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Abstract: The aim of the present study was to compare the efficacy of dietary flaxseed oil and lyophilized

tangerine juice containing â-cryptoxanthin as prophylaxis measurements for osteoporotic changes in

diabetic rats. The study was performed on 90 female white albino rats. Experimental Diabetes was induced

by single subcutaneous injection of 50mg/kg body weight streptozotocin. Rats were divided into 9 groups

.Group I: Healthy rats served as control,  group II: Diabetic rats, group III: Diabetic rats received diet

containing flaxseed oil, group IV: Diabetic rats received orally tangerine lyophilized juice containing â-

cryptoxanthin , group V: sham operated rats, group VI: Ovariectomized rats, group VII: Diabetic

bilaterally ovariectomized rats, group VIII: Diabetic ovarectomized rats received diet containing flaxseed

oil, and group IX: Diabetic ovariectomized rats received orally tangerine lyophilized juice containing â-

cryptoxanthin. After two months, 24 hours urine and blood samples were collected. Anti osteoporotic

effects of â-cryptoxanthin and flaxseed oil were examined by determination of serum osteocalcin (OST),

insulin like growth factor-1(IGF-1), alkaline phosphatase (ALP), calcium (Ca) and inorganic phosphorus

(Ph). Also urinary deoxypyridinoline (DPD) measured as bone resorption marker. Bone mineral density

(BMD) and bone mineral content (BMC) were examined by dual energy x-ray absorptiometry. Results of

the present study demonstrated increase serum IGF-1, ALP, and OST and BMD and BMC in diabetic and

diabetic ovariectomized groups received tangerine lyophilized juice containing â-cryptoxanthin more than

the increases in the same groups fed flaxseed oil as compared to diabetic and diabetic ovariectomized

groups. Serum phosphorus level was increased significantly in both diabetic and diabetic ovariectomized

rats received oral â -cryptoxanthin than those fed flaxseed oil. Serum calcium level was decreased

significantly in both diabetic and diabetic ovariectomized groups received oral â -cryptoxanthin and

diabetic and diabetic ovariectomized groups fed flaxseed oil. Urinary DPD level was decreased

significantly in both diabetic and diabetic ovariectomized rats received oral â-cryptoxanthin and diabetic

and diabetic ovariectomized groups fed flaxseed oil but it was more significantly low in diabetic and

diabetic ovariectomized rats received oral â -cryptoxanthin. Conclusion: It has been demonstrated that the

oral administration of â –cryptoxanthin has restorative effect on bone metabolism and preventive effect

on bone loss in animals models for osteoporosis more than flaxseed oil.
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INTRODUCTION

Osteoporosis is a very common clinical problem in

elderly and post menopausal. It is characterized by low

bone mass, microarchitectural deterioration of bone

tissue, with a consequent increase in bone fragility and

susceptibility to  fracture and abnormal bone

remodeling . Under normal condition both bone[1]

formation and bone resorption are closely coupled,

whereas in osteoporosis, regardless of the cause, the

net rate of bone resorption exceeds the rate of bone

formation. These results in a decrease in bone mass,

reduced bone mineral density and decreased trabecular

bone volume .[2]

Epidemiological studies showed higher frequency

of osteoporosis in diabetic patients as compared with

sex and age matched control . One of the mechanisms[3]

by which bone loss occurs in diabetic patient could be

explained by a reduction in insulin and insulin like

growth factor -I . Negative calcium balance,[3]

alterations in Vitamin D metabolism and abnormal

collagen  metabolism  all  have  been  implicated as

the  pathogenetic  mechanisms  of  diabetic

osteoporosis .[4]

Human and animal researches indicate beneficial

effect of appropriate amounts of certain diets on bone

health such as diets containing omega-3 (n-3)

polyunsaturated fatty acids, fruits, and vegetables.
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â-Cryptoxanthin belongs to the class of

carotenoids, more specifically the xanthophylls. It

represents the main constituent in tangerine fruit

(Citrusunshia MARC.), reaches around 70% and 40%

of total carotenoids of both pulp and peels

respectively . Of the various carotenoids, â-[5 ]

cryptoxanthin has been found to have a unique

anabolic effect on bone calcification in the diphyseal

and metaphyseal  tissues .It has a direct stimulatory[6]

effect on bone formation and an inhibitory effect on

bone resorption . â-cryptoxanthin was found to[7]

stimulates gene expression for proteins that are

involved in bone formation and mineralization of

osteoblastic cells . It is possible that â-cryptoxanthin[8]

has an effect on the expression of osteoprotegerin, a

regulator suppressor of osteoclast differentiation .[7]

