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	 Glucocorticoids is the most common cause of secondary osteoporosis. Osteoporosis 
is widespread, costly and causes pain, deformity and disability. Several studies report 
health benefits of raisins. Raisins have a combination of compounds with antibacterial, 
antioxidant,anticarcinogenic and anti-inflammatory properties. The present study investigated 
the impact of Raisins onmethylprednisolone-induced osteoporosis in rats. Thirty male albino rats 
were randomly divided into three main groups, ten rats each. Group I control group; Group II, 
osteoporotic group, where osteoporosis was induced by injection of methylprednisolone; Group 
III, protected group, animals were given raisinsconcomitant daily with methylprednisolone. 
Bone biochemical markers were assisted, hydroxyproline, urinary calcium excretion, serum 
calcium, alkaline phosphatase and osteocalcin. In addition to histological findings in lumbar 
vertebrae of the rats.Our findings showed that raisin has a positive osteoprotective effects on 
methylprednisolone induced bone changes histologically and over the biomarkers examined.This 
study suggests that dietary raisins may moderate methylprednisolone bone induced changes.

Keywords: Raisins, Methylprednisolone, Osteoporosis, Alkaline phosphatase, 
Osteocalcin, Hydroxyproline.

	 Corticosteroids are an integral part of 
many chemotherapy protocols. They are commonly 
prescribed for different type of diseases in medicine. 
Steroid-induced osteoporosis is iatrogenic disorder; 
itis a major disabling complication that require 
special attention and treatment1-4. Osteoporosis is 
an escalating metabolic bone disease associated 
with both poor bone and muscle mass. Its clinical 
manifestation is the fragility fracture of which 
the femoral neck fractures are the most serious. 
The magnitude of the problem presented by 
hip fractures is considerable, especially as their 
frequency is increasing in many countries.The 
definition of osteoporosis varies among authors.

True osteoporosis is when bone strength and mass 
cannot meet the needs of muscle strength and 
physical activities so that spontaneous fractures 
and bone pain occur, mainly in the spine; an 
intrinsic bone disorder would cause this problem.
Osteoporosis can be classified into primary 
osteoporosis (e.g. postmenopausal and senile 
osteoporosis) and secondary osteoporosis; some 
patients may have a combination of primary and 
secondary causes.  Secondary (OP) can occur at 
any age and is equally common in men and women. 
The etiology of osteoporosis is multifactorial and 
involves, for example, genetic factors, life style 
factors and sex hormone/endocrinology changes 
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with age. Glucocorticoids is the most common cause 
of secondary osteoporosis,Glucocorticoid-induced 
osteoporosis (GIO),leading to fracture in patients. 
For example, methylprednisolonecan induce 
osteoporosis which causes profound reduction 
of bone mineral density (BMD), bone quality, 
bone formation, and bone mechanical properties 
which lead to fracture. The same pathophysiologic 
mechanisms responsible for primary osteoporosis 
could occur in some of the different types of 
secondary osteoporosis5-7. Although, there are 
histological differences between steroid-induced 
osteoporosis and primary osteoporosis there are 
secondary types of the disease that do not have 
specific histological features8.
	 Dietary calcium, protein phosphorus and 
vitamin D play active roles in bone metabolism 
in addition to others which affects bone directly 
or indirectly (for review see Palacios C, 2006)9. 
Recent research has found that many food 
substances such as olive oil, soybeans, blueberries, 
fish oil and dried fruits may a positive effects 
on bone metabolic diseases9-12. Boron is a trace 
element capable of enhancing the development 
and the growth of bone, vitamin D, and affecting 
the absorption and elimination its minerals, 
including calcium, phosphorus and magnesium. 
It has been shown to be very beneficial for bones 
and joints, and it is mainly helpful in reducing the 
complications of post-menopausal osteoporosis.
Furthermore, boron deficiency can produce brain 
changes7-10. The top boron-rich food sources are 
fruits, dried fruits, vegetables, and nuts. Among 
the dried fruit products, raisins (Vitis vinifera L.) 
have the highest total phenolic concentrations, 
antioxidant activity, andis the top nutrient-dense 
foods with boron10-16. Raisins are dried grapes 
largely consumed for it nutritional value all over 
the world. Its health beneficial properties has 
been increasingly reported in literature. This may 
be contributed to its nutritional composition and 
its being rich polyphenols. Furthermore, raisins 
have been used since ancient times for energetic 
value and nutritional composition. Several studies 
have been demonstrated the health benefits of 
raisins, due to their high levels of flavonoids and 
polyphenols, which have antioxidant properties17-28. 
The present study was conducted to evaluate the 
effects of raisin consumption on steroid – induced 
bone changes in young male albino rats. 

