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Abstract

Diabetes mellitus is predicted to affect 552 million people by 2030, up from 366 million in 2011. This research examined the
efficacy of fermented cabbage (FC) on pancreatic oxidative stress and tumour necrosis factor-a. After type 2 diabetes induction,
rats with blood glucose levels > 150 mg/dL were grouped into six sets of five at random. Group 1 received 1 mL/kg of distilled
water as the normal control. Group 2 received 1 mL/kg of distilled water in addition to serving as the negative control group
(the diabetic untreated group). As the positive control, group 3 received metformin (500 mg/kg). Fermented cabbage was
administered to groups 4, 5, and 6 at 12.5%, 25%, and 50%, respectively. In comparison to the diabetic untreated group, treatment
with FC significantly (p< 0.05) reduced lipid peroxidation. When compared to the diabetic untreated group, all of the FC-treated
groups showed a significant (p< 0.05) increase in pancreatic tissue superoxide dismutase and catalase. In addition, in comparison
to the diabetic untreated group, treatment with FC significantly (p< 0.05) enhanced the reduced glutathione level. In the diabetic,
untreated group, compared to the normal control, TNF-a levels were considerably higher. However, when compared to the
diabetic untreated group, there was a significant decrease (p< 0.05) in all FC-treated groups. Thus, fermented cabbage decreases
oxidative stress markers and TNF-o with improved glycaemic control. Fermented cabbage was shown to cause a steady decrease
(P < 0.05) in blood glucose levels in a dose dependent manner.
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INTRODUCTION

The occurrence of type 2 diabetes mellitus (DM) has been
steadily increasing globally (Olokoba et al., 2012). It is safe to
state that DM is one of the most ancient non-communicable
diseases that affect people. It was originally referenced in an
Egyptian text some 3,000 years ago (Ahmed, 2002). People
who have type 2 diabetes mellitus (T2DM) are more
vulnerable to numerous complications, many of which result
in early death (Galicia-Garcia, 2020). T2DM patients are
likely to experience higher morbidity and mortality
attributable to the slow progression and late diagnosis,
especially in resource-poor developing countries like Africa
(Azevedo and Alla, 2008). By 2030, there will be 552 million
more people with DM than the 366 million who were
anticipated to have it in 2011. T2DM is becoming more
common, with low and middle-income nations accounting for
80% of incidents (IDF, 2011). T2DM is predicted to affect
around 590 million people by 2035, which is concerning
considering its increased prevalence (Ozougwu et al., 2013;
Guariguata et al., 2014). Management of T2DM typically
includes dietary changes, lifestyle adjustments, increased
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physical activity, and the use of a variety of anti-diabetic drugs
(Thompson and Kanamarlapudi, 2013).

Metformin has several beneficial effects on patients with
diabetes, including reducing insulin resistance in peripheral
tissues, enhancing the release of glucagon-like peptide 1
(GLP-1) after meals, slowing down digestion, and decreasing
glycogenolysis in the liver (Raz, 2013). However, orthodox
anti-diabetic drugs like metformin, thiazolidinediones, and
sulfonylureas can still have negative effects on patients
(Susilawati et al., 2023). To address this, researchers have
turned their attention to plant extracts with anti-diabetic
properties, which have the potential to be effective treatments
for type 2 diabetes mellitus (T2DM) with fewer adverse
effects (Lee et al., 2021). Laboratory studies have shown that
these plant extracts can affect key pathways involved in
glucose transport and utilization, antioxidant activity, anti-
inflammation, and lipid metabolism, providing evidence for
their effectiveness in managing T2DM (Amraee and
Bahramikia, 2019). One family of plants that stands out is the
Brassicaceae family, which includes around 3709 species and
360 genera. Among these, B. oleracea is a prime example,
encompassing varieties like broccoli, cauliflower, kale,
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kohlrabi, and cabbage, which can be identified by the shape of
their fruits (Samec et al., 2017). Cabbage, in particular, is
known for its high nutritional value, containing significant
amounts of fiber, minerals, and vitamin (such as C, K, A, and
folate) contents (Koruset al., 2021). Additionally, cabbage is
rich in secondary metabolites like s-methyl cysteine sulfoxide,
sulphur-containing glucosinolates, and phenolic compounds
(Nawaz et al., 2018). Given these properties, the aim of this
study was to investigate the impact of fermented cabbage on
specific indicators of T2DM.

