. fall in serum MDA indicating inhibition of lipid peroxidation. Vitamin E exerts it′s antioxidant property by
preventing chain propagation [13,19]. Vitamin C acts as
water soluble antioxidant by inhibiting initiation of lipid
peroxidation13. The net result is reduction in lipid peroxidation resulting in reduced serum MDA levels. Serum
TrACP concentration is not altered in the patients of
skeletal disorders in different groups of supplementation.
The osteoblastic markers serum free Ca++ and serum Pi do
not show significant alterations after 45 days of antioxidant supplementation. Serum ALP is significantly reduced. This finding differs from the observations of other
workers who have reported that osteoclastic markers respond earlier than osteoblastic markers when the bone
resorption is inhibited [16,20,21]. Hence the findings of
the study indicate that both osteoclastic and osteoblastic
activities together improve the bone metabolic status.
In skeletal disorders the antioxidant status is improved in
all the groups of vitamin supplementation, which explains
the decrease in MDA levels after 45 days of supplementation. Rise in serum SOD is seen in concordance with finding of other workers [19].
After 90 days of antioxidants supplementation, further
significant fall in concentration of osteoclastic marker i.e.
TrACP , lipid peroxidation index i.e. serum MDA and
osteoblastic marker serum ALP along with rise in antioxidant status i.e. serum SOD and erythrocyte GSH is
observed. Vitamin E in addition to inhibition of lipid peroxidation enhances the bioactivity of nitric oxide which is
interrelated with raised serum SOD levels [3,21,22]. This
may be responsible for the decrease in the serum TrACP
levels as a reflection of the inhibition of the osteoclastic
activity. Vitamin C improves the antioxidant status by i)
increasing erythrocyte GSH levels by being a cofator for
NADP reductase. This enzyme plays a key role in the
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regeneration of GSH from oxidized glutathione. ii) Regenerating alpha tocopherol [23,24].

7.

Serum free Ca++ and serum Pi remain unaltered indicating
that basically in skeletal disorders an imbalance is seen in
osteoclastic and osteoblastic activity rather than defect in
mineralization due to calcium and phosphorus availability
[25].

8.

Conclusion
The study revealed an improvement in the osteoclastic
and osteoblastic parameters and hence the bone metabolic
status in skeletal disorders after antioxidant vitamin supplementation. Referring to the efficacy of antioxidant vitamins, both E and C supplemented individually or conjointly are equally effective in improving the bone metabolic status in skeletal disorders. The observations of the
study also suggest that duration of antioxidant supplementation has a strong bearing on the response of the biochemical markers and antioxidant status. Prolonged supplementation is found to be beneficial in improving the
bone metabolic status. Hence vitamin E and / or C supplementation may prove to be cost effective in palliative
treatment of skeletal disorders.
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