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Introduction
Osteoporosis is a common disorder that affects around 2000 

million peoples worldwide [1]. Insulinopenia in type 1 diabetes 
(T1DM) or resistance to the metabolic actions of insulin in type 2 
diabetes (T2DM), are both associated with bone loss leads to diabetic 
osteoporosis. Skeletal defects that are observed in conjunction with 
Type 1 Diabetes Mellitus due to diminished linear bone growth, lead 
to increased risk of osteoporosis [2]. In contrast, Bone loss appears 
to be more rapid in patients with Type 2 Diabetes Mellitus [3]. It is a 
systemic skeletal diseases characterized by low bone mass due to micro 
architectural deterioration of bone tissue with consequent increase in 
bone fragility and susceptibility to fractures. The loss and deterioration 
of the structure of bone tissue is caused by a net imbalance in bone 
remodeling, due to either to an increase activity of osteoclasts and 
decrease activity of osteoblasts [4]. About 70% of variations in fracture 
risk associated with diabetes can be attributed to genetic differences 
[5-7]. Bone loss has been observed to be greater in patients with poorly 
controlled diabetes than in those whose diabetes is in good control 
[8,9]. 

A number of therapeutic agents exist for the treatment of Type 
2 Diabetes Mellitus, including metformin, sulfonylurea, di-Peptyl-
Peptidase-4 inhibitors, PPAR agonists, a-glucosidase inhibitors, 
insulin, and glucagon like peptide-1 analogs. Despite adequate efficacy 
and durability, some of these agents suffer from liabilities, including 
hypoglycemia, weight gain, edema, bone fractures, lactic acidosis, and 
gastrointestinal intolerance [10]. Thiazolidinedione (TZDs) are one 
of the latest new drug therapies for type 2 Diabetes Mellitus. They are 
ligands for Peroxisome Proliferator activated receptor-γ (PPARγ), 

a family of nuclear receptors that regulate gene transcription. The 
PPAR-γ1 isoform is expressed in many cell types, including adipocytes, 
osteoblasts, muscle cells and macrophages, whereas PPAR-γ2 
expression is restricted primarily to adipose cells and is absolutely 
necessary for fat development in mice. The flow of mesenchymal 
precursor cells from osteoblastic to adipogenic lineages is mediated 
by PPAR γ. This effect led to reduced bone formation and loss of 
bone density [11]. Thiazolidinediones also have anti-tumour activity 
because of expression of PPAR- γ receptor in neoplastic cell line of 
colon, breast, pancreas and prostate. Studies in rodents have shown 
that PPAR agonists can potentiate tumorigensis, and are multispecies, 
multisex carcinogens [12,13]. But this in vitro data, it was not reflected 
in human trials with colorectal and prostatic carcinoma. Rather in 
murine models, this drug showed some tumour inducing activity and 
hence they should be avoided in patients with adenomatous polyposis 
coli. Confirmed human data regarding the cancer risk associated 
with thiazolidinedione are not available [14]. So European Medicine 
Agency recommended it should be investigated in longitudinal study 
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Abstract
Aim: The study was undertaken to assess the protective effect of Spirulina fusiform on risk fracture of bone in 

insulin resistance rat model and pharmacodynamics effects of Pioglitazone with Spirulina in treating hyperglycemia and 
hyperlipidaemia of insulin resistance rat.  

Method: For this aim, 30 Wistar albino rats were equally divided into five groups as control (NC), diabetes 
mellitus (DM), diabetes mellitus + Pioglitazone (DM+P), diabetes mellitus + Spirulina (DM+S), and diabetes mellitus + 
Pioglitazone + Spirulina (DM+P+S). Serum glucose, Triglyceride, HDL, LDL and insulin concentrations were estimated 
by standard methods in blood samples collected on 21st day. Morphological changes in pancreas and microarchitectual 
structure in femur bone were observed by histopathology studies. 

Results: A significant decrease in bone thickness was observed in Diabetes Mellitus rats group (p < 0.001) when 
compared to DM+P+S. In Pioglitazone with Spirulina treated group, the results demonstrated that the trabeculae bone 
thickness restored to original position and showed better restoration of beta cell in comparison to Spirulina treated and 
Pioglitazone treated group. The intactness and integrity of the bone surface as well as the bone strength also improved. 
Besides, chromium and gamma-linoleic acid in Spirulina helped to decrease the fasting serum glucose, HDL, LDL and 
triglycerides levels in insulin resistance rats. 