MATERIAL AND METHODS

Chemicals
	 Methylprednisolone(MP) and al l 
chemicals for sensitive biochemical assays were 
acquired from Sigma chemical company (St. Louis, 
MO, USA). Raisin juice was prepared fromdried 
black grapes (raisin). 
Experimental design
	 The ethical regulations of the Medical 
Research Ethics Committee (Faculty of Medicine, 
Mutah University, Jordan) were followed in the 
management of thirty male albino rats (Sprague 
Dawley strain), average weight 150-200g. 
They were fed on basal diet for adaptation and 
supplied with water ad libitum. The environmental 
conditions (temperature, humidity and light) 
were standardized for accommodation of the 
rats. They were obtained from the animal house 
of MutahUniversity. The rats were randomly 
divided into three main groups, 10 rats each.
Group I, Normal control group. Animals in this 
groupwere further subdivided into two subgroup 5 
rats each, the first subgroup received no treatment 
for 4 weeks, while the second subgroup received 
treated with raisin alone (6 gm per day for each rat 
orally) for 4 week.Group II, osteoporotic group, 
where osteoporosis was induced by subcutaneous 
injection of methylprednisolone 28 mg/kg/week for 
4 week. Group III, protected group, animals in 
this group were given 6 gm of raisin per ratorally, 
from the first day of experiment,concomitant daily 
withmethylprednisolone 28 mg/kg/week  for 4 
week29, 30.
Collection of urine
	 24-hour before scarification each rat 
was kept in a special cage with perforated stand 
to calculate the urine output for 24 hours.Urine 
passed to a collecting bottle via a glass funnel fixed 
under each cage. Urine samples were collected in 
dry test tubes centrifuged and kept at –20ºC until 
being analyzed.
Preparation of serum
	 Blood samples were obtained from the 
heart of the rat. Blood was then collected into a 
clean dry non-heparinized Wassermann tubes for 
separation of serum. The serum was separated by 
centrifugation at around 3000 rpm for 15 minutes 
and was stored at –20ºC until assayed.
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Biomarkers
	 The following bone biomarkers were 
analyzed;Hydroxyproline (mg/L) and Urinary 
calcium excretion (mmol/L) both demonstrating 
bone resorption. For bone formation Osteocalcin 
(ng/ml), Alkaline phosphatase (IU/L) and Serum 
calcium.
Histological preparation
	 Followingscarification of the animals 
on day 28,lumber vertebrae were cleaned from 
muscle fibers and excised using bone cutter. The 
bones were placed in 10% formalin solution for 48 
hours and then decalcified using EDTA.They were 
embedded in paraffin blocks. Thin sections of 5 µm 
thick, were prepared for staining by Hematoxylin 
and eosin stain and trichrome stain. Sections were 
then examined under light microscopy.
Statestical analysis
	 Results were statistically analyzed using 
SPSS software v.20. The values were expressed 
as mean±SE. The difference between groups was 
determined using ANOVA test, p< 0.05 values were 
considered significant.

RESULTS

Biochemical results
	 The present study was carried out to 
estimate the impact of raisins on methylprednisolone 
for 4 week induced bone changes in young male 
albino rats by assessing some biochemical markers 
of bone turnover,bone formation as well as the 
histological findings in lumbar vertebrae.Table 1 
shows the results of the five biochemical markers 
of bone turnover expressed as mean±SE in the 
studied groups. 

