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ABSTRACT 

 

Combination antiretroviral therapy (cART) has been utilized for decades as main therapy against 

Human Immunodeficiency Virus (HIV) progression and transmission and recently for 

prevention. The research and usage of cART highlighted its effectiveness against HIV, albeit 

documented unintended effects such as diabetes induction. Further, diabetes affects millions of 

adults globally and is characterized by high blood glucose levels caused by lifestyle factors such 

as sedentary behaviour and excessive alcohol intake. Moreover, alcohol consumption is a major 

contributor of global burden of disease and death. Diabetes, cART, and alcohol are reported to 

independently impact the respiratory system and its functionality. However, their combined 

impact is lacking in literature, especially in HIV-negative individuals on preventative cART 

regime. This study aimed to fill this knowledge gap by investigating the histomorphological and 

biochemical effects of cART and alcohol treatment in HIV-naïve diabetic rat lungs. 

Forty adult Sprague Dawley (SD) male rats were divided into eight groups of five rats each and 

treated accordingly for 90 days. The groups included untreated negative control (NC), cART-

treated (CA), alcohol-treated (AL), cART and alcohol-treated (CAAL), diabetic (DB), diabetic 

and cART-treated (CADB), diabetic and alcohol-treated (DBAL), and diabetic, cART and 

alcohol-treated (CAALDB) groups. Blood samples were analyzed for glucose levels and 

oxidative stress changes using enzyme-linked immunosorbent assay (ELISA) for glutathione 

peroxidase-1(GPx1) and thiobarbituric acid (TBA) analysis for malondialdehyde (MDA). Lung 

histomorphological analysis focused on tracheal, bronchiole, vascular, and parenchymal changes 

using hematoxylin and eosin (H&E), Gordon & Sweet, modified Pentachrome, and Verhoeff van 

Gieson stains. Additionally, pulmonary inflammation was investigated through C-reactive 

protein (CRP) expression using immunohistochemistry (IHC). 

In this study, cART and alcohol co-administration attenuated oxidative stress, tunica media 

thickness, reticular fibre hyperplasia in the respiratory bronchiole and parenchyma, and induced 

minimal CRP inflammation in bronchial vasculature. The cART-diabetes interaction resulted in 

lung surface area reduction, tracheal and bronchial atrophy, and oxidative stress exacerbation. 

Further, this morbidity induced parenchymal replacement fibrosis (elevated collagen, reduced 

elastic and reticular fibres) and CRP inflammation (endothelium, muscularis mucosa, and 

vascular smooth muscle). Alcohol and diabetes interaction exacerbated weight loss, tracheal and 

bronchial atrophy, and CRP inflammation (bronchial vein and parenchyma). 

In diabetes, alcohol and cART exacerbated oxidative stress (reduced GPx1 and elevated MDA 
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levels), while CRP inflammation was observed in the bronchial epithelium and smooth muscle, 

vasculature, alveoli and alveolar macrophages. Histomorphologically, the triple-morbidity 

induced tracheal, bronchial artery, and vein atrophy. Such combined impact suggests detrimental 

capacity against the respiratory system and, consequently, may compromise the functionality. As 

such, this study calls for persistent pulmonary health monitoring in diabetic individuals on cART 

regime who regularly consume alcohol.
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CHAPTER ONE: Introduction 

 

1.1. Introduction 

The use of various combinations of antiretroviral therapies (cART) to manage Human 

immunodeficiency virus (HIV) has significantly reduced the transmission and progression rate of 

the virus while improving life quality and expectancy of infected individuals (Otieno et al., 2019). 

Recently, the World Health Organization (WHO) estimated more than 39.9 million HIV-

infected individuals globally, of which roughly 80% are on cART (WHO, 2024: HIV). In addition 

to managing HIV transmission and progression, cART is also used as both pre- and post-exposure 

preventative measure for individuals with high probability of HIV exposure and infection (Baeten 

et al., 2012). 

While cART unburdens some of the HIV-related complications in infected individuals (Vaillant 

and Naik 2023), pulmonary complications, including inflammatory and fibrotic illnesses, persist 

(Fitzpatrick et al., 2018). In HIV patients, cART is associated with recurring respiratory health 

complications in conjunction with elevated baseline CRP (Sereti et al., 2017). Other studies also 

showed cART's capacity to induce oxidative stress through downregulation of superoxide 

dismutase (SOD) and GPx1 (Sharma, 2014). Pulmonary effects of cART include alveolar tears, 

which impair gaseous exchange and incidences of emphysema in HIV patients (Twigg III and 

Knox, 2013). Moreover, cART use has been associated with metabolic dysfunction and, 

consequently, diabetes induction in HIV-positive individuals (Gebrie et al., 2020). However, 

combined pulmonary effects of cART and diabetes are lacking, especially in HIV-negative 

individuals who may receive routine cART treatment as both pre- and post-exposure preventative 

prophylaxis. 