Conclusion: These findings suggest that combination therapy of Pioglitazone with Spirulina reduced the risk 
of fracture in insulin resistance rats. Additionally, Spirulina complemented the anti hyperglycemic and anti lipidemic 
activity of Pioglitazone.
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specially those diabetic patients who are more than 40 yrs of age [15]. 
The clinical development of TZDs was initially delayed because of 
poor efficacy or un-acceptable toxicity, which led to discontinuation 
of ciglitazone and englitazone after the phase II clinical trials [16]. 
A small study was conducted with troglitazone, the first available 
thiazolidinedione in diabetic patients for 1 year suggested the bone 
mineral density was increased. This study was limited in that there 
was no control group and variations in bone mineral density among 
the treated patients was sufficient to raise questions about the overall 
effect. Furthermore, troglitazone has been withdrawn from the market 
because of hepatotoxicty. Till date there are many reports published on 
serious adverse effect of thiazolidinedione on bones of Type 2 Diabetes 
Mellitus in animal model [17,18]. In aggregate, there is a pressing need 
to develop novel modalities for the treatment of diabetes to stem the 
spread of this global epidemic.

Serious side effects of diseases as well as medicines are dangerous 
to patient community. Management of diabetes without any side 
effects of drugs and complication of disease is still a challenge to the 
medical fraternity. There is continuous search for alternative drugs. 
Therefore, it is prudent to look for options in herbal medicine for 
diabetes as well. From an ethno pharmacological perspective, it 
is important to understand that this disease is at the interface of 
conventional biomedical and local (or traditional) treatment. There is 
one recent report published in the prevention of serious adverse effect 
of rosiglitazone on bones of Type 2 Diabetes Mellitus in animal model 
[18]. 

Specific marine plants have been attracting attention for their 
ability to improve bone metabolism, since they are rich in minerals and 
growth factors. Spirulina fusiform, a filamentous and unicellular alga is 
a cynobacterium belonging to the Oscillatoraceae family that usually 
grows in the alkaline waters of Africa, Asia, North and South America. 
Spirulina represents one of the richest sources of plant protein (60-
70%) and is also a good source of vitamins specially vitamin B12 and 
provitamin A (β-carotene), and minerals like calcium, chromium and 
magnesium. It is also one of the few sources of dietary γ-linoleic acid 
(GLA) and contains a host of other phytochemicals that have potential 
health benefits [19]. Spirulina is gaining more attention from medical 
scientists as a nutraceutical and source of potential pharmaceuticals. 

At this point only few activity of spirulina has been evaluated on 
animal models. Keeping in view the pharmacological properties of S. 
fusiform, present investigation was undertaken to assess the protective 
effect of S. fusiform on a risk fracture of bone in insulin resistance rat 
model.  

Materials and Methods
Animals

Adult male albino Wistar rats weighing about 180-200 g were used 
with the approval of the Institute Animal Ethics Committee (MMCP/
IEC/10/01). The animals were housed under standard conditions of 
temperature (24-28°C) and relative humidity (60-70%) with a 12:12 
light-dark cycle. The animals were fed with standard pellet diet (Lipton 
India, Ltd) and water ad-libitum. 

Spirulina fusiformis: Spirulina fusiformis in the form of powder 
was obtained from RECON Ltd., (Bangaluru, India). It was suspended 
in vehicle (olive oil) and was given to each mouse by oral gavage daily. 

Drugs
Dexamethasone sodium phosphate was obtained as a gift from 

M/s. Strides Arcolabs, (Bangalore, India) and Pioglitazone maleate 
from Torrent Pharmaceutical Ltd, (Ahmedabad, Gujarat). 

