DE GRUYTER

Z. Naturforsch. 2025; 80(7-8)c: 337-351 a

Basiru Olaitan Ajiboye*, Courage Dele Famusiwa*, Damilola Ifeoluwa Oyedare, Biola Paul Julius,
Zainab Odunola Adewole, Oluwafemi Adeleke Ojo, Ajoke Fehintola Idayat Akindele,
Hossein Hosseinzadeh, Bartholomew I.C. Brai, Babatunji Emmanuel Oyinloye, Sara Vitalini

and Marcello Iriti*

Effect of Hibiscus sabdariffa L. leaf flavonoid-rich
extract on Nrf-2 and HO-1 pathways in liver
damage of streptozotocin-induced diabetic rats

https://doi.org/10.1515/znc-2024-0182
Received August 23, 2024; accepted October 30, 2024;
published online November 20, 2024

Abstract: This study investigated the effects of flavonoid-
rich extract from Hibiscus sabdariffa L. (Malvaceae) leaves
on liver damage in streptozotocin-induced diabetic rats by
evaluating various biochemical parameters, including the
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molecular gene expressions of Nrf-2 and HO-1 as well as
histological parameters. The extract was found to signifi-
cantly reduce liver damage, as evidenced by lower levels of
fragmented DNA and protein carbonyl concentrations.
Oxidative stress markers, including malondialdehyde
(MDA) level, were also significantly (p < 0.05) decreased,
while antioxidant biomarkers, like reduced glutathione
(GSH), catalase (CAT), superoxide dismutase (SOD), gluta-
thione peroxidase (GPx), and glutathione-S-transferase
(GST) were enhanced. Additionally, the extract improved
the activities of key liver enzymes, including phosphatases
and transaminases, and increased albumin levels. Impor-
tantly, the study demonstrated that H. sabdariffa extract
effectively regulated the expression of Nrf-2 and HO-1, sug-
gesting a significant role in mitigating liver damage. These
findings highlight its potential as a therapeutic agent for
liver protection in diabetic conditions.

Keywords: diabetes; gene expression; liver function; mal-
vaceae; oxidative stress

1 Introduction

Diabetes mellitus (DM), a global health epidemic, exerts a
multifaceted burden on individuals and healthcare systems
worldwide. There are two primary types of diabetes: type-1
diabetes mellitus (TIDM) and the more prevalent type-2
diabetes mellitus (T2DM) [1]. Both of these types present
significant public health challenges, contributing to higher
disease rates and premature mortality. Recent data sug-
gests that T2DM has affected approximately 500 million
individuals globally, with an estimated 20 % increase by
2050. In contrast, TIDM, while less common at 15 cases per
100,000 individuals, remains a significant concern [2]. DM is
characterized by abnormal blood glucose levels due to insulin
deficiency or impaired insulin function, influenced by factors
like body mass index (BMI), physical inactivity, genetics, and
lifestyle choices [3]. TIDM typically involves the immune-
mediated destruction of pancreatic p-cells, resulting in insulin
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deficiency and recognizable symptoms [4]. Prolonged hy-
perglycemia leads to oxidative stress, inflammation, and
impaired insulin regulation. T2DM is increasingly prevalent,
especially in developing regions, and is associated with
insulin resistance, particularly in the liver and other vital
organs, causing increased glucose production and reduced
glycogen synthesis [5, 6].

While diabetes primarily manifests as a metabolic
disorder characterized by hyperglycemia, it is also associ-
ated with a spectrum of debilitating complications, among
which liver damage stands as a significant concern [7].
Hepatic disorders in diabetic patients not only compromise
overall health but also pose considerable therapeutic chal-
lenges [8]. In this context, the present study endeavors to
explore the potential therapeutic benefits of flavonoid-rich
extracts from Hibiscus sabdariffa L. (Malvaceae) leaves in
mitigating liver damage in streptozotocin-induced diabetic
rats. Diabetes-induced liver damage, often termed “diabetic
hepatopathy,” encompasses a range of pathological alter-
ations, including steatosis, inflammation, oxidative stress,
fibrosis, and impaired liver function. The cascade of events
leading to liver damage in diabetes is intricate and multi-
factorial, driven by a complex interplay of metabolic
dysregulation, inflammation, and oxidative stress [9, 10]. The
liver, a central metabolic organ, is profoundly affected by
systemic insulin resistance and hyperglycemia, which
contribute to the progression of liver pathology. Current
therapeutic options for managing diabetic hepatopathy are
limited and often insufficient, necessitating the exploration of
novel treatment modalities [11, 12]. In this context, the focus of
the present study lies in the potential hepatoprotective effects
of flavonoid-rich extracts from H. sabdariffa leaves. These
extracts have garnered substantial attention due to their
antioxidant, anti-inflammatory, and antidiabetic properties
[13, 14].

