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INTRODUCTION 

According to the World Health Organization, 

around 422 million people have been diagnosed 

with diabetes mellitus, compared to 180 million 

diabetic individuals in 19801. The prevalence of 

type 2 diabetes (T2DM) is increasing, and the 

obesity epidemic is spreading2. T2DM causes 
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ABSTRACT 

As a PPAR gamma agonist, pioglitazone is used to treat type 2 diabetes mellitus. It has been associated with a 

decrease in bone mass and a higher risk of fracture in those with type 2 diabetes. The goal of this study was to 

look into the effect of geraniin in preventing pioglitazone-induced bone loss. For diabetes induction, 

streptozotocin was used. For eight weeks, diabetic rats were given pioglitazone (300mg/kg) and geraniin 

(40mg/kg) alone or in combination. At the end of the experiment, BMD of the femur and lumbar vertebrae was 

measured by dual-energy X-ray absorptiometry (DXA). Glycoslyted haemoglobin serum and serum glucose 

were also examined. Pioglitazone and geraniin, both alone and in combination, dramatically lowered high blood 

glucose levels. When compared to the positive control, pioglitazone treatment dramatically reduced HBA1C 

levels. The combination of geraniin and pioglitazone reduced blood glucose and HBA1C levels considerably. 

Pioglitazone had negative effects on BMD in the femur and lumbar vertebrae, while geraniin therapy 

significantly improved these effects. This study suggests that geraniin supplementation in diabetic individuals 

using pioglitazone could be an appropriate method for reducing pioglitazone-induced bone loss. 
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serious systemic complications in uncontrolled or 

poorly controlled situations, including vision loss, 

neuropathy, kidney impairment, and a decreased 

life expectancy3. Due to osteoblastic dysfunction, 

both kinds of diabetes (T1DM and T2DM) are 

associated with low bone mineral density (BMD) 

and a significant risk of bone fracture, particularly 

at the hip4. 

Insulin-sensitizing thiazolidinediones (TZDs) have 

been used to supplement traditional diabetes 

management strategies such as diet, exercise, and 

metformin5. Pioglitazone and rosiglitazone are two 

primary PPAR-r thiazolidinediones that are used as 

oral glucose-lowering antidiabetic agents6. Long-

term use of both TZDs can cause bone loss, and the 

risk of bone fractures has been found to be 

considerably higher in women with T2DM who 

take both drugs7. 

Pioglitazone and rosiglitazone medication has been 

linked to an increased incidence of fractures in all 

T2DM patients, particularly young women, 

according to some meta-analyses of randomized 

clinical studies8-10. In addition, a long term 

observational cohort analysis found that 

rosiglitazone use is associated with an increased 

risk of bone fracture in women (but not in men)11. It 

appears that TZDs cause certain stem cells to 

differentiate into adipocytes rather than osteoblasts, 

resulting in decreased bone production and 

increased bone resorption12. Geraniin has been 

proven in recent studies to help with bone growth, 

resorption, and microstructure changes. The goal of 

this study was to see how geraniin affected BMD in 

pioglitazone-treated rats. 

 

MATERIAL AND METHODS 

Animals 

For 14 days, the animals were acclimatised to the 

laboratory setting. The treatment was carried out in 

compliance with King Khalid University's animal 

ethics committee's approval and the US National 

Institute of Health's guidelines for the care and use 

of laboratory animals (NIH Publication No.85-23, 

revised 1996). 

 

Induction of diabetes 

The pancreatic-cell toxin streptozotocin (STZ) 

(Sigma Chemical Co., freshly dissolved in sterile 

saline, 0.9 percent) was administered 

intraperitoneally to the rats at a dose of 65mg/kg 

body weight to induce diabetes13-14. The rats in the 

control group were all given the same amount of 

vehicle. To avoid degradation, STZ was weighed 

separately for each animal, solubilized with 0.1ml 

of freshly made cold Na-citrate buffered (NaB-

0.1M, pH 4.5), and delivered within 5 minutes. The 

STZ injection volume was calculated to be 

1.0ml/kg. 

To counteract the significant acute hypoglycemia 

effect of STZ, rats were given a 5 percent glucose 

solution for 48 hours following the injection. Blood 

was drawn from the tail vein three days after STZ 

injection, and samples were tested for blood glucose 

using a glucometer (Aqua-Check, Roche). Diabetic 

animals were defined as those with fasting blood 

glucose levels (BGLs) more than 250mg/dL. The 

rats were divided into three groups of six animals 

each (Group-1 (Non-Diabetic control), Group-2 

(Diabetic control), and Group 3 (Geraniin 40mg/kg 

body weight), Group 4 (Pioglitazone 200mg/kg 

body weight) and Group 5 (Pioglitazone 

200mg/kg+ Geraniin 40mg/kg body weight).  

