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ABSTRACT

The study aims to determine and compare bone mechanical and material properties in
experimentally diabetic rats treated with ginger extract. Forty female, healthy Wistar
albino rats were used in the study. Rats were divided into five groups; Control (C), Sham
(S), Ginger (G), Diabetic (D), and Diabetic rats treated with Ginger (DG). Diabetes mellitus
was induced by a single intraperitoneal injection of 50 mg/kg streptozotocin. Ginger-
treated rats received 200 mg/kg ginger extract by oral gavage in a 30-day-trial. At the
end of the study, tibiae were harvested and subjected to a three-point bending test.
Plasma samples were also analyzed for calcium and phosphorus concentrations. It was
observed that the bending strength significantly decreased in the groups Ginger (234.78
+ 16.79; P = 0.019) and the Diabetic (223.90 + 29.90; P = 0.028) compared to group
Control (275.75 + 33.47). In addition, the bending strength of the diabetic rats treated
with ginger (DG group; 251.92 + 15.90) was also significantly higher than the rats in the
Ginger and Diabetic groups (P = 0.032 and P = 0.037, respectively). Although the plasma
calcium concentrations showed no differences among any of the groups, the plasma
phosphorus levels decreased significantly in group Diabetic (3.47 + 0.28; P = 0.05)
compared to Control (5.11 + 0.21). However, there was a significant increase in plasma
phosphorus in group DG (4.32 + 0.12; P = 0.05) compared to Diabetic. In conclusion,
ginger extract treatment of diabetic rats improves bone material properties. The adverse
effects of diabetes on the mechanical properties of the bone were prevented by using
ginger extract in diabetic rats.

Keywords: biomechanics, diabetes mellitus, ginger, Zingiber officinale, rats.

DOI: https://doi.org/10.30704/http-www-jivs-net.1120974

To cite this article: Suzer, B., Seyidoglu, N., Tufekci, K., Deniz Karakci, D., Bakir, B. (2022). A Preventive herb against
bone loss in diabetic rats: Zingiber officinale. Journal of Istanbul Veterinary Sciences, 6(2), 76-83. Abbreviated Title: J.

istanbul vet. sci.

Introduction

Diabetes is caused by deficiencies in insulin production
or insufficient insulin production along with
insufficient insulin resistance. Diabetes mellitus (DM) is
a chronic metabolic disease with high blood glucose
levels (Gong, 2012; Moseley, 2012; Yan and Li, 2013).
DM frequently results in crucial complications affecting
the heart, blood vessels, eyes, nerves, and kidneys. In
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addition, adverse effects of diabetes on bone health
have been progressively recognized and reduced and
delayed bone formation were shown in diabetic
animals (Follak et al., 2005).

Bone homeostasis is balanced between bone
resorption by osteoclasts and bone formation by
osteoblasts (Ckarke, 2008). The failure in the balance
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between these two important cell functions leads to
bone loss (Karsenty and Wagner, 2002; William et al.,
2003). Insulin stimulates anabolic effects on bone by
binding receptors on osteoblasts (Thomas et al.,
1996). Thus, decreased insulin levels or reduced
insulin signaling in osteoblasts may cause inhibition of
bone formation in diabetes (Thrailkill et al., 2005;
Gandhi et al., 2006). Diabetes also leads to imbalance
in osteoclast/osteoblast function, and thereby
decreases bone quality (William et al., 2003; Nyman et
al., 2011).

Minerals are important for structural components
of body as well as for regulation of chemical reactions
of body processes. The alteration of bone structure,
bone metabolism rate, endocrine system and calcium-
phosphorus are balanced by nutrients and natural
supplements. Researchers observed that especially
herbal foods can affect bone resorption and have
protective roles against bone loss (Hwang et al., 2018;
Zammel et al., 2018). It is possible to treat bone loss
pharmacologically by inhibiting osteoclastogenesis
and/or by inducing osteoblast activity. Several drugs
such as bisphosphonates, are commonly used for the
treatment of bone loss (Rogers et al., 2011; Das and
Crockett, 2013). However, the effects of plants on
human health have been utilized for thousands of
years (Koehn and Carter, 2005; Jones et al.,, 2006;
Newman and Cragg, 2014). Especially the traditional
herbal medicines have been preferred by clinicians
because of their fewer side effects. These medicines
are also more appropriate for long term treatments
compared to chemically synthesized ones (Hidaka et
al., 1999).