The Nrf-2 system is considered to be a major cellular
defense mechanism against oxidative stress. Nrf-2 plays an
important role in cellular defense and in improving the
removal of ROS by activating genes that encode phase II
detoxifying enzymes and antioxidant enzymes, such as
GCLM, HO-1, GPX, and GST [15-17]. Under basal conditions,
Nrf-2 appears to be associated with actin-binding Keapl,
which forms the Keapl-Nrf-2 complex. The Keapl-Nrf-2
complex prevents Nrf-2 from entering the nucleolus, which
promotes its proteasomal degradation [18, 19]. Upon treat-
ment in the cells with oxidants including H,0,, oxidative
stress and conformational changes occur as a result of the
oxidation of thiol-sensitive amino acids that are present in
the Keapl-Nrf-2 complex and may drive the dissociation of
Nrf-2 from Keapl. Nrf-2 then translocate into the nucleus,
where it binds to the antioxidant response element (ARE) of
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ARE target genes, which leads to enhanced antioxidant
enzyme expression [20, 21].

Flavonoids are a class of polyphenolic compounds
known for their capacity to scavenge free radicals, modulate
inflammatory responses, and influence various signaling
pathways [22]. H. sabdariffa, a plant rich in flavonoids, has a
long history of use in traditional medicine for its diverse
therapeutic effects [23]. The study’s central hypothesis
revolves around the involvement of the Nrf-2 (Nuclear factor
erythroid 2-related factor-2) and HO-1 (heme oxygenase-1)
pathways in mediating the potential ameliorative effects of
H. sabdariffa leaf flavonoid-rich extract on diabetic liver
damage [24]. These pathways have been implicated in the
cellular defense against oxidative stress, inflammation, and
cellular damage. The activation of Nrf-2 and HO-1 pathways
may enhance the liver’s resilience and potentially mitigate
the adverse effects of diabetes [25, 26]. To investigate this
hypothesis, the study employed streptozotocin-induced
diabetic rats as a well-established animal model for study-
ing diabetic hepatopathy. The rats were administered low
and high doses of H. sabdariffa leaf flavonoid-rich extract,
alongside a metformin control group. A comprehensive
array of biochemical and histological parameters was
considered to evaluate the extract efficacy in mitigating liver
damage and elucidate their influence on the Nrf-2 and HO-1
pathways. The significance of this research extends beyond
the scope of animal experimentation. It holds the promise of
identifying a natural remedy that could potentially amelio-
rate liver damage in diabetic patients. Furthermore, the
study may shed light on the molecular mechanisms under-
lying the hepatoprotective effects of flavonoid-rich extracts
and provide insights into the therapeutic potential of
modulating the Nrf-2 and HO-1 pathways, all with the aim of
advancing our understanding of the pathogenesis of diabetic
hepatopathy and the potential avenues for its management.

2 Materials and methods
2.1 Plant material

H. sabdariffa leaves were procured from Ojo-Oba market at
Ado-Ekiti, Ekiti State, Nigeria. It was identified and authen-
ticated by a senior taxonomist at the Forestry Research
Institute of Nigeria (FRIN), Ibadan, Nigeria, with voucher
number FHI:113742.

2.2 Chemicals

Absolute ethanol (EtOH), concentrated and diluted ammo-
nium hydroxide (NH,OH), 10 % formalin, fructose, methanol
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(MeOH), phosphate buffer, sodium citrate buffer, strepto-
zotocin (STZ), and sulphuric acid (H,SO,) were purchased
from Sigma-Aldrich (Germany). All enzyme Kkits were
manufactured by Randox Laboratory (Crumlin, UK).

2.3 H. sabdariffa extraction

One gram of leaves dried at room temperature and pulv-
erised with an electric blender was defatted in 80 % MeOH
by maceration for 72 h, then filtered through a muslin cloth
and concentrated using a rotary evaporator. Subsequently,
20 g of the obtained sample was dissolved in 200 mL of 10 %
H,S0, and hydrolysed by heating in a water bath for 30 min
at100 °C. A step on ice for 15 min resulted in the precipitation
of the flavonoid aglycones, which were then dissolved in
50 mL of 95 % warm EtOH, filtered in a 100 mL volumetric
flask and made up to volume again with the same solvent, to
be concentrated with a rotary evaporator. The filtrate was
precipitated using concentrated NH,OH. The solution was
allowed to settle and the precipitates were collected and
rinsed with diluted NH,OH to obtain the flavonoid-rich
extract, which was stored at 4 °C until use.

2.4 Experimental animals

A total of 40 male Wistar rats weighing (150 + 20 g) were
obtained from Show-Gold Animal House Idofin, Oye-EKiti,
EKkiti state, Nigeria. They were housed in groups of five (5) in
a conventional laboratory setting with a room temperature
of 22 + 20°C and a 12-h light/dark cycle. The animals were
acclimatized for a week.

