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ABSTRACT

Excessive sugar and alcohol intake contribute to the rising prevalence of metabolic disorders.
Sweetened alcoholic beverages are increasingly popular among adolescents. While the
individual effects are well studied, the combined impact remains unclear. Phytochemicals show
promise in managing metabolic dysfunction, but their role in sugar- and alcohol-induced
metabolic damage is not well understood. This study investigated tannic acid (TA) as a
potential intervention for mitigating sweetened alcohol (SAC)-induced metabolic disorders,
with a focus on the liver and kidneys of young adult rats. A voluntary gelatin-based model was

used to mimic adolescent alcohol shot consumption.

Sixty-four male and female adolescent Sprague Dawley rats (42 days old) were treated for 10
weeks with SAC (10% ethanol + 20% fructose in gelatine) and/or TA (50 mg/kg in gelatine),
or control (plain gelatine). Measurements included feed intake, body mass gain, fasting
glucose, visceral fat, insulin levels, HOMA-IR, blood parameters (Hb, HCT, MCHC), and lipid
profiles (TG, HDL-C, TG-HDL-C ratio). Liver absolute mass, hepatosomatic index, TBARS,
and gene expression (CYP2E1, SREBP-1, IL-10, NF-kB1, TNF-a), and histology (hepatocyte
density, micro/macro steatosis, fibrosis) were assessed. Kidney evaluations included mass,
index, function biomarkers (KIM-1, NGAL), TBARS, and histology (urinary space,

glomerular and Bowman’s capsule areas, fibrosis).

All rats grew significantly (P<0.001), but body mass remained consistent within sexes. From
week 3, feed intake declined in SAC and SAC+TA groups compared to PG and TA (P<0.05).
SAC increased visceral fat, especially in females, and raised HDL-C levels in males (P<0.05),

while other metabolic and blood markers remained unchanged (P>0.05).

In females, SAC and TA each reduced hepatocyte density by ~38%, with a smaller reduction
in the SAC+TA group (P<0.05). In males, SAC+TA resulted in lower hepatocyte density
compared to PG and TA (P<0.05). Steatosis was more severe in females across most groups,
except SAC, where males showed higher micro-vesicular steatosis (P<0.05). Hepatic fibrosis

was unchanged in females but reduced in SAC and TA males (P<0.05).

Kidney mass and function markers (KIM-1, NGAL) were unaffected (P>0.05), but TBARS
were elevated in female kidneys (P<0.05). Urinary space was enlarged in TA and SAC females

but reduced in SAC males (P<0.05). Bowman’s capsule area increased in TA females (P<0.05),
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with no change in males. Glomerular tuft area was higher in TA and SAC+TA females, but

lower in TA males, compared to other groups (P<0.05).

Moderate voluntary alcohol consumption in gelatine did not induce overt metabolic
dysfunction in rats. Where abnormalities occurred, tannic acid (50 mg/kg) offered limited
protection, improving only hepatic oxidative stress in males. SAC and TA had no significant
impact on body mass, blood parameters, insulin resistance, triglycerides, or renal injury
markers. However, SAC increased visceral fat, hepatic steatosis, lipid peroxidation, and
glomerular hyperfiltration in females, while elevating HDL-C in males, suggesting greater
hepatic and renal vulnerability in females. Caution is advised for females consuming sweetened

alcohol.
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CHAPTER ONE

INTRODUCTION
1.1 Thesis structure

Following the Wits Faculty of Health Sciences ‘style guide for theses, dissertations and research
reports’, this thesis adopted the conventional monograph (block) format, consisting of six chapters
(Introduction, Literature Review, Methods, Results, Discussion and Conclusions), a references

section, and appendices.

Chapter One introduces the study and outlines the thesis structure. It provides background on
sweetened alcohol (SAC) consumption and its link to metabolic disorders. The potential protective
effects of tannic acid (TA), especially on the liver and kidneys in adolescents, are briefly

mentioned. The chapter also states the study’s justification, aims, objectives, and hypotheses.

Chapter Two provides a comprehensive review of relevant literature, covering the prevalence,
definition, components, and pathophysiology of metabolic disorders. It describes the contribution
of SAC consumption to metabolic, hepatic, and renal diseases. Additionally, it explores
conventional and non-conventional approaches to managing metabolic disorders, with a focus on

the possible health benefits of TA. This chapter establishes the theoretical foundation for the study.

Chapter Three details the experimental design, including dietary interventions, preparation
procedures, and termination protocols. It outlines the methodology used to assess general health
performance, metabolic profile, liver and kidney function analysis, ensuring a systematic approach

to data collection and analysis.

Chapter Four presents the study’s findings, supported by figures, tables, and representative
photomicrographs of liver and kidney histological sections. The results are systematically

organised to address each research objective.

Chapter Five interprets and contextualises the findings, drawing comparisons with existing

literature and expanding on it, considering the research findings. It explores the potential role of



TA in mitigating metabolic, hepatic, and renal impairments associated with SAC consumption,

offering insights into the biological mechanisms underlying these effects.

Chapter Six concludes the thesis by summarising the key findings, emphasising their significance,

and discussing study limitations. It also provides recommendations for future research directions.

This structured approach ensures a logical and coherent flow, guiding the reader through the

research journey from background and methodology to results, discussion, and conclusions.

1.2 Overview and background of the study

The global rise in metabolic disorders represents a growing public health challenge (Papaioannou,
Kadi and Nilsson, 2022). Among adults, the prevalence is estimated at approximately 25%
(Papaioannou, Kadi and Nilsson, 2022). In children and adolescents, metabolic dysfunction affects
about 3% and 5%, respectively, with an estimated 25.2 million children and 35.2 million
adolescents diagnosed worldwide (Noubiap ef al., 2022). This upward trend is strongly linked to
the increasing rates of obesity within these age groups (Wentzel et al., 2025). In South Africa,
21.56% of adolescents are classified as obese, with females at a greater risk of developing obesity
than males (Nwosu ef al., 2022). Excessive intake of sugar (Mai and Yan, 2019) or alcohol (Aberg
et al., 2023), individually, has also been strongly associated with the development of metabolic

syndrome.

Metabolic syndrome can be described as a collection of risk factors (of metabolic origin) that
contribute to the development of serious illnesses such as chronic diabetes and atherosclerotic
heart disease (O’Neill and O’Driscoll, 2015). Insulin resistance, obesity, dyslipidaemia,
hypertension, hyperinsulinemia, hyperuricaemia, and an altered blood lipid profile are all
considered metabolic risk factors (Papaioannou, Kadi and Nilsson, 2022). Individuals with these
medical conditions have a fivefold increased risk of developing Type II diabetes mellitus and a

threefold higher likelihood of experiencing heart issues (O’Neill and O’Driscoll, 2015).

Chronic consumption of alcohol increasingly impairs metabolic profiles and promotes the

development of metabolic syndrome components (Fujita and Takei, 2011). Globally, 136 million



females and 264 million males aged 15 years and above are predicted to have an alcohol use
disorder, which is a significant risk factor for metabolic dysfunction (WHO, 2024). Also, alcohol
use disorder is responsible for approximately 2.6 million deaths each year, resulting in significant
social, economic, and medical burdens (WHO, 2024). Sugar-sweetened alcohol is particularly
appealing to adolescents because of its pleasing flavour, and this usually leads to increased sugar

and alcohol consumption (Hughes et al., 1997).

The rising use of sweeteners like fructose in beverages has been linked to increasing rates of
obesity, insulin resistance, liver damage, and the onset of diabetes mellitus, a leading global cause
of chronic kidney disease (CKD) (Mai and Yan, 2019). Alcoholism also contributes significantly
to CKD progression (Grant et al., 2017), particularly in individuals with fatty liver and other
metabolic disorders (Wang et al., 2022). In recent years, both non-infectious (e.g., non-alcoholic
fatty liver disease [NAFLD], alcohol-related liver disease [ALD], and drug-induced liver injury
[DILI]) and infectious liver diseases (e.g., hepatitis B and C virus infections) have become more
prevalent (Xiao et al., 2019). Cirrhosis, hepatocellular carcinoma, and hepatic failure are also on
the rise (Xiao et al., 2019). Among these, NAFLD and ALD are the most common, with estimated
global prevalence rates of 25% and 6%, respectively and are primarily driven by excessive sugar

and alcohol consumption (Sharma, Suk and Kim, 2021).

Molecular markers such as Cytochrome P450 2E1 (CYP2EI), Sterol regulatory element-binding
protein-1 (SREBP-1), Nuclear factor kappa B1 (NF-xB1), and inflammatory cytokines play critical
roles in the development of ALD (Nowak and Relja, 2020). CYP2E1, a member of the cytochrome
P450 enzyme family, is particularly implicated in the pathogenesis of ALD (Zhang et al., 2024).
SREBP-1 regulates fatty acid synthesis, contributing to hepatic lipid accumulation (Ren et al.,
2023). Inflammatory cytokines also significantly influence the development of metabolic
syndrome, with elevated levels of Interleukin-10 (/L-10) and Tumour necrosis factor-a (TNF-a)

activating the NF-kB signalling pathway (Chojnacka and Lewandowska, 2023).

Currently, the many components of metabolic diseases are managed and treated through lifestyle
changes and pharmacological medications that modify specific metabolic biochemical pathways
(Fang et al., 2020). Conventional pharmacological agents are typically mono-therapeutic, targeting

individual risk factors, necessitating the administration of multiple medications at the same time
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(Makhoba et al., 2020). Pharmaceuticals can be costly and are often associated with unpleasant
side effects, which might impair patient compliance (Abdulghani and Al-Fayyadh, 2024). Non-
conventional approaches for the management of metabolic problems include the use of therapeutic
plants rich in phytochemicals (Fang et al., 2020). These medicinal plants are thought to have a
more integrative effect than conventional medications and are readily available and less harmful
than conventional medications (Fang et al., 2020; Tran, Pham and Le, 2020). The consumption of
fruits and vegetables, which are high in phytochemicals such as polyphenolic compounds, has been
shown to reduce the development of metabolic syndrome (Papaioannou, Kadi and Nilsson, 2022).

One of these compounds is TA.

TA 1is a polyphenolic chemical obtained from plants (Nagesh et al., 2020). Anti-inflammatory,
anti-diabetic, anti-bacterial, anti-cancer, and antioxidant properties have been demonstrated as
biological activities of TA (Tiirkan, Taslimi and Saltan, 2019). According to Liu et al. (2005), TA
improves glucose absorption and inhibits adipocyte differentiation and lipid accumulation. TA has
also been shown to help inhibit the development of non-insulin-dependent diabetes and inhibit fat

storage (Liu et al., 2005; Tiirkan et al., 2019).

Furthermore, TA also prevents diet-induced non-alcoholic fatty liver disease (NAFLD) by
inhibiting the activity of histone acetyltransferase, an enzyme that disrupts hepatic fat homeostasis
(Chung et al., 2019). It also reduced body weight gain and protected against the development of
hepatic steatosis caused by long-term ethanol treatment (Jordao et al., 2010). TA consumption
reduced body mass, liver mass, and serum Thio-barbituric acid-reactive substance (TBARS) levels

in another study on faecal steroid excretion in rats (Nakamura, Tsuji and Tonogai, 2003).

1.3 Justification of the study
Prevalence and risk

According to the World Health Organisation's 2024 Global Status Report on Alcohol and Health
and Treatment of Substance Use Disorder, approximately 143 million adolescents aged 15 to 19,
representing 22% of this age group, are current drinkers (WHO, 2024). This includes about 18.9
million adolescents from the African region. In addition, young people aged 15 to 24 years have a

greater prevalence of binge drinking than the general population in all the W.H.O. regions (WHO,
4



2019). The prevalence of alcohol intake among teenagers with a higher risk of developing an
alcohol use disorder range from 3.9% in those aged 12 to 13 to 51.6% in those aged 18 to 20 (Ben
El Jilali et al., 2020).

Research gaps in sweetened alcohol studies

Sugar-sweetened beverages are major contributors to the global rise in metabolic syndrome (Malik
and Hu, 2022). Among adolescents, there is a growing trend of consuming sweetened alcoholic
drinks. Diets high in sugar (Kobi et al., 2023) and alcohol intake (Tsermpini, Plemenitas Iljes and
Dolzan, 2022) promote the generation of reactive oxygen species, leading to oxidative stress, an
important risk factor for the development of chronic metabolic conditions in adolescents
(Samsonov and Urlacher, 2025). This may ultimately result in kidney damage and metabolic-
associated fatty liver disease (MAFLD) (Dobrowolski et al., 2022). Adolescents are specifically
vulnerable to metabolic and organ damage, as external stressors like unhealthy diets can disrupt
hormones, hinder growth, and impair organ development, raising the risk of long-term health
issues (Mousikou, Kyriakou and Skordis, 2023). Therefore, the combined burden of excessive
sugar and alcohol consumption presents a significant challenge, potentially increasing the

incidence of cardiometabolic disorders among teenagers.

Furthermore, there is a lack of studies investigating the combined effects of sugar and alcohol, as
well as the potential protective role of TA against SAC-induced metabolic dysfunction. As a result,
more research is needed to better understand the impact of the diseases related to the practice of
drinking SAC. Similarly, there is a need to investigate other therapies, such as phytochemicals, to

prevent the development of metabolic illnesses.

Sex differences in alcohol consumption

While men drink alcohol more frequently and consistently than women, there has been an increase
in the number of women consuming alcohol worldwide in recent years (WHO, 2024). Similarly,
National Epidemiological Survey on Alcohol and Related Conditions (NESARC) data show that
between 2001-2002 and 2012-2013, high-risk drinking and alcohol use disorders among women
increased by 57.9% and 83.7%, respectively (Grant et al., 2017). This pattern indicates a gender

difference in the prevalence and consequences of alcohol consumption. Given the usual bias



towards males in research, there is a need to include females, as sex variations in illness

susceptibility and metabolism have been well established.

Rationale for the use of TA

Although the impacts of TA on high sugar or high alcohol intake have been reported
independently, there are no research findings regarding its effect on a combination of sugar and
alcohol, such as in a sweetened alcoholic beverage. TA has well-established mechanisms, such as
antioxidant, anti-inflammatory, and antifibrotic properties, that support its potential as a
therapeutic candidate. In studies where rodents are used as experimental models for alcohol
consumption, a forced drinking paradigm is often used. However, such models may not accurately
represent the physiological patterns of alcohol consumption. To better mimic adolescent behaviour
and enhance the real-world applicability of TA as a dietary supplement, this study employed a
voluntary SAC consumption model in rats. Thus, the study aimed to examine the protective effects
of TA, an FDA-approved supplement, against the development of metabolic disorders resulting

from the combined voluntary intake of alcohol and sugar in adolescent male and female rats.

The specific aim and objectives of the study are presented in the following subsection.

1.4 Aim and objectives

The study aimed to investigate whether TA, when administered as a dietary supplement in
adolescence, will prevent the development of metabolic disorders associated with combined

alcohol and sugar intake in both sexes of Sprague Dawley rats.

To achieve this, three key objectives were set:

1. To assess the protective potential of TA against the adverse effects of SAC on overall
metabolic health by measuring:
e Feed intake
e Body weight gain as an indicator of growth performance

e Obesity-related markers: visceral and epididymal fat pad accumulation



Haematological parameters, specifically haematocrit (HCT), haemoglobin (Hb)
concentration, and mean corpuscular haemoglobin concentration (MCHC)
Circulating lipid metabolite levels: triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), and the TG-to-HDL-C ratio

Circulating glucose concentration, insulin levels and insulin resistance using the

homeostatic model assessment of insulin resistance (HOMA-IR) index

2. To evaluate the protective potential of TA against the adverse effects of SAC on liver

function and integrity by analysing:

Liver weight and hepatosomatic index

Oxidative stress markers in the liver (TBARS)

Expression of hepatic genes related to alcoholic liver disease, including metabolic
markers— Cytochrome P450 2E1 (CYP2EI), Sterol regulatory element-binding
protein-1 (SREBP-1)] and pro-inflammatory markers— Interleukin-10 (/L-10),
Nuclear factor kappa B1 (NF-«xB1), and Tumour necrosis factor-a (TNF-a).

Liver steatosis and hepatic injury through histomorphometry scoring of steatosis,

hepatocyte count and fibrosis analysis

3. To assess the protective potential of TA against the adverse effects of SAC on renal

function and nephropathy by focusing on

Kidney weight and kidney index

Serum levels of the renal function biomarkers, kidney injury molecule-1 (KIM-1)
and neutrophil gelatinase-associated lipocalin (NGAL)

Oxidative stress markers (TBARSs) in the kidney tissue

Renal microstructure, assessed via urinary space, glomerular tuft area, Bowman’s

capsule area measurements and renal fibrosis analysis

This study will provide insights into TA's potential role in preventing metabolic, hepatic, and renal

impairments associated with SAC consumption.



1.5 Hypotheses

The null hypotheses (Ho) and the alternative hypotheses (H;i) for this study are stated below:

1.5.1 Hypothesis for objective one
Ho: Supplementation with TA during adolescence does not modulate the metabolic outcomes
linked to the voluntary intake of alcohol that has been sweetened with fructose in both sexes of

Sprague Dawley rats.

Hi: Supplementation with TA during adolescence modulates metabolic outcomes linked to the
voluntary intake of alcohol that has been sweetened with fructose in both sexes of Sprague Dawley

rats.

1.5.2 Hypothesis for objective two
Ho: Adolescent supplementation with TA does not attenuate liver-related alterations induced by

voluntary consumption of fructose-sweetened alcohol in female and male Sprague Dawley rats.

Hi: Adolescent supplementation with TA attenuates liver-related alterations induced by voluntary

consumption of fructose-sweetened alcohol in female and male Sprague Dawley rats.

1.5.3 Hypothesis for objective three
Ho: TA supplementation during adolescence does not prevent renal dysfunction associated with

voluntary intake of fructose-sweetened alcohol in female and male Sprague Dawley rats.

Hi: TA supplementation during adolescence prevents renal dysfunction associated with voluntary

intake of fructose-sweetened alcohol in female and male Sprague Dawley rats.

The next chapter presents a critical review of the literature relevant to this study.



CHAPTER TWO

2 LITERATURE REVIEW
2.1 Metabolic syndrome

Metabolic syndrome (MetS) is a cluster of interrelated conditions that co-occur in an individual,
including obesity, hyperglycaemia, hypertension, dyslipidaemia, and other metabolic
abnormalities (Gargari and Chatterjee, 2024). These components collectively impact energy
metabolism and distribution (Alemany, 2024). MetS is primarily associated with chronic low-
grade inflammation and insulin resistance, both of which are major risk factors for cardiovascular
diseases and diabetes (Lin and Sun, 2024). Systemic inflammation contributes to MetS by
activating innate immune cells, leading to persistent inflammation even in the absence of infection
(van de Vyver, 2023). Similarly, insulin resistance disrupts lipid and protein metabolism, further

compromising overall metabolic health (Banerji and Chaiken, 2010).

2.1.1 History of metabolic syndrome

The idea that metabolic disorders often co-occur dates as early as the 12th century, when a group
of medical practitioners observed that diabetes and cardiovascular disease could manifest in the
same individual (Shah and Vella, 2016). However, the term "metabolic syndrome" was first
introduced in 1975 by Hermann Haller, who described it as a combination of obesity, diabetes,
hyperlipidaemia, hyperproteinaemia, hyperuricaemia, and liver steatosis (Haller, 1977). In 1988,
Gerald Reaven introduced the terminology "Syndrome X," emphasising the link between insulin
resistance and various components of MetS (Szychlinska ef al., 2020). The following year, Kaplan
Norman renamed it the "Deadly Quartet," highlighting its severe health implications (Kaplan,
1989). Kaplan established that MetS is primarily driven by insulin resistance, which, when

accompanied by hyperinsulinemia, contributes to metabolic complications.

The definition and diagnostic criteria of MetS have evolved. The World Health Organisation
(WHO) provided the first formal definition in 1998, identifying MetS as the presence of diabetes,
impaired glucose tolerance, impaired fasting glucose, or insulin resistance, along with at least two
of the following: high blood pressure (>160/90 mmHg), hyperlipidaemia (triglycerides >150

mg/dL or low HDL cholesterol), central obesity, or microalbuminuria (Alberti and Zimmet, 1998).
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This definition was later refined by the European Group for the Study of Insulin Resistance
(EGIR), which emphasised insulin resistance as the central component of MetS (Shah and Vella,
2016). However, definitions provided by the National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATP III), the International Diabetes Federation (IDF), and the
American Association of Clinical Endocrinology (AACE) differ from the EGIR definition, as they
do not require insulin resistance for diagnosis but instead prioritise visceral obesity alongside other
risk factors (Akintunde et al., 2011). Despite these variations, the definitions proposed by EGIR
and NCEP ATP III remain widely accepted in clinical and research settings.

2.1.2 Prevalence of metabolic syndrome

The prevalence of MetS varies across different populations, sexes, and age groups, largely due to
differences in diagnostic criteria (Huang et al., 2022). Globally, MetS affects approximately 25%
of the population, equating to over two billion individuals (Arantes et al., 2023). It is responsible
for 7% of total deaths and contributes to 17% of cardiovascular disease-related mortality (Arantes
et al.,2023). Recent studies indicate that MetS prevalence ranges between 12.5% and 31.4%, with
women exhibiting higher rates than men in certain populations (Noubiap et al, 2022).
Additionally, the prevalence of MetS among adolescents has risen significantly, with estimates of
approximately 4.2% based on IDF criteria and 7.7% according to NCEP definitions (Zong et al.,
2024). The early onset of MetS components in adolescents has serious health implications,

increasing the likelihood of developing metabolic diseases in adulthood (Orsini et al., 2023).

2.1.3 Components of metabolic syndrome

The key components of MetS include abdominal obesity, hypertriglyceridemia, low circulating
high-density lipoprotein cholesterol (HDL-C), hypertension, and hyperglycaemia (Alberti and
Zimmet, 1998). The presence of at least three of these factors in an individual doubles the risk of
cardiovascular disease and increases the likelihood of developing type II diabetes by fivefold
(Alberti and Zimmet, 1998). Obesity, a major contributor to MetS, results from excessive adipose
tissue accumulation due to an energy imbalance (Rodrigues et al., 2016). Genetic variations
affecting lipid metabolism may further contribute to hyperlipidaemia. Low HDL-C levels are also
strongly associated with obesity and metabolic disorders, as they impair cholesterol clearance

(Zvintzou et al., 2023). Elevated cholesterol levels, in turn, promote the accumulation of low-
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density lipoprotein (LDL), contributing to atherosclerotic plaque formation and raising
cardiovascular disease risk (Mankar, B. Pawar and Y. Pawar, 2024). This risk is exacerbated by
the coexistence of diabetes and hypertension, which drive disease progression through
mechanisms such as insulin resistance and endothelial dysfunction (Mwende, 2024). The interplay
among these components is complex, involving numerous biological pathways that contribute to

the syndrome's development and associated health risks (Shi et al., 2023).

2.1.4 Pathophysiology of metabolic syndrome

The development of MetS is influenced by genetic, lifestyle, and environmental factors, making it
a complex global health concern (Lin and Sun, 2024). Genetic predisposition plays a significant
role, with approximately 50% of MetS cases attributed to hereditary factors, including alterations
in DNA sequences and chromosomal variations (Rana et al., 2022). Environmental exposure to
endocrine-disrupting chemicals also contributes to MetS by interfering with metabolic pathways
and causing hormonal imbalances (Ziki and Mani, 2016). Additionally, lifestyle choices such as
poor dietary habits, physical inactivity, and substance abuse significantly impact MetS
development (Haverinen et al., 2021). Unhealthy diets are strongly associated with a higher
prevalence of MetS, whereas increased physical activity has been shown to mitigate its effects by
improving insulin sensitivity and reducing obesity (Shackelford, 2023). Moreover, substance
abuse, particularly excessive alcohol consumption, is linked to a high incidence of MetS (Bathla

etal.,2017).

South Africa ranks among the highest alcohol-consuming countries globally, with recent estimates
indicating that approximately 32.5% of the population consumes alcohol, comprising 43.4% of
males and 22.6% of females (WHO, 2024). A particular concern is the early initiation of alcohol
use, with evidence indicating that 12% of South African adolescents start consuming alcohol
before the age of 13 years (Mafa et al., 2019). Similarly, despite the introduction of the South
African Health Promotion Levy in 2018, which imposed a 10% tax on sugar-sweetened beverages,
sugar consumption has not significantly declined. Adolescent intake of added sugars remains

persistently high (Wrottesley et al., 2021).
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2.1.5 Impact of alcohol on metabolic syndrome

The effects of alcohol consumption on metabolic health remain a topic of debate (Skultecka et al.,
2024). While some studies suggest that moderate to high alcohol consumption may lower the risk
of MetS compared to low consumption, excessive alcohol intake is undeniably harmful (Musto,
Brown and Lucey, 2025). Chronic alcohol consumption is associated with the development of
metabolic conditions such as obesity, insulin resistance, and dyslipidaemia (Aberg et al., 2023).
Alcohol disrupts metabolic pathways that regulate glucose and lipid metabolism, leading to
oxidative stress and cellular damage. Furthermore, alcohol consumption and abuse often begin in
early adolescence, increasing the likelihood of long-term metabolic complications (Wakabayashi

etal.,2021).

Globally, the prevalence of alcohol consumption among adolescents aged 15 to 19 is estimated at
22% (WHO, 2024). In South Africa, the prevalence is slightly higher at 23.1% (Belete et al., 2024).
This trend places adolescents at increased risk of alcohol-related mortality and long-term
metabolic disorders, including diabetes and cardiovascular diseases (WHO, 2024). Alcohol
consumption trends also vary by gender, with males typically preferring beer and spirits, while
females more often choose wine and flavoured drinks. Notably, adolescents of both sexes tend to

favour sweetened alcoholic beverages (Mafa et al., 2019).

2.1.6 Impact of sugar on metabolic syndrome

Sugar, a type of carbohydrate, includes monosaccharides (e.g., glucose, galactose, and fructose)
and disaccharides (e.g., sucrose, lactose, and maltose) (Walton ef al., 2023). While sugars occur
naturally in many foods, they are also frequently added as sweeteners (Walton et al., 2023). The
excessive intake of added sugars is a key contributor to the rising prevalence of MetS (Johnson et
al., 2007). High sugar consumption is strongly linked to core MetS components, including insulin
resistance, obesity, and cardiovascular disease (Munoz-Cabrejas et al., 2023). A meta-analysis has
demonstrated a dose-dependent relationship between the intake of sugar-sweetened beverages

(SSBs) and the risk of MetS (Zhang et al., 2021).

Despite some reductions in global sugar intake in recent years, consumption levels remain above

the recommended guidelines (Walton et al., 2023). Adolescents and children have the highest

12



sugar intake as a percentage of total energy consumption (12-14%), compared to 8% in the adult
population (Walton et al., 2023). Excessive sugar consumption in younger age groups significantly
contributes to the increasing prevalence of MetS in adolescents and children (Shim, Lee and

Hwang, 2024).

2.2 Sweetened alcohol consumption trends

The consumption of sugar-sweetened beverages (SSBs) has been consistently linked to an
increased risk of metabolic syndrome (MetS) and its associated components across various
populations (Mufioz-Cabrejas et al., 2023). In recent times, there has been a rise in the
consumption of jello shots (alcohol-infused flavoured gelatine) among adolescents (Grossman,
Binakonsky and Jernigan, 2018). The appeal of sweetened alcoholic beverages lies in their
enhanced palatability due to added flavours (Wakabayashi ef al., 2021). This trend contributes to
increased alcohol intake, leading to a higher incidence of heavy episodic drinking and greater
alcohol-related harm compared to the consumption of non-flavoured alcoholic beverages (Albers

etal.,2015).

Additionally, females consume jello shots more frequently than males(Siegel et al., 2016), likely
due to their preference for milder bitterness and richer, layered flavours (Muggah and McSweeney,
2017). Both alcohol and sugar activate similar neurobiological pathways, contributing to addictive
behaviours and excessive consumption (Fortuna, 2010). Excessive intake of alcohol (Aberg et al.,
2023) and sugar (Mufioz-Cabrejas et al., 2023) increases the risk of MetS in adolescents,
highlighting the need to investigate the combined metabolic impact of both, as we have in

sweetened alcoholic beverages.
2.3 Experimental animal models of alcohol consumption

Animal models play a crucial role in elucidating the relationship between alcohol consumption
and metabolic syndrome (MetS) (Buyco et al., 2021). Several models are utilised to study alcohol
consumption, including operant models, non-operant models, and binge-drinking models
(Favoretto et al., 2024). These models of alcohol use and abuse involve precise adjustments to the
timing, duration, and frequency of alcohol availability, along with designated periods of abstinence

and prior exposure (Becker and Lopez, 2024). Various alcohol drinking patterns, including
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intermittent consumption, binge drinking, and mixed intake, can be modified in both frequency

and duration (Becker and Lopez, 2024).

The operant alcohol model involves modifying behaviour through reinforcement or inhibition
based on consequences, such as self-administration, intermittent access, chronic alcohol
dependence and withdrawal (Becker and Lopez, 2024), and the saccharin-fading procedure
(Calleja-Conde et al., 2023). The scheduled access alcohol model demonstrates that intermittent
alcohol availability promotes binge-like drinking patterns, which intensify alcohol consumption
behaviours (Becker and Lopez, 2024). The saccharin-fading procedure, which introduces alcohol
after initial exposure to a sweetener, aids in understanding voluntary alcohol consumption (Calleja-

Conde et al., 2023).

Conversely, non-operant protocols involve investigator-controlled alcohol administration,
enabling researchers to manipulate alcohol doses and observe the resulting physiological and
behavioural responses without requiring the subject’s active participation (Favoretto et al., 2024).
Non-operant animal models include the conditioned place preference model, which assesses the
association between a specific environment and the rewarding effects of alcohol, as well as home-
cage drinking paradigms, which evaluate voluntary alcohol consumption in the absence of operant

conditioning (Tunstall, Vendruscolo and Allen—Worthington, 2020).

2.4 Experimental animal models of fructose consumption

The relationship between sugar consumption and metabolic syndrome is investigated using animal
models that modify diet, genetics, or pharmacological interventions to provide critical insights into
the pathophysiology of the condition (Wong et al., 2016). Dietary models of sugar consumption
in metabolic syndrome research include carbohydrate-enriched food, such as high-fructose diets
and high-sucrose diets (Oron-Herman et al., 2008). Some dietary models combine various
carbohydrates with high-fat diets to better simulate real-world dietary patterns (Wong et al., 2016).
Similarly, the addition of fructose to drinking water is a well-established model for the induction

of metabolic syndrome (MetS) in rodents (Mamikutty et al., 2014).

Additionally, genetically modified experimental animal models examine the pathogenesis of MetS

resulting from genetic mutations affecting leptin and leptin receptor function. These models
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include leptin-deficient (ob/ob) mice, leptin receptor-deficient (db/db) mice, Zucker fatty (ZF) rats,
Zucker diabetic fatty (ZDF) rats, DahlS.Z-Lepr fa/Lepr fa (DS/obese) rats, Goto-Kakizaki (GK)
rats, obese spontaneous hypertensive rats (Koletsky rats), and POUND mice (Wong et al., 2016).
Pharmacologically induced models of MetS include those triggered by glucocorticoid
administration and antipsychotic medications (Wu et al., 2014). These models provide valuable
data on the metabolic disruptions associated with excessive sugar consumption and their role in

the development of MetS.

2.5 Justification of model used

Different animal models used to study alcohol consumption each have unique advantages and
limitations (Becker and Lopez, 2024). For instance, the forced consumption model does not
accurately reflect human drinking behaviour. Human alcohol consumption is typically social and
often aimed at reducing stress (Franzen et al., 2018). Conversely, oral gavage introduces
physiological stress in animal models by damaging the oesophagus of rodents (Arantes-Rodrigues
et al., 2012), thus misrepresenting the human idea of voluntary alcohol consumption. A previous
study reported that oral gavage in mice raises mean arterial blood pressure and heart rate for up to
five hours post-dosing and increases faecal corticosterone metabolites, which suggests systemic

stress induction (Walker et al., 2012).

In contrast, administering interventions in gelatine reduces the stress of oral gavage (Kamerman,
Modisa and Mphahlele, 2004) and better mimics voluntary consumption in humans. Gelatine’s
capacity to create a thermo-reversible gel makes it an excellent option for drug administration
(Foox and Zilberman, 2015). Furthermore, adolescent consumption of Jello shots, a cocktail made
by combining alcohol with sweetened gelatine, is on the rise (Siegel et al., 2016). Gelatine “shots”
offer a simpler way to administer alcohol in a laboratory setting, effectively concealing its bitter
taste (Ralevski et al., 2006). Therefore, this study used gelatine to deliver sugar and alcohol to
Sprague Dawley rats, a widely used strain for MetS research (Wong et al., 2016).

2.6 Synergistic effects of alcohol and sugar on metabolic disorders

Excessive consumption of fructose and alcohol has detrimental effects on body function, promotes

insulin resistance and inflammation, and increases the risk of cardiometabolic disorders. Alcohol
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negatively impacts all body systems, regardless of the amount consumed (Musto, Brown and
Lucey, 2025). In preclinical studies, assessing organ structure and function is a crucial step in
evaluating pharmaceutical interventions (Sellers et al., 2007). Key organs affected by excessive
sugar and alcohol intake include the brain, heart, liver, kidney, bones, nerves, pancreas, and
gastrointestinal tract (GIT) (Musto, Brown and Lucey, 2025). This study explores the combined

effects of alcohol and sugar intake on overall metabolism, liver function, and kidney health.

2.7 The role of sugar and alcohol in the pathophysiology of liver diseases

High alcohol consumption (Subramaniyan ef al., 2021) and excessive sugar (DiStefano and Shaibi,
2021) intake are major contributors to liver disease. Liver disease ranks as the 11th leading cause
of death globally (Devarbhavi et al., 2023) primarily due to the liver's constant exposure to
circulating toxins and pathogens, which can disrupt its functional architecture (Acharya et al.,
2021). As the primary site for alcohol and sugar metabolism (Nutfilloyevich, 2024), the liver
becomes overburdened when exposed to excessive intake of these substances, leading to the
development of common liver diseases such as alcoholic liver disease (ALD) and non-alcoholic
liver disease (NAFLD) (Sharma, Suk and Kim, 2021). The addition of sweeteners like fructose to
alcoholic beverages further exacerbates the metabolic damage caused by alcohol consumption.
Thus, the combined impact of excessive alcohol and sugar intake on liver health and metabolic

disorders warrants further investigation.

Alcohol (Aberg et al., 2023)-and sugar intake (Li et al., 2024) significantly contribute to the onset
and progression of liver diseases. Alcohol consumption is directly linked to ALD, which includes
conditions ranging from fatty liver disease to cirrhosis (Aberg et al., 2024). Similarly, high sugar
intake, particularly from fructose and sucrose, is associated with metabolic dysfunction-associated
steatotic liver disease (MASLD) (Li ef al., 2024). Research indicates that the excessive intake of
both alcohol (Seitz, Moreira and Neuman, 2023) and fructose (Faienza et al., 2024) leads to liver
damage through multiple metabolic pathways. Chronic alcohol consumption disrupts lipid
metabolism, alters amino acid pathways, and increases oxidative stress, all of which contribute to
liver injury and disease progression (Seitz, Moreira and Neuman, 2023). Likewise, fructose
metabolism promotes fat accumulation in the liver, exacerbating oxidative stress and

inflammation, which further accelerates liver damage and disease (Baharuddin, 2024).
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2.7.1 Liver diseases

Liver disease encompasses a range of conditions, diseases, and infections that affect hepatic cells,
tissues, structures, or functions (Bhardwaj et al., 2011). These conditions impact the liver’s ability
to detoxify substances, synthesise proteins, and produce compounds essential for digestion and
other vital functions (Bhardwaj et al., 2011). Approximately two million people die from liver
disease each year (Devarbhavi et al., 2023), with common conditions including hepatitis, hepatic
steatosis, liver fibrosis, cirrhosis, hepatocellular carcinoma, and drug-induced liver toxicity

(Akgakaya, 2024).

Hepeatitis involves liver necrosis and inflammation caused by viral infections (Llerena et al., 2016),
alcohol consumption (Hosseini, Shor and Szabo, 2019), or exposure to toxins (Nithiyanandam and
Evan Prince, 2021). Hepatic steatosis, characterised by excessive lipid accumulation in liver cells,
occurs when fat content exceeds 5% of liver weight, encompassing both alcoholic and non-
alcoholic fatty liver diseases (Israelsen et al., 2024)- Hepatic fibrosis results from excessive
extracellular matrix (ECM) protein deposition, primarily cross-linked collagens type I and III,
replacing damaged normal tissue (Friedman, 2003). Cirrhosis represents the final stage of
progressive liver fibrosis, where extensive scarring distorts liver architecture, potentially

progressing to liver failure or hepatocellular carcinoma (Sepanlou et al., 2020).

2.7.2 Liver structure

The liver is a complex organ crucial for metabolic processes (Kanel, 2015). It is included among
the largest organs in the human body and is in the right upper quadrant of the abdomen.
Anatomically, it consists of two major lobes (right and left) and two accessory lobes (caudate and
quadrate) (Kanel, 2015). The liver receives nutrient-rich blood from the portal vein and oxygenated
blood from the hepatic artery. Venous drainage occurs through the hepatic veins (right, middle,

and left), which empty into the inferior vena cava (Mahadevan, 2020).

Lymphatic drainage originates in the hepatic sinusoids within the space of Disse, connecting to
deep portal and sub-lobular lymphatics (Ohtani and Ohtani, 2008). The deep portal lymphatics
merge at the liver hilum and drain into peripancreatic and paraaortic lymph nodes, ultimately

linking with the cisterna chyli and thoracic duct (Smith, Woodside and Abizaid, 2022). The
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sublobular lymphatics follow the hepatic veins to the inferior vena cava, while capsular lymphatics
drain into the mediastinum or the liver hilum (Smith, Woodside and Abizaid, 2022).
Microscopically, the liver comprises functional units called hepatic lobules, consisting of
hepatocytes arranged in plates. Small bile canaliculi transport bile from hepatocytes to the bile
ducts. Other liver cells found in the sinusoid include Kupffer cells, which function as macrophages

and play a vital role in the body's immune system (McCuskey, 2024).

2.7.3 Liver functions

The liver’s structure directly supports its numerous functions, including bile production, drug
metabolism, and nutrient processing (Sumadewi, 2023). It is also responsible for bilirubin
metabolism, protein synthesis, blood storage, metabolic detoxification, thermogenesis and the

storage of essential vitamins and minerals (Ozougwu, 2017).

Bile, a yellowish-green alkaline fluid containing bile salts, cholesterol, bilirubin, electrolytes, and
water, is secreted by hepatocytes into bile canaliculi (Ozougwu, 2017). Bile salts facilitate fat
emulsification and absorption in the intestine (Maldonado-Valderrama et al., 2011). Bilirubin,
derived from the breakdown of aged red blood cells, undergoes metabolism in the liver (Wang,
Chowdhury and Chowdhury, 2006). When haemoglobin from old red blood cells is broken down
into haem and globin, the globin component is further degraded into amino acids for protein
synthesis, while the haem portion is converted into biliverdin through enzymatic removal of iron
(Ozougwu, 2017). Biliverdin is then reduced to bilirubin by enzymes within the mononuclear

phagocytic system and released into plasma (Ozougwu, 2017).

Furthermore, the liver plays a central role in metabolic regulation, including carbohydrate, protein,
and lipid metabolism (Mitra and Metcalf, 2012). Carbohydrate metabolism encompasses
glycogenesis, glycolysis, gluconeogenesis, and glycogenolysis, which collectively maintain
glucose homeostasis (Nogueira-Ferreira, Oliveira and Ferreira, 2024). Protein metabolism
involves synthesising essential proteins, regulating amino acid levels, and detoxifying harmful
substances. The liver also conducts metabolic detoxification, transforming xenobiotics and

endogenous metabolites into less toxic forms for excretion (Shah and Vella, 2016). Additionally,
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it serves as a storage site for minerals such as iron and copper, as well as vitamins A, D, E, K, and

B12. The liver's functional anatomy makes it particularly susceptible to disease.

2.7.4 Common causes of liver diseases

Liver diseases can result from various factors, including microbial infections, obesity, genetic
predisposition, and alcohol consumption (Akcakaya, 2024). Viral hepatitis remains a leading
cause, with hepatitis viruses A, B, C, D, and E capable of inducing both acute and chronic liver
conditions (Quirino et al., 2024). Obesity is a significant risk factor for non-alcoholic fatty liver
disease (NAFLD), as it promotes fat accumulation in the liver, which can progress to
steatohepatitis and cirrhosis (An ef al., 2024). Genetic factors also play a crucial role, with
mutations in genes such as Patatin-like Phospholipase Domain-Containing Protein 3 (PNPLA3),
Transmembrane 6 Superfamily Member 2 (TM6SF2), and Membrane Bound O-Acyltransferase
Domain-Containing 7 (MBOAT?7) being linked to the development of liver diseases (Tkachuk et
al., 2024). While alcohol consumption has long been recognised as a major contributor to liver
steatosis, cases of liver steatosis have also been reported in individuals who do not consume

alcohol (Israelsen et al., 2024).

2.7.5 Pathophysiological mechanisms of liver diseases

The pathophysiology of liver diseases varies depending on their underlying cause. Liver fibrosis
develops through chronic activation of wound-healing responses, oxidative stress-related
molecular pathways, and disruptions in epithelial-mesenchymal interactions (Pinzani, 2015). In
alcoholic liver disease (ALD), hepatic enzymes such as alcohol dehydrogenase (ADH), CYP2EI,
and catalase metabolise alcohol into acetaldehyde, generating reactive oxygen species (ROS) and
increasing oxidative stress in the liver (Gramenzi et al., 2006). NAFLD, on the other hand, results
from a complex interplay of genetic, metabolic, and environmental factors that contribute to insulin
resistance and excessive fat accumulation in hepatocytes (Marchisello et al., 2019). This
accumulation triggers inflammation, immune cell infiltration, and cytokine secretion, leading to
cell damage and fibrosis (Heyens et al., 2021). At the cellular level, hepatocyte injury and
inflammation activate quiescent hepatic stellate cells (HSCs), which differentiate into collagen-
producing myofibroblasts. This transformation promotes fibrosis by stimulating the proliferation

and activation of HSC progenitors (Heyens ef al., 2021).
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2.7.6 Clinical manifestations of liver diseases

Liver diseases present with a wide range of clinical symptoms, which can be classified into hepatic
(Meza et al., 2022), dermatological (Jiménez, 2024), infectious, and haematological categories
(Shan, Zhao and Jia, 2022). Hepatic manifestations often include hepatomegaly, splenomegaly
(Meza et al., 2022), and hepatic encephalopathy (HE) (Dellatore et al., 2020). Haematological
complications may involve hyperbilirubinemia and portal hypertension (Shan, Zhao and lJia,
2022). Dermatological signs of liver disease include Terry's nails, characterised by leukonychia
with a distal pink band, which is commonly associated with chronic liver disease (Jiménez, 2024).
Pruritus, frequently linked to cholestatic liver conditions, is often managed with bile acid chelators
(Thébaut, Debray and Gonzales, 2018). Additional dermatological features, such as palmar
erythema and spider angiomas (arachnoid nevi) are vascular markers commonly observed in
chronic liver disease, particularly in cases related to alcohol consumption (Jiménez, 2024). While
these clinical indicators are valuable for diagnosis, some patients may present with atypical or no

symptoms, complicating early detection and delaying treatment (Ghulam ef al., 2022).

2.7.7 Diagnosis of liver diseases

Diagnostic markers for liver diseases play a crucial role in early detection, monitoring, and
treatment evaluation (Heyens et al., 2021). While liver biopsy is invasive, costly, and time-
consuming, it remains the gold standard for diagnosis (Heyens et al., 2021). Pathological diagnoses
are based on the assessment of steatosis severity, inflammation, and cellular ballooning (Yip et al.,

2023).