MATERIALS AND METHODS

Chemicals:  The chemicals and pharmaceuticals
(Streptozotocin, nicotinamide, and metformin) used for the
research were of analytical grade and obtained from Sigma
Chemical Company in St. Louis, USA.

Plant identification: Fresh cabbage was obtained from
Kubani Farm in July 2022 in Zaria, Kaduna State, Nigeria. The
plant identification was carried out at the Herbarium unit,
Department of Botany, Ahmadu Bello University's Zaria. For
reference purposes, a voucher number of 43382 was given.

Preparation of fermented cabbage supplement: After
washing with clean water, the outer, unclean leaves of fresh
cabbage were removed and trimmed. A clean towel was placed
on top, the cabbage was compressed with a weight, and
fermentation was allowed to take place for 5 to 7 days. 30 g of
salt was then spread in layers for every kg of cabbage. The
addition of salt during fermentation restricts the growth of
gram-negative bacteria and enhances the growth of lactic acid
bacteria (LAB). The LAB tolerates high salt concentrations,
which give them an advantage over other less salt-tolerant
species and allows the LAB to produce acid that inhibits the
growth of undesirable microorganisms and for this reason,
initiates the majority of lactic acid fermentations (Mike and
Sue, 1998). Following fermentation, the cabbage was shade-
dried, weighed, and moulded with the animal feed (grower's
mash) to create mixtures in 12.5%, 25%, and 50% proportions
(Muhammad et al., 2021).

Animal care: Thirty (30) male adult Wistar rats weighing 150
to 250 g were used for the study. The experimental animals
utilised in the study were obtained from the Department of
Human Physiology, Ahmadu Bello University and were
housed in cages under laboratory condition having access to
feed and water ad libitum. They were fed with grower's mash
(Vital Feeds® Company Plc., Jos). The Animal Use and Care
Committee at Ahmadu Bello University Zaria provided ethical
approval for the study (ABUCAUC/ 2018/ 068).

Induction of Diabetes: After an overnight fast, the rat's blood
glucose levels were assessed before diabetes induction.
Diabetes was induced by a single intraperitoneal dosage (65
mg/kg) of streptozotocin (STZ), freshly prepared in a cold
sodium citrate buffer solution (50 mM, pH 4.5), for 15
minutes. This was followed by the intraperitoneal
administration (120 mg/kg) of nicotinamide (Balaji et al.,
2020). To prevent hypoglycaemia, the animals received a 10%
glucose solution for 6 hours after induction for 24 hours.
(Furman, 2015). A one-touch digital glucometer (Boche

Diagnostic Company) was used to determine the blood
glucose level on the 7th day post-diabetes induction.
Experimental animals with fasting blood glucose readings of
> 150 mg/dL were employed for this study (Donovan and
Brown, 2006; Furman, 2015).

Experimental design: The experimental animals were
grouped into six (6) groups, with each group having five
animals (n = 5). Group 1: Normal control (NC): rats that
received distilled water (1 ml/kg). Group 2: Diabetic control
(negative): untreated diabetic rats that received distilled water
1 mL/kg (DCUT). Group 3: Positive control: diabetic rats that
received 500 mg/kg of metformin (MET) as standard drug.
Group 4: Experimental group: diabetic rats that were fed with
12.5% FC supplementation (added to feed). Group 5:
Experimental group: diabetic rats that were fed with 25% FC
supplementation (added to feed). Group 6: Experimental
group: diabetic rats that were fed with 50% FC
supplementation (added to feed). Daily administration was
done orally and lasted for four (4) weeks (Muhammad et al.,
2021).

Blood sample and tissue collection: At the completion of the
experiment, the experimental animals were sedated using
chloroform inhalation. Cotton wool was soaked in chloroform
and placed in a desiccator for five minutes before exposure to
ensure circulation. After 30-35 seconds, the chloroform-
exposed experimental animals became completely comatose
(Aguwa et al., 2020). The experimental animals were
subsequently euthanized by cervical dislocation (Cheng,
2021). Blood samples were collected through cardiac puncture
(Parasuraman et al., 2010). The pancreatic tissues were
carefully harvested from the surrounding tissues and then
homogenised using phosphate buffer solution (PBS pH 7.4).

Determination of blood glucose level: Determination of
blood glucose levels was carried out at weeks 0, 1, 2, 3 and 4.
The experimental animals were fasted for six to eight hours
before having their blood glucose levels measured using a
digital glucometer  (Accu-Check Advantage, Roche
Diagnostic®, Germany) using the glucose oxidase method
(Beach and Turner, 1958). The findings were presented in
mg/dL (Rheney and Kirk, 2000).