Blood glucose levels were measured once a week 

for the course of the trial using a Roche Accu-Chek 

advantage glucometer to determine the animals' 

hyperglycemic status. The animals that did not 

develop blood glucose levels greater than 

250mg/dL were not included in the study. The rats 

in the control group (n=6) who were given saline 

instead of streptozotocin had normal blood glucose 

levels (120mg/dl). 

Determination of fasting blood glucose  

The rats were fasted for 12-14 hours before blood 

samples were taken from their tail veins to assess 

blood glucose levels using a glucometer. Blood will 

be obtained with a 1-ml needle, put on a glucose 

strip, and quantified using a glucometer after the 

rats' tails have been cleansed with 70% (v/v) 

ethanol. 
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Determination of intra-peritoneal glucose 

tolerance test 

As a baseline, all of the rats were fasted for 12-14 

hours and blood was drawn from the tail vein. The 

rats were then intra-peritoneally administered 2g/kg 

body weight (BW) of a 40% (w/v) glucose solution. 

At 30, 60, 90, and 120 minutes following glucose 

therapy, blood will be drawn from the tail vein and 

tested for blood glucose using a glucometer. 

Diabetes was proven in these rats by fasting blood 

sugar levels of less than 250mg/dl. 

Determination of hemoglobin A1c  

Hemoglobin A1c (HbA1c) will be measured using a 

Clover A1cTM Self Analyzer after blood samples 

from the tail vein are collected and dropped on a 

test cartridge. The percentage of HbA1c in the 

blood sample will be displayed on the Clover 

A1cTM Self Analyzer's LCD screen. 

Bone Mineral Density Measurement 

After blood collecting, the bone mineral density 

(BMD) of the left femur and lumbar vertebrae (L1–

L4) of rats was measured using a dual energy X-ray 

absorptiometry (DEXA) scanning system (Lunar, 

WI, USA). 

 

RESULTS AND DISCUSSION 

The glucose profiles of the positive control group 

(STZ) deteriorated over time (Table No.1). 

However, pioglitazone and geraniin, both alone and 

in combination, were demonstrated to protect 

against diabetes progression. 

HBA1C levels were higher in the positive control 

group than in the normal control group (p 0.05), as 

indicated in Table No.2. In contrast to the positive 

control group, pioglitazone and geraniin, alone and 

in combination, were shown to lower HBA1C 

levels, implying that geraniin plays a favourable 

effect. 

The findings of bone mineral density study revealed 

that diabetic rats had lower lumbar (L1-L4) and 

femoral bone mineral density (BMD), which was 

recovered by Pioglitazone and geraniin alone and in 

combination treatment (p 0.05). The BMD of the 

positive group and the other treatment groups 

differed significantly (Table No.3). These findings 

imply that geraniin may be able to protect bones 

from the effects of anti-diabetic medications. 

Statistical analysis 

The results shall be given as mean ± standard 

deviation (SD). Data obtained from distinct groups 

will be statistically examined using one way 

analysis of variance (ANOVA), followed by 

Tukey’s multiple comparison test. Statistical 

significance is defined as a ‘p' value of less than 

0.05. 

Discussion 

For the first time, evidence of geraniin's preventive 

impact against pioglitazone-related bone loss is 

presented in this work. The preventive impact of 

geraniin on pioglitazone-induced bone loss in 

diabetic male rats was investigated in this study. 

The findings suggest that geraniin, in conjunction 

with pioglitazone, can increase BMD and bone 

quality while also controlling blood glucose. 

Many clinical and preclinical studies have 

previously shown that pioglitazone reduces 

trabecular bone volume, BMD, and BMC15,16. As a 

result, it appears that this antidiabetic drug (and 

other insulin-sensitizing TZDs) can enhance bone 

resorption while decreasing bone formation by 

blocking osteoblast differentiation17. Particularly in 

postmenopausal women18,19. This in vivo animal 

study confirmed that pioglitazone has an effect on 

BMD and trabecular bone volume, which is linked 

to increased bone resorption and decreased bone 

formation, which is consistent with prior major 

research. 

In rats, geraniin was found to exhibit bone-

protective properties20. However, no studies have 

been done to see if geraniin can protect against 

diabetes-induced osteoporosis. Our findings showed 

that an 8-week geraniin therapy can reduce bone 

loss in diabetic rats. In previous research, we 

discovered reduced BMD in diabetic rats when 

compared to normal rats. BMD was lowered by 

pioglitazone, especially in the femur and lumbar 

vertebrae. After therapy with geraniin, the negative 

effects of pioglitazone on femur-BMD were 

completely reversed. 
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This research has certain drawbacks. The 

mechanism of geraniin's impact on pioglitazone-

induced bone loss has not been studied in depth. As 

a strength, this study provides some evidence for 

the preventive effect of geraniin against 

pioglitazone-related bone loss for the first time. 

