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INTRODUCTION 

Diabetes, particularly T2DM, is becoming more 

common worldwide, and there is increasing 

evidence that diabetes is both a cause and a risk 

factor for osteoporotic fractures. Diabetes disrupts 

glucose metabolism, bone microvascular function, 

ABSTRACT 
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glucose oxidative byproducts, and muscle endocrine 

function, all of which weaken bones1. Bones and 

glucose metabolism are inextricably connected, and 

osteoblast development definitely requires glucose2. 

Hyper insulinemia, decreased blood levels of IGF-1, 

presentation of advanced glycosylation of end-

products (AGEs) particularly in collagen following 

hyperglycemia, decreased levels of osteocalcin, and 

renal failure all impact bone tissue (osteopenia and 

osteoporosis). Hypercalciuria is characterized by 

hypercalciuria, microangiopathy, and 

inflammation3. Hyperglycemia and its consequences 

reduce the synthesis of osteocalcin, which is 

necessary for matrix maturation and bone 

mineralization. Oak bark extracts, a biquanide 

antidiabetic medication, is a frequent oral 

prescription for type 2 diabetes therapy (non-insulin 

dependent). 

Despite the fact that it has been used for over 40 

years, no one knows how it works4. Oak bark 

extracts are a first-line oral medication for T2DM 

because they are inexpensive and safe, with little 

risk of hypoglycemia, little weight gain, and 

minimal adverse effects5. Oak bark extracts have 

been found to have no impact on glucose levels in 

non-diabetic people, which supports the use of oak 

bark extracts as an adjuvant medicine, notably in 

the treatment of bone disorders6,7. Geraniin is a 

dehydroellagitannin discovered in geraniums with a 

wide range of bioactivities. Geraniin's antiresorptive 

action was connected to the down regulation of 

matrix metalloproteinase and carbonic anhydrase II, 

the researchers wanted to investigate if geraniin 

might potentiate oak bark extracts against diabetic 

drug-induced bone damage. 

 

MATERIAL AND METHODS 

Animals 

Healthy male wistar albino rats weighing 180 to 

240g and aged 3 to 4 months were utilized in the 

investigation. The animals were taken from the 

Central Animal House of King Khalid University in 

Abha, Saudi Arabia. The animals were housed in 

cages throughout the trial and fed a standard pellet 

diet and filtered water ad libitum under standard 

conditions (light/dark cycle of 12 h/12 h, 50-70 

percent humidity, 25°C 3°C). The animals were 

acclimatized to the laboratory environment for 14 

days. The therapy was carried out in accordance 

with the permission of King Khalid University's 

animal ethics committee and the National Institute 

of Health's standards for the care and use of 

laboratory animals in the United States (NIH 

Publication No. 85-23, revised 1996). 

Induction of diabetes 

To induce diabetes in the animals, the pancreatic-

cell toxin streptozotocin (STZ) (Sigma Chemical 

Co., freshly dissolved in sterile saline, 0.9 percent) 

was administered intra peritoneally at a dosage of 

65mg/kg body weight8,9. In the control group, all of 

the rats were given the same quantity of vehicle. An 

intra peritoneal injection of the pancreatic-cell toxin 

streptozotocin (STZ) at a dosage of 65mg/kg body 

weight was used to cause diabetes in the rats. The 

rats in the control group were all given the same 

amount of vehicle. STZ was weighed individually 

for each animal, solubilized with 0.1ml of freshly 

prepared cold Na-citrate buffered (NaB-0.1 M, pH 

4.5) solution, and given within 5 minutes to prevent 

deterioration.  

The volume of STZ injection was determined to be 

1.0ml/kg. Rats were administered a 5% glucose 

solution for 48 hours after receiving STZ to 

counteract the drug's substantial acute 

hypoglycemia impact. Three days following STZ 

injection, blood was taken from the tail vein and 

analyzed for blood glucose using a glucometer 

(Aqua-Check, Roche). Animals having fasting 

blood glucose levels (BGLs) more than 250mg/dL 

were classified as Group 1: Non-Diabetic control, 

Group 2: Diabetic control, Group 3: Geraniin 

40mg/kg body weight, Group 4: oak bark extracts 

100mg/kg body weight, and Group 5: Oak bark 

extracts 100mg/kg + Geraniin 40mg/kg body 

weight) were divided into five groups of six rats 

each. To evaluate the animals' hyperglycemic state, 

blood glucose levels were tested once a week using 

a Roche Accu-Chek glucometer. The study did not 

include the animals which did not acquire blood 

glucose levels more than 250mg/dL. The rats 

administered saline instead of streptozotocin in the 
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control group (n=6) had normal blood glucose 

levels (120mg/dl). 

Determination of fasting blood glucose 

Blood samples were collected from the rats' tail 

veins to measure blood glucose levels using a 

glucometer after they had been fasted for 12-14 

hours. After the rats' tails have been cleaned with 

70% (v/v) ethanol, blood will be drawn using a 1-ml 

needle, placed on a glucose strip, and measured 

with a glucometer. 

Determination of intra-peritoneal glucose 

tolerance test (IPGTT) 

All of the rats were fasted for 12-14 hours before 

blood was collected from the tail vein as a baseline. 

The rats were subsequently given 2g/kg body 

weight (BW) of a 40% (w/v) glucose solution intra-

peritoneally. Blood will be taken from the tail vein 

and analyzed for blood glucose using a glucometer 

after 30, 60, 90, and 120 minutes after glucose 

treatment. Fasting blood sugar values of more than 

250mg/dl were used to diagnose diabetes in these 

rats. 