Non-invasive diagnostic methods rely on serological and biochemical markers, each serving
specific functions in identifying conditions such as liver fibrosis, non-alcoholic fatty liver disease
(NAFLD), and other liver-related disorders. Commonly used serological markers, including
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), are biochemical indicators
of hepatocyte inflammatory damage (Piazzolla and Mangia, 2020). However, ALT and AST levels
alone are not reliable for determining active inflammation in NAFLD (Piazzolla and Mangia,
2020). Diagnostic biomarkers, such as proinflammatory cytokines, show potential in identifying

patients with non-alcoholic steatohepatitis (NASH) (Mounika ef al., 2024).
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Furthermore, total bilirubin serves as a key indicator of liver health, with elevated levels often
pointing to liver dysfunction or bile duct obstruction (Guerra Ruiz et al., 2021). Alpha-fetoprotein
(AFP) is widely recognised as a marker for hepatocellular carcinoma, a common form of liver
cancer (Force et al., 2022). Additionally, hepatic markers such as hyaluronic acid (HA), laminin
(LN), type IV collagen (CIV), and procollagen III N-terminal peptide (PIIINP) are linked to liver
fibrosis and inflammation (Ma et al., 2021). Meanwhile, emerging biomarkers like high mobility
group box 1 (HMGBI), cytokeratin 18 (K18), glutathione-S-transferase-a (GST-a), glutamate
dehydrogenase (GLDH), malate dehydrogenase (MDH), and various microRNAs (miRNAs) are
being explored for their potential in diagnosing and monitoring liver diseases (Tamber et al.,
2023). Newly introduced diagnostic and monitoring tools for liver diseases include ultrasound
(US), computed tomography (CT), and magnetic resonance imaging (MRI), particularly for

evaluating hepatic steatosis and fibrosis (Vernuccio ef al., 2021).

2.7.8 Management and treatment of liver diseases

The management of liver diseases involves various therapeutic approaches with differing levels of
efficacy (Zahmatkesh et al., 2023). Management of liver diseases through lifestyle modifications
involves adopting a healthier diet and increasing physical activity (Zeng, Fan and Francque, 2024).
Dietary changes include consuming a low-calorie diet while avoiding unhealthy foods high in
sugar and alcohol. Regular exercise also plays a crucial role in improving liver health (Zeng, Fan

and Francque, 2024).

In addition to lifestyle adjustments, pharmacological interventions may be necessary, including
anti-obesity, anti-diabetic, antilipidemic, and antihypertensive medications (Negi ef al., 2022). For
NAFLD, treatment options include vitamin E supplementation and medications commonly used
to manage type 2 diabetes (T2DM) and obesity, which may help improve liver health (Heyens et
al., 2021). The most effective treatment for end-stage liver disease remains orthotopic liver
transplantation (OLT) (Zahmatkesh et al., 2023). However, its application is limited by donor

availability and the subjection to lifelong immunosuppression (Zahmatkesh et al., 2023).
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2.8 The role of sugar and alcohol in the pathophysiology of kidney diseases

2.8.1 Definition of kidney diseases

Globally, there is an increase in the number of persons living with kidney diseases, including acute
kidney injury (AKI), acute kidney disease (AKD), chronic kidney disease (CKD) and renal
replacement therapy (RRT), with an estimate of over 850 million individuals affected (Jager et al.,
2019). “Kidney disease is defined as a heterogeneous group of disorders that affects kidney
structure and function” (Levey, Levin and Kellum, 2013) and is the 12th leading cause of death
worldwide, contributing significantly to the global burden of non-communicable diseases
(Cockwell and Fisher, 2020). It is predicted to become the 5th leading cause of years of life lost
by the year 2040 (Foreman et al., 2018). Abnormalities in renal structure or function that have
health implications are classified as follows: AKI when present for less than 7 days, AKD when
lasting less than 3 months, and CKD when present for more than 3 months (Lameire ef al., 2021).
Severe complications from these kidney diseases can lead to the initiation of RRT (X. Li ef al.,

2021) which includes dialysis therapies and renal transplantation (Fidan and Agirbas, 2023).

2.8.2 Prevalence of kidney diseases

Kidney disease is strongly associated with metabolic disorders such as obesity, hypertension, and
diabetes (Zhang and Lerman, 2017). According to the Global Burden of Disease Study, over 336
million men and 417 million women worldwide have some form of renal dysfunction (Tomlinson
and Clase, 2019). However, the number of individuals requiring dialysis or RRT differs between
sexes, with approximately 1.3 million women and 0.3 million men undergoing RRT compared to
1.7 million men and 0.4 million women undergoing dialysis (Tomlinson and Clase, 2019). This
disparity highlights that while the prevalence of CKD is higher in women, the progression to end-
stage kidney disease (ESKD), as evidenced by the need for dialysis, is more common in men
(Garcia et al., 2022). The higher prevalence of kidney disease in women may be attributed to their
greater susceptibility to risk factors such as obesity (WHO, 2021). Conversely, men are at greater
risk of CKD progression to ESKD (Garcia ef al., 2022) due to their increased exposure to kidney
injuries and other risk factors like smoking and alcohol consumption (Kazancioglu, 2013). This
underscores the importance of considering both sexes in preclinical and clinical research (Steiger

et al.,2024). Focusing research solely on one sex and then applying those findings to the other sex
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can lead to negative outcomes, such as diminished effectiveness or harmful side effects (Loeftler

and Ziller, 2023).

While kidney disease is more prevalent in the adult population than in the paediatric population
(Kovesdy, 2022), there has been an increase in the age-specific incidence rate of early-onset kidney
diseases (Sun et al., 2024). The occurrence of kidney disease in children and adolescents
significantly impacts their health-related quality of life (Ruidiaz-Gomez and Higuita-Gutiérrez,
2021). Risk factors for renal disorders in children include hypertension, anaemia (Masalskiené et
al., 2021), genetic predispositions, perinatal complications, childhood kidney diseases, chronic
conditions, lifestyle factors (e.g. diet) (Stern-Zimmer et al., 2021), chemicals and environmental
pollutants (Tsai ef al., 2021). In recent years, environmental pollutant microplastics have emerged
as a growing health concern (Tsai et al., 2021). Exposure to these contaminants during childhood

and adolescence may increase the risk of developing kidney disease in adulthood.

2.8.3 Kidney structure

In humans and rats, the kidneys are bean-shaped organs located on the posterior abdominal wall,
on either side of the lumbar spine (O’g’li et al., 2023). When sectioned vertically, they reveal two
distinct regions: the renal cortex and the renal medulla (Tanner, 2009). The kidneys consist
primarily of nephrons—the functional units responsible for filtration—along with an extensive

vascular network that supports their function (El-Sabbahy and Fikry, 2024).

A nephron comprises a glomerulus and a series of tubules, including the proximal tubule, the loop
of Henle, the distal convoluted tubule, and the collecting duct (Pollak ez al., 2014). The glomerulus,
a network of capillaries, serves as the primary filtration site, while the tubules facilitate the
reabsorption of water and solutes, leading to urine formation (Pollak ef al., 2014). The kidneys
receive blood through the renal arteries, which branch into smaller arterioles that supply the
glomeruli. This vital vascular network is essential for renal function and blood pressure regulation

(Tanner, 2009).
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2.8.4 Kidney functions

The kidneys' intricate structure supports their vital physiological functions, including filtration,
fluid balance, and hormonal regulation (O’g’li et al., 2023). Their primary role is urine formation,
which occurs through three key processes: glomerular filtration, tubular reabsorption, and tubular

secretion (Tanner, 2009).

Glomerular filtration is facilitated by the glomerulus, the glomerular basement membrane, and
specialised visceral epithelial cells, which form slit diaphragms between interdigitating foot
processes (Pollak et al., 2014). This process enables the continuous filtration of plasma (Pollak et
al., 2014). Tubular reabsorption allows essential substances such as ions, water, and metabolites
to be transported from the tubular fluid back into the bloodstream (Tanner, 2009). On the other
hand, tubular secretion involves the active transport of substances like hydrogen ions and ammonia

from tubular cells into the urine (Tanner, 2009).

Beyond urine production, the kidneys play a crucial role in homeostasis by regulating water and
mineral balance, controlling arterial pressure, and maintaining electrolyte and acid-base
equilibrium (John and Pasha, 2024). Additionally, they have essential endocrine functions,
including the production of erythropoietin, renin, and prostaglandins, which contribute to red blood
cell production, blood pressure regulation, and inflammatory response modulation (O’g’li ef al.,

2023).

The kidneys also play a role in metabolism, particularly in gluconeogenesis. Renal
gluconeogenesis accounts for about 40% of systemic glucose production, synthesising glucose
from non-carbohydrate precursors like lactate, pyruvate, glycerol, and glutamine (Gerich et al.,
2001). This process is regulated by four key enzymes: pyruvate carboxylase (PC),
phosphoenolpyruvate carboxykinase (PEPCK), fructose-1,6-bisphosphatase (FBP1), and glucose-
6-phosphatase (G6Pase) (Dalga, Verissimo and De Seigneux, 2023). Pyruvate is first converted to
oxaloacetate by PC, then PEPCK decarboxylates and phosphorylates it into phosphoenolpyruvate
(Dalga, Verissimo and De Seigneux, 2023). FBP1 hydrolyses fructose-1,6-bisphosphate to
fructose-6-phosphate, and G6Pase dephosphorylates glucose-6-phosphate to release free glucose

(Dalga, Verissimo and De Seigneux, 2023). Energy for these processes is derived from glycolysis
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and fatty acid oxidation (FAQO), with proximal tubule cells actively contributing to glucose

homeostasis (Mather and Pollock, 2011).

2.8.5 Causes of kidney diseases

The pathogenesis of kidney diseases can stem from either infectious or non-infectious aetiologies.
Infectious kidney diseases are commonly triggered by the invasion of viral, bacterial, fungal, or
other microbial pathogens, as well as by the activation of immune responses (Prasad and Patel,
2018). Non-infectious kidney diseases may have hereditary origins, such as inborn errors of
metabolism (Edvardsson et al., 2013), or non-hereditary causes, including exposure to toxins (Chi
et al., 2021), pharmacological agents (Loh, Hons and Cohen, 2009), metabolic disorders like
diabetes (Pecoits-Filho ef al., 2016), and dietary factors (Kramer, 2019).

2.8.6 Pathophysiological mechanisms of kidney diseases

The pathophysiology of kidney diseases involves a complex interplay of factors, including the
progression from acute kidney injury (AKI) to chronic kidney disease (CKD), the development of
diabetic kidney disease (DKD), and the impact of inflammation, oxidative stress, and hormonal

imbalances (Yeh et al., 2024).

AKI can progress to CKD due to mechanisms such as renal hypoperfusion, nephrotoxicity, and
immune responses, which lead to maladaptive repair processes and fibrosis (Yeh et al., 2024).
DKD arises from chronic hyperglycaemia, triggering metabolic, hemodynamic, inflammatory, and
fibrotic pathways that contribute to renal damage (Sinha and Nicholas, 2023). Inflammatory
cytokines and reactive oxygen species (ROS) play a significant role in DKD progression (Sinha
and Nicholas, 2023). Additionally, the activation of the renin-angiotensin-aldosterone system
(RAAS) exacerbates oxidative stress and fibrosis, further accelerating kidney deterioration (Sinha

and Nicholas, 2023).

2.8.7 Clinical manifestations of kidney diseases
The clinical presentation of infection-related kidney diseases varies depending on the nature of the
infection, with manifestations ranging from acute to chronic (Prasad and Patel, 2018). Kidney

injury may result from direct pathogen invasion or indirect immune-mediated mechanisms, leading
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to conditions such as post-infectious or infection-related glomerulonephritis (Prasad and Patel,

2018).

AKI can impact multiple body systems, with renal, respiratory and cardiovascular failure being
among the most common clinical manifestations (Kellum et al., 2021). Key indicators of kidney
disease include albuminuria and a reduced glomerular filtration rate (GFR) (Afkarian et al., 2016).
Other common manifestations include nephromegaly, glomerular hyperfiltration, and, in advanced
cases, kidney failure (Adeva-Andany et al., 2023). Chronic kidney disease (CKD) is also
associated with dermatological symptoms such as xerosis (dry skin), pruritus (itching), and eczema

(Dwivedi et al., 2021).

Furthermore, kidney disease disrupts essential physiological processes, leading to various
complications. One major consequence is azotaemia, characterised by the accumulation of
nitrogenous waste products such as creatinine and urea in the blood due to impaired filtration
(Kushnirenko et al., 2023) Additionally, reduced erythropoietin production by the kidneys
contributes to anaemia, resulting in fatigue and decreased oxygen delivery to tissues (Portolés et
al.,2021). The loss of calcium homeostasis further leads to bone defects, as impaired renal function
affects vitamin D activation and calcium-phosphorus balance, increasing the risk of bone

demineralisation and fractures (Rodrigues ef al., 2021).

2.8.8 Diagnosis of kidney diseases

Clinical diagnostic tests for kidney disease include estimating the glomerular filtration rate (GFR)
using serum markers of filtration, such as creatinine and cystatin C, or urine biomarkers like
albumin and protein (Kovesdy, 2022). Creatinine levels often become detectable only after
significant kidney damage has occurred, complicating the early diagnosis of AKI (Shang & Wang,
2017). Elevated urea levels are associated with kidney disease (Laville et al., 2023), and a high

urea-to-creatinine ratio indicates a poorer outcome in CKD patients (Brookes and Power, 2022).

Consequently, biomarkers such as kidney injury molecule-1 (KIM-1) and neutrophil gelatinase-
associated lipocalin (NGAL) are increasingly valuable for the early detection of AKI and

predicting recovery or progression to CKD (Kashani and Kellum, 2015). Advancements in renal
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imaging have significantly improved the assessment of kidney structure, morphology, perfusion,
function, metabolism, and oxygenation (Caroli, Remuzzi and Lerman, 2021). Key imaging
modalities include ultrasonography, computed tomography (CT), positron emission tomography
(PET), renal scintigraphy, and multiparametric magnetic resonance imaging (MRI) (Caroli,
Remuzzi and Lerman, 2021). Additional insights into the severity of kidney pathology, particularly
regarding interstitial, tubular, and glomerular alterations, can be obtained through renal biopsy
(Quinn et al., 2021), which remains the gold standard for diagnosing most renal diseases (Feng

and Liu, 2023).

2.8.9 Effect of high sugar intake on the kidney

An unhealthy diet is a significant risk factor for the development of kidney disease (Fotheringham
et al., 2022). Unhealthy diets include high sugar (Karalius and Shoham, 2013) and alcohol
consumption (Das et al., 2008). Individuals with metabolic syndrome face an elevated risk of

kidney disease, which is further amplified by high sugar intake (Andres-Hernando et al., 2020).

Adolescents and children tend to consume more added sugars than the older population (Welsh et
al., 2011), increasing their risk of developing kidney-related conditions. A commonly consumed
sugar is fructose. Fructose-induced renal alterations occur due to reduced mitochondrial function
and adenosine triphosphate (ATP) activity in the kidneys (Johnson et al., 2020). This contributes
to the development of insulin resistance, elevated blood pressure, and other components of
metabolic syndrome, increasing the likelihood of renal abnormalities (Andres-Hernando ef al.,
2020). Diets rich in fructose exert harmful effects, often characterised by local inflammatory
responses in the renal tubules (Flisinski ef al., 2022) and increased renal histopathological scores
(Elsisy, El-Magd and Abdelkarim, 2021). These fructose-induced kidney alterations are caused by
the increased burden on renal clearance of advanced glycation end products (AGEs), which form

when sugar interacts with lipids and proteins (Fotheringham et al., 2022).

2.8.10 Alcohol impact on the kidneys
The impact of alcohol on renal function remains controversial, with studies reporting conflicting
outcomes. Some show detrimental effects, others suggest beneficial effects, and others report no

significant impact. For example, one study highlighted the potential benefits of alcohol
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consumption, finding that moderate alcohol intake was associated with a slower decline in the
estimated glomerular filtration rate (¢GFR) among men, non-smokers, and individuals under 60
years of age (Lee, Cho and Kim, 2021). Conversely, another study identified a detrimental
relationship between alcohol use disorder and CKD in individuals under 50 years old (Pan et al.,
2018). In contrast, a separate study reported that alcohol consumption was not a significant risk
factor for CKD in the older population, particularly in males (Yuan et al., 2021). These
contradictory findings may be attributed to undefined drinking patterns and the presence of
bioactive compounds, such as nephroprotective polyphenols, in certain types of alcoholic

beverages, like wine (Fan ef al., 2019).

2.8.11 Impact of SAC on the kidneys

Although there are conflicting reports on the effects of alcohol on kidney damage (Pan et al., 2018;
Yuan et al., 2021), the detrimental effects of high sugar consumption on renal structure and
function are well established in literature (Andres-Hernando et al., 2023; Flisinski et al., 2022).
Adolescents worldwide are consuming large quantities of sugar-sweetened beverages (Ooi ef al.,
2021), including alcoholic drinks. This high intake of alcohol and sugar simultaneously, can
potentially predispose them to the development of kidney diseases. The combined burden of high
sugar and high alcohol on kidney function and structure as we have in SAC is yet to be fully

understood, therefore this study intends to fill that gap.

2.8.12 Management of renal disease (acute, chronic, conventional, non-conventional)

Kidney diseases are currently managed with conventional medications, which are costly (Essue et
al.,2013) and have diverse side effects (Breyer and Susztak, 2016). Pharmacological interventions,
such as renin—angiotensin—aldosterone system (RAAS) modulators and sodium-glucose
transporter 2 (SGLT2) inhibitors, help preserve kidney function by lowering intraglomerular
pressure while also aiding in blood pressure and glucose regulation (Kalantar-Zadeh et al., 2021).
Additionally, non-steroidal mineralocorticoid receptor antagonists protect the kidneys through
anti-inflammatory and antifibrotic effects (Kalantar-Zadeh et al., 2021). End-stage kidney disease
may require renal replacement therapy, such as dialysis or a kidney transplant (Fidan & Agirbas,

2023).
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There is a growing call for effective strategies to lower the development of renal disorders and
slow their progression (Kovesdy, 2022). Nonpharmacological interventions, such as diet and
lifestyle modifications, are also proposed for managing kidney diseases (Kalantar-Zadeh et al.,
2021). Dietary modifications include consuming a diet low in protein and salt, while lifestyle
changes involve regular physical exercise and weight loss (Kalantar-Zadeh et al., 2021). These
non-conventional strategies include the use of phytochemicals, such as polyphenolic compounds
(Ashkar, Bhullar and Wu, 2022). Polyphenols have antioxidant properties that can protect the

kidney from damage due to oxidative stress (Das and Vasudevan, 2008) and an example is TA.

2.9 Prevention of metabolic syndrome

Metabolic syndrome (MetS) has become a growing public health concern in both paediatric and
adult populations (Assadi, Mazaheri and Kelishadi, 2022); due to its increasing prevalence and the
substantial healthcare costs associated with its management (Shukla ef al., 2018). The risk of
developing metabolic disorders can be significantly minimised by adopting healthy lifestyle habits
from an early age, including a balanced diet, regular physical activity, and effective weight
management (Assadi, Mazaheri and Kelishadi, 2022). Additionally, preventive strategies should
focus on increasing public awareness of the various risk factors linked to MetS and its components

(Musa, Elyamani and Dergaa, 2022).

2.10 Management and treatment of metabolic syndrome

Current pharmacological treatments for MetS primarily target individual components such as
hypertension, hyperglycaemia, and hypertriglyceridemia (Jha et al., 2023). However, the high cost
and potential side effects of these medications have led to a growing interest in alternative

management strategies (Abdulghani and Al-Fayyadh, 2024).

Dietary interventions have emerged as a promising approach, with researchers exploring the role
of gut microbiota in metabolic regulation using probiotics, prebiotics, and synbiotics (Qureshi, Dar
and Rather, 2024). Natural products, including phytochemicals, medicinal herbs, and dietary
supplements, are increasingly recommended due to their affordability and reduced side effects
(Tabatabaei-Malazy, Lavari and Abdollahi, 2024). Certain medicinal plants, particularly those rich

in tannins, contain bioactive compounds that influence metabolic pathways, improve insulin
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sensitivity, and mitigate oxidative stress, making them viable alternatives for managing MetS

(Ahmed et al., 2022).

2.11 Tannic acid

2.11.1 Definition of tannins

Tannins are naturally occurring polyphenolic compounds derived from plants, known for their
diverse biological activities and potential health benefits (Kadigi, Muzzo and Schreiber, 2024).
Based on their chemical structure and properties, tannins are categorised into two main types:
hydrolysable and condensed tannins, each influencing their biomedical applications differently

(Ahmed et al., 2022).

Condensed tannins, also known as proanthocyanidins, are polymerised flavonoid chains
(Schofield, Mbugua and Pell, 2001), while hydrolysable tannins consist of glucose-based polymers
with various catechin derivatives (Sarwar and Ahmed, 2022). Hydrolysable tannins are further
classified into two subgroups: gallotannins (GTs), which contain galloyl groups attached to a
glycosyl unit, and ellagitannins (ETs), which also include hexahydroxy diphenic acid (HHDP)
groups (Sarwar and Ahmed, 2022).

TA, a well-known hydrolysable gallotannin, is a natural polyphenol that has gained attention for
its extensive applications in medicine and the biomedical industry due to its antimicrobial, anti-

inflammatory, and other therapeutic properties (Baldwin and Booth, 2022; Jafari ef al., 2022).

2.11.2 Structure of tannic acid

TA is a complex polyphenolic molecule composed of a central glucose core with multiple galloyl
groups derived from gallic acid (Baldwin and Booth, 2022). It is considered a mixture of poly-
galloyl glucose molecules and is commonly represented by the empirical formula CssHs2046 (Yan
et al., 2020). The number of galloyl units in TA ranges from 2 to 12, contributing to its average
molecular mass of 1701.19 g/mol (Watrelot et al., 2020). The biomedical significance of TA stems
from the phenolic hydroxyl groups present on its galloyl units, which can form hydrogen bonds
with amino acids and covalent bonds with metal ions, enhancing its bioactivity and potential

therapeutic applications (Yan et al., 2020; Baldwin and Booth, 2022).

30



2.11.3 Sources of tannic acid

The term "tannic acid" was first introduced by Seguin in the 17th century, derived from the French
word tan, meaning oak bark, to describe a substance extracted from oak bark (Arapitsas, 2012).
TA is widely distributed in various plants and food products and is primarily purified from the

gallnuts of specific oak and sumac tree species (Baldwin and Booth, 2022).

In addition to gallnuts, TA can be found in vegetables, grains, fruits, tea, and legumes, as well as
in several herbaceous and woody plants (Lu et al., 2020). Recognised for its safety, TA is an FDA-
approved food additive (Guo et al., 2021). Beyond its culinary applications, it exhibits significant
biological potential in preventing metabolic disorders (Chung et al, 2019). Its therapeutic
properties include anti-obesity, anti-diabetic, anti-inflammatory, and antioxidant effects (Tiirkan,
Taslimi and Saltan, 2019). The next section reviews the literature on the biological potential of

TA.

2.12 Biological and pharmacological potentials of tannic acid

2.12.1 Anti-obesity property

TA has demonstrated significant anti-obesity potential through various mechanisms. It exhibits a
dose-dependent anti-lipogenic effect on 3T3-L1 adipocytes by promoting lipolysis in rats fed a
high-fat diet (Kim et al., 2008). Additionally, TA inhibits key digestive enzymes, including a-
amylase, a-glucosidase, and pancreatic lipase, which are essential for carbohydrate and lipid
metabolism (Ejiofor et al., 2024). TA’s interference with these enzymes slows carbohydrate

absorption and reduces lipid accumulation in the body (Ejiofor et al., 2024).

Notably, TA has shown greater efficacy in inhibiting a-amylase in vitro compared to commercial
starch blockers and other polyphenols such as quercetin and rutin (Zhao et al., 2013). Furthermore,
it modulates gut microbiota by decreasing the abundance of obesity-associated bacteria like
Firmicutes and Bacteroidetes while promoting the growth of beneficial bacteria such as

Bacteroides and Odoribacter (J. Fang et al., 2022).
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2.12.2 Anti-diabetic potential

TA is recognised as a potent antidiabetic compound due to its ability to inhibit metabolic enzymes,
including acetylcholine esterase (AChE), a-glucosidase, a-amylase, and butyrylcholinesterase
(BChE) (Tiirkan, Taslimi and Saltan, 2019). Studies have shown that TA exhibits
antihyperglycemic effects in streptozotocin-induced diabetic rats (Babby et al., 2014; Esmaiel,
Abo-Youssef and Tohamy, 2019). Moreover, it is utilised in hydrogel formulations to aid in wound

healing, particularly in diabetic patients (K. Fang et al., 2022).

2.12.3 Cholesterol-reducing and cardioprotective properties

TA plays a protective role against hypertension and hyperlipidaemia by inhibiting the angiotensin
type 1 receptor (ATIR) and low-density lipoprotein receptor (LDLR) (Iyer, Zhang and
Thekkumkara, 2017). It mitigates myocardial ischemia injury by downregulating the expression
of apoptosis-related proteins and inflammatory cytokines while enhancing antioxidant activity (Hu

etal.,2015).

Additionally, TA protects against acute doxorubicin-induced cardiotoxicity by lowering the
activity of lactate dehydrogenase, creatine kinase, and creatine kinase isoenzyme, as well as
reducing the expression of proinflammatory cytokines (Zhang et al., 2017). These properties make

TA a promising natural compound for cardiovascular protection and metabolic health.

2.12.4 Anti-inflammatory potential

TA exhibits significant anti-inflammatory properties, making it a promising candidate for various
therapeutic applications (Jing et al, 2022). By crosslinking with proteins, TA suppresses
inflammatory pathways associated with metabolic disorders (Jing et al., 2022). Studies have shown
that TA treatment enhances the production of anti-inflammatory cytokines such as IL-4 and IL-
10, while simultaneously reducing the expression of pro-inflammatory cytokines, including IL-1f,
IL-6, and TNF-a, across different experimental models (Abolarin and Owoyele, 2024).
Additionally, TA has been explored as a treatment for rheumatoid arthritis, demonstrating its
potential in inflammation management (Wu et al., 2023). Advances in TA-based hydrogels (Ninan
et al., 2016) and nanogels (Yeo et al., 2020) have further enhanced its effectiveness as an anti-

inflammatory agent.
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2.12.5 Antioxidant potential

Beyond its anti-inflammatory effects, TA also possesses strong antioxidant capabilities, primarily
through its ability to mitigate reactive oxygen species (ROS) production (Azimullah ef al., 2023).
Research indicates that TA plays a crucial role in regulating oxidative stress and aiding tissue
repair through its free radical scavenging activity (de Veras, da Silva and Cabral Ribeiro, 2021).
Moreover, TA reduces oxidative damage by inhibiting myeloperoxidase (MPO), an enzyme
responsible for generating reactive oxygen species (Soyocak et al., 2019; de Veras, da Silva and
Cabral Ribeiro, 2021). Its antioxidant effectiveness is comparable to standard antioxidant
compounds such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), a-
tocopherol, and Trolox (Glil¢in ef al., 2010).

2.12.6 Hepatoprotective property of tannic acid

TA has been proposed as a phytochemical intervention for treating hepatic disorders and metabolic
derangements (Das et al., 2022). It can crosslink with proteins in the body and suppress the
activation of inflammatory pathways that cause hepatic disorders (Jing ef al., 2022). Furthermore,
the administration of nanoparticles containing TA and vitamin E prevented liver damage caused
by chronic alcohol consumption in mice (Nag et al., 2020). Similarly, TA prevented the
development of non-alcoholic fatty liver disease in mice consuming a Western diet by inhibiting

the histone acetyltransferase pathway (Chung et al., 2019).

2.12.7 Molecular modulation by tannic acid

TA modulates key metabolic enzymes, such as CYP2E[ and SREBP1, and regulates the expression
of inflammatory cytokines, including /L-10, NF-kB1, and TNF-o. Studies have shown that TA
inhibits CYP2E] expression in the liver of mice (Krajka-KuzZniak and Baer-Dubowska, 2003), a
finding further supported by in vitro experiments (Yao et al., 2008). Additionally, tannins are
known to suppress SREBPI, a gene involved in fatty acid synthesis (Ren et al., 2023). TA-rich
extracts have also been shown to modulate the secretion of inflammatory cytokines, such as /L-10
and TNF-a, in Necrotic Enteritis-infected broilers by inhibiting the NF-«xB signalling pathway (Xu
etal.,2023).
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2.12.8 Nephroprotective potential

TA has demonstrated protective effects against kidney damage caused by various nephrotoxic
agents in experimental studies (Akomolafe, Akinyemi and Anadozie, 2014; Jin et al., 2020;
Yesilkent and Ceylan, 2022). For example, research on male Wistar rats with unilateral kidney
obstruction has shown that TA prevents renal injury by modulating the renin-angiotensin
signalling pathway (Kianfar et al., 2023). Furthermore, TA has been applied in medical
technologies, such as coating polyether sulfone haemodialysis membranes, which has proven
effective in reducing oxidative stress in patients undergoing haemodialysis (Chen et al., 2022; Wei

et al., 2022; Zhang et al., 2022).

At a dose of 50 mg/kg, TA promoted kidney function recovery following renal warm ischemia-
reperfusion injury in a rat model (Alechinsky et al., 2020) and protected proximal tubule cells from
vascular calcification through paracrine signalling mechanisms in an in vitro assay (Boadi, Shin
and Bandyopadhyay, 2021). Furthermore, treatment with TA nanospheres has shown promising
results in curing acute kidney injury by inhibiting ferroptosis (Gao et al., 2022), a type of

programmed cell death driven by iron-dependent lipid peroxidation.

2.12.9 Antiviral activity

TA has demonstrated broad-spectrum antiviral properties, effectively inhibiting various viruses,
including influenza A virus (IAV) (Theisen et al., 2014), human papillomavirus (HPV) (Theisen
et al., 2014), herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) (Szymanska et al., 2018),
and norovirus (Zhang et al., 2012). Additionally, studies indicate that TA plays a role in
reactivating latent human immunodeficiency virus (HIV) (Chen ef al., 2025). During latency, the

virus remains dormant, avoiding immune detection due to the absence of active replication.

2.12.10 Antibacterial property

TA has exhibited antibacterial effects against Clostridioides difficile, a Gram-positive bacterium
known for its recurrence following antibiotic treatment that disrupts gut microbiota (W. Wang et
al., 2023). Additionally, TA-based gold nanoparticles have been developed to target bacteria such
as Streptococcus mutans (Selvaraj et al., 2024), while TA-loaded chitosan nanoparticles have

shown effectiveness against Staphylococcus aureus, Listeria monocytogenes, Escherichia coli,
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Klebsiella pneumoniae, and Candida albicans (Rashidipour et al., 2024). Furthermore, TA-copper
nanoparticles have been identified as potent bactericidal agents against Escherichia coli and
Staphylococcus aureus (Liu et al., 2024). The antibacterial action of TA is primarily attributed to
its ability to disrupt bacterial cell membrane integrity, leading to microbial cell death (W. Wang

etal.,2023).

2.12.11 Antifungal property and antiparasitic effects

In vitro studies have confirmed the antifungal activity of TA against various fungal pathogens,
including Alternaria alternata (H. Wang et al., 2023), Penicillium digitatum (Zhu et al., 2019),
Candida species (Moreira et al., 2024), Aspergillus fumigatus and Fusarium solani (Rios-Lopez
et al.,2024).

TA has also demonstrated antiparasitic properties. It has been shown to reduce the viability of
Haemonchus contortus (Zhong et al., 2014) and Ichthyophthirius multifiliis (Alavinia et al., 2019)
in in vitro experiments. Additionally, in combination with albendazole therapy, TA exhibited a
nematocidal effect on Trichinella spiralis in mice (Nasreldin et al., 2022). Diets supplemented
with TA were found to reduce oocyst shedding, enhance nutrient absorption, and improve
intestinal health in broilers infected with Eimeria maxima (Choi et al., 2022). Furthermore, TA
demonstrated both in vitro and in vivo antiparasitic activity against Ichthyophthirius multifiliis in

zebrafish (Alavinia et al., 2018).

2.12.12 Anticancer and antiproliferative properties

TA has demonstrated anticancer and antiproliferative effects across various cancer types. In
prostate cancer cells, TA induces apoptosis by downregulating pro-survival genes and
upregulating pro-apoptotic genes, leading to increased cancer cell death (Kandir ef al., 2024). In
colorectal cancer, it triggers endoplasmic reticulum (ER) stress, activating the unfolded protein
response (UPR), which promotes pro-apoptotic protein expression while reducing anti-apoptotic
factors (Nejad, Karami and Darvish, 2023). Additionally, TA inhibits epithelial-mesenchymal
transition (EMT) in colorectal cancer, reversing mesenchymal markers and suppressing cell
migration and invasion (Barboura et al., 2022). In non-small cell lung cancer, TA has been shown
to reduce cell proliferation and angiogenesis by inhibiting the release of vascular endothelial

growth factor (VEGF) (Hatami et al., 2022).
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2.12.13 Toxicity and safety of tannic acid

TA is regarded as safe for consumption, as approved by the Food and Drug Administration (FDA)
and the European Union (Guo et al., 2021). A daily intake of 1.5 to 2.5 g of tannins, including TA,
is considered safe and does not pose significant health risks. However, excessive consumption
beyond this range may interfere with dietary iron absorption (Sharma et al., 2021). The lethal dose
(LD50) of TA in rats is approximately 2.26 + 0.083 g/kg of body weight (Boyd, Bereczky and
Godi, 1965), further supporting its safety as a food additive.

Considering the abovementioned multitude of biological activities, TA presents potential as a good
candidate for use as a prophylactic agent against the development of sweetened alcohol induced
metabolic dysfunction. The next chapter presents the materials and methodology used to evaluate
the general health performance, metabolic profile, liver, and kidney function of the study's

experimental animals.
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CHAPTER THREE

3 MATERIALS AND METHODS
3.1 Ethical approval and study location

The study received ethical clearance (Reference: AREC/2022/11/06C) from the Animal Research
Ethics Committee of the University of the Witwatersrand, Johannesburg. All animal experiments
were conducted at the Wits Research Animal Facility (WRAF) following the South African
National Standards for the care and use of animals. Additionally, the study adhered to the ARRIVE

2.0 guidelines for animal research (Percie du Sert et al., 2020).

3.2 Animal husbandry and housing

The Wits Research Animal Facility (WRAF) provided 64 adolescent Sprague Dawley rats (42
days old). Each rat was housed individually in a Perspex cage with a stainless-steel mesh lid (365
x 207 x 140 mm). The bedding, consisting of wood shavings, was changed twice a week. A 12-
hour light-dark cycle was maintained, with lights on from 07:00 to 19:00. The ambient temperature
was kept between 24 — 26 °C, and proper room ventilation was ensured. All rats were given
commercially sourced rat chow (LabChef, Rodent Breeder, Nutritionalhub (Pty) Ltd, Stellenbosch
7602, South Africa) as feed and water ad libitum.

3.3 Study design

All rats in this prospective, intervention animal-based randomised trial were given four days to
acclimatise to handling, housing conditions, and the consumption of flavoured gelatine. The rats
were randomly assigned to one of four treatment groups (n = 8 males and 8 females per group).
Simple randomisation was carried out by an independent researcher who was not involved in the
study. Each rat was assigned a unique number, and group allocation was determined through a
ballot draw. To ensure blinding, treatment groups were coded, and the researcher remained

unaware of group identities throughout the randomisation process.
The sample size was calculated using the formula below (Erdogan, 2024).

n=DF/k +1
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where n = number of rats per group, k = no of groups, DF = degree of freedom, N = Total no of

animals

n=DF/k+1=20/4+1=5+1=6rats
To adjust for attrition (Serdar et al., 2021),

n=6+ 1.8 =7.8 = § rats per group

N =n x k=8 x4 =32 rats per sex (i.e. 64 rats)
The experimental rats were divided into four groups:

e Group 1 (PG): Received gelatine (6% w/v and 0.5% w/v fructose), serving as the vehicle

for intervention administration.

e Group 2 (TA): Received gelatine containing TA (50 mg/kg and 0.5% w/v fructose) to

assess the effects of TA alone.

e Group 3 (SAC): Received SAC in gelatine (20% w/v fructose-sweetened gelatine + 10%

v/v ethanol) to investigate the metabolic effects of SAC.

e Group 4 (SAC+TA): Received SAC and TA (20% w/v fructose-sweetened gelatine + 10%
v/v ethanol + 50 mg/kg TA) to evaluate whether TA could mitigate metabolic dysfunction
induced by SAC.

Fresh preparations of all dietary interventions were administered daily between 11:00 AM and
12:00 PM throughout the 10-week study. Figure 3.1 illustrates the experimental timeline and group

allocation.
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Habituation Dietary Intervention Termination

PD42 PD46 PD116
n=35%,82 Group 1 (PG)
SRC + + 0.5% fructose + Gelatine
n=387,8J Group 2 (TA)
Sprague SRC + 50 mg/kg TA + 0.5% fructose +
Dawley Rats Gelatine
N=64 o
n=38%,382 Group 3 (SAC)
(322,315
SRC + 10% alcohol+ 20% fructose +
Gelatine
n=3§%,875 Group 4 (SAC+TA)
SRC + 10% alcohol +20% fructose +
50 mg'kg TA + Gelatine

Figure 3.1: An illustration of the description of each experimental group and study timeline.

PD = Postnatal day, ¢ = Female, & = Male, SRC = Standard rat chow, PG = Plain gelatine, TA =
Tannic acid, SAC = Sweetened Alcohol
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3.4 Dietary interventions

All treatments in the study were administered orally in glass jars using gelatine-based mixtures
(Sheridan's Gelatine, Libstar Operations (Pty) Ltd, Dunkeld, South Africa). TA (CAS No.: 1401-
55-4; Sigma Aldrich, Missouri, USA) was administered at a dose of 50 mg/kg, as per Zhang et al.
(2017). Fructose (Nature’s Choice, Randvaal, South Africa) was given at either 0.5% or 20% w/v,
based on Wong et al. (2016). Ethanol (99.9% ethanol; CAS No.: 64-17-5; Batch No. 37500; ACE

Chemicals, South Africa) was provided at a concentration of 10% v/v, following Liu ef al. (2020).

3.4.1 Preparation of gelatine mixtures
e For Groups 1 and 2 (plain gelatine): 0.5 g fructose and 6 g gelatine powder were mixed in
100 ml of warm distilled water. A low concentration of fructose (0.5%) was added to the
plain gelatine mixture solely to mask its taste and was not expected to exert any metabolic

effects.

e For Groups 3 and 4 (SAC gelatine): 20 g fructose and 6 g gelatine powder were mixed with
10 ml of 99.9% ethanol and 90 ml of distilled water.

e TA at 0.05 mg per 100 ml was added to the respective mixtures for Groups 2 and 4,
achieving a final dose of 50 mg/kg body mass.

The gelatine mixtures were refrigerated at 4° C and sealed overnight in glass jars to preserve the
ethanol content. Although ethanol retention was not quantified in this study, it was assumed, based
on previous findings, that ethanol content in gelatine as a vehicle remains stable, resulting in brain
ethanol levels comparable to those achieved with other self-administration methods (Peris et al.,

2006).

During the first week of the study, the rats consumed more than 50% of the provided volume,
increasing to about 75% by the second week. From the third week until the end of the study, they
consistently consumed the entire gelatine. Each rat received a specific volume of gelatine mixture

based on its body mass, as shown in Table 3.1:
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Table 3.1: The volume of gelatine mixture provided per body mass

Volume of gelatine

Body mass (g)
mixture (ml)
50-100 10 ml
101 - 150 15 ml
151 -200 20 ml
201 - 250 25 ml
251 -300 30 ml
301 —350 35 ml
351 —-400 40 ml

3.5 Weekly feed intake and body mass measurements

Feed intake for each experimental group was measured weekly by subtracting the remaining feed
at the end of the week from the total feed provided at the beginning. The initial body mass of each
rat was recorded at the start of the study and then measured twice weekly throughout the
experiment. This allowed for the assessment of growth performance for animal welfare monitoring
and ensured accurate adjustments to the administered doses of gelatine, TA, and SAC, maintaining
consistent dosage levels. At the end of the 10-week treatment period, the terminal body mass of
each rat was recorded. All body mass and feed measurements were conducted using a digital

weighing balance (Presica 310M, Precision Instruments, Johannesburg, South Africa).

3.6 Termination procedure

At the end of the 10-week dietary intervention, the rats were fasted overnight with access to water
only. A small blood sample (0.05 ml) was collected from a tail pinprick to measure fasting blood
glucose levels using a calibrated glucometer (Accu-Chek Glucometer). Additionally, haematocrit
and haemoglobin levels were assessed using an HCT meter (/nSight HCT Meter, Woodley
Equipment Company Ltd, Bolton, England). The mean corpuscular haemoglobin concentration
(MCHC), a red blood cell index, was determined using the following equation (Zhanyi Zhang et
al., 2022).
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MCHC (g/dL) = Haemoglobin (g/dL)/Haematocrit (%) X 100

Following these measurements, the rats were euthanised via an intraperitoneal overdose of sodium

pentobarbital (200 mg/kg body mass).

3.6.1 Collection of cardiac blood samples

Blood samples were collected from the heart using 21G needles and 10 ml syringes and transferred
into serum separator tubes (coagulant-coated). The samples were then centrifuged (DLAB,
DM0412, USA) at 3000 rpm for 15 minutes. To analyse the clinical biochemical profile and
determine hormone concentrations, the serum was separated and stored in microtubes at —80 °C

until biochemical analyses were performed.

3.6.2 Visceral and epididymal fat mass determination

A midline incision was made in the abdominal region of each rat to collect visceral adipose tissues
and epididymal fat (for male rats). The fat was weighed using an electronic balance to assess
adiposity. The relative fat mass was then calculated as the ratio of visceral or epididymal fat to

final body weight.
3.7 Metabolic profile

3.7.1 Determination of TG, HDL-C and TG/HDL-C ratio

Serum triglyceride (TG) and high-density lipoprotein cholesterol (HDL-C) levels were measured
using rat-specific Enzyme-Linked Immunosorbent Assay (ELISA) kits (TG CAT No: E-BC-
K261-M; HDL CAT No: E-EL-R0504, Elabscience Biotechnology Co., Ltd, Wuhan, China).

The triglyceride (TG) assay employs a colorimetric enzymatic ELISA-based detection principle.
TGs are hydrolysed to glycerol, which is enzymatically converted to hydrogen peroxide. In the
presence of phenol and 4-aminoantipyrine, peroxidase catalyses the formation of a coloured
quinone compound. The assay, performed according to the manufacturer’s instructions, has a
detection range of 0.14 to 10 mmol/L. Absorbance was measured at 510 nm using a microplate
reader (Labsystems Multiskan Ascent 354, Thermo Fisher Scientific, Waltham, MA, USA), with

the colour intensity directly proportional to TG concentration.
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In contrast, the HDL assay utilises a sandwich ELISA method to detect rat HDL, involving a
biotinylated detection antibody and an avidin—horseradish peroxidase (HRP) conjugate. The
standard curve spans 3.31 to 200 ng/mL, with concentration points at 0, 3.31, 6.25, 12.5, 25, 50,
100, and 200 ng/mL. The assay was conducted according to the kit manual and has a sensitivity of

1.88 ng/mL. Absorbance was measured at 450 nm using a microplate reader.

Additionally, the TG/HDL-C ratio was calculated by dividing the TG value by the HDL-C

concentration for each rat (Miralles et al., 2015).

3.7.2 Quantification of insulin concentration and insulin resistance

The concentration of fasting blood insulin was measured using rat-specific Enzyme-Linked
Immunosorbent Assay (ELISA) kits (CAT NO: E-EL-R3034, Elabscience Biotechnology Co., Ltd,
Wuhan, China), following the manufacturer’s instructions. The insulin (INS) kit is based on a
sandwich ELISA technique designed to detect Rat INS, using a biotinylated detection antibody in
combination with an avidin—horseradish peroxidase (HRP) conjugate. The standard curve spans
concentrations from 6.25 to 400 pg/mL, with specific points at 0, 6.25, 12.5, 25, 50, 100, 200, and
400 pg/mL. The assay offers a sensitivity of 3.75 pg/mL, and absorbance was read at 450 nm using
a microplate reader (Labsystems Multiskan Ascent 354, Thermo Fisher Scientific, Waltham, MA,
USA).