Further, in vivo investigations and clinical trials are 

recommended to be undertaken to find the vast 

characteristics of this combo therapy and their 

mechanism. 

 

 

 

 

 

 

 

 

 

Table No.1: Effect of Geraniin in combination with pioglitazone on Fasting blood glucose level 

S.No 
Treatment  

Group 
Dose Day 0 Day 7 Day 14 Day 21 

Day 

28 
Day 35 Day 42 Day 49 Day 56 

1 
Normal 

Control 
5mL/kg 

75.22± 

3.2 

74.32 

±2.3 

76.81± 

3.5 

78.40± 

1.7 

79.30 

±1.5 

80.46± 

1.9 

82.40± 

1.05 

83.40± 

1.02 

84.40± 

1.12 

2 
 Positive  

Control 
65mg/kg 

261.54 

±10.2* 

296.35 

±9.8* 

314.21± 

12.62* 

336.72 

±9.6* 

351.72 

±8.4* 

375.72 

±11.5* 

398.72 

±10.5* 

412.72± 

10.2* 

435.72  

±9.6* 

3 Geraniin 40mg/kg 
266.33 

±7.3 

286.25 

±9.4* 

291.22± 

7.8* 

296.28 

±8.2* 

304.35 

±8.8* 

307.35 

±9.8* 

310.35 

±10.2* 

320.35± 

9.2* 

330.35 

±9.7* 

4  Pioglitazone 200mg/kg 
243.32 

±7.3 

235.23 

±9.4* 

215.22± 

7.8* 

210.24 

±8.2* 

180.32 

±8.8* 

150.35 

±9.8* 

126.32 

±10.2* 

101.33± 

9.2* 

90.35± 

9.7* 

5 
 Pioglitazone  

+Geraniin 

200mg/kg, 

+40mg/kg 

248.33 

±7.3* 

227.24 

±9.4* 

210.22± 

7.8* 

186.26 

±8.2* 

165.35 

±8.8* 

140.39 

±9.8* 

110.33 

±10.2* 

90.35± 

9.2* 

85.35± 

9.7* 

Values are expressed as mean ± standard error of the mean (n=6) 

*P<0.001 compared with normal control. 

Table No.2: Effect of Geraniin in combination with pioglitazone on Glycoslyted Haemoglobin (HBA1C) 

S.No Treatment Group Day 28 

1 Normal Control 5.42±0.14 

2 Positive Control 5.80±0.06* 

3 Geraniin 5.68±0.03* 

4 Pioglitazone 5.49±0.14* 

5 Pioglitazone +Geraniin 5.45±0.10* 

Values are expressed as mean ± standard error of the mean (n=6) 

*P<0.001 compared with normal control. 

Table No.3: Effect of Geraniin in combination with pioglitazone on the bone mineral density of the 

lumbar vertebrae and femur bone 

S.No Treatment Group 
Bone Mineral density (mg/cm3) 

Lumbar Vertebrae Femur 

1 Normal Control 178 ± 2.2 220 ± 2.5 

2 Positive Control 78 ± 2.6* 100 ± 2.3* 

3 Geraniin 158 ± 1.5* 200 ± 1.7* 

4 Pioglitazone 70 ± 2.2* 90 ± 2.5* 

5 Pioglitazone +Geraniin 140 ± 2.7* 180 ± 2.3* 

Values are expressed as mean ± standard error of the mean (n=6) 

*P<0.001 compared with normal control. 
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CONCLUSION 

In a diabetes-induced rat model, geraniin enhanced 

bone mass, while co-supplementing geraniin with 

pioglitazone prevented pioglitazone-induced bone 

loss. As a result, it is expected that co-

administration of geraniin with pioglitazone as a 

therapeutic strategy will reduce bone loss and 

fracture risk in T2DM patients using pioglitazone. 

 

ACKNOWLEDGEMENT 

The authors are grateful to King Khalid University's 

Deanship of Scientific Research for sponsoring this 

study through the Large Research Group Project 

under grant number RGP 2 /186/42. 

 

CONFLICT OF INTEREST 

“The authors state that they have no competing 

interests. The funders had no involvement in the 

study's design, data collection, analysis, or 

interpretation, manuscript preparation, or the 

decision to publish the findings”. 

 

BIBLIOGRAPHY 
1. Collaboration NCDRF. Worldwide trends in 

diabetes since 1980: A pooled analysis of 

751 population-based studies with 4.4 

million participants, Lancet, 387(10027), 

2016, 1513-1530. 

2. Al-Goblan A S, Al-Alfi M A, Khan M Z. 

Mechanism linking diabetes mellitus and 

obesity, Dia Met Syn Ob, 7, 2014, 587-591. 

