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The present study investigates the expression of long non-coding RNA hypoxia-inducible factor-1
alpha-antisense 1 in albino rats with type 2 diabetes mellitus and its correlation with bone mineral density
and bone metabolism markers. The research included comparing type 2 diabetes mellitus albino rats with
healthy controls. The diabetic model was confirmed by significant weight loss and elevated blood glucose levels
after a high-fat diet and streptozotocin injection. Serum analysis showed that diabetic rats had significantly
lower calcium levels and higher alkaline phosphatase levels compared to controls. Bone mineral density
was measured using dual-energy X-ray absorptiometry before and after ovariectomy in two groups of rats.
Post-ovariectomy, control group exhibited a significant reduction in bone mineral density, confirming the
establishment of an osteoporosis model. Reverse transcription polymerase chain reaction analysis revealed
that long non-coding RNA hypoxia-inducible factor-1 alpha-antisense 1 expression was significantly lower
in diabetic rats compared to controls. These findings suggest that long non-coding RNA hypoxia-inducible
factor-1 alpha-antisense 1 is inhibited in diabetic osteoporotic rats and may play a role in the bone metabolism
alterations observed in type 2 diabetes mellitus.
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Despite growing awareness, the prevalence of
Diabetes Mellitus (DM) continues to rise, posing
a significant global health challenge. According to
Saeedi et al.l'l, about 463 million individuals were
affected by DM in 2019, with forecasts representing
a rush to 700 million persons by 20452, Type 2
DM (T2DM), instituting over 90 % of all diabetes
cases, signifies a main hormonal metabolic
disorder categorized by raised blood glucose
levels due to insulin deficiency and dysfunction®.
Diabetes Induced Osteoporosis (DOP) develops
as a DM complication, primarily stemming
from long-term disruptions in carbohydrate,
fat, and protein metabolism*. DOP reveals
through lessened bone mass, reduced trabecular
connectivity, compromised microstructural
integrity, cortical thinning, and sensitive fracture
susceptibility®!. Present management tactics for
DOP comprise of dietary alterations and physical
activity involvements with a combination of
anti-osteoporosis agents and hypoglycemic
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medications!®l.

Growing evidence recommends that T2DM
patients display compromised cortical bone
microarchitecture and trabecular, influencing them
torupturesor fractures or fissuresrisk by influencing
hormonal variations, osteogenic difference, and
Calcium (Ca) imbalance!”?®. Accordingly, there is
a pressing requirement to report fissure prevention
and osteoporosis in diabetic patients®. However,
the particular mechanisms underlying DOP and the
interaction between bone metabolism and raised
sugar levels remain vague.

Hypoxia-Inducible Factor-1 (HIF-1), a potent
transcriptional activator, has been associated in
controlling osteogenic variation and contributing to
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the pathogenesis of DM and its complications!®13],
Emerging studies have identified long non-coding
RNA HIF-1 Alpha-Antisense 1 (IncRNA HIF1A-
AS1), a IncRNA regulated by HIF-1a, which plays
a role in osteogenic differentiation!'*. However,
there is a dearth of research on the relevance of
IncRNA HIF1A-ASI in rodent models of T2DM
combined with DOP. Therefore, our study aims
to investigate the expression levels of IncRNA
HIF1A-AS1 in albino rats with T2DM compared
to healthy controls and its correlation with Bone
Mineral Density (BMD) and bone metabolism
markers.

MATERIALS AND METHODS

Animals:

The research involved 20 adult albino rats,
with an initial weight ranging from (180-220)
g, accommodated under standard boarding
conditions. These conditions included a room
temperature maintained at 22°-25°, a regular light/
dark cycle, and unrestricted access to food and
water ad [libitum. The study received approval
from the Ethical Committee of Pingshan District
Peoples’s Hospital of Shenzhen.

Induction of T2DM:

Twenty albino rats were randomly allocated into
two groups, with each group consisting of ten rats.
The control group received a standard rat diet and
intraperitoneal injections of 2 ml of 0.05 M citrate
buffer. In contrast, the diabetic group underwent
overnight fasting and induction of diabetes via a
single intraperitoneal injection of Streptozotocin
(STZ) (Sigma, United States of America (USA)) at
a dose of 40 mg/kg body weight, dissolved in 2 ml
of 0.05 M citrate buffer!’”l. STZ, a glucosamine-
nitrosourea compound, acts as a chemotherapeutic
agent and irreversibly damages pancreatic B-cells
through Deoxyribonucleic Acid (DNA) alkylation
and free radical generation, leading to the onset
of T2DM!'171 Following STZ administration, the
rats were provided ad libitum access to food and
water, along with a 5 % glucose solution after 6
h to prevent hypoglycemic shock. The diabetic
condition was confirmed by measuring fasting
blood glucose levels from the rat tail 72 h post-
STZ injection, with rats exhibiting blood glucose
levels exceeding 150 mg/dl classified as diabetic
181 Subsequently, the rats were maintained on a
standard rat diet for duration of 8 w.
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Establishment of DOP rat model:

Prior to modeling, BMD assessments were
conducted using dual-energy X-ray absorptiometry
(NORLAND Corporation, USA)!", Subsequently,
ovariectomy was performed on rats in the control
group to induce the DOP model. Briefly, rats
were anesthetized with 3 % pentobarbital sodium
(30 mg/kg; Sigma-Aldrich, USA) prior to the
operation and immobilized. The surgical area
was prepared by shaving the hair and making an
incision in the skin, followed by removal of the
ovaries through a retroperitoneal approach. Upon
ligating blood vessels for hemostasis, the incision
was closed layer by layer. Postoperatively, 80x10*
U penicillin (Batch No: S100824, Shanghai
Xianfeng Pharmaceutical Co., Ltd., China) was
administered intramuscularly twice daily for 3
consecutive days to prevent infection. Conversely,
rats in the diabetic group did not undergo any
surgical intervention. After an 8 w period, BMD
measurements were repeated using dual-energy
X-ray absorptiometry to verify the successful
establishment of the DOP model in the rats.

Biochemical analysis:

Biochemical analysis was conducted following the
manufacturer’sprotocolsusingaspectrophotometer
(Biosystems, USA). The commercial kits utilized
included those for assessing serum levels of
Alkaline Phosphatase (ALP) and Ca.

Quantitative Reverse Transcription-Polymerase
Chain Reaction (qRT-PCR) for IncRNA HIF1A-
AS1:

Femoral tissues from both groups were initially
treated with 2-3 ml of TRIzol (Invitrogen,
Carlsbad, California, USA), then cut into pieces
and thoroughly ground into homogenate powder.
The resulting samples were transferred into 1.5 ml
Eppendorf tubes (EP) (Hamburg, Germany) and
incubated at room temperature for 5 min to ensure
complete lysis. Total Ribonucleic Acid (RNA)
extraction was performed using the following
procedure.

Nucleic acid extraction: Serum RNA was
extracted utilizing a blood RNA extraction kit and
an automated nucleic acid extractor.
Complementary DNA (cDNA) synthesis: A 10 ul
reverse transcription reaction system was prepared
on ice, comprising 2.0 pl of 5x Prime Script

May-June 2024



www.ijpsonline.com

RT Master Mix, 400 ng of RNA, and Diethyl
Pyrocarbonate (DEPC) water. RT was conducted
at 37° for 15 min, followed by 85° for 1 min.

qRT-PCR reaction: The reaction mixture was
prepared on ice, and 20 ul was dispensed into a
96-well plate. Each reaction contained cDNA (2
pl), gPCR SYBR green mix (10 pl), upstream and
downstream primers (0.8 pl each), and double-
distilled Water (ddH,O) (6.4 ul). The Applied
Biosystems PCR machine was employed for the
reaction under the following conditions; pre-
denaturation at 95° for 1 min, followed by 40
cycles of denaturation at 95° for 15 s, annealing at
60° for 30 s and extension at 72° for 40 s.

Data analysis: Following the reaction, a melt curve
analysis was conducted, and the Cycle threshold
(Ct) value was determined as the cycle number
at which the signal reached the set threshold.
Glyceraldehyde  3-Phosphate  Dehydrogenase
(GAPDH) expression served as an internal
reference to establish a standard curve. LncRNA
HIF1A-AS1 expression was calculated using the
ACt method, where “Ct="Ct (LncRNA HIF1A-
AS1)-2Ct (GAPDH).

Statistical analysis:

Data processing and analysis for this study were
conducted using Statistical Package for the Social
Sciences (SPSS) 22.0 and GraphPad Prism 5.0
software. Normal distribution tests were performed
on all continuous variables, and the results were
presented as "x£SD" (mean+Standard Deviation).

RESULTS AND DISCUSSION

After randomly selecting 20 albino rats, their
BMD was measured using dual-energy X-ray
absorptiometry (Table 1). Subsequently, all
rats were divided randomly into two groups;
the control group (n=10) and the diabetic group
(n=10). Rats in the control group underwent
ovariectomy, while those in the diabetic group did
not receive any operative treatment. Following
an 8 w period, BMD was measured again using
dual-energy X-ray absorptiometry (Table 1). The
findings indicated that BMD in the control group
after ovariectomy was significantly lower than that
before the procedure. Furthermore, BMD in the
control group post-ovariectomy was notably lower
than that of the diabetic group, with statistically
significant differences observed (p<0.05). These
results suggest the successful establishment of the

May-June 2024

Indian Journal of Pharmaceutical Sciences

osteoporosis model in rats.

In the T2DM model group, rats exhibited a
significant reduction in body weight compared to
the control group from 4 w to 8 w, indicative of
diabetic weight loss (Table 2). Additionally, the
blood glucose levels of rats in the diabetic group
were higher than those in the control group after 4
w of high-fat diet feeding and STZ injection (Table
2).

Evaluation of serum levels of Ca and ALP revealed
that diabetic rats had significantly (p<0.05) lower
serum Ca levels and significantly (p<0.05) higher
ALP levels compared to control rats (Table 3).

