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Abstract

Osteoporosis is a condition marked by a loss of bone mass and degradation of the bone microstructure, both of which
lead to increased fragility and consequent fragility fractures, particularly in the elderly. Rhizoma Drynariae (DRE) is
one of the most often used herbal remedies for osteoporosis therapy. Transdermal drug administration is a well-
established new method for drug delivery that offers numerous benefits over conventional routes.
Wistar albino rats were split into five groups of six rats each: vehicle control, diabeticgroup, DRE group,
Canagliflozin (CGF), and CGF + DRE group. Each medication was given by gastric gavage once a day for 35 days.
The drug canagliflozin appears to raise the risk of fractur. When compared to the control group, DRE treatment
increased bone strength at the femoral diaphysis in osteoporotic fractures in rats by increasing ultimate load and
stiffness.
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The goal of this study is to investigate the anti-osteoporosis effects of DRE in diabetic rats co-treated with CGF.
Blood glucose levels and bone mineral density (BMD) were measured. According to the data, DRE produced a
significant increase in bone amount. DRE may help prevent and cure diabetic osteoporosis by increasing bone mineral
density, according to one study.

Keywords: Rhizoma Drynariae Diabetic osteoporosis, Streptozotocin induced diabetes, Canagliflozin.

Introduction

Diabetes and osteoporosis are both connected to
an increased risk of fracture in the elderly
population. Natural materials, which serve as
sources of inspiration, are used in many modern
treatments. Diabetes affects an estimated 422
million people worldwide, and its prevalence
increases with age, reaching 25% among people
over 65 in the United States. In the same way, the
chance of getting osteoporosis rises with age; as a
result, diabetes and osteoporosis are common
among the elderly. Diabetes patients had a greater
fracture risk despite having higher bone mineral
density (BMD) than those without the disease.
This apparent contradiction might be caused by
poor bone quality, diabetic issues, physical
disability, or an increased chance of falling. It's
critical to investigate how osteoporosis treatments
influence bone health in diabetics.1Canagliflozin
(CGF), a sodium glucose cotransporter2 (SGLT2)
inhibitor used to treat people with T2DM (type 2
diabetes mellitus), reduces plasma glucose by
increasing glucose excretion in the urine.

Results from a phase3 study in older T2DM
patients aged 55 to 80 years showed that
canagliflozin was associated with a small but
statistically significant reduction in bone mineral
density (BMD) at the total hip over 104 weeks, as
well as increases in the bone turnover markers.4

Rhizoma Drynariae (DRE) is one of the most
commonly prescribed herbal remedies for
postmenopausal women with osteoporosis.

DRE has been found to increase the amount of
Foxc2 expression in bone marrow mesenchymal
stem cells, triggering osteogenic differentiation,
and it has also been shown to have a higher
binding affinity for oestrogen receptor (ER),
resulting in osteogenesis.5 Furthermore, a prior

study found that a combination of DRE and
alendronate improved fracture healing and callus
development in a rat model of osteoporotic
fracture.6 Despite its efficacy, DRE has the
potential to cause gastrointestinal adverse effects,7

necessitating the development of a method to
mitigate these side effects.8-10

In previous studies, DRE extracts were shown to
increase osteoblastic activity. In the setting of
diabetic rats co-treated with CGF, DRE on the
other hand, is rarely investigated on its own. As a
result, the objective of this study is to investigate
if DRE may help prevent bone loss in diabetic
rats.

Materials and Methods

Animals:

Healthy male Wistar albino rats, aged 3 to 4
months and weighing 180 to 240 g, 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 experiment
and fed a standard pellet meal 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 acclimatised to the
laboratory environment for 14 days. The therapy
was carried out with the consent of King Khalid
University's animal ethics committee and in
accordance with 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).
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Induction of diabetes:

The pancreatic-cell toxin streptozotocin (STZ)
was given intraperitoneally at a dose of 65 mg/kg
body weight to cause diabetes in the rat (Sigma
Chemical Co., freshly dissolved in sterile saline,
0.9 percent).11 All of the rats in the control group
got the same amount of vehicle. To avoid
deterioration, STZ was weighed separately for
each animal, solubilized with 0.1 ml of freshly
generated cold Na citrate buffered (NaB-0.1 M,
pH 4.5), and administered within 5 minutes. STZ
was calculated to have a volume of 1.0 ml/kg. To
counteract the significant immediate
hypoglycemia effect of STZ, rats were given a 5%
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). Fasting blood glucose levels (FGLs) in
diabetic rats were greater than 250 mg/dL.
Animals were divided as follows. Control
(vehicle, Non- diabetic control, n = 6), Diabetic
control (STZ), DRE (100/kg/day, n = 6), CGF(40
mg/kg/day, n = 6), and combination group (DRE
100/kg/day and CGF40 mg/kg/day, n = 6). Each
medication was given by gastric gavage once a
day for 35 days. Throughout the trial, the animals
were examined daily for symptoms of illness.

There were no animals that were really sick or
died before the completion of the trial. Blood
glucose levels were measured once a week for the
course of the research using a Roche Accu Chek
advantage glucometer to assess the animals'
hyperglycemic condition. The rats in the control
group (n=6) that were given saline instead of
streptozotocin had normal blood glucose levels
(120 mg/dl).

Determination of fasting blood glucose:

After the rats had been fasted for 12–14 hours,
blood samples were taken from their tail veins to
test blood glucose levels using a glucometer.
Blood will be taken with a 1-ml needle, put on a
glucose strip, and quantified with a glucometer
after the rats' tails have been washed with 70%
(v/v) ethanol.