2.5 Diabetes induction

The rats were fed with standard pellet chow. Rats to be
induced to diabetes were fed 20 % fructose water in addition
to standard feed for one week, while normal control rats
(NC) were given standard feed and water, as previously
described by Salau et al. [27]. Twelve hours prior to admin-
istration by intraperitoneal injection of streptozotocin (STZ)
(0.23 g dissolved in sodium citrate buffer pH 7.4 at a con-
centration of 0.1 M), the feed was removed from the cages
leaving only water. Rats were administered 40 mg/kg body
weight of STZ and an equal volume of citrate buffer pH 7.4 to
the NC group. Animals with fasting blood glucose above
250 mg/dL 3 days after STZ injection were considered dia-
betic and were used for this study [28].
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2.6 Experimental design and animal
treatment

After DM induction, the animals were weighed and divided
into five groups, each consisting of eight rats. Group I: rats
without induced diabetes (normal control, NC); Group II: rats
with non-induced diabetes (diabetic control, DC); Group III:
rats with induced diabetes treated with low doses (150 mg/kg
body weight) of flavonoid-rich H. sabdariffa leaf extract
(LDHDFL); Group IV: rats with induced diabetes treated with
high doses (300 mg/kg body weight) of flavonoid-rich
H. sabdariffa leaf extract (HDHDFL); Group V: rats with
induced diabetes treated with 200 mg/kg metformin (MET).
The doses of the extract were based on findings from a
preliminary study [29].

2.7 Tissue collection and processing

On day 22, rats were sacrificed under chloroform anaes-
thesia. Blood samples were taken immediately by cardiac
puncture from each rat, collected in a plain vial and
centrifuged for 15 min at 5,000 rpm. The serum was extrac-
ted and refrigerated until use. The liver from each animal
was taken, washed in normal saline, cleaned with filter
paper, weighed and homogenized in 0.1 M potassium phos-
phate buffer pH 6.5, then centrifuged at 4,000 rpm for 15 min
before further analysis [30].

2.8 Biomolecular degradation biomarker
assays

2.8.1 Percentage of fragmented DNA

DNA fragmentation was measured by the diphenylamine (DPA)
spectrophotometric method described by Wolozin et al. [31]
Intact DNA was separated from fragmented DNA by centrifugal
sedimentation followed by precipitation and quantification
using DPA. To minimize the formation of oxidative artifacts
during isolation, 2,2,6,6-tetramethylpiperidinoxyl (20 mM final
concentration) was added to all solutions and all procedures
were performed on ice. Briefly, hepatocytes (1 x 106 in 1 mL
PBS) were put in a 1.5mL centrifuge tube (tube B) and
centrifuged (200 g, 4 °C, 10 min) to obtain a cell pellet. The
supernatants were transferred to fresh tubes (tube S). The
obtained pellet (tube B) was suspended in 1mL TTE (Tris
Triton EDTA) buffer, pH 7.4 (TE buffer with 0.2% Triton
X-100) and centrifuged at 20,000 g (4 °C, 10 min). The super-
natant obtained was transferred to fresh tubes (tube T) and
the resulting pellets resuspended in TTE buffer. TCA
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(trichloro acetic acid, 1 mL of 25 %) was added to tubes T, B
and S and vortexed vigorously. Tubes were kept overnight at
4 °C followed by centrifugation at 20,000 g (4 °C, 10 min). The
supernatant was discarded and the pellet was hydrolysed by
the addition of 160 pl of 5 % TCA followed by heating at 90 °C
for 15 min. This was followed by the addition of 320 uL of
freshly prepared DPA. The colour was developed by incu-
bation at 37 °C for 4 h. The optical density of the solution was
read at 600 nm in an ELISA reader. Percentage DNA Frag-
mentation was calculated using the following formula: %
Fragmented DNA =S + T/S + T + B x 100. An agarose gel
electrophoresis was also performed to analyse DNA frag-
mentation as described elsewhere.

2.8.2 Protein carbonyl content

According to Levine et al. [32], the sample supernatant was
incubated with DNPH for 60 min at room temperature.
Following precipitation by adding 20 % trichloroacetic acid,
the pellet was washed with acetone and dissolved in 1 mL of
Tris buffer containing sodium dodecyl sulphate (8 % w/v, pH
7.4). The absorbance was measured at 360 nm.

2.9 Oxidative stress biomarker assays
2.9.1 Malondialdehyde (MDA) level

To quantify the concentration of MDA in the liver, the
method of Oloyede et al. [33] was followed. Briefly, a portion
of TBA reagent (2 mL of 0.7 % and 1 mL of TCA) was added to
2mL of sample. The mixture was heated in a water bath at
100 °C for 20 min. It was then cooled and centrifuged at 78 g
(4,000 rpm) for 10 min. The absorbance of the supernatant
was read at a wavelength of 540 nm against a reference
blank of distilled water after centrifugation for a further
10 min.