Determination of hemoglobin A1c 

After blood samples from the tail vein are collected 

and placed on a test cartridge, haemoglobin A1c 

(HbA1c) will be analyzed using a Clover A1cTM 

Self Analyzer.  

Bone Mineral Density Measurement 

After blood was taken, the BMD of the left femur 

and lumbar vertebrae (L1–L4) of rats was measured 

using dual energy X-ray absorptiometry (DEXA) 

scanning equipment. 

 

RESULTS AND DISCUSSION 

The positive control group's (STZ) glucose profiles 

worsened with time (Table No.1). On the other 

hand, treatment with oak bark extracts, geraniin, or 

oak bark extracts + geraniin was observed to delay 

the progression of diabetes. 

Table No.2 shows that HBA1C levels were higher 

in the STZ group than in the normal control group 

(p<0.05). Oak bark extracts, geraniin, and oak bark 

+ geraniin all had lower HBA1C levels than the 

STZ group, suggesting that geraniin had a beneficial 

impact. 

The results of a bone mineral density research 

indicated that diabetic rats had decreased lumbar 

(L1–L4) and femoral bone mineral density (BMD), 

which may be improved with the use of geraniin 

and oak bark extracts (p<0.05). The STZ, oak bark 

extracts, and Geraniin groups have significantly 

different BMD (Table No.3). These data suggest 

that geraniin enhances the ability of oak bark extract 

to raise BMD in diabetic rats. 

Statistical analysis 

The data must be presented as a mean and standard 

deviation (SD). A  “p” value of less than 0.05 is 

considered statistically significant. iance (ANOVA) 

and Tukey's multiple comparison test will be used 

to statistically analyse the data. 

Discussion 

Diabetes mellitus is associated with poor bone 

health and an increased risk of fracture, even in 

people who have a normal or higher BMD. Diabetes 

mellitus causes a variety of skeletal disorders, the 

causes of which are unclear. Anti-diabetic 

medicines can have a positive or negative impact on 

bone metabolism. With the expanding global 

incidence of T2DM, which predisposes patients to 

osteoporosis and an increased risk of fractures, there 

is an increasing need to evaluate anti-diabetic 

medication skeletal effects and investigate their 

impact on osteoporotic fracture healing. Oak bark 

extracts inhibit ovariectomy (OVX) induced 

trabecular bone loss and decrease bone mineral 

density. 

According to two studies in ovariectomized rats, 

OVX causes ovarian cancer10,11. In rats, geraniin 

revealed to have bone-protective properties12. 

However, no studies have been carried out to see if 

geraniin can protect against osteoporosis induced by 

diabetes. According to our findings, an 8-week 

geraniin therapy decreased bone loss in diabetic 

rats. In this study, the positive control rats had a 

lower BMD and a higher blood glucose level, 

indicating that the rat model had been successfully 

developed. The combination group's markers 

improved considerably after 8 weeks of treatment, 

demonstrating a preventive effect against diabetes-

induced bone loss in rats. 
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Table No.1: Effect of Geraniin in combination with oak bark extracts on Fasting blood glucose level 

Treatment 

Group 
Dose Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 42 Day 49 Day 56 

Normal 

Control 
5mg/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 

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* 

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* 

Oak bark 

extracts 
100mg/kg 

275.313± 

7.1 

240.15± 

9.5* 

239.24± 

7.7* 

215.28± 

8.4* 

177.27± 

8.9* 

150.58± 

9.7* 

121.33± 

10.4* 

105.05± 

9.2* 

90.026± 

9.4* 

Oak bark 

extracts + 

Geraniin 

100mg/kg, 

+40mg/kg 

256.83± 

7.3 

235.75± 

9.3* 

210.72± 

7.6* 

198.62 

±8.1* 

163.15± 

8.7* 

142.35± 

9.6* 

109.45± 

10.3* 

90.075± 

9.4* 

85.025± 

9.8* 

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 oak bark extracts on Glycoslyted Haemoglobin: 

(HBA1C) 

S.No Treatment Group Day 28 

1 Normal Control 5.48±0.12 

2 Positive Control 5.82±0.04* 

3 Geraniin 5.64±0.01* 

4 Oak bark extracts 5.47±0.16* 

5 Geraniin +  Oak bark extracts 5.44±0.17* 

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 oak bark extracts 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 176 ± 2.1* 221 ± 2.3 

2 Positive Control 74 ± 2.4* 102 ± 2.5* 

3 Geraniin 156 ± 1.7* 199 ± 1.3* 

4 Oak bark extracts 135 ± 2.4* 167 ± 2.7* 

5 Oak bark extracts  +   Geraniin 149 ± 2.6* 189 ± 2.5* 

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

*p<0.001 compared with normal control. 

 

 

 

 

 

 



    

Krishnaraju Venkatesan. et al. /Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 9(3), 2021, 103-107. 

Available online: www.uptodateresearchpublication.com        July – September                                            107 

 

CONCLUSION 

Oral administration of geraniin and Oak bark 

extracts, either alone or in combination, protects 

against diabetic-induced osteoporosis, according to 

the findings. The beneficial benefits of geraniin 

were increased when it was combined with Oak 

bark. This was demonstrated by increased BMD, 

reduced HBA1C, and lower blood glucose levels. 

As a result of the current findings, geraniin may be 

utilized as a supplement in diabetics. 
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