The fasting blood glucose concentration determined in section 3.4 and the insulin concentration
were then used in the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) formula

stated below to evaluate whole-body insulin sensitivity (Aref ef al., 2013).

Fasting blood insulin (uU/ml) X Fasting blood glucose (mmol/l)

HOMA - IR = 525

3.8 Liver analysis

3.8.1 Absolute and relative liver mass (hepatosomatic index)
At termination, the liver lobes were collected, and the absolute liver mass was measured using a
digital analytical balance (Presica 310M, Precision Instruments, Johannesburg, South Africa).

The hepatosomatic index was then calculated using the following formula (Iftikhar ef al., 2022).
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o Absolute liver mass
Hepatosomatic index (%) = x 100
Body mass

3.8.2 Storage of liver tissue

The left lobe of the liver was stored in 4% paraformaldehyde (PFA) in a 0.1 M phosphate solution
at 4 °C for histological studies. The right lobe was preserved in RNAlater at —80 °C for molecular
analyses. The remaining liver lobes were immediately frozen in liquid nitrogen and transferred to

the —80 °C freezer for storage, pending oxidative stress marker analysis.

3.8.3 Quantifying the concentration of oxidative damage indicators in the liver tissue
Oxidative damage in liver tissue was assessed by measuring the concentration of TBARS using
rat-specific Enzyme-Linked Immunosorbent Assay (ELISA) kits (CAT NO: E-BC-K298-M,
Elabscience Biotechnology Co., Ltd, Wuhan, China).

The TBARS assay was conducted based on a colorimetric, ELISA-like enzymatic detection
principle. Under high-temperature conditions, TBARS react with thiobarbituric acid (TBA) to
form a pink chromogen. The assay’s standard curve ranged from 5 to 1000 ng/mL, with
concentration points at 0, 5, 10, 20, 40, 60, 80, and 100 umol/L. The detection sensitivity was 0.85
umol/L. The intensity of the colour produced was directly proportional to the TBARS

concentration.

a. Sample preparation

Frozen liver samples were thawed to room temperature (18 — 25 °C) and washed in cold PBS (0.01
M, pH 7.4). To each 0.1 g of liver tissue, 1 ml of cold PBS was added in a microtube (Eppendorf,
Abdos Labtech, P10138), and the tissue was sonicated. The mixture was then centrifuged for 5
minutes at 10,000 rpm and 4 °C to remove insoluble materials. The supernatant was collected and

kept on ice.

b. TBARS assay procedure
Standard solutions of known concentrations were prepared according to the manufacturer's
instructions. Each standard solution or sample (0.1 ml) was transferred to a 10-ml glass tube. To

each tube, 0.1 ml of clarificant and 4 ml of chromogenic agent (a mixture of 3 ml acid application
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solution and 1 ml Thio-barbituric acid (TBA) application solution) were added. The tubes were
sealed and incubated in a water bath at 95 — 100 °C for 60 minutes. After cooling to room

temperature, the tubes were centrifuged at 1600 rpm for 10 minutes.

The supernatant (0.25 ml) was then transferred to a microplate, and the optical density (OD) was
measured at 532 nm using a microplate reader ((Labsystems Multiskan Ascent 354, Thermo Fisher

Scientific, Waltham, MA, USA)).

c. TBARS data analysis

The average of the duplicate readings for the standards was calculated. The mean OD value of
the blank was subtracted from the standard values to obtain the absolute OD value. A standard
curve was plotted with the absolute OD values on the y-axis and the concentrations on the x-axis
using GraphPad software; the equation obtained was (y = 0.003304x + 0.009712). Finally, to
quantify the TBARS concentration, the protein concentration in the supernatant of each sample

was determined using the Bradford method (Bradford, 1976).

d. Bradford protein assay procedure

The Bradford reagent (Sigma Aldrich, B6916) was gently mixed and allowed to reach room
temperature. A stock solution was prepared by dissolving 1 mg of Bovine Serum Albumin (BSA)
in 1 ml of distilled water, resulting in a concentration of 1000 pg/ml. From this stock solution, a
series of standard concentrations was prepared: 20 pg/ml, 100 pg/ml, 200 pg/ml, 400 ng/ml, 600
pg/ml, 800 pg/ml, and 1000 pg/ml.

The samples were diluted to 1:100. Both the protein standards and diluted samples were added to
a well plate in volumes of 5 pl each. Then, 250 pl of Bradford reagent was added to each well.
The plate was gently shaken for 30 seconds and incubated at room temperature for 10 minutes.
The absorbance was measured at 595 nm using a microplate reader ((Labsystems Multiskan Ascent
354, Thermo Fisher Scientific, Waltham, MA, USA)). The results were plotted against the protein
concentration of each standard to generate the standard curve from which the protein concentration

in the samples was interpolated.
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e. Calculation of sample TBARS concentration
The formula below from the ELISA kit manual was used to determine the concentration of TBARS

in each liver tissue sample.

_ AA—Dbja X f
TBARS (pmol/gprotein) = E—

f = Dilution factor of the sample before the test

Cpr = Concentration of protein in the sample (g protein/L)
AA = Absolute OD value of sample (OD sampie — OD piank)

3.8.4 Molecular analyses of the liver

The RNAlater stored liver samples were thawed at room temperature, and 350 pl of lysis solution
and 3.5 pl of B-mercaptoethanol were added to the tissues. The liver samples were then
homogenised using a sonicator until no visible tissue fragments remained. RNA purification was
performed using an RNAspin kit. The homogenised samples were transferred to an RN Aspin mini
filter inside a collecting tube and centrifuged for 1 minute at 11,000 rpm. cDNA was synthesised

from the RNA via a reverse transcription process.

For the real-time polymerase chain reaction (RT-qPCR) analysis, TagMan probes were used to
determine the mRNA expression of markers associated with the development of alcoholic liver
disease. The markers analysed included metabolic markers (CYP2EI! and SREBP-1) and
inflammatory markers (/L-10, NF-kB1, and TNF-a). The TagMan® assay ID of the primers used
for quantitative RT-qPCR (ThermoFisher®, Life Science Technologies, Carlsbad, USA) is shown
in Table 3.2. The fold change for each transcript was determined using the cycle threshold (AAct)

method and normalised against B-actin.
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Table 3.2: The TagMan® assay ID of the primers used for RT-qPCR.

Genes TaqMan® assay ID
CYP2EI Rn00580624 m1
SREBP-1 Rn01495769 ml
IL-10 Rn01483988 gl
NF-kB1 Rn01399572 ml
TNF-a Rn01525859 gl

3.8.5 Histomorphometry analysis of the liver

After fixation in 4% paraformaldehyde (PFA) in a 0.1 M phosphate solution and storage at 4 °C,
the left lobes of the liver were processed for histology using a tissue processor (Microm STP 120,
Thermo Scientific, MA, USA). The processed liver tissues were then embedded in paraffin wax and
sectioned at 5 pm using a microtome (Leica Biosystems Instruments (Pty) Ltd, model RM 2125,
Wetzlar, Germany). The tissue sections were stained with haematoxylin and eosin (H&E) for
general morphology and Masson Trichrome (MT) to quantify the collagen-stained areas, an
indicator for fibrosis. All histological slides were scanned using the VS200 scanner from Evident
(United States). Histomorphometry was performed on the digitised images using QuPath software
(version 0.5.1) and Imagel software (NIH, USA, version 1.47v).

3.8.6 Determination of hepatocyte density

For the estimation of hepatocyte density, the scanned slides were analysed using the QuPath
software (Pohl et al., 2024). Counting grids (size = 250 um X% 250 um) were inserted into the
scanned sections to prevent repetitive counting of the same tissue area. Cell counting was
conducted at every two counting grid intervals. In all, cell counting was conducted on 20 counting
grids per section. Cell counting within each counting grid was performed using the fast cell count
tool of the QuPath software. Therefore, the cell (i.e. hepatocyte) density was calculated using the

formula below:
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Number of detections

Cell density (count/pm?) = Area (ym?)

3.8.7 Micro and macro vesicular steatosis scores

For scoring micro and macro vesicular steatosis, digitised images from the scanned tissue sections
were captured using the ImageJ plugin tool of QuPath software. The images were stored in .ziff’
format and reviewed by experienced and independent observers. Steatosis was scored based on the
scoring chart provided in Table 3.3. The observers evaluated the presence and extent of micro and
macro vesicular steatosis in the liver tissue sections according to the standardised scoring system
(Yip and Burt, 2006). The observers were blinded to the identities and groups to which the rats

whose tissues were being scored belonged.

Table 3.3: Micro and macro vesicular steatosis score cut-off standards (Yip and Burt, 2006)

Score Percentage steatosis
0 <5%
1 5-33%
2 34 -66%
3 >66%

3.8.8 Estimation of collagen distribution

For collagen distribution, digitised images from the scanned sections were captured using the
ImageJ plugin tool of the QuPath software. The colour deconvolution plugin tool of Imagel
software was used to separate the image into colours 1, 2, and 3 under the Masson Trichrome
vector selection tool of the ImageJ software using the method described by Chen et al. (2017).
Colour 1 was analysed by adjusting the colour threshold (the minimum threshold was set at 90 and
the maximum threshold was at 125; these thresholds were kept constant throughout the analyses)
to obtain the area fraction of collagen distribution. The area of the image analysed was obtained
and this area was kept constant for all the analyses. The percentage of the area of collagen

distribution to the total area of the image was then calculated.
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3.9 Kidney analysis

3.9.1 Absolute kidney mass and kidney index
The right and left kidneys were collected and weighed using a digital weighing balance (Presica
310M, Precision Instruments, Johannesburg, South Africa), and the absolute mass was determined.

The kidney index was calculated using the formula below (Iftikhar et al., 2022):

] ] Absolute kidney mass
Kidney index (%) = - x 100
Terminal body mass

3.9.2 Storage of kidney tissue

The left kidney from each rat was fixed in 4% paraformaldehyde (PFA) in a 0.1 M phosphate
solution and stored at 4 °C for histology studies. The right kidney was placed in a sealable zip lock
bag, immediately frozen in liquid nitrogen, and transferred to a —80 °C freezer for future oxidative

stress marker analysis.

3.9.3 Quantifying the serum concentration of surrogate indicators of renal functions

Stored serum was used to measure the levels of kidney injury molecule-1 (KIM-1) and Neutrophil
gelatinase-associated lipocalin (NGAL) using rat-specific Enzyme-Linked Immunosorbent Assay
(ELISA) kits (KIM-1 CAT No: E-EL-R3019; NGAL CAT No: E-EL-R0662 Elabscience
Biotechnology Co., Ltd, Wuhan, China). The assay procedures outlined in the kit user manuals

were followed.

Both the KIM-1 and NGAL kits utilise a sandwich ELISA principle for the detection of Rat KIM-
1 and NGAL, respectively. Each assay employs a biotinylated detection antibody and an avidin—
horseradish peroxidase (HRP) conjugate. The KIM-1 assay features a standard curve ranging from
0.31 to 20 ng/mL, with concentration points at 0, 0.31, 0.63, 1.25, 2.5, 5, 10, and 20 ng/mL, and
has a sensitivity of 0.19 ng/mL. The NGAL assay includes a standard curve ranging from 62.5 to
4000 pg/mL, with points at 0, 62.5, 125, 250, 500, 1000, 2000, and 4000 pg/mL, and a sensitivity
of 37.5 pg/mL. For both assays, absorbance was measured at an optical density of 450 nm using a
microplate reader (Labsystems Multiskan Ascent 354, Thermo Fisher Scientific, Waltham, MA,
USA).
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The average of the duplicate readings of the standards was calculated. The mean OD value of the
blank was subtracted from the standards to obtain the absolute OD value. A four-parameter logistic
curve was then plotted with the standard concentrations on the x-axis and the absolute OD values
of the standards and samples on the y-axis. The sample concentrations were interpolated using

GraphPad Prism software.

3.9.4 Quantifying the concentration of indicators of oxidative damage in the kidney tissue:
TBARS

Frozen kidney samples were thawed to room temperature (18-25 °C) and washed in cold PBS
(0.01 M, pH 7.4). The concentrations of TBARS in the kidney tissues were measured using the

method described in section 3.6.3.

3.9.5 Determining the renal micro morphometry

After being fixed in 4% paraformaldehyde (PFA) in 0.1 M phosphate solution and stored at 4 °C,
the left kidney was histologically processed using the digital tissue processor, Thermo Scientific's
Microm STP 120 (MA, USA). The kidney tissues were sectioned at 5 um with a microtome (Leica
Biosystems, model RM 2125, Wetzlar, Germany). Subsequently, the sections were stained with
hematoxylin and eosin (H&E) for general morphology and Masson Trichrome for collagen
quantification, indicating fibrosis. All histological slides were scanned using the VS200 Slide
Scanner from Evident (USA). The area of the Bowman's capsule and glomerular tuft were
measured on digitised images using QuPath software. The urinary space was calculated by
subtracting the measured area of the glomerular tuft from the measured area of the Bowman’s

capsule.

3.9.6 Estimation of collagen distribution
A similar method described in section 3.8.8 was used to determine the collagen distribution of the

kidney tissue.

3.10 Statistical analysis

GraphPad Prism version 10 software (GraphPad Software Inc., San Diego, USA) was used for

data analysis. The normality of each data set was assessed using the Shapiro-Wilk test. Normally
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distributed data were analysed using one-way analysis of variance (ANOVA) and expressed as

mean =+ standard deviation. If the test indicated significance, a Tukey post hoc test was performed.

Skewed data were analysed using the Kruskal-Wallis’s test and expressed as median with range or
interquartile range. When the test revealed significance, a Dunn post hoc analysis was performed.
Two-way ANOVA was used to evaluate the effects of sex, treatment, and the interaction between

female and male rats. Statistical differences of less than 5% were considered significant.

The next chapter presents the study’s findings, supported by figures, tables, and representative

photomicrographs of liver and kidney histological sections.
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CHAPTER FOUR

4 RESULTS
4.1 Morbidity and mortality

In compliance with the AREC guidelines for terminal endpoints for welfare, one male rat was
euthanised during the seventh week of the study due to a loss of 10% body mass and a stereotypical
scratching behaviour. The post-mortem report revealed an underlying compromised
cardiovascular system. The report is shown in Appendix VI. All other rats did not show signs of
ill thrift during the study. The data from the terminated rat are not included in the results of this

study.

4.2 Effect of TA and SAC on weekly feed intake

The weekly feed intake of the female (a) and the male rats (b) is shown in Figure 4.1. The feed
intake was similar across the treatment groups in weeks 1 and 2 (p>0.05) in both sexes. In the
female rats (Figure 4.1a), feed intake in the SAC and SAC+TA groups was consistently lower than
the PG and TA groups throughout the 10-week treatment period, with significant reductions
(p<0.05) in the SAC than in the TA (approx. 25%) from week 3 and the PG or the TA from week
4. Also at week 5, the food intake for the SAC or the SAC+TA was significantly lower (approx.
25%) than the PG or the TA. This trend persisted in the subsequent weeks of the study (p<0.0001).
However, there was no significant difference in feed intake between the PG and the TA, as well

as between the SAC and the SAC+TA, throughout the 10-week treatment period (p>0.05).

In the male rats (Figure 4.1b), a similar trend as in the female rats was observed, except that the
SAC and SAC+TA groups had significantly lower (approximately 25%) feed intake than the
control or the TA group at week 3. This trend persisted in the subsequent weeks of the study
(p<0.0001). However, there was no significant difference in feed intake between the PG and the
TA as well as between the SAC and the SAC+TA, throughout the 10-week treatment period
(p>0.05).
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Figure 4.1: Line graphs illustrating the effect of SAC and TA on the weekly feed intake of (a) the
female rats and (b) the male rats. From week 3 to the end of the treatment period in both sexes, the
rats in the SAC and the SAC+TA groups had reduced feed intake compared to the PG and the TA

EEE

groups. Data expressed as mean + Standard deviation, "p<0.05, “p<0.01, *"p<0.001 ANOVA,
Tukey’s post hoc test. ANOVA = Analysis of variance, PG = plain gelatine (n = 8§ females, 8§
males), TA = TA-50mg/kg and plain gelatine (n = 8 females, § males), SAC = 20% fructose, 10%
alcohol and gelatine (n =8 females, 7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg

and gelatine (n =8 females, 8§ males).
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4.2.1 Effect of TA and SAC on body mass gain

The effect of TA and SAC on the initial and terminal body mass of the female rats (a) and the male
rats (b) across the treatment groups is shown in Figure 4.2. The initial body masses were similar
across the treatment groups in both sexes (p>0.05). In both sexes, all treatment groups (PG, TA,
SAC and SAC+TA) exhibited a significant increase in body mass from the initial to the terminal
stage (p<0.0001). However, the body mass was similar across the treatment groups (p>0.05) for
both sexes at the start or the end of the treatment. In addition, the terminal body mass of the female
rats was significantly lower than the male rats in each of the treatment groups (Sex effect: p<0.001;

treatment effect: p = 0.5219; interaction effect: p = 0.2515).
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Figure 4.2: Plots illustrating the effect of SAC and TA on the initial and terminal weights of (a)
the female and (b) the male rats. All rats grew significantly across the groups in both sexes. Data
expressed as mean * Standard deviation, *** = p<0.001 ANOVA, Tukey’s post hoc test. ANOVA
= Analysis of variance, PG = plain gelatine (n = 8 females, 8§ males), TA = TA-50mg/kg and plain
gelatine (n = 8 females, 8 males), SAC = 20% fructose, 10% alcohol and gelatine (n =8 females,
7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (n =8 females, §

males).
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4.2.2 Effect of TA and SAC on visceral fat and epididymal fat accumulation

The effect of SAC and TA on fat accumulation in the female and the male rats is shown in Table
4.1. There were significant differences in the absolute visceral fat mass (p = 0.0374) and relative
visceral fat mass (p = 0.0468) of the female rats across the treatment groups. However, Dunn’s
multiple comparisons did not show any differences within the groups. In the male rats, there was
no significant difference in the absolute and relative visceral fat (absolute: p = 0.8636; relative: p

=0.7278) and epididymal fat (absolute: p = 0.4524; relative: p = 0.9874) across the groups.

The effect of SAC and TA on the relative visceral fat accumulation of the female rats when
compared with the male rats is shown in Figure 4.3. The female rats exhibited a significant increase
in relative fat in the TA group (p = 0.0082), SAC group (p = 0.0302), and the SAC+TA group (p
= 0.0060) than in the male rats for the same group except for the PG group that had a similar
relative visceral fat with the males (p = 0.5845). Overall, sex and treatment effects were
significantly different, while the interaction effect was not significant (Sex effect: p<0.0001;

treatment effect: p = 0.0399; interaction effect: p = 0.4537).
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Table 4.1: A summary of the mean and median values of the absolute and relative visceral fat and epididymal fat for the female and the

male rats across the different experimental groups.

PG TA SAC SAC+TA

Mean + SD Median  Mean + SD Median Mean + SD Median Mean + SD Median b
Female (F)
Visceral fat (g) 6.73 £ 0.83 6.63 8.79+1.40 8.84 8.85 +£3.05 7.59 9.64 £ 3.07 9.76 0.0374*
Visceral fat (% BW)  2.63+0.30 2.58 3.31+0.55 3.24 3.25+0.84 2.97 3.64+1.11 3.76 0.0468*
Male (M)
Visceral fat (g) 8.90=+1.78 8.79 9.28 £2.68 8.90 9.10+2.13 8.90 10.09 + 3.09 10.21 0.8636
Visceral fat (% BW)  2.03 +0.38 1.96 2.76 £0.51 1.92 2.15+0.43 2.17 2.38+0.68 2.37 0.7278
Epididymal fat (g) 2.77+0.32 3.90 2.67+0.58 3.50 2.56 +0.56 3.30 2.59+0.39 3.25 0.4524
Epididymal fat (% 0.63 £0.09 0.64 0.60+0.11 0.58 0.60+0.11 0.57 0.61 +£0.09 0.60 0.9874
BW)

* indicates a significant difference across treatment groups at p < 0.05, determined using the Kruskal-Wallis test with Dunn’s post hoc

test for all parameters except epididymal fat (%BW), where ANOVA was used.
ANOVA = Analysis of variance, SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F
=8, M=38), SAC = 20% fructose, 10% alcohol and gelatine ((F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and
gelatine (F =8, M = §).
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Figure 4.3: A boxplot illustrating the comparison between the effect of SAC and TA on the relative
visceral fat of the female rats with that of the male rats. The female rats had significantly higher
relative visceral fat than their male counterparts in all the treatment groups except for PG. Data
expressed as median * range, * = p<0.05 ** = p<0.01, Two-way ANOVA, Tukey’s post hoc test.
ANOVA = Analysis of variance, PG = plain gelatine (n = 8 females, 8 males), TA = TA-50mg/kg
and plain gelatine (n = 8 females, 8 males), SAC = 20% fructose, 10% alcohol and gelatine (n =8
females, 7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (n =8

females, § males).
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4.2.3 Effect of TA and SAC on haemoglobin, haematocrit and mean corpuscular
haemoglobin concentration (MCHC)
The effect of TA and SAC on the haemoglobin, haematocrit and MCHC of the female and male

rats across the treatment groups is shown in Table 4.2.

The haemoglobin concentration was similar across the treatment groups in both sexes of rats
(female: p = 0.3401; male: p = 0.5497). Haemoglobin concentration was not altered by sex and
dietary treatment, such that the female rats had similar haemoglobin concentration when compared
with their male counterparts in the same treatment group (Sex effect: p = 0.1799; treatment effect:

p = 0.6881). In addition, there was no interaction between sex and dietary treatment (interaction

effect: p = 0.9889).

The haematocrit concentration was similar across the treatment groups in both sexes of rats
(female: p = 0.4130; male: p = 0.4978). Haematocrit concentration was not altered by sex and
dietary treatment, such that the female rats had similar haematocrit concentration when compared
with their male counterparts in the same treatment group (Sex effect: p = 0.3317; treatment effect:

p =0.7912). Also, there was no interaction between sex and dietary treatment (interaction effect:

p = 0.7347).

The MCHC was similar across the treatment groups in both sexes of rats (female: p = 0.7394;
male: p = 0.7720). MCHC was not altered by sex and dietary treatment, such that the female rats
had similar haemoglobin concentration when compared with their male counterparts in the same
treatment group (Sex effect: p = 0.2772; treatment effect: p = 0.4401). Similarly, there was no

interaction between sex and dietary treatment (interaction effect: p = 0.3787).
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Table 4.2: A summary of the mean and median values of the haemoglobin, haematocrit and mean corpuscular haemoglobin concentration

(MCHC) for the female and the male rats across the different experimental groups.

PG TA SAC SAC+TA

Mean + SD Median Mean + SD Median Mean + SD Median Mean + SD Median b
Female (F)
Haemoglobin (g/dL) 17.94 + 4.04 19.30 17.96 +1.52 18.60 18.54+1.67 18.90 17.9+£2.19 18.70 0.3401
Haematocrit (%) 53.88+12.01 58.00 54.00+4.66 56.00 55.63+5.04 56.50 56.25+3.28  56.50 0.4130
MCHC (g/dL) 33.26 +£0.30 33.28 33.27+0.21 33.21 33.33+0.17 33.33 31.89+3.92 33.21 0.7394
Male (M)
Haemoglobin (g/dL) 18.8+1.03 18.80 18.64+1.24 18.75 19.37+0.67 19.10 18.31+1.80 18.85 0.5497
Haematocrit (%) 56.38+3.14 56.50 56 +3.63 56.00 58.14+2.12 57.00 54.88+5.25  56.50 0.4978
MCHC (g/dL) 33.35+0.15 33.33 33.28+0.15 33.27 33.32+0.14 33.33 3336+0.23 3342 0.7720

For each parameter, no significant differences were observed across treatment groups in either sex (p > 0.05), based on the Kruskal—

Wallis test, except MCHC male, which was analysed using ANOVA.

SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F = 8, M = 8), SAC = 20%
fructose, 10% alcohol and gelatine ((F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (F =8, M = §8).
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4.2.4 Effect of TA and SAC on fasting blood glucose, insulin, and HOMA-IR

The effects of TA on fasting blood glucose, insulin, and HOMA-IR are shown in Table 4.3. The
fasting blood glucose concentration (FBG) was similar across the treatment group in both sexes
(Female: p = 0.0519; Male: p = 0.0816). The female rats in the TA group had a higher FBG than
the male rats in the same group (p = 0.0388), while the female and male rats in the other groups
had similar FBG (Sex effect: p = 0.0007; treatment effect: p = 0.0834; interaction effect: p =
0.0652).

For insulin concentration, there was no significant difference in the female rats (p = 0.6530) and
the male rats (p = 0.8517) across the treatment groups. The female rats had similar insulin
concentration when compared with their male counterparts (Sex effect: p = 0.3349; treatment

effect: p = 0.7627; interaction effect: p = 0.6691).

Also, there was no significant difference in the HOMA-IR of the female and male rats across the
treatment groups (p = 0.3005, p = 0.3021, respectively). The female rats had similar HOMA-IR
when compared with their male counterparts (Sex effect: p = 0.0720; treatment effect: p =0.9411;
interaction effect: p = 0.0736).
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Table 4.3: A summary of the mean values of the fasting blood glucose, the insulin, and the HOMA-IR for the female and the male rats

across the different experimental groups.

PG TA SAC SAC+TA
p
Mean + SD Median Mean + SD Median Mean + SD Median  Mean + SD Median

Female (F)

Fasting blood Glucose 5 .3 | 35 3.70 4.14 £ 035" 4.10 3.80 £ 0.50 3.60 3.61+0.24 3.60 0.0519
(mmol/L)

Insulin (pg/mL) 401.60+£93.97  399.10 385809244  380.90 422.50+79.72  388.40  448.10+97.81  484.30 0.6530
HOMA-IR 1.67+027 1.69 2.00 + 0.52 1.97 2.07 + 0.59 1.88 2.07 + 0.48 2.2 0.3005
Male (M)

Fasting blood Glucose 5 4, ) 55 3.90 3.43 +0.53% 3.50 3.16 + 0.58 3.30 3.33+0.31 3.05 0.4424
(mmol/L)

Insulin (pg/mL) 406.60 £ 110.60  366.70  393.80+80.52  363.80  367.00+32.55  374.10  397.80+80.21  403.10 0.8517
HOMA-IR 1.97 £ 0.65 1.73 1.76 £ 0.55 1.65 1.48 +0.19 1.51 1.67+027 1.69 0.3021

For each parameter, no significant differences were observed across treatment groups in either sex (p > 0.05), based on the One-Way

Analysis of variance, except for fasting blood glucose (female), which was analysed using Kruskal-Wallis test.

When the females were compared to the males in the same group, the same superscript symbols (#) indicate a significant difference at

p<0.05 using a Two-way Analysis of variance followed by Tukey’s post hoc test.
SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F = 8, M = 8), SAC = 20%
fructose, 10% alcohol and gelatine (F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (F = 8, M = §).
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4.2.5 Effect of TA and SAC on serum TG and HDL-C concentrations and TG/HDL-C ratio
The effect of TA and SAC on TG, HDL-C, and TG/HDL-C ratio is shown in Table 4.4. There was
no significant difference in the TG concentration across the treatment groups (Female: p = 0.3332;
Male: p = 0.199) in both sexes. The female rats had similar TG concentrations when compared
with their male counterparts (Sex effect: p = 0.0006; treatment effect: p = 0.1757; interaction
effect: p = 0.3318). In the female rats, there were no significant differences in the HDL-C
concentration across the groups (p = 0.9326). However, the male rats had significantly increased
HDL-C levels in the SAC group (p = 0.0405) and SAC+TA group (p = 0.0312) when compared
with the PG group. Thus, TA did not alter the SAC-induced increase in HDL-C.

There was no significant difference in the HDL-C concentrations of the female rats when compared
with the male rats (Sex effect: p = 0.6872; treatment effect: p = 0.1251; interaction effect: p =
0.2241). There was also no significant difference in the TG/HDL-C ratio across the treatment
groups in both sexes of rats (Female: p = 0.3931; Male: p = 0.8517). While the sex effect (p =
0.0035) was significant when the TG/HDL-C ratio of female rats was compared to the
corresponding male rats, there was no difference in the treatment effect (p = 0.8396) and

interaction effect (p = 0.1132).
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Table 4.4: A summary of the mean values of the serum TG, HDL-C, and TG-HDL-C ratio for the female and the male rats across the

different experimental groups.

PG TA SAC SAC+TA p

Mean + SD Mean + SD Mean + SD Mean + SD
Female (F)
TG (mmol//L) 0.49+0.22 0.74 +£0.37 0.75+0.39 0.72+0.39 0.3332
HDL-C (mmol//L) 0.34 £0.06 0.36+0.10 0.35+0.10 0.33 +0.08 0.1441
TG/HDL-C 1.50+£0.71 2.06 +£0.83 230+1.42 2.21+0.88 0.3921
Male (M)
TG (mmol//L) 0.93+£0.25 0.82+0.22 1.02+0.42 1.20 £0.46 0.1994
HDL-C (mmol/L)  0.29+0.08®°  0.33+0.08 0.47 £ 0.20° 0.39 £ 0.08° 0.0175%
TG/HDL-C 345+1.36 2.62+1.05 234 +£1.56 3.07+1.23 0.3108

Row means with same superscript letters (a, b) indicate a significant difference at p<0.05, ANOVA, Tukey’s post hoc test.
SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F = 8, M = §), SAC = 20%
fructose, 10% alcohol and gelatine (F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (F = 8, M = §).
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4.3 Liver results

4.3.1 Effect of TA and SAC on liver mass and hepatosomatic index

There was no significant difference in the absolute liver mass of the female (p = 0.3615) and the
male rats (p = 0.7204) across the treatment groups, as shown in Table 4.5. Also, there was no
significant difference in liver mass relative to body mass (hepatosomatic index) in both sexes

(Female: p = 0.4739; Male: p = 0.1026).

While the sex effect was significant when the liver mass of the female rats was compared with the
male rats, there was no difference in the treatment effect and interaction effects (Sex effect:
p<0.0001; treatment effect: p = 0.5177; interaction effect: p = 0.5874). The same trend was
observed when the hepatosomatic index of the female rats was compared to the male rats (Sex

effect: p<0.0001; treatment effect: p = 0.1189; interaction effect: p = 0.7803).
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Table 4.5: A summary of the mean values of the liver mass and hepatosomatic index for the female and the male rats across the different

experimental groups.

PG TA SAC SAC+TA
p

Mean = SD Mean = SD Mean + SD Mean + SD
Female (F)
Liver mass (g) 7.63+0.57" 8.00 + 0.62°% 8.33 + 1.06° 8.24 +0.954 0.3615
Body mass (g) 255.80+17.73 266.30 +£9.27 268.60 + 21.57 263.90 + 18.01 0.4823
Hepatosomatic index (%) 2.99+0.19 3.01+£0.19 3.09+0.19 3.13 + 0.24" 0.4739
Male (M)
Liver mass (g) 12.00 + 1.07* 12.00 + 0.76° 12.16 + 0.84¢ 11.97 + 1.244 0.7204
Body mass (g) 438.00 +31.36 443.80 +24.77 421.70 +17.73 422.90 +35.85 0.3500
Hepatosomatic index (%) 2.74+£0.11 2.82+0.12 2.88 £0.09 2.83+0.117 0.1026

For each parameter, there was no difference across the treatment groups in both sexes of rats, p>0.05 using One-Way Analysis of
variance.

When the females were compared to the males in the same group, the same superscript symbols (#, 8, €, and A) indicate a significant
difference at p<0.05 using a Two-way Analysis of variance followed by Tukey’s post hoc test.

SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F = 8, M = §), SAC = 20%
fructose, 10% alcohol and gelatine (F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (F = 8, M = §).
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4.3.2 Effect of TA and SAC on TBARS concentration in the liver
The effect of TA and SAC on TBARS concentration is shown in Figure 4.4. In the female rats
(Figure 4.4a), there was a significant difference in the TBARS concentration across the treatment

groups (p=0.0111).

The TBARS concentration of the female rats was significantly increased in the TA group (p =
0.0321) or the SAC group (p = 0.0180) when compared to the PG group. However, the female rats
in the SAC+TA group had similar TBARS concentrations when compared to the PG group (p =
0.6972).

In the males (Figure 4.4b), there was also a significant difference in the TBARS concentration
across the treatment groups (p = 0.0122). The TBARS concentration in the SAC group was
significantly lower than that of the PG group (p = 0.0117). While the TA group (p = 0.3786) or
the SAC+TA group (p = 0.0535) had similar TBARS concentrations when compared to the PG

group.

The comparison of the TBARS concentration in both sexes showed significant differences in the
sex effect (p<0.0001) and interaction effect (p = 0.0003), but there was no significant difference
in the treatment effect (p = 0.2403).
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Figure 4.4: Plots showing the effect of SAC and TA on TBARS concentration in the liver for (a)
the female and (b) the male rats. The female rats in the TA and SAC groups had higher TBARS
concentrations than the PG while the SAC group had lower TBARS concentrations compared to
the PG group in the male rats. Data expressed as mean + standard deviation, * = p<0.05 ANOVA,
Tukey’s post hoc test. ANOVA = Analysis of variance, PG = plain gelatine (n = 8 females, 8
males), TA = TA-50mg/kg and plain gelatine (n = 8 females, § males), SAC = 20% fructose, 10%
alcohol and gelatine (n =8 females, 7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg

and gelatine (n =8 females, 8§ males).
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4.3.3 Effect of TA and SAC on mRNA expression of markers of metabolism and
inflammation in the liver

The effect of TA and SAC on the mRNA expression of selected genes in the liver is shown in
Table 4.6. There was no significant difference in the mRNA expression of markers of metabolism
(CYP2EI and SREBP-I), and inflammation (/L-10, NF-kBI, and TNF-a) across the treatment
groups (P>0.05 ANOVA) in both sexes of rats.

When the gene expression of the female rats was compared with the male rats, the sex effect,
treatment effect and interaction effect were similar for the marker of alcohol metabolism — CYP2E]
(Sex effect: p = 0.1890; treatment effect: p = 0.2360; interaction effect: p = 0.2390), or the marker
of lipid metabolism — SREBP-1 (Sex effect: p = 0.3182; treatment effect: p = 0.1812; interaction
effect: p = 0.9298).

Similarly, the pro-inflammatory markers of the female rats did not show any significant difference
when compared to the corresponding male rats: /L 10 (Sex effect: p = 0.1890; treatment effect: p =
0.2361; interaction effect: p = 0.2390), NF-xBI (Sex effect: p = 0.4768; treatment effect: p =
0.0983; interaction effect: p = 0.9425) and TNF-a (Sex effect: p = 0.5917; treatment effect: p =
0.5520; interaction effect: p = 0.6159).
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Table 4.6: A summary of the mean and median values of the mRNA expression levels of some genes in the liver of the female and the

male rats across the different experimental groups.

PG TA SAC SAC+TA P
mRNA
Expression Mean = SD Median Mean + SD Median Mean £+ SD Median Mean + SD Median
Female (F)
CYP2EI 0.93+0.16 0.95 1.02+0.39 1.06 1.20+0.86 0.81 0.92 £0.55 0.68 0.1224
1L-10 1.20+£0.83 0.99 1.21 £0.67 1.13 0.77+0.28 0.88 0.73 +£0.54 0.62 0.5590
NF-kB1 1.03+0.27 0.99 1.02+0.22 1.08 1.01 £0.33 1.07 0.75+0.11 0.75 0.3535
SREBP-1 1.17+0.70 1.20 1.26 £0.59 1.16 1.09 +£0.49 1.12 0.63+0.34 0.50 0.4030
TNF-o. 1.03£0.28 1.05 1.04 +£0.23 1.08 1.30+0.73 1.20 1.48 £ 0.80 1.47 0.4191
Male (M)
CYP2EI 1.57+0.41 1.37 1.88 £0.69 2.12 1.08 £0.48 1.05 0.72 £0.86 0.53 0.7113
1L-10 1.24 +£0.81 1.25 0.59+0.30 0.56 0.51+0.04 0.53 0.43+0.19 0.43 0.5175
NFkBI1 1.02+£0.23 0.94 1.13+0.36 1.12 1.14+0.26 1.18 0.79+0.14 0.79 0.2571
SREBP-1 1.13 £0.63 1.02 0.89+0.41 0.74 0.92+0.19 0.99 0.46+£0.11 0.46 0.3966
TNF-o, 1.04 £0.36 1.07 1.03£0.52 1.17 1.47 £0.45 1.03 0.87 £0.49 1.02 0.4848

For each parameter, no significant differences were observed across treatment groups in either sex (p > 0.05), based on the One-Way
Analysis of variance, except for CYP2E] female, IL-10 male, TNF-o. female, which were analysed using the Kruskal-Wallis test.

SD= Standard Deviation, CYP2E1= Cytochrome P450 2E1, IL-10= interleukin-10, NF-kBl= Nuclear factor kappa Bl1, SREBP-1=
Sterol regulatory element-binding protein-1, TNF-o = tumour necrosis factor-o, PG = plain gelatine (F = 4, M = 4), TA = TA-50mg/kg
and plain gelatine (F = 4, M = 4), SAC = 20% fructose, 10% alcohol and gelatine (F = 4, M= 3), SAC+TA = 20% fructose, 10%
alcohol, TA-50mg/kg and gelatine (F = 4, M = 2).
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4.3.4 Effect of TA and SAC on the liver cell density

The effect of TA and SAC on liver cell density of the rats across the treatment groups is shown in
Figure 4.5. In the female rats (Figure 4.5a), SAC or TA resulted in a 38% reduction in liver cell
density (p < 0.0001) when compared to the PG, while SAC+TA resulted in a lesser reduction
(24%) in liver cell density (p <0.0001) when compared with their control counterparts. In the male
rats (Figure 4.5b), the SAC+TA group had a significantly lower liver cell density than the control
(p =0.0002) or the TA (p <0.0001). The sex effect, treatment effect and interaction effects were

significant (p < 0.0001) when the cell density of the female rats was compared to the male rats.
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Figure 4.5: Boxplots showing the effect of SAC and TA on the liver cell density of (a) the female
and (b) the male rats. The female rats in the TA, SAC, or SAC+TA groups had a reduced cell
density when compared to the PG group, while only the male rats in the SAC+TA groups had a

reduced cell density when compared to the PG or the TA group

range, *** = p<(0.001 Kruskal Wallis, Dunn’s post hoc test. PG = plain gelatine (no of images
assessed = 167 females, 191 males), TA = TA-50mg/kg and plain gelatine (no of images assessed

= 243 females, 138 males), SAC = 20% fructose, 10% alcohol an

=137 females, 106 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine ((no

of images assessed =204 females, 157 males).
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4.3.5 Effect of TA and SAC on micro and macro vesicular steatosis score
The effect of TA and SAC on micro and macro vesicular steatosis scores is shown in Table 4.7.
The representative photomicrographs of the Haematoxylin and Eosin-stained liver sections of (A)

the female and (B) the male rats are shown in Figure 4.6.

In the female rats, there was no significant difference in the micro vesicular (p = 0.4022) and macro
vesicular steatosis scores (p = 0.3985) across the treatment groups. In the male rats, the SAC
groups had a higher micro vesicular steatosis score compared to the control, SAC group (p =
0.0088) and SAC+TA group (p = 0.0043). However, the male rats had a similar macro vesicular

steatosis score across the treatment groups (p = 0.6057).

While the sex and interaction effects were significant when the micro vesicular steatosis scores of
the female rats were compared to the male rats (Sex effect: p<0.0001; interaction effect: p =
0.0441), there was no difference in the treatment effect (p = 0.1114). Also, the sex effects were
significant when the macro vesicular steatosis scores of the female rats were compared to the male
rats (Sex effect: p = 0.0024), however, there was no difference in the interaction (p = 0.6600) and
treatment effect (p = 0.5482). Overall, the female rats had a higher micro and macro vesicular

steatosis score compared to the corresponding male rats except for the SAC group.

73



Table 4.7: A summary of the median and interquartile range values of the steatosis scores for the females and the males across the

different experimental groups.

PG TA SAC SAC+TA p
Median (Q1 — Q3) Median (Q1 — Q3) Median (Q1 — Q3) Median (Q1 — Q3)
Female (F)
Micro vesicular steatosis 2 (1 —3) * 1(0-2)¢ 2(0-2) 2(0.25-3)4 0.4022
Macro vesicular steatosis 1 (0—1)* 0(0-0.75) 0(0-0) 00-1)"* 0.3985
Male (M)
Micro vesicular steatosis 0 (0 — 1) 2 00-1)€¢ 1(0.25-1.75) 2 1(0-2)%4 0.0013
Macro vesicular steatosis 0 (0 —0) 3 0(0-0) 0(0-0) 0(0-0)" 0.6057

For each parameter, the same superscript letters (a, b, ¢, and d) indicate a significant difference between any two groups at p<0.05
using Kruskal-Wallis followed by Dunn’s post hoc test

The same superscript symbols (#, $, €, and A) indicate a significant difference at p<0.05 when the females were compared to the males
in the same group using a Two-way Analysis of variance followed by Tukey’s post hoc test.

Q1 — Q3 = interquartile range, PG = plain gelatine (no of images assessed, ' =15, M = 18), TA = TA-50mg/kg and plain gelatine (no
of images assessed, F =12, M = 14), SAC = 20% fructose, 10% alcohol and gelatine (no of images assessed, =18, M = 12), SAC+TA
= 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (no of images assessed, F' = 12, M = 19).
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Figure 4.6: Representative photomicrographs of the liver of (A) the female and (B) the male rats.
The sections were stained with Haematoxylin and Eosin. The yellow arrows indicate micro
steatosis while the black arrows indicate macro steatosis in the liver. Scale bar =20 pm. Image at
the top right corner = section map, PG = plain gelatine, TA = TA-50mg/kg and plain gelatine,
SAC = 20% fructose, 10% alcohol and gelatine, SAC+TA = 20% fructose, 10% alcohol, TA-
50mg/kg and gelatine.
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4.3.6 Effect of TA and SAC on the percentage area of collagen distribution
The effect of TA and SAC on the percentage area of collagen distribution is shown in Figure 4.7.
The representative photomicrographs of the Masson trichrome-stained liver sections of (A) the

female and (B) the male rats are shown in Figure 4.8.

There was no significant difference in the collagen ratio across the treatment groups (p = 0.5409)
in the female rats (Figure 4.7a). However, in the male rats (Figure 4.7b), the percentage area of
collagen distribution was significantly lower in the TA group (p = 0.0254) or the SAC group (p <
0.0001) when compared to the PG group. The male rats in the SAC+TA group had a similar
percentage area of collagen distribution as that of the PG group (p = 0.2308).

There was no difference in sex effect and treatment effect when the percentage area of collagen
distribution in the female rats was compared to the corresponding male rats (Sex effect: p=0.0641;
treatment effect: p = 0.0798), but the interaction effect was significant (interaction effect: p =

0.0045).
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Figure 4.7: Boxplots showing the effect of SAC and TA on the percentage area of liver collagen
distribution for (a) the female and (b) the male rats. In the female rats, there was no difference in
the percentage area of collagen distribution. While in the male rats, TA and SAC groups had a
significantly lower percentage area of collagen distribution. Data expressed as median with range,
*E% = p<0.001, Kruskal Wallis, Dunn’s post hoc test. PG = plain gelatine (no of images assessed
= 167 females, 191 males), TA = TA-50mg/kg and plain gelatine (no of images assessed = 243
females, 138 males), SAC = 20% fructose, 10% alcohol and gelatine (no of images assessed =137
females, 106 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (no of

images assessed =204 females, 157 males).
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Figure 4.8: Representative photomicrographs of the liver of (A) the female and (B) the male rats.
The sections were stained with Masson trichrome. The orange arrows indicate some areas of
collagen in the liver. Scale bar =20 pum. PG = plain gelatine, TA = TA-50mg/kg and plain gelatine,
SAC = 20% fructose, 10% alcohol and gelatine, SAC+TA = 20% fructose, 10% alcohol, TA-
50mg/kg and gelatine.
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4.4 Kidney results

4.4.1 Effect of TA and SAC on absolute kidney mass and kidney index
There was no significant difference in the absolute kidney mass of the female rats (p = 0.4897)
and male rats (p = 0.7738) across the treatment groups, as shown in Table 4.8. Also, there was no

significant difference in kidney indices in both sexes (female: p = 0.7621; male: p = 0.7082).