2.9.2 Superoxide dismutase (SOD) activity

For SOD activity, the method described by Misra and Fri-
dovich [12] was used. Tissue homogenate of 0.5mL was
diluted in 4.5 mL of distilled water (1:10) dilution factor. An
aliquot of 0.2mL of diluted serum sample was added to
2.5 mL of 0.05 M carbonate buffer (pH 10.2) to equilibrate in a
spectrophotometric cuvette and the reaction was started by
adding 0.3 mL of substrate (0.3 mM Epinephrine) and 0.2 mL
of distilled water. The increase in absorbance at 480 nm was
monitored every 30 s for 2% min.
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2.9.3 Glutathione S-transferase (GST) activity

GST was detected following the method of Habig et al. [34],
with some modifications. For GST (CDNB) assay, the reaction
medium contained 0.1 M potassium phosphate buffer pH 7.5
or 6.5, 1.0 mm GSH, 1.0 mm CDNB, 1 % absolute ethanol, and
proteinin a total volume of 1.0 mL. For GST (DCNB) assay, the
reaction medium contained 0.1m potassium phosphate
buffer, pH 7.5, 5.0 or 1.0 mm GSH, 1.0 mm DCNB, 1 % absolute
ethanol, and protein in a total volume of 1.0 mL. The reac-
tion, conducted at 25°C, was initiated by the addition of
CDNB or DCNB, and the change in A4 or Asys, respectively,
was monitored for 120 s with a spectrophotometer (model
DU-65, Beckman). All initial rates were corrected for the
background nonenzymatic reaction. One unit of activity is
defined as the formation of 1 pmol product min™at 25°C
(extinction coefficient at 340 nm = 9.6 mm ™" cm ™ for CDNB;
extinction coefficient at 345nm = 8.5 mm " cm™" for DCNB).

2.9.4 Catalase (CAT) activity

CAT activity was assessed using the Beers and Sizer method
[35]. Hydrogen peroxide (0.036 % w/w, 2.9 mL) was added
and mixed with appropriately diluted homogenate (0.1 mL).
A blank was prepared containing potassium phosphate
buffer (50 mM, pH 7.0; 3.0 mL). The time required for the
A240 nm of the reaction mixture to decrease from 0.45 to
0.40 absorbance units was recorded.

2.9.5 Glutathione peroxidase (GPx) activity

GPx activity was assayed following Haque et al. [36]. 500 uL
of 0.1 M phosphate buffer (pH 7.4), 100 uL of 10 mM sodium
azide, 200 uL of 4 mM GSH, 100 uL of 2.5mM H,0, were
added to 500 uL of the liver homogenate sample, after which
600 uL of distilled water was added and mixed thoroughly.
The reaction mixture was incubated at 37 °C for 3 min, then
0.5ml 10 % TCA was added and centrifuged at 3,000 rpm for
5min. To 1 mL of each of the supernatants, 2 mL of K,HPO,
and 1mL of 0.04 % DTNB were added and the absorbance
was read at 412 nm against a blank.

2.9.6 Reduced glutathione (GSH) level

GSH level in the liver homogenate was defined according to
the Ellman method [37]. Briefly, 1.0 mL of liver homogenate
was added to 0.1 mL of 25 % trichloroacetic acid (TCA) and
the precipitate was removed by centrifugation at 5,000 g for
10 min. The supernatant (0.1 mL) was added to 2mL of
0.6 mM DTNB prepared in 0.2 M sodium phosphate buffer
(pH 8.0). The absorbance was read at 412 nm.
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2.10 Phosphatase and transaminase
activities

The activities of ALP, ACP, AST, and ALT were determined
using commercial Randox kits, and the manufacturer pro-
cedures were followed. The serum level of albumin was
determined by an automated analyzer (Architect c8000,
Clinical Chemistry System, USA) via a Randox kit in line with
the manufacturer’s instructions.

2.11 Relative gene expression of Nrf-2 and
HO-1

Total RNA was isolated from tissue samples with Quick-RNA
MiniPrep™ Kit (Zymo Research). The DNA contaminant was
removed following DNAse I (NEB, Cat: M0303S) treatment.
The RNA was quantified at 260 nm and the purity was
confirmed at 260 nm and 280 nm using an A&E Spectro-
photometer (A&E Lab. UK). Then, this was converted into
cDNA using a cDNA synthesis kit based. Lastly, the obtained
solution was subjected to polymerase chain reaction PCR
amplification and agarose gel electrophoresis. The primer
sequences used are illustrated in Table 1. Hence, the quan-
tification of band intensity was done using “image J” soft-
ware [38].

2.12 Histopathological examination

Haematoxylin and eosin (H&E) staining was used for histo-
pathological examination, as reported by Blume et al. [39].

2.13 Statistical analysis

All results were reported as mean + SD (n = 8). Statistical
significances were assessed by ANOVA followed by Tukey’s
multiple comparisons (post-hoc test) using software Graph-
Pad prism (Version 5.0). P < 0.05 was set as statistically
significant.

Table 1: Primer sequences.
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3 Results

3.1 Modulation of biomolecular degradation
biomarkers in the liver of STZ-induced
diabetic rats by the flavonoid-rich
H. sabdariffa extract

There was a significant (p < 0.05) increase in nucleic acid and
protein degradation (measured by percentage of liver frag-
mented DNA and protein carbonyl concentration respec-
tively) in the diabetic untreated group (DC) when compared
with the normal (NC) (Figure 1). However, these mis-
demeanors were significantly (p < 0.05) attenuated in a dose-
dependent manner by administration of both low and high
doses of the extract, similar to that in the standard MET-
administered group.