Essential fatty acids are conventionally defined as

the polyunsaturated fatty acids (PUFA) linoleic acid

and alpha-linolenic acid (omega-3 fatty acids) . It can[9]

be found in flaxseeds, flaxseed oil . Studies suggest[10]

that omega-3 fatty acids have the ability to increase

calcium absorption from the gut, improve bone

formation by increased levels of calcium in the body,

deposit calcium in the bones, and improve bone

strength. Also enhance the synthesis of bone collagen;

and reduce bone resorption by lowering urinary

excretion of calcium .[11]

Aim of the Work: The aim of the present study was

to examine the ability of the natural dietary supplement

of plants origin namely â-cryptoxanthin, and flaxseed

oil to modulates biochemical and pathological changes

of osteoporosis in diabetic rats.

MATERIAL AND METHODS

1- Materials: STZ was purchased from sigma chemical

co. ( St. Louis, Mo, U.S.A).  â-cryptoxanthin Standard

sample for HPLC analysis was purchased from

Extrasynthese Co. France. flaxseed oil was purchased

from Safola Egypt Company. Animals: 90 adult female

white albino rats, with an initial weight 200-210gm,

these rats were obtained from the animal laboratory of

the National Research Center, Giza, Egypt.

Experimental Protocol: All rats were housed

individually in stainless steal cages for two months.

They were kept in standard conditions of temperature

and light. Rats were classified into 9 groups table (1).

-Lyophilized tangerine extract: Four liters of

mandarin juice were lyophilized by freezing and were

dried in lyophilizer apparatus for three days . â-[12]

cryptoxanthin was determined in lyophilized tangerine

juice using HPLC/ Mass chromatographic technique

according to method of Rodriguez-Amaya 1999. Found

that lyophilized tangerine juice containing  160 µg/gm

â-cryptoxanthin. 

Rats were received  orally tangerine lyophilized

juice (containing â-cryptoxanthin) dissolved in corn oil

at concentration of 10 µg / 0.5ml / 100g body weight

once daily through stomach tube .[7]

-Surgical Procedure (Ovariectomy and Sham

Operation): Under general anesthesia using ether the

rats were bilaterally ovariectomized by dorsal approach

. Ten of the rats were undergo sham operated during[14]

which the ovaries were exposed but left intact .[14]

-Induction of Diabetes: In the present study diabetes

was induced by single subcutaneous injection of

50mg/kg body weight streptozotocin (STZ) . After[15]

48 hours of the injection by STZ the blood glucose

level was estimated. An equal volume of sodium citrate

buffer was subcutaneously injected in group I (control

group) . The ovariectomized rats were rendered[16]

diabetic after two weeks of surgery . The animals[1 7 ]

were considered diabetic if fasting glucose level was $

200mg/dl .[15]

Samples Collection: After two months  urine and[18]

blood samples were collected as follow:

1-urine Sample Collection: Animals were housed in

metabolic cages for collection of 24 hours urine

samples. The urine samples were centrifuged and stored

at -20 C until assayed for urinary creatinin and DPD.°

2-blood Sample Collection: The animals were fasted

over night. Blood samples were withdrawn via eye vein

using ether as general anesthetic. The samples were

centrifuged at 3000 rpm. Serum was separated then

divided into 3 fractions and stored at -20 C until°

assayed for serum glucose, serum calcium, serum

inorganic Phosphorus, serum alkaline phospatase, serum

IGF-1 and serum osteocalcin.

3- Femure Sampling: Right femur were excised and

cleaned from soft tissues, and then stored in saline

water for measuring the bone mineral density (BMD)

and bone mineral content (BMC) by dual energy x-ray

absorptiometry (DEXA).