Two-way ANOVA showed a significant main effect of sex on absolute kidney mass when the
female rats were compared with the male rats, such that absolute kidney mass was lower in females
than in males. However, absolute kidney mass was not altered by dietary treatment, and there was
no interaction between sex and dietary treatment (Sex effect: p<0.0001; treatment effect: p =
0.2311; interaction effect: p = 0.2154). While the same trend was observed when the kidney index
of the female rats was compared to the male rats, the females had similar kidney index with the

males (Sex effect: p = 0.0183; treatment effect: p = 0.9941; interaction effect: p = 0.4961).
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Table 4.8: A summary of the mean and median values of the absolute kidney mass and kidney index for the female and the male rats

across the different experimental groups.

PG TA SAC SAC+TA p
Mean + SD Median Mean + SD Median Mean + SD Median  Mean + SD Median
Female (F)
Kidney mass (g) 1.57+0.07* 1.56 1.65 £ 0.09% 1.62 1.61 +£0.14¢ 1.55 1.60 = 0.094 1.60 0.4897
Body mass (g) 255.8 +£17.73 254.50 266.30+9.27 265.00 268.60+21.57 261.50 263.90+18.01 263.50 0.9998
Kidney index (%)  0.61 +0.03 0.62 0.62 = 0.04 0.62 0.60 = 0.03 0.57 0.61 £0.04 0.58 0.7702
Male (M)
Kidney mass (g) 2.58+0.14* 2.55 2.57+0.16° 2.57 2.52+0.19¢ 2.52 2.49+0.254 2.50 0.7738

Body mass (g) 438.00 £31.36  426.00 443.80+24.77 439.00 421.70+17.73 414.00  422.90+35.85 423.00 0.9999

Kidney index (%)  0.59 +0.02 0.59 0.58 £0.02 0.58 0.60 = 0.04 0.59 0.59 +£0.05 0.59 0.7082

For each parameter, no significant differences were observed across treatment groups in either sex (p > 0.05), based on One-Way
Analysis of variance, except for Kidney index (female and male), which were analysed using Kruskal-Wallis test.

When the females were compared to the males in the same group, the same superscript symbols (#, 8, €, and A) indicate a significant
difference at p<0.05 using a Two-way Analysis of variance followed by Tukey’s post hoc test.

SD= Standard Deviation, PG = plain gelatine (F = 8, M = 8), TA = TA-50mg/kg and plain gelatine (F = 8, M = 8), SAC = 20%
fructose, 10% alcohol and gelatine (F = 8, M = 7), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (F = 8, M = §).
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4.4.2 Effect of TA and SAC on serum KIM-1 concentration

The effect of TA and SAC on the serum KIM-1 concentration of the female (a) and male rats (b)
across the treatment groups is shown in Figure 4.9. The KIM-1 concentration was similar across
the treatment groups in both sexes of rats (female: p = 0.3413; male: p = 0.1275). KIM-1
concentration was not altered by sex and dietary treatment, such that the female rats had similar
KIM-1 concentration when compared with their male counterparts across the treatment groups
(Sex effect: p = 0.8121; treatment effect: p = 0.3459). Also, there was no interaction between sex

and dietary treatment (interaction effect: p = 0.1325).
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Figure 4.9: Plots showing the effect of SAC and TA on the KIM-1 concentration of the female rats
(a) and the male rats (b). There were no differences in the KIM-1 concentrations across the groups
in both sexes of rats. Data expressed as mean + Standard deviation, p>0.05 ANOVA. ANOVA =
Analysis of variance, PG = plain gelatine (n = 8 females, 8 males), TA = TA-50mg/kg and plain
gelatine (n = 8 females, 8 males), SAC = 20% fructose, 10% alcohol and gelatine (n =8 females,
7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (n =8 females, §

males).
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4.4.3 Effect of TA and SAC on serum NGAL concentration

The effect of TA and SAC on the serum NGAL concentration of the female (a) and male rats (b)
across the treatment groups is shown in Figure 4.10. The NGAL concentration was similar across
the treatment groups in both sexes of rats (female: p = 0.3792; male: p = 0.5795). Two-way
ANOVA showed that NGAL concentration was not altered by sex and dietary treatment, such that
the female rats had similar NGAL concentration when compared with their male counterparts
across the treatment groups (Sex effect: p = 0.6081; treatment effect: p = 0.7365). Similarly, there

was no interaction between sex and dietary treatment (interaction effect: p = 0.2683).
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Figure 4.10: Plots showing the effect of SAC and TA on the NGAL concentration of the female
rats (a) and the male rats (b). There were no differences in the NGAL concentrations across the
groups in both sexes of rats. Data expressed as mean + Standard deviation, p>0.05 ANOVA.
ANOVA = Analysis of variance, PG = plain gelatine (n = 8 females, 8 males), TA = TA-50mg/kg
and plain gelatine (n = 8 females, 8 males), SAC = 20% fructose, 10% alcohol and gelatine (n =8
females, 7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (n =8

females, 8 males).
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4.4.4 Effect of TA and SAC on kidney TBARS concentration

The effect of TA against the effect of SAC on kidney TBARS concentration of the female (a) and
male rats (b) is shown in Figure 4.11. There was no significant difference in the kidney TBARS
concentration across the treatment groups in both sexes (females: p = 0.7408; males: p = 0.6822).
Kidney TBARS concentration was altered by sex, such that females had higher TBARS levels than
males (Sex effect: p=0.0139). However, TBARS levels were not altered by dietary treatment and
there was no interaction between sex and dietary treatment (treatment effect: p = 0.7677,

interaction effect: p = 0.6518).
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Figure 4.11: Plots showing the effect of SAC and TA on the kidney TBARS concentration of the
female rats (a) and the male rats (b). There were no differences in the TBARS concentration across
the groups in both sexes of rats. Data expressed as mean + Standard deviation, p>0.05 ANOVA.
ANOVA = Analysis of variance, PG = plain gelatine (n = 8 females, 8 males), TA = TA-50mg/kg
and plain gelatine (n = 8 females, 8 males), SAC = 20% fructose, 10% alcohol and gelatine (n =8
females, 7 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine (n =8

females, § males).
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4.4.5 Effect of TA and SAC on kidney morphometry

The effect of TA against the effect of SAC on urinary space, Bowman's capsule area, and
glomerular tuft area are shown in Table 4.9. The representative photomicrographs of the
Haematoxylin and Eosin-stained kidney sections of (A) the female and (B) the male rats are shown

in Figure 4.12.

In the females, the urinary space was significantly higher in the TA and the SAC group when
compared to the PG group (p<0.0001). In the males, the urinary space of the SAC group was
significantly lower than the other treatment groups (p<0.001).

Females in the TA group had significantly higher Bowman’s capsule area than PG (p<0.001).
However, there was no difference in Bowman’s capsule area across the treatment groups in the

males (p>0.05).

Similarly, the female rats in the TA (p = 0.0027) and the SAC+TA (p = 0.0366) groups had
significant increases in the glomeruli tuft area compared to PG group. However, the male rats in
the TA group had significantly lower glomeruli tuft area than the PG (p = 0.0348), SAC (p<0.001),
or SAC+TA (p =0.0493) group.

Furthermore, two-way ANOVA showed that urinary space was not altered by sex and dietary
treatment, such that females had similar urinary space to males (sex effect: p = 0.1021; treatment
effect: p=10.1240). However, there was a significant interaction between sex and dietary treatment
(p<0.0001). Bowman’s capsular area was altered by sex but not by dietary treatment, such that
females had lower Bowman’s capsule area than males (sex effect: p = 0.0003; treatment: p =
0.5735). However, there was a significant interaction between sex and diet (interaction effect:
p<0.0001). Similarly, the glomeruli area was altered by sex but not by dietary treatment, such that
females had lower glomeruli area than males (sex effect: p<0.0001; treatment effect: p = 0.2692).

There was significant interaction between sex and diet (interaction effect: p<0.0001).
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Table 4.9: A summary of the mean and median values of the kidney morphological area for the female and the male rats across the

different experimental groups.

PG TA SAC SAC+TA P
Mean + SD Median Mean+SD Median Mean+SD Median  Mean + SD Median
(x 10°) (x10°)  (x10%) (x10°)  (x10°) (x10°)  (x10%) (x 10°)
Female (F)
?p‘;vlv;;lan's capsule area 5.14+1.61% 5.12 6.14£1.5€  6.19 55441590 551 577+1.65 559 0.0011
Glomeruli area (um?) 3.76+125 3.80%  446+138 4522  3.78+1.12¢ 381 428+145  4.13*  0.0002
Urinary space (um>) 138+£0.73  127%  1.68+0.60 1.66°  1.76+086 1.57° 1.49+£0.59  1.46 0.0017
Male (M)
?p‘;flv;;lan's capsule area 6.80+ 1.81"  6.65 623+1.64° 5946  6.53+1.777 6.19 6.57+1.725 646 0.1823
Glomeruli area (um?) 486+ 1235 4690  444+133 442% 524+ 136" 522 4.87+1.54  4.80°  0.0139
Urinary space (um?) 1.94+1.07 171* 1794071 1.69°  129+0.74 1.05%  1.70+0.81 1.56  <0.0001

For each parameter, the same superscript letters (a, b, ¢, and d) indicate a significant difference between any two groups at p<0.05

based on Kruskal-Wallis followed by Dunn’s post hoc test, except for Bowmann’s capsule area (female and male), which were analysed

using One-Way Analysis of variance followed by Tukey’s post hoc test.

The same superscript symbols (#, $, €, and A) indicate a significant difference at p<0.05 when the females were compared to the males

in the same group using a Two-way Analysis of variance followed by Tukey’s post hoc test.

SD = Standard deviation; PG = plain gelatine (no of images assessed: F = 94 , M = 90), TA = TA-50mg/kg and plain gelatine (no of
images assessed: F= 68, M= 86), SAC = 20% fructose, 10% alcohol and gelatine (no of images assessed: F =113, M= 55), SAC+TA
= 20% fructose, 10% alcohol, TA-50mg/kg and gelatine ((no of images assessed: F= 70, M = 127).
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Figure 4.12: Representative photomicrographs of the kidney of (A) the female and (B) the male
rats. The sections were stained with Haematoxylin and Eosin. Scale bar = 20 um. The renal
corpuscles (RC) consist of the Bowman’s capsule (BC), which encloses the glomerulus (G),
with the urinary space (US) separating them. PG = plain gelatine, TA = TA-50mg/kg and plain
gelatine, SAC = 20% fructose, 10% alcohol and gelatine, SAC+TA = 20% fructose, 10%

alcohol, TA-50mg/kg and gelatine.
89



4.4.6 Effect of TA and SAC on the percentage area of collagen distribution
The effect of TA against the effect of SAC on the percentage area of collagen distribution is
shown in Figure 4.13. The representative photomicrographs of the kidney sections of (A) the

female and (B) the male rats stained with Masson trichrome is shown in Figure 4.14.

In the females (Figure 4.12a), there were significant increases in the collagen ratio of the SAC
or SAC+TA groups when compared with the PG or TA groups (p<0.001). Also, the female
SAC+TA group had significantly higher collagen distribution than SAC alone (p = 0.0038).
Similarly, in the male rats (Figure 4.12b), the percentage area of collagen distribution was
significantly higher in the TA, SAC, or SAC+TA groups when compared to the PG group
(p<0.001). The male rats in the SAC or SAC+TA groups had a significantly higher percentage
area of collagen distribution than the TA group (p<0.001). However, the male rats in the
SAC+TA group had a significantly reduced percentage area of collagen distribution than the
SAC group (p =0.0353).

Two-way ANOVA revealed that the percentage area of collagen distribution was altered by
sex as well as diet (Sex effect: p = 0.0001; treatment effect: p <0.0001), and there was

significant interaction between sex and diet (interaction effect: p <0.0001).
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Figure 4.13: Box plots showing the effect of SAC and TA on the percentage area of kidney
collagen distribution for (a) the female and (b) the male rats. In the female rats, SAC and
SAC+TA had a higher percentage area of collagen distribution than PG and TA. While in the
male rats, TA SAC, and SAC+TA groups had a significantly higher percentage area of collagen
distribution than PG. Data expressed as median with range, *** = p<(0.001, ** = p<0.01,
Kruskal Wallis, Dunn’s post hoc test. PG = plain gelatine (no of images assessed = 93 females,
73 males), TA = TA-50mg/kg and plain gelatine (no of images assessed = 75 females, 75
males), SAC = 20% fructose, 10% alcohol, and gelatine (no of images assessed =96 females,
75 males), SAC+TA = 20% fructose, 10% alcohol, TA-50mg/kg and gelatine ((no of images

assessed =75 females, 105 males).
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Figure 4.14: Representative photomicrographs of the kidney of (A) the female and (B) the male
rats. The sections were stained with Masson trichrome. The yellow arrows indicate some areas
of collagen in the kidney. Scale bar =20 um. PG = plain gelatine, TA = TA-50mg/kg and plain
gelatine, SAC = 20% fructose, 10% alcohol and gelatine, SAC+TA = 20% fructose, 10%
alcohol, TA--50mg/kg and gelatine.
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The next chapter analyses and contextualises the findings, comparing them with existing
literature and expanding on them based on the research results. It examines the potential role
of TA in alleviating metabolic, hepatic, and renal impairments linked to SAC consumption,

providing insights into the biological mechanisms behind these effects.
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CHAPTER FIVE

DISCUSSION
Aim and summary of findings

This study examined the effects of voluntary TA and SAC (in gelatine) consumption on the
metabolic, hepatic and renal health of adolescent female and male Sprague-Dawley rats. SAC
reduced feed intake in both sexes without affecting body mass gain or visceral fat
accumulation. Neither TA nor SAC influenced fasting blood glucose, insulin concentration, or
HOMA-IR in either sex. While serum triglyceride levels and TG/HDL-C ratios remained
unaffected, moderate intake of SAC increased HDL-C in male rats. There was no impact on
liver mass, hepatosomatic index, or liver mRNA expression of specific markers of metabolism
and inflammation. However, female rats’ livers showed increased TBARS concentrations with
TA and SAC consumption, while males in the SAC group had decreased TBARS levels.
Histological analyses indicated reduced hepatocyte density due to TA or SAC in the females,
and only with combined TA and SAC consumption in the males. While male rats had higher
micro steatosis scores from SAC consumption, females exhibited higher micro and macro
steatosis scores than males. Also, collagen distribution was unaffected in the females but was

reduced in the TA alone or SAC alone in the males.

There were no changes in absolute kidney mass or kidney index across the treatment groups in
both sexes, suggesting that moderate intake of SAC and TA does not affect kidney mass.
Although females exhibited lower absolute kidney mass, they had similar kidney index when
compared with males. There were no differences in circulating KIM-1 and NGAL
concentrations between groups, indicating the absence of proximal tubule injury or general
renal damage from these dietary interventions. The kidney tissue lipid peroxidation measured
as TBARS (oxidative stress marker) was not affected by SAC consumption in either sex,
although females had higher TBARS concentrations than males. Renal glomeruli morphometry
revealed increased urinary space in females consuming TA and SAC, while males consuming
SAC experienced a decrease in urinary space. Additionally, TA, alone or combined with SAC,
increased glomerular tuft area in females but caused glomerular atrophy in males. Sex
differences were observed in the glomerular tuft and Bowman’s capsule areas, with females
showing smaller area measurements compared to males; however, urinary space was similar

between sexes. SAC consumption, with or without TA, increased renal fibrosis in both sexes.
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Notably, TA exacerbated SAC-induced fibrosis more in females than in males. These findings

are discussed in detail in the following subsections of the discussion.
Feed intake

Rats consuming SAC with or without TA had reduced feed intake compared to the control or
TA-only groups, likely due to the appetite-suppressing effects of alcohol (Bach, Koopmann
and Kiefer, 2021) and sugar (de Oliveira et al., 2020). Alcohol (Bach, Koopmann and Kiefer,
2021) and high-sugar diets (de Oliveira et al., 2020) increase leptin secretion, a hormone that
reduces feed intake by acting on the hypothalamus. Alcohol provides 7 kcal/g of energy, which
has little nutritional content (Brenes ef al., 2021), while fructose provides 3.6 kcal/g (Mattar et
al., 2022), comparable to the rat feed energy content of 3.6 kcal/g, which includes all the
necessary nutrients. Consequently, the higher energy content of alcohol reduced the rats' feed
intake to balance their total energy needs (Kwon et al., 2024). This aligns with a previous report
where 10% ethanol reduced feed intake by increasing the satiety-inducing hormone,

cholecystokinin (Richardson, E Rumsey and Read, 1990).

TA alone did not affect feed intake, contradicting reports of increased appetite in rats fed
Western diets high in TA (Chung et al. 2019). In this study, the TA dose was much lower
(0.005%) than that used by Chung et al. (2019), possibly accounting for the different effects of
TA on appetite. When combined with SAC, TA did not alter the reduction in feed intake,
indicating that the appetite suppression was most likely due to SAC alone, not TA. TA's
potential bitterness, which could have discouraged feeding or lowered appetite in the rats
(Osakabe et al., 2024) was probably also masked by the fructose in the gelatine mixtures,
resulting in the normal appetite of the TA group. Alterations in appetite and diet can lead to

body mass changes.
Body mass

Dietary modification directly impacts body mass gain (Yannakoulia ef al., 2019). Therefore,
we examined the rats' body mass gain during the study period. Despite expectations, the
consumption of SAC did not result in increased body mass in rats, with similar body mass
observed across all groups. This finding aligns with earlier studies where alcohol consumption
did not affect body mass (Rasineni ef al., 2021). Although a high fructose diet was previously
reported to increase body mass in Wistar rats receiving 20% fructose for 12 weeks (Kumar et

al., 2021), this was not the case in the present study. The balance between energy intake from
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alcohol (Wilson and Matschinsky, 2020)-and fructose (Chiavaroli et al., 2023) and energy
expenditure likely resulted in similar body mass across the groups. TA also did not impact body
mass gain, consistent with previous studies on its effects at low doses (Song et al., 2021; Yu et
al., 2021). Contradictory reports suggesting TA reduces body mass (Nakamura et al., 2001;
Chung et al., 2019; J. Wang et al., 2023 )-used higher doses than the present study.

Several factors influence body mass beyond feed intake, these include genetics (Loos and Yeo,
2022), age (Ghasemi, Jeddi and Kashfi, 2021), physical activity (L. Li et al., 2021), and
physiological factors like metabolic diseases (Kim, 2021). Obesity can be hereditary and hence
influenced by genes, some of these genes are expressed in the central nervous system (Loos
and Yeo, 2022). For example, the genetic impacts of leptin can cause extreme hunger and
obesity in the ob/ob mouse or Zucker fatty rat (Zhong et al., 2020). Similarly, age has been
shown to impact susceptibility to obesity (Catalano et al., 2005). In the present study, young
Sprague-Dawley rats which had normal growth trajectories and were in their rapid growth
phase were used. They likely channelled feed intake and calories into their growth to meet their
high basal metabolic demands (Ghasemi, Jeddi and Kashfi, 2021). Although physical activity
can affect metabolism and body mass (Bourdier ef al., 2023), the rats in this study were not

subjected to forced exercise.
Visceral fat

Since body mass alone does not indicate the relative presence and distribution of body fat
(Thomas et al., 2013) and obesity comorbidities (Zhang et al., 2023), visceral and epididymal
fat accumulation were measured. Our findings showed no difference in visceral fat
accumulation across groups in both the female and male rats and no differences in absolute or
relative epididymal fat mass in males. This suggests that neither TA nor SAC consumption
impacted visceral obesity and epidydimal fat accumulation. While a high fructose diet is linked
to increased abdominal fat (Ramos, Batista and Albuquerque, 2017), chronic alcohol
consumption has been shown to inhibit visceral fat accumulation (Zhang et al., 2015; Rasineni
et al.,2021). This finding of the current study could be due to the counter effects of combined
consumption of alcohol and fructose or a balance in total energy intake from alcohol's appetite-

regulating effects (Kovacevi¢ et al., 2021) as well as the age of the rats (rapid growth phase).

Contrary to our findings, higher doses of TA have been reported to reduce high-fat diet-induced
visceral fat accumulation (Kim et al., 2008) and epididymal fat (Yu, Fan and Yang, 2024), but

this effect was not observed with the reduced dose used in our study. Additionally, a sex
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difference was noted in the current study, whereby females had a significantly higher
percentage of relative visceral fat than males in all treatment groups except for the control.
Females are at higher risk of abdominal obesity under obesogenic environments, which is due
to low testosterone and high oestrogen levels promoting visceral fat (Zong et al., 2020). This
explains the higher relative visceral fat in females compared to males. Obesity and visceral fat
accumulation are intricately linked to anaemia, prompting us to assess haematological

parameters (Hiremath et al., 2023).
Blood parameters

Haematological assessment can provide insights into the health of an individual (Zhanyi Zhang
etal.,2022). Our findings indicate that TA and SAC had no significant impact on blood indices,
as haemoglobin (Hb), haematocrit (HCT), and mean corpuscular haemoglobin concentration

(MCHC) remained consistent across all groups in both sexes of rats.

Alcohol consumption (5 g/kg) has been reported to induce haematological alterations,
including anaemia, in mice by reducing HCT, Hb, and MCHC levels (Kipchumba ef al., 2023).
However, these effects were observed at higher doses than the one used in our study, suggesting
a dose-dependent effect. The anaemia-inducing impact of alcohol has been attributed to
impaired intestinal absorption of essential hematopoietic nutrients and the activation of reactive

oxygen species (ROS) during ethanol metabolism (Ferrao, Ali and Mehta, 2022).

Similarly, a previous study on fructose’s effects on blood parameters found that while
haemoglobin levels remained unchanged, MCHC decreased in broiler chickens (Altug, Sen
and Kabake1, 2024). This reduction was associated with increased haematocrit levels, which
remained unchanged in the present study and elevated mean corpuscular volume (MCV), which

was not measured. The observed differences may also be due to species-specific variations.

TA at high doses (10 g/kg) has been reported to induce anaemia in rats by reducing iron
absorption (Ugur Calis et al., 2016), but such an effect was not found in our study. Likewise,
TA supplementation (125-1000 mg/kg) decreased haematocrit and haemoglobin levels in pigs
(Lee et al., 2010), whereas the 50 mg/kg dose used in our study had no impact on Hb, HCT, or
MCHC. These findings suggest that the haematological effects of TA are dose dependent.

FBG, Insulin and HOMA-IR

We evaluated the effects of TA and SAC on glucose homeostasis. Our findings revealed no

significant differences in fasting blood glucose (FBG) or insulin levels among the groups,
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suggesting that neither TA nor SAC had a measurable impact on glucose homeostasis. This
aligns with other studies showing no significant impact of sugar (de Oliveira et al., 2020) or
alcohol (Rasineni et al., 2016) consumption on hyperglycaemia risk. However, it is also
important to note that high-sugar diets can be a risk factor for type 2 diabetes mellitus (Veit et
al.,2022). The impact of high sugar on glycaemic control is thus impacted by factors including
age, duration of consumption and quantity consumed as well as the type of sugar (Ma et al.,

2022).

While alcohol-fed rats in previous studies had decreased insulin levels due to altered pancreatic
functions (Rasineni et al., 2016), this was not the case, probably due to the lower alcohol dose
used in the present study. Chronic alcohol consumption is linked to glucose intolerance and
insulin resistance (Kim and Kim, 2012), but our study found no effect of moderate SAC intake
on HOMA-IR in either sex. Additionally, TA reduced insulin levels in high-fat diet-fed mice
(J. Fang et al., 2022), suggesting possible species differences when compared to the present

study.

TG, HDL-C and TG/HDL-C ratio

To understand the potential impact of the interventions on lipid homeostasis, the effects of TA
and SAC on serum lipid concentration were determined. The present study found that the
triglyceride (TG) concentrations and the TG/HDL-C ratio were not negatively impacted by TA
or SAC consumption. Alcohol consumption, known to upregulate triglyceride production
(Rasineni et al., 2021), did not increase TG levels in the young rats used in the present study,
which aligns with the previous findings that low-to-moderate alcohol intake has protective
effects on lipid metabolism (Justice et al., 2019). While some studies reported increased TG
levels because of the consumption of high—fructose diets (Milutinovi¢ et al., 2020), the present
findings were consistent with the study that reported no significant difference in TG
concentrations of young rats consuming diets enriched with fructose (De Castro ef al., 2013).
Additionally, high fructose diets have been reported to increase TG/HDL-C ratios due to
oxidative stress (Surour, Ramadhan and Khudair, 2022), but this relationship was not detected
in the present study. The present findings on the TG/HDL-C ratio align with the HOMA-IR

results, indicating that insulin resistance was not induced.
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Notably, SAC increased HDL-C concentrations in the male rats, but no difference was
observed in the female rats. Previous studies on the effect of fructose on HDL-C in male rats
were contradictory. Benado et al. (2004) reported an increase, while a decrease at higher doses
was reported by Elseweidy et al. (2022). The present study thus suggests that moderate fructose
consumption may benefit lipid status by increasing HDL-C concentrations in males. Moderate
consumption of alcohol, on the other hand, has been shown to increase the HDL-C
concentration of male rats (Kwon et al., 2024). Taken together, the impact of fructose and
alcohol could explain the increased concentration of HDL-C in the male rats (unlike in the
females) following the moderate consumption of SAC. A previous study has reported that TA
alone did not affect serum HDL-C at 100 mg/kg, 200 mg/kg and 400 mg/kg in mice (Wang et

al., 2023) which is consistent with the present findings that used a lower dose in rats.

Furthermore, assessing interventions in preclinical studies necessitates a thorough evaluation
of organ structure and function (Sellers et al., 2007). The liver and kidneys are among the
primary target organs affected by alcohol and high-sugar diet-induced metabolic dysfunction.

These are discussed in turn.
The Liver

Liver mass

Alterations in organ mass are widely acknowledged as a key sign of chemically induced
damage to organs (Lazic, Semenova and Williams, 2020). This prompted the investigation into
the effects of TA and SAC intake on liver mass. Liver mass can be influenced by factors such
as age, diet, disease, and body mass (Kromrey et al., 2018), as well as the accumulation of
substrates, inflammation, and toxins (Qing et al., 2022). The present findings showed that liver
mass was not impacted by TA and SAC intake in both sexes. This is consistent with reports by
Taoto et al. (2024), who showed that the administration of alcohol in rats at a dose of 40% w/v
for 8 weeks had no impact on the liver mass. On the other hand, Rasineni et al. (2021) reported
that a Lieber-DeCarli alcohol liquid diet (containing 36% ethanol) for 8 weeks increased the

liver mass of Wistar rats (Rasineni et al., 2021).

Additionally, while high fructose consumption can increase liver mass via increased steatosis
(Mengesha, Sekaran and Mehare, 2021) results from the present study are consistent with the

earlier findings that a high fructose diet did not impact both absolute and relative liver mass
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(Milutinovi¢ et al., 2020). The lack of effect of the combined consumption of fructose and
alcohol on the liver mass indicates that there was no negative impact of SAC on the liver mass.
Additionally, a study reported that dietary supplementation with 1% TA reduced liver mass in
rats (Kim et al., 2008), but this higher dose contrasts with our findings.

Liver TBARS

The present study examined the effects of SAC and TA on liver TBARS concentration, a
marker of oxidative stress. Sexually dimorphic responses were observed in the TBARS
concentrations in the liver tissues. In female rats, TBARS concentrations were elevated in both
the TA-alone and SAC groups compared to the PG group. In contrast, male rats showed
reduced hepatic TBARS levels in the SAC group, while the TA group exhibited levels
comparable to the PG group. This indicates that oxidative stress was induced in the female rats
that consumed TA or SAC alone but was decreased in the male rats that consumed SAC alone.
The reduced TBARS levels observed in males treated with SAC may be linked to the earlier

reported elevation in HDL-C levels in this group.

Additionally, both sexes of rats consuming SAC supplemented with TA showed TBARS levels
statistically indistinguishable from the PG group, indicating a normalising effect of the
treatment. This suggests that TA supplementation appeared to mitigate the impact of SAC on
oxidative stress in both sexes. This can be attributed to the oxidative stress-reducing capacity
of TA, as reported in the literature (Giilgin ef al., 2010; de Veras, da Silva and Cabral Ribeiro,
2021). These antioxidant properties of TA are mediated, in part, by its inhibition of enzymes
such as glutathione S-transferase and NAD(P)H:quinone oxidoreductase 1 (NQO1), which are

involved in the activation of xenobiotic compounds (Karakurt and Adali, 2011).

Supporting the present findings of significant sex and interaction effects on TBARS levels, a
clinical trial on alcoholics revealed that females were more susceptible to alcohol-induced lipid
peroxidation than males (Lonappan et al., 2024). Female alcoholics had increased lipid
peroxidation, evidenced by higher TBARS levels, which were attributed to elevated products
of alcohol and lipid metabolism (Lonappan et al., 2024). Notably, TA supplementation
prevented the SAC-induced increase in hepatic oxidative stress in the females, likely due to its

antioxidant potential to inhibit reactive oxygen species (ROS) production (Bona et al., 2022).
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Hepatic gene expression of metabolism (CYP2EI and SREBP-1)

To better understand the mechanisms underlying metabolic-associated liver disease and lipid
peroxidation, the expression of genes related to alcohol metabolism (Cytochrome P450 2E1,
CYP2E]) and lipid metabolism (Sterol regulatory element-binding protein-1, SREBP-1) were
examined. Our study found no differences in CYP2E concentrations across the groups in both
sexes. While a report indicates that chronic alcohol consumption does not affect CYP2E] levels
(Buyco et al., 2023), another reported a dose-dependent increase in CYP2E] expression with
high alcohol consumption (Sandoval ef al., 2022). The null findings reported by Buyco et al.
(2023) were attributed to a diminished cellular stress response during the early stages of
alcohol-induced metabolic dysfunction. A similar explanation may apply to the present study,
where voluntary moderate SAC consumption did not significantly induce the microsomal

ethanol-oxidising system (MEOS).

Although SREBP-1, a key regulator of hepatic lipid metabolism, is typically upregulated in
response to high-fructose diets (Ferré, Phan and Foufelle, 2021) and alcohol consumption (Yu
et al., 2022), as expected with SAC intake in the present study, no significant changes in
SREBP-1 mRNA expression were observed. Also, TA did not impact SREBP-I mRNA
expression in either sex. This finding aligns with previous studies showing that TA at 50 mg/kg
dose had no effect on liver mRNA levels of SREBP-1 in mice on a high-fat diet but inhibited
its expression at 150 mg/kg (J. Fang et al., 2022), indicating a dose-dependent effect.

Furthermore, no sex differences were observed in the expression of CYP2E1 and SREBP-1.
The unchanged expression of these genes, despite differences in oxidative stress, may be due
to the activation of alternative oxidative stress pathways, such as NF-E2—related factor (Nrf2)
or peroxisome proliferator—activated receptor alpha (PPARa), (Li ef al., 2023), which were not

examined in the present study.
Hepatic gene expression of inflammatory markers (IL-10, NF-kB1 and TNF-a)

The effect of TA and SAC on inflammatory cytokines [Interleukin-10 (/L-10), Nuclear factor
kappa B1 (NF-xB1), and Tumour necrosis factor-a (7NF-a)] in the liver were examined. The
present findings showed that the mRNA expression levels of IL-10, NF-kB1, and TNF-a were
also similar across the treatment groups, suggesting that neither SAC nor TA, induced hepatic
inflammation. A previous study reported a dose-dependent decrease in /L-1() concentration and

an increase in TNF-a levels in Sprague Dawley rats on high fructose diet for 20 weeks (Wang
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et al., 2020) which was not the case in the present study that used a lower fructose dose and a
shorter treatment duration. Reports from other studies are also consistent with the present
findings, showing that hepatic /L-10 and TNF-a levels were not affected by fructose-enriched
beverages (Melo et al., 2021) and 10% ethanol (Kotota et al., 2020).

Although higher alcohol concentrations (40% w/v) have been reported to increase TNF-o
expression (Li et al., 2018), this was not noted in the present study. The differences may be due
to the lower alcohol concentration (10% w/v) used in the present study. Additionally, the TA
at a 50 mg/kg dose did not affect TNF-a levels in mice on a high-fat diet, but it reduced them
at a 150 mg/kg dose, which is consistent with the present findings and suggests a dose-

dependent effect.

NF-xB, which regulates the expression of pro-inflammatory genes such as TNF-a and IL-10
(Nowak and Relja, 2020), showed similar levels across the treatment groups. This indicates
that TA and SAC did not impact NF-kB expression and could be linked to their lack of effect
on the expression of pro-inflammatory genes (TNF-o and IL-10). Previous studies reported an
increase in NF-kB mRNA expression in rats consuming high doses of ethanol (Li ef al., 2018)
or fructose (Iskender et al., 2022), but these doses were higher than those used in the present
study. The 10% ethanol dose used in this study was selected to represent a low-to-moderate
level, ensuring consistent intake through a voluntary consumption method. Based on the
formula by Reagan-Shaw et al. (2008), this is equivalent to approximately 32 g of ethanol per

day in humans.

Overall, the similarities in mRNA expression of metabolism and inflammation-related genes
across treatment groups could explain the lack of impact on liver mass, suggesting that
inflammation was not induced. However, the mRNA expression findings may be limited by
sample size, tissue collection timing, assay sensitivity, or mRNA—protein discrepancies and
may not fully exclude inflammatory effects. Similarly, the absence of sex differences in
inflammatory gene expression, despite observed differences in oxidative stress markers, may

reflect the limitations previously outlined.
Liver cell density

Histological analysis, which is the gold standard for diagnosing liver pathology (Tannapfel et
al.,2011), was used to examine the impact of the interventions on hepatic architecture. Female

rats in all treatment groups exhibited lower liver cell density compared to the control, while the
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male rats that consumed SAC supplemented with TA showed a significantly reduced liver cell
density when compared to the control or the TA alone. Voluntary SAC consumption had a
greater negative impact on female rats, reducing hepatocyte density more than in males. This
suggests increased cellular injury in the hepatic structure due to the combined effects of TA
and SAC in this sex group. While high fructose diets can reduce hepatocyte count due to altered
liver triglyceride and cholesterol levels (Carvalho et al., 2021), TG levels were not altered in

the present study.

Reports suggest that increased expression of proliferating cell nuclear antigen (PCNA) after
ethanol exposure leads to improved hepatocyte proliferation in male mice more than in female
mice (Li et al., 2019), potentially explaining sex differences observed in this study, though
hepatocyte proliferation was not assessed. Females are more prone to alcoholic liver disease
due to differences in alcohol metabolism and production of gastric and liver alcohol
dehydrogenase, influenced by oestrogen activation of Kupffer cells and loss of
hepatoprotective genes (Sayaf et al., 2022). Also, women experience more severe alcohol liver
injury progression than men, even with lesser alcohol exposure (Eagon and Mandell, 2010).
Other molecular mechanisms influencing sex-specific responses to alcohol consumption
include higher expression of caspase-3 and CYP2E] in females (Li et al., 2019). Although this
study did not evaluate the pro-apoptotic enzyme caspase-3, the CYP2E] level was unaffected
by sex.

Literature on the effect of TA on liver cell density in rodents is scant, but an in vitro study
showed increased albumin synthesis in hepatocyte cultures with TA (Chen et al., 2023).
Similarly, TA suppressed the expression of enzymes responsible for hepatic cell death,
caspase-1 and caspase-3, thereby inhibiting hepatocyte apoptosis in broilers (Niu ef al., 2022).
The exact reasons for the reduction in hepatocyte density when SAC was supplemented with
TA remain uncertain, suggesting a need for further research on the impact of TA on apoptotic

markers.
Hepatic micro and macro vesicular steatosis

High-sugar diets have been implicated in the development of metabolic-associated fatty liver
disease (Drozdz et al., 2021). This can be assessed by visualisation of microscopic lipid
droplets via histology. Micro steatosis presents with multiple small lipid droplets without
nuclear displacement, while macro steatosis features large lipid globules displacing the nucleus

(Tien et al., 2021). Although micro and macro vesicular steatosis scores were similar across
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the groups in female rats, the scores were higher in the females than in the males. This may be
due to the higher visceral fat accumulation in the females. Consistent with the present findings,
female rats on a control diet developed mild steatosis, while the male rats showed no

pathological alterations (Kono et al., 2000; Nanji et al., 2002; Li et al., 2019).

Alcohol consumption also increased the severity of steatosis in females compared to males in
these previous studies. These sex differences were attributed to the upregulation of Cluster of
differentiation 14 (CDI14) proteins due to the ability of alcohol to induce the activation of
Kupffer cells leading to the activation of the NF-«xB pathway and the upregulation of 7TNF-a in
females. However, in the present study, NF-xB and TNF-a genes were not significantly
impacted by the interventions. Additionally, the upregulation of Heat shock proteins (HSPs) in
male mice conferred hepatic protection by preventing the unfolding and misfolding of proteins
due to ethanol exposure (Li et al., 2019). Also, the greater severity of steatosis in females may
have contributed to their reduced hepatocyte density, as noted in the literature (Walsh et al.,

2004).

Further supporting these sex differences, a study showed that adolescent female Wistar rats
consuming a high fructose diet for 10 weeks had higher micro and macro vesicular scores,
while the males had a mild micro steatosis (Hyer et al., 2019). While SREBP1 levels were not
impacted by fructose in the present study, long-term consumption of fructose can activate the
de novo lipogenesis pathway via SREBP1-dependent or independent mechanisms (Yao et al.,
2023). In the male rats, SAC consumption resulted in higher micro-vesicular scores than the
control or the TA groups, but similar macro-vesicular steatosis scores across the groups. This
suggests that SAC consumption led to early stages of fatty liver development in the male rats
but to a lesser severity than in the females. This could be attributed to the protective role of

increased levels of circulating HDL-C against hepatic steatosis (Hamaguchi et al., 2012).
Hepatic collagen distribution

Inactive lipids can cause hepatic injury, triggering the activation of hepatic stellate cells
responsible for fibrogenesis (Garbuzenko, 2022). Thus, quantification of collagen
accumulation in the Masson trichrome-stained liver sections to determine the impact of the
interventions on liver fibrosis was performed. A sexually dimorphic response was observed,
wherein moderate consumption of SAC reduced collagen formation in the male rats, while the
female rats exhibited similar collagen distribution across the treatment groups. Collagen,

crucial for liver tissue homeostasis, can become detrimental depending on its location and
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distribution (Karsdal et al., 2017, 2020). Despite reports on alcohol increasing collagen
formation and degradation (Thiele et al., 2021), this study found otherwise. Similar findings to
the present study are seen in a previous study where moderate consumption of alcohol led to a
reduction in collagen formation in male rats on a high-fat, high-cholesterol diet (Sun et al.,
2018). Another study found no fibrosis but steatosis in male rats consuming 15% fructose for

16 weeks (Fredriksen, Boardman and Meen, 2024).

Additionally, male rats in the TA group showed reduced collagen formation, consistent with
earlier studies indicating that TA decreases carbon tetrachloride-induced liver fibrosis
homeostasis by inhibiting the activities of hepatic stellate cells (HSCs) (Chu et al., 2016).
Similarly, TA possesses the ability to crosslink with collagen and modify its structure (Baldwin

and Booth, 2022). There is a need to explore these mechanisms further.

The Kidney

Kidney mass

The lack of differences in absolute kidney mass across the treatment groups in both male and
female rats and the similarity in kidney indices indicate that moderate intake of SAC and TA
has no harmful impact on kidney mass in the rats used for this study. Similarly, previous
research on alcohol alone demonstrated that rats receiving 10% ethanol for 12 weeks exhibited
no changes in absolute or relative kidney mass compared to controls (Brzoska et al., 2003).
However, a higher dose of 20% ethanol over 12 weeks resulted in decreased kidney mass (Leal
etal.,2017), suggesting a dose-dependent effect of alcohol consumption. Similarly, a study on
sugar intake found that a 20% fructose diet over 9 weeks did not alter kidney mass in rats

(Milutinovi¢ et al., 2020), which aligns with our current findings.

Furthermore, a study on the effects of dietary supplementation with TA (0.25% to 2%) on
kidney mass found no differences compared to the control group (Barszcz et al., 2018),
supporting our finding that a low dose of TA poses no detrimental effect on kidney mass. This
suggests that the interventions did not result in grossly observable impacts on the kidney mass.
Similarly, the lack of effect of moderate sweetened alcohol or tannic acid intake on kidney
mass may reflect the antioxidant properties of TA (Baldwin and Booth, 2022) or adaptive
responses to renal injury by tubular epithelial cells (Li ef al., 2024).
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A reduction in kidney mass would have been suggestive of atrophy of the kidneys, possibly
due to toxicity or degenerative processes (Zhou et al., 2021). On the contrary, an increase in
kidney mass could have been indicative of hyperplasia, hypertrophy or inflammation (Jiang et
al., 2023). Sex differences were observed in absolute kidney mass, with males exhibiting higher
values than females. It is well recognised that males tend to have larger kidneys than females
due to their larger body size and mass (Dinca et al., 2023). When the kidney mass was indexed
to body mass, the females and males had similar kidney indices, indicating that the sex
difference in absolute kidney mass was due to higher body mass in males. A lack of change in
organ mass following an intervention does not suggest an absence of structural and functional
pathology. Therefore, assays of specific biomarkers of kidney function and renal

histomorphometry were performed.

Serum KIM-1 and NGAL

KIM-1 and NGAL are sensitive diagnostic biomarkers for acute renal injury (Atere et al.,
2021). KIM-1 is a specific marker for proximal tubule injury, with its production upregulated
in proximal tubule cells following kidney injury, whereas NGAL upregulation indicates
general renal injury (Kohl ez al., 2020). Our results showed no differences in KIM-1 and NGAL
concentrations across the four treatment groups in both sexes of rats. Similarly, KIM-1 and
NGAL did not differ between sexes. The lack of changes in serum KIM-1 and NGAL levels
may reflect the absence of overt kidney damage, which would otherwise be expected to affect

kidney mass.

There is limited literature on the combined effects of alcohol and fructose on these kidney
injury markers. However, studies examining their individual effects have shown that alcohol
consumption (6.4% v/v) for 4 weeks increased urinary KIM-1 and NGAL levels in rats.
(Latchoumycandane, Nagy and Mclntyre, 2014). It is noteworthy that KIM-1 is more reliably
detected in urine than in serum (El-Esawy ef al., 2020), which may explain the absence of
differences in our serum-based study. This suggests that mild renal injury may have gone
undetected using the serum biomarkers employed. Additionally, the earlier study included a
single binge dose of ethanol (31.5%) following a moderate dose of 5% ethanol, hence providing
a high dose which could have caused acute injury, whereas ethanol administration in the current

study was moderate and voluntary and less likely to induce acute kidney injury.
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A previous study reported no differences in KIM-1 concentrations in mice fed a 30% fructose
diet for 16 weeks compared to controls (Meléndez-Salcido et al., 2024) which is consistent
with our findings. Similarly, TA administration at 50 mg/kg did not affect KIM-1 expression
in rats (Yesilkent and Ceylan, 2022). The direct effects of fructose on NGAL concentrations
remain underexplored, but tungsten-based nanodots synthesised from TA and phosphotungstic
acid reduced NGAL concentrations in renal tissue homogenates of mice with acute kidney
injury (Huang et al., 2023). This reduction was attributed to the ability of nanoparticles to
penetrate renal tubular cells and maintain mitochondrial integrity and the protective capabilities
of TA. The major difference from the previous study was the mode of TA administration: while
the earlier study used nanoparticles, the current study utilised dietary supplementation of TA

in its natural form.
Kidney TBARS

To examine whether the interventions increased oxidative stress on the kidneys as measured
by lipid peroxidation, TBARS were measured in renal tissue homogenates. This study found
no differences in kidney TBARS concentrations across treatment groups in either sex. These
findings align with the results for kidney mass, KIM-1, and NGAL, suggesting no significant
renal changes due to the interventions. Chronic alcohol consumption has been shown to
increase kidney TBARS levels in adult Wistar rats after 12 weeks (Das et al., 2008), but
elevated lipid peroxidation was absent in our study, possibly due to a shorter study duration.
Similarly, previous research demonstrated that high-fructose diets (65%) elevated TBARS
levels compared to controls (Choi ef al., 2011); however, the fructose dose used in that study

was higher than the 20% dose used in the present study.