3.2 Modulation of redox stress biomarkers
in the liver of STZ-induced diabetic rats
by the flavonoid-rich extract from
H. sabdariffa

As shown in Figure 2, the DC group exhibited a significant
increase (p < 0.05) in lipid peroxidation, as indicated by
elevated MDA levels. Additionally, there was a notable
decrease (p < 0.05) in the activities of antioxidant enzymes
(GST, CAT, GPx, and SOD) and a significant reduction (p < 0.05)
in GSH levels compared to the NC group. However, these
adverse effects were significantly mitigated (p < 0.05) by both
low and high doses of the H. sabdariffa extract, as well as by
the standard treatment with MET, bringing the values closer
to normal levels.

3.3 Modulation of phosphatase activity in
the liver of STZ-induced diabetic rats by
the flavonoid-rich extract from
H. sabdariffa

Figure 3 revealed the effect of H. sabdariffa flavonoid-rich
extract on phosphatase activities in the liver of STZ-induced

Enzyme Forward primer Reverse primer
Nrf-2 5’- CAGCGACGGAAAGAGTATGA-3’ 5"- TGGGCAACCTGGGAGTAG-3’
HO-1 5- CAACATCCAGCTCTTTGAGG-3’ 5"~ GGCAGAATCTTGCACTTTG-3’

GAPDH

5-GCAAGGATACTGAGAGCAAGAG-3’

5-CATCTCCCTCACAATTCCATCC-3’
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Figure 1: Percentage of liver fragmented DNA and protein carbonyl concentration in STZ-induced diabetic rats after administration of flavonoid-rich H.
sabdariffa leaf extract. Each value represents the mean of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus DC. NC, normal control; DC,
diabetic control; LDHSFL, diabetic rats given a low dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; HDHSFL, diabetic rats given a
high dose (300 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg of metformin.
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Figure 2: Oxidative stress biomarkers in STZ-induced diabetic rats after administration of flavonoid-rich H. sabdariffa leaf extract. Each value represents
the mean of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus DC. NC, normal control; DC, diabetic control; LDHSFL, diabetic rats given a low
dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; HDHSFL, diabetic rats given a high dose (300 mg/kg body weight) of flavonoid-rich
extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg of metformin; MDA, malondialdehyde; GSH, reduced glutathione; CAT, catalase; SOD,
superoxide dismutase; GPx, glutathione peroxidase; GST, glutathione-S-transferase.

diabetic rats. There was a significant (p < 0.05) decrease in 3.4 Modulation of hepatic transaminase
the activities of alkaline phosphatase (ALP) and acid phos- activity and albumin levels by

phatase (ACP) in the diabetic untreated group (DC) when H. sabdariﬁ'a flavonoid-rich extract in
compared with the normal (NC). Nevertheless, these STZ-induced diabetic rats

observed anomalies were remarkably (p < 0.05) reversed to
near-normal conditions by the administration of low and
high doses of flavonoid-rich extract of H. sabdariffa and
standard metformin.

In DC untreated rats, the administration of STZ resulted in a
significant (p < 0.05) reduction in hepatic transaminase activ-
ities and albumin levels, as demonstrated in Figures 4 and 5,
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Figure 3: Phosphatase activities in STZ-induced diabetic rats after administration of flavonoid-rich H. sabdariffa leaf extract. each value represents the
mean of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus DC. NC, normal control; DC, diabetic control; LDHSFL, diabetic rats given a low
dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; HDHSFL, diabetic rats given a high dose (300 mg/kg body weight) of flavonoid-rich
extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg of metformin; ALP, alkaline phosphatase; ACP, acid phosphatase.
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Figure 4: Transaminase activities in STZ-induced diabetic rats after administration of flavonoid-rich H. sabdariffa leaf extract. each value represents the
mean Of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus DC. NC, normal control; DC, diabetic control; LDHSFL, diabetic rats given a low
dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; HDHSFL, diabetic rats given a high dose (300 mg/kg body weight) of flavonoid-rich
extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg of metformin; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl
transferase.

respectively, compared to the NC rats. However, treatments (p <0.05) these negative changes in alanine transaminase (ALT),
with low and high doses of H. sabdariffa flavonoid-rich extract, aspartate transaminase (AST) and gamma-glutamyl transferase
similarly to MET, significantly reversed and normalized (GGT) activity, as well as in albumin concentration.
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Figure 5: Albumin level in STZ-induced diabetic rats after administration
of flavonoid-rich H. sabdariffa leaf extract. each value represents the
mean of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus
DC. NG, normal control; DC, diabetic control; LDHSFL, diabetic rats given a
low dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdar-
iffa; HDHSFL, diabetic rats given a high dose (300 mg/kg body weight) of
flavonoid-rich extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg
of metformin.