Methods:

A) Biochemical Analysis: The following parameters

were investigated:

Determination of Serum Glucose: It was measured

with glucose oxidase peroxidase method using

enzymatic colorimetric kit (dp international) according

to Trinder 1969 method .[19]
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Table 1: Studied groups and their respective diet supplementation:

Group Diet

Control rats (I) Basal diet

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic rats (II) Basal diet

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic rats (III) Basal diet containing flaxseed oil instead of corn oil

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic rats (IV) Basal diet + lyophilized tangerine juice 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sham rats (V) Basal diet         

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ovariectomized rats (VI) Basal diet

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic ovariectomized rats (VII) Basal diet

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic ovariectomized rats (VIII) Basal diet containing flaxseed oil instead of corn oil 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diabetic ovariectomized rats (IX) Basal diet + lyophilized tangerine juice

Determination of Serum Calcium (Ca): It was

measured using o-Cresolphthalein Direct colorimetric

kit (Centronic Gmb H- Germany) according to Biggs

and Moorehead 1974 method .[20]

Determination of Serum Alkaline Phosphatase

(ALP):: It was measured using colorimetric kit

(Biodiagnostic) according to Belfield and Goldberg1971

method . [21]

Determination of Serum Inorganic Phosphorous(Ph):

It was measured by colorimetric monoreagent kit

(Centronic Gmb H- Germany) according to Henry

1974 .[22]

Determination of Insulin like Growth Factor- I

(IGF-1): It was done by using ELISA technique. Kit

derived from Immunodiagnostic systems limited. UK.

(Teal1994) . [23]

Determination of Serum Osteocalcin (OST): It was

done by using ELISA technique. Kit derived from

Immunodiagnostic systems limited. UK. (Power  and

fottrell1991) .[24]

Determination of Urinary Deoxypyridinoline (DPD):

It was done by enzyme-linked immunoabsorbent assay

(PYRILINKS) from Metra Biosystems (Palo Alto, CA).

Determination of Urinary Creatinine: It was

measured by colorimetric monoreagent kit (Centronic

Gmb H- Germany) according to Belfield and

Goldberg1971 method .[21]

B) Dual Energy X-Ray Absorptiometry Scans: Dual

energy x-ray absorptiometry «DEXA» (Lunar DPXIQ

240); software version 4.7 was used to determine bone

mineral density (BMD) in the proximal femur.

Statistical Analyses: Data entry and analysis were

done using the statistical package for the social

sciences (SPSS) program, version 12 and Microsoft

Excel 2003.

Data are presented means ± standard error (SE).

The significance difference between values was

estimated using one way ANOVA. Student’s t-test  was

used to compare the effect of diets. A p value less than

0.05 was considered to indicate a statistically

significant difference.

RESULTS AND DISCUSSION

Results: Mean concentration of serum glucose  of

diabetic (IV) and diabetic ovariectomized (XI) groups

received oral â-cryptoxanthin and diabetic(III) and

diabetic ovariectomized(VIII) groups fed flaxseed oil

was found to be significantly low compared to the

diabetic (II) and diabetic ovariectomized (VII) groups.

But mean  glucose level  of diabetic (IV) and diabetic

ovariectomized (XI) groups received oral â-

cryptoxanthin was significantly low compared to

diabetic(III) and diabetic ovariectomized (VIII) groups

fed flaxseed oil (table 3).

Table 2: Composition of basal diet .[13]

Ingredients g/kg

Casein 180

Sucrose 210

Corn starch 430

Cellulose fiber 100

Corn Oil 50

Vitamin M ixture 10    

M ineral M ixture 10.5 

DL-Methionine 1.5

 

Results of the present study demonstrated increase

serum IGF-1, ALP, and OST and BMD and BMC in

diabetic and diabetic ovariectomized rats received

tangerine lyophilized juice containing â-cryptoxanthin
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more than the increases in the same groups fed

flaxseed oil as compared to diabetic and diabetic

ovariectomized groups. Serum phosphorus level was

increased significantly in both diabetic and diabetic

ovariectomized rats received oral â -cryptoxanthin than

those fed flaxseed oil. (table 3 figure 1-7). 

Mean concentration of serum calcium was

significantly higher in diabetic (II), and diabetic

ovariectomized (VII) groups than the control (I) group

.On the other hand mean of  serum calcium in diabetic

(IV) and diabetic ovariectomized (XI) groups received

oral â-cryptoxanthin and diabetic(III) and diabetic

ovariectomized(VIII) groups fed flaxseed oil was found

to be significantly low compared to diabetic (II) and ,

diabetic ovariectomized (VII) groups

The result showed that no significant difference of

mean calcium in diabetic (IV) and diabetic

ovariectomized (XI) groups received oral â-

cryptoxanthin and diabetic (III) and diabetic

ovariectomized (VIII) groups fed flaxseed oil.