Experimental design 
Dexamethasone-induced insulin resistance model [20]: Animals 

were divided into following 5 groups. Each consisting of 9 rats: 

Group 1: Normal control rats (NC) -- Oral saline

Group 2: Diabetic control rats- Dexamethasone sodium phosphate 
(10 mg/kg, once daily, s.c.) (DM)  

Group 3: Diabetic control rats + Pioglitazone (10 mg/kg b.w/day in 
one dose per oral) (DM+P) 

Group 4: Diabetic control rats + Spirulina (500 mg/kg b.w/day in 
two divided doses per oral) (DM+S)

Group 5: Diabetic control rats + Spirulina (500 mg/kg b.w/day in 
two divided doses per oral) + Pioglitazone (10 mg/kg B.w/day in one 
dose per oral) (DM+P+S)

In groups 2-5, Insulin resistance (IR) was induced in male rats aged 
8 weeks by the daily injection of dexamethasone (10 mg /kg s.c.) for 
seven days. The dose of dexamethasone is based on preliminary work 
which showed that insulin tolerance is induced within a week and it 
was confirmed at 3rd day by homeostasis model assessment (HOMA-
IR) calculated by following formula: HOMA-IR = fasting insulin (µU/
ml) x fasting glucose (mmol/1)/22.5. 

After treatment for seven days insulin resistance was identified using 
the tolbutamide (10 mg/kg) which failed to lower the hyperglycemic 
levels. Rats with insulin resistance were employed as the model of non-
insulin dependent diabetes mellitus. All the animals received their 
respective assigned treatment daily for a period of 21 days. Among 
each group three rats were sacrificed for histology of pancreas and 
remaining continued for 45 days treatment for another parameters. 

Biochemical estimations
Blood samples were drawn at weekly intervals on the day 7, 14, 

21 the animals were anesthetized with ether, and blood was collected 
from retro-orbital puncture. About 30 µl serum was then separated for 
the estimation of Glucose [21], Triglyceride [22], HDL [23] LDL [24], 
adiponectin levels [25] (Rat adiponectin ELISA kit; Linco Research Inc.) 
and serum insulin was estimated by radio immuno assay kit purchased 
from Stat Diagnostics (Linco Research Inc.), Mumbai, India. All other 
reagents and chemicals used in the study were of analytical grade. All 
drugs were dissolved in distilled water for oral administration.

For histology of pancreas: Three animals from each group were 
sacrificed under anesthesia by pentobarbitone sodium (60mg/kg); the 
pancreas were removed, cut into small fragments and fixed overnight, 
in freshly prepared Zamboni’s fixative. Representative fragments were 
always taken from the tail of the pancreas. They were dehydrated in 
ethanol series, cleared in xylene and embedded in paraffin. Section 
of 7 µm thickness were cut on a microtome and transferred onto 
microscopic slides which were dried at 55ºC for 30 min to enhance 
section attachment. 

For histology of bone: After 45 days treatment, animals from each 
group were sacrificed under anesthesia by pentobarbitone sodium (60 
mg/kg); the bones were dissected out and tissue section washed on ice 
cold saline immediately. A portion of tissue was fixed in 10% neutral 
formalin fixative solution for histological studies. After fixation tissues 
were embedded in paraffin, solid sections were cut at 5 μm and the 
sections were stained with haematoxylin and eosin [26].
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For scanning electronic microscopy: After 45 days treatment, 
the animals were sacrificed under anesthesia; the femoral bone was 
examined for bone intactness, integrity and micro hardness using 
Scanning Electron Microscopy (SEM) (JFC-1100E, JEOL Co, Japan). 

Statistical analysis 

The data were expressed as mean ± SEM. The statistical significance 
between means was analyzed using one-way analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison test. A p < 0.05 
was considered as statistically significant.

Results 

The serum glucose level of more than 300 mg/dl were found insulin 
resistance after administration of dexamethasone (10 mg/kg, s.c.) for 
seven days and confirmed by homeostasis model assessment (HOMA-
IR) as shown in table 1 and the treatments were started for 3 weeks. 
At the end of 3rd week, Pioglitazone and Pioglitazone with Spirulina 
treated groups showed a highly statistical significant (P < 0.0001) de-
crease in serum glucose level when compared to that of diabetic con-
trol group. Pioglitazone treated group alone also showed decrease but 
was much less significant (p < 0.001) as shown in Table 2. Six weeks of 
daily treatment in combination of spirulina with Pioglitazone led to a 
dose-dependent fall in serum sugar levels up to 80% and affectivity re-
main constant up to 45th day. Quite evidently the combined therapy of 

Pioglitazone with spirulina showed highly beneficial results in treating 
insulin resistance induced hyperglycemia.