In line with our findings, TA administration at 30 mg/kg resulted in kidney TBARS
concentrations like those of controls (de Moraes Meine ef al., 2020). However, TA caused a
dose-dependent decrease in cisplatin-induced TBARS production in rat kidneys (Akinyemi et
al., 2015). Similarly, tungsten-based nanodots synthesised from TA and phosphotungstic acid
reduced TBARS concentrations in renal tissue homogenates of mice with acute kidney injury
(Huang et al., 2023), an effect attributed to the ability of nanoparticles to mitigate oxidative
stress. The inhibitory effect of TA observed in previous studies was not evident in our study,

likely due to differences in dose and mode of administration.

It is worthy of note that females exhibited higher kidney TBARS concentrations than males,

which may be linked to increased lipid peroxidation induced by alcohol (Nanji ef al., 2002)
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and fructose (Seraphim et al., 2017) consumption in young adult females. Although oestrogen
enhances renal mitochondrial activity and may offer protection against oxidative stress, this
advantage is reportedly counterbalanced by the larger kidney mass observed in males

(Sultanova et al., 2020).
Renal glomerular morphometry

It is not uncommon to find that interventions do not alter the gross morphology of target organs
and cause functional damage, but in the early stages, they can cause structural alterations at a
microscopic level, which can then progress to more overt clinical manifestations with time.
Consequently, a quantitative histological assessment of renal morphology was performed. The
focus was on physiologically and functionally important parameters, namely, urinary space

area, Bowman’s capsule, and glomerular tuft areas.
Urinary space

Renal glomerular morphometry was altered in females consuming TA and SAC, with increased
urinary space observed. In contrast, SAC consumption decreased urinary space in males. A
recent study reported that a 20% fructose diet caused dilation of the urinary space, suggestive
of glomerular hyperfiltration (Sarmento et al., 2025). While glomerular hyperfiltration helps
maintain renal function (Kanbay et al., 2024), it is a potential risk factor for early kidney
damage in metabolic conditions (Czupryniak et al., 2024). Additionally, increased urinary
space may indicate tubular hypertension, a protective mechanism against elevated blood
pressure resulting from glomerular injury (Tobar et al., 2013). Previous studies documented

increased urinary space due to alcohol consumption (Leal ef al., 2017).
Bowman’s capsule and Glomerular tuft areas

In the current study, TA administration increased Bowman’s capsule area in females, with no
significant effects from SAC alone or in combination with TA in both sexes. Females showed
a smaller Bowman’s capsule area than males, likely due to their lower kidney mass (Dinca et

al., 2023).

While TA alone or in combination with SAC increased glomerular tuft area in females, the
combination did not exacerbate this effect. In males, TA alone reduced glomerular tuft area,
whereas its combination with SAC appeared to counteract this reduction, mitigating glomerular
atrophy. SAC alone had no significant effect on glomerular tuft area in either sex. Although

alcohol consumption has been associated with glomerular atrophy (Leal et al., 2017), prior
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studies on high-fructose diets align with our findings, showing no differences in glomerular
tuft area and suggesting no glomerular dysfunction from fructose consumption (Nakayama et
al., 2010). The discrepancies between our findings and previous studies on the effects of
alcohol may stem from longer durations (24—32 weeks) and higher ethanol doses (20%) used

in earlier research.

TA appeared to induce glomerular hypertrophy in females and glomerular atrophy in males.
Although kidney function markers such as KIM-1 and NGAL remained unchanged in this
study, the observed glomerular hypertrophy may indicate a potential acute decline in renal
function (Kashif et al., 2021). The observed sex differences may be attributed to the greater
glomerular mass in males, which enhances kidney functional reserve, offers protection against
hyperfiltration-related injuries, and lowers the risk of glomerular capillary hypertension
(Neugarten et al., 2002). This protective effect may help account for the lower levels of kidney

peroxidation observed in males in the current study.

Despite reports that TA may protect the kidney glomerular architecture from nephrotoxic
substances (Israa et al., 2019; Nasreldin ef al., 2022), this protective effect was not observed at
the lower TA dose used in our study. Sex differences were also noted in measurements of
glomerular tuft areas, with females exhibiting smaller areas than males. These differences

could be attributed to the lower kidney mass in females (Dinca et al., 2023).
Renal collagen distribution

Our study found that SAC consumption, with or without TA supplementation, increased
collagen distribution in the kidneys, an indicator of fibrosis, in both males and females. This
finding is consistent with the literature reporting the profibrotic effects of fructose and alcohol.
Excess fructose in the kidney activates glycolysis, producing biosynthetic substrates that
promote inflammation and fibrosis (Nakagawa and Kang, 2021). Similarly, chronic alcohol
consumption has been shown to increase glomerular and peritubular fibrosis by activating
NOX-mediated oxidative stress pathways (Sonmez et al., 2012). In our study, we detected a
profibrotic effect associated with combined sugar and alcohol consumption. SAC consumption
resulted in greater collagen distribution in males compared to females, which may be linked to

the reduced urinary space observed in this treatment group.

Notably, TA supplementation increased fibrosis in females more than in males. This could be

due to heightened susceptibility to alcohol-induced kidney injury in females, which activates

109



the integrin f1/JNK signalling pathway (Zhan et al., 2024), leading to cell apoptosis—a
precursor to kidney fibrosis (Portilla, 2014). TA alone was also associated with increased
fibrosis in males. While the underlying mechanism remains unclear, it may be linked to TA’s
known ability to crosslink with collagen fibres (Sarker et al., 2023), potentially promoting
fibrotic tissue formation. Although TA is reported to have antifibrotic properties (Reed et al.,
2019), this effect was not found in our study, as TA showed limited efficacy in preventing the
fibrosis caused by SAC consumption. Reed et al. (2019) administered 10 mg/kg of TA
intraperitoneally to C57BL/6 mice for 14 days to treat bleomycin-induced pulmonary fibrosis.
The differences observed compared to our study may be attributed to variations in the mode of

administration and the species used.

The next chapter concludes the thesis by highlighting the study objectives and the key findings,
emphasising their significance, and discussing study limitations and recommendations for

future research directions.
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CHAPTER SIX

CONCLUSION

The present study investigated the potential protective effect of TA, administered as a dietary
supplement during adolescence, on the development of metabolic disorders associated with
combined alcohol and sugar intake in female and male Sprague Dawley rats. A voluntary SAC

consumption model was employed, using gelatine as the vehicle.

The first specific objective assessed whether TA could protect against the harmful effects of
SAC on metabolic health and growth indicators. While SAC reduced feed intake in both sexes,
it did not significantly affect visceral fat, glucose regulation, triglycerides, or haematological
parameters. Notably, sex-specific differences emerged: females were more susceptible to SAC-
induced visceral obesity, and TA did not prevent this fat accumulation. Additionally, SAC
raised HDL-C levels in males but not in females. Taken together, the Ho that adolescent TA
supplementation does not influence metabolic outcomes associated with voluntary SAC intake

in male and female Sprague Dawley rats was not rejected.

The second specific objective evaluated the protective potential of TA against the adverse
effects of SAC on liver function and integrity. Key findings showed that neither TA nor SAC
significantly affected absolute liver mass, hepatosomatic index, or the mRNA expression of

metabolic and inflammatory liver markers (CYP2E1, SREBP-1, IL-10, NF-xB1, and TNF-a).

Sex-specific differences were evident. SAC increased liver lipid peroxidation (TBARS) and
reduced hepatocyte density in females but not in males. While SAC elevated hepatic steatosis
in males, females exhibited generally higher steatosis scores overall. Interestingly, TA or SAC
alone appeared to protect against liver fibrosis in males, but this effect was absent when both
were combined and was not observed in females. Based on these findings, the Ho that
adolescent supplementation with TA does not attenuate liver-related alterations induced by

voluntary SAC consumption in female and male Sprague Dawley rats was not rejected.

The third specific objective evaluated the protective potential of TA against the adverse effects
of SAC on renal function and nephropathy. SAC consumption did not significantly affect
absolute or relative kidney mass, oxidative stress (TBARS), or kidney injury markers (KIM-1
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and NGAL). TA also had no impact on these biochemical parameters. However, females

showed higher renal lipid peroxidation than males.

Despite no major changes in functional biomarkers, SAC with or without TA altered
glomerular morphology and increased renal fibrosis in both sexes. Females exhibited signs of
glomerular hyperfiltration, indicating a sex-specific susceptibility. Importantly, TA did not
prevent SAC-induced lipid peroxidation, fibrosis, or glomerular alterations, suggesting limited
renal protective effects in this context. In summary, the Ho that dietary TA supplementation
during adolescence does not prevent renal dysfunction associated with voluntary SAC intake

in male and female Sprague Dawley rats was not rejected.

Females were more susceptible to the adverse effects of SAC, including increased visceral fat
accumulation, hepatic steatosis, hepatic fibrosis, lipid peroxidation, reduced hepatocyte
density, glomerular hyperfiltration, and renal fibrosis. This clear sexual dimorphism
underscores the importance of considering sex differences in disease susceptibility and
progression. Although moderate voluntary consumption of alcohol in gelatine did not cause
overt metabolic dysfunction in rats, where abnormalities were observed, TA at 50 mg/kg body

mass offered limited protection, improving only hepatic oxidative stress in males.

In conclusion, SAC poses health risks to both sexes, with females appearing more vulnerable.
This heightened sensitivity may stem from sex-specific interactions between metabolic
dysregulation and oxidative stress, particularly in the liver and kidneys. Females exhibited
greater lipid peroxidation, indicating increased oxidative damage, which likely contributed to
more pronounced hepatic and renal effects. In contrast, males exhibited lower oxidative stress
and a modest antioxidant response to TA. These findings suggest that adolescent girls who
consume SAC may face a higher risk of metabolic, hepatic, and renal dysfunction. Further

research is needed to clarify the mechanisms behind these sex-specific effects.

Limitations and recommendations for future studies

e Voluntary consumption of SAC using gelatine as a vehicle did not induce certain
components of metabolic syndrome, such as visceral obesity, hyperglycaemia, and
dyslipidaemia. Although the study mimicked the consumption of ‘jello shots’, there is

a need for further studies on SAC, using different administration paradigms.
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Similarly, the small sample size (n = 8 per group) may have limited the study’s power
to detect interaction between the sex and treatment effects. Future research should
consider using a larger sample size to better assess sex-specific responses.

The small sample size for molecular analyses reduced statistical power, potentially
contributing to the lack of significant findings in the molecular endpoints. Future
studies with larger cohorts are needed to confirm these findings.

Another limitation of this study is the lack of measurement of fluid consumption, as
changes in fluid balance could have provided valuable insights into metabolic and renal
dysregulation.

This study did not quantify ethanol retention, relying on the findings of Peris et al.
(2006) to assume content preservation. Future research should directly measure
retention, as evaporation may impact dosing consistency.

Additionally, renal function tests could have been expanded to include urinalysis,
offering a more comprehensive understanding of the observed kidney impairments.
The absence of hepatic tissue lipid profiling also restricted the study’s ability to explore
the link between lipid metabolism and liver steatosis development.

An additional limitation of the study is the absence of assessment of the circulating
leptin concentration, which may play a role in appetite regulation influenced by SAC
consumption and TA supplementation. This was not measured and is therefore
recommended for investigation in future studies.

Furthermore, future research should examine other molecular mechanisms underlying
sex-specific responses to SAC consumption, particularly the expression of pro-
apoptotic enzymes caspase-1 and caspase-3.

Investigating additional pathways—such as Nrf2 (an oxidative stress modulator),
mitochondrial markers (including mitochondrial DNA damage and mass), and
hormonal regulators (corticotropin-releasing factor [CRF], adrenocorticotropic
hormone [ACTH], cortisol, and corticosterone), would further enhance understanding
of the mechanisms underlying SAC-induced effects.

Building on these insights, future studies should investigate higher doses of TA to better
assess its potential protective role against metabolic disorders caused by SAC intake.
This recommendation is based on the observation that TA, at a dose of 50 mg/kg body
weight, did not produce significant protective effects across most of the measured
parameters.

113



REFERENCES

Abdulghani, M.F. and Al-Fayyadh, S. (2024) ‘Natural products for managing metabolic
syndrome: a scoping review’, Frontiers in Pharmacology, 15, 1-19.

https://doi.org/10.3389/fphar.2024.1366946.

Aberg, F., Byrne, C.D., Pirola, C.J., Ménnistd, V. and Sookoian, S. (2023) ‘Alcohol
consumption and metabolic syndrome: Clinical and epidemiological impact on liver disease’,

Journal of Hepatology, 307, 191-206. https://doi.org/10.1016/j.jhep.2022.08.030.

Aberg, F., Jiang, Z.G., Cortez-Pinto, H. and Minnistd, V. (2024) ‘Alcohol-associated liver
disease—Global epidemiology’, Hepatology, 80, 1307-1322.
https://doi.org/10.1097/hep.0000000000000899.

Abolarin, P.O. and Owoyele, B.V. (2024) ‘Tannic acid inhibits pain mediators, inflammation
and oxidative stress in mice exposed to glyphosate-based herbicide’, Environmental Analysis

Health and Toxicology, 39(2), 1-17. https://doi.org/10.5620/eaht.2024019.

Acharya, P., Chouhan, K., Weiskirchen, S. and Weiskirchen, R. (2021) ‘Cellular mechanisms
of liver fibrosis’, Frontiers in Pharmacology, 12, 1-28.

https://doi.org/10.3389/fphar.2021.671640.

Adeva-Andany, M.M., Adeva-Contreras, L., Fernandez-Fernandez, C., Carneiro-Freire, N.
and Dominguez-Montero, A. (2023) ‘Histological manifestations of diabetic kidney disease

and its relationship with insulin resistance’, Current Diabetes Reviews, 19(1), 50-70.

Afkarian, M., Zelnick, L.R., Hall, Y.N., Heagerty, P.J., Tuttle, K., Weiss, N.S. and de Boer,
I.H. (2016) ‘Clinical manifestations of kidney disease among US adults with diabetes, 1988-
2014°, Journal of the American Medical Association, 316(6), 602—-610.
https://doi.org/10.1001/jama.2016.10924.

Ahmed, M., Kumari, N., Mirgani, Z., Saeed, A., Ramadan, A., Ahmed, M.H. and Almobarak,
A.O. (2022) ‘Metabolic syndrome; Definition, pathogenesis, elements, and the effects of
medicinal plants on it’s elements’, Journal of Diabetes and Metabolic Disorders, 21(1),

1011-1022. https://doi.org/10.1007/s40200-021-00965-2.

Akgakaya, A. (2024) ‘Phytotherapy in Liver Diseases’, Bezmialem Science, 12(4), 491-497.
https://doi.org/10.14235/bas.galenos.2024.75232.

114



Akintunde, A.A., Ayodele, O.E., Akinwusi, P.O. and Opadijo, G.O. (2011) ‘Metabolic
syndrome: Comparison of occurrence using three definitions in hypertensive patients’,

Clinical Medicine and Research, 9(1), 26-31. https://doi.org/10.3121/cmr.2010.902.

Akinyemi, A.J., Olabiyi, A.A., Ogunmodede, O.T., Onikanni, S.A. and Anadozie, S. (2015)
‘Inhibitory effect of tannic acid and its derivative (gallic acid) against cisplatin-induced
thiobarbituric acid reactive substances (TBARS) production in rat kidney-in vitro’,

International Journal of Advanced Research, 3(1), 116—126.

Akomolafe, S.F., Akinyemi, A.J. and Anadozie, S.O. (2014) ‘Phenolic acids (gallic and
tannic acids) modulate antioxidant status and cisplatin induced nephrotoxicity in rats’,

International Scholarly Research Notices, 2014, 1-8. https://doi.org/10.1155/2014/984709.

Alavinia, S.J., Mirzargar, S.S., Rahmati-Holasoo, H. and Mousavi, H. (2019) ‘In vitro
investigation of short-term antiparasitic effect of tannic acid on Ichthyophthirius multifiliis
theronts’, Journal of Veterinary Research, 74(2), 219-227.
https://doi.org/10.22059/jvr.2019.244686.2720

Alavinia, S.J., Mirzargar, S.S., Rahmati-Holasoo, H. and Mousavi, H.E. (2018) ‘The in vitro
and in vivo effect of tannic acid on Ichthyophthirius multifiliis in zebrafish (Danio rerio) to
treat ichthyophthiriasis’, Journal of Fish Diseases, 41(12), 1793—-1802.
https://doi.org/10.1111/;fd.12886.

Albers, A.B., Siegel, M., Ramirez, R.L., Ross, C., DeJong, W. and Jernigan, D.H. (2015)
‘Flavored alcoholic beverage use, risky drinking behaviors, and adverse outcomes among
underage drinkers: results from the ABRAND Study’, American Journal of Public Health,
105(4), 810-815.

Alberti, K.G.M.M. and Zimmet, P.Z. (1998) ‘Definition, diagnosis and classification of
diabetes mellitus and its complications. Part 1: Diagnosis and classification of diabetes
mellitus. Provisional report of a WHO consultation’, Diabetic Medicine, 15(7), 539-553.
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7<539.

Alechinsky, L., Favreau, F., Cechova, P., Inal, S., Faye, P.A., Ory, C., Thuillier, R., Barrou,
B., Trouillas, P., Guillard, J. and Hauet, T. (2020) ‘Tannic acid improves renal function
recovery after renal warm ischemia—reperfusion in a rat model’, Biomolecules, 10(3).

https://doi.org/10.3390/biom10030439.

115



Alemany, M. (2024) ‘The metabolic syndrome, a human disease’, International Journal of

Molecular Sciences, 25(4), 2251-2337. https://doi.org/10.3390/ijms25042251.

Altug, T., Sen, G. and Kabakgi, R. (2024) ‘Different concentrations of high fructose corn
syrup in broiler diet cause different effects on selected hematological parameters’, Poultry

Research Journal, 21(1), 22-26. https://doi.org/10.34233/jpr.1507530.

An, W, Luo, J.,, Yu, Z., Li, M., Wei, Herui, Song, A., Mao, Y., Bian, H., He, L., Xiao, F. and
Wei, Hongshan (2024) ‘Obesity and risk for liver disease: a two-sample Mendelian
randomisation study’, British Journal of Nutrition, 132, 1403—1410.
https://doi.org/10.1017/S000711452400237X.

Andres-Hernando, A., Orlicky, D.J., Kuwabara, M., Ishimoto, T., Nakagawa, T., Johnson,
R.J. and Lanaspa, M. A. (2020) ‘Deletion of fructokinase in the liver or in the intestine reveals
differential effects on sugar-induced metabolic dysfunction’, Cell Metabolism, 32(1), 117-
127.e3. https://doi.org/10.1016/j.cmet.2020.05.012.

Arantes, J.G., Pires, G., Moura, E.G., Cruz, R.F., Pereira, K.M.F., Martins, D.V.D., Tavares,
C.R. and Oliveira Junior, W.P. de (2023) ‘Metabolic syndrome: a review and clinical case’,
in Development and its applications in scientific knowledge. Seven Editora.

https://doi.org/10.56238/devopinterscie-026.

Arantes-Rodrigues, R., Henriques, A., Pinto-Leite, R., Faustino-Rocha, A., Pinho-Oliveira, J.,
Teixeira-Guedes, C., Seixas, F., Gama, A., Colaco, B., Colaco, A. and Oliveira, P.A. (2012)
‘The effects of repeated oral gavage on the health of male CD-1 mice’, Lab Animal, 41(5),
129-134. https://doi.org/10.1038/laban0512-129.

Arapitsas, P. (2012) ‘Hydrolyzable tannin analysis in food’, Food Chemistry, 135(3), 1708—
1717. https://doi.org/10.1016/j.foodchem.2012.05.096.

Aref, A.B.M., Ahmed, O.M., Ali, L.A. and Semmler, M. (2013) ‘Maternal rat diabetes
mellitus deleteriously affects insulin sensitivity and beta-cell function in the offspring’,

Journal of Diabetes Research, 2013, 429154. https://doi.org/10.1155/2013/429154.

Ashkar, F., Bhullar, K.S. and Wu, J. (2022) ‘The effect of polyphenols on kidney disease:
Targeting mitochondria’, Nutrients, 14(15), 3115. https://doi.org/10.3390/nul4153115.

Assadi, F., Mazaheri, M. and Kelishadi, R. (2022) ‘The role of healthy lifestyle in the
primordial prevention of metabolic syndrome throughout lifetime: What we know and what

116



we need to know’, in R. Kelishadi (ed.) Healthy Lifestyle: From Pediatrics to Geriatrics.
Cham: Springer International Publishing, 11-23. https://doi.org/10.1007/978-3-030-85357-
0 2.

Atere, A.D., Ajani, O.F., Moronkeji, A., Ajibade, V.O. and Osadolor, H.B. (2021)
‘Immunomodulatory response and serum level of neutrophil gelatinase-associated lipocalin
(NGAL) as a marker of acute kidney injury in Wistar rats exposed to pyrethroids’, Journal of
Cellular Biotechnology, 7, 99—109. https://doi.org/10.3233/JCB-210038.

Azimullah, S., Meeran, M.F.N., Ayoob, K., Arunachalam, S., Ojha, S. and Beiram, R. (2023)
‘Tannic acid mitigates rotenone-induced dopaminergic neurodegeneration by inhibiting

inflammation, oxidative stress, apoptosis, and glutamate toxicity in rats’, International

Journal of Molecular Sciences, 24(12). https://doi.org/10.3390/1ijms24129876.

Babby, A., Elanchezhiyan, C., Suhasini, S. and Chandirasegaran, G. (2014)
‘Antihyperglycemic effect of tannic acid in streptozotocin-induced diabetic rats’,

International Journal of Current Research, 6(3), 5396-5398.

Bach, P., Koopmann, A. and Kiefer, F. (2021) ‘The impact of appetite-regulating
neuropeptide leptin on alcohol use, alcohol craving and addictive behavior: A systematic
review of preclinical and clinical Data’, Alcohol and Alcoholism, 56(2), 149-165.
https://doi.org/10.1093/alcalc/agaa044.

Baharuddin, B. (2024) ‘The impact of fructose consumption on human health: Effects on
obesity, hyperglycemia, diabetes, uric acid, and oxidative stress with a focus on the liver’,

Cureus, 16(9), €70095. https://doi.org/10.7759/cureus.70095.

Baldwin, A. and Booth, B.W. (2022) ‘Biomedical applications of tannic acid’, Journal of
Biomaterials Applications, 36(8),1503—1523. https://doi.org/10.1177/08853282211058099.

Banerji, M.A. and Chaiken, R.L. (2010) ‘Insulin resistance and the metabolic syndrome’, in
L. Poretsky (ed.) Principles of Diabetes Mellitus. Boston, MA: Springer US, 531-555.
https://doi.org/10.1007/978-0-387-09841-8 34.

Barboura, M., Cornebise, C., Hermetet, F., Guerrache, A., Selmi, M., Salek, A., Chekir-
Ghedira, L., Aires, V. and Delmas, D. (2022) ‘Tannic acid, a hydrolysable tannin, prevents
transforming growth factor-p-induced epithelial-mesenchymal transition to counteract

colorectal tumor growth’, Cells, 11(22), 3645-3664. https://doi.org/10.3390/cells11223645.

117



Barszcz, M., Taciak, M., Tus$nio, A. and Skomiat, J. (2018) ‘Effects of dietary level of tannic
acid and protein on internal organ weights and biochemical blood parameters of rats’, PLoS

ONE, 13(1), e0190769. Available at: https://doi.org/10.1371/journal.pone.0190769.

Bathla, M., Singh, M., Anjum, S., Kulhara, P. and Jangli, S. (2017) ‘Metabolic syndrome in
drug naive patients with substance use disorder’, Diabetes & Metabolic Syndrome: Clinical

Research & Reviews, 11(3), 167—171. https://doi.org/10.1016/j.dsx.2016.08.022.

Becker, H.C. and Lopez, M.F. (2024) ‘Animal Models of Excessive Alcohol Consumption in
Rodents’, in. Berlin, Heidelberg: Springer Berlin Heidelberg, 1-32.
https://doi.org/10.1007/7854 2024 461.

Belete, H., Yimer, T.M., Dawson, D., Espinosa, D.C., Ambaw, F., Connor, J.P., Chan, G.,
Hides, L. and Leung, J. (2024) ‘Alcohol use and alcohol use disorders in sub-Saharan Africa:
A systematic review and meta-analysis’, Addiction, 119(9), 1527-1540. Available at:
https://doi.org/10.1111/add.16514.

Bhardwaj, A., Khatri, P., Soni, M.L. and Ali, D.J. (2011) ‘Potent herbal
hepatoprotective drugs- A review’, Journal of Advanced Scientific Research, 2(2), 15-20.

Boadi, E.A., Shin, S. and Bandyopadhyay, B.C. (2021) ‘Tannic acid attenuates vascular
calcification-induced proximal tubular cells damage through paracrine signaling’,
Biomedicine and Pharmacotherapy, 140, 111762.
https://doi.org/10.1016/j.biopha.2021.111762.

Bona, N.P., Soares, M.S.P., Pedra, N.S., Spohr, L., da Silva dos Santos, F., de Farias, A.S.,
Alvez, F.L., de Moraes Meine, B., Luduvico, K.P., Spanevello, R.M. and Stefanello, F.M.
(2022) ‘Tannic acid attenuates peripheral and brain changes in a preclinical rat model of

glioblastoma by modulating oxidative stress and purinergic signaling’, Neurochemical

Research, 47(6), 1541-1552. https://doi.org/10.1007/s11064-022-03547-7.

Bourdier, P., Simon, C., Bessesen, D.H., Blanc, S. and Bergouignan, A. (2023) ‘The role of
physical activity in the regulation of body weight: The overlooked contribution of light
physical activity and sedentary behaviors’, Obesity Reviews, 24(2), 1-9.
https://doi.org/10.1111/0br.13528.

Boyd, E.M., Bereczky, K. and Godi, 1. (1965) ‘The acute toxicity of tannic acid administered
intragastrically’, Canadian Medical Association Journal, 92, 1292—1297.

118



Brenes, J.C., Gémez, G., Quesada, D., Kovalskys, 1., Rigotti, A., Cortés, L.Y., Garcia,
M.C.Y., Liria-Dominguez, R., Herrera-Cuenca, M., Guajardo, V., Fisberg, R.M., Leme,
A.C.B., Ferrari, G. and Fisberg, M. (2021) ‘Alcohol contribution to total energy intake and its
association with nutritional status and diet quality in eight Latina American countries’,
International Journal of Environmental Research and Public Health, 18(24), 1-19.
https://doi.org/10.3390/ijerph182413130.

Breyer, M.D. and Susztak, K. (2016) ‘The next generation of therapeutics for chronic kidney
disease’, Nature Reviews Drug Discovery, 15(8), 568—588.
https://doi.org/10.1038/nrd.2016.67.

Brookes, E.M. and Power, D.A. (2022) ‘Elevated serum urea-to-creatinine ratio is associated
with adverse inpatient clinical outcomes in non-end stage chronic kidney disease’, Scientific

reports, 12(1), 20827.

Brzoska, M.M., Moniuszko-Jakoniuk, J., Pitat-Marcinkiewicz, B. and Sawicki, B. (2003)
‘Liver and kidney function and histology in rats exposed to cadmium and ethanol’, A/cohol

and Alcoholism, 38(1), 2—10. https://doi.org/10.1093/alcalc/agg006.

Buyco, D.G., Dempsey, J.L., Scorletti, E., Jeon, S., Lin, C., Harkin, J., Bayen, S., Furth, E.E.,
Martin, J., Delima, M., Hooks, R., Sostre-Colon, J., Gharib, S.A., Titchenell, P.M. and Carr,
R.M. (2023) ‘Concomitant western diet and chronic-binge alcohol dysregulate hepatic
metabolism’, PLoS ONE, 18(5), 1-22. https://doi.org/10.1371/journal.pone.0281954.

Buyco, D.G., Martin, J., Jeon, S., Hooks, R., Lin, C. and Carr, R. (2021) ‘Experimental
models of metabolic and alcoholic fatty liver disease’, World Journal of Gastroenterology,

27(1), 1-18. https://doi.org/10.3748/WJG.V27.11.1.

Calleja-Conde, J., Echeverry-Alzate, V., Biihler, K.M., Morales-Garcia, J A, Segovia-
Rodriguez, L., Duran-Gonzalez, P., Olmos, P., de Fonseca, F.R., Giné, E. and Lopez-Moreno,
J.A. (2023) ‘Dissecting operant alcohol self-administration using saccharin-fading
procedure’, Neuropsychopharmacology Reports, 43(1), 12-22.
https://doi.org/10.1002/npr2.12289.

Caroli, A., Remuzzi, A. and Lerman, L.O. (2021) ‘Basic principles and new advances in
kidney imaging’, Kidney International, 100(5), 1001-1011.
https://doi.org/10.1016/;.kint.2021.04.032

119



Carvalho, L.C.F., Dias, B.V., Gomes, S.V., Carneiro, C.M. and Costa, D.C. (2021)
‘Temporal effect of fructose supplementation at different concentrations on hepatic
metabolism of Wistar rats’, Nutricion Hospitalaria, 38(5), 1089—-1100.
https://doi.org/10.20960/nh.03691.

Chojnacka, K. and Lewandowska, U. (2023) ‘Inhibition of pro-inflammatory cytokine
secretion by polyphenol-rich extracts in macrophages via NF-kB Pathway’, Food Reviews
International, 39(8), 5459-5478. Available at:
https://doi.org/10.1080/87559129.2022.2071936.

De Castro, U.G.M., Dos Santos, R.A.S., Silva, M.E., De Lima, W.G., Campagnole-Santos,
M.J. and Alzamora, A.C. (2013) ‘Age-dependent effect of high-fructose and high-fat diets on

lipid metabolism and lipid accumulation in liver and kidney of rats’, Lipids in Health and

Disease, 12(1), 1-11. https://doi.org/10.1186/1476-511X-12-136.

Chen, C., Zhong, Z., Zhang, W., Xia, B., Wu, L., Liang, L., Zhang, Y., Zhang, H., Zhang, X.,
Pan, T., Li, L. and Liu, B. (2025) ‘Tannic acid reactivates HIV-1 latency by mediating CBX4
degradation’, Journal of Virology, 99(1), 01173-24. https://doi.org/10.1128/jvi.01173-24.

Chen, P.-Y., Liao, Y.-H., Huang, W.-T., Lin, Y.-C. and Hou, Y.-T. (2023) ‘Effects of tannic
acid on liver function in a small hepatocyte—based detachable microfluidic platform’,

Biochemical Engineering Journal, 190, 1-14. https://doi.org/10.1016/j.bej.2022.108757.

Chen, Q., Kou, M., He, Y., Zhao, Y. and Chen, L. (2022) ‘Constructing hierarchical surface
structure of hemodialysis membranes to intervene in oxidative stress through Michael
addition reaction between tannic acid and PEtOx brushes’, Journal of Membrane Science,

657, 120700. https://doi.org/10.1016/j.memsci.2022.120700.

Chen, Y., Yu, Q. and Xu, C.-B. (2017) “A convenient method for quantifying collagen fibers
in atherosclerotic lesions by ImageJ software Original Article A convenient method for
quantifying collagen fibers in atherosclerotic lesions by ImagelJ software,” Article in

International Journal of Clinical and Experimental Medicine, 10(10), 14904—-14910.

Chi, M., Ma, K., Wang, J., Ding, Z., L1, Y., Zhu, S., Liang, X., Zhang, Q., Song, L. and Liu,
C. (2021) “The immunomodulatory effect of the gut microbiota in kidney disease’, Journal of
Immunology Research, 2021(1), 5516035. https://doi.org/10.1155/2021/5516035.

120


https://doi.org/10.20960/nh.03691

Chiavaroli, L., Cheung, A., Ayoub-Charette, S., Ahmed, A., Lee, D., Au-Yeung, F., Qi, X.Y.,
Back, S., McGlynn, N., Ha, V., Lai, E., Khan, T.A., Blanco Mejia, S., Zurbau, A., Choo,
V.L., de Souza, R.J., Wolever, T.M., Leiter, L.A., Kendall, C.W., Jenkins, D.J. and
Sievenpiper, J.L. (2023) ‘Important food sources of fructose-containing sugars and adiposity:

A systematic review and meta-analysis of controlled feeding trials’, American Journal of

Clinical Nutrition, 117(4), 741-765. https://doi.org/10.1016/j.ajcnut.2023.01.023.

Choi, H.N., Park, Y.H., Kim, J.H., Kang, M.J., Jeong, S.M., Kim, H.H. and Kim, J.I. (2011)
‘Renoprotective and antioxidant effects of Saururus chinensis Baill in rats fed a high-fructose
diet’, Nutrition Research and Practice, 5(4), 365-369.
https://doi.org/10.4162/nrp.2011.5.4.365.

Choi, J., Tompkins, Y.H., Teng, P.Y., Gogal, R.M. and Kim, W.K. (2022) ‘Effects of tannic
acid supplementation on growth performance, oocyst shedding, and gut health of in broilers

infected with Eimeria maxima’, Animals, 12(11), 1-17. https://doi.org/10.3390/ani12111378.

Chu, X., Wang, H., Jiang, Y.M., Zhang, Y.Y., Bao, Y.F., Zhang, X., Zhang, J.P., Guo, H.,
Yang, F., Luan, Y.C. and Dong, Y.S. (2016) ‘Ameliorative effects of tannic acid on carbon

tetrachloride-induced liver fibrosis in vivo and in vitro’, Journal of Pharmacological

Sciences, 130(1), 15-23. https://doi.org/10.1016/j.jphs.2015.12.002.

Chung, M.Y., Song, J.H., Lee, J., Shin, E.J., Park, J.H., Lee, S.H., Hwang, J.T. and Choi,
H.K. (2019) ‘Tannic acid, a novel histone acetyltransferase inhibitor, prevents non-alcoholic
fatty liver disease both in vivo and in vitro model’, Molecular Metabolism, 19, 34-48.

https://doi.org/10.1016/j.molmet.2018.11.001.

Cockwell, P. and Fisher, L.-A. (2020) ‘The global burden of chronic kidney disease’, The
Lancet, 395(10225), 698—708. https://doi.org/10.1016/S0140-6736(20)30058-1.

Czupryniak, L., Mosenzon, O., Rychlik, I., Clodi, M., Ebrahimi, F., Janez, A., Kempler, P.,
Matecki, M., Moshkovich, E., Prazny, M., Sourij, H., Tankova, T. and Timar, B. (2024)
‘Barriers to early diagnosis of chronic kidney disease and use of sodium-glucose
cotransporter-2 inhibitors for renal protection: A comprehensive review and call to action’,

Diabetes, Obesity and Metabolism, 26, 4165-4177. https://doi.org/10.1111/dom.15789.

Dalga, D., Verissimo, T. and De Seigneux, S. (2023) ‘Gluconeogenesis in the kidney: in
health and in chronic kidney disease’, Clinical Kidney Journal, 16(8), 1249-1257.

https://doi.org/10.1093/ckj/sfad046
121



Das, R., Mitra, S., Tareq, A.M., Emran, T. Bin, Hossain, M.J., Algahtani, A.M., Alghazwani,
Y., Dhama, K. and Simal-Gandara, J. (2022) ‘Medicinal plants used against hepatic disorders

in Bangladesh: A comprehensive review’, Journal of Ethnopharmacology, 282, 114588.
https://doi.org/10.1016/j.jep.2021.114588.

Das, S.K., Varadhan, S., Dhanya, L., Mukherjee, S. and Vasudevan, D.M. (2008) ‘Effects of
chronic ethanol exposure on renal function tests and oxidative stress in kidney’, Indian

Journal of Clinical Biochemistry, 23(4), 341-344.

Das, S.K. and Vasudevan, D.M. (2008) ‘Alcohol induced effects on kidney’, Indian Journal
of Clinical Biochemistry, 23(1), 4-9.

Dellatore, P., Cheung, M., Mahpour, N.Y., Tawadros, A. and Rustgi, V.K. (2020) ‘Clinical
manifestations of hepatic encephalopathy’, Clinical Liver Diseases, 24(2), 189-196.
https://doi.org/10.1016/j.c1d.2020.01.010

Devarbhavi, H., Asrani, S.K., Arab, J.P., Nartey, Y.A., Pose, E. and Kamath, P.S. (2023)
‘Global burden of liver disease: 2023 update’, Journal of Hepatology, 79(2), 516-537.
https://doi.org/10.1016/j.jhep.2023.03.017.

Dinca, V., Docea, A.O., Drocas, A.l., Nikolouzakis, T.K., Stivaktakis, P.D., Nikitovic, D.,
Golokhvast, K.S., Hernandez, A.F., Calina, D. and Tsatsakis, A. (2023) ‘A mixture of 13
pesticides, contaminants, and food additives below individual NOAELSs produces
histopathological and organ weight changes in rats’, Archives of Toxicology, 97(5), 1285—
1298. https://doi.org/10.1007/s00204-023-03455-x.

DiStefano, J.K. and Shaibi, G.Q. (2021) ‘The relationship between excessive dietary fructose
consumption and paediatric fatty liver disease’, Pediatric Obesity, 16(6), e12759.
https://doi.org/10.1111/ijpo.12759.

Dobrowolski, P., Prejbisz, A., Kurylowicz, A., Baska, A., Burchardt, P., Chlebus, K., Dzida,
G., Jankowski, P., Jaroszewicz, J., Jaworski, P., Kaminski, K., Kapton-Cieslicka, A., Klocek,
M., Kukla, M., Mamcarz, A., Mastalerz-Migas, A., Narkiewicz, K., Ostrowska, L., Sliz, D.,
Tarnowski, W., Wolf, J., Wylezot, M., Zdrojewski, T., Banach, M., Januszewicz, A.,
Bogdanski, P., Olszanecka, A. and Filipiak, K.J. (2022) ‘Metabolic syndrome - a new
definition and management guidelines’, Arterial Hypertension (Poland), 26(3), 99—121.
Available at: https://doi.org/10.5603/AH.a2022.0012.

122



Drozdz, K., Nabrdalik, K., Hajzler, W., Kwiendacz, H., Gumprecht, J. and Lip, G.Y.H.
(2021) ‘Metabolic-associated fatty liver disease (MAFLD), diabetes, and cardiovascular

disease: associations with fructose metabolism and gut microbiota’, Nutrients, 14(1), 103.

https://doi.org/10.3390/nu14010103

Dwivedi, R.L., Dubey, A., Alawe, S. and Barde, R.R. (2021) ‘Cutaneous manifestation in
chronic kidney disease patients under haemodialysis’, International Journal of Scientific

Research, 10(2), 40—42. https://doi.org/DOI:10.36106/ijsr.

Eagon, P.K. and Mandell, M.S. (2010) ‘Alcoholic liver injury: Influence of gender and
hormones’, World Journal of Gastroenterology, 16(11), 1377-1384.
https://doi.org/10.3748/wjg.v16.111.

Edvardsson, V.O., Goldfarb, D.S., Lieske, J.C., Beara-Lasic, L., Anglani, F., Milliner, D.S.
and Palsson, R. (2013) ‘Hereditary causes of kidney stones and chronic kidney disease’,

Pediatric Nephrology, 28, 1923—1942. https://doi.org/10.1007/s00467-012-2329-z.

Ejiofor, E., Agwamba, E., Egedigwe-Ekeleme, C., Nweje-Anyalowu, P., Louis, H., Abalake,
L., Imeh, F., Harold, B., Azuh, D., Ejiofor, M., Okoro, C., Ejiofor, J., Ekwegbalu, C. and
Ekwugha, L. (2024) ‘Oral administration of tannic acid attenuates dyslipidemia,
hyperglycemia, and oxidative stress in high-fat and fructose diet-induced obesity in rats’,

Food Safety and Health, 1-14. https://doi.org/10.1002/fsh3.12081.

Ben El Jilali, L., Benazzouz, B., El Hessni, A., Ouichou, A. and Mesfioui, A. (2020)
‘Prevalence of alcohol consumption and alcohol use disorders among middle and high school
students in the province of Khemisset, Morocco: a cross-sectional study’, International
Journal of Adolescence and Youth, 25(1), 638—648.
https://doi.org/10.1080/02673843.2019.1700807.

El-Esawy, S. mohamed A., Hassan, R.E.-S., Eessa, M.N.A. and Mohamed, M.M. (2020) ‘Is
urinary kim-1 a better biomarker than its serum value in diagnosis of acute kidney injury

disease?’, Medicine Updates, 1(1), 55—67. https://doi.org/10.21608/mu;j.2020.25068.1002.

El-Sabbahy, M. and Fikry, K. (2024) ‘Anatomy of the Kidney’, in A. Abd-Elsayed (ed.)
Basic Anesthesia Review. Oxford University Press, 720-721.

Elseweidy, M.M., Elesawy, A.E., Sobh, M.S. and Elnagar, G.M. (2022) “Ellagic acid

ameliorates high fructose-induced hyperuricemia and non-alcoholic fatty liver in Wistar rats:

123



Focusing on the role of C1g/tumor necrosis factor-related protein-3 and ATP citrate lyase,”

Life Sciences, 305. https://doi.org/10.1016/;.1fs.2022.120751.

Elsisy, R.A., El-Magd, M.A. and Abdelkarim, M.A. (2021) ‘High-fructose diet induces
earlier and more severe kidney damage than high-fat diet on rats’, Egyptian Journal of

Histology, 44(2), 535-544. https://doi.org/10.21608/ejh.2020.31508.1304.

Erdogan, S. (2024) ‘Determination of sample size using resource equation methods in
analysis of variance models in animal studies’, Dicle Universitesi Veteriner Fakiiltesi

Dergisi, 17(1), 1-7. https://doi.org/10.47027/duvetfd.1308466.

Esmaiel, E.M., Abo-Youssef, A.M. and Tohamy, M.A. (2019) ‘Antidiabetic and antioxidant
effects of tannic acid and melatonin on streptozotocin induced diabetes in rats.’, Pakistan

Journal of Pharmaceutical Sciences, 32(4), 1453—1459.

Essue, B.M., Wong, G., Chapman, J., Li, Q. and Jan, S. (2013) ‘How are patients managing
with the costs of care for chronic kidney disease in Australia? A cross-sectional study’, BMC

Nephrology, 14(1). https://doi.org/10.1186/1471-2369-14-5.

Faienza, M.F., Cognetti, E., Farella, 1., Antonioli, A., Tini, S., Antoniotti, V. and Prodam, F.
(2024) ‘Dietary fructose: from uric acid to a metabolic switch in pediatric metabolic

dysfunction-associated steatotic liver disease’, Critical Reviews in Food Science and

Nutrition, 1-16. https://doi.org/10.1080/10408398.2024.2392150.

Fan, Z., Yun, J., Yu, S., Yang, Q. and Song, L. (2019) ‘Alcohol consumption can be a
“double-Edged Sword” for chronic kidney disease patients’, Medical Science Monitor, 25,
7059-7072. https://doi.org/10.12659/MSM.916121.

Fang, J., Zeng, L., He, Y., Liu, X., Zhang, T. and Wang, Q. (2022) ‘Effects of dietary tannic
acid on obesity and gut microbiota in C57BL/6J mice fed with high-fat diet’, Foods, 11(21),
3325-3340. https://doi.org/10.3390/foods11213325.

Fang, K., Gu, Q., Zeng, M., Huang, Z., Qiu, H., Miao, J., Fang, Y., Zhao, Y., Xiao, Y., Xu,
T., Golodok, R.P., Savich, V.V., Illyushchenko, A.P., Ai, F., Liu, D. and Wang, R. (2022)
‘Tannic acid-reinforced zwitterionic hydrogels with multi-functionalities for diabetic wound
treatment’, Journal of Materials Chemistry B, 10(22), 4142-4152.
https://doi.org/10.1039/D1TB02413B.

124



Fang, P., Yu, M., Shi, M., Bo, P., Gu, X. and Zhang, Z. (2020) ‘Baicalin and its aglycone: a
novel approach for treatment of metabolic disorders’, Pharmacological Reports, 72(1), 13—

23. https://doi.org/10.1007/s43440-019-00024-x.

Favoretto, C.A., Righi, T., Fernandes, G.J.D., Bertagna, N.B., Rodolpho, B.T., Janisset, N. do
R.L. de L., Jovita-Farias, C., Costa, G.V.L., Anjos-Santos, A. dos, Romualdo da Silva, F.B.,
Ledo, R.M. and Cruz, F.C. (2024) ‘Animal models for studying therapeutic targets and
treatments for alcohol use disorder’, International Review of Neurobiology. Edited by R.

Camarini and F.C. Cruz, 178, 355-381. https://doi.org/10.1016/bs.irn.2024.08.004.

Feng, C. and Liu, F. (2023) ‘Artificial intelligence in renal pathology: Current status and
future’, Biomolecules and Biomedicine, 225-234. https://doi.org/10.17305/bjbms.2022.8318.

Ferrao, K., Ali, N. and Mehta, K.J. (2022) ‘Iron and iron-related proteins in alcohol
consumers: cellular and clinical aspects’, Journal of Molecular Medicine, 100(12), 1673—

1689. https://doi.org/10.1007/s00109-022-02254-8

Ferré, P., Phan, F. and Foufelle, F. (2021) ‘SREBP-1c¢ and lipogenesis in the liver: an
updatel’, Biochemical Journal, 478(20), 3723—-3739. https://doi.org/10.1042/BCJ20210071.

Fidan, C. and Agirbas, 1. (2023) ‘The effect of renal replacement therapy on health-related
quality of life in end-stage renal disease: a meta-analysis’, Clinical and Experimental

Nephrology, 27(10), 829-846. https://doi.org/10.1007/s10157-023-02377-3.

Flisinski, M., Brymora, A., Skoczylas-Makowska, N., Stefanska, A. and Manitius, J. (2022)
‘Fructose-rich diet is a risk factor for metabolic syndrome, proximal tubule injury and

urolithiasis in rats’, International Journal of Molecular Sciences, 23(1).

https://doi.org/10.3390/ijms23010203.

Foox, M. and Zilberman, M. (2015) ‘Drug delivery from gelatin-based systems’, Expert
opinion on drug delivery, 12(9), 1547-1563. https://doi.org/10.1517/17425247.2015.1037272

Force, M., Park, G., Chalikonda, D., Roth, C., Cohen, M., Halegoua-DeMarzio, D. and Hann,
H.-W. (2022) ‘Alpha-fetoprotein (AFP) and AFP-L3 is most useful in detection of recurrence

of hepatocellular carcinoma in patients after tumor ablation and with low AFP level’, Viruses,

14(4), 775. https://doi.org/10.3390/v14040775

Foreman, K.J., Marquez, N., Dolgert, A., Fukutaki, K., Fullman, N., McGaughey, M.,
Pletcher, M.A., Smith, A.E., Tang, K., Yuan, C.W., Brown, J.C., Friedman, J., He, J.,
125



Heuton, K.R., Holmberg, M., Patel, D.J., Reidy, P., Carter, A., Cercy, K., Chapin, A.,
Douwes-Schultz, D., Frank, T., Goettsch, F., Liu, P.Y., Nandakumar, V., Reitsma, M.B.,
Reuter, V., Sadat, N., Sorensen, R.J.D., Srinivasan, V., Updike, R.L., York, H., Lopez, A.D.,
Lozano, R., Lim, S.S., Mokdad, A.H., Vollset, S.E. and Murray, C.J.L. (2018) ‘Forecasting
life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of

death: reference and alternative scenarios for 2016—40 for 195 countries and territories’, The

Lancet, 392(10159), 2052-2090. https://doi.org/10.1016/S0140-6736(18)31694-5.

Fortuna, J.L. (2010) ‘Sweet preference, sugar addiction and the familial history of alcohol
dependence: Shared neural pathways and genes’, Journal of Psychoactive Drugs, 42(2), 147—
152. https://doi.org/10.1080/02791072.2010.10400687

Fotheringham, A.K., Gallo Linda A., Borg Danielle J. and Forbes Josephine M. (2022)
‘Advanced glycation end products (AGEs) and chronic kidney disease: Does the modern diet
AGE the kidney?’, Nutrients, 14, 2675. https://doi.org/10.3390/nu14132675.

Franzen, M., Sadikaj, G., Moskowitz, D.S., Ostafin, B.D. and aan het Rot, M. (2018) ‘Intra-
and interindividual variability in the behavioral, affective, and perceptual effects of alcohol

consumption in a social context’, Alcoholism: clinical and experimental research, 42(5),

952-961. https://doi.org/10.1111/acer.13624

Fredriksen, J.M.M., Boardman, N. and Meen, A.J. (2024) An investigation into the effects of
chronic high fructose consumption on liver histology, triglyceride content and gene
expression in male Sprague-Dawley rats. Master’s Thesis in Clinical Nutrition. The Arctic

University of Norway.

Friedman, S.L. (2003) ‘Liver fibrosis-from bench to bedside’, Journal of Hepatology, 38,
S38-S53. https://doi.org/10.1016/S.

Fujita, N. and Takei, Y. (2011) Alcohol consumption and metabolic syndrome’, Hepatology
Research, 41(4), 287-295. https://doi.org/10.1111/5.1872-034X.2011.00787 .x.

Gao, H., Xue, Y., Zhang, Yufeng, Zhang, Yongjun and Meng, J. (2022) ‘Engineering of Ag-
nanoparticle-encapsulated intermediate layer by tannic acid-inspired chemistry towards thin
film nanocomposite membranes of superior antibiofouling property’, Journal of Membrane

Science, 641(June 2021), 119922. https://doi.org/10.1016/j.memsci.2021.119922.

126



Garbuzenko, D.V. (2022) ‘Pathophysiological mechanisms of hepatic stellate cells activation
in liver fibrosis’, World Journal of Clinical Cases, 10(12), 3662—-3676.
https://doi.org/10.12998/wjcc.v10.112.3662.

Garcia, G.G., Iyengar, A., Kaze, F., Kierans, C., Padilla-Altamira, C. and Luyckx, V.A.
(2022) “Sex and gender differences in chronic kidney disease and access to care around the
globe’, Seminars in Nephrology. W.B. Saunders, 101-113.
https://doi.org/10.1016/j.semnephrol.2022.04.001.

Gargari, P. and Chatterjee, S. (2024) ‘Chapter 41 - Metabolic syndrome—definition’, in S.
Mukhopadhyay and S. Mondal (eds) Metabolic Syndrome. Academic Press, 493—498.
https://doi.org/10.1016/B978-0-323-85732-1.00044-X.

Gerich, J.E., Meyer, C., Woerle, H.J. and Stumvoll, M. (2001) ‘Renal gluconeogenesis: its

importance in human glucose homeostasis’, Diabetes care, 24(2), 382-391.

Ghasemi, A., Jeddi, S. and Kashfi, K. (2021) “The laboratory rat: Age and body weight
matter’, Excli Journal, 20, 1431-1445. https://doi.org/10.17179/excli2021-4072.

Ghulam, F., Zakaria, N., Majeed, M.I. and Ismail, F. (2022) “Viral hepatitis - The road
traveled and the journey remaining’, Hepatic Medicine: Evidence and Research, 14, 13-26.

https://doi.org/10.2147/hmer.s352568.

Gramenzi, A., Caputo, F., Biselli, M., Kuria, F., Loggi, E., Andreone, P. and Bernardi, M.
(2006) ‘Review article: Alcoholic liver disease - Pathophysiological aspects and risk factors’,
Alimentary Pharmacology and Therapeutics, 24(8), 1151-1161.
https://doi.org/10.1111/5.1365-2036.2006.03110.x.

Grant, B.F., Chou, S.P., Saha, T.D., Pickering, R.P., Kerridge, B.T., Ruan, W.J., Huang, B.,
Jung, J., Zhang, H., Fan, A. and Hasin, D.S. (2017) ‘Prevalence of 12-month alcohol use,
high-risk drinking, and DSM-IV alcohol use disorder in the United States, 2001-2002 to
2012-2013: Results from the National Epidemiologic Survey on Alcohol and Related
Conditions’, JAMA Psychiatry, 74(9), 911-923.
https://doi.org/10.1001/jamapsychiatry.2017.2161.

Grossman, E.R., Binakonsky, J. and Jernigan, D. (2018) ‘The use of regulatory power by US
state and local alcohol control agencies to ban problematic products’, Substance use &

misuse, 53(8), 1229—-1238.

127



Guerra Ruiz, A.R., Crespo, J., Lopez Martinez, R.M., Iruzubieta, P., Casals Mercadal, G.,
Lalana Garcés, M., Lavin, B. and Morales Ruiz, M. (2021) ‘Measurement and clinical

usefulness of bilirubin in liver disease’, Advances in Laboratory Medicine/Avances en

Medicina de Laboratorio, 2(3), 352-361.

Glil¢in, 1., Huyut, Z., Elmastas, M. and Aboul-Enein, H.Y. (2010) ‘Radical scavenging and
antioxidant activity of tannic acid’, Arabian Journal of Chemistry, 3(1), 43-53.
https://doi.org/10.1016/j.arabjc.2009.12.008.

Guo, Z., Xie, W., Lu, J., Guo, X., Xu, J., Xu, W., Chi, Y., Takuya, N., Wu, H. and Zhao, L.
(2021) ‘Tannic acid-based metal phenolic networks for bio-applications: A review’, Journal

of Materials Chemistry B, 9(20), 4098—4110. https://doi.org/10.1039/d1tb00383f.

Hahr, A.J. and Molitch, M.E. (2022) ‘Management of diabetes mellitus in patients with CKD:
Core curriculum 2022°, American Journal of Kidney Diseases, 79(5), 728-736.
https://doi.org/10.1053/j.ajkd.2021.05.023.

Haller, H. (1977) ‘Epidemiology and associated risk factors of hyperlipoproteinemia’,
Journal for General Internal Medicine and Its Border Areas, 32(8), 124—128.

Hamaguchi, M., Kojima, T., Ohbora, A., Takeda, N., Fukui, M. and Kato, T. (2012)
‘Protective effect of alcohol consumption for fatty liver but not metabolic syndrome’, World

Journal of Gastroenterology, 18(2), 156—167. https://doi.org/10.3748/wjg.v18.12.156.

Hatami, E., B Nagesh, P.K., Sikander, M., Dhasmana, A., Chauhan, S.C., Jaggi, M. and
Yallapu, M.M. (2022) ‘Tannic acid exhibits antiangiogenesis activity in non small-cell lung
cancer cells’, American Chemical Society Omega, 7(27), 23939-23949.
https://doi.org/10.1021/acsomega.2c02727.

Haverinen, E., Fernandez, M.F., Mustieles, V. and Tolonen, H. (2021) ‘Metabolic syndrome
and endocrine disrupting chemicals: An overview of exposure and health effects’,
International Journal of Environmental Research and Public Health, 18(24), 13047-13066.
https://doi.org/10.3390/ijerph182413047.

Heyens, L.J.M., Busschots, D., Koek, G.H., Robaeys, G. and Francque, S. (2021) ‘Liver
fibrosis in non-alcoholic fatty liver disease: From liver biopsy to non-invasive biomarkers in
diagnosis and treatment’, Frontiers in Medicine, 8, 1-20.

https://doi.org/10.3389/fmed.2021.615978.

128



Hiremath, R.N., Kumar, M., Huchchannavar, R. and Ghodke, S. (2023) ‘Obesity and visceral
fat: Indicators for anemia among household women visiting a health camp on world obesity
day’, Clinical Epidemiology and Global Health, 20, 1-4.
https://doi.org/10.1016/j.cegh.2023.101255.

Hosseini, N., Shor, J. and Szabo, G. (2019) ‘Alcoholic hepatitis: A review’, Alcohol and
Alcoholism, 54(4), 408-416. https://doi.org/10.1093/alcalc/agz036.

Hu, X., Wang, H., Lv, X., Chu, L., Liu, Z., Wei, X., Chen, Q., Zhu, L. and Cui, W. (2015)
‘Cardioprotective effects of tannic acid on isoproterenol-induced myocardial injury in rats:
further insight into “French Paradox™’, Phytotherapy Research, 29(9), 1295-1303.
https://doi.org/10.1002/ptr.5376

Huang, Q., Yang, Yugqi, Zhao, T., Chen, Q., Liu, M., Ji, S., Zhu, Y., Yang, Yunrong, Zhang,
J., Zhao, H., Nan, Y. and Ai, K. (2023) ‘Passively-targeted mitochondrial tungsten-based

nanodots for efficient acute kidney injury treatment’, Bioactive Materials, 21, 381-393.

https://doi.org/10.1016/j.bioactmat.2022.08.022.

Huang, Y, Zhang, L., Wang, Z., Wang, X., Chen, Zuo, Shao, L., Tian, Ye, Zheng, C., Chen,
L., Zhou, Haoqi, Cao, X., Tian, Yixin, Gao, R., Hu, L., Li, Hongqi, Zhang, Q., Yan, G., Zhu,
F., Fang, X., Wang, C., Guan, S., Wu, X,, Liu, H., Hou, C., Lei, H., Huang, W., Zhang, N.,
Li, Ge, Mu, L., Tang, Xiaojun, Han, Y., Wang, H., Lin, Dongjie, Xie, L., Lin, Daixi, Yu, J.,
Zhang, X., Liang, W., Yu, H., Wang, Q., Yang, Lan, Feng, Y., Huang, Yuqing, Wang, Peixi,
Wang, J., Wang, H.H., Tang, S., Liu, T., Huang, R., Jiang, Z., Qin, H., Liu, G., Liu, Zhijun,
Rao, W., Chen, Zhen, Chu, Y., Wu, F., Li, Haitao, Ma, Jianlin, Chen, T., Wu, M., Sun, J.,
Cao, Y., Liu, Yuhuan, Zhang, Z., Liu, Yanmei, Dong, Dejin, Li, Guangrong, Guo, H., Dong,
L., Zhang, Haiyu, Sun, F., Gu, X., Wang, K., Song, C., Wang, Peng, Ye, H., Nie, W., Liang,
S., Huang, C., Chen, F., Zhang, Yan, Zhou, Heng, Xie, J., Liu, J., Yuan, H., Guo, C., Huang,
Yuelong, Chen, B., Zhao, X., He, W., Wen, X., Lu, Yanan, Kong, X., Gui, M., Xu, W., Lu,
Yan, Huang, J., Pan, M., Zhou, Jinyi, Wu, M., Cheng, X., Bao, H., Huang, X., Hong, K., L1,
J., Li, P, Liu, B., Wu, J., Li, L., Yu, Y., Liu, Yihang, Qi, C., Na, J., Liu, L., L1, Y., Pan, G.,
Dong, Degang, Qu, P., Ma, Jinbao, Hu, J., Zhao, F., Yue, J., Zhou, M., Xu, Z., Li, X., Sha,
Q., Ma, F., Chen, Q., Bian, H., Mu, J., Guo, Tongshuai, Ren, K., Chu, C., Liu, Zhendong,
Zhang, Hua, Diao, Y., Sun, S., Zhao, Y., Ge, J., Zhou, Jingmin, Jin, X., Zhou, Jun, Li, B.,
Zhu, L., Zhang, Yuean, Wang, G., Hao, Z., Cai, L., Liu, Zhou, Yong, Z., Wan, S., Jiao, Z.,
Fan, Y., Gao, H., Wang, W., Li, Q., Zhou, X., Chen, Y., Feng, B., Zhu, Q., Zhou, S., Li, N.,
129



Zhou, L., Zhang, D., Hong, J., Guo, Tao, Zhang, M., Xiao, Y., Guang, X., Tang, Xinhua,
Yan, J., Xu, X., Yang, Li, Jiang, A. and Yu, W. (2022) ‘The prevalence and characteristics of
metabolic syndrome according to different definitions in China: A nationwide cross-sectional
study, 2012-2015°, BMC Public Health, 22(1), 1869-1880. https://doi.org/10.1186/s12889-
022-14263-w.

Hughes, K., MacKintosh, A.M., Hastings, G., Wheeler, C., Watson, J. and Inglis, J. (1997)
“Young people, alcohol, and designer drinks: quantitative and qualitative study’, BM.J, 314,
414-424. https://doi.org/10.1136/bm;.314.7078.414.

Hyer, M.M., Dyer, S.K., Kloster, A., Adrees, A., Taetzsch, T., Feaster, J., Valdez, G. and
Neigh, G.N. (2019) ‘Sex modifies the consequences of extended fructose consumption on
liver health, motor function, and physiological damage in rats’, American Journal of

Physiology. Regulation, Integration and Comparative Physiology, 317, 903-911.
https://doi.org/10.1152/ajpregu.00046.2019.-Sex.

Iftikhar, N., Hussain, A.I., Chatha, S.A.S., Sultana, N. and Rathore, H.A. (2022) ‘Effects of
polyphenol-rich traditional herbal teas on obesity and oxidative stress in rats fed a high-fat—

sugar diet’, Food Science and Nutrition, 10(3), 698—711. https://doi.org/10.1002/fsn3.2695.

Iskender, H., Yenice, G., Terim Kapakin, K.A., Dokumacioglu, E., Sevim, C., Hayirli, A. and
Altun, S. (2022) ‘Effects of high fructose diet on lipid metabolism and the hepatic NF-xB/
SIRT-1 pathway’, Biotechnic & Histochemistry, 97(1), 30-38.
https://doi.org/10.1080/10520295.2021.1890214.

Israa, M., Mokhtar, Y., Thanaa, S. and Osama, M. (2019) ‘The protective role of tannic acid
against possible hepato-nephrotoxicity induced by silver nanoparticles on male rats’,

Sanamed, 14(2), 131-145. https://doi.org/10.24125/sanamed.v14i2.336.

Israelsen, M., Francque, S., Tsochatzis, E.A. and Krag, A. (2024) ‘Steatotic liver disease.’,
Lancet, 404, 1761-1778. https://doi.org/10.1016/S0140-6736(24)01811-7.

Iyer, L., Zhang, Y. and Thekkumkara, T. (2017) ‘Tannic acid is a tissue-specific dual
modulator of angiotensin type 1 receptor and low-density lipoprotein receptor in rat aortic
vascular smooth muscle and liver epithelial cells: An insight into the “French paradox™’,
Federation of American Societies for Experimental Biology Journal, 31(S1), 1005-1015.
https://doi.org/10.1096/fasebj.31.1_supplement.1005.10.

130



Jafari, H., Ghaffari-bohlouli, P., Podstawczyk, D., Nie, L. and Shavandi, A. (2022) ‘Tannic
acid post-treatment of enzymatically crosslinked chitosan-alginate hydrogels for biomedical
applications’, Carbohydrate Polymers, 295, 1-13.
https://doi.org/10.1016/j.carbpol.2022.119844.

Jager, K.J., Kovesdy, C., Langham, R., Rosenberg, M., Jha, V. and Zoccali, C. (2019) ‘A
single number for advocacy and communication-worldwide more than 850 million

individuals have kidney diseases’, Nephrology Dialysis Transplantation. Oxford University
Press, 1803—1805. https://doi.org/10.1093/ndt/gfz174.

Jha, B.K., Sherpa, M.L., Imran, M., Mohammed, Y., Jha, L.A., Paudel, K.R. and Jha, S.K.
(2023) ‘Progress in understanding metabolic syndrome and knowledge of its complex

Pathophysiology’, Diabetology, 4(2), 134—159. https://doi.org/10.3390/diabetology4020015.

Jiang, Z., Wang, Y., Zhao, X., Cui, H., Han, M., Ren, X., Gang, X. and Wang, G. (2023)
‘Obesity and chronic kidney disease’, American Journal of Physiology. Endocrinology and
metabolism, 324(1), E24-E41. https://doi.org/10.1152/ajpendo.00179.2022.

Jiménez, S.M. (2024) ‘Cutaneous manifestations of liver disease: A narrative review’,

Cureus, 16, 70357-70367. https://doi.org/10.7759/cureus.70357.

Jin, W., Xue, Yurun, Xue, Yucong, Han, X., Song, Q., Zhang, J., Li, Z., Cheng, J., Guan, S.,
Sun, S. and Chu, L. (2020) ‘Tannic acid ameliorates arsenic trioxide-induced nephrotoxicity,

contribution of NF-xB and Nrf2 pathways’, Biomedicine and Pharmacotherapy, 126,
110047-110059. https://doi.org/10.1016/j.biopha.2020.110047.

Jing, W., Xiaolan, C., Yu, C., Feng, Q. and Haifeng, Y. (2022) ‘Pharmacological effects and
mechanisms of tannic acid’, Biomedicine and Pharmacotherapy, 154, 113561-113573.
https://doi.org/10.1016/j.biopha.2022.113561.

John, A. and Pasha, T. (2024) ‘Laboratory tests of renal function’, Anaesthesia & Intensive
Care Medicine, 25(5), 303—-307. https://doi.org/10.1016/j.mpaic.2024.03.002.

Johnson, R.J., Segal, M.S., Sautin, Y., Nakagawa, T., Feig, D.I., Kang, D.-H., Gersch, M.S.,
Benner, S. and Sanchez-Lozada, L.G. (2007) ‘Potential role of sugar (fructose) in the
epidemic of hypertension, obesity and the metabolic syndrome, diabetes, kidney disease, and
cardiovascular disease 13°, American Journal of Clinical Nutrition, 86(1), 899-906.

https://doi.org/10.1093/ajcn/86.4.899

131



Johnson, R.J., Stenvinkel, P., Andrews, P., Sanchez-Lozada, L.G., Nakagawa, T., Gaucher,
E., Andres-Hernando, A., Rodriguez-Iturbe, B., Jimenez, C.R., Garcia, G., Kang, D.H.,
Tolan, D.R. and Lanaspa, M.A. (2020) ‘Fructose metabolism as a common evolutionary
pathway of survival associated with climate change, food shortage and droughts’, Journal of

Internal Medicine, 287(3), 252-262. https://doi.org/10.1111/joim.12993.

Jordao, A.A., Sanchez, S.C.L., Portari, G.V., Domenici, F.A. and Vannucchi, H. (2010)
‘Vitamin E and tannic acid improve DNA damage in rats submitted chronic ethanol
administration’, British Food Journal, 112(6), 617-623.
https://doi.org/10.1108/00070701011052709.

Justice, M., Ferrugia, A., Beidler, J., Penprase, J.C., Cintora, P., Erwin, D., Medrano, O.,
Brasser, S.M. and Hong, M.Y. (2019) ‘Effects of moderate ethanol consumption on lipid
metabolism and inflammation through regulation of gene expression in rats’, 4lcohol and

Alcoholism, 54(1), 5-12. https://doi.org/10.1093/alcalc/agy079.

Kadigi, J.H., Muzzo, B.I. and Schreiber, S. (2024) ‘Potential benefits of tannins on ruminant
health, production and environmental sustainability’, European Journal of Nutrition & Food

Safety, 16(10), 13-24. https://doi.org/10.9734/ejnfs/2024/v16i101552.

Kalantar-Zadeh, K., Jafar, T.H., Nitsch, D., Neuen, B.L. and Perkovic, V. (2021) ‘Chronic
kidney disease’, The Lancet. Elsevier B.V., 786—802. https://doi.org/10.1016/S0140-
6736(21)00519-5.

Kamerman, P.R., Modisa, B.M.E. and Mphahlele, N.R. (2004) ‘Atorvastatin, a potent HMG-
CoA reductase inhibitor, is not antipyretic in rats’, Journal of Thermal Biology, 29(8), 431—
435. https://doi.org/10.1016/j.jtherbio.2004.08.012.

Kanbay, M., Copur, S., Bakir, C.N., Covic, A., Ortiz, A. and Tuttle, K.R. (2024) ‘Glomerular
hyperfiltration as a therapeutic target for CKD’, Nephrology Dialysis Transplantation, 39(8),
1228-1238. https://doi.org/10.1093/ndt/gfac027.

Kandir, S., Karakurt, Sevtap, Gokcek-Sarag, C. and Karakurt, Serdar (2024) ‘Tannic acid
elicits differential gene regulation in prostate cancer apoptosis’, Acta pharmaceutica, 74(3),

539-550. https://doi.org/10.2478/acph-2024-0020.

132



Kanel, G.C. (2015) ‘Liver: anatomy, microscopic structure, and cell types’, in Yamada's
Textbook of Gastroenterology. Wiley Online Library, 145-160.
https://doi.org/10.1002/9781118512074.ch10

Kaplan, N.M. (1989) ‘The deadly quartet: upper-body obesity, glucose intolerance,
hypertriglyceridemia, and hypertension’, Archives of Internal Medicine, 149(7), 1514-1520.
https://doi.org/10.1001/archinte.1989.00390070054005

Karakurt, S. and Adali, O. (2011) ‘Effect of tannic acid on glutathione S-transferase and
NAD (P) H: quinone oxidoreductase 1 enzymes in rabbit liver and kidney’, Fresenius
Environmental Bulletin, 20, pp. 1804—1811. Available at:
https://doi.org/https://hdl.handle.net/11511/53013.

Karalius, V.P. and Shoham, D.A. (2013) ‘Dietary sugar and artificial sweetener intake and
chronic kidney disease: A review’, Advances in Chronic Kidney Disease, 20(2), 157-164.
https://doi.org/10.1053/j.ackd.2012.12.005.

Karsdal, M.A., Daniels, S.J., Holm Nielsen, S., Bager, C., Rasmussen, D.G.K., Loomba, R.,
Surabattula, R., Villesen, L.F., Luo, Y., Shevell, D., Gudmann, N.S., Nielsen, M.J., George,
J., Christian, R., Leeming, D.J. and Schuppan, D. (2020) ‘Collagen biology and non-invasive
biomarkers of liver fibrosis’, Liver International, 40(4), 736-750.
https://doi.org/10.1111/1iv.14390.

Karsdal, M.A., Nielsen, S.H., Leeming, D.J., Langholm, L.L., Nielsen, M.J., Manon-Jensen,
T., Siebuhr, A., Gudmann, N.S., Rennow, S., Sand, J.M., Daniels, S.J., Mortensen, J.H. and
Schuppan, D. (2017) ‘The good and the bad collagens of fibrosis — Their role in signaling and
organ function’, Advanced Drug Delivery Reviews, 121, 43-56.
https://doi.org/10.1016/j.addr.2017.07.014.

Kashani, K. and Kellum, J.A. (2015) ‘Novel biomarkers indicating repair or progression after
acute kidney injury’, Current Opinion in Nephrology and Hypertension. Lippincott Williams
and Wilkins, 21-27. https://doi.org/10.1097/MNH.0000000000000090.

Kashif, A.W., Verma, N., Verma, S., Boruah, D., Sahu, R., Kalra, S. and Malik, A. (2021)
‘Utility of glomerular morphometry in diagnosing pediatric renal disease’, Medical Journal

Armed Forces India, 77(2), 194-199. https://doi.org/10.1016/j.mjafi.2020.08.007.

133



Kazancioglu, R. (2013) ‘Risk factors for chronic kidney disease: An update’, in Kidney
International Supplements. Nature Publishing Group, 368-371.
https://doi.org/10.1038/kisup.2013.79.

Kellum, J.A., Romagnani, P., Ashuntantang, G., Ronco, C., Zarbock, A. and Anders, H.-J.
(2021) “Acute kidney injury’, Nature reviews Disease primers, 7(1), 52.

Kianfar, T., Kadkhodaee, M., Seifi, B., Abdi, A., Adelipour, M., Pishkenari, B.H., Malboosi,
N. and Ranjbaran, M. (2023) ‘The effect of tannic acid on renal renin-angiotensin signaling
pathway in a model of unilateral ureteral obstruction in male Wistar rats’, Naunyn-
Schmiedeberg’s Archives of Pharmacology, 396(12), 3569-3579.
https://doi.org/10.1007/s00210-023-02548-9.

Kim, H.-J., Yun, Y.-R., Song, Y.-B. and Song, Y.-O. (2008) ‘Anti-lipogenic effects of tannic
acid in 3T3-L1 adipocytes and in high fat diet-fed rats’, Food Science and Biotechnology,
17(2), 362-366. https://www.researchgate.net/publication/257749306.

Kim, J.Y. (2021) ‘Optimal diet strategies for weight loss and weight loss maintenance’,
Journal of Obesity and Metabolic Syndrome, 30(1), 20-31.
https://doi.org/10.7570/JOMES20065.

Kim, S.J. and Kim, D.J. (2012) ‘Alcoholism and diabetes mellitus’, Diabetes and Metabolism
Journal, 36(2), 108—115. https://doi.org/10.4093/dmj.2012.36.2.108.

Kipchumba, B., Isaac, A.O., Mwaeni, V.K., Omwenga, G., Ngugi, M. and Nyariki, J.N.
(2023) ‘Vitamin B12 and coenzyme Q10 ameliorated alcohol-driven impairment of

hematological parameters, inflammation, and organ damage in a mouse model’, Nutrients,

48(1), 13-32. https://doi.org/10.1186/s41110-023-00197-9.

Kobi, J.B.B.S., Matias, A.M., Gasparini, P.V.F., Torezani-Sales, S., Madureira, A.R.,

da Silva, D.S., Correa, C.R., Garcia, J.L., Haese, D., Nogueira, B.V., de Assis, A.L.EM.,
Lima-Leopoldo, A.P. and Leopoldo, A.S. (2023) ‘High-fat, high-sucrose, and combined high-
fat/high-sucrose diets effects in oxidative stress and inflammation in male rats under presence
or absence of obesity’, Physiological Reports, 11(7), p. €15635. Available at:
https://doi.org/10.14814/phy2.15635.

Kohl, K., Herzog, E., Dickneite, G. and Pestel, S. (2020) ‘Evaluation of urinary biomarkers

for early detection of acute kidney injury in a rat nephropathy model’, Journal of

134



Pharmacological and Toxicological Methods, 105, 106901-106917.
https://doi.org/10.1016/j.vascn.2020.106901.

Kotota, A., Glabska, D., Oczkowski, M. and Gromadzka-Ostrowska, J. (2020) ‘Oxidative
stress parameters in the liver of growing male rats receiving various alcoholic beverages’,

Nutrients, 12(1), 158—172. https://doi.org/10.3390/nu12010158.

Kono, H., Wheeler, M.D., Rusyn, I., Lin, M., Seabra, V., Rivera, C.A., Bradford, B.U.,
Forman, D.T. and Thurman, R.G. (2000) ‘Gender differences in early alcohol-induced liver
injury: role of CD14, NF-B, and TNF’, American Journal of Physiology. Gastrointestinal and
Liver Physiology, 278(1), 652—661. https://www.ajpgi.org.

Kovacevi¢, S., Brkljaci¢, J., Vojnovi¢ Milutinovié, D., Gligorovska, L., Bursa¢, B., Elakovi¢,
I. and Djordjevic, A. (2021) ‘Fructose induces visceral adipose tissue inflammation and
insulin resistance even without development of obesity in adult female but not in male rats’,

Frontiers in Nutrition, 8, 1-18. https://doi.org/10.3389/tnhut.2021.749328.

Kovesdy, C.P. (2022) ‘Epidemiology of chronic kidney disease: an update 2022°, Kidney
International Supplements. Elsevier B.V., 7-11. https://doi.org/10.1016/j.kisu.2021.11.003.

Krajka-Kuzniak, V. and Baer-Dubowska, W. (2003) ‘The effects of tannic acid on
cytochrome P450 and phase Il enzymes in mouse liver and kidney’, Toxicology Letters,
143(2), pp. 209-216. Available at: https://doi.org/https://doi.org/10.1016/S0378-
4274(03)00177-2.

Kramer, H. (2019) ‘Diet and chronic kidney disease’, Advances in Nutrition, 10, S367-S379.
https://doi.org/10.1093/advances/nmz011.

Kromrey, M.L., Ittermann, T., vWahsen, C., Plodeck, V., Seppelt, D., Hoffmann, R.T., Heiss,
P. and Kiihn, J.P. (2018) ‘Reference values of liver volume in Caucasian population and

factors influencing liver size’, European Journal of Radiology, 106, 32-37.

https://doi.org/10.1016/j.ejrad.2018.07.005.

Kumar, S.R., Ramli, E.S.M., Nasir, N.A.A., Ismail, N.M. and Fahami, N.A.M. (2021)
‘Methanolic extract of piper sarmentosum attenuates obesity and hyperlipidemia in fructose-
induced metabolic syndrome rats’, Molecules, 26(13), 3985-3999.
https://doi.org/10.3390/molecules26133985.

135



Kushnirenko, S. V, Savytska, L.N., Bevzenko, T.B., Rotova, S.O., Lysianska, O.Y. and
Kushnirenko, O. V (2023) ‘Correction of azotemia in patients with chronic kidney disease’,

Kidneys, 12(4), 192—197. https://doi.org/10.22141/2307-1257.12.4.2023.428

Kwon, A.J., Morales, L., Chatagnier, L., Quigley, J., Pascua, J., Pinkowski, N., Brasser, S.M.
and Hong, M.Y. (2024) ‘Effects of moderate ethanol exposure on risk factors for
cardiovascular disease and colorectal cancer in adult Wistar rats’, Alcohol, 117, 55-63.

https://doi.org/10.1016/j.alcohol.2024.03.010.

Lameire, N.H., Levin, A., Kellum, J.A., Cheung, M., Jadoul, M., Winkelmayer, W.C.,
Stevens, P.E., Caskey, F.J., Farmer, C.K.T., Ferreiro Fuentes, A., Fukagawa, M., Goldstein,
S.L., Igiraneza, G., Kribben, A., Lerma, E. V., Levey, A.S., Liu, K.D., Matyszko, J.,
Ostermann, M., Pannu, N., Ronco, C., Sawhney, S., Shaw, A.D. and Srisawat, N. (2021)
‘Harmonizing acute and chronic kidney disease definition and classification: report of a
Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference’, in Kidney
International. Elsevier B.V., 516-526. https://doi.org/10.1016/j.kint.2021.06.028.

Latchoumycandane, C., Nagy, L.E. and McIntyre, T.M. (2014) ‘Chronic ethanol ingestion
induces oxidative kidney injury through taurine-inhibitable inflammation’, Free Radical

Biology and Medicine, 69, 403—416. https://doi.org/10.1016/j.freeradbiomed.2014.01.001.

Laville, S.M., Couturier, A., Lambert, O., Metzger, M., Mansencal, N., Jacquelinet, C.,
Laville, M., Frimat, L., Fouque, D. and Combe, C. (2023) ‘Urea levels and cardiovascular
disease in patients with chronic kidney disease’, Nephrology Dialysis Transplantation, 38(1),

184-192. https://doi.org/10.1093/ndt/gfac045

Lazic, S.E., Semenova, E. and Williams, D.P. (2020) ‘Determining organ weight toxicity
with Bayesian causal models: Improving on the analysis of relative organ weights’, Scientific

Reports, 10(1), 1-12. https://doi.org/10.1038/s41598-020-63465-y.

Leal, S., Ricardo Jorge, D.O., Joana, B., Maria, S.S. and Isabel, S.S. (2017) ‘Heavy Alcohol
Consumption Effects on Blood Pressure and on Kidney Structure Persist after Long-Term
Withdrawal’, Kidney and Blood Pressure Research, 42(4), 664—675.
https://doi.org/10.1159/000482022.

Lee, S.H., Shinde, P.L., Choi, J.Y., Kwon, I.K., Lee, J K., Pak, S.I., Cho, W.T. and Chae, B.J.

(2010) “Effects of tannic acid supplementation on growth performance, blood hematology,

136



iron status and faecal microflora in weanling pigs’, Livestock Science, 131(2-3), 281-286.

https://doi.org/10.1016/;.1ivsci.2010.04.013.

Lee, Y.J., Cho, S. and Kim, S.R. (2021) ‘Effect of alcohol consumption on kidney function:
population-based cohort study’, Scientific Reports, 11(1), 1-9.
https://doi.org/10.1038/s41598-021-81777-5.

Levey, A.S., Levin, A. and Kellum, J.A. (2013) ‘Definition and classification of kidney
diseases’, American Journal of Kidney Diseases. W.B. Saunders, 686—688.
https://doi.org/10.1053/j.ajkd.2013.03.003.

Li, C., Li, M., Sheng, W., Zhou, W., Zhang, Z., Ji, G. and Zhang, L. (2024) ‘High dietary
fructose drives metabolic dysfunction-associated steatotic liver disease via activating
ubiquitin-specific peptidase 2/11B-hydroxysteroid dehydrogenase type 1 pathway in mice’,
International Journal of Biological Sciences, 20(9), 3480-3496.
https://doi.org/10.7150/ijbs.973009.

Li, J.,, Yang, C., Zhang, S., Liu, S., Zhao, L., Luo, H., Chen, Y. and Huang, W. (2018)
‘Ginsenoside Rgl inhibits inflammatory responses via modulation of the nuclear factor-xB

pathway and inhibition of inflammasome activation in alcoholic hepatitis’, International

Journal of Molecular Medicine, 41(2), 899-907. https://doi.org/10.3892/ijmm.2017.3297.

Li, L., Wei, Y., Fang, C., Liu, S., Zhou, F., Zhao, G., L1, Y., Luo, Y., Guo, Z., Lin, W. and
Yang, W. (2021) ‘Exercise retards ongoing adipose tissue fibrosis in diet-induced obese

mice’, Endocrine Connections, 10(3), 325-335. https://doi.org/10.1530/EC-20-0643.

Li, Q., Zhang, W., Cheng, N., Zhu, Y., Li, H., Zhang, S., Guo, W. and Ge, G. (2023)
‘Pectolinarigenin ameliorates acetaminophen-induced acute liver injury via attenuating
oxidative stress and inflammatory response in Nrf2 and PPARa dependent manners’,

Phytomedicine, 113, p. 154726. Available at: https://doi.org/10.1016/j.phymed.2023.154726.

Li, S.Q., Wang, P., Wang, D.M., Lu, H.J., Li, R.F., Duan, L. X., Zhu, S., Wang, S.L., Zhang,
Y.Y. and Wang, Y.L. (2019) ‘Molecular mechanism for the influence of gender dimorphism
on alcoholic liver injury in mice’, Human and Experimental Toxicology, 38(1), 65-81.

https://doi.org/10.1177/0960327118777869.

Li, X., Liu, C., Mao, Z., Li, Q. and Zhou, F. (2021) ‘Timing of renal replacement therapy

initiation for acute kidney injury in critically ill patients: a systematic review of randomized

137



clinical trials with meta-analysis and trial sequential analysis’, Critical Care, 25(1).

https://doi.org/10.1186/s13054-020-03451-y.

Li, Z.L., Li, X.Y., Zhou, Y., Wang, B., Lv, L.L. and Liu, B.C. (2024) ‘Renal tubular
epithelial cells response to injury in acute kidney injury’, eBioMedicine, 107, p. 105294.
Available at: https://doi.org/10.1016/j.ebiom.2024.105294.

Lin, Z. and Sun, L. (2024) ‘Research advances in the therapy of metabolic syndrome’,
Frontiers in Pharmacology, 15, 1-26. https://doi.org/10.3389/fphar.2024.1364881.

Liu, T., Ma, M., Ali, A., Liu, Q., Bai, R., Zhang, K., Guan, Y., Wang, Y., Liu, J. and Zhou,
H. (2024) ‘Self-assembled copper tannic acid nanoparticles: A powerful nano-bactericide by

valence shift of copper’, Nano Today, 54, 1-21.
https://doi.org/10.1016/j.nantod.2023.102071.

Liu, X., Kim, J.K., Li, Y., Li, J., Liu, F. and Chen, X. (2005) ‘Tannic acid stimulates glucose
transport and inhibits adipocyte differentiation in 3T3-L1 cells’, Journal of Nutrition, 135(2),
165-171. https://doi.org/10.1093/jn/135.2.165.

Liu, Y., Luo, Y., Wang, X., Luo, L., Luo, L., Sun, K., Sun, K., Zeng, L. and Zeng, L. (2020)
“Gut Microbiome and Metabolome Response of Pu-erh Tea on Metabolism Disorder Induced
by Chronic Alcohol Consumption,” Journal of Agricultural and Food Chemistry, 68(24),
6615-6627. https://doi.org/10.1021/acs.jafc.0c01947.

Llerena, S., Arias-Loste, M.T., Lavin, A.C., Cabezas, J. and Garcia, J.C. (2016) ‘Hepatitis:
Concept and classification, hepatitis B virus and other viral hepatitis’, Medicine - Accredited
Continuing Medical Education Program, 12(9), 473—483.
https://doi.org/10.1016/;.med.2016.04.001.

Loeffler, I. and Ziller, N. (2023) ‘Sex-related aspects in diabetic kidney disease—An update’,
Journal of Clinical Medicine, 12(8). https://doi.org/10.3390/jcm12082834.

Loh, A.H., and Cohen, A.H. (2009) ‘Drug-induced kidney disease-pathology and current
concepts’, Annals Academy of Medicine, 38, 240-250. https://doi.org/10.47102/annals-
acadmedsg.v38n3p240

Lonappan, D.K., Kuruvalli, G., Shaik, A.H., Hebbani, A.V., Reddyvari, H., Damodara
Reddy, V. and Vadamalai, V. (2024) ‘Alcohol-induced hormonal and metabolic alterations in

138



plasma and erythrocytes—a gender-based study’, Toxicology Mechanisms and Methods,
34(4), 350-358. https://doi.org/10.1080/15376516.2023.2290071.

Loos, R.J.F. and Yeo, G.S.H. (2022) ‘The genetics of obesity: from discovery to biology’,
Nature Reviews Genetics, 23(2), 120—133. https://doi.org/10.1038/s41576-021-00414-z.

Lu, R., Zhang, X., Cheng, X., Zhang, Y., Zan, X. and Zhang, L. (2020) ‘Medical applications
based on supramolecular self-assembled materials from tannic acid’, Frontiers in Chemistry,

8(NA), 583484. https://doi.org/10.3389/fchem.2020.583484.

Ma, H.-Y., Dong, L., Quan, S.-Z., Li, R.-Y. and Wang, X.-R. (2021) ‘Comparison of four
markers of hepatic fibrosis and hepatic function indices in patients with liver cirrhosis and
hepatoma’, Annals of Palliative Medicine, 10(4), 4104121-4108121.
https://doi.org/10.21037/apm-20-1623

Ma, X., Nan, F., Liang, H., Shu, P., Fan, X., Song, X., Hou, Y. and Zhang, D. (2022)
‘Excessive intake of sugar: An accomplice of inflammation’, Frontiers in immunology, 13,

988481. https://doi.org/10.3389/fimmu.2022.988481

Mafa, P., Makhubele, J.C., Ananias, J.A., Chilwalo, B.N., Matlakala, F.K., Rapholo, S.F.,
Svinurai, A., Hasheela, M.W., Hamuse Tiberia, N.I. and Freeman, R.J. (2019) ‘Alcohol
Consumption Patterns: A Gender Comparative Study Among High School Youth in South
Africa’, Global Journal of Health Science, 11(2), p. 92. Available at:
https://doi.org/10.5539/gjhs.v11n2p92.

Mahadevan, V. (2020) ‘Anatomy of the liver’, Surgery, 38(8), 427-431.
https://doi.org/10.1016/;.mpsur.2014.10.004

Mai, B.H. and Yan, L.J. (2019) ‘The negative and detrimental effects of high fructose on the
liver, with special reference to metabolic disorders’, Diabetes, Metabolic Syndrome and

Obesity: Targets and Therapy, 12, 821-826. https://doi.org/10.2147/DMS0O.S198968.