Mean concentration of serum phosphorus was

significantly low in ovariectomized (VI), diabetic (II),

and diabetic ovariectomized (VII) groups as compared

to  the control (I) and sham (V) groups .On the other

hand mean of  serum phosphorus in diabetic (IV) and

diabetic ovariectomized (XI) groups received oral â-

cryptoxanthin was found to be significantly high

compared to diabetic (II) and  diabetic ovariectomized

(VII) groups .No significant difference in mean of

serum phosphorus in diabetic(III) and diabetic

ovariectomized(VIII) groups fed flaxseed oil as

compared to diabetic (II) and diabetic ovariectomized

(VII) groups .

Mean concentration of urinary Dpd was

significantly high in ovariectomized (VI), diabetic (II),

and diabetic ovariectomized (VII) groups compared to

the other groups. As regard diabetic (IV) and diabetic

ovariectomized (XI) groups received oral â-

cryptoxanthin mean of  urinary DPD levels was

significantly low as compared to   diabetic(III)  and

diabetic ovariectomized(VIII) groups fed flaxseed (table

2 figure 10).

Discussion: Osteoporosis is one of the complications of

type 1 diabetes. Diabetes osteopathy has been reported

in many clinical human studies and in experimental

animal studies .Typical findings are an abolished[25]

active duodenal  calcium absorption, decreased

deposition of calcium in bone, decreased bone volume

affecting the trabecular bone and reduced bone

biomechanical properties . Diabetes can affect the[26]

bone through decrease biochemical markers of bone

turnover as serum concentrations of osteocalcin, IGF-1,

as well as serum alkaline phosphatase. Also it causes

abnormal bone turnover by reducing the formation of

new bone . Nutrition is important modifiable factor[26]

in development and maintenance of bone mass as well

as in prevention and treatment of osteoporosis .[27]

Carotenoids are present in large quantities in fruit and

vegetables. Of the various carotenoids, â-cryptoxanthin

has been found to have a unique anabolic effect on

bone calcification . Moreover, â-cryptoxanthin has[28]

been shown to have a stimulatory effect on osteoblastic

bone formation and an inhibitory effect on osteoclastic

bone resorption . The biological and physiological[6]

effects of dietary lipid on human health remain a

primary focus of nutrition research as consumption

recommendations are continually updated in response

to new information obtained through epidemiological,

clinical, and animal investigation .   The n-3 PUFA[29]

are not only effective in promoting bone formation, but

also exert a positive role in minimizing bone

resorption .  [30]

The present study showed increase of serum

glucose level after 48 hours of injection of STZ. After

administration of oral â-cryptoxanthin mean serum

glucose level was significantly decrease in   diabetic

(IV) and diabetic ovariectomized (IX) groups as

compared to diabetic (III)  and diabetic ovariectomized

(VIII) groups fed flaxseed oil . These results are in

agreement with Uchiyama &Yamaguchi  who[28]

reported that intake of â-cryptoxanthin had preventive

effect on STZ-diabetic state as it stimulates the tissue

transport of serum glucose. This finding also is in

accordance with Anja Kröke et al.,  who reported that[31]

intake of â-cryptoxanthin was significantly associated

with a reduction in fasting blood glucose levels,

glycosylated hemoglobin values, and enhanced insulin

sensitivity in people with diabetes. 

As regard mean BMD and BMC levels of femur

bones, they were significantly low in ovariectomized

(VI), diabetic (II), and diabetic ovariectomized groups

(VII) as compared to sham (V) and control (I) groups.