Pioglitazone alone and Pioglitazone with spirulina led to statisti-
cally significant (P < 0.0001) decrease in serum triglycerides and serum 
LDL levels, when compared to diabetic control group (Table 3). At the 
end of 3rd week of treatment, the spirulina alone treated group showed 
less reduction in LDL and triglycerides levels compared to diabetic 
group. Interestingly the decrease in the HDL levels was significant in 
rats treated with Pioglitazone with spirulina and failed to show similar 
decrease in rest of the groups. 

The level of serum insulin increased during insulin resistance when 
compared to normal group, however, administration of Spirulina with 
Pioglitazone brought levels back to near normal values compared to 
diabetic control group which had statistically significantly higher levels 
(P < 0.0001). The adiponectin levels significantly (p < 0.0001) increases 
in combination of pioglitazone with Spirulina when compared to 
diabetic control group which seems to be increase insulin sensitivity. 

Histomorphology of pancreas

In Figure 1 plate 1 group A, the cells of the pancreas were all present 
in their normal proportions. The acinar cells which stained strongly 
are arranged in lobules with prominent nuclei. The islets cells are seen 
embedded within the acinar cells and surrounded by fine capsule. In 

Groups Fasting glucose (mmol/l) Fasting insulin (µU/ml)  HOMA-IR
Normal Control 4.61 ± 4.2 15.01 ± 3.1 3.07 ± 3.6
Positive Control (DM) 20.43 ± 3.4 25.19 ± 6.5 22.87 ± 8.3
 DM + Pioglitazone 12.71 ± 2.8** 19.04 ± 1.0* 10.75 ± 4.2***
DM + Spirulina 16.71 ± 2.5* 23.18 ± 3.8 ns 17.21 ± 5.5ns

DM + Pioglitazone+ Spirulina 11.78  ± 4.9** 13.25 ± 2.2*** 6.9 ± 1.2***

Table 1: Confirmation of insulin resistance after induction of dexamethasone in rat model.

Values are given as mean ± SEM for groups of six animals each 
Normal group (Normal saline)
Diabetic control group (Dexamethasone) 
***Values are extremely significant on 21st day at ***p< 0.0001(Tukey t-test). Diabetic control group were compared with normal group. Spirulina and Pioglitazone with 
spirulina groups were compared with diabetic control

Table 2: Effect of Pioglitazone and Spirulina on Serum Glucose level at 21st day in Insulin Resistant Rat Model.

Groups (n=6)
Serum Glucose Level (mg/dl)
0 day 7th day 14th day 21st day

1. Normal Control 85.43  ±  12.48 86.19 ± 17.19 81.74 ± 20.11 89.76*** ± 2.63
2. Positive Control (DM) 348.23  ±  14.4 363.48 ± 12.1 372.31 ± 4.3 379.20 ± 21.3
3.  DM + Pioglitazone 332.17 ± 29.1 202.31 ± 9.3 143.21 ± 10.4 91.34*** ± 6.93
4. DM + Spirulina 338.14 ± 7.9 302 ± 9.36 289.17 ± 21.2 342.16** ±  24.18
5. DM + Pioglitazone+ Spirulina 320.78 ± 11.29 221.77 ± 14.9 173.11 ± 12.0 75.70*** ± 3.4 

Values are given as mean ± SEM for groups of six animals each 
Normal group (Normal saline)
Diabetic control group (Dexamethasone)
***Values are extremely significant on 21st day at ***p< 0.0001(Tukey t-test). Diabetic control group were compared with normal group. Spirulina and Pioglitazone with 
spirulina groups were compared with diabetic control

Table 3: Effect of Pioglitazone and Spirulina on serum lipid profile at 21st day in insulin resistance rat model.

Groups 
 (n = 6)

Serum lipid Profile (mg/dl)

HDL Triglycerides LDL Insulin Level
(μg/ml) Adiponectin levels (ng/dl)