Pancreatic tissue oxidative stress assay: The method of
Mockett et al (2002) was used to estimate the superoxide
dismutase activities; glutathione peroxidase activity was
determined using the method described by Flohe and Gunzler
(1984) and catalase activity was determined using the method
described by Aebi (1984) The lipid peroxidation was
determined by measuring MDA level using the technique
described by Miller and Aust (1989).

Tumour necrosis factor-a assay: Tumour necrosis factor-
alpha (TNF-a) was assayed using the rat tumour necrosis
factor ELISA kit (Shanghai Coon Koon Co., Ltd.) with Cat
No. CK-bio-15469.

Statistical analysis: Data obtained were expressed as mean +
Standard Error of Mean (SEM) and analyzed using one way
analysis of variance (ANOVA) using SPSS version 22.
Tukey’s post-hoc test was used to compare the level of
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significant differences between control and test groups.
Values of p< 0.05 were considered significant.

RESULTS
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Figure 1:
Effect of FC on blood glucose level
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Figure 1 demonstrates the impact of fermented cabbage
supplement over a four-week treatment period in STZ/NA-
induced diabetic male Wistar. When compared to the diabetic
untreated control group, treatment of diabetic rats with graded
doses of fermented cabbage (12.5%, 25%, and 50%) and
metformin (500 mg/kg) caused a significant (p<0.05) decrease
in blood glucose level.

The effect of fermented cabbage supplement (FC) on
pancreatic tissue lipid peroxidation (MDA) and superoxide
dismutase (SOD) activity is presented in Fig. 2. The MDA
level of diabetic untreated rats was significantly higher than
the MDA of normal control rats (p< 0.05). Metformin
treatment significantly (p< 0.05) decreased MDA level (Fig.
2A). Treatment with FC moderately reduced MDA levels in
the FC treated rats. Furthermore, the effect of FC on
pancreatic superoxide dismutase activity (SOD) is on fig. 2B,
In the diabetic untreated group SOD was significantly
(p<0.05) lower than that of the normal control group.
Metformin treatment significantly boosted SOD activity when
compared to the diabetic untreated group (Fig. 2B). Treatment
with FC significantly increased SOD activity in dose
dependent manner (p< 0.05).
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Effect of FC on pancreatic lipid peroxidation and superoxide dismutase activity superscripts a, b, ¢, and d denote a statistically significant
difference (p< 0.05) compared to NC= normal control, DCUT= diabetic control untreated, MET= metformin, FC= fermented cabbage
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Effect of FC on pancreatic reduced glutathione and catalase activity superscripts a, b, ¢, and d denote a statistically significant difference (p<
0.05) compared to NC= normal control, DCUT= diabetic control untreated, MET= metformin, FC= fermented cabbage
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The concentration of GSH in the diabetic untreated group was
significantly lower (p< 0.05) than that in the normal control
group (fig. 3A). Compared to the diabetic untreated group,
metformin treatment significantly (p< 0.05) raised GSH
concentration. In addition, when compared to the untreated
diabetic group, treatment with 50% FC produced the most
significant (p< 0.05) increased GSH activity (Fig. 3).
Furthermore, metformin treatment significantly (p< 0.05)
increased CAT activity compared to the untreated diabetic and
the normal control groups. In addition, there was a significant
(p< 0.05) increase in CAT activity with FC treatment when
compared to the untreated diabetes group.

Fig. 4
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Figure 4:

Effect of fermented cabbage supplement on Tumour necrosis factor
alfa (TNF-o). Superscripts a and b denote statistically significant
differences (p< 0.05) compared to the NC and DCUT respectively.

The effect of fermented cabbage supplement on the levels of
Tumour necrosis factor-alpha (TNF-a), a pro-inflammatory
mediator in experimental groups is presented in Fig. 4. TNF-a
was significantly elevated in the diabetic untreated group.
However, treatment with metformin and FC decreased the
level of TNF-a, with 50% FC producing the highest effect.

DISCUSSION

Fermentation is a technology that employs the development
and metabolism of microorganisms to preserve food (Nuraida,
2015; Wilburn and Ryan, 2017; Terefe, 2022). It is among the
most widespread and economical methods of meal
preparation. Fermented foods have been shown to improve
immunity, reduce the signs of lactose intolerance, lower blood
cholesterol levels and prevent infections (Tamang and
Kailasapathy, 2010).