Zingiber officinale (ginger) is a flowering plant
whose rhizome, ginger root, or ginger, has been
commonly used throughout the world as a cooking
spice and has also been used as a natural medicine
due to its anti-inflammatory and pain relief agent for
musculoskeletal diseases in traditional medicines (Ali
et al., 2008; Baliga et al., 2011). There are more than
50 types of antioxidants have been extracted from
ginger. The principal pharmacological activity of ginger
is related to its active compounds such as 2- and 6-
Gingerol (Shukla and Singh, 2007), especially ant-
inflammatory effects of ginger have come from 6-
gingerol (Semwal et al., 2015). The 6-gingerol has anti-
oxidant, anti-tumoral, anti-obesity and anti-diabetic
activities besides its anti-inflammatory properties
(Semwal et al., 2015). In DM patients, ginger
consumption improves glycemic status (Bhandari et
al., 2005; Thomson et al., 2007; Shanmugam et al,,
2011; Mahluji et al., 2013), insulin sensitivity, lipid
profiles (Shanmugam et al., 2011; Huang et al., 2011)
and other metabolic disorders by reducing

inflammatory factors. Moreover, ginger may inhibit
bone loss and contribute bone formation. Zammel et
al., (2018) indicated that ginger extract could depress
osteoclast activation and decrease their number
throughout inhibiting the osteoclastogenesis. Also,
ginger extracts caused improvements in the vertebral
microarchitecture. These researchers also suggested
that the positive effects of ginger may be related to
increasing osteoprotegerin (OPG) and/or decreasing
the receptor activator of nuclear factor-kB ligand
(RANKL) expression by osteoblast. Another study
(Hwang et al.,, 2018) suggested that 6-gingerol
inhibited IL-1-induced osteoclast differentiation, and 6
-gingerol might be useful for inflammatory bone loss
treatments.

According to the knowledge from the previous
studies, ginger seems to be useful to decrease
fracture risk, to inhibit bone loss and enhance bone
strength. The aim of the study is to determine and
compare bone mechanical and material properties in
experimentally diabetic rats treated with ginger
extract.

Materials and Methods

Animals: The experimental protocols were approved
by the National Institute of Health Guide for the Care
and Use of Laboratory Animals and the Animal Care
and Use Committee of Tekirdag Namik Kemal
University, Turkey (Approval No: T2019-232).

In this study, forty female, healthy Wistar albino
rats weighing 150-250 g and aged 4 months old were
used. The animals were housed under standard
laboratory conditions (22+1 oC; 55+10% humidity) in
clear, plastic cages, with stainless steel feed hoppers.
Wood shavings were used as bedding material. Rats
were given tap water and ad libitum access to
commercial rodent diet.

Plant supplementation: Fresh ginger rhizomes were
purchased from a local store and authenticated at
department of Botany in University. The ethanolic
extract of ginger and the experimental design was
prepared using the method described by Shanmugam
et al.,, (2011). The rhizomes were washed and air-
dried. Then the air-dried rhizomes were transformed
into powder mechanically and prepared extract 95%
ethanol for 24 hours. After that, the extract was
filtered and 95% ethanol was added. The process was
repeated three times. The three extracts were pooled
together then filtered and evaporated to dry. As a
result, a dark brown and gelatinous extract was
obtained. Before the onset of the experiment, 200
mg/kg gelatinous extract was dissolved in 2% Tween
80 solution.
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Experimental design and treatment process
(Protocol): The rats were divided into five groups
with eight animals in each group based on previous
mechanobiological studies (Main and Biewener, 2004;
Main et al.,, 2010; Lynch et al., 2010). The total
experiment protocol was maintained for thirty days.
The experimental groups as follows: Control (C); Sham
(S) (2% Tween 80 was applied); Ginger (G) (Oral
gavage 200 mg/kg Ginger extract); Diabetic (D) (50
mg/kg STZ i.p.); Diabetic + Ginger (DG) (Oral gavage
200 mg/kg Ginger extract).

Diabetes mellitus was induced by a single
intraperitoneal injection (i.p.) of 50 mg/kg
streptozotocin (STZ) (Sigma, St. Louis, MO, USA)
dissolved in 50 ml citric acid + 40 ml of disodium
hydrogen phosphate buffer (pH 4.5) was administered
after an overnight fasting. Three days after STZ
administration, fasting blood glucose levels of tail vein
blood of rats were measured by glucometer (Accu-
Chek Instant, Roche, Switzerland). The animals were
labeled diabetic with fasting blood glucose of 250 mg/
dl and above.