Makhoba, X.H., Viegas, C., Mosa, R.A., Viegas, F.P.D. and Pooe, O.J. (2020) ‘Potential
impact of the multi-target drug approach in the treatment of some complex diseases’, Drug

Design, Development and Therapy, 14, 3235-3249. https://doi.org/10.2147/DDDT.S257494.

Maldonado-Valderrama, J., Wilde, P., Maclerzanka, A. and MacKie, A. (2011) ‘The role of
bile salts in digestion’, Advances in Colloid and Interface Science, 165(1), 36—46.
https://doi.org/10.1016/j.cis.2010.12.002.

139



Malik, V.S. and Hu, F.B. (2022) ‘The role of sugar-sweetened beverages in the global
epidemics of obesity and chronic diseases’, Nature Reviews Endocrinology, 18(4), 205-218.
https://doi.org/10.1038/s41574-021-00627-6.

Mamikutty, N., Thent, Z.C., Sapri, S.R., Sahruddin, N.N., Mohd Yusof, M.R. and Haji
Suhaimi, F. (2014) ‘The establishment of metabolic syndrome model by induction of fructose
drinking water in male Wistar rats’, BioMed Research International, 2014, 1-8.

https://do1.0org/10.1155/2014/263897.

Mankar, S.D., B. Pawar, V. and Y. Pawar, T. (2024) ‘Lipoprotein, cholesterol, treatment
strategies, and its impact on cardiovascular diseases’, Research Journal of Pharmacology and

Pharmacodynamics, 16(3), 185-191. https://doi.org/10.52711/2321-5836.2024.00032.

Marchisello, S., Di Pino, A., Scicali, R., Urbano, F., Piro, S., Purrello, F. and Rabuazzo, A.M.
(2019) ‘Pathophysiological, molecular and therapeutic issues of nonalcoholic fatty liver
disease: An overview’, International Journal of Molecular Sciences, 20(8), 1948—1981.

https://doi.org/10.3390/1jms20081948.

Masalskiené, J., Rudaitis, S., Vitkevi¢, R., Cerkauskiené, R., Dobiliené, D. and Jankauskiené,
A. (2021) ‘Epidemiology of Chronic Kidney Disease in Children: A Report from Lithuania’,
Medicina (Lithuania), 57(2). https://doi.org/10.3390/medicina57020112.

Mather, A. and Pollock, C. (2011) ‘Glucose handling by the kidney’, Kidney International,
79, S1-S6. https://doi.org/10.1038/ki.2010.509

Mattar, P., Toledo-Valenzuela, L., Hernandez-Caceres, M.P., Pefia-Oyarzin, D., Morselli, E.
and Perez-Leighton, C. (2022) ‘Integrating the effects of sucrose intake on the brain and
white adipose tissue: Could autophagy be a possible link?’, Obesity, 30(6), 1143—-1155.
https://doi.org/10.1002/0by.23411.

Mbandlwa, Z. and Dorasamy, N. (2020) ‘The impact of substance abuse in South Africa: a
case of informal settlement communities’, Journal of Critical Reviews, 7(19), pp. 1-16.
Available at:
https://doi.org/https://www.researchgate.net/publication/343280262 The impact of substan

ce_abuse in_South Africa a case of informal settlement communities.

McCuskey, R.S. (2024) ‘Endothelial cells and Kupffer cells’, in Molecular & Cell Biology of
the Liver. CRC Press, 407-427.

140



Meléndez-Salcido, C.G., Ramirez-Emiliano, J., Garcia-Ramirez, J.R. and Pérez-Vazquez, V.
(2024) ‘Curcumin modulates the differential effects of fructose and high-fat diet on renal
damage, inflammation, fibrosis, and lipid metabolism’, Current Pharmaceutical Design,

31(2), 153-162. https://doi.org/10.2174/0113816128312406241010081032.

Melo, B.P., Zacarias, A.C., Oliveira, J.C.C., de Souza, L.M.C., Sabino, J., Ferreira, A.V.M.,
Tonoli, C., dos Santos, M.L., de Avelar, G.F., Meeusen, R., Heyman, E. and Soares, D.D.
(2021) ‘Thirty days of combined consumption of a high-fat diet and fructose-rich beverages
promotes insulin resistance and modulates inflammatory response and histomorphometry

parameters of liver, pancreas, and adipose tissue in Wistar rats’, Nutrition, 91, 111403.

https://doi.org/10.1016/j.nut.2021.111403.

Mengesha, T., Sekaran, N.G. and Mehare, T. (2021) ‘Hepatoprotective effect of silymarin on
fructose induced nonalcoholic fatty liver disease in male albino Wistar rats’, BMC
Complementary Medicine and Therapies, 21(1), 104—117. https://doi.org/10.1186/s12906-
021-03275-5.

Meza, A.C.C., Diéguez-Campa, C., Ledon-Mondragén, O. and Juarez-Chavez, L. (2022)
‘Neobuxbamia tetetzo as a cause of drug-induced liver injury’, Annals of Hepatology, 27,

100589-100621. https://doi.org/10.1016/j.a0hep.2021.100589.

Milutinovi¢, D.V., Brkljaci¢, J., Teofilovi¢, A., Bursa¢, B., Nikoli¢, M., Gligorovska, L.,
Kovacevi¢, S., Djordjevic, A., Preitner, F., Tappy, L., Mati¢, G. and Velickovi¢, N. (2020)
‘Chronic stress potentiates high fructose—induced lipogenesis in rat liver and kidney’,
Molecular Nutrition and Food Research, 64(13), 1901141-1901153.
https://doi.org/10.1002/mnfr.201901141.

Miralles, C.S.W., Wollinger, L.M., Marin, D., Genro, J.P., Contini, V. and Dal Bosco, S.M.
(2015) “Waist-to-height ratio (WHtR) and triglyceride to HDL-C ratio (TG/HDL-c) as
predictors of cardiometabolic risk’, Nutricion hospitalaria, 31(5), 2115-2121.
https://doi.org/10.3305/nh.2015.31.5.7773

Mitra, V. and Metcalf, J. (2012) ‘Metabolic functions of the liver’, Anaesthesia & Intensive
Care Medicine, 13(2), 54-55. https://doi.org/10.1016/;.mpaic.2011.11.006

de Moraes Meine, B., Bona, N.P., Luduvico, K.P., de Souza Cardoso, J., Spohr, L., de Souza,
A.A., Spanevello, R.M., Soares, M.S.P. and Stefanello, F.M. (2020) ‘Ameliorative effect of

tannic acid on hypermethioninemia-induced oxidative and nitrosative damage in rats:
141



biochemical-based evidences in liver, kidney, brain, and serum’, Amino Acids, 52(11-12),

1545-1558. https://doi.org/10.1007/s00726-020-02913-5.

Moreira, L.E.A., de Farias Cabral, V.P., Rodrigues, D.S., Barbosa, A.D., Silveira, M.J.C.B.,
Coutinho, T. do N.P., Barbosa, S.A., Sa, L.G. do A.V., de Andrade Neto, J.B., da Rocha,
S.N.C., Reis, C.S., Cavalcanti, B.C., Rios, M.E.F., de Moraes, M.O., Junior, H.V.N. and da
Silva, C.R. (2024) ‘Antifungal activity of tannic acid against Candida s and its mechanism of
action’, Brazilian Journal of Microbiology, 55(1), 3679-3690.
https://doi.org/10.1007/s42770-024-01477-w.

Mounika, N., Mungase, S.B., Verma, S., Kaur, S., Deka, U.J., Ghosh, T.S. and Adela, R.
(2024) ‘Inflammatory protein signatures as predictive disease-specific markers for non-

alcoholic steatohepatitis (NASH)’, Inflammation, 1-17.

Mousikou, M., Kyriakou, A. and Skordis, N. (2023) ‘Stress and growth in children and
adolescents’, Hormone Research in Paediatrics, 96(1), pp. 25-33. Available at:
https://doi.org/10.1159/000521074.

Muggah, E.M. and McSweeney, M.B. (2017) ‘Females’ attitude and preference for beer: a
conjoint analysis study’, International Journal of Food Science and Technology, 52(3), 808—
816. https://doi.org/10.1111/ijfs.13340.

Muiioz-Cabrejas, A., Guallar-Castillon, P., Laclaustra, M., Sandoval-Insausti, H. and
Moreno-Franco, B. (2023) ‘Association between sugar-sweetened beverage consumption and
the risk of the metabolic syndrome: A systematic review and meta-analysis’, Nutrients, 15(2),

430-445. https://doi.org/10.3390/nul15020430.

Musa, S., Elyamani, R. and Dergaa, 1. (2022) ‘COVID-19 and screen-based sedentary
behaviour: Systematic review of digital screen time and metabolic syndrome in adolescents’,

PLoS ONE, 17(3), 1-18. https://doi.org/10.1371/journal.pone.0265560.

Musto, J.A., Brown, R. and Lucey, M.R. (2025) ‘Is there a safe limit for consumption of
alcohol?’, Journal of Hepatology, 82(1), 535-540.
https://doi.org/10.1016/j.jhep.2024.10.024.

Mwende, W.G. (2024) ‘Cardiovascular risk in patients with coexisting diabetes and

hypertension: A comprehensive review’, International Digital Organization for Scientific

142



Research Journal of Applied Sciences, 9(3), 53-57.
https://doi.org/10.59298/IDOSRJAS/2024/9.3.535700.

Nag, S., Manna, K., Saha, M. and Das Saha, K. (2020) ‘Tannic acid and vitamin E loaded
PLGA nanoparticles ameliorate hepatic injury in a chronic alcoholic liver damage model Via
EGFR-AKT-STATS3 pathway’, Nanomedicine, 15(3), 235-257. https://doi.org/10.2217/nnm-
2019-0340.

Nagesh, P.K.B., Chowdhury, P., Hatami, E., Jain, S., Dan, N., Kashyap, V.K., Chauhan, S.C.,
Jaggi, M. and Yallapu, M.M. (2020) ‘Tannic acid inhibits lipid metabolism and induce ROS
in prostate cancer cells’, Scientific Reports, 10(1), 980-995. https://doi.org/10.1038/s41598-
020-57932-9.

Nakagawa, T. and Kang, D.H. (2021) ‘Fructose in the kidney: from physiology to pathology’,
Kidney Research and Clinical Practice, 40(4), 527-541.
https://doi.org/10.23876/J. KRCP.21.138.

Nakamura, Y., Kaihara, A., Yoshii, K., Tsumura, Y., Ishimitsu, S. and Tonogai, Y. (2001)
‘Effects of the oral administration of green tea polyphenol and tannic acid on serum and
hepatic lipid contents and fecal steroid excretion in rats’, Journal of Health Science, 47(2),

107-117. https://doi.org/10.1248/jhs.47.107.

Nakamura, Y., Tsuji, S. and Tonogai, Y. (2003) ‘Method for analysis of tannic acid and its
metabolites in biological samples: Application to tannic acid metabolism in the rat’, Journal

of Agriculture and Food Chemistry, 51(1), 331-339. https://doi.org/10.1021/j020847.

Nakayama, T., Kosugi, T., Gersch, M., Connor, T., Gabriela Sanchez-Lozada, L., Lanaspa,
M.A., Roncal, C., Perez-Pozo, S.E., Johnson, R.J. and Nakagawa, T. (2010) ‘Dietary fructose
causes tubulointerstitial injury in the normal rat kidney’, American Journal of Physiology.

Renal Physiology, 298(1), 712-720. https://doi.org/10.1152/ajprenal.00433.2009.-Re.

Nanji, A.A., Jokelainen, K., Fotouhinia, M., Rahemtulla, A., Thomas, P., Tipoe, G.L., Su,
G.L., Dannenberg, A.J., Fotou-Hinia, M. and Ti-Poe, G.L. (2002) ‘Increased severity of
alcoholic liver injury in female rats: role of oxidative stress, endotoxin, and chemokines’,
American Journal of Physiology. Gastrointestinal and Liver Physiology, 281(1), 1348—1356.
http://www.ajpgi.orgG1348.

143



Nasreldin, N., Swilam, S., Mahmoud Abd-Elrahman, S. and Khaleel Abd El-ghaffar, S.
(2022) ‘Evaluation of Clinicopathological alterations in mice experimentally infected with

Trichenella spiralis and the nematocidal effect of tannic acid and albendazole’, New Valley

Veterinary Journal, 2(1), pp 16-27. https://dx.doi.org/10.21608/nvvj.2022.141188.1005

Negi, C.K., Babica, P., Bajard, L., Bienertova-Vasku, J. and Tarantino, G. (2022) ‘Insights
into the molecular targets and emerging pharmacotherapeutic interventions for nonalcoholic

fatty liver disease’, Metabolism, 126, 154925. https://doi.org/10.1016/j.metabol.2021.154925

Nejad, F.S., Karami, H. and Darvish, M. (2023) ‘Triggering of endoplasmic reticulum stress
by tannic acid inhibits the proliferation and migration of colorectal cancer cells’, Asian
Pacific Journal of Cancer Prevention, 24(8), 2705-2711.
https://doi.org/10.31557/APJCP.2023.24.8.2705.

Neugarten, J., Kasiske, B., Silbiger, S.R. and Nyengaard, J.R. (2002) ‘Effects of sex on renal
structure’, Nephron, 90(1), 139—144. https://doi.org/10.1159/000049033

Ninan, N., Forget, A., Shastri, V.P., Voelcker, N.H. and Blencowe, A. (2016) ‘Antibacterial
and anti-inflammatory pH-responsive tannic acid-carboxylated agarose composite hydrogels
for wound healing’, American Chemical Society. Applied Materials and Interfaces, 8(42),
28511-28521. https://doi.org/10.1021/acsami.6b10491.

Nithiyanandam, S. and Evan Prince, S. (2021) ‘Toxins mechanism in instigating

hepatotoxicity’, Toxin Reviews, 40(4), 616—631. https://doi.org/10.1159/000049033

Niu, J., Wang, Q., Jing, C., Liu, Y., Liu, H., Jiao, N., Huang, L., Jiang, S., Guan, Q., L1, Y.
and Yang, W. (2022) ‘Dietary Galla Chinensis tannic acid supplementation in the diets

improves growth performance, immune function and liver health status of broiler chicken’,

Frontiers in Veterinary Science, 9(1), 1-11. https://doi.org/10.3389/fvets.2022.1024430.

Nogueira-Ferreira, R., Oliveira, P.F. and Ferreira, R. (2024) ‘Chapter 8 - Liver metabolism:
the pathways underlying glucose utilization and production’, in R. Ferreira, P.F. Oliveira, and
R. Nogueira-Ferreira (eds) Glycolysis. Academic Press, 141-156.
https://doi.org/10.1016/B978-0-323-91704-9.00018-5.

Noubiap, J.J., Nansseu, J.R., Lontchi-Yimagou, E., Nkeck, J.R., Nyaga, U.F., Ngouo, A.T.,
Tounouga, D.N., Tianyi, F.L., Foka, A.J., Ndoadoumgue, A.L. and Bigna, J.J. (2022)

‘Global, regional, and country estimates of metabolic syndrome burden in children and

144



adolescents in 2020: a systematic review and modelling analysis’, The Lancet Child &
Adolescent Health, 6(3), 158—170. https://doi.org/https://doi.org/10.1016/S2352-
4642(21)00374-6.

Nowak, A.J. and Relja, B. (2020) ‘The impact of acute or chronic alcohol intake on the NF- «
B signaling pathway in alcohol-related liver disease’, International Journal of Molecular

Science, 21(1), 9407-9442. https://doi.org/10.3390/ijms21249407

Nutfilloyevich, K.K. (2024) ‘Normal morphometric parameters of the liver of laboratory
rats’, Education, Science, and Innovative Ideas in the World, 36(3), 104—113.

Nwosu, E., Fismen, A.S., Helleve, A., Hongoro, C., Sewpaul, R., Reddy, P., Alaba, O. and
Harbron, J. (2022) “Trends in prevalence of overweight and obesity among South African and
European adolescents: a comparative outlook’, BMC Public Health, 22(1), p. 2287. Available
at: https://doi.org/10.1186/s12889-022-14724-2.

O’g’li, M.B.M., Qizi, H.S.U., Qizi, N.N.K. and Qizi, X.A.O. (2023) ‘About the structure and
function of the kidney’, American Journal of Biomedical Science & Pharmaceutical

Innovation, 3(1), 13—16. https://doi.org/10.37547/ajbspi/Volume03Issue01-02.

Ohtani, O. and Ohtani, Y. (2008) ‘Lymph circulation in the liver’, Anatomical Record,
291(6), 643—652. https://doi.org/10.1002/ar.20681.

de Oliveira, D.T., Fernandes, 1. da C., de Sousa, G.G., Dos Santos, T.A.P., de Paiva, N.C.N.,
Carneiro, C.M., Evangelista, E.A., Barboza, N.R. and Guerra-S4, R. (2020) ‘High-sugar diet
leads to obesity and metabolic diseases in ad libitum-fed rats irrespective of caloric intake’,
Archives of Endocrinology and Metabolism, 64(1), 71-81. https://doi.org/10.20945/2359-
3997000000199.

O’Neill, S. and O’Driscoll, L. (2015) ‘Metabolic syndrome: A closer look at the growing
epidemic and its associated pathologies’, Obesity Reviews, 16(1), 1-12.
https://doi.org/10.1111/0br.12229.

Ooi, J.Y., Wolfenden, L., Sutherland, R., Nathan, N., Oldmeadow, C., Mclaughlin, M.,
Barnes, C., Hall, A., Vanderlee, L. and Yoong, S.L. (2021) ‘A Systematic Review of the
Recent Consumption Levels of Sugar-Sweetened Beverages in Children and Adolescents

From the World Health Organization Regions With High Dietary—Related Burden of

145



Disease’, Asia Pacific Journal of Public Health, 34(1), 11-24.
https://doi.org/10.1177/10105395211014642.

Oron-Herman, M., Kamari, Y., Grossman, E., Yeger, G., Peleg, E., Shabtay, Z., Shamiss, A.
and Sharabi, Y. (2008) ‘Metabolic syndrome: comparison of the two commonly used animal
models’, American Journal of Hypertension, 21(9), 1018-1022.
https://doi.org/10.1038/ajh.2008.218

Orsini, F., D’Ambrosio, F., Scardigno, A., Ricciardi, R. and Calabro, G.E. (2023)
‘Epidemiological impact of metabolic syndrome in overweight and obese European children
and adolescents: A systematic literature review’, Nutrients, 15(18), 3895-3913.
https://doi.org/10.3390/nul15183895.

Osakabe, N., Shimizu, T., Fujii, Y., Fushimi, T. and Calabrese, V. (2024) ‘Sensory nutrition
and bitterness and astringency of polyphenols’, Biomolecules, 14(2), 234-248.
https://doi.org/10.3390/biom14020234.

Ozougwu, J.C. (2017) ‘Physiology of the liver’, International Journal of Research in
Pharmacy and Biosciences, 4(8), 13-24.

Pan, C.S., Ju, T.R., Lee, C.C., Chen, Y.P., Hsu, C.Y., Hung, D.Z., Chen, W.K. and Wang,
LK. (2018) ‘Alcohol use disorder tied to development of chronic kidney disease: A
nationwide database analysis’, PLoS ONE, 13(9).
https://doi.org/10.1371/journal.pone.0203410.

Papaioannou, K.G., Kadi, F. and Nilsson, A. (2022) ‘Benefits of fruit and vegetable
consumption on prevalence of metabolic syndrome are independent of physical activity

behaviors in older adults’, Nutrients, 14(2), 1-7. https://doi.org/10.3390/nu14020263.

Pecoits-Filho, R., Abensur, H., Betonico, C.C.R., MacHado, A.D., Parente, E.B., Queiroz,
M., Salles, J.E.N., Titan, S. and Vencio, S. (2016) ‘Interactions between kidney disease and
diabetes: Dangerous liaisons’, Diabetology and Metabolic Syndrome, 8(1).
https://doi.org/10.1186/s13098-016-0159-z.

Percie du Sert, N., Hurst, V., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.J.,
Clark, A., Cuthill, I.C., Dirnagl, U., Emerson, M., Garner, P., Holgate, S.T., Howells, D.W.,
Karp, N.A., Lazic, S.E., Lidster, K., MacCallum, C.J., Macleod, M., Pearl, E.J., Petersen,
O.H., Rawle, F., Reynolds, P., Rooney, K., Sena, E.S., Silberberg, S.D., Steckler, T. and

146



Wiirbel, H. (2020) ‘The ARRIVE guidelines 2.0: Updated guidelines for reporting animal
research’, Journal of Cerebral Blood Flow and Metabolism, 40(9), 1769-1777.
https://doi.org/10.1177/0271678X20943823.

Peris, J., Zharikova, A., Li, Z., Lingis, M., MacNeill, M., Wu, M.T. and Rowland, N.E.
(2006) ‘Brain ethanol levels in rats after voluntary ethanol consumption using a sweetened

gelatin vehicle’, Pharmacology Biochemistry and Behavior, 85(3), pp. 562—568. Available at:
https://doi.org/10.1016/j.pbb.2006.10.010.

Piazzolla, V.A. and Mangia, A. (2020) ‘Noninvasive diagnosis of NAFLD and NASH’,
Cells, 9(4), 1005-1014. https://doi.org/10.3390/cells9041005.

Pinzani, M. (2015) ‘Pathophysiology of liver fibrosis’, Digestive Diseases, 33(4), 492—497.
https://doi.org/10.1159/000374096.

Pohl, C., Kunzmann, M., Brandt, N., Koppe, C., Waletzko-Hellwig, J., Bader, R., Kalle, F.,
Kersting, S., Behrendt, D., Schlosser, M. and Hoene, A. (2024) ‘Quantitative analysis of

trabecular bone tissue cryosections via a fully automated neural network-based approach’,

PLoS ONE, 19(4), 1-15. https://doi.org/10.1371/journal.pone.0298830.

Pollak, M.R., Quaggin, S.E., Hoenig, M.P. and Dworkin, L.D. (2014) ‘The glomerulus: The
sphere of influence’, Clinical Journal of the American Society of Nephrology, 9(8), 1461—
1469. https://doi.org/DOI:10.2215/CIJN.09400913.

Portilla, D. (2014) ‘Apoptosis, fibrosis and senescence’, Nephron Clinical Practice, 127(1—
4), 65-69. https://doi.org/10.1159/000363717.

Portolés, J., Martin, L., Broseta, J.J. and Cases, A. (2021) ‘Anemia in chronic kidney disease:
from pathophysiology and current treatments, to future agents’, Frontiers in Medicine, 8,

642296. https://doi.org/10.3389/fmed.2021.642296

Prasad, N. and Patel, M.R. (2018) ‘Infection-induced kidney diseases’, Frontiers in Medicine,
5(1), 327-338. https://doi.org/10.3389/fmed.2018.00327.

Qing, H., Huang, S., Zhan, K., Zhao, L., Zhang, J., Ji, C. and Ma, Q. (2022) ‘Combined
toxicity evaluation of Ochratoxin A and Aflatoxin B1 on kidney and liver injury, immune
inflammation, and gut microbiota alteration through pair-feeding pullet model’, Frontiers in

Immunology, 13, 1-16. https://doi.org/10.3389/fimmu.2022.920147.

147



Quinn, G.Z., Abedini, A., Liu, H., Ma, Z., Cucchiara, A., Havasi, A., Hill, J., Palmer, M.B.
and Susztak, K. (2021) ‘Renal histologic analysis provides complementary information to
kidney function measurement for patients with early diabetic or hypertensive disease’,
Journal of the American Society of Nephrology, 32(11), 2863-2876.
https://doi.org/10.1681/ASN.2021010044.

Quirino, A., Marascio, N., Branda, F., Ciccozzi, A., Romano, C., Locci, C., Azzena, 1.,
Pascale, N., Pavia, G., Matera, G., Casu, M., Sanna, D., Giovanetti, M., Ceccarelli, G.,
Alaimo di Loro, P., Ciccozzi, M., Scarpa, F. and Maruotti, A. (2024) ‘Viral hepatitis: Host
immune interaction, pathogenesis and new therapeutic strategies’, Pathogens, 13(9), 766—

795. https://doi.org/10.3390/pathogens13090766.

Qureshi, W., Dar, M.A. and Rather, M.Y. (2024) ‘New therapy for metabolic syndrome: Gut
microbiome supplementation’, World Journal of Diabetes, 15(9), 1833—1836.
https://doi.org/10.4239/wjd.v15.19.1833.

Ralevski, E., Gueorguieva, R., Limoncelli, D.D., Husain, R., Serrita Jane, J. and Petrakis, 1.
(2006) ‘Gelatin “shots” as a new method for alcohol administration in a laboratory setting’,
Alcoholism: Clinical and Experimental Research, 30(3), 473—479.
https://doi.org/10.1111/5.1530-0277.2006.00064.x

Ramos, V.W., Batista, L.O. and Albuquerque, T.K. (2017) ‘Effects of fructose consumption
on food intake and biochemical and body parameters in Wistar rats’, Revista Portuguesa de

Cardiologia, 36(12), 937-941. https://doi.org/10.1016/j.repce.2017.04.009

Rana, S., Ali, S., Wani, H.A., Mushtaq, Q.D., Sharma, S. and Rehman, M.U. (2022)
‘Metabolic syndrome and underlying genetic determinants- A systematic review’, Journal of
Diabetes and Metabolic Disorders, 21(1), 1095-1104. https://doi.org/10.1007/s40200-022-
01009-z.

Rashidipour, M., Abbaszadeh, S., Birjandi, M., Pajouhi, N., Ahmadi Somaghian, S.,
Goudarzi, G., Shahryarhesami, S., Moradi Sarabi, M. and Babaeenezhad, E. (2024)
‘Antimicrobial activity and cytotoxic and epigenetic effects of tannic acid-loaded chitosan
nanoparticles’, Scientific Reports, 14(1), 30405-30417. https://doi.org/10.1038/s41598-024-
80771-x.

Rasineni, K., Jordan, C.W., Thomes, P.G., Kubik, J.L., Staab, E.M., Sweeney, S.A., Talmon,

G.A., Donohue, T.M., McNiven, M.A., Kharbanda, K.K. and Casey, C.A. (2021)
148



‘Contrasting effects of fasting on liver-adipose axis in alcohol-associated and non-alcoholic

fatty liver’, Frontiers in Physiology, 12, 1-16. https://doi.org/10.3389/fphys.2021.625352.

Rasineni, K., Penrice, D.D., Natarajan, S.K., McNiven, M.A., McVicker, B.L., Kharbanda,
K.K., Casey, C.A. and Harris, E.N. (2016) ‘Alcoholic vs non-alcoholic fatty liver in rats:

Distinct differences in endocytosis and vesicle trafficking despite similar pathology’, BMC

Gastroenterology, 16(1), 27-39. https://doi.org/10.1186/s12876-016-0433-4.

Reagan-Shaw, S., Nihal, M. and Ahmad, N. (2008) ‘Dose translation from animal to human
studies revisited’, The FASEB Journal, 22(3), pp. 659—661. Available at:
https://doi.org/10.1096/1].07-95741sf.

Reed, E.B., Ard, S., La, J., Park, C.Y., Culligan, L., Fredberg, J.J., Smolyaninova, L. V.,
Orlov, S.N., Chen, B., Guzy, R., Mutlu, G.M. and Dulin, N.O. (2019) ‘Anti-fibrotic effects of
tannic acid through regulation of a sustained TGF-beta receptor signaling’, Respiratory

Research, 20(1), 168—175. https://doi.org/10.1186/5s12931-019-1141-8.

Ren, X., Yuan, P., Niu, J., Liu, Y., Li, Y., Huang, L., Jiang, S., Jiao, N., Yuan, X., Li, J. and
Yang, W. (2023) ‘Effects of dietary supplementation with microencapsulated Galla chinensis
tannins on growth performance, antioxidant capacity, and lipid metabolism of young broiler
chickens’, Frontiers in Veterinary Science, 10, p. 1259142. Available at:
https://doi.org/10.3389/fvets.2023.1259142.

Richardson, A., E Rumsey, R.D. and Read, N.W. (1990) ‘The effect of ethanol on the normal
food intake and eating behaviour of the rat’, Physiology & Behavior, 48(1), 845—-848.
https://doi.org/10.1016/0031-9384(90)90238-Y

Rios-Lopez, A.L., Davila-Aviia, J., Gonzalez, G.M. and Flores-Maldonado, O. (2024)
‘Antifungal and antivirulence activity of vanillin and tannic acid against Aspergillus
fumigatus and Fusarium solani’, Current Microbiology, 81(6), 156—169.
https://doi.org/10.1007/s00284-024-03678-w.

Rodrigues, C.Q.D., Santos, J.A.P., Quinto, B.M.R., Marrocos, M.S.M., Teixeira, A.A.,
Rodrigues, C.J.O. and Batista, M.C. (2016) ‘Impact of metabolic syndrome on resting energy
expenditure in patients with chronic kidney disease’, Clinical Nutrition ESPEN, 15(1), 107—
113. https://doi.org/10.1016/j.clnesp.2016.07.001.

149



Rodrigues, F.G., Ormanji, M.S., Heilberg, I.P., Bakker, S.J.L. and de Borst, M.H. (2021)
‘Interplay between gut microbiota, bone health and vascular calcification in chronic kidney

disease’, European Journal of Clinical Investigation, 51(9), e13588.
https://doi.org/10.1111/eci.13588

Ruidiaz-Gomez, K.S. and Higuita-Gutiérrez, L.F. (2021) ‘Impact of chronic kidney disease
on health-related quality of life in the pediatric population: meta-analysis’, Jornal de

Pediatria. Elsevier Editora Ltda, 478-489. https://doi.org/10.1016/j.jped.2020.10.013.

Samsonov, A. and Urlacher, S.S. (2025) ‘Oxidative stress in children and adolescents:
Insights into human biology’, American Journal of Human Biology, 37(1), p. 24200.
Available at: https://doi.org/10.1002/ajhb.24200.

Sandoval, C., Mella, L., Godoy, K., Adeli, K. and Farias, J. (2022) ‘B-Carotene increases
activity of cytochrome P450 2E1 during ethanol consumption’, Antioxidants, 11(5), 1033—
1043. https://doi.org/10.3390/ANTIOX11051033.

Sarker, P., Jani, P.K., Hsiao, L.C., Rojas, O.J. and Khan, S.A. (2023) ‘Interacting collagen
and tannic acid Particles: Uncovering pH-dependent rheological and thermodynamic
behaviors’, Journal of Colloid and Interface Science, 650, pp. 541-552. Available at:
https://doi.org/10.1016/].jcis.2023.06.209.

Sarmento, E.B., Sassone, L.M., Pinto, K.P., Ferreira, C.M.A., da Fidalgo, T.K.S., Lopes,
R.T., Alves, A.T.N.N., Freitas-Fernandes, L.B., Valente, A.P., Neves, R.H. and da Silva,
E.J.N.L. (2025) ‘Evaluation of a potential bidirectional influence of metabolic syndrome and

apical periodontitis: An animal-based study’, International Endodontic Journal, 58(1), 467—

483. https://doi.org/10.1111/iej.14189.

Sarwar, N. and Ahmed, T. (2022) ‘Tannins’, in Handbook of Plant and Animal Toxins in
Food. 1st Edition. CRC Press eBooks, 37-72.

Sayaf, K., Gabbia, D., Russo, F.P. and De Martin, S. (2022) ‘The role of sex in acute and
chronic liver damage’, International Journal of Molecular Sciences, 23(18), 10654—10665.
https://doi.org/10.3390/1jms231810654.

Schofield, P., Mbugua, D.M. and Pell, A.N. (2001) ‘Analysis of condensed tannins: a
review’, Animal Feed Science and Technology, 91(2), 21-40. https://doi.org/10.1016/S0377-
8401(01)00228-0

150



Seitz, H.K., Moreira, B. and Neuman, M.G. (2023) ‘Pathogenesis of alcoholic fatty liver a
narrative review’, Life, 13(8), 1662—1679. https://doi.org/10.3390/1ife13081662.

Sellers, R.S., Morton, D., Michael, B., Roome, N., Johnson, J.K., Yano, B.L., Perry, R. and
Schafer, K. (2007) ‘Society of toxicologic pathology position paper: organ weight
recommendations for toxicology studies.’, Toxicologic Pathology, 751-755.

https://doi.org/10.1080/01926230701595300.

Selvaraj, K., Venkatesan, L.S., Ganapathy, D. and Sathishkumar, P. (2024) ‘Treatment of
dental biofilm-forming bacterium Streptococcus mutans using tannic acid-mediated gold
nanoparticles’, Microbial Pathogenesis, 189(1), 106568—106575.
https://doi.org/10.1016/j.micpath.2024.106568.

Sepanlou, S.G., Safiri, S., Bisignano, C., Ikuta, K.S., Merat, S., Saberifiroozi, M., Poustchi,
H., Tsoi, D., Colombara, D. V., Abdoli, A., Adedoyin, R.A., Afarideh, M., Agrawal, S.,
Ahmad, S., Ahmadian, E., Ahmadpour, E., Akinyemiju, T., Akunna, C.J., Alipour, V.,
Almasi-Hashiani, A., Almulhim, A.M., Al-Raddadi, R.M., Alvis-Guzman, N., Anber, N.H.,
Angus, C., Anoushiravani, A., Arabloo, J., Araya, E.M., Asmelash, D., Ataeinia, B., Ataro,
Z., Atout, M.M. d. W., Ausloos, F., Awasthi, A., Badawi, A., Banach, M., Ramirez, D.F.B.,
Bhagavathula, A.S., Bhala, N., Bhattacharyya, K., Biondi, A., Bolla, S.R., Boloor, A., Borzi,
AM., Butt, Z.A., Alberto Camera, L.L.A., Campos-Nonato, I.R., Carvalho, F., Chu, D.T.,
Chung, S.C., Cortesi, P.A., Costa, V.M., Cowie, B.C., Daryani, A., de Courten, B., Demoz,
G.T., Desai, R., Dharmaratne, S.D., Djalalinia, S., Do, H.T., Dorostkar, F., Drake, T.M.,
Dubey, M., Duncan, B.B., Effiong, A., Eftekhari, A., Elsharkawy, A., Etemadi, A.,
Farahmand, M., Farzadfar, F., Fernandes, E., Filip, 1., Fischer, F., Gebremedhin, K.B.B.,
Geta, B., Gilani, S.A., Gill, P.S., Gutiérrez, R.A., Haile, M.T., Haj-Mirzaian, A., Hamid, S.S.,
Hasankhani, M., Hasanzadeh, A., Hashemian, M., Hassen, H.Y., Hay, S.I., Hayat, K.,
Heidari, B., Henok, A., Hoang, C.L., Hostiuc, M., Hostiuc, S., Hsieh, V.C.R., Igumbor, E.U.,
Ilesanmi, O.S., Irvani, S.S.N., Balalami, N.J., James, S.L., Jeemon, P., Jha, R.P., Jonas, J.B.,
Jozwiak, J.J., Kabir, A., Kasaeian, A., Kassaye, H.G., Kefale, A.T., Khalilov, R., Khan,
M.A., Khan, E.A., Khater, A., Kim, Y.J., Koyanagi, A., Vecchia, C. La, Lim, L.L., Lopez,
A.D., Lorkowski, S., Lotufo, P.A., Lozano, R., Magdy Abd El Razek, M., Mai, H.T., Manafi,
N., Manafi, A., Mansournia, M.A., Mantovani, L.G., Mazzaglia, G., Mehta, D., Mendoza,
W., Menezes, R.G., Mengesha, M.M., Meretoja, T.J., Mestrovic, T., Miazgowski, B., Miller,
T.R., Mirrakhimov, E.M., Mithra, P., Moazen, B., Moghadaszadeh, M., Mohammadian-

151



Hafshejani, A., Mohammed, S., Mokdad, A.H., Montero-Zamora, P.A., Moradi, G.,
Naimzada, M.D., Nayak, V., Negoi, 1., Nguyen, T.H., Ofori-Asenso, R., Oh, I.H., Olagunju,
T.O., Padubidri, J.R., Pakshir, K., Pana, A., Pathak, M., Pourshams, A., Rabiee, N., Radfar,
A., Rafiei, A., Ramezanzadeh, K., Rana, S.M.M., Rawaf, S., Rawaf, D.L., Reiner, R.C.,
Roever, L., Room, R., Roshandel, G., Safari, S., Samy, A.M., Sanabria, J., Sartorius, B.,
Schmidt, M.I., Senthilkumaran, S., Shaikh, M.A., Sharif, M., Sharifi, A., Shigematsu, M.,
Singh, J.A., Soheili, A., Suleria, H.A.R., Teklehaimanot, B.F., Tesfay, B.E., Vacante, M.,
Vahedian-Azimi, A., Valdez, P.R., Vasankari, T.J., Vu, G.T., Waheed, Y., Weldegwergs,
K.G., Werdecker, A., Westerman, R., Wondafrash, D.Z., Wondmieneh, A.B., Yeshitila, Y.G.,
Yonemoto, N., Yu, C., Zaidi, Z., Zarghi, A., Zelber-Sagi, S., Zewdie, K.A., Zhang, Z.J.,
Zhao, X.J., Naghavi, M. and Malekzadeh, R. (2020) ‘The global, regional, and national
burden of cirrhosis by cause in 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017°, The Lancet Gastroenterology and
Hepatology, 5(3), 245-266. https://doi.org/10.1016/S2468-1253(19)30349-8.

Seraphim, D.C.C., Punaro, G.R., Fernandes, T. de O., Ginoza, M., Lopes, G.S. and Higa,
E.M.S. (2017) ‘Assessment of fructose overload in the metabolic profile and
oxidative/nitrosative stress in the kidney of senescent female rats’, Experimental

Gerontology, 99, 53—60. https://doi.org/10.1016/j.exger.2017.09.011.

Serdar, C.C., Cihan, M., Yiicel, D. and Serdar, M.A. (2021) ‘Sample size, power and effect
size revisited: Simplified and practical approaches in pre-clinical, clinical and laboratory

studies’, Biochemia Medica, 31(1), 1-27. https://doi.org/10.11613/BM.2021.010502.

Shackelford, S. (2023) ‘Lifestyle Intervention in Primary Care Patients with Metabolic
Syndrome’, Journal of Clinical Lipidology, 17(4), €49.
https://doi.org/https://doi.org/10.1016/j.jacl.2023.05.073.

Shah, M., and Vella, A. (2016) ‘Understanding Diabetes Mellitus: Pathophysiology.’, in M.
Kurian, B.M. Wolfe, and S. Ikramuddin (eds) Metabolic Syndrome and Diabetes. Springer,
New York, NY, 1-264. https://doi.org/10.1007/978-1-4939-3220-7 3.

Shan, S., Zhao, X.-Y. and Jia, J.-D. (2022) ‘Hepatic manifestations of hematological
diseases’, Chinese Journal of Hepatology, 30(4), 347-351.
https://doi.org/10.3760/cma.j.cn501113-20220317-00117

152



Sharma, K., Kumar, V., Kaur, J., Tanwar, B., Goyal, A., Sharma, R., Gat, Y. and Kumar, A.
(2021) ‘Health effects, sources, utilization and safety of tannins: a critical review’, Toxin

Reviews, 40(4), 432-444. https://doi.org/10.1080/15569543.2019.1662813.

Sharma, S.P., Suk, K.T. and Kim, D.J. (2021) ‘Significance of gut microbiota in alcoholic
and non-alcoholic fatty liver diseases’, World Journal of Gastroenterology, 27(37), 6161—
6179. https://doi.org/10.3748/wjg.v27.137.6161

Shi, M., Han, S., Klier, K., Fobo, G., Montrone, C., Yu, S., Harada, M., Henning, A.K.,
Friedrich, N., Bahls, M., Do6rr, M., Nauck, M., Volzke, H., Homuth, G., Grabe, H.J., Prehn,
C., Adamski, J., Suhre, K., Rathmann, W., Ruepp, A., Hertel, J., Peters, A. and Wang-Sattler,
R. (2023) ‘Identification of candidate metabolite biomarkers for metabolic syndrome and its

five components in population-based human cohorts’, Cardiovascular Diabetology, 22(1),

141-157. https://doi.org/10.1186/s12933-023-01862-z.

Shim, Y.S., Lee, H.S. and Hwang, J.S. (2024) ‘Metabolic syndrome in children and
adolescents’, Journal of the Korean Medical Association, 67(5), 313-323.
https://doi.org/10.5124/jkma.2024.67.5.313.

Shukla, P., Palta, S., Gupta, A. and Sehgal, V.K. (2018) ‘Analysis of cost of medical therapy
in patients of metabolic syndrome: an observational study’, International Journal of Research

in Medical Sciences, 6(2), 443—447. https://doi.org/10.18203/2320-6012.1jrms20180006.

Siegel, M., Galloway, A., Ross, C.S., Binakonsky, J. and Jernigan, D.H. (2016) ‘Jello shot
consumption among underage youths in the United States’, Journal of Child & Adolescent

Substance Abuse, 25(3), 188—193. https://do1.0rg/10.1080/1067828X.2014.981773

Sinha, S.K. and Nicholas, S.B. (2023) ‘Pathomechanisms of diabetic kidney disease’, Journal
of Clinical Medicine, 12(23), 7349-7390. https://doi.org/10.3390/jcm12237349.

Skultecka, A., Nyberg, F., Lissner, L., Rosvall, M., Thelle, D.S., Olin, A.-C., Torén, K.,
Bjorck, L., Rosengren, A. and Mehlig, K. (2024) ‘Comparison of associations between
alcohol consumption and metabolic syndrome according to three definitions: The Swedish
INTERGENE study’, Metabolism Open, 23(1), 100292—100300.
https://doi.org/10.1016/j.metop.2024.100292.

153



Smith, A., Woodside, B. and Abizaid, A. (2022) ‘Ghrelin and the control of energy balance in
females’, Frontiers in Endocrinology, 13(1), 1-13.
https://doi.org/10.3389/fendo.2022.904754.

Song, Y., Luo, Yong, Yu, B., He, J., Zheng, P., Mao, X., Huang, Z., Luo, J., Luo, Yuheng,
Yan, H., Wang, Q., Wang, H., Chen, D. and Yu, J. (2021) ‘Tannic acid extracted from gallnut
prevents post-weaning diarrhea and improves intestinal health of weaned piglets’, Animal

Nutrition, 7(4), 1078—1086. https://doi.org/10.1016/j.aninu.2021.04.005.

Sonmez, M.F., Narin, F., Akkus, D. and Tiirkmen, A.B. (2012) ‘Melatonin and vitamin C
ameliorate alcohol-induced oxidative stress and eNOS expression in rat kidney’, Renal

Failure, 34(4), 480—486. https://doi.org/10.3109/0886022X.2011.649678.

Soyocak, A., Kurt, H., Cosan, D.T., Saydam, F., Calis, I.U., Kolac, U.K., Koroglu, Z.0.,
Degirmenci, 1., Mutlu, F.S. and Gunes, H. V. (2019) ‘Tannic acid exhibits anti-inflammatory

effects on formalin-induced paw edema model of inflammation in rats’, Human and

Experimental Toxicology, 38(11), 1296—1301. https://doi.org/10.1177/0960327119864154.

Steiger, S., Li, L., Bruchfeld, A., Stevens, K.I., Moran, S.M., Floege, J., Caravaca-Fontan, F.,
Mirioglu, S., Teng, O.Y.K., Frangou, E. and Kronbichler, A. (2024) ‘Sex dimorphism in

kidney health and disease: mechanistic insights and clinical implication’, Kidney

International, 107, 51-67. https://doi.org/10.1016/j.kint.2024.08.038.

Stern-Zimmer, M., Calderon-Margalit, R., Skorecki, K. and Vivante, A. (2021) Childhood
risk factors for adulthood chronic kidney disease’, Pediatric Nephrology, 36, 1387—-1396.
https://doi.org/10.1007/s00467-020-04611-6/Published.