1. Normal Control 32.11(ns) ± 21.7 87.33*** ± 2.2 90.29*** ± 12.7 16.03*** ± 0.74 7.03*** ± 2.03
2. Positive Control (DM) 20.40 ± 13.7 211.32 ± 16.3 191.78 ± 26.2 24.87 ± 0.48 1.96 ± 0.43
3.  DM + Pioglitazone 45.77(ns) ± 17.3 110.7*** ± 4.50 70.31*** ± 23.7 18.03*** ± 0.23 5.32*** ± 0.87
4. DM + Spirulina 38.57(ns) ± 19.99    175.45** ± 25.45 115** ± 27.3 23.56** ± 0.60 4.04*** ± 0.31
5. DM + Pioglitazone + Spirulina 57.4* ± 23.7 91.12*** ± 12.2 89.31*** ± 06.7 14.33*** ± 0.27 6.80*** ± 1.2
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plate 2 Group B, The acinar cells around the islets through seem to be 
in normal proportion does not look classical. The islets were damaged, 
shrunken in size and infiltration of lymphocytes was observed. In plate 
3 group C, the size of cell and number of beta cells were back in normal 
position after 21 days treatment of Pioglitazone alone. The islet cells 
were compactly arranged, with negligible intercellular space. In plate 
4 Group D in Spirulina treated group, the islets cells are seen in few 
numbers. The size of the cell is shrunken with architectural disarray 
and hydrolyses also when compared to diabetic control group. In 
plate 5 group E, the islets proportionate are comparatively better as 
compared to positive control group. Spirulina with Pioglitazone show 
better restoration of beta cell in comparison of Spirulina treated and 
Pioglitazone treated group.

Histomorphometric changes of femur bone

In Figure 2 Plate 1 Group A shows the Photograph of the middle 
shaft of the femur bone of a normal rat showing the normal architecture 
(Trabeculae) of the bone mass. The Peritoneum (P), the Endosteum (E) 
and a number of canals are observed carrying the blood vessels and 
nerves, Harversian canals (H arrow). A higher magnification of the 
previous section showing the bone cells (osteocytes) in lacunae, the 
old cells appear spindle in shape with oval flattened nuclei (O) while 
the young cells appear more rounded with rounded nuclei (arrow). In 
plate 2 Group B, A Photograph of the middle shaft of the femur bone 
of a rat treated with dexamethasone administration induces insulin 
resistance, showing destruction of medullary cavity at the expense 
of the bone tissue thickness and Haversian canals forming gaps (g) 
within the bone tissue. Both the outer and the inner surfaces of the 
bone tissue show areas of invasion (arrow head) and irregularities 
(wavy arrow) especially at the inner surface. A higher magnification of 
the previous section shows areas of invasion of bone tissue containing 
multinucleated cells (arrow). In plate 3 group C, A Photomicrograph of 
the middle shaft of the femur bone of a rat treated with the Pioglitazone 
only showing both surfaces of bone tissue are regular (arrow head). 
The Harversian canals (arrow) are to be normal in size. A higher 
magnification of the previous section shows normal sized Haversian 
canals (h) and regular arrangement of the lamellae of the matrix. 
Old osteocytes (arrow) are located at the center of the bone tissue, 
while the young ones are located more peripherally (arrow head). In 
Plate 4 group D, A Photograph of the middle shaft of the femur bone 
of a rat treated with spirulina showing both the inner and the outer 
surfaces of the bone tissue still become irregular but very less compare 
to Pioglitazone (arrow head) especially the outermost one. A higher 
magnification showing some of the Haversian canals are normal in size 
while others are markedly dilated (arrow head). The old osteocytes are 
located in the center of the bone tissue (arrow head), while the young 
ones are located more peripherally but in an abnormal arrangement 
denoting incomplete regeneration of bone tissue. In plate 5 group E, A 
Photomicrograph of the middle shaft of the femur bone of a rat treated 
Pioglitazone with Spirulina only showing both surfaces of bone tissue 
are regular (arrow head). The Harversian canals (arrow) are too normal 
in size. A Higher magnification of the previous section showing normal 
sized Haversian canals (H) and regular arrangement of the lamellae 
of the matrix. Old osteocytes (arrow) are located at the center of the 
bone tissue, while the young ones are located more peripherally (arrow 
head). The trabeculae thickness is in normal position due to collagen 
fiber content deposited. The trabeculae thickness of femur bone in 
combination of Pioglitazone with spirulina treated group were found 
to be (7 mm ± 0.7) compared to diabetic control group (4.6 mm ± 1.5), 
the results was statistically significant (P < 0.001) but when we compare 

Figure 1: Photomicrograph of pancreas stained with haemotoxylin and eosin 
(H & E) (magnification 200x).

Figure 2: Photomicrograph of the middle shaft of the femur bone stained 
with haemotoxylin and eosin (H & E) (magnification 100x and 200x).