3. Chawla A, Chawla R, Jaggi S. Microvasular 

and macrovascular complications in diabetes 

mellitus: Distinct or continuum? Indian J 

Endocrinol Metab, 20(4), 2016, 546-551. 

4. Valderrabano R J, Linares M I. Diabetes 

mellitus and bone health: Epidemiology, 

etiology and implications for fracture risk 

stratification, Clin Dia End, 4, 2018, 9-10. 

5. Vasudevan A R, Balasubramanyam A. 

Thiazolidinediones: A review of their 

mechanisms of insulin sensitization, 

therapeutic potential, clinical efficacy, and 

tolerability, Diab Technol Ther, 6(6), 2004, 

850-863. 

6. Tyagi S, Gupta P, Saini A S, Kaushal C, 

Sharma S. The peroxisome proliferator-

activated receptor: A family of nuclear 

receptors role in various diseases, J Adv 

Pharm Technol Res, 2(4), 2011, 236-240. 

7. Horii T, Iwasawa M, Kabeya Y, Shimizu J, 

Atsuda K. Investigating the risk of bone 

fractures in elderly patients with type 2 

diabetes mellitus: A retrospective study, 

BMC Endocr Disord, 19(1), 2019, 81. 

8. Aubert R, Herrera V, Chen W, Haffner S, 

Pendergrass M. Rosiglitazone and 

pioglitazone increase fracture risk in women 

and men with type 2 diabetes, Diabetes 

Obes Metab, 12(8), 2010, 716-721. 

9. Zhu Z N, Jiang Y F, Ding T. Risk of 

fracture with thiazolidinediones: An updated 

meta-analysis of randomized clinical trials, 

Bone, 68, 2014, 115-123. 

10. Loke Y K, Singh S, Furberg C D. Long-

term use of thiazolidinediones and fractures 

in type 2 diabetes: A meta-analysis, CMAJ, 

180(1), 2009, 32-39. 

11. Schwartz A V, Chen H, Ambrosius W T, 

Sood A, Josse R G, Bonds D E, et al. 

Effects of TZD use and discontinuation on 

fracture rates in ACCORD bone study, J 

Clin Endocrinol Metab, 100(11), 2015, 

4059-4066. 

12. McDonough A K, Rosenthal R S, Cao X, 

Saag K G. The effect of thiazolidinediones 

on BMD and osteoporosis, Nat Rev 

Endocrinol, 4(9), 2008, 507-513. 

13. Gunton J E, Delhanty P J D, Takahashi S 

I, Baxter R C. Metformin rapidly increases 

insulin receptor activation in human liver 

and signals preferentially through insulin-

receptor substrate-2, J. Clin. Endocrinol. 

Metab, 88(3), 2003, 1323-1332. 

14. Huang W, Castelino R L, Peterson G M. 

Metformin usage in type 2 diabetes mellitus: 

Are safety guidelines adhered to? J. Intern. 

Med, 44(3), 2014, 266-272. 

15. Unni Syversen, Astrid K Stunes, Bjorn I 

Gustafsson, Karl J Obrant, Lars Nordsletten, 



    

Krishnaraju Venkatesan et al. / Asian Journal of Phytomedicine and Clinical Research. 9(1), 2021, 15-20. 

Available online: www.uptodateresearchpublication.com         January – June                                                  20 

 

Rolf Berge, Liv Thommesen, Janne E 

Reseland. Different skeletal effects of the 

peroxisome proliferator activated receptor 

(PPAR) alpha agonist fenofibrate and the 

PPARgamma agonist pioglitazone, BMC 

Endocr Disord, 9(1), 2009, 10. 

16. Vianna A G D, Sanches C P, Barreto F C. 

Review article: Effects of type 2 diabetes 

therapies on bone metabolism, Diab Metab 

Syndrome, 9(1), 2017, 75. 

17. Wei W, Wan Y. Thiazolidinediones on 

PPARγ: The Roles in bone remodelling, 

PPAR Res, 2011, Article ID: 867180, 2011, 

9. 

18. Schwartz A V. TZDs and bone: A review of 

the recent clinical evidence, PPAR Res, 

2008, Article ID: 297893, 2008, 6. 

19. Falchetti A, Masi L, Brandia M L. 

Thiazolidinediones and bone, Clin Cases 

Miner Bone Metab, 4(2), 2007, 103-107. 

20. Li K, Zhang X, He B, Yang R, Zhang Y, 

Shen Z, Chen P, Du W. Geraniin promotes 

osteoblast proliferation and differentiation 

via the activation of Wnt/β-catenin pathway, 

Biomed Pharmacother, 99, 2018, 319-324. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please cite this article in press as: Krishnaraju Venkatesan et al. Role of geraniin in preventing pioglitazone induced 

bone loss in rats, Asian Journal of Phytomedicine and Clinical Research, 9(1), 2021, 15-20. 