Similarly, diabetes affects more than 800 million adults worldwide, with the majority originating 

from developing countries and comprised of Type 1 diabetes mellitus (T1DM) induced by faulty 

insulin secretion and Type 2 diabetes mellitus (T2DM) due to insulin resistance (Zheng et al., 

2018). Further, T2DM is diagnosed in 9 out of 10 diabetes cases, perpetuated by factors such as 

sedentary habits, poor diet, chronic alcohol abuse, and cART treatment (Lazic et al., 2025; Bailin 

et al., 2020; Sapra and Bhandari, 2023). Moreover, diabetes has been associated with lung 

complications such as microvascular damage, vascular inflammation, and pulmonary fibrosis 

through hyperglycaemic influence and pro-inflammatory pathways (Khateeb et al., 2019). 

Chronic inflammation is reported as one of the main causes of T2DM pathogenesis, as evidenced 

https://www.who.int/data/gho/data/themes/hiv-aids
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by systemic CRP overexpression (Stanimirovic et al., 2022). Other studies have shown T2DM 

capacity to induce pulmonary oxidative stress through lipid peroxidation and lung parenchymal 

SOD downregulation (Forgiarini et al., 2009; Hamden et al., 2009). Further, diabetes-induced 

redox imbalance is suggested to induce pulmonary fibrosis (Talakatta et al., 2018). 

On the other hand, the prevalence of alcohol consumption globally is at its highest in history, 

especially in South African rural regions, where more than half of HIV patients are reported to 

consume alcohol (Mpinganjira et al., 2023). Further, alcohol use is estimated to contribute to 10% 

of the yearly death rate in South Africa, with 60% of the mortality emerging from underprivileged 

households (Probst et al., 2018). Pulmonary alcohol toxicity includes oxidative stress leading to 

MDA upregulation and subsequent bronchial pro-inflammatory response, potentially harmful to 

the respiratory epithelium (Wyatt et al., 2012; Kaphalia and Calhoun, 2013). Moreover, alcohol-

induced pulmonary redox imbalance is reported to downregulate alveolar macrophages, possibly 

impairing immune response and surveillance (Joshi et al., 2005). Additionally, moderate alcohol 

consumption is linked with lower CRP baseline in the adult population, highlighting alcohol's 

potential deleterious effect on the immune response (Stewart et al., 2002). Present studies report 

that cART, diabetes, and alcohol independently affect pulmonary histomorphology and function 

through oxidative stress, fibrosis, and inflammatory perturbations (Knoop et al., 2018; Kaphalia 

et al., 2024). As such, it was hypothesized that combining cART, diabetes, and alcohol would 

collectively induce an adverse effect on lung histomorphology in an HIV-naive context. 

To investigate, we examined oxidative stress through GPx1 and MDA using ELISA and TBA 

analysis, respectively. Further, H&E stain was used to assess tracheal, bronchiole, and bronchial 

vasculature layers and histomorphology, whereas Modified Pentachrome, Gordon & Sweet and 

Verhoeff van Gieson stains were used to assess pulmonary collagen, reticular and elastic fibre 

configuration, respectively. Pulmonary inflammation was examined through CRP expression in 

the bronchiole, and pulmonary vasculature, and parenchyma using immunohistochemistry 

technique (IHC). Thus, this study will provide histopathological insight on the pulmonary 

condition in diabetic individuals on cART who frequently consume alcohol and will enable 

careful management of underlying conditions that may arise when prescribing cART drugs. 
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1.2. Rationale. 

 

Diabetes, alcohol use, and cART regimen (as HIV treatment and prevention) are extremely 

prevalent in society, especially in low socioeconomic settings with all three factors occurring in 

one individual. However, the present literature only reports independent effects of diabetes, 

cART, and alcoholism on the respiratory system. Therefore, a comparative histopathological 

study of the combinatorial effects of this multiple morbidity is invaluable in bridging the gap in 

literature and consequently in the management of respiratory health of diabetic individuals on 

cART who drink alcohol regularly. 

1.3. Aim, Hypothesis and Objectives. 

 

1.3.1. Aim. 

 

To investigate the adverse effects of combined alcohol and cART on lung histopathology and 

relative functionality in adult male diabetic Sprague Dawley rats. 

1.3.2. Hypothesis. 

H0: Alcohol and cART (Atripla®) will have no significant effects on lung histopathology in a 

HIV-naive diabetic condition. 

H1: It is hypothesized that alcohol and cART (Atripla®) will exert detrimental effects on the 

lung histopathology in a HIV-naive diabetic condition. 

1.3.3. Objectives. 

 

To determine the effects of alcohol and cART therapy, diabetes, and their combinations on male 

Sprague Dawley (SD) rats by evaluating: 

1. The surface area analysis of the right lung (superior, middle, accessory, and inferior lobes) 

using stereoscopic imaging and ImageJ software. 

2. Oxidative stress analysis of serum MDA and GPx using TBA analysis and ELISA to profile 

lipid peroxidation and antioxidant activity, respectively. 

3. Histomorphological analysis of the following using H&E, modified Pentachrome, Verhoeff’s 

Van Gieson and Gordon & Sweet stains, and ImageJ software. 

a) Epithelial height, cartilage width and lacunae area of the trachea. 
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b) Epithelial height, muscularis mucosa width and mucosal reticular fibres of the 

bronchiole. 

c) Bronchial vein wall, tunica media and adventitia width, collagen, and elastic fibres 

profiles of the bronchial vein. 

d) Bronchial artery wall and tunica media thickness of the bronchial artery. 