Citation: Devesh C, Kritika M, Anroop N, Kumar SP, Sumeet G (2012) Spirulina Reverses Histomorphological Changes in Diabetic Osteoporosis in 
Pioglitazone Treated Rats. J Diabetes Metab S1:006. doi:10.4172/2155-6156.S1-006

Page 5 of 7

 J Diabetes Metab           Diabetic Osteoporosis             ISSN: 2155-6156 JDM, an open access journal 

Spirulina and Pioglitazone treated alone group with, the results showed 
statistical non-significant as shown in Figure 3.  

The SEM picture showed that group pioglitazone rats (Figure 4c) 
treatment increased the number of resorptive pits per every square 
centimeter when compared to group diabetic mellitus rats (DM) 
(Figure 4b). Spirulina treatment along with pioglitazone reduced 
the osteoporotic effect of pioglitazone (Figure 4d) and improved the 
intactness and integrity of the bone surface compared to normal group 
(Figure 4a).

Discussion
Clinically, the patients with type 2 diabetes are characterized by 

the change of insulin secretion and/or insulin action. Also, insulin 
resistance is another serious problem in clinic. Insulin resistant animal 
model induced by dexamethasone injection causes type 2 diabetes [20] 
as that in clinic, change of insulin action seems more important than 
the alternation of insulin secretion. Defects in the insulin-signaling 
pathway, owing to mutations in the insulin receptor gene, the presence 
of antibodies to the insulin receptor or insulin itself are some of the 
factor responsible for insulin resistance. Dexamethasone causes insulin 
resistance as measured by several markers, including a reduction in 
insulin-stimulated glucose uptake and a decrease in glucose oxidation. 

While the precise cause or causes are not yet known, it is accepted 
that dexamethasone affects insulin signaling at several levels [27]. In 
addition to this, insulin resistance is also major risk factor for fracture 
of bone for skeletal health [28]. Pioglitazone is a thiazolidinedione 
derivative as anti-diabetic agent. The mechanism of action of glitazone 
involves activation of Peroxisome Proliferators-Activated Receptor-
Gamma, (PPAR-γ) which helps to modulate the transcription of a 
number of insulin responsive genes involved in the control of glucose 
and lipid metabolism [29]. Recently two studies reported on long term 
usage of pioglitazone in diabetic patients showed the risk of incident 
cancer at the 10 most common sites namely, prostate, female breast, 
lung/bronchus, endometrial, colon, non-hodgkin lymphoma, pancreas, 
kidney/renal pelvis, rectal melanoma [30] and bladder cancer [31] but 
it was no clear evidence the association between use of pioglitazone 
and risk of cancer due to lack of information is available (smoking & 
occupational risks) [32]. European medicines agency [15] alert that 
the risk factors for bladder cancer should be investigate particularly in 
elderly patients and prescribers are advised to carefully select patients 
and monitor how they respond to treatment. In addition to this, 
glitazone administration (10mg/kg) results in significant bone loss due 
to sensitized PPAR-γ2 isoforms, which is critical for the regulation of 
osteoblast and adipocytes differentiation. 

Spirulina has been labeled as a powerful food, rich in proteins, 
carbohydrates, polyunsaturated fatty acids, sterols and some more vital 
elements like calcium, chromium, iron, zinc, magnesium, manganese 
and selenium. It is a natural source of vitamin B12, vitamin E, ascorbic 
acid, tocopherols and whole spectrum of natural mixed carotene and 
xanthophylls phytopigments [33-35]. 

In dexamethasone induced insulin resistance model, Pioglitazone 
with spirulina treatment showed statistically significant change in 
reducing both hyperglycemia and lipid level (Table 1,2) (p < 0.001). 
The presence of chromium in Spirulina makes it a highly beneficial 
adjuvant therapy [18]. Chromium binds to peptide known as Apo-
LMWCr that in turn binds to insulin receptor and enhances the activity 
[36]. Oral administration of Spirulina with Pioglitazone and Spirulina 
alone reversed the morphological changes of pancreas after induction 
of dexamethasone which shows the recovery of partially destroyed 
β-cells, cell size back to the normal position, increases the β-cells and 
preventing the death of β-cells which clearly demonstrated the protective 
effects of spirulina on Pancreas. This was clearly demonstrated as the 
levels of insulin reverted back to normal in diabetic rats treated with 
Spirulina (Table 3). Pioglitazone and Pioglitazone with Spirulina 
treated groups decreased the LDL and TGs levels significantly (P < 
0.0001) compared to diabetic control group. Earlier studies have shown 
that PPAR-γ activation in hepatocytes and enhanced lipoprotein lipase 
due to insulin sensitivity helps in reducing LDL and TG levels [37,38]. 
Keeping in view the pharmacological properties of Spirulina fusiformis, 
present investigation was undertaken to assess the protective effect of 
S. fusiformis extract against Pioglitazone induced osteoporosis and 
also investigates the pharmacodynamics effects of Pioglitazone with 
Spirulina in treating hyperglycemia and hyperlipidemia in insulin 
resistance rats.