3.5 Modulation of the relative gene
expression levels of Nrf-2 and HO-1
genes by H. sabdariffa flavonoid-rich
extract in STZ-induced diabetic rats

Figure 6 illustrates the relative gene expression profiles of
nuclear erythroid-related factor-2 (Nrf2) and heme
oxygenase-1 (HO-1) in STZ-induced diabetic rats, along with
the restorative effects of the H. sabdariffa extract. Using
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the
house-keeping gene, a significant (p < 0.05) down-regulation of
Nrf-2 and HO-1 genes was observed in the DC group compared
to the NC group. Treatment with H. sabdariffa, as well as the
standard drug, significantly (p < 0.05) up-regulated and
restored their expression in a dose-dependent manner.

3.6 Impact of H. sabdariffa flavonoid-rich
extract on liver histopathological
alterations in rats with STZ-induced
diabetes

The liver histology of the DC group showed harmful alter-
ations, including blood vessel dilation, hepatocyte vacuo-
lation, and abnormal pyknotic nuclei, compared to the NC
group. However, these detrimental changes were signifi-
cantly improved in the diabetic rats treated with both low
and high doses of H. sabdariffa extract (LDHSFL and
HDHSFL, respectively), as well as in those treated with the
standard MET, as observed in the photomicrographs
(Figure 7).
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4 Discussion

DM is a widespread metabolic disorder marked by persis-
tently high blood sugar levels, which can cause progressive
damage to various internal organs, including the liver [40, 41].
People with DM are at increased risk of liver complications
such as abnormal enzyme levels, nonalcoholic fatty liver
disease (NAFLD), cirrhosis, hepatocellular carcinoma, and
acute liver failure. This liver damage results from height-
ened oxidative stress and abnormal inflammatory responses
[42, 43].

During liver injury, excessive production of free radicals
and ROS damages essential biomolecules, including lipids,
DNA, proteins, and cells, and activates pro-inflammatory
genes [44]. The excessive ROS further aggravate inflammation
and tissue damage. The liver plays a crucial role in regu-
lating blood glucose levels through processes like glycogen-
esis and gluconeogenesis. When these processes are
impaired and combined with oxidative stress, various types
of liver damage can occur [45]. Thus, therapeutic strategies
that balance carbohydrate metabolism and enhance anti-
oxidant defenses may help protect against diabetes-induced
liver injury [46]. Nrf-2 (Nuclear factor erythroid 2-related
factor 2) is a key target in treating and preventing such
diseases because it controls the expression of antioxidant
and protective genes [47]. As a master regulator of cellular
defense, Nrf-2 is essential in managing antioxidant and anti-
inflammatory responses. Its dysregulation is linked to
chronic inflammatory diseases. Nrf-2 has demonstrated
protective effects in various liver conditions, including acute
liver injury, NAFLD, liver fibrosis, and hepatic ischemia-
reperfusion injury (IRI) [48, 49]. Activation of Nrf-2 can
reduce liver damage and inflammation caused by sub-
stances such as cadmium, STZ, LPS, D-GalN, carbon tetra-
chloride, and acetaminophen [50, 51]. Additionally, the
Keap1-Nrf-2 complex has shown protective effects in ortho-
topic liver transplantation. Although recent studies under-
score the potential of Nrf-2-based therapies for liver
diseases, clinical trials in the USA are still pending for
patients with acute liver failure [52].

STZ administration resulted in a significant (p < 0.05)
increase in hepatic protein carbonyl levels and fragmented
DNA in untreated diabetic rats. This indicates heightened
degradation and dysfunction of biomolecules, consistent
with previous studies [53, 54]. Measuring fragmented DNA in
the liver is crucial for assessing liver cell damage, especially
in liver diseases like hepatopathy [55]. Liver diseases often
entail varying degrees of liver cell damage, and measuring
fragmented DNA provides valuable insights into the dam-
age’s severity. In cases where diabetes is a contributing
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Figure 6: Relative gene expression of Nrf2 and HO-1 in STZ-induced diabetic rats after administration of flavonoid-rich H. sabdariffa leaf extract. Each
value represents the mean of eight measurements + SD #p < 0.05 versus NC, *p < 0.05 versus DC. NC, normal control; DC, diabetic control; LDHSFL,
diabetic rats given a low dose (150 mg/kg body weight) of flavonoid-rich extract of H. sabdariffa; HDHSFL, diabetic rats given a high dose (300 mg/kg body
weight) of flavonoid-rich extract of H. sabdariffa; MET, diabetic rats given 200 mg/kg of metformin.

Figure 7: Liver histoarchitecture in STZ-induced diabetic rats after administration of flavonoid-rich H. sabdariffa leaf extract, showing the hepatocytes
(yellow arrowhead) and portal triad (bile duct, hepatic artery, portal vein). NC, normal control with normal pyknotic hepatocyte nuclei and portal area; DC,
diabetic control with dilation of the blood vessels and vacuolations of the hepatocytes; LDHSFL, diabetic rats given a low dose (150 mg/kg body weight) of
flavonoid-rich extract of H. sabdariffa, with normal pyknotic hepatocyte nuclei and portal area. HDHSFL, diabetic rats given a high dose (300 mg/kg body
weight) of flavonoid-rich extract of H. sabdariffa, with normal pyknotic hepatocyte nuclei and portal area. MET, diabetic rats given 200 mg/kg of
metformin, with normal pyknotic hepatocyte nuclei and portal area.

factor, persistently high blood sugar levels can induce key marker for evaluating liver damage severity in diabetic
oxidative stress and liver inflammation, leading to cellular individuals [57]. Fragmented DNA not only signals activated
DNA damage [56]. Thus, quantifying fragmented DNA is a inflammation but also represents the extent of DNA damage
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from oxidative stress. As liver damage worsens, increased
fragmented DNA levels provide important information for
tailoring treatment strategies [58].