Blood analysis: The blood samples were collected
into Ethylenediaminetetraacetic  acid (EDTA)
anticoagulant tubes by heart puncture of the
overnight-fasted rats under isoflurane anesthesia at
the end of the trial. The samples were centrifuged in
the same day at 3000 rpm for 10 minutes to separate
the plasma, transferred the plasma into microtubes
and samples were stored at -80 °C until the analysis
day. The changes of plasma calcium and phosphorus
levels were determined with commercial kits (Calcium
Ref No: 90004, and phosphorus Ref No: 80015,
Biolabo, France) using the spectrophotometric
method, and the parameters were measured by
microplate reader (Biotek, Epoch, USA).

Bone preparation and mechanical testing: Tibiae
were harvested and wrapped with Phosphate-
Buffered Saline (PBS) soaked gauze and frozen at-20°C
until further analyses were conducted (Van Haaren et
al., 2008). Prior to tests, bones were thawed at room
temperature. Then, tibiae were subjected to
mechanical compression test. For three-point bending
tests a custom-made, low strength material testing
machine was used designed and manufactured by
Tufekci et al. (2014). To measure force and
corresponding displacement, the loading machine had
a load-cell (100 N, Tedea Huntleigh Malvern, USA) and
a Linear Variable Differential Transformer (LVDT) (10-
mm stroke, Novotechnik Tr10, Germany). Force and
displacement measurements were recorded by an
oscilloscope (Nicholet-Oddysey XE, USA) at the rate of
50 data/sec. The span length was set to 21mm and

the load was applied at the mid-shaft with a constant
loading speed of 10mm/min (Jast, 2011). Loading was
applied until the bones were broken. Maximum bone
breaking force (Fmax) was obtained from the load-
displacement curve which was the highest value of
the force. After biomechanical test, 2mm sections of
mid-shaft of tibia were taken from the fracture site
and the section were photographed under a
stereomicroscope (Motic, Model: SMZ-168, Hong
Kong). Pictures were transferred to Solidworks R17 3D
CAD software (Dassault Systemes, Waltham, MA; USA)
and cortical area (Acort) and the minimum principal
moment of inertia (Imin) was calculated. Furthermore,
flexural (bending) strength (of), and bending modulus
of elasticity (E) were calculated by using the equations
below respectively:

My

T
= TYUEX

I

min

B FL®
4861

min

Jf =

Where M is the ultimate moment at the middle of the
specimen, Ymax IS the maximum vertical distance
between neutral axis and the outer edge of the
specimens, lni, is the minimum moment of inertia
related the neutral axis, F is the applied force, L is the
length of the support span, & is the deflection due to
corresponding force.

Statistical analysis: Data for the measured
parameters were checked for normally distribution
and assumptions for homogeneity of variance
(Shapiro-Wilk test). If data normally distributed, One-
way ANOVA test was applied, and the differences
between groups were analyzed by the post hoc Tukey
test. If data did not provide normality and
homogeneity assumptions, data were subjected to
Kruskall-Wallis test followed by post-hoc Mann-
Whitney U multiple comparison test of significance
using SPSS (IBM SPSS, Version 23.0, Chicago, IL). The
differences were considered significant at P < 0.05.

Results

Mechanical test measurements for the tibiae of the
rats were presented in the Table I. According to these
results, Fmax Imin, Acort, and elastic modulus showed no
significant differences among experimental groups
(P>0.05). However, changes were observed between
experimental groups in terms of bending strength of
the tibia. It was seen that the bending strength value
significantly decreased in the Ginger and the Diabetic
groups compared to the Control (P=0.019 and
P=0.028, respectively group G and D). In addition, the
bending strength value of the DG (Diabetic+Ginger)
group was also significantly higher than the rats in the
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Table I. Mechanical test measurements for the tibiae of the rats in experimental groups