Insulin plays a significant role in bone health in diabetes [39]. IGF-I 
and insulin receptor are reduced implying dysregulation of the IGF ac-
tion on bone in the diabetic state [40,41]. It has been suggested that dia-
betes can revert osteoblast into reticent bone-lining cells. This is sup-
ported by studies showing that the diabetic state influences infiltrating 
cells in a marrow ablation model to behave as immature mesenchymal 
cells due to altered gene expression of prosoteoblastic proteins [42]. 

Figure 3: Effect of Pioglitazone and Spirulina on trabeculae thickness of bone 
tissue after 45 days treatment in dexamethasone rat model.

Figure 4: Scanning Electron Microscopy under (500x) of right femur bone 
in different groups (Dexamethasone rat model).
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In the present study, the histopathology results in middle shaft of 
femur bone of a insulin resistance rat showed destruction of medullary 
cavity at the expense of the bone tissue thickness and gaps formation in 
Haversian canals within the bone tissue. In Pioglitazone with Spirulina 
treated group, the results demonstrated that the trabeculae bone thick-
ness returned into original position to decrease the risk fracture. Ob-
servation in the trabeculae thickness on the surface of the bone clearly 
shows that spirulina improved the intactness and integrity of the bone 
surface possibly due to its ability to stimulate mineral absorption by 
intestinal micro flora. The decreased porosity caused by insensitivity of 
insulin receptor and activated PPAR-γ2 functions as a dominant nega-
tive regulator of osteoblast differentiation [18] is substantially treated 
with spirulina, which in turn causes remineralization of bones.

The second probable mechanism is that direct link exists between 
insulin action and bone formation. The IR is a tyrosine kinase recep-
tor and signals intracellularly through insulin receptor substrate mol-
ecules, IRS1 to IRS-4, that result in unique bone formation phenotype 
over bone resorption, whereas as IRS-1 regulates bone turn over. In 
addition to the direct effect of insulin on osteoblasts bone cells, it may 
exert synergistic effects with other anabolic agents in bone, such as 
IGF-I and parathyroid hormone. IG-FBP-1 is acutely down regulated 
by insulin in a variety of tissues and is similarly suppressed by insulin in 
bone cells [43,44]. The third probable mechanism suggests that insulin 
inactivate p27, a cyclin-dependent kinase inhibitor that could attenuate 
cell proliferation in osteoblasts [45-47]. With addition to this, adipo-
nectin is one of the recent attracted widespread attentions in diabetic 
osteoporosis. One of the possible mechanism involved osteoblasts have 
an adiponectin stimulates osteoblastogenesis and bone formation in 
cultures osteoblasts which regulates bone turnover via enhancing the 
receptor activator of nuclear factor-κB ligand expression and suppress-
ing decoy receptor, osteoprotegerin [48]. The anti-diabetic activity may 
be partly mediated by stimulatory effects on signaling pathways for 5’ 
adenosine monophosphate-activated protein kinase and peroxisome 
proliferator activated receptor α [49]. This present report for the first 
time demonstrated the unique protective activity of spirulina on his-
tomorphological changes in dexamethasone induced osteoporosis in 
Pioglitazone treated rats. The results of the pharmacodynamics inter-
action of spirulina on Pioglitazone have shown synergistic effects on 
the anti-diabetic and anti-osteoporosis properties of both these drugs.    

The present study clearly demonstrates the efficacy of using spi-
rulina extract to prevent effect of dexamethasone induced increase in 
bone turnover rate and to restore the loss of trabecular bone mass in 
Pioglitazone treated rats. Finally, it is concluded that Spirulina therapy 
will be highly beneficial in reducing the risk fracture of bone in Piogli-
tazone treated dexamethasone induced diabetic rats.
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