Markers of bone resorption
	 Urinary hydroxyproline was one of 
the main bone resorption markers available.As 
illustrated in Table 1methylprednisolonetreated 
group (group II) was associated with a significant 
increase of urinary hydroxyproline excretion when 
measured 4 week after the experiment compared 
to control group (group I) (p<0.001). In group III, 
where methylprednisolonetreated rats concomitant 
with raisins has been associated with a significant 
decrease in hydroxyproline level (p<0.001). On 
the other hand, elevated calcium excretion is 
generally included among the factors predisposing 
to osteoporosis. There was an increase of urinary 
calcium excretion in group IIcompared to a 
normal control group (group I) (p<0.05). Group 
III has been associated with a significant decrease 
ofurinary calcium excretion compared to group II 
(p<0.05).
Markers of bone formation
	 Alkaline phosphatase and osteocalcin were 
used clinically as a marker of osteoblast activity.
There was a significant increase in serum level of 
osteocalcin in group II compared to the normal 
control group (p<0.05).Concomitant treatment 
with raisinswithmethylprednisolone(group III)
was associated with a significant decrease in serum 
osteocalcin when compared group II (p<0.01). 
On the other hand, osteoporotic group (group II) 
showed asignificant increase of serum alkaline 
phosphatase level as compared to the normal 
control group (p<0.05). Furthermore, treatment 
withmethylprednisoloneand raisins (group III) 
compared with methylprednisolone treatment alone 
(group II) associated with a significant decrease 
in serum alkaline phosphatase level (p<0.05). 

Table 1. The levels of examined biochemical markers of bone turnover 
in the studied groups expressed as mean±SE

	 Group  I	 Group II	 Group III
	 Control group 	 Osteoporotic group	 Protected group 
	 n=10	 n=10	 n=10

Urinary Hydroxyproline (mg/L)	 15.48±0.47	 23.49±1.01	 17.09±0.92
Urinary Calcium (mmol/L)	 2.75±0.29	 4.32±0.45	 3.01±0.34
Serum Osteocalcin (ng/ml)	 5.12±1.07	 8.64±0.66	 5.48±0.44
Serum Alkaline phosphatase (IU/L)	 111.61±1.96	 125.65±4.97	 113.60±1.73
Serum Calcium (mg/dl)	 10.14±0.20	 8.97±0.40	 9.82±0.23
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Fig. 1. Photomicrographs of cancellous bone in rat vertebrae. (a) Showing control group (group I) hematoxylin 
and eosin stain. (b) Showing control group (group I) trichrome stain. (c) Showing osteoporotic group (group II) 
hematoxylin and eosin stain. (d) Showing osteoporotic group (group II) trichrome stain. (e) Showing protected 

group (group III) hematoxylin and eosin stain. (f) Showing protected group (group III) trichrome stain.

Moreover, group II presented a significant decrease 
in serum calciumcompared to the normal control 
group (group I) (p<0.05).However, there was a 
significant increase of serum calcium in group III 
compared to group II (p>0.05).
Histological results
	 Sections stained with hematoxylin and 
eosin stain and trichrome stain of the lumber 
vertebrae were examined of all three groups.
Group I;this group revealed typical picture of 
cancellous bone with regularly thickened, classical 
regular parallel bone lamellae,multiple branched 

bony trabeculae delimiting the bone marrow 
spaces containing red bone marrow. Regularly 
oriented osteocytes were resident in their lacunae 
over the bone trabeculae (Figure 1a, b).Group 
II; this group revealed irregular bone lamellae 
with variable thickness with increased number of 
osteoclast.Some of them showed marked thinning 
and disturbed with anastomosing bone marrow 
cavities, splitting and separation of bone lamellae, 
ill-defined immature (osteoid) tissue,and other 
bone lamellae appeared pale stained with many 
widened lamellae. The osteocytes are randomly 
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oriented in their lacunae, and some of these lacunae 
appeared either empty or with peripherally located 
osteocytes (Figure 1c, d). Group III; this group 
presented variable degrees of bone affection with 
widened separated lamellae, trabeculae appeared 
thinned in some  parts with anastomosing bone 
marrow cavities, many irregular bone lamellae 
with randomly oriented osteocytes presenting 
newly formed woven bone were also noticed. 
The periosteum was thickened and highly cellular 
(Figure 1e, f).

DISCUSSION 

	 Synthetic glucocorticoids are indicated 
in various conditions. Their use have been 
accompanied with many side effects in many 
systems within the human body, particularly those 
over the skeletal system,consequential producing 
osteoporosis.Treatment of osteoporosis emphasis 
on preventing bone resorption and affecting the 
remodeling process.Prophylactically management 
of osteoporosis are limited to calcium and vitamin 
D31-34. Diet and health have been linked since 
ancient times. Recently, remedies of specific food 
and diets are recommended for certain illnesses 
for their preventive values. Chronic diseases, 
like osteoporosis, have been recently treated 
with herbal plants due to the recent advancement 
in phytotherapy.Few herbal plants have been 
investigated clinically to assess their therapeutic 
effect on bone35. Dried fruits provide healthy 
bone, e.g.  prunes, because it contains vitamin 
K, manganese, boron, copper and potassium36. 
Raisins are rich in potassium, magnesium, and 
iron; and they have low sodium compared to other 
fruits.Additionally, raisins offer high fiber content, 
essential nutrients and protective components37. 
There are few studies concerning human health 
and raisins. Most of these studies are related to 
cardiovascular diseases, diabetes and oral health19, 

24. The bone biochemical and histological data 
presented above confirm that raisins have the 
ability to reduce the side effects of glucocorticoids 
over bone in GIO rats. Raisins are extremely rich 
in boron. Boron is supposedto be necessary for 
bones and joints development37, 38. As an estimate of 
bone resorption, the fasting urinary hydroxyproline 
excretion and urinary calcium excretion were 
measured.  Hydroxyproline and urine calcium 

levels were found to increase in the methyl 
prednisolone (MP ) treated group. These results are 
in agreement with other studies39, which showed 
that glucocorticoids increase the urine calcium 
level and decrease serum calcium levels in GIO. 
Additionally, in postmenopausal women, there 
were a significant reduction in both magnesium 
and calcium excretion after daily administration 
of 3 mg of boron37. Furthermore, this prebiotic 
compound, not only reduce calcium excretion 
but also increases the levels of ionized calcium in 
plasma40. Most of human studies have shown that 
boron may be useful in preventing osteoporosis, 
by decreasing the loss of  calcium and magnesium, 
which are essential for bone health41, 42. The present 
study demonstrated that methyl prednisolone 
(MP) induced bone changes is clearly associated 
with increased bone turnover, evidenced by the 
biochemical as well as the histological results
	 Our resul ts  showed that  Methyl 
prednisolone (MP )decreased serum calcium levels 
as compared to serum calcium of the control  group. 
Those findings are supported by other studies 
where, a similar pattern of fall in serum calcium and 
phosphate in adrenalectomized rats31, 43. However, 
at the end of treatment, raisins treated group showed 
a significant increase in serum calcium levels were 
observed as compared to methyl prednisolone (MP) 
treated group. Similarly, raisins demonstrated a 
significant decrease in the urine calcium levels as 
compared to the methyl prednisolone (MP) treated 
group.  Probiotics in raisins may encouragethe 
augmentation of bone mineral content, by 
increasingcalcium and magnesium absorption to 
maintain the quality of bone44. Further studies have 
shown that oligosaccharides present in raisins can 
improvethe absorption and retention of mineral 
consequently supporting the bone mineralization44.
	 In terms of the direct impact on bone, 
endogenous glucocorticoids at physiologic 
concentrations may have a role in promoting 
osteogenesis, while excess glucocorticoids increase 
osteoclastogenesis and suppress osteblastogenesis 
in cell culture, murine, and human models45. In 
our study, there was an increase in the number of 
osteoclasts in the bones of animals treated with 
MP as compared to the control group. Bones 
of rats treated with raisins showed increased 
trabecular bone thickness and decreased a number 
of osteoclasts as compared to the bones of methyl 
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prednisolone (MP) treated group. Glucocorticoids 
also inhibit the formation of osteoblast and 
encourage osteoblasts and osteocytes apoptosis, 
causinga decline inbone formation46. These finding 
were evident in the present study by decrease in 
the number of osteocytes inside lacunae or its dark 
and eccentric nuclei. MP usually target trabecular 
bone loss in lumbar spine leading to osteoporosis, 
which was successfully demonstrated by H and 
E staining and trichrome stains. MP reduced the 
trabecular thickness as compared to the control 
group. At the end of the experiment, there was 
a distinct difference in the trabecular thickness 
of both the MP treated group and raisins treated. 
Those findings agree with the results obtained 
by others where, dried plum, apple, apricot, and 
grape suppressed the formation of osteoclasts in 
osteopenic overectomized mice47. Furthermore, 
the same study showed that bone densitometry 
analysisapproved that dried plum, apricot and 
grape have protective effects for bone tissue. These 
biomechanical improvements, including bone 
strength and stiffness,influencethe bone quality.
	 Alkaline phosphatase (ALP) is an 
enzyme formed by osteoblasts;it facilitates the 
mineralization of bone.The earlier spreading of 
alkaline phosphatase at the calcification front 
assist the preparation function of the enzyme48. 
Our results indicate that alkaline phosphatase has 
been increased initially in ostoporotic group and 
then decreased to almost normal control group 
levels. Those results supported the results obtained 
by others49, where the same was appeared by 
observing the increase levels of ALT, AST, ALP 
and GGT in negative control group, while doses 
of raisins extracts significantly decreased the levels 
of these four enzymes indicating protective effects 
of the extract. Alkaline phosphatase is produced by 
several cells in various tissues, such as liver, bone 
and kidney. Clinically, bone alkaline phosphatase 
has been generally accepted diagnostic enzyme for 
bone disease. On the other hand, serum alkaline 
phosphatase increases in severalnon-bone diseases 
and conditions, such as liver diseases50. However, 
in the presence of liver disease, the specificity 
of serum alkaline phosphatase measurements is 
improved by measuring bone alkaline phosphatase. 
In most other clinical situations, serum alkaline 
phosphatase appears to provide sufficient clinical 
information51. 

	 Osteocalcin is a protein synthesized by 
osteoblast; it is the most available noncollagenous 
protein in bone, forming about 20% of the non-
collagen proteins. Like alkaline phosphatase, 
osteocalcin is examined clinically as anindicator 
of osteoblast activity; also, serum osteocalcin is 
a well-accepted serum marker of bone formation 
measured by radioimmunoassay48. To monitor 
the effect of each respective treatment on bone 
formation, serum osteocalcin, was measured. As 
expected, MP led to a significant increase in serum 
osteocalcin level.  Also as expected, with raisins 
treatment reduced bone turnover (resorption as 
well as formation) in osteoporotic rats, as indicated 
by the marked and significant decrease in serum 
osteocalcin to almost normal control group 
levels. Under normal physiological conditions, 
bone resorption is coupled to bone formation. 
Consequently, our results harmonized with the 
results obtained by others where, an inhibition of 
bone resorption, estradiol and boron treatment in 
ovariectomized animals, is frequently followed 
by a decrease in bone formation52. Furthermore, 
those results are consistent with these in human; 
serum osteocalcin levels in postmenopausal women 
supplemented with boron were significantly higher 
than that of control group53. Therefore, daily raisins 
intake may affect osteocalcin levels in induced 
osteoporosis positively.
	 Noteworthy, antioxidants have a great 
potential in preventing and reducing degenerative 
diseases. Therefore, consumption food rich in 
antioxidants may help reduce the risk of suffering 
from these diseases. Raisins contain many 
antioxidant bioactive components [see for review, 
54]. Phenolic compounds in raisins provide 
antibacterial and antioxidant action. Several in vivo 
and in vitro studies have  shown the association of 
phenol compounds in raisins and their antioxidant 
properties. Our results do exclude that raisin intake 
may cause changes in the antioxidant defensive 
system,which show positive effects observed on 
bone.However, these conclusions needs further 
investigation in this context.
	 In conclusions:This study suggests that 
daily raisins intake may affect bone metabolism 
in methylprednisolone-induced osteoporosis 
positively. Raisins may contain specialbioactive 
compounds that have positive effects on bone. 
However, further investigation of the bioactive 
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components is needed and this will consolidate 
this specific conclusion at this time.
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