Subramaniyan, V., Chakravarthi, S., Jegasothy, R., Seng, W.Y., Fuloria, N.K., Fuloria, S.,
Hazarika, I. and Das, A. (2021) ‘Alcohol-associated liver disease: A review on its
pathophysiology, diagnosis and drug therapy’, Toxicology Reports, 8(1), 376-385.
https://doi.org/10.1016/j.toxrep.2021.02.010.

Sultanova, R.F., Schibalski, R., Yankelevich, I.A., Stadler, K. and Ilatovskaya, D. V (2020)
‘Sex differences in renal mitochondrial function: a hormone-gous opportunity for research’,
American J Physiology (Renal Physiology), 319, pp. 1117-1124. Available at:
https://doi.org/10.1152/ajprenal.00320.2020.-Sex.

154



Sumadewi, K.T. (2023) ‘Embryology, anatomy and physiology of the liver: Review’, Indian
Journal of Clinical Anatomy and Physiology, 10(3), 138—144.
https://doi.org/10.18231/j.ijcap.2023.031.

Sun, F., Zhuang, Z., Zhang, D., Chen, Y., Liu, S., Gao, N., Shi, J. and Wang, B. (2018)
‘Chronic moderate alcohol consumption relieves high-fat high-cholesterol diet-induced liver
fibrosis in a rat model’, Clinical and Experimental Pharmacology and Physiology, 45(10),
1046-1055. https://doi.org/10.1111/1440-1681.12976.

Sun, P., Ming, X., Song, T., Chen, Y., Yang, X., Sun, Z., Zheng, X., Tong, L., Ma, Z. and
Wan, Z. (2024) ‘Global burden of chronic kidney disease in adolescents and young adults,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019°, Frontiers in
Endocrinology, 15. https://doi.org/10.3389/fendo.2024.1389342.

Surour, M.A., Ramadhan, S.J. and Khudair, K.K. (2022) ‘Effect of phosphatidylcholine on
dyslipidemia and atherogenic index in high fructose exposed rat’, Iraqi Journal of Veterinary

Medicine, 46(2), 20-28. https://doi.org/10.30539/ijvm.v46i2.1404.

Szychlinska, M., Gontarz-Nowak, K., Matuszewski, W., Myszka-Podgorska, K. and
Bandurska-Stankiewicz, E. (2020) ‘Diagnostic criteria for metabolic syndrome: A historical

overview.’, Polish Annals of Medicine, 27(2), 244. https://doi.org/10.29089/2020.20.00137

Szymanska, E., Ortowski, P., Winnicka, K., Tomaszewska, E., Baska, P., Celichowski, G.,
Grobemny, J., Basa, A. and Krzyzowska, M. (2018) ‘Multifunctional tannic acid/silver
nanoparticle-based mucoadhesive hydrogel for improved local treatment of HSV infection: In
vitro and in vivo studies’, International Journal of Molecular Sciences, 19(2), 387-409.

https://doi.org/10.3390/ijms19020387.

Tabatabaei-Malazy, O., Lavari, N. and Abdollahi, M. (2024) ‘Natural products in the clinical
management of metabolic syndrome’, Handbook of experimental pharmacology, 287, 123—

157.

Tamber, S.S., Bansal, P., Sharma, S., Singh, R.B. and Sharma, R. (2023) ‘Biomarkers of liver
diseases’, Molecular Biology Reports, 50(9), 7815—7823. https://doi.org/10.1007/s11033-
023-08666-0

155



Tannapfel, A., Denk, H., Dienes, H.P., Langner, C., Schirmacher, P., Trauner, M. and Flott-
Rahmel, B. (2011) ‘Histopathological diagnosis of non-alcoholic and alcoholic fatty liver
disease’, Virchows Archiv, 458(5), 511-523. https://doi.org/10.1007/s00428-011-1066-1.

Tanner, G.A. (2009) ‘Kidney function’, in Medical Physiology-Principles for Clinical
Medicine. 3rd edn. Philadelphia: Lippincott Willams and Wilkins, 391-418.

Taoto, C., Tangsrisakda, N., Thukhammee, W., Phetcharaburanin, J., lamsaard, S. and
Tanphaichitr, N. (2024) “Rats Orally Administered with Ethyl Alcohol for a Prolonged Time
Show Histopathology of the Epididymis and Seminal Vesicle Together with Changes in the
Luminal Metabolite Composition,” Biomedicines, 12(5).

https://doi.org/10.3390/biomedicines12051010.

Tsermpini, E.E., Plemenitas Iljes, A. and Dolzan, V. (2022) ‘Alcohol-induced oxidative
stress and the role of antioxidants in alcohol use disorder: A systematic review’, Antioxidants,

11(7), p. 1374. Available at: https://doi.org/10.3390/antiox11071374.

Thébaut, A., Debray, D. and Gonzales, E. (2018) An update on the physiopathology and
therapeutic management of cholestatic pruritus in children’, Clinics and Research in

Hepatology and Gastroenterology, 42(2), 103—-109.

Theisen, L.L., Erdelmeier, C.A.J., Spoden, G.A., Boukhallouk, F., Sausy, A., Florin, L. and
Muller, C.P. (2014) ‘Tannins from Hamamelis virginiana bark extract: Characterization and

improvement of the antiviral efficacy against influenza a virus and human papillomavirus’,

PLoS ONE, 9(1), e88062. https://doi.org/10.1371/journal.pone.0088062.

Thiele, M., Johansen, S., Gudmann, N.S., Madsen, B., Kjergaard, M., Nielsen, M.J.,
Leeming, D.J., Jacobsen, S., Bendtsen, F., Mgller, S., Detlefsen, S., Karsdal, M., Krag, A.,
Arumugam, M., Bork, P., Hansen, T., Anastasiadou, E., Hartoft, C., Israelsen, H., Legido-
Quigley, C., Melberg, H.O. and Trebicka, J. (2021) ‘Progressive alcohol-related liver fibrosis
is characterised by imbalanced collagen formation and degradation’, Alimentary

Pharmacology and Therapeutics, 54(8), 1070—-1080. https://doi.org/10.1111/apt.16567.

Thomas, E.L., Fitzpatrick, J.A., Malik, S.J., Taylor-Robinson, S.D. and Bell, J.D. (2013)
‘Whole body fat: content and distribution’, Progress in Nuclear Magnetic Resonance

Spectroscopy, 73, 56—80. https://doi.org/10.1016/j.pnmrs.2013.04.001

156



Tien, C., Remulla, D., Kwon, Y. and Emamaullee, J. (2021) ‘Contemporary strategies to
assess and manage liver donor steatosis: a review’, Current Opinion in Organ

Transplantation, 26(5), 474-481. https://doi.org/10.1097/MOT.0000000000000893

Tkachuk, E.A., Seminsky, I.Z., Kozlova, N.M., Malov, S.I., Astakhova, T.A., Abramova,
A.N., and Ubusheeva, R.G. (2024) ‘Prevalence, clinical manifestations and the role of genetic
factors in the development of metabolically associated fatty liver disease (literature review).’,

Baikal Medical Journal, 3(2), 11-24.

Tobar, A., Ori, Y., Benchetrit, S., Milo, G., Herman-Edelstein, M., Zingerman, B., Lev, N.,
Gafter, U. and Chagnac, A. (2013) ‘Proximal tubular hypertrophy and enlarged glomerular
and proximal tubular urinary space in obese subjects with proteinuria’, PLoS ONE, 8(9),

€75547. https://doi.org/10.1371/journal.pone.0075547.

Tomlinson, L. and Clase, CM. (2019) ‘Sex and the incidence and prevalence of kidney
disease’, Clinical Journal of American Society of Nephrology, 14(11).
https://doi.org/10.2215/CIN.11030919.

Tran, N., Pham, B. and Le, L. (2020) ‘Bioactive compounds in anti-diabetic plants: From
herbal medicine to modern drug discovery’, Biology, 9(9), 252-283.
https://doi.org/10.3390/biology9090252.

Tsai, H.J., Wu, P.Y., Huang, J.C. and Chen, S.C. (2021) ‘Environmental pollution and
chronic kidney disease’, International Journal of Medical Sciences, 18(5), 1121-1129.
https://doi.org/10.7150/ijms.51594.

Tunstall, B.J., Vendruscolo, L.F. and Allen—Worthington, K. (2020) ‘Chapter 26 - Rat
models of alcohol use disorder’, in M.A. Suckow, F.C. Hankenson, R.P. Wilson, and P.L.
Foley (eds) The Laboratory Rat. Third. Academic Press, 967-986.
https://doi.org/10.1016/B978-0-12-814338-4.00026-X.

Tiirkan, F., Taslimi, P. and Saltan, F.Z. (2019) ‘Tannic acid as a natural antioxidant
compound: Discovery of a potent metabolic enzyme inhibitor for a new therapeutic approach
in diabetes and Alzheimer’s disease’, Journal of Biochemical and Molecular Toxicology,

33(8), €22340. https://doi.org/10.1002/jbt.22340.

Ugur Calis, 1., Turgut Cosan, D., Saydam, F., Kerem Kolac, U., Soyocak, A., Kurt, H., Veysi
Gunes, H., Sahinturk, V., Sahin Mutlu, F., Ozdemir Koroglu, Z. and Degirmenci, 1. (2016)

157



‘The effects of monosodium glutamate and tannic acid on adult rats’, lranian Red Crescent

Medical Journal, 18(10), €37912. https://doi.org/10.5812/ircmj.37912.

Veit, M., van Asten, R., Olie, A. and Prinz, P. (2022) ‘The role of dietary sugars, overweight,
and obesity in type 2 diabetes mellitus: A narrative review’, European journal of clinical

nutrition, 76(11), 1497-1501. https://doi.org/10.1038/s41430-022-01114-5

de Veras, B.O., da Silva, M.V. and Cabral Ribeiro, P.P. (2021) ‘Tannic acid is a
gastroprotective that regulates inflammation and oxidative stress’, Food and Chemical

Toxicology, 156. https://doi.org/10.1016/j.fct.2021.112482.

Vernuccio, F., Cannella, R., Bartolotta, T.V., Galia, M., Tang, A. and Brancatelli, G. (2021)
‘Advances in liver US, CT, and MRI: moving toward the future’, European radiology
experimental, 5(1), 52. https://doi.org/10.1186/s41747-021-00250-0

van de Vyver, M. (2023) ‘Immunology of chronic low-grade inflammation: Relationship with
metabolic function’, Journal of Endocrinology, 257(1), €220271.
https://doi.org/10.1530/JOE-22-0271.

Wakabayashi, K.T., Greeman, E.A., Barrett, S.T. and Bevins, R.A. (2021) ‘The sugars in
alcohol cocktails matter’, American Chemical Society Chemical Neuroscience, 12(18), 3284—

3287. https://doi.org/10.1021/acschemneuro.1c00526.

Walker, M.K., Boberg, J.R., Walsh, M.T., Wolf, V., Trujillo, A., Duke, M.S., Palme, R. and
Felton, L.A. (2012) ‘A less stressful alternative to oral gavage for pharmacological and
toxicological studies in mice’, Toxicology and Applied Pharmacology, 260(1), 65—69.
https://doi.org/10.1016/j.taap.2012.01.025.

Walsh, M.J., Vanags, D.M., Clouston, A.D., Richardson, M.M., Purdie, D.M., Jonsson, J.R.
and Powell, E.E. (2004) ‘Steatosis and liver cell apoptosis in chronic hepatitis C: A
mechanism for increased liver injury’, Hepatology, 39(5), 1230—-1238.
https://doi.org/10.1002/hep.20179.

Walton, J., Bell, H., Re, R. and Nugent, A.P. (2023) ‘Current perspectives on global sugar
consumption: Definitions, recommendations, population intakes, challenges and future
direction’, Nutrition Research Reviews, 36(1), 1-22.

https://doi.org/10.1017/S095442242100024X.

158



Wang, H., Fu, L., Li, C., Zhang, X., Narcisse, K.E., Qi, H., Han, C., Wang, X., Ma, H., Zhu,
C. and Zheng, F. (2023) ‘Tannic acid exerts antifungal activity in vitro and in vivo against
Alternaria alternata causing postharvest rot on apple fruit’, Physiological and Molecular

Plant Pathology, 125, 102012. https://doi.org/10.1016/j.pm 2023.102012.

Wang, J., Qu, J.,, Liu, S., Xu, Q., Li, X., Zhu, Y., Liu, X., Y1i, J., Yuan, Z., Huang, P., Yin, Y.,
Wen, L. and Wu, J. (2023) ‘Tannic acid ameliorates systemic glucose and lipid metabolic

impairment induced by low-dose T-2 toxin exposure’, Journal of Agricultural and Food

Chemistry, 71(33), 12574—-12586. https://doi.org/10.1021/acs.jafc.3¢02934.

Wang, T.-Y., Wang, R.-F., Bu, Z.-Y., Targher, G., Byrne, C.D., Sun, D.-Q. and Zheng, M.-H.
(2022) “Association of metabolic dysfunction-associated fatty liver disease with kidney
disease’, Nature Reviews Nephrology, 18(4), 259-268. https://doi.org/10.1038/s41581-021-
00519-y.

Wang, W., Cao, J., Yang, J., Niu, X., Liu, X., Zhai, Y., Qiang, C., Niu, Y., Li, Z., Dong, N.,
Wen, B., Ouyang, Z., Zhang, Y., Li, J., Zhao, M. and Zhao, J. (2023) © Antimicrobial Activity
of Tannic Acid In Vitro and Its Protective Effect on Mice against Clostridioides difficile ’,

Microbiology Spectrum, 11(1). https://doi.org/10.1128/spectrum.02618-22.

Wang, X., Chowdhury, J.R. and Chowdhury, N.R. (2006) ‘Bilirubin metabolism: Applied
physiology’, Current Paediatrics, 16(1), 70—74. https://doi.org/10.1016/j.cupe.2005.10.002.

Wang, Y., Qi, W., Song, G., Pang, S., Peng, Z., Li, Y. and Wang, P. (2020) ‘High-fructose
diet increases inflammatory cytokines and alters gut microbiota composition in rats’,

Mediators of Inflammation, 2020(1), 6672636. https://do1.org/10.1155/2020/6672636.

Watrelot, A.A., Le Guernevé, C., Hallé, H., Meudec, E., Véran, F., Williams, P., Robillard,
B., Garcia, F., Poncet-Legrand, C. and Cheynier, V. (2020) ‘Multimethod approach for
extensive characterization of gallnut tannin extracts’, Journal of Agricultural and Food

Chemistry, 68(47), 13426—-13438. https://doi.org/10.1021/acs.jafc.9b08221.

Wei, Q., Feng, S., Zhang, Z., Liu, L. and Wu, L. (2022) ‘A high-protein retained PES
hemodialysis membrane with tannic acid as a multifunctional modifier’, Colloids and

Surfaces B: Biointerfaces, 220, 112921. https://doi.org/10.1016/j.colsurfb.2022.112921.

159



Welsh, J.A., Sharma, A.J., Grellinger, L. and Vos, M.B. (2011) ‘Consumption of added
sugars is decreasing in the United States’, American Journal of Clinical Nutrition, 94(3),

726-734. https://doi.org/10.3945/ajcn.111.018366.

Wentzel, A., Mabhida, S.E., Ndlovu, M., Mokoena, H., Esterhuizen, B., Sekgala, M.D.,
Dludla, P. V., Kengne, A.P. and Mchiza, Z.J. (2025) ‘Prevalence of metabolic syndrome in
children and adolescents with obesity: a systematic review and meta-analysis’, Obesity,

33(1), pp. 12-32. Available at: https://doi.org/10.1002/0by.24159.

WHO (2019) Global status report on alcohol and health. World Health Organization,
Geneva. https://public.ebookcentral.proquest.com/choice/publicfullrecord.aspx?p=5910091.

WHO (2021) World health statistics 2021: Monitoring health for the SDGs, sustainable

development goals. World Health Organization, Geneva.

WHO (2024) Global status report on alcohol and health and treatment of substance use

disorders. World Health Organization, Geneva.

Wilson, D.F. and Matschinsky, F.M. (2020) ‘Ethanol metabolism: The good, the bad, and the
ugly’, Medical Hypotheses, 140, 109638. https://doi.org/10.1016/j.mehy.2020.109638.

Wong, S.K., Chin, K.Y, Suhaimi, F.H., Fairus, A. and Ima-Nirwana, S. (2016) ‘Animal
models of metabolic syndrome: a review’, Nutrition and Metabolism, 13(1), 1-12.

https://doi.org/10.1186/512986-016-0123-9.

Wrottesley, S. V., Stacey, N., Mukoma, G., Hofman, K.J. and Norris, S.A. (2021) ‘Assessing
sugar-sweetened beverage intakes, added sugar intakes and BMI before and after the

implementation of a sugar-sweetened beverage tax in South Africa’, Public Health Nutrition,

24(10), pp. 2900-2910. Available at: https://do1.org/10.1017/S1368980020005078.

Wu, C., Yuen, J., Boyda, H.N., Procyshyn, R.M., Wang, C.K., Asiri, Y.I., Pang, C.C.Y.,
Honer, W.G. and Barr, A.M. (2014) ‘An evaluation of the effects of the novel antipsychotic
drug lurasidone on glucose tolerance and insulin resistance: A comparison with olanzapine’,

PLoS ONE, 9(9), €107116. https://doi.org/10.1371/journal.pone.0107116.

Wu, Y., Park, J., Jin, D., Lee, J., Le, Q.V. and Oh, Y K. (2023) ‘Tannic acid-based
nanomaterials for tolerogenic immunotherapy of rheumatoid arthritis’, Advanced Functional

Materials, 33(46), 2305563. https://doi.org/10.1002/adfm.202305563.

160



Xiao, J., Wang, F., Wong, N.K., He, J., Zhang, R., Sun, R., Xu, Y., Liu, Y., Li, W., Koike,
K., He, W., You, H., Miao, Y., Liu, X., Meng, M., Gao, B., Wang, H. and Li, C. (2019)
‘Global liver disease burdens and research trends: Analysis from a Chinese perspective’,

Journal of Hepatology, 71(1), 212-221. https://doi.org/10.1016/j.jhep.2019.03.004.

Xu, H., Zhang, X., Li, P., Luo, Y., Fu, J., Gong, L., Lv, Z. and Guo, Y. (2023) ‘Effects of
tannic acid supplementation on the intestinal health, immunity, and antioxidant function of
broilers challenged with necrotic enteritis’, Antioxidants, 12(7), p. 1476. Available at:
https://doi.org/10.3390/antiox12071476.

Yan, W., Shi, M., Dong, C., Liu, L. and Gao, C. (2020) ‘Applications of tannic acid in
membrane technologies: A review’, Advances in Colloid and Interface Science, 284, 102267.

https://doi.org/10.1016/j.cis.2020.102267.

Yannakoulia, M., Poulimeneas, D., Mamalaki, E. and Anastasiou, C.A. (2019) ‘Dietary
modifications for weight loss and weight loss maintenance’, Metabolism: Clinical and

Experimental, 92, 153—162. https://doi.org/10.1016/j.metabol.2019.01.001.

Yao, H.-T., Chang, Y.-W., Lan, S.-J. and Yeh, T.-K. (2008) ‘The inhibitory effect of tannic
acid on cytochrome P450 enzymes and NADPH-CYP reductase in rat and human liver

microsomes’, Food and Chemical Toxicology, 46(2), pp. 645—653. Available at:
https://doi.org/https://doi.org/10.1016/;.fct.2007.09.073.

Yao, L., Wang, M., Zhang, J., Luo, X., Yuan, C., Bai, R., Wang, T., Xi, Y., Li, C., Ke, D.,
Yamahara, J., L1, Y., Yi, Y., Wang, S. and Wang, J. (2023) ‘Oleanolic acid inhibits SCDI1
gene expression to ameliorate fructose-induced hepatosteatosis through SREBP1c-dependent
and -independent mechanisms’, Molecular Nutrition and Food Research, 67(12), 2200533.
https://doi.org/10.1002/mnfr.202200533.

Yeh, T.H., Tu, K.C., Wang, H.Y. and Chen, J.Y. (2024) ‘From acute to chronic: Unraveling
the pathophysiological mechanisms of the progression from acute kidney injury to acute
kidney disease to chronic kidney Disease’, International Journal of Molecular Sciences,

25(3), 1755-1777. https://doi.org/10.3390/ijms25031755.

Yeo, J., Lee, J., Yoon, S. and Kim, W.J. (2020) ‘Tannic acid-based nanogel as an efficient
anti-inflammatory agent’, Biomaterials Science, 8(4), 1148—1159.
https://doi.org/10.1039/c9bm01384a.

161



Yesilkent, E.N. and Ceylan, H. (2022) ‘Investigation of the multi-targeted protection
potential of tannic acid against doxorubicin-induced kidney damage in rats’, Chemico-

Biological Interactions, 365, 110111. https://doi.org/10.1016/j.cbi.2022.110111.

Yip, T.C.-F., Lyu, F., Lin, H., L1, G., Yuen, P.C., Wong, V.W.-S. and Wong, G.L.-H. (2023)
‘Non-invasive biomarkers for liver inflammation in non-alcoholic fatty liver disease: present
and future’, Clinical and Molecular Hepatology, 29(Suppl), S171-S183.
https://doi.org/10.3350/cmh.2022.0426.

Yip, W.W. and Burt, A.D. (2006) ‘Alcoholic liver disease’, Seminars in Diagnostic
Pathology, 23(3), 149-160. https://doi.org/10.1053/j.semdp.2006.11.002.

Yu, M., Fan, R. and Yang, S.-M. (2024) ‘Effect of tannic acid on adiponectin and gonads in
male Brandt’s voles (Lasiopodomys brandtii)’, General and Comparative Endocrinology,

357, 114592, https://doi.org/10.1016/j.ygcen.2024.114592.

Yu, M., Sun, X., Dai, X., Gu, C., Gu, M., Wang, A., Wei, W. and Yang, S. (2021) ‘Effects of
tannic acid on antioxidant activity and ovarian development in adolescent and adult female
Brandt’s voles’, Reproductive Sciences, 28, 2839-2846. https://doi.org/10.1007/s43032-021-
00578-3/Published.

Yu, W., Ma, Y., Shrivastava, S.K., Srivastava, R.K. and Shankar, S. (2022) ‘Chronic alcohol
exposure induces hepatocyte damage by inducing oxidative stress, SATB2 and stem cell-like

characteristics, and activating lipogenesis’, Journal of Cellular and Molecular Medicine,

26(7),2119-2131. https://doi.org/10.1111/jcmm.17235.

Yuan, H.C., Yu, Q.T., Bai, H., Xu, H.Z., Gu, P. and Chen, L.Y. (2021) ‘Alcohol intake and
the risk of chronic kidney disease: Results from a systematic review and dose-response meta-
analysis’, European Journal of Clinical Nutrition, 75(11), 1555-1567.
https://doi.org/10.1038/s41430-021-00873-x.

Zahmatkesh, E., Khoshdel Rad, N., Hossein-Khannazer, N., Mohamadnejad, M., Gramignoli,
R., Najimi, M., Malekzadeh, R., Hassan, M. and Vosough, M. (2023) ‘Cell and cell-
derivative-based therapy for liver diseases: current approaches and future promises’, Expert

Review of Gastroenterology & Hepatology, 17(3), 237-249.

162



Zeng, J., Fan, J. and Francque, S.M. (2024) ‘Therapeutic management of metabolic
dysfunction associated steatotic liver disease’, United European Gastroenterology Journal,

12(2), 177-186.

Zhan, Z., Chen, J., Zhou, H., Hong, X., Li, L., Qin, X., Fu, H. and Liu, Y. (2024) ‘Chronic
alcohol consumption aggravates acute kidney injury through integrin f1/JNK signaling’,

Redox Biology, 77, 103386. https://doi.org/10.1016/j.redox.2024.103386.

Zhang, J., Cui, L., Han, X., Zhang, Yuanyuan, Zhang, X., Chu, X., Zhang, F., Zhang, Ying
and Chu, L. (2017) ‘Protective effects of tannic acid on acute doxorubicin-induced
cardiotoxicity: Involvement of suppression in oxidative stress, inflammation, and apoptosis’,
Biomedicine and Pharmacotherapy, 93, 1253—-1260.
https://doi.org/10.1016/j.biopha.2017.07.051.

Zhang, Q., Wu, S., Chen, Q., Zhang, Y., Zhang, C., Yin, R., Ouyang, Z. and Wei, Y. (2024)
‘Reducing oxidative stress-mediated alcoholic liver injury by multiplexed RNAi of
Cyp2el, Cyp4al0, and Cyp4al4’, Biomedicines, 12(7), p. 1505. Available at:
https://doi.org/10.3390/biomedicines12071505.

Zhang, W., Zhong, W., Sun, Xiuhua, Sun, Q., Tan, X., Li, Q., Sun, Xinguo and Zhou, Z.
(2015) “Visceral white adipose tissue is susceptible to alcohol-induced lipodystrophy in rats:
Role of acetaldehyde’, Alcoholism: Clinical and Experimental Research, 39(3), 416—423.
https://doi.org/10.1111/acer.12646.

Zhang, X., Ha, S., Lau, H.C.-H. and Yu, J. (2023) ‘Excess body weight: Novel insights into
its roles in obesity comorbidities’, Seminars in Cancer Biology, 92, 16-27.

https://doi.org/10.1016/j.semcancer.2023.03.008.

Zhang, X. and Lerman, L.O. (2017) ‘The metabolic syndrome and chronic kidney disease’,
Translational Research. Mosby Inc., 14-25. https://doi.org/10.1016/j.trs1.2016.12.004.

Zhang, X., Li, X, Liu, L., Hong, F., Zhao, H., Chen, L., Zhang, Jun, Jiang, Y., Zhang,
Jiangping and Luo, P. (2021) ‘Dose-response association between sugar and artificially
sweetened beverage consumption and the risk of metabolic syndrome: A meta-analysis of
population-based epidemiological studies’, Public Health Nutrition, 24(12), 3892-3904.
https://doi.org/10.1017/S1368980020003614.

163



Zhang, X.F., Dai, Y.C., Zhong, W., Tan, M., Lv, Z.P., Zhou, Y.C. and Jiang, X. (2012)
‘Tannic acid inhibited norovirus binding to HBGA receptors, a study of 50 Chinese medicinal
herbs’, Bioorganic and Medicinal Chemistry, 20(4), 1616—1623.
https://doi.org/10.1016/7.bmc.2011.11.040.

Zhang, Zhanyi, Gao, S., Dong, M., Luo, J., Xu, C., Wen, W., Huang, Y., Wu, Y., Zhou, J.
and Yuan, Z. (2022) ‘Relationship between red blood cell indices (MCV, MCH, and MCHC)
and major adverse cardiovascular events in anemic and nonanemic patients with acute
coronary syndrome’, Disease Markers, 2022(1), 2193343.
https://doi.org/10.1155/2022/2193343

Zhang, Zezhen, Zhao, Y., Luo, X., Feng, S. and Wu, L. (2022) ‘Preparation of a heparin-like
functionalized tannic acid-coated polyethersulfone ultrafiltration membrane for hemodialysis
by a simple surface modification method’, Applied Surface Science, 572, 151440.
https://doi.org/10.1016/j.apsusc.2021.151440.

Zhao, W., Iyer, V., Flores, F.P., Donhowe, E. and Kong, F. (2013) ‘Microencapsulation of
tannic acid for oral administration to inhibit carbohydrate digestion in the gastrointestinal

tract’, Food and Function, 4(6), 899—905. https://doi.org/10.1039/c3f030374h.

Zhong, F., Zhou, X., Xu, J. and Gao, L. (2020) ‘Rodent models of nonalcoholic fatty liver
disease’, Digestion, 101(5), 522-535. https://doi.org/10.1159/000501851.

Zhong, R.Z., Sun, H.X., Liu, H.W. and Zhou, D.W. (2014) ‘Effects of tannic acid on
Haemonchus contortus larvae viability and immune responses of sheep white blood cells in

vitro’, Parasite Immunology, 36(2), 100-106. https://doi.org/10.1111/pim.12092.

Zhou, Y., Ye, X., Zhang, C., Wang, J., Guan, Z., Yan, J., Xu, L., Wang, K., Guan, D., Liang,
Q., Mao, J., Zhou, J., Zhang, Q., Wu, X., Wang, M., Cong, Y.S. and Liu, J. (2021) ‘Ufl1
deficiency causes kidney atrophy associated with disruption of endoplasmic reticulum
homeostasis’, Journal of Genetics and Genomics, 48(5), 403—410.
https://doi.org/10.1016/j.jgg.2021.04.006.

Zhu, C., Lei, M., Andargie, M., Zeng, J. and Li, J. (2019) ‘Antifungal activity and mechanism
of action of tannic acid against Penicillium digitatum’, Physiological and Molecular Plant

Pathology, 107, 46-50. https://doi.org/10.1016/j.pm 2019.04.009.

164



Ziki, M.D.A. and Mani, A. (2016) ‘Metabolic syndrome: Genetic insights into disease
pathogenesis’, Current Opinion in Lipidology, 27(2), 162—171.
https://doi.org/10.1097/MOL.0000000000000276.

Zong, J., Sun, Y., Zhang, Y., Yuan, J., Wang, X., Zhang, R., Zhao, Xiaoqin, Zhao, Xuying
and Gu, Y. (2020) ‘Correlation between serum uric acid level and central body fat

distribution in patients with type 2 diabetes’, Diabetes, Metabolic Syndrome and Obesity, 13,
2521-2531. https://doi.org/10.2147/DMS0O.S260891.

Zong, X., Kelishadi, R., Kim, H.S., Schwandt, P., Matsha, T.E., Mill, J.G., Caserta, C.A.,
Medeiros, C.C.M., Kollias, A., Whincup, P.H., Pacifico, L., Lépez-Bermejo, A., Zhao, M.,
Zheng, M. and Xi, B. (2024) ‘A proposed simplified definition of metabolic syndrome in
children and adolescents: a global perspective’, BioMed Central Medicine, 22(1), 190—-198.
https://doi.org/10.1186/s12916-024-03406-y.

Zvintzou, E., Xepapadaki, E., Skroubis, G., Mparnia, V., Giannatou, K., Benabdellah, K. and
Kypreos, K.E. (2023) ‘High-density lipoprotein in metabolic disorders and beyond: An
exciting new world full of challenges and opportunities’, Pharmaceuticals, 16(6), 855-874.
https://doi.org/10.3390/ph16060855.

165



APPENDICES

Appendix I: Plagiarism Declaration

/’b

UNIVERSITY OF THE l FACULTY OF
WITWATERSRAND, \&7 P_ﬂ““‘ IEALTH SCIENCES
JOHANNESBURG -

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE
STUDENTS

SENATE PLAGIARISM POLICY: APPENDIX ONE

I Olanipekun Toluwase Eniola (Student number: 2111582) am a student, registered for the

degree of PhD in the academic year 2021.
I hereby declare the following:

I am aware that plagiarism (the use of someone else’s work without their permission and/or

without acknowledging the original source) is wrong.

I confirm that the work submitted for assessment for the above degree is my own unaided

work except where I have explicitly indicated otherwise.
I have followed the required conventions in referencing the thoughts and ideas of others.

I understand that the University of the Witwatersrand may take disciplinary action against me
if there is a belief that this is not my own unaided work or that I have failed to acknowledge

the source of the ideas or words in my writing.

I have included as an appendix a report from “Turnitin” (or other approved plagiarism

detection) software indicating the level of plagiarism in my research document.

Signature: @ags:&m Date: 25/08/2025

166



Appendix II: Animal Ethics Clearance Certificate

UNIVERSITY OF THE é
WITWATERSRAND,
ANIMALS RESEARCH ETHICS COMMITTEE (AREC) JOHANNESBURG A4
STRICTLY CONFIDENTIAL
CLEARANCE CERTIFICATE NUMBER: 2022/11/06/C
APPLICANT: Mrs T Olanipekun

School: School of Physiology; Department: Location: WRAF

PROJECT TITLE: Tannic acid as a dietary supplement for protection against metabolic

disorders caused by sweetened alcohol Intake in Sprague Dawley Rats

Category: C; Species and Numbers involved: 32X, 42-day old, Female, Sprague-Dawley Rats
and 32X, 42-day old, Male Sprague-Dawley Rats

Approval is hereby given for the use of animals for the research project named above and
described in the application reviewed by a quorate meeting of the AREC held on 29 Nov
2022. This approval remains valid until 26 Jan 2025 and is conditional to the following (if

blank there are no special conditions):

Condition 1 Condition 2 Condition 3 Condition 4

All material changes to the approved research must be reported to the AREC before they are

implemented. Failure to do so will invalidate this clearance certificate.
An annual progress report must be provided to the AREC.

The use of these animals is subject to AREC guidelines on the use and care of laboratory
animals, is limited to the procedures described in the application and is subject to additional

conditions listed below:

167



I, the Chair of the AREC (or my designated representative) am satisfied that the proposed

research is ethical as judged by local law, international standards and University policy.

Signed: P ' Date:  30/01/2023
(Chairperson of the AREC)

I am satisfied that the persons listed in this application are competent to perform the
procedures described in the application, in the context of Section 23 (1) (¢) of the veterinary

and Para-veterinary Professions Act (19 of 1982).

Wt

Signed: Date: 30 January 2023

Director Wits Research Animal Facility (WRAF): Dr Kim Jardine (Registered Veterinarian)

CC: Student supervisor: «Titlel» «Initials1» «Supervisor surname» Director Wits Research

Animal Facility (WRAF): Dr Kim Jardine

168
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JOHANNESBURG
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(NHREC) of the National Dept. of Health, reg. no. AREC -101210-002

APPLICATION FOR ADAPTATIONS OR MODIFICATIONS AND EXTENSIONS TO
EXPERIMENTS

Principal Investigator (PT) Name: Toluwase Olanipekun
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Experiment to be modified / extended AREC NO: 2022/11/06/C

Original AREC Clearance Certificate Number 2022 11 06/ C
Clearance Certificate Expiry date 26 January 2025

Number of previous AM&Es None

Project Title: Tannic acid as a dietary supplement for protection against metabolic disorders
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f. Number and species of animals originally approved 64 R
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Number of additional animals previously approved on N
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¢ AM&Es
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Number of animals used and currently involved in the ” Sprague Dawley
study to date Rats

j- Specific details of Adaptations/Modification/ Extension:

Change in Fructose concentration from 10% (w/v) to 20% (w/v) fructose
Inclusion of Co-worker

Collection of brain and oral epithelium from rats.

k. Motivation for Adaptations/Modification/ Extension:

We would like to increase the fructose concentration from 10% to 20% in the gelatine offered
to the rats. This is to ensure that we accomplish metabolic outcomes. Previous studies have

shown that

20% (w/v) fructose-induced all the components of metabolic syndrome (Dupas et al., 2017;

Ibraheem et al., 2014). Thus, we can fully investigate the protective potential of tannic acid.

The change in fructose concentration will affect 32 animals, 16 rats in Group 3 (Sweetened
Alcohol group) and 16 rats in Group 4 (Sweetened Alcohol with Tannic Acid group). These
animals have been receiving 10% fructose in gelatine to date (the first 5 weeks of the study).
The proposed administration of the 20% fructose in gelatine is for the last four weeks of the
study, as the total duration of administration is 10 weeks. Therefore, they will be on 10%
fructose for 6 weeks and 20% for 4 weeks. The 10-week duration overall, remains unchanged

from the previously approved duration.

Dr Olatunbosun Olaleye (Phone 011 717 2214), a lecturer in the School of Oral Health
Sciences (Wits) would like to collaborate with us and use tissues from the head region of the

rats when terminated.
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We would like to carry out a histological assessment of oral mucosa histologically by
investigating/ observing and reporting the differences in histological appearance induced by
the intake of sweetened alcohol. Furthermore, since alcohol can affect brain structure and
function, we would like to observe the regions of the brain that are usually affected by
alcohol exposure. The regions to be targeted are the hippocampus, cerebral cortex, brain
stem, and pituitary. With basic histological staining such as Nissl body and gold staining for
astrocytes (Malungo et al., 2022).

Use of the tissues will result in a reduction of animals as the study does not need to be
repeated specifically to study the impact of sweetened alcohol and tannic acid on cephalic

structures.

All previously approved interventions for the study remain unchanged.
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catecholaminergic, serotonergic, and orexinergic neuronal populations in the brain of the

lesser hedgehog tenrec (Echinops telfairi). Anat. Rec. 844—878.
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RECOMMENDATIONS:

Approval for the modification to increase the fructose concentration to 20% in the gelatin

cubes for rats in groups 3 and 4, (total n=32) as detailed above.

Approval for the collection of additional tissues (Brain and oral epithelium) upon termination

of animals.
Approval for the addition of co-worker, Dr O. Olaleye, to the study.

7
.

Date:11 May 2023  Signature:

Deputy Chairperson, AREC
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ETHICS COMMITTEE registered as Animal Research Ethics Committee (AREC) with the
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EXPERIMENTS

Principal Investigator (PT) Name: Toluwase Olanipekun
School / Department: School of Physiology

Email Address: 2111582@students.wits.ac.za

Experiment to be modified / extended AREC NO: 2022/11/06/C

Original AREC Clearance Certificate Number 2022 11 06/ C
Clearance Certificate Expiry date 26 January 2025

Number of previous AM&Es 1

Project Title: Tannic acid as a dietary supplement for protection against metabolic disorders

caused by sweetened alcohol Intake in Sprague Dawley Rats

No.  Species

Sprague Dawley

f. Number and species of animals originally approved 64 "
ats

Number of additional animals previously approved on N
. one
s AM&Es
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Number of animals used and currently involved in the ” Sprague Dawley
study to date Rats

Specific details of Adaptations/Modification/ Extension:

Inclusion of Co-worker.

Motivation for Adaptations/Modification/ Extension:

We would like to include Dr Ashmeetha Manilall (Phone 011 717 2456, email:
Ashmeetha.Manilall@wits.ac.za) a Researcher in the School of Physiology (Wits) as a co-
worker on the study. She will provide technical and intellectual input into the molecular

studies on the liver samples we collected from the rats.

@q&gﬁm
Date: 15 September 2023 PI Signature:
RECOMMENDATIONS:

Approval for the addition of Dr Manilall as co-worker to the study.

Date: 18 September 2023 Signature: Deputy Chairperson, AREC
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APPLICATION FOR ADAPTATIONS OR MODIFICATIONS AND EXTENSIONS TO EXPERIMENTS

a. Principal Investigator (PI) Name: OLANIPEKUN TOLUWASE

b. School / Department: School of Physiology

c. Email Address: 2111582@students.wits.ac.za
Original AREC Clearance Certificate Number 2022 11 06/ C
Clearance Certificate Expiry date 26 January 2025
Number of previous AM&Es Two

d. Experiment to be modified / extended AREC NO: 2022/11/06/C

e. Project Title: Tannic acid as a dietary supplement for protection against metabolic

disorders caused by sweetened alcohol Intake in Sprague Dawley Rats

No. Species
. . . Sprague Dawley
f.  Number and species of animals originally approved 64 Rats
Number of additional animals previously approved on Non

& AM&Es one
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study to date

j Specific details of Adaptations/Modification/ Extension:

Extension of ethics clearance certificate expiry date
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k. Motivation for Adaptations/Modification/ Extension:
The laboratory analysis for the study is ongoing and will extend beyond the clearance

certificate expiry date.

Date: 06 November 2024

PI Signature:

@q@(m
RECOMMENDATIONS:

Approve the extension of the study to 26 January 2027.

Date: 08 November 2024 Signature: Chairperson, AREC
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Appendix VI: Post-mortem result

. . i

Central Animal REPORTS # R-VR.NROO1 UKIVERSITY OF THE 24

) VETERINARY RECORD: NECROPSY REPORT WITWATERSRAND, 50
SE'nl'ffE JOHARNMES B

POST MORTEM EXAMINATION: (to be completed by Veterinarian):
PLNAME, T- Olanipekun BBECE; 2022/11/06/C DAIE: 02/06/2023

Animal ID and Gender:

#24, male

BODY CONDITION: fair

BODY MASS: not available
PM FINDINGS & SAMPLES TAKEN:

skin: alopecia, ulceration and crusting of dermis on right cervical area , moderately cyanotic

Muscle: nothing abnormal detected

smiall intestine: Severely congested mesenteric blood vessels, diffuse inflammation of small intestine

Large intestine: severaly congested colonic blood vessels, diffuse inflammation of large intestine

stomach: small amount of ingesta present

Liver: severely congested and enlarged

Spleen: moderately congested

Pancreas: nothing abnormal detected

Kidneys: nothing abnormal detected

Reproductive organs: nothing abnormal detected

Lungs: severe diffuse atelectasis and congestion

Heart: Severely congested coronary blood vessels, mild concentric hypertrophy of heart

Trachea: nothing abnormal detected

Brain: Mot examinad

other comments: Showed stereotypical scratching behaviour a few weeks ago that resulted in the formation of an
area of moist ulcerative dermatitis on the right neck area. It responded well to treatment but the pruritis flared up
again towards the end of the week despite topical and systemic cortisone treatment. it also suddenly lost 10% of its
body weight and it was therefore terminated for humane reasons.

Click or tap here to enter text.
SAMPLE PROCESSING: REPORT ID: Euthanised due to weight loss and sterectypical behaviour (underying
compromised cardiovascular system)

REPORT PREFARED BY-
Dr AP van der Merwe yﬂ' DATE: 05 June 2023
DG T
Dp== 1d EO N O X

Developed by: M Costello Chedked by: Add Mame Click or Tap to enter a date Version # Choose an item AREC Approsal:Click or

I-’agq:l
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Cisstrad Ankival REPORTS #: R-VR.NROO1 UNRRAITY 08 Tih O

3 VETERINARY RECORD: NECROPSY REPORT WITWATERSRAND &
Service JOHANNESBURG
* DG - Disease Genetic Precispozition
# DF — Disease Fathogenic Cause

Developed by M Costelio Ohecked by: ASE Nume Click or tzp to enter 2 cate Viersion B Choose an e AREC Aperoval Click of

Lap 10 enter & dete

Page 2
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Appendix VII: Summary of results

F = Female, M = Male, 1 = increase, 1 = decrease, - = no difference, \= difference, NA= not applicable

TG/HDL-C ratio

PG TA SAC SAC+TA | Sex effect (F vs M) | Treatment effect | Interaction effect

Feed intake F 1 1 | l NA NA NA

M 1 1 ! !
Body mass F - - - - ! - -
Visceral fat F - - - - 1 N ~
Epididymal fat M - - - - NA NA NA
Haemoglobin F - - - - - - -
Haematocrit F - - - - - - -
MCHC F - - - - - - -
Glucose F - 1 - ! 0 - -
Insulin F - - - - - - -
HOMA-IR F - - - - - - -
TG F - - - - - - -
HDL-C F - - - - - - -

M || : 1 1

F - - -

M
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Liver results

PG TA SAC SAC+TA | Sex effect (F vs M) | Treatment effect | Interaction effect

Liver mass (absolute) F - - - - ! - -
Hepatosomatic index F - - - - 1 - -
Liver TBARS F ! 1 1 - 1 - N

M 1 ! -
CYP2E1 F - - - - - - -
SREBP-1 F - - - - - - -
IL-10 F - - - - - - -
NF-kB1 F - - - - - - -
TNF-a F - - - - - - -
Liver cell density F 1 ! ! l 1 N \

M 1 1 - !
Micro-steatosis F - - - - 0 - \

M ! - 1 T
Macro-steatosis F - - - - 1 - -
Collagen distribution F - - - - - - \

M | 1 L L :

Kidney Results
PG TA SAC SAC+TA | Sex effect (F vs M) | Treatment effect | Interaction effect

Kidney mass F - - - . ! - -
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Kidney index F - - - - _

KIM-1 F - - - - _

NGAL F - - - - _

TBARS F - - - -

Urinary space F 1 1 1 - N
M | 1 1 L 1

Bowman’s capsule F l 1 - - N

Glomeruli area F l 1 - 0 N
M 1 ! 1 i

Collagen distribution F l | i 1 N
M ! 1 1 1
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