The present study investigated the effect of fermented cabbage
supplement on blood glucose level, TNF-a and pancreatic
oxidative stress markers in STZ/NA-induced diabetic male
Wistar rats. In this study, the elevated blood glucose levels
observed in the diabetic untreated control group may be
primarily explained by insulin resistance, which reduces the
responsiveness of peripheral tissues (muscle and fat cells) to
insulin;  elevated glycogen  breakdown; increased
gluconeogenesis; increased hepatic glucose production and
insulin deficiency. These occur because of pancreatic 3-cell
destruction following diabetic induction with streptozotocin.
Tumour necrosis factor-alpha (TNF-a) may also interfere with
endothelium, lipolytic and insulin signalling, among other
processes (Tangvarasittichai, 2015). The impact of pro-
inflammatory cytokines such as TNF-a has been documented
in insulin signalling pathways, leading to the development of

insulin resistance in pancreatic B-cells and increasing the risk
of type 2 diabetes (Bashir et al., 2020).

Long-term addition of fermented cabbage (FC) to feeds of
diabetic animals protected against deleterious effects of
streptozotocin (ST2), thus demonstrating the
antihyperglycemic and antidiabetic properties of FC.
Biomolecules like flavonoids and saponins present in FC
might facilitate the regeneration of pancreatic beta cells and
restores insulin sensitivity. Thus, fermented cabbage
improved glucose metabolism by lowering blood glucose
levels (Ansari et al., 2023). This effect can also be attributed
to the presence of lactic acid bacteria in fermented cabbage
supplement as a result of the fermentation process. This is
another potential mechanism by which FC might be able to
lower blood glucose levels. Lactic acid bacteria could promote
glycaemic control by acting on the gut bacteria to produce
insulin-tropic polypeptides, glucagon like peptide-1 and
glucose-dependent insulinotropic polypeptide (Yao etal.,
2017). Lipids can interact with and be modified by reactive
oxygen species (Augustine et al., 2021). Evidence of lipid
peroxidation was substantiated by current investigation with
significant increase in pancreatic MDA levels in the untreated
diabetes group. These results corroborate Takasu’s research
which showed that DNA fragmentation is mediated by rising
MDA levels (Takasu et al 1991).

Prolonged hyperglycaemia in systemic circulation enhances
the production of ROS from protein glycosylation and glucose
autoxidation (Giri et al., 2010). This explains why the
untreated diabetic group in the current study exhibited lower
levels of antioxidant enzymes. However, in the current
investigation, FC treatment led to a considerable rise in
pancreatic antioxidant enzymes. The release of bioactive
substances from conjugated phytochemicals may be
responsible for the mechanisms behind the differences in
antioxidant activity. It has been demonstrated that fermenting
cabbage with lactic acid increases its antioxidant capacity
(Kusznierewicz et al., 2008; Sun et al., 2009 and Kim et al.,
2011). Microbial enzymes can improve the nutritional value
and organoleptic quality of foods by converting phenolic
compounds from bound form to free form during fermentation
(Zhao et al., 2021).

Additionally, the structural disintegration of cabbage brought
about by fermentation may cause the release of antioxidant
molecules or the synthesis of entirely new antioxidant
substances. Another explanation for the increase in
antioxidant activity in foods fermented with lactic acid
bacteria is the fact that it has both enzymatic and non-
enzymatic antioxidant pathways (Hur et al., 2014).

TNF-o was the first pro-inflammatory cytokine whose role in
the development of insulin resistance and type 2 diabetes has
been reported (Alzamil, 2020). The insulin-regulated
transporter type 4 (GLUT 4), which is mostly present in
adipocytes, skeletal and cardiac muscles, has been
demonstrated to be down regulated by TNF-a (Akash et al.,
2018). In the current study, it was observed that the TNF-a
level was elevated in the untreated diabetic group than the
normal control. However, FC treatment at 25% and 50%
significantly reduced TNF-a in comparison to the diabetic
untreated group. There is evidence that plant-based fermented
foods have anti-inflammatory and immunoregulatory
properties (Zulkawi et al., 2017; Birhanu et al., 2018 and Zhao
et al., 2020). Some studies have reported bioactive chemicals
such as phenolic compounds, antioxidants and GABA as being
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responsible for the antidiabetic effects of fermented foods
(Sivamaruthi et al., 2018). In conclusion, fermented cabbage
mitigates pancreatic tissue oxidative stress and TNF-o in
Streptozotocin-Nicotinamide-induced Type 2 diabetes in
Wistar Rats.
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