This reduction may be due to ovarian hormone

deficiency that results in a high bone turnover with

resorption exceeding formation . It was more[32]

pronounced and intense  in diabetic(II) and diabetic

ovariectomized (VII) groups than those observed in

ovariectomized(VI) group. This may be due to decrease

insulin level which impairs bone formation due to

decrease osteoblast proliferation, and alterations in

mineral homeostasis as a result of hyperglycemia .[33 , 16]

As regard  diabetic (IV) and diabetic

ovariectomized (IX) groups received oral â -

cryptoxanthin mean BMD and BMC levels were found

to be significantly higher than diabetic (II) and diabetic
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Table 3: Levels of the investigated parameters in all groups

Groups ( I ) (II) (III) (IV) (V) (VI) (VII) (VIII) (IX)

Parameter

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Glucose (mg/dl) 110.6±3.05 363.3±14.2 242±13.8 185.5±4.9 109.5±3.5 142±3.7 377.5±5.2 263.7±7.7 187.7±4.5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ca (mg/dl) 9.4±0.07 10.9±0.13 9.4±0.29 9.7±0.12 9.1±0.21 8.6±0.13 10.7±0.21 9.7±0.16 9.8±0.22

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ph(mg/dl) 7.16±0.14 5.3±0.28 5. 8±0.29 6.81±0.21 6.7±0.11 5.16±0.14 5.0±0.13 5.5±0.12 6.7±0.21

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ALP(mg/dl) 228.5±2.6 158.5±5.9 188.5±2.0 205.0±2.2 226.0±4.0 142.0±3.7 138.3±3.07 207.0±3.0 222.2±3.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IGF-1 (ng/ml) 949.0±12.5 643.0±7.6 870.0±8.6 920.8±14.6 932.2±12.9 764.0±6.7 587.2±9.7 829.7±6.6 878.3±15.3  

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 OST(ng/ml) 19.78±1.1 14.2±0.28 18.05±0.22 19.7±0.47 18.5±0.28 11.2±0.57 9.4±0.20 15.5±0.45 17.2±0.33

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BM D (g/cm²) 0.15±0.002 0.09±0.003 0.12±0.008 0.14±0.004 0.14±0.006 0.10±0.003 0.08±0.002 0.11±0.003 0.12±0.003

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BM C (g)  0.23±0.007 0.12±0.004 0.20±0.004 0.25±0.008 0.20±0.004 0.16±0.005 0.10±0.002 0.17±0.008 0.23±0.004

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Urinary DPD 3.22±0.19 7.0±0.3 5.1±0.45 3.7±0.17 3.6±0.33 7.4±0.5 7.6±0.21 5.2±0.2 4.1±0.15 (nmol

DpD/mmol creatinine )

Each group consists of ten female albino rats.

 Data are presented as mean ± SE

Significant difference was demonstrated between the following group:  group ( I ) versus group( II ), group ( II ) vs group( III ) , group (II)

vs group (IV), group(IV) Vs group (III), group (VI) vs group (V) group  (VII) vs group( II ), group  (VII) vs group(VI),  group (VIII) vs

group(VI), group (IX) vs group (VII), and group (IX) vs group (VIII)   were  indicated  at *p < .05 . 

(P < .05 is considered significant).

Fig. 1: Comparison between mean values of femoral BMD in the different studied groups.
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Fig. 2: Comparison between mean values of femoral BMC in the different studied groups.

Fig. 3: Comparison between mean values of serum calcium in the different studied groups.

ovariectomized (VII) groups. It was proposed that oral

administration of â-cryptoxanthin induces a remarkable

elevation of calcium content, alkaline phosphatase

activity, and DNA content in the femoral-diaphysial

and metaphyseal tissues . Also â-cryptoxanthin was[28 ,34]

found to stimulate gene expression for proteins that are

involved in bone formation and mineralization of

osteoblastic cells .[8]

It was found that the mean BMD and BMC levels

were significantly increased in diabetic(III) and diabetic

ovariectomized(VIII) groups  fed flaxseed oil compared

with diabetic(II) and diabetic ovariectomized(VII)

groups . These results are  in agreement with those of

Green et al.,  Watkins et al., and Pooneh et al.,[35] [32]

 who reported that n-3 fatty acid causes a significant[36]

increase  in  bone  calcium   content,   bone  mineral
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Fig. 4: Comparison between mean values of serum phosphorus in the different studied groups.

Fig. 5: Comparison between mean values of serum IGF-1 in the different studied groups.

deposition, lowering urinary excretion of calcium and

minimize femur bone loss in ovariectomized,  and

diabetic rats. Also n-3 fatty acid have been found to be

effective in reducing the release bone resorping factors

leukotriene B4 from neutrophils and interleukin-1  from

monocyte .[29]

In present  study BMD and BMC levels were

found to be significantly higher in diabetic(IV) and

diabetic ovariectomized(IX) groups received oral â -

cryptoxanthin than the diabetic(III)  and diabetic

ovariectomized (VIII)  groups fed flaxseed oil .