Protein carbonyl levels plays are another critical
marker in diabetes, reflecting oxidative stress. Protein
carbonylation, a post-translational modification resulting
from amino acid oxidation, indicates an imbalance between
ROS production and antioxidant defenses [59, 60]. Elevated
protein carbonyls are common in poorly controlled diabetes
and can lead to damage of cellular proteins, contributing to
complications such as neuropathy and retinopathy [61, 62].
Monitoring protein carbonyl levels helps assess the risk and
severity of these complications and the effectiveness of
interventions targeting oxidative stress [63].

Remarkably, administration of the H. sabdariffa
flavonoid-rich extract significantly (p < 0.05) alleviated the
abnormalities caused by STZ intoxication, showing a dose-
dependent improvement comparable to that of metformin.
This underscores the extract potent protective properties,
which counteract the degradation and dysfunction of bio-
macromolecules linked to diabetes, aligning with previously
reported studies [28, 64].

This study found that STZ-induced diabetes resulted in
a significant (p < 0.05) increase in lipid peroxidation, as
evidenced by elevated MDA levels. This was accompanied
by a notable (p < 0.05) decrease in the activity of crucial
antioxidant enzymes (GST, CAT, GPx, SOD) and reduced GSH
levels, aligning with previous research [65, 66]. The body
antioxidant defense system depends on a multifaceted
interplay of antioxidant compounds and enzymes such as
SOD, CAT, GPx, and GST. Superoxide radicals, primary ROS
generated during aerobic metabolism, are initially con-
verted by SOD into less harmful H,0, [67, 68]. CAT or GPx
then further break down H,0, into water and molecular
oxygen, with GPx also reducing lipid peroxides and other
toxic organic hydroperoxides. Deficiencies in these key
antioxidant components can lead to oxidative stress and
cellular damage [68]. GST facilitates the conjugation of GSH
with xenobiotic compounds [69], but in STZ-induced dia-
betic rats, GSH levels were significantly depleted due to its
involvement in GST-catalyzed conjugation with STZ.
Reduced GST activity, which promotes the conjugation of
STZ and GSH, has also been observed in such models [70].
Additionally, the activities of essential antioxidant enzymes
(CAT, GPX, SOD) were markedly diminished in response to
increased ROS, reflecting a cellular attempt to manage
oxidative stress and prevent diabetes-related complications
[71]. In contrast, NC rats did not show elevated antioxidant
enzyme activities, as they did not produce ROS. DC rats,
however, faced increased ROS levels due to pancreatic B-cell
damage, leading to insulin deficiency and heightened
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oxidative stress [72]. Enhancing antioxidant enzyme activity
and gene expression is crucial for managing such oxidative
stress. Consistent with this study, previous research has re-
ported increased MDA activity in the pancreas of STZ-induced
diabetic rats, which can damage various biomolecules
including enzymes, phospholipids, proteins, nucleic acids, and
cell membranes [73].

Diabetes patients experience significant oxidative
stress, characterized by increased oxidative products and
diminished free radical scavenging capabilities [68].
Effective protection against free radical damage involves
reducing lipid peroxidation, preserving cell membrane
integrity, and maintaining normal cellular functions [74,
75]. The integrity of cell membranes is critical for the
function of insulin receptors, which are membrane-bound
[76]. Notably, administration of H. sabdariffa extract
significantly (p < 0.05) alleviated these abnormalities in a
dose-dependent manner, similar to the effects observed
with metformin. This emphasizes the potent antioxidant
properties of the extract, which mitigate oxidative stress
and excessive free radicals associated with diabetes,
consistent with previous studies [77].

In untreated diabetic rats, there was a significant
(p < 0.05) reduction in phosphatase enzyme activities,
including alkaline phosphatase (ALP) and acid phosphatase
(ACP), in line with previous research [78]. ALP and ACP play
distinct roles in diabetes and hepatopathy [79]. ALP, pri-
marily found in the liver, bile ducts, and bones, serves as a
marker for liver function [80]. Elevated ALP levels can
indicate liver damage or hepatopathy. ACP, located mainly
in lysosomes, reflects cellular activity and integrity [81], and
while not a standard liver function marker, changes in its
levels can be observed in liver diseases associated with
diabetes. Monitoring ALP and ACP levels provides insights
into liver health and potential complications related to dia-
betes [82].