Determination of hemoglobin A1c:

Haemoglobin A1c (HbA1c) will be measured
using a Clover A1cTM Self Analyzer after blood
samples from the tail vein are obtained and placed
on a test cartridge. The proportion of HbA1c in
the blood sample will be shown on the Clover
A1cTM Self Analyzer's LCD screen.

Bone Mineral Density Measurement:

The BMD of the left femur and lumbar vertebrae
(L1–L4) of rats was evaluated using a dual energy
X-ray absorptiometry (DEXA) scanning system
after blood was collected (Lunar, WI, USA).

Results

The positive control group's (STZ) glucose
profiles worsened with time (Table-1). DRE, on
the other hand, has been shown to protect against
diabetes development.
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Table-1: Effect of DRE on Fasting blood glucose level:

Values are expressed as mean ± standard error of the mean (n=6)
*P<0.001 compared with normal control.

HBA1C levels were higher in the positive control
group than in the normal control group (p<0.05),
as indicated in table 2. In contrast to the positive

control group, DRE was shown to lower HBA1C
levels, implying a favourable effect.

Table-2: Effect of DRE on Glycoslyted Haemoglobin (HBA1C)

Values are expressed as mean ± standard error of the mean (n=6)
*p<0.001 compared with normal control.

DRE treatment improved lumbar (L1–L4) and
femoral bone mineral density (BMD) in diabetic
rats (p<0.05). The BMD of the positive group was
significantly higher than that of the other

treatment groups (Table-3). These findings show
that DRE may be able to protect bones from the
effects of hyperglycemia.

Treatment
Group

Dose Day 0 Day 7 Day 14 Day 21
Day
28

Day 35 Day 42 Day 49 Day 56

Normal
Control

5 mL/
kg

78.12±3
.2

76.32±
2.3

77.61±2
.6

75.40±
1.7

78.60
±1.4

83.36±
1.7

82.40±
1.06

84.40±
1.02

86.40±
1.12

Positive
Control

65
mg/kg

263.54±
8.2*

296.35±
7.8*

316.21±
10.62*

37.73±
8.8*

352.7
2±8.4

*

372.76
±11.5*

394.75
±10.5*

413.73
±10.4*

437.75
±8.6*

DRE
100

mg/kg
267.33±

6.3
262.25±

8.6*
268.12±

7.8*
274.28
±7.2*

291.3
5±7.5

*

302.34
±8.8*

306.36
±10.5*

323.35
±

7.2*

324.32
±8.7*

CGF
40

mg/kg
263.33±

8.6
247.25±

11.4*
235.22±

7.5*
213.28
±7.6*

182.2
8±7.6

*

152.55
±8.7*

125.45
±8.2*

103.15
±

7.2*

93.035
±7.7*

DRE
+CGF

100
+40

mg/kg

262.33±
8.6

246.25±
10.5*

234.22±
8.6*

212.28
±7.6*

183.2
8±7.6

*

152.55
±7.7*

125.45
±6.2*

103.15
±

7.2*

92.135
±9.7*

Treatment Group Day 28
Normal Control 5.45±0.17
Positive Control 5.71±0.06*

DRE 5.59±0.04*
CGF 5.42±0.05*

DRE +CGF 5.44±0.03*
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Table-3: Effect of DRE on the bone mineral density of the lumbar vertebrae and femur bone

Bone Mineral density(mg/cm3)
Treatment Group Lumbar Vertebrae Femur

Normal Control 176 ± 2.2 223 ± 2.3
Positive Control 78 ± 2.4* 104 ± 2.5*

DRE 156 ± 1.5* 204 ± 1.8*
CGF 96 ± 2.6* 106± 2.4*

DRE +CGF 162 ± 1.5* 199 ± 1.8*
Values are expressed as mean ± standard error of the mean (n=6)
*p<0.001 compared with normal control.

Statistical analysis:

The information was presented in the form of a
mean and standard deviation (SD). One way
analysis of variance (ANOVA) and Tukey's
multiple comparison test will be used to
statistically analyse data from various groups.
Statistical significance is defined as a 'p' value of
less than 0.05.

Discussion

Some studies have found an increase in cortical
porosity in persons with type 2 diabetes, although
not all, which might explain why this cohort has a
higher fracture risk while having higher BMD.
Pharmacological effects12 of DRE on
osteoporosis, bone fractures, and joint disorders
have been discovered.13DRE enhances the ability
of recombinant alendronate to inhibit osteoclast
bone resorption, according to a previous study.

In pre-osteoblasts,14 DRE treatment promoted
osteoblast development and mineralization, while
inhibiting bone loss in rodent osteoclasts.15 In
rats, DRE therapy has been shown to enhance
BMD and trabecular number. In a rabbit bone
defect model, DRE extracts were found to
stimulate bone growth on the edges of bone
lesions. Moreover, numerous pharmacological
investigations have shown that DRE has a variety

of biological effects, including
immunoregulatory,16,17 anti-inflammatory, and
neuroprotective properties.19,20

Canagliflozin had no effect on calcium
homeostasis or hormones that regulate calcium
homeostasis in clinical trials. Canagliflozin
caused increases in bone turnover indicators and
reductions in BMD at the whole hip, but not at
other locations, which were linked to weight loss.
Within 12 weeks, canagliflozin was linked to a
greater fracture rate, especially in the distal
extremities.21In the current research, we found
that DRE had positive effects on glycosylated
haemoglobin and BMD.

Conclusion

Our results suggest that DRE may promote bone
mass in diabetic osteoporosis and it could be used
as an alternative supplement in the prevention and
treatment of bone loss induced by Canagliflozin
in diabetic rats.
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