Groups Fmax of Imi"4 A°°"2 £

(N) (MPa) (mm®) (mm?) (GPa)
Control (C) 62.6 £8.73 275.7 +33.47% 1.30+0.25 3.30+0.32 149+2.12
Sham (S) 60.1+16.84 272.3 £50.80 1.12+0.26 3.43+0.50 13.9+3.01
Ginger (G) 65.7+£5.01 234.8 +16.79% 1.54+0.23 3.76 £0.20 14.7 +4.75
Diabetic (D) 64.5 +15.80 223.9 +29.90™ 1.57+0.53 3.68+0.44 11.3+3.36
Diabetic+Ginger (DG) 67.2+£9.03 251.9 + 15.90° 1.56+0.30 3.61+0.37 16.3+4.26

*n = 40, Data was presented as meanzstandard deviation of the mean. Fmax: Maximum breaking force, of: Bending
strength, Imin: Minimum principal moment of inertia, Acort: Cortical area, E: Elastic modulus. The groups: Control, Sham,
rats supplied with ginger (Ginger), diabetic rats (Diabetic) and diabetic rats treated with ginger (Diabetic+Ginger). a, b, c, d

Superscripts show that there is a difference between the groups indicated with the same letters.
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Figure I. The serum indicators of the rats in the control and experimental groups.

(A), The serum calcium concentration of the rats. (B), The serum phosphorus concentration of the rats. The groups: Cont-
rol, Sham, rats supplied with ginger (Ginger, G), diabetic rats (Diabetic, D) and diabetic rats treated with ginger
(Diabetic+Ginger, DG). * P < 0.05; Diabetic rats versus Control group. # P < 0.05; Diabetic rats treated with ginger versus

Diabetic group.

higher than the rats in the G and the D groups
(P=0.032 and P=0.037, respectively). However, no
significant difference was observed between the
Control and the Sham groups (P>0.05).

The plasma calcium and phosphorus for all the
groups are shown in Figure |. There were no
differences in plasma calcium among any of the
groups (P > 0.05). However, the plasma phosphorus
value in group D was lower than Control (P = 0.05;
5.11 £ 0.21 and 3.47 £ 0.28, respectively group Control
and D), and a significant increase in group DG group
than group D (P = 0.05; 3.47 + 0.28 and 4.32 + 0.12,
respectively group D and DG).

Discussion

Diabetes causes changes and deterioration in bone
metabolism and microarchitecture through various
mechanisms at the bone's structural and molecular

levels. These changes cause detrimental effects on
bone biomechanical properties and increase the risk
of fractures. Furthermore, these changes also cause
impaired healing of the bone tissue (Funk et al., 2000;
Janghorbani et al., 2006; Mashadi et al., 2013).

Ginger (Zingiber officinale) is a perennial tropical plant
belonging to the Zingiberaceae family. Ginger has
been widely used as a food flavoring and herbal
medicine for many years (Mashadi et al., 2013). The
clinical usage of ginger as a medicinal or alternative
therapy is of great interest due to its diverse
influences such as antibacterial, anti-inflammatory,
antihyperglycemic, antitumor, renal protection, and
cardiotonic effect in different systems (Danwilai et al.,
2017; Marx et al., 2017). However, few studies have
assessed on bone strength and bone fracture risk. So,
further research is needed to identify the efficiencies
of ginger intakes for bone health. Therefore, in the
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present study, we focused on some biomechanical
properties of the tibia in diabetic rats treated with
ginger to investigate the potential effects of ginger to
prevent fracture risk.

The bone tissue is a model that has a lifelong cycle
of construction and destruction. Calcium and
phosphorus are the most important factors for the
cycles. Xiao et al., (2015) showed that in diabetic rats,
plasma calcium and phosphorus levels were found
lower than the control ones. It was reported that
decreasing in plasma calcium and phosphorus could
be due to impaired renal reabsorption and osmotic
diuresis by hyperglycemia in diabetic rats. Also, it was
suggested that alteration of calcium may correlate
with abnormality of fasting serum glucose and insulin
levels (Sun et al.,, 2005). In the present study, a
significant decrease in plasma phosphorus in D group
compared to Control (Control: 5.11+0.21 and D:
3.47+0.28, P=0.05). Ginger treatment improved the
phosphorus levels in group DG as to D significantly (D:
3.47+0.28 and DG: 4.32+0.12, P=0.05). However, there
was a slight decrease in plasma calcium in D group
compared to Control, and an increase in DG group
compared to D group. These results may be due to
ginger ingredients which have roles on enhance of
bone phosphorus mobilization. It was reported that
Ginger contains calcium, phosphorus and magnesium
which have important roles on bio-functions,
especially bone formation and curbing muscle spasms
(Kikuzaki and Nakatani, 1993). Also El-Mottaleb et al.,
(2016) reported that aqueous extract of raw ginger
has potential hypoglycemic properties that reflected
on bone formation in diabetic rats treated with ginger.