Estrogen deficiency decreased mineral absorption

of calcium and phosphorus as a result of the reduction

in serum 1,25-dihydroxyvitamin D( 1,25-(OH)2D)

which is known to be a regulator of bone mineral

homeostasis.  Estrogen  plays an important role in the
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Fig. 6: Comparison between mean values of serum ALP in the different studied groups.

Fig. 7: Comparison between mean values of serum osteocalcin in the different studied groups.
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Fig. 8: Comparison between mean values of urinary DPD in the different studied groups.

Fig. 9: Correlation between serum glucose and serum IGF-1 levels.
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Fig 10: Correlation between serum glucose and serum osteocalcin levels.

Fig. 11: Correlation between serum glucose and urinary DPD levels.

regulation of 1,25-(OH)2D levels, presumably through

increasing its renal production, that is why estrogen

deficiency is associated with a significant decline in

serum mineral concentration .[37]

The results of the present study revealed significant

decrease in mean serum Ca and Ph levels in the

ovariectomized (VI) group compared to  sham (V)

group.  This  finding  is  in agreement with Fukuaru
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Fig. 12: Correlation between serum glucose and serum Ca levels. 

Fig. 13: Correlation between urinary DPD and serum osteocalcin levels. 
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Fig. 14: Correlation between urinary DPD and serum IGF-1 levels. 

Fig. 15: Correlation between urinary DPD and total BMD levels. 

et al.,  and Debra  who reported decrease serum[16] [10]

Ca and serum Ph levels in ovariectomized rat. Also,

Nordin,  reported that at menopause there is a rise in[38]

Ca excretion and a decline in Ca absorption as a result

serum Ca level decrease.

Serum Ca level was significantly higher in diabetic

(II) and diabetic ovariectomized (VII) groups compared

with the control (I) group. These results in accordance

with Fukuaru et al.,  and Uchiyama & Yamaguchi[16]

  who  reported  that  the  serum  Ca  levels were[2 8 ]
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Fig. 16: Correlation between urinary DPD and total BMC  levels. 

elevated after the administration STZ. Serum Ph level

was significantly lower in diabetic, and diabetic

ovariectomized group than the control group . These

results are in agreement with those of  Uchiyama &

Yamaguchi  and  who reported a lower Serum[28] [6]

inorganic phosphorus level in diabetic rats. 

The mechanism by which Ca level increases and

serum Ph  decreases in diabetic state may be due to

abnormal vitamin D metabolism which causes increase

in Plasma PTH, this leads to increase in bone turnover

and a loss of bone mass. On the kidney, PTH increases

the renal tubular reabsorption of calcium, and increases

the renal excretion of phosphate .[4]

Yamaguchi   reported that culture the mouse[34]

bone marrow with â-cryptoxanthin caused a marked

inhibition of osteoclast-like cell formation in the

presence of PTH, hence â-cryptoxanthin has inhibitory

effect on bone resorping factor  PTH .

As regard diabetic and diabetic ovariectomized

groups received oral â -cryptoxanthin serum Ca level

was found to be significantly low and serum Ph level

was found to be significantly high compared to diabetic

(II) and diabetic  ovariectomized(VII) groups

respectively.  These results are in agreement with

Uchiyama & Yamaguchi  who reported that the[28]

decrease in serum inorganic phosphorus and the

increase in serum Ca levels after STZ injection was

significantly prevented by oral administration of â -

cryptoxanthin. 

It was observed that, the serum Ca level was

significantly lower in  d iabetic and diabetic

ovariectomized groups fed flaxseed oil than diabetic

and diabetic ovariectomized groups respectively. These

results are in agreement with Pooneh et al., (2008)36

who reported that n-3 fatty acid causes an improvement

in calcium absorption in the intestine, in part by

enhancing the effects of vitamin D, and a significant

increase in bone calcium content and reductions in

bone resorption. 