Femoral tissues were extracted from 4 rats in
each group, smashed and mixed evenly, followed
by extraction of total RNA. The expression of
IncRNA HIFIA-AS1 in control group and diabetic
group was detected via RT-PCR. As shown in fig.
1, the expression of IncRNA HIFIA-AS1 in control
group was significantly declined when compared
with diabetic group, and the difference was
statistically significant (p<0.05). This indicated
that the expression of IncRNA HIFIA-AS1 was
significantly inhibited in DOP rats.

DOP, a severe complication affecting the
skeletal system, represents a form of secondary
osteoporosis characterized by diminished bone
mass, compromised microstructure and increased
susceptibility to fractures. Studies indicate that
individuals with diabetes face a heightened risk
of reduced bone mass and osteoporosis, a trend
exacerbated by improving living standards and
dietary changes. The multifaceted pathogenesis
of DOP involves factors such as hyperglycemia,
oxidative stress, and the accumulation of advanced
glycation end-products, compounded by adverse
effects of certain antidiabetic medications on
bone formation. Additionally, due to subtle early
symptoms and limited treatment options, DOP
awareness among patient’s remains low, leading
to significant disability rates and financial
problems??.  Existing diagnostic procedures
for DOP, chiefly depend on DXA and CT scans,
present challenges due to operational complexities,
and equipment costs, potential measurement
variations, that established an urgent need to find
reliable biomarkers 2!,

Sustaining bone homeostasis relies on a gentle
balance between osteoclastic bone formation and
resorption. The elevated serum sugar levels in
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DM can interrupt this balance and contribute to
osteoporosisi?'. LncRNAs are decisive regulators
of various cellular processes, which gathered much
attention for their contribution in DOP particularly
in osteoblast mineralization and proliferation!?*24,
A key transcriptional regulator, HIF-1a has been
widelystudiedinorthopedics,influencingosteoblast
variation in numerous bone-related ailments. In
addition, IncRNA HIF1A-AS1 originating from
the 5' region of the HIF-1a gene!™!, displays ability
in understanding osteoporosis?®2?%, In this study, a
statistically significant (p<0.05) higher expression
levels of IncRNA HIF1A-AS1 exhibited in the
diabetic group, compared to control group (fig.
1). BMD and serum bone metabolism markers,
including Ca and ALP, are critical indicators of
bone health. In our present study observation,
we noticed that the diabetic group showed
significantly (p<0.05) lesser BMD and Ca levels
(Table 1 and Table 3), with ALP levels standing
higher (Table 3). Further investigation specified
positive correlations between IncRNA HIF1A-
AS1 and ALP (p<0.05) and negative correlations
with BMD and Ca (p<0.05). These findings
suggest that overexpression of IncRNA HIF1A-
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AS1 in T2DM patients may prevent osteoblastic
mineralization induced by high blood sugar levels,
possibly leading to reduced BMD, improved bone
resorption, and heightened osteoporosis risk.
Hence, IncRNA HIF1A-AS1 appears as a crucial
factor in preventing osteoblastic mineralization
under diabetic conditions, with diagnostic
implications justifying further examination and
application.

In conclusion, our present study validates the
expression of IncRNA HIF1A-AS1 in T2DM
albino rats and its correlation with BMD and bone
metabolism markers. A statistically significant
higher expression level of IncRNA HIF1A-ASI1
exhibited in the diabetic group, compared to control
group, indicating its possible association in the
altered bone metabolism related with T2DM. Also,
the diabetic group showed significantly (p<0.05)
lesser BMD and Ca levels (Table 1-Table 3), with
ALP levels standing higher. Overall, these results
shed light on the mechanisms underlying bone
health in T2DM complications, including DOP,
and may cover the approach for future therapeutic
interventions targeting LncRNA HIF1A-AS1 to
alleviate diabetic osteoporosis.

Diabetic group

Fig. 1: Expression of LncRNA HIFIA-AS1 in both groups detected via RT-PCR

Note: *p<0.05 vs. control group
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TABLE 1: MEASUREMENT OF BMD BEFORE AND AFTER OVARIECTOMY IN BOTH GROUPS

Group BMD before ovariectomy (g/cm?) BMD at 8 w after ovariectomy (g/cm?)
Control 0.40+0.002 0.40+0.003
Diabetic 0.40+0.004 0.21+0.008*

Note: *p<0.05 in comparison of BMD in control group after ovariectomy with diabetic group

TABLE 2: MEASUREMENT OF BODY WEIGHT AND BLOOD GLUCOSE LEVELS IN BOTH GROUPS

Group Body weight (g) Blood glucose levels (mg/dl)

ow 4w 8w ow 4w 8w
Control 205.20+10.58 210.65£14.10 230.14£10.42 80.34£2.55 85.67+3.54 88.84+5.78
Diabetic 208.55+12.22  195.24£16.05*  171.21£13.18*  180.67+6.58* 210.50+8.99*  230.34+10.48*

Note: *p<0.05 vs. control group

TABLE 3: BIOCHEMICAL PARAMETERS ASSESSED IN BOTH GROUPS ON 8 W

Group Ca levels (mol/l) ALP (U/1)
Control 11.28+0.14 101.31+3.20
Diabetic 6.55+0.12* 142.66+9.52*

Note: *p<0.05 vs. control group
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