At and lmin values, which are the geometric
properties of the bone and calculated from the broken
bone section, were not statistically significant.
However, when the mean maximum bone breaking
force (Fnax) values are examined, a higher F. was
observed in the G, D and DG groups than in the
Control group. A similar increase was also observed in
Imin and A.: Values. Therefore, it can be said that the
high strength value in these groups (G, D and DG
groups) was an increase not due to the superiority in
the microstructure of the bone, but rather due to the
geometry. To better evaluate the situation in the
microstructure, the elastic modulus and bending
strength values should be considered. In this study,
the mentioned values were determined by calculating
the relevant values (A.rcand lyin) of the fracture
section of the bone in the computer environment.
When the sham group was compared with the Control
group, it was observed that there was no significant
difference in mechanical and geometric properties.

These findings suggested that operational stress had
no adverse effects on the mechanical and geometrical
properties of the bone in the present study.

The mineral and collagen structure of the bone is
effective on bending strength. Even if the collagen
totally normal, alterations in collagen features may
change the amount and arrangement of the mineral,
which would affect the bone mechanics (Currey,
2003). The modulus of elasticity is mostly influenced
by the mineral structure and depends largely on the
degree of mineralization. Because, the elastic modulus
of collagen is so low (Hamed et al., 2010). Changes in
mineralization have an intense effect on the elastic
modulus of the bone. High mineralization of the bone
cause high elastic modulus values and this causes low
work to fracture (Currey, 1984). In the comparison of
the Control and G groups, it was observed that the
elasticity modulus was barely unchanged and the
bending strength values were lower in the G group.
This result suggested that ginger has an adverse effect
on collagen tissue of the bone in healthy individuals.
To our knowledge, there is only one study mentioned
the detrimental effects of ginger on trabecular bone.
Therefore, our result can be explained with the
research by Khan et al,, (2012), that 6-gingerol has
harmful effects on cancellous bone and consequently
has a negative effect on the mechanical properties of
the bone.

The fact that bending strength was significantly
lower in the D group than the Control group, and the
average value of the elasticity modulus was lower,
although not significant. This result indicates that
diabetes has adverse effects on both collagen tissue
and mineral tissue. Diabetic fractures occur as a result
of decreased bone quality and changes in bone
microarchitecture (Jiao et al., 2015). Insulin induces
osteoblast proliferation and collagen synthesis
(Nyman et al., 2011). The deficiency of insulin
hormone due to diabetes causes disruptions in
collagen production and may causes a decrease in the
bending strength of the bone in diabetic rats.
Katayama et al. (1996) also suggested that AGE
(Advanced glycation end-products)-modified collagen
inhibits osteoblastic differentiation and function in
diabetic animals. In addition, diabetes may negatively
affect the microvascular environment of the bone and
increase bone loss and fracture risk (Shanbhogue et
al., 2017). As mentioned above, in the present study,
the bending strength was lower in the D group than in
the Control group, and the fracture force (Fay) values
were almost the same as in the Control group. This
may occur due to the bone adaptation mechanism;
the bone adapted to balance its deteriorated
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deteriorated microstructure and lost mechanical
properties by increasing volumetrically. However,
there was a significant difference in bending strength
values between the DG group and the D group. The
DG group had higher bending strength and elastic
modulus values compared to the diabetic group,
although there was no significant difference. It can be
concluded that the negative effects of diabetes on the
mechanical properties of the bone were prevented by
using ginger in diabetic rats. In addition, Zammel et al.
(2018) also reported that ginger showed a potential
protective effect by reducing changes in vertebral
microarchitecture and preserving the mineral
composition of the spine.

Conclusion

Despite its mild adverse effects on the collagen and
phosphorus mechanism in healthy rats, ginger
treatment of diabetic rats indicated that it could be
used as supplementary food in diabetic patients due
to the possibility of restoring the mechanical and
material properties and preventing potential fractures
of the bone. Ginger may serve as a potent medicinal
agent for the treatment of reducing fracture
susceptibility in diabetic patients. Moreover, we hope
the current study encourages the researchers to
investigate the mechanisms of ginger extract on bone
biomechanics.
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