Phosphatases are crucial in STZ-induced toxicity and
diabetes management. In STZ-induced diabetes, phospha-
tases, including ACP, are involved in cellular responses to
STZ toxicity, participating in signaling pathways and cellular
processes [83]. They also regulate critical cellular functions
related to glucose metabolism, insulin signaling, and oxida-
tive stress response [71]. Phosphatases can affect insulin
receptor phosphorylation and glycogen metabolism by
dephosphorylating key enzymes [84]. Additionally, they help
manage oxidative stress by modulating the phosphorylation
status of proteins involved in antioxidant defense, such as
the Nrf-2 pathway [85]. Activation of Nrf-2 stimulates the
expression of antioxidant and phase II detoxification en-
zymes, protecting cells from oxidative damage [58]. The
H. sabdariffa extract significantly (p < 0.05) mitigated
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abnormalities in phosphatase activity, indicating potential
restorative effects on energy imbalance and hormonal
regulation in diabetic rats [86, 87].

STZ-induced diabetes resulted in a significant (p < 0.05)
reduction in hepatic transaminases, including alanine
transaminase (ALT), aspartate transaminase (AST), and
gamma-glutamyl transferase (GGT), as well as liver albumin
levels, compared to normal controls, consistent with previ-
ous findings [88]. ALT, AST, and GGT are liver function
markers, with ALT and AST indicating hepatocellular health
and GGT reflecting biliary tract function [89]. Elevated ALT
and AST levels suggest liver damage, while GGT is associated
with various pathological conditions including diabetes
[90, 91]. Decreased albumin levels, which are synthesized
by the liver, indicate liver damage and are critical for
maintaining overall health and fluid balance [92, 93]. The
H. sabdariffa extract significantly improved transaminase
activities and liver albumin levels in a dose-dependent
manner, suggesting potential hepatoprotective effects and
improved insulin resistance [94, 95].

Gene expression of Nrf-2 and HO-1 was significantly
(p <0.05) downregulated in the livers of STZ-induced diabetic
rats compared to normal controls [96, 97]. Nrf-2 and HO-1
play crucial roles in diabetes management by regulating
redox balance, insulin sensitivity, and glucose metabolism
[98, 99]. STZ-induced diabetes increases oxidative stress and
ROS production, leading to changes in Nrf-2 and HO-1
expression [100]. Nrf-2 activates the transcription of anti-
oxidant genes, including HO-1, which has cytoprotective ef-
fects through heme degradation [101]. The Nrf2/HO-1
pathway is vital for cellular defense against oxidative stress,
promoting cell survival and mitigating apoptosis [102]. The
H. sabdariffa extract, like metformin, significantly (p < 0.05)
upregulated Nrf-2 and HO-1 expressions, enhancing redox
balance and glucose metabolism in diabetic rats [103, 104].

Histopathological examination revealed significant
liver damage in untreated diabetic rats, including pyknotic
hepatocyte nuclei, dilated blood vessels, hepatocyte vacuo-
lation, and necrosis, reflecting STZ-induced diabetic damage
[105, 106]. Inflammation and fibrosis, along with vascular
alterations and amyloid deposits, were also observed [107,
108]. These changes underscore the pathophysiology of dia-
betes and its complications. Treatment with H. sabdariffa
extract appeared to reverse these hepatic alterations, sug-
gesting potential for partial recovery and corroborating
previous research [109, 110].

In general, all results indicate that the flavonoid-rich
extract of H. sabdariffa is not only effective in mitigating
oxidative stress and liver dysfunction in STZ-induced dia-
betic rats, but also demonstrates a favourable safety profile.
Various biomarkers showed no signs of toxicity associated
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with the extract. The data reflect a dose-dependent attenu-
ation of diabetes-related abnormalities without adverse
effects. All this suggests that H. sabdariffa may be a prom-
ising therapeutic candidate for the management of diabetes
and associated liver complications, and that it merits further
clinical investigation of its safety and efficacy in humans.

5 Conclusions

In conclusion, this study investigated the therapeutic
potential of H. sabdariffa leaf extract, rich in flavonoids, in
STZ-induced diabetic rats, focusing on its effects on oxidative
stress, liver function, and the expression of Nrf-2 and HO-1
genes. The findings demonstrated that the extract effectively
reduced oxidative stress, as shown by lower levels of protein
carbonyls and fragmented DNA, similar to the effects of MET.
The Nrf-2 and HO-1 genes were crucial in mediating these
antioxidant and cytoprotective responses.

Additionally, the extract restored enzymatic balance,
corrected phosphatase irregularities, and exhibited hep-
atoprotective potential by improving transaminase and
albumin levels. It also modulated gene expression by
upregulating Nrf-2 and HO-1, enhancing antioxidant
defenses, and contributing to histopathological improve-
ments in the liver.

This research underlines the potential of H. sabdariffain
the management of diabetes-related complications and
suggests the need for further clinical studies to explore its
possible applications in both diabetes and liver disorders.

Although no significant limitations have been observed
at this stage, it is important to consider that potential issues
may arise as the study progresses. For example, factors such
as sample size and study duration should be carefully eval-
uated, as they could influence the generalizability of the
results. Therefore, future research should focus on vali-
dating these findings through larger-scale clinical trials,
which could provide further evidence and clarify the prac-
tical implications of the current discoveries.
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