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Abstract: This study concerned with an attempts to isolate and purify osteocalcin from healthy human blood
plasma and healthy rats serum using different biochemical techniques. This included precipitation by cold
acetone and gel filtration chromatography. It was found that only the second peak (peak B) from human and rats
had concentration of osteocalcin, and showed that fold of purification of isolated osteocalcin 57 and 43 for
human and rats respectively. The research also included study the effect of isolated osteocalcin from human
plasma and rats serum on lipids profile in normal and alloxan induced diabetic males rats. The results showed
after one week of treatment by the isolated osteocalcin from human plasma and rats serum at the dose (1ng/Kg
of body weight/d) caused a significant decrease in the concentration of all from total lipids, total cholesterol,
triglycerides, VLDL-C, LDL-C, atherogenic index, and a significant increase in the concentration of HDL-C,
and antiatherogenic index in normal and alloxan induced diabetic rats.
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Introduction

Osteocalcin is a bone matrix protein, Osteocalcin, also called bone Gla-protein or the vitamin k-dependent
protein of bone and synthesized predominantly by osteoblasts and in lower way by odontoblasts, is incorporated
into the extracellular matrix of bone (Rehder et al., 2015 ). In particular, osteocalcin or is a small abundant non-
collagenous calcium binding protein, indigenous to the organic matrix of bone dentin and possibly other
mineralized tissue, which circulates in the blood It is accepted as a marker of osteoblast activity(Shao et al.,
2015 ; Zoch et al., 2016 ). In 2007 research from Columbia University Medical Center demonstrates that bone
cells release a hormone called osteocalcin, which controls the regulation of blood sugar (glucose) and fat
deposition through synergistic mechanisms, so osteocalcin directs the pancreas’ beta cells, which produce the
body’s supply of insulin, to produce more insulin, at the same time, osteocalcin directs fat cells to release a
hormone called adiponectin, which improves insulin sensitivity, this discovery showed for the first time that one
hormone has a synergistic function in regulating insulin secretion and insulin sensitivity, and that this
coordinating signal comes from the skeleton, additionally, osteocalcin enhances the production of insulin-
producing beta cells, which is considered one of the best, to treat diabetes(Zoch et al., 2016;
http://www.columbia.edu/cu. (2007)). The scientists reported that osteocalcin-deficient mice were glucose
intolerant, insulin resistant, obesity prone, and characterized by decreased secretion of insulin and adiponectin
(Lee et al., 2007 ).

Aim of the Research
Because there is few previous studies in Iraq about effect of osteocalcin on normal and diabetes experimental

animals. So, there was suggestion to study the effect of isolated osteocalcin from human plasma and rats serum
on the concentration of lipids in normal and diabetes experimental animals.

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- Selection and peer-review under responsibility of the Organizing Committee of the Conference
© 2019 Published by ISRES Publishing: www.isres.org



International Conference on Technology, Engineering and Science (IConTES), October 26-29, 2019, Antalya/Turkey

Method

Samples

A human fresh plasma (45 mL) was obtained from one healthy male person age (35 years), with assistance of
Blood Bank in Mosul city, and male albino rats serum (25 mL) was separated by centrifugation from blood of
male albino rats (13+1 week old) from animal house, college of veterinary medicine, university of Mosul.

The methods used to purification of osteocalcin

Organic solvent precipitation

Proteinous materials were precipitated by using acetone (Robyt and White 1987 ). Gradual addition (60:40 v/v)
cold acetone to plasma with slow stirring at 4°C for 60 min. The mixture was left in a refrigerator for 24 h and
the precipitated protein was isolated by centrifugation for 30 minutes (12000 g) at a refrigerated centrifuge.
Protein and osteocalcin concentration were estimated after dissolving the precipitate in a lowest volume of
distilled water. Then the solution of proteinous precipitate was kept in a tight sample tube for further step.

Gel Filtration Chromatography

Packing of the column: It has a dimension of (2 x 100 ¢m) which contained a gel sephadex G-50. Proteinous
precipitates solutions which were prepared in section (1) were applied to this column.

Lyophilization Technique

Peaks B (from the column) were dried by freeze drying, this technique was performed in the department of
chemistry, college of science, university of Mosul.

Osteocalcin Assay

Osteocalcin concentration was determined by enzyme linked immunosorbent assay (ELISA) technique
(Nagasue et al., 2003 ) using Epitope Diagnostics, Inc kit (USA). This analysis was performed in the immunity
laboratory in Al-Salam hospital in Mosul city by using (BIO-TEK INSTRUMENTS, INC), USA.
Determination of Protein Concentration

Protein was determined by the method of modified lowry (Schacterle and Pollack 1973). Bovine serum albumin
was used as a standard protein.

Effect of isolated osteocalcin from human plasma and rats serum in normal and alloxan-induced diabetic
rats

Animals used

Forty six healthy male albino rats with age (13+1 week old), and weight (300+35g) obtained from animal house,
college of veterinary medicine, university of Mosul were used in the experiments. They were housed under
standard environmental conditions, pelleted food and water were available ad Libitum.

Induction of diabetes

The animals were fasted for (24 h) and made diabetes by injecting with alloxan tetrahydrate (180 mg/ Kg of
body weight, i.p) dissolved in sterile normal saline (Miura et al., 1995). The diabetic state was monitored by

297



International Conference on Technology, Engineering and Science (IConTES), October 26-29, 2019, Antalya/Turkey

hyperglycemia (Colorimetric assay kit, Randox, United Kindom) along the next ten days. Rats with blood
glucose concentration more than (250 mg/dL) were considered diabetic and used for study.

Experimental Design

The dose of isolated osteocalcin was (1ng/kg of body weight) (Dou et al., 2014; Sabek et al., 2015 ).

The male rats were divided into six group and all groups were injected for one week as shown below:

1. The first group: non fasted control male rats group was injected intraperitoneally with physiological
saline solution.

2. The second group: non fasted male rats group before and after induced them diabtes by injecting with
alloxan tetrahydrate (180 mg/ Kg of body weight, i.p).

3. The third group: non fasted healthy male rats group was injected intraperitoneally with (1 ng/kg of
body weight) isolated osteocalcin from human plasma.

4. The fourth group: non fasted healthy male rats group was injected intraperitoneally with (1 ng/kg of
body weight) isolated osteocalcin from rats serum.

5. The fifth group: non fasted and alloxan induced diabetic male rats group was injected intraperitoneally
with (1 ng/kg of body weight) isolated osteocalcin from human plasma.

6. The sixth group: non fasted and alloxan induced diabetic male rats group was injected intraperitoneally
with (1 ng/kg of body weight) isolated osteocalcin from rats serum.

Collection of blood

Fasting (16 h) blood samples were collected from six groups by orbital sinus puncture technique, using capillary
tube without anticoagulant (Tomoda et al., 1990 ). Serum was separated and used to estimate the following
clinical parameters:

Total lipids: was found by colorimetric method manually (Chabrol and Chardonnet 1937 ).
-Total cholesterol: was determined by enzymatic colorimetric method (Allain et al., 1974), using BIOLABO
kit (France).
-Triglycerides: was determined by enzymatic colorimetric method (Fossati and Principle 1982), using
BIOLABO kit (France).
-Very low density lipoprotein-cholesterol (VLDL-C): was calculated by using the following equation: VLDL
Conc. (mmol/L) = TG Conc./2.2 (Yeboah et al., 2017).
-Low density lipoprotein-cholesterol (LDL-C): was calculated by using the following equation:
LDL Conc. (mmol/L) = Total cholestrol Conc.-HDL Conc.-(TGconc./2.2) (Burtis and Ashwood 1982 ).
-High density lipoprotein-cholesterol (HDL-C): was determined by precipitation method (Burtis and
Ashwood 1982), using BIOLABO kit (France).
-Atherogenic Index(Al): was calculated by using the following equation:
Atherogenic Index (Al) = Log(TG/HDL-C) (Nagasue et al., 2003).
-Antitherogenic Index(AAl): was calculated by using the following equation:
100/ (TC -HDL-C) (Saravanan et al., 2011).x Antiatherogenic index (AAI) = HDL-C

Data Analysis
The data obtained in the current study was analyzed using statistical package for social science (SPSS).
1. Standard statistical method used to determined the mean and standard error.
2. Indepent — sample T-test to compare between two parameters.
3. One way anova (Duncan-test) is used to compare between more than two parameters.
4. P-value <0.05 was considered to be statistically significant (Kirkwood, 1988).

Results and Discussion

Purification of osteocalcin from human plasma and rats serum
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Organic solvent precipitation

The precipitate solution which obtained by cold acetone from plasma human was with high concentration of
osteocalcin (23.77 ng/mL) compared with plasma (16.55 ng/mL), while the filtrate was not obtained any
concentration of osteocalcin hormone. So, the filtrate was neglected. The precipitate solution which obtained by
cold acetone from rats serum was with high concentration of osteocalcin (2.1 ng/mL) compared with plasma
(1.33 ng/mL), while the filtrate was not obtained any concentration of osteocalcin hormone. So, the filtrate was
neglected.

Gel filtration chromatography

This technique was applied to separate the proteinous materials, which were obtained by acetone precipitation
method from human plasma and rats serum. The results of elution of isolated osteocalcin from human and rats
shown in figure (1) and (2) respectively and indicated that there were two peaks (A & B). The elution volume of
peak A & B were (89.47 mL) , (223 mL) respectively for isolated osteocalcin from human, and elution volume
of peak A & B were (93.0 mL) , (230 mL) respectively for isolated osteocalcin from rats. Only peak (B) from
human plasma and rats serum was obtained with high concentration of osteocalcin.

14 35
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Elution volume (mL)

Figure 1.Elution profile of proteinous precipitate solution obtained from acetone precipitation of human plasma
on Sephadex G-50.The dimensions of the column are (2x100 cm).
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Figure 2.Elution profile of proteinous precipitate solution obtained from acetone precipitation of rats serum on
Sephadex G-50.The dimensions of the column are (2x100 ¢cm)

The results of all purification steps for osteocalcin from human plasma and rats serum were listed in table (1)
and table (2) respectively:

Table 1.Partial purification of osteocalcin from human plasma

Total
L Total Vol Fe, specific
Purification Volume rotein of conc. Of Recover Fold of
steps (mL) P osteocalcin e y purification
(mg) (ng) osteocalcin %

(ng/mg)
Plasma 45 319.5 744.75 2.33 100 1
Proteinous precipitate 30 143.4 713.1 4.97 95.75 2

solution by cold acetone

Gel filtration/Sephadex 4, 4.7 620 131.91 83.24 57

G-50 (peak B)

The results in Table (1) showed that the concentration of osteocalcin was increased from (16.55 ng/mL) in
plasma to (23.77 ng/mL) for proteinous precipitate solution concentration of osteocalcin and to (62 ng/mL) for
peak B concentration of osteocalcin used in gel filtration by using (Sephadex G-50).While the concentration of
protein was decreased.

300



International Conference on Technology, Engineering and Science (IConTES), October 26-29, 2019, Antalya/Turkey

Table 2.Partial purification of osteocalcin from rats serum

Total Total conc. sTeocti?:c
Purification Volume rotein Oof ccr))nc of R Fold of
steps mL) P osteocalcin e ECOVETY  purification
(mg) (ng) osteocalcin %
(ng/mg)
Serum 25 158.5 33.25 0.21 100 1
Proteinous precipitate 14 60.34 29.4 0.49 88.42 2
solution by cold acetone
Gel filtration/Sephadex 5 265 23.85 9 71.73 43

G-50 (peak B)

The results in Table (2) showed that the concentration of osteocalcin was increased from (1.33 ng/mL) in serum
to (2.1 ng/mL) for proteinous precipitate solution concentration of serum rats and to (4.77 ng/mL) for peak B
concentration of osteocalcin used in gel filtration by using (Sephadex G-50).While the concentration of protein
was decreased.

Effect of isolated osteocalcin on some clinical parameters in serum of normal and alloxan-induced
diabetic rats:

When injected intraperitoneally the isolated osteocalcin from human plasma and rats serum at the dose (1ng/Kg
of body weight/d) in healthy and alloxan induced diabetic male rats for one week, the results show effect of
osteocalcin on lipids profile as shown bellow:

1. Total lipids, Total cholesterol, Triglycerides, Very low density lipoprotein cholesterol, Low density
lipoprotein cholesterol & High density lipoprotein cholesterol

The results revealed that the percentage of reduction in the third group and the fourth group in the concentration
of all from total lipids were (-13.62%) and (-7.99%) respectively, total cholesterol were (-40.89%) and (-
31.06%) respectively, triglycerides were (-19.88%) and (-11.37%) respectively, very low density lipoprotein
cholesterol were (-19.51%) and (-10.66%) respectively, low density lipoprotein cholesterol were (-75.16%) and
(-56.50%) respectively, while the percentage of reduction in the fifth group and the sixth group in the
concentration of all from total lipids were (-34.13%) and (-27.24%) respectively, total cholesterol were (-
44.62%) and (-38.39%) respectively, triglycerides were (-45.51%) and (-38.76%) respectively, very low density
lipoprotein cholesterol were (-45.20%) and (-38.77%) respectively, low density lipoprotein cholesterol were (-
59.01%) and (-49.90%) respectively after one week of treatment with osteocalcin as shown in the tables (3), (4),
(5), (6), and (7).

Table 3. Effect of intraperitoneally administration of isolated osteocalcin for one week on total lipids
concentration in normal and alloxane-induced diabetic male rats

Group TL conc. (mg/dL) Mean £ S.E Chanae
No. Treatment Pre-treatment Post-treatment % 9
(Zero time) (After one week)
b,c,d,e
o b ] 1
1 Control group+ 0.9%NaCl 572.84 £5.18A 536.33 + 8 85A 2.35
2 Diabetic rats+0.9%NaCl 577.01 + 1.71A acdef 38.39
' ’ ’ 798.54 + 8.81B '
Normal rats + (1ng/Kg/d) of a,b,d,f i
3 isolated human osteocalcin 590.82£7.84A 510.33 +1.33B 13.62
Normal rats + (1ng/Kg/ d) of a,b,cef )
4 isolated rats osteocalcin >87.16 £ 6.09A 540.24 + 3.03A 7.99
Diabetic rats + (1ng/Kg/d) of a,b,d,f i
5 human osteocalcin 790.57 £ 8.12A 520.73 + 1.20B 34.13
Diabetic rats + (1ng/Kg/d) of rats b,c,d,e i
6 osteocalcin 797.32:£5.98A 580.11 +£1.14B 21.24
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Different letters horizontally A,B indicate different significant at (P<0.05) in the lipid parameter concentration
between pre-treatment and post-treatment, while differents letters vertically (a), (b), (c), (d), (e) and (f) indicate
that the mean is different significantly at (P<0.05) in the lipid parameter concentration between each group after
one weak (post-treatment).

Post-treatment Conc. — Pre-treatment Conc. x 100

Change% =
Pre-treatment Conc.

The cause may be due to that osteocalcin increases energy consumption in muscles and adipose tissues
(Lacombe et al., 2013), also (Pi and Quarles 2012) showed when injected osteocalcin, it enhace insulin
sensitivity via its direct effect on its GPRC6A receptor activating on skeletal muscles, liver, and adipose cells,
and through its role in enhance adiponectin secretion from adipose cells, so adiponectin regulates energy
metabolism through increases fatty acid oxidation in liver and skeletal muscle, inhibits gluconeogenesis in liver,
and enhances glucose uptake in skeletal muscles, as well as osteocalcin decreases leptin concentration when
leptin rises at fat mass increasing (Grau et al., 2010).

Whereas the results showed that the percentage of elevation of HDL-C concentration in the third group and the
fourth group were (17.33%) and (11.76%) respectively, while the percentage of elevation in the fifth group and
the sixth group were (63.76%) and (56.45%) respectively after one week of treatment with osteocalcin as shown
in the table (8), these elevation could be attributed to that osteocalcin stimulates insulin secretion, so the activity
of lipoprotein lipase will increase and lead to increase HDL-C, or the cause may be due to that osteocalcin
promotes adiponectin secretion, so osteocalcin correlated positively with HDL-C (Zoch et al., 2016, Albadah et
al., 2015).

Table 4. Effect of intraperitoneally administration of isolated osteocalcin for one week on total cholesterol
concentration in normal and alloxane-induced diabetic male rats

Group TC conc. (mmol/L) Mean = S.E
No. Treatment Pre-treatment Post-treatment Change%
(Zero time) (After one week)
b,c
0 1
1 Control group+ 0.9%NaCl 494+ 0.10A 51740124 4.65
iabeti 0 a,cde,f
2 Diabetic rats+0.9%NaCl 552+ 0.14A 7.01 + 1.06B 26.99
3 Normal rats + (1ng/Kg/d) of isolated a,b
human osteocalcin 538 £0.07A 3.18+0.30B -40.89
4 Normal rats + (1ng/Kg/ d) of b
isolated rats osteocalcin 5.44 £ 0.05A 3.75+£0.21A -31.06
5 Diabetic rats + (1ng/Kg/d) of human b
osteocalcin 7.26 +0.73A 4.02+0.13B -44.62
6 Diabetic rats + (1ng/Kg/d) of rats b
osteocalcin 7.11+£0.52A 4.38+0.10B -38.39
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Table 5. Effect of intraperitoneally administration of isolated osteocalcin for one week on triglycerides
concentration in normal and alloxane-induced diabetic male rats

Treatment

Control group+ 0.9%NaCl

Diabetic rats+0.9%NacCl

Normal rats + (1ng/Kg/d) of isolated
human osteocalcin

Normal rats + (1ng/Kg/ d) of isolated
rats osteocalcin

Diabetic rats + (1ng/Kg/d) of human
osteocalcin

Diabetic rats + (1ng/Kg/d) of rats
osteocalcin

TG conc. (mmol/L) Mean = S.E

Pretreatment
(Zero time)

1.73 £0.07A

1.96 £ 0.03A

1.81 £0.01A

1.67 £ 0.05A

3.23+041A

3.25+0.48A

Post-treatment
(After one week)

b
1.66 £ 0.06A

a,c,d.e,f
3.27+0.23B

b,f
1.45+0.14B

b,f
1.48 £ 0.23B

b
1.76 £ 0.07B

b,c,d
1.99 +£0.10B

Change%

-4.04

66.83

-19.88

-11.37

-45.51

-38.76

Table 6. Effect of intraperitoneally administration of isolated osteocalcin for one week on VLDL-C
concentration in normal and alloxane-induced diabetic male rats

Grou
p No.

Treatment

Control group+ 0.9%NaCl

Diabetic rats+0.9%NaCl
Normal rats + (1ng/Kg/d) of

isolated human osteocalcin

Normal rats + (1ng/Kg/ d) of
isolated rats osteocalcin

Diabetic rats + (1ng/Kg/d) of human
osteocalcin

Diabetic rats + (1ng/Kg/d) of rats
osteocalcin

VLDL-C conc. (mmol/L) Mean = S.E

Pretreatment
(Zero time)

0.78 £ 0.03A

0.89+0.01A

0.82 £0.005A

0.75+0.02A

1.46 £0.18A

1.47+£0.21A

Post-treatment

(After one week)

b
0.75 £ 0.02A

a,c,d,ef
1.48 £ 0.10B

b,f
0.66 £ 0.06B

b,f
0.67+0.11B

b
0.80+0.03B

b,cd
0.90 £0.04B

Change
%

-3.84

66.29

-19.51

-10.66

-45.20

-38.77
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Table 7. Effect of intraperitoneally administration of isolated osteocalcin for one week on LDL-C concentration
in normal and alloxane-induced diabetic male rats

Group LDL-C conc. (mmol/L) Mean + S.E
No. Treatment Pretreatment Post-treatment Change%
(Zero time) (After one week)
1 Control group+ 0.9%NaCl 2.62 +£0.06A 2.92bf(’303A 11.45
2 Diabetic rats+0.9%NaCl 3.11+0.05A oedel 57.23
3 Ts%ﬁgltzhrﬁhsr;aﬁlggt/elégﬁgicr)nf 3.06:+0.15A 0.76aib6f.23A 7516
4 Noirsr:gtégtia:s%snt%gégllc?% o 315£0.174 137 i?).ﬂA -56.50
° Diabﬁtljﬁw;ar:s ;st(el:gefl}é?r{d) o 5100534 2.09 ibO.IZB -59.01

Table 8. Effect of intraperitoneally administration of isolated osteocalcin for one week on HDL-C concentration
in normal and alloxane-induced diabetic male rats

Group HDL-C conc. (mmol/L) Mean = S.E Change
No. Treatment Pretreat_ment Post-treatment %
(Zero time) (After one week)

1 Control group+ 0.9%NaCl 1.54£0.13A 150 3{).19A -2.59
2 Diabetic rats+0.9%NaCl 1.52 +0.10A N 6;‘*1%’.%113 -58.55
s | Nommmewroost | s |28, |
o | Mo miene | msoma |0 |
° Diabiﬂﬁw?rfs ;st(elc?gefllé?r{d) o 0.69+0.01A 1.13bic60.|1713 63.76
6 piabete ragss:ecgi;]?c/i}rfg/d) o ats 0.62+0.02A 0.97af'00.|1413 56.45

Atherogenic index

The results demonstrated that the percentage of reduction of atherogenic index (Al) in the third group and the
fourth group were (-214.28%) and (-200%) respectively, while the percentage of reduction in the fifth group
and the sixth group were (-69.69%) and (-54.92%) respectively after one week of treatment with osteocalcin as
shown in the table (9).The cause may be due to that osteocalcin correlates by negative correlation with
triglycerides and by positive correlation with HDL-C (Kang, 2016), therefore osteocalcin may be a marker for
assessing the risk of atherosclerosis and cardiovascular in type II diabetes (Alfadda et al., 2013), and these
results were in agreement with those obtained by other investigators (Dou et al., 2014) who demonstrated that
osteocalcin had protective effect from atherosclerosis and cardiovascular.
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Table 9. Effect of intraperitoneally administration of isolated osteocalcin for one week on atherogenic index
(Al) in normal and alloxane-induced diabetic male rats

Group Atherogenic index (Al) Mean = S.E

No. Treatment Pretreatment Post-treatment Chf;? ge
(Zero time) (After one week)
b,f
0 i
1 Control group+ 0.9%NacCl 0.05+005A 0.06+0 19A 20
2 Diabetic rats+0.9%NaCl 0.11 = 0.06A acdef 545.45
’ ’ ’ 0.71 £ 0.43B '
Normal rats + (1ng/Kg/d) of b,ef i
3 isolated human osteocalcin 0.07+021A -0.084+ 0.07A 214.28
Normal rats + (1ng/Kg/ d) of b,ef i
4 isolated rats osteocalcin 0.06+021A -0.06 £ 0.14A 200
Diabetic rats + (1ng/Kg/d) of b,c.d
5 human osteocalcin 0.66 £ 0.58A 0.20 + 0.07B -69.69
Diabetic rats + (1ng/Kg/d) of rats ab,cd i
6 osteocalcin 0.71+0.69A 0.32+0.08B 54.92

Antitherogenic index

The results showed that the percentage of elevation of antitherogenic index (AAI) in the third group and the
fourth group were (241.09%) and (112.87%) respectively, while the percentage of elevation in the fifth group
and the sixth group were (277.80%) and (192.11%) respectively after one week of treatment with osteocalcin as
shown in the table (10). These elevation could be attributed to that osteocalcin correlates by positive correlation
with HDL-C and by negative correlation with total cholesterol (Kang, 2016), and these results were in
agreement with those obtained by other investigators (O'Connorand Durack 2017) who demonstrated the
correlation of osteocalcin concentration with clinical parameters concentration of atherosclerosis in type Il
diabetes.

Table 10. Effect of intraperitoneally administration of isolated osteocalcin for one week on antitherogenic index
in normal and alloxane-induced diabetic male rats

Group Antitherogenic index (AAIl) Mean + S.E
No. Treatment Pretreatment Post-treatment Change%
(Zero time) (After one week)
0, C’d -
1 Control group+ 0.9%NaCl 4541 + 4.26A 40.99 4 5.90A 9.73
. . 0 cd
2 Diabetic rats+0.9%NaCl 3814+ 1.22A 10.74 + 4.62B -71.84
3 Normal rats + (1ng/Kg/d) of isolated a,b,def
human osteocalcin 39.15+ 6.89A 133.54 + 22.66A 241.09
4 Normal rats + (1ng/Kg/ d) of isolated a,b,c.ef
rats osteocalcin 39.85 £7.42A 84.83 £ 5.04A 112.87
5 Diabetic rats + (1ng/Kg/d) of human cd
osteocalcin 10.77 £ 1.27A 40.69 +9.66B 277.80
6 Diabetic rats + (1ng/Kg/d) of rats cd 192 11
osteocalcin 9.76 £ 0.72A 28.51 £4.45B '
Conclusion

From this research we concluded that the isolated osteocalcin from human plasma and rats serum had a major
role in the metabolism of glucose and lipids profile in normal and alloxan induced diabetic rats, also it was
concluded that isolated osteocalcin from human plasma was more effect than isolated osteocalcin from rats
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serum on the concentration of lipids in normal and alloxan induced diabetic males rats, especially the effect of
isolated osteocalcin from human plasma was higher than isolated osteocalcin from rats serum on the
concentration of lipids in alloxan induced diabetic males rats compared with normal male rats.
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