 

4. Pulmonary fibrosis analysis by quantifying collagen, elastic, and reticular fibers in the lung 

parenchyma using modified Pentachrome, Verhoeff’s Van Gieson and Gordon & Sweet stains, 

and ImageJ software. 

5. Assessing pulmonary inflammatory state using IHC to profile CRP expression in pulmonary 

venules, bronchial epithelium, and type II pneumocytes, respectively. 
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CHAPTER TWO: Literature Review. 

 

2.1. Brief Background on Antiretroviral Therapy as HIV/AIDS regimen. 

 

The Human Acquired Immune Deficiency Syndrome (AIDS), caused by HIV types 1 and 2 

lentiviruses, was identified and documented as a deadly new infectious disease in 1981 

(Caterino-de-Araujo et al., 2022). After numerous deaths of same-sex (homosexual) men caused 

by uncommon malignant conditions and opportunistic infections, AIDS was coined Gay-Related 

Immune Deficiency (GRID) believed to affect only gay men (Greene, 2007). Further, the disease 

is believed to originate in monkeys and apes from Central and West Africa regions, in 1982, and 

it was then renamed AIDS (Melhuish & Lewthwaite, 2022; Canadian Foundation for AIDS 

Research, 2017: History of HIV/AIDS | CANFAR; Be in the KNOW, 2023: Origin of HIV and 

AIDS).  

Right from the inception of the pandemic, AIDS has been a subject of extreme research relative 

to its unexpected development, spread and rare pathogenicity. Today, HIV/AIDS is reported as 

a sexually transmitted disease which also spreads by percutaneous and perinatal routes (Bogers 

et al., 2021). In 1987, the Anti-retroviral drug (AZT) discovery and approval for use by the US 

Food and Drug Administration led to a significant decrease in the fatality associated with the 

HIV/AIDS pandemic. Later followed the development of a combination drug therapy (3TC) in 

1996, which led to a drastic reduction of about 60 to 80% in AIDS-related deaths and 

hospitalization, however, the drug was unaffordable to the majority of infected individuals 

(Canadian Foundation for AIDS Research, 2017: History of HIV/AIDS | CANFAR; Melhuish & 

Lewthwaite, 2022) 

The WHO experts (WHO, 2024) showed that HIV infection is still a major global public health 

issue, causing more than 41 million deaths to date, with spread persisting, especially in 

developing countries. By the end of 2023, about 40 million people were living with HIV while 

65% was accounted for by the WHO African Region residents. During that year (2023), estimated 

new HIV infections was approximated 1.3 million and HIV-related death toll stood at about 630 

000 lives. Additionally, HIV/AIDS has no cure, but improved risk reduction with therapy. 

Detection and therapy allow for a sustainable chronic illness, providing infected individuals with 

better quality of life. Further, HIV/AIDS has huge national and global disease burden, therefore, 

the target 3.3 strategy of the Sustainable Development Goals (SDGs) by WHO, UNAIDS and 

Global Fund was established to end the AIDS epidemic by 2030. As such, the success of national 

and international HIV/AIDS treatment programs enabled 86% of infected individuals to know 

https://canfar.com/awareness/about-hiv-aids/history-of-hiv-aids/%3B
https://www.beintheknow.org/understanding-hiv-epidemic/context/origin-hiv-and-aids
https://www.beintheknow.org/understanding-hiv-epidemic/context/origin-hiv-and-aids
https://canfar.com/awareness/about-hiv-aids/history-of-hiv-aids/
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their status in 2023, with 77% receiving antiretroviral therapy and 72% achieving viral 

suppression. 

2.1.1. Complexity of Lifestyle and HIV/AIDS. 

 

Lifestyle factors like alcohol abuse, poor diet, lack of exercise, drug use, and stress are believed to 

significantly worsen HIV/AIDS progression and complications (Baum et al., 2022). Alcohol 

abuse and cART may independently contribute to diabetes and obesity in HIV patients (Bailin et 

al., 2020). Alcohol abuse among HIV-positive individuals with diabetes heightens the risk of 

health complications due to potential toxicity from alcohol-cART interactions (Kumar et al., 

2012). This study investigates this complex scenario of alcohol abuse in conjunction with cART 

in diabetes, focusing on their combined effects on respiratory histomorphology, morphometry, 

biochemical and histochemical outcomes. 

2.1.2. Combination Antiretroviral Drugs. 

 

Combination antiretroviral therapy (cART) is an antiretroviral drug typically involving three 

drug variants and delivered as a once-daily pill. This combination includes efavirenz, a non-

nucleoside reverse transcriptase inhibitor (NNRTI), and tenofovir disoproxil fumarate (DF) and 

emtricitabine, both nucleoside reverse transcriptase inhibitors (NRTI) (Deeks and Perry, 2010; 

Horberg and Klein, 2010). South Africa is reckoned to have effective, prominent antiretroviral 

treatment programs due to the extreme commonness of HIV/AIDS in the Southern Africa region 

(Juta et al., 2024). Worldwide, cART is reported as highly proficient in restraining HIV virulence 

in the peripheral (bodily fluids) and central environments (major organs) of HIV patients 

(Kanters et al., 2020). Moreover, the regimen is affordable and accessible, and therefore, 

employed to contain the spread and transmission of the virus (Meintjes et al., 2017). The FDA-

approved different antiretroviral formulations charts displaying discontinued and currently in use 

treatments are presented below (Fig. 2.1 and 2.2). 
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Figure 2.1: HIV Medication Chart. 