The result of the present experiment revealed that

mean concentration of serum Ph in diabetic(III) and

diabetic ovariectomized(VIII) groups fed flaxseed oil

did not increased significantly compared to diabetic and

diabetic ovariectomized groups respectively and this is

in agreement with Green et al.,  who reported that[35]

feeding diabetic rats diet supplemented with n-3 fatty

acid did not affect apparent Ph absorption.  In present

study no significant difference in serum Ca levels

between diabetic (IV) and ovariectomized diabetic (XI)

groups received oral â-cryptoxanthin with diabetic (III)

and ovariectomized diabetic (VIII) groups fed flaxseed

oil respectively. Serum inorganic phosphorus level was

found to be significantly higher in diabetic (IV) group

and diabetic ovariectomized (XI) group received oral â-

cryptoxanthin than diabetic (III) and diabetic

ovariectomized (VIII) groups fed flaxseed oil.

IGF-1 is a polypeptide with high sequence

similarity to insulin. It is considered a major anabolic

factor for the growth and maintenance of bone . It[39]

stimulates bone cell proliferation, markedly modulates

o s t e o b l a s t s  g r o w th  a n d  a c c e l e r a t e s  t h e i r

differentiation . In the present study mean serum IGF-[40]
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1 levels were significantly low in ovariectomized (VI),

diabetic (II), and diabetic ovariectomized (VII) groups

as compared with sham (V) and control (I) groups.

These results are in agreement with those of Green et

al.,  and Zofkova  who reported that the main[35] [39]

pathogenic mechanism of involutional osteoporosis is

due to retarded proliferation and maturation of

osteoblasts and impaired mineralization a result of

inadequate production IGF-1 which  is significantly

stimulated by sex hormone . The dominating regulator

of IGF-1 synthesis is insulin so that insulin shortage

decreases IGF-1 levels. 

Yamaguchi  reported that the culture of cloned[41]

osteoblastic cells in vitro with â-cryptoxanthin was

found to stimulate the mRNA expression of IGF-1 in

osteoblastic cells. As regard diabetic(IV) and diabetic

ovariectomized(IX) groups that received oral â-

cryptoxanthin IGF-1 levels were significantly high

c o m p a r e d  t o  d i a b e t i c ( I I )  a n d  d i a b e t i c

ovariectomized(VII) groups. It was found that the mean

IGF-1 level was found to be significantly high in

diabetic(III) and diabetic ovariectomized(VIII) groups

fed flaxseed oil compared to diabetic(II) and diabetic

ovariectomized(VII) groups respectively. These results

agree with Green et al.,  who reported that the effect[35]

of diabetes on bone turnover and PGE2 release are

moderated by dietary n-3 PUFA. The anabolic effect of

PGE2 may be occurring through stimulation of

osteoblast endogenous IGF-1 production.

In present study, mean IGF-1 levels was found to

be significantly high  in diabetic(IV) and diabetic

ovariectomized(IX) groups received oral â  -

cryptoxanthin than the diabetic(III)  and diabetic

ovariectomized (VIII) groups fed flaxseed oil.

The osteoblasts are the active bone cells

responsible for bone formation. Their activity can be

assessed by certain biochemical markers as osteocalcin

and ALP . Mean serum OST and ALP levels in the[42]

present study showed a significant decrease in

ovariectomized(V I) ,  d iabetic(II), and  d iabetic

ovariectomized (VII) groups as compared to the

sham(V), and control(I) groups. These results are in

agreement with those Watkins et al., (2005) ,Seidlová-32

Wuttke et al.,  , and Gopalakrishnan et al., . This[43] [44]

reduction has been attributed to ovariectomy that

causes a marked reduction in estrogen concentration,

inducing a negative bone remodeling balance that

augments bone loss and reduce osteoblast activity. Also

insulin deficiency in diabetes causes suppression of

osteoblast proliferation and reduce production of IGF-1

which stimulate bone formation by promoting the

activity of osteoblast .

As regard in diabetic (IV) and diabetic

ovariectomized (IX) groups that received oral â-

cryptoxanthin serum OST and serum ALP levels were

significantly higher than diabetic (II), and diabetic

ovariectomized (VII) groups. These results are in

accordance with those of Yamaguchi  and Uchiyama[41]

& Yamaguchi  who reported that intake of regular[28]

juice with naturally occurring or â-cryptoxanthin rein-

forced juice  s timulate the proliferation and

differentiation of osteoblastic cells, this leads to

significant increase in bone formation marker ã-

carboxylated osteocalcin concentration and also alkaline

phosphatase activity.

As regard diabetic (III) and diabetic ovariectomized

(VIII) groups fed flaxseed oil, serum OST and serum

ALP levels were significantly higher compared with

diabetic(II) and diabetic ovariectomized(VII) groups.

These results are in agreement with Green et al., [35]

and Watkins et al (2005)  who reported that the32

ovariectomized and diabetic rats received a diet

containing n-3 PUFA had high bone formation as a

result of modulation of COX-2 protein expression,

reduced PGE2 production and increased ALP activity.

The mechanism by which n-3 fatty acids positively

affect bone formation may be through their regulatory

effect in core binding factor alpha 1 (Cbfa 1)

expression which  is a transcription factor involved in

initiation and modulation of osteoblast differentiation .[29]

In the present study serum OST and serum ALP

levels were found to be significantly higher in

diabetic(IV) and diabetic ovariectomized(IX) groups

received oral â -cryptoxanthin than the diabetic(III)

and  diabetic ovariectomized(VIII)  groups fed flaxseed

oil.

Urinary deoxypyridinoline (DPD) is a biochemical

marker of bone resorption. It is a non-reducible

pyridinium crosslink formed during the extracellular

maturation of fibrillar collagens, levels of Urinary DPD

strictly reflect the degradation of mature collagens .[45]

The result of the present study revealed that mean

urinary DPD  levels were  significantly higher in

ovariectomized (VI), diabetic(II), and diabetic

ovariectomized(VII) groups when compared to

control(I) and shame(V) group respectively. This in

agreement Fukuaru et al.,  who reported increased[16]

urinary DPD on ovariectomized rats. This increase in

urinary DPD may be due to high bone turnover and

increase bone resorption. This elevation in the rate of

bone turnover after ovariectomy can be attributed to the

absence of estrogen which  is important for the

regulation of bone turnover, the anabolic activity of

osteoblasts and the pathway through which these  bone

cells activate osteoclasts (RANK/ RANKL/ OPG) are

affected by estrogen . Also Donald T et al., [46] [4 7 ]

reported increase urinary DPD in diabetic group

compare to the control group due to increases bone

resorption factors IL-1, TNF, and  IL-6, which increase

osteoclast formation, activity, and life span. 
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Yamaguchi  reported that culture of osteoclast[34]

with â-cryptoxanthin caused a marked inhibition of

osteoclast-like cell formation in the presence of PTH ,

PGE2 and TNF-á. As regard in diabetic (IV) and

diabetic ovariectomized (IX) groups received oral â-

cryptoxanthin urinary DPD levels were significantly

lower than diabetic (II) and diabetic ovariectomized

(VIII) groups respectively.  â-cryptoxanthin has a

suppressive effect on the cellular response that is

mediated through the binding of RANKL to RANK

receptors in osteoclastogenesis . It can inhibit protein[4 1 ]

k i n a s e  C  r e l a t e d  R A N K L  e x p r e s s i o n  i n

osteoclastogenesis.  It is possible that â-cryptoxanthin

has an effect on the expression of OPG, a regulated

suppressor of osteoclast differentiation in osteoblasts .[7]

The results showed that, urinary DPD levels were

significantly lower in diabetic (III) and diabetic

ovariectomized (VIII) groups fed flaxseed oil than

diabetic (II) and diabetic ovariectomized (VII) groups

respectively. These results are in agree with Debra and

Kettler  and Pooneh et al.,  who reported[10] [36]

preventive effects eicosapentaenoic acid on bone

resorption through lower urinary excretion of DPD in

ovariectomized  rats. This may be due to effect of

EFAs on the cytokines which play a pivotal role in the

pathogenesis of osteoporosis. Dietary intake of n-3 fatty

acids has the ability to inhibit proinflammatory

cytokines IL-1, IL- 6 and TNFá which are produced by

immune cells such as macrophage and T cells and

induce osteoclastogenesis . In the present study[48]

urinary DPD levels were found to be significantly low

in diabetic (IV) and diabetic ovariectomized (IX)

groups received oral â-cryptoxanthin than the diabetic

(III) and diabetic ovariectomized (VIII) groups fed

flaxseed oil.

Conclusion: From the results of the present study, it

could be concluded that oral administration of â-

cryptoxanthin improved some bone formation and bone

resorption markers in STZ- diabetic rats. On the other

hand flaxseed oil supplementation failed to exert such

effect.
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