A HIV medication chart illustrating different combination antiretroviral therapy drugs. (The Mountain West AIDS Education and 

Training Center (MWAETC) HIV Medication Chart) 

https://aidsetc.org/sites/default/files/media/document/2022-11/HIV%20Medication%20Chart_August%202022.pdf
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Figure 2.2: Different formulations of cART drugs.  

Combination antiretroviral therapy drugs usage and formulations chart. (The Mountain West AIDS Education and Training Center 

(MWAETC): Different formulations of cART drugs) 

https://aidsetc.org/sites/default/files/media/document/2022-11/HIV%20Medication%20Chart_August%202022.pdf
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2.1.3. Impact and Efficacy of Antiretroviral Therapy in HIV Management. 

 

The World Health Organization (WHO) approximated 1.5 million new HIV infections 

worldwide in 2021 (UNAIDS, 2024). The scourge of HIV infections affects and claims a 

substantial number of lives yearly (UNAIDS, 2024). However, the introduction of combination 

antiretroviral therapy (cART) treatment lessened the HIV infection rates and deaths compared 

to previous years (Lau & Wong, 2013; Otieno et al., 2019). Antiretroviral therapy is the first 

treatment implemented immediately following a HIV-positive diagnosis, and it is aimed at 

evading viral resistance and increasing cluster of differentiation 4 count (CD4) (Clumeck et al., 

2008). Nevertheless, the treatment may be associated with underlying co-morbidities, such as 

the development of metabolic syndrome conditions like T2DM (Gebrie et al., 2020). 

Furthermore, antiretroviral therapy is reported as an effective preventative prophylaxis for HIV 

infection and is often employed as a pre- and post-exposure prophylaxis for high HIV risk 

occupations (Baeten et al., 2012). Individuals in these occupations, such as healthcare 

professionals who are continuously exposed to HIV/AIDS patients, infected human remains, or 

fluid specimens, and as well sex workers, and individuals with multiple sex partners, amongst 

others. 

Antiretroviral therapy is associated with significant improvements in opportunistic infections 

within the lungs of HIV patients (Vaillant and Naik 2023). Inversely, post-mortem studies 

report that cART regimen in HIV-positive individuals causes damage to alveolar epithelium 

and consequently the collapse and rupture of the alveoli (Twigg III & Knox, 2013). The alveoli 

rupture is associated with larger air sacs and shortness of breath or otherwise emphysema 

compared to healthy controls (Hale et al., 2018). Considering the high population of HIV-

infected patients and HIV-naïve individuals who are regularly exposed to prophylaxis of cART 

regimen, it is therefore important to investigate the sub-chronic chemo-toxic effect of cART in 

the respiratory system involving alcohol abuse as a lifestyle factor (McCance-Katz et al., 2012). 

2.2. Alcohol Consumption: Prevalence and Health Implications. 

 

Among other pressing medical factors, alcohol consumption is a major etiologic factor of 

preventable death and a significant contributor of global burden of disease and death (Taylor et 

al., 2010; Witkiewitz et al., 2019). Reports by the WHO demonstrate that alcohol use is 

implicated in 10% of overall annual mortality in South Africa, and 5.3% of daily mortality 

worldwide (Schneider et al., 2007; Probst et al., 2018). In 2015, reports indicated that alcohol 

abuse claimed about 62 300 adult lives in South Africa, 60% of which are from lower 
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socioeconomic status households (Probst et al., 2018). This highlights the severity and 

prevalence of alcoholism, especially on individuals from middle to low-socioeconomic status 

countries. 

Additionally, alcohol-induced dysregulation of antioxidant and oxidant systems (Liang et al., 

2012) in the lungs is associated with downregulation of granulocyte-macrophage colony 

stimulating factor (GM-CSF) receptors in dust cells and consequently implicated in impaired 

alveoli inflammatory response (Joshi et al., 2005). Moreover, a study on United States adult 

population associated moderate alcohol consumption with decreased likelihood of C-reactive 

protein (CRP) elevation (Stewart et al., 2002). Additionally, an in vivo study by the American 

Association of Immunologists highlighted CRP as an inflammatory promoter through activation 

of phagocytic cells such as human macrophages (Newling et al., 2019). Further, CRP has been 

shown to promote lung metastases in mice through inhibition of pulmonary macrophage and, 

consequently impairing immune surveillance (Feng et al., 2024), highlighting the significant 

role played by CRP in lung macrophage functioning. However, alcohol combinatorial impact 

with other factors such as cART and diabetes on the respiratory immune response of HIV naïve 

individuals or models has not been fully elucidated. 

2.3. Alcohol and cART as Risk Factors for Type 2 Diabetes. 

 

Alcohol is associated with diabetes induction through its metabolism by reducing insulin 

effectiveness, as such, pancreatic beta cells respond to this malfunction by increasing insulin 

secretion (Kim and Kim, 2012). However, high blood insulin concentrations with continued 

heavy alcohol intake results in decreased insulin efficacy, leading to induction of insulin 

resistance and prediabetic state (Steiner et al., 2015). Prediabetes. also termed glucose 

intolerance, manifests through low insulin-dependent glucose cell intake within the hepatic, 

adipose, and muscle tissues (Rahman et al., 2021). Therefore, alcohol use is one of the major 

contributors to compromised glucose tolerance and consequently T2DM induction (Lam et al., 

2021). 

Studies have shown that alcohol use exacerbates glucose metabolism in diabetic rats compared 

to non-diabetic rats, further underlining the harmful effects of alcohol abuse in diabetics (Jung 

et al., 2011; Kim and Kim, 2012). Moreover, alcohol consumption is reported to induce a five-

fold increase in transforming growth factor (TGFβ1) synthesis in alveolar epithelium associated 

with alveolar epithelial damage during inflammatory response (Guidot and Hart, 2005).  

However, the respiratory effect of alcohol in a diabetic state is lacking in literature. Similarly, 
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the popularized use of cART has gained attention concerning the association between 

antiretroviral drugs and diabetes induction. A retrospective analysis of chronic cART treatment 

on plasma glucose concentrations in HIV patients associated Tenofovir with hyperglycemia and 

pancreatitis (García-Benayas et al., 2006) and consequently increased chances of T2DM 

occurrence. Additionally, other cART components, such as protease inhibitors (PIs), are 

implicated in direct induction of insulin resistance and interference with glucose transporter 

(Arafath et al., 2018), which may eventually cause prediabetes. Furthermore, glucose 

dysregulation, oxidative DNA damage and insulin resistance are reported to be more prevalent 

in individuals on cART regimen compared to cART-naïve patients (Jantarapakde et al., 2014; 

Tangvarasittichai, 2015; Honnapurmath and Patil, 2017). 

In addition to contributing to T2DM induction, cART treatment is reported to downregulate 

systemic GPx in HIV-infected individuals (Sharma, 2014), an antioxidant agent involved in 

respiratory epithelial protection against oxidative stress-induced damage through glutathione 

(GSH) activation (Schamberger et al., 2016). Therefore, the development of T2DM diabetes 

may stem from lifestyle factors such as alcohol abuse and cART therapy amongst others. 

Considering this scenario, the use of these drugs in a diabetic condition demands evaluation 

and documentation of possible adverse effects relative to the respiratory system. 

2.4. The Global Diabetes Epidemic: Causes and Consequences. 

 

Diabetes is characterized by elevated blood glucose levels resulting from malfunctioning of 

insulin action, or insulin secretion, or both (American Diabetes Association, 2010). The battle 

against diabetes mellitus is one of the longest battles that humanity has fought and is still fighting. 

Alcoholism, metabolic syndrome, sedentary lifestyle, genetics, and chronic drug therapies such 

as antiretroviral drugs are few of the factors fueling diabetes induction and progression 

(Malecki, 2005; Wu et al., 2014). In the year 2000, the International Diabetes Federation (IDF) 

and WHO estimated the number of diabetic individuals globally between 151 and 171 million 

(Zimmet, 2017). In 2024, about 830 million individuals were considered diabetic, with 

attendant effects on the quality of life, especially in developing countries (WHO, 2024; 

Diabetes). The impact of diabetes on cognitive, cardiovascular, and endocrine health has 

received attention, which has also gained momentum on respiratory health following the 

COVID-19 global pandemic. In post-mortem studies, thickening of the pulmonary capillary and 

epithelial basal laminas was reported in T2DM compared to unaffected controls of similar age 

(Pitocco et al., 2012). Further, the thickened pulmonary basal laminas are associated with 

https://www.who.int/health-topics/diabetes#tab%3Dtab_1
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increased collagen fibres within the lung parenchyma, which may reduce lung elastic recoil in 

diabetic patients (Zhang et al., 2024b). As such, the collative effects of diabetes on respiratory 

health require attention relative to other chemotherapeutic factors such as alcohol and cART use. 

The outcomes of this study will therefore be invaluable for documentation of adverse effects of 

this complex combination of diabetes, cART, and alcohol, especially in the respiratory-

pulmonary system (Respiro-pulmonary system). 

2.5. Overview of the Respiratory System Structure and Function. 

 

The respiratory system is a complex arrangement of organs and tissues that transport exogenous 

air from the nasal and oral cavities to the alveoli for gaseous exchange (Wagner, 2015). 

Fractionated into two components: Upper respiratory tract, which ranges from nasal cavity to 

terminal bronchioles, and lower respiratory tract, which ranges from respiratory bronchioles to 

alveoli (Fig. 2.3) (Wagner, 2015). 

 

 

Figure 2.3: Overview of the Respiratory System Structure. 

Overview of the upper and lower respiratory tract. (Overview of the Respiratory System 

Structure) 

 

https://za.pinterest.com/pin/274578908503891906/
https://za.pinterest.com/pin/274578908503891906/
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2.5.1. Comparative Gross Anatomy of Human and Rodent Lungs. 

 

In contrast to the human lung, which is composed of three right lobes (Upper, middle, and lower 

lobes) and two left upper and lower lobes (Patwa and Shah, 2015). The rodent lung is composed 

of a solitary left lobe and four lobes in the right lung, upper, middle, caudate, and lower lobes 

(cranial to caudal) as illustrated in Figure 2.4 (Sato et al., 2015; Zhang et al., 2024a). However, 

both mammals maintain similar respiratory systems, a trachea that bifurcates into the 

respiratory tree, on the medial side of the lung is a hilum which accommodates the entry of 

pulmonary vasculature and lymphatics, main bronchi, bronchial vessels, and phrenic nerve 

(Chaudhry et al., 2024). 

 

 

 

Figure 2.4: Comparative Gross Anatomy of Human and Rodent Lungs. 

Similarities and differences in human and rodent lungs (Zhang et al., 2024a) 
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2.5.2. Microanatomy and Function of the Lung. 

 

The epithelial lining of the respiratory tree ranges from ciliated pseudostratified columnar 

epithelium with the goblet, serous and mucous cells (trachea and bronchi), ciliated simple low 

cuboidal epithelium (bronchioles and respiratory bronchioles) to simple squamous epithelium 

(alveolar ducts and alveoli) (Fig. 2.5) (Zhang et al., 2024a) with the primary role of protection 

against inhaled xenobiotic materials. The bronchioles consist of a muscularis mucosa, which 

separates the mucosa and submucosa and consists of a smooth muscle layer that aids in 

contraction and relaxation of the lumen. Additionally, clusters of collagen and elastic fibres and 

smooth muscle cells surround alveolar ducts and sacs and facilitate the elasticity demand during 

breathing. While reticular fibres in the alveolar septa provide support for the septa and 

regulation of capillary distention at the blood-air barrier (Suki and Bates, 2008; Bara et al., 

2010). 

The blood-air barrier, comprised of type I pneumocytes, which allow for gaseous exchange, and 

type II pneumocytes, which are classified as simple cuboidal epithelium and synthesize 

pulmonary surfactants to ease the surface tension of the lumen (Cerrada et al., 2015). The 

surfactants contribute to the breakdown of xenobiotic material trapped by the epithelial fluid of 

the respiratory lining (Harkema et al., 2013). Alcohol, cART, and diabetes independently affect 

these basic pulmonary structures and associated functions (Lieber, 2004; Wang et al., 2009). 

Therefore, it is essential to gain histopathological insight regarding the combinatorial impact of 

these factors on the lungs. 

 
 

Figure 2.5: Overview of the respiratory tree histology. 
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Histological overview of the terminal and respiratory bronchioles and alveoli. (Overview of the 

respiratory tree histology) 

2.6. Independent Respiratory Effects of Diabetes, Alcohol, and cART. 

 

Alcohol, cART, and diabetes are independently associated with chronic health issues such as 

hypertension, hyperglycemia and liver toxicity with associated complications that may be 

overlooked by the public and clinicians (Simet and Sisson, 2015). These factors are 

independently associated with oxidative stress, fibrotic processes, inflammatory response, 

thrombotic and vasculature perturbations (Talakatta et al., 2018; Thapa and Shrestha, 2022), 

which may lead to respiratory system compromise. 

2.6.1. Oxidative Stress Induced by Diabetes, Alcohol, and cART. 

Studies have demonstrated that in addition to the liver as a major site for alcohol metabolism, 

the lungs also metabolize alcohol dependent on the amount ingested (Qin and Meng, 2006). 

During long-term alcohol abuse, alcohol metabolism is undertaken particularly by antioxidant 

enzymes which are implicated in redox imbalance within the lungs (Lieber, 2004). These 

antioxidant enzymes are expressed ambiguously within the lungs by Clara cells, alveolar 

macrophages, bronchial and bronchiolar epithelium and pneumocytes II (Hukkanen et al., 

2002). Alcohol oxidation in the lungs has been shown to generate oxidative radicals that can 

cause lipid peroxidation and produce malondialdehyde (MDA) (Kaphalia and Calhoun, 2013) 

and induce pro-inflammatory response in bronchial epithelium (Wyatt et al., 2012; Kaphalia 

and Calhoun, 2013). Alcohol-induced redox imbalance is also reported to increase serum 

glutathione disulfide (GSSG) and depletion of GSH in type II pneumocytes and alveolar 

macrophages of alcohol abusers and alcohol-fed mice respectively (Liang et al., 2012). 

Additionally, cART is independently associated with elevated oxidative stress through 

inhibition of antioxidant agents including GPx1 and superoxide dismutase (SOD) in HIV 

patients in contrast to healthy controls (Hurwitz et al., 2004; Sharma, 2014). Also, another study 

reported increased serum oxidative stress markers (elevated MDA and decreased GSH) in 

cART-treated HIV-positive individuals compared to pre-cART and healthy uninfected controls 

(Ivanov et al., 2016). However, reports on cART effects on oxidative stress specific to the 

respiratory system are lacking in literature, necessitating this study especially in HIV-naïve 

diabetic incidences. 

Furthermore, high glucose levels in T2DM have been shown to induce redox imbalance through 

https://s3.us-east-2.amazonaws.com/yalehistology/respiratory_system/respiratory_airways.jpg
https://s3.us-east-2.amazonaws.com/yalehistology/respiratory_system/respiratory_airways.jpg
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lipid peroxidation which is associated with aggressive macrophage infiltration and 

consequently chronic inflammation, creating a positive feedback loop between chronic 

inflammation and redox imbalance (Oguntibeju, 2019). Other reports demonstrate increased 

pulmonary lipid peroxidation detected by MDA levels through thiobarbituric acid reactive 

substance (TBARS) and diminished SOD activity in erythrocytes and lung parenchyma of 

diabetic rats (Forgiarini et al., 2009; Hamden et al., 2009). Moreover, the oxidative stress 

induced by diabetic-hyperglycemia, alcohol metabolism, and cART consequently upregulates 

myofibroblast-induced collagen synthesis, which may elicit fibrosis (Lieber, 2004). However, 

there is dearth of information on the impact of diabetic-cART-alcohol interaction on these 

parameters on pulmonary system in HIV-naïve rats. 

2.6.2. Mechanisms and Implications of Pulmonary Fibrosis. 

Hyperglycemia in diabetes and alcohol-induced oxidative stress have been shown to induce 

pulmonary fibrosis through TGF-β1-induced epithelial to mesenchymal transition (EMT) 

(Pohlers et al., 2009; Sueblinvong et al., 2014). Particularly, EMT gives rise to highly 

proliferative fibroblast-like mesenchymal cells which deposit excess extracellular matrix (ECM) 

structures, resulting in high cell and collagen density as well as reduced alveoli density (Pohlers 

et al., 2009). Also, diabetes is reported to induce pulmonary fibrosis through redox imbalance 

(Talakatta et al., 2018). Both hyperinsulmenia and hyperglycemia are reported to downregulate 

antioxidant molecules in the lungs, which may allow for aggressive inflammatory processes 

which can cause vascular injury (Jagadapillai et al., 2016). As a response to vascular injury and 

inflammation, a redox imbalance-inflammation positive feedback loop is initiated and activates 

unregulated wound healing processes resulting in pulmonary fibrosis (Savin et al., 2022). 

Additionally, studies have reported collagen fibre deposition within the lungs during pulmonary 

fibrosis to be associated with perturbation in gross morphology such as increased lung size in 

length and width (Fig. 2.6) (Birbrair et al., 2014). Another study associated lung fibrosis with 

bosselated or cobblestone appearance on the pleural surface and enlarged airspaces with fibrotic 

retraction of mid-lobe on a cut section (Wolters et al., 2014). Therefore, gross morphology 

measurements and examination of the lung could provide supporting structural evidence for 

fibrosis as previously reported (Birbrair et al., 2014). Since both alcohol and diabetes are 

implicated in lung fibrosis, and attendant reduced access of deoxygenated blood to ventilated 

alveoli (Wheatley et al., 2011; Pitocco et al., 2012), it is vital to document their combinatorial 

effects. 
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On the other hand, despite reduced mortality and improved lifespan in HIV-positive individuals 

on cART, pulmonary complications are still largely high including lung fibrosis (Fitzpatrick et 

al., 2018). Some studies suggest that cART exerts an insignificant influence against chronic 

HIV- related lung illnesses, implicating HIV residual replication, proximity to airborne 

toxicants and poor penetration of cART in lung deep tissues and persistent inflammation 

(Martinez-Picado and Deeks, 2016; Marsh Sung and Margolis et al., 2018; Alexandrova et al., 

2022). Furthermore, other factors such as aggressive inflammation have been shown to lead to 

highly progressive fibrosis in mice lungs (Wynn and Ramalingam, 2012). 

 

 

Figure 2.6: Pulmonary fibrosis-induced organ size increase. 

Mice fibrotic lung tissue (right) exhibits an increase in size (surface area) (Birbrair et al., 

2014). 

 

2.6.3. Inflammatory Responses Associated with Diabetes, Alcohol, and cART. 

 

Subclinical chronic inflammation has been reported as a foundation for T2DM pathology, and 

its mechanism of induction is associated with excess body weight through adipose-induced 

CRP upregulation (Kanmani et al., 2019; Stanimirovic et al., 2022). Further, other factors 

associated with T2DM development such as high blood glucose levels, insulin resistance and 

obesity are linked with increased CRP levels (Festa et al., 2002; Obradovic et al., 2015). The 

liver is known as the primary site for CRP gene activity (Boras et al., 2014). However, CRP 

expression is reported in extrahepatic sites such as lung epithelium and parenchyma as well as 

alveolar macrophages (López-Campos et al., 2013; Feng et al; 2024). While effects of diabetes 

on lung CRP expression are lacking in literature, diabetes is linked with elevated levels of CRP 

in other tissues (Khateeb et al., 2019; Dungu et al., 2023). 
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Moreover, elevated CRP levels are associated with impaired lung health as demonstrated by 

low forced expiratory volume (FEV1) and forced vital capacity (FVC) (Zhang et al., 2020). 

Reduced FEV1 and FVC are also reported in T2DM, which indicates a restrictive pattern of lung 

dysfunction associated with reduced elastic capacity and lung volume (Agarwal et al., 2021). 

Diabetes is also associated with elevated levels of GM-CSF, a pro-inflammatory agent known 

for its activation of phagocytic capacity in alveolar macrophages (Slovinsky et al., 2019; 

McCormick et al., 2022). Further, elevated serum GM-CSF levels are reported in T2DM 

patients and adult rodent studies, indicating hypersensitive pathogen detection and phagocytosis 

(Foster et al., 2010); Surendar et al., 2011; Knoop et al., 2018). Such diabetes-induced 

aggressive immune response is associated with damaged alveolar epithelium (Forgiarini et al., 

2009). 

On the other hand, alcohol use is known to suppress inflammatory processes and response 

(Bektas et al., 2016). Moreover, oxidative stress in chronic alcohol use is reported to 

downregulate pulmonary pro-inflammatory proteins (Brown et al., 2004; Joshi and Guidot, 

2007). The alcohol disruption of inflammatory response extends to reduction in phagocytic 

capacity of alveolar macrophages and consequently deposit of debris in the alveolar spaces 

which may impede gaseous exchange processes (Alvarado and Arce, 2016 Kaphalia et al., 

2019; Slovinsky et al., 2019). Further, moderate alcohol use is associated with low likelihood 

of CRP overexpression in drinking adult population (Stewart et al., 2002). Also, lowest baseline 

CRP concentration has been linked to both moderate and heavy drinking compared to non-

drinkers (Albert et al., 2003; Sexton, 2003). 

Furthermore, cART is implicated with a significant decrease of alveolar macrophage activation 

and downregulated expression of pro-inflammatory factors in alveolar epithelial milieu of HIV 

patients (Twigg and Knox, 2013). In HIV positive individuals, cART is reported to ease systemic 

inflammation, however, inflammatory markers such as CRP remain high compared to healthy 

individuals (Sereti et al., 2017). This elevation of CRP is associated with persistent 

inflammation that may increase the chances of other respiratory health complications occurring 

(Sereti et al., 2017). Contrary to alcohol effects, cART is shown to induce elevated baseline 

levels of CRP in cART-treated individuals with HIV, and this has been linked with high 

bacterial pneumonia occurrence (Bjerk et al., 2013). Studies show that in response to cART 

regime, HIV leans towards the lung mucosa as a reservoir which sets up HIV-infected 

individuals on cART for a lifelong inflammatory pathology of the respiratory system (Triplette 

et al., 2018; Alexandrova et al., 2022). As such, the documentation of alcohol and cART effects 
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on respiratory CRP expression and lung histomorphology in a diabetic condition will be 

clinically important. 

2.6.4. Thrombosis and Vascular Disruption in Pulmonary Health. 

 

Diabetes is reported as a key contributor for thrombosis-induced cardiovascular pathology, 

constituting over half of diabetes mortality (Pignone et al., 2010; Ferreiro & Angiolillo, 2011; 

Xiang et al., 2015). Research shows that diabetes downregulates pulmonary endothelial nitric 

oxide synthase (eNOS) which results in endothelial dysfunction (Mzimela et al, 2024). This 

dysfunction further exacerbates the prothrombotic environment through upregulated 

thrombogenic factors and downregulation of anti-thrombotic factors such as NO (Mzimela et 

al, 2024). Both diabetes-induced oxidative stress and systemic inflammation are reported to 

induce vascular injury and pulmonary fibrosis through platelet-endothelial interaction and low 

NO levels (Jagadapillai et al., 2016). Further, diabetes-induced redox imbalance is suggested 

to disrupt endothelium-mediated vasodilation in pulmonary arteries of STZ-induced diabetic 

male SD rats (Lopez-Lopez et al., 2008), which may contribute to narrowing of the arteries and 

consequently increased inflammatory responses. 

Parallel to diabetes, alcohol is shown to induce hypercoagulability through endothelial 

dysfunction, associated with thrombosis (Shen et al., 2017). Also, high alcohol intake is 

reported to downregulate NO production and induce endothelial apoptosis, arresting pulmonary 

vascular cell proliferation through persisting apoptosis pattern (Liu et al., 2002; Kuhlmann et 

al., 2004; Silva et al., 2021). Another study showed that chronic alcohol use affects blood-air 

barrier qualities including permeability implicated in disturbances of gaseous exchange and 

consequently respiratory failure (Burnham et al., 2009). 

Just as diabetes and alcohol are associated with endothelial dysfunction through oxidative 

stress, cART is similarly reported to induce oxidative stress in both human and porcine 

pulmonary artery endothelial cells which may be associated with high occurrence of pulmonary 

arterial hypertension (Wang et al., 2009). As reported in HIV patients, cART use is implicated 

in pulmonary immune reconstruction inflammatory syndrome (IRIS)-associated narrowing of 

bronchial and alveolar blood vessels in contrast to healthy controls (Shelburne et al., 2002). On 

the other hand, alcohol abuse is associated with the induction of pronounced stromal 

proliferation of bronchial and alveolar vasculature in male mice that later developed 

emphysema and alveolar hyperplasia (Balansky et al., 2016). Similarly, diabetes is associated 

with vascular perturbations such as narrowing of pulmonary vessels (Takahashi et al., 2018) 
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and alveolar capillaries (Pechlivani and Ajjan, 2018). 

However, it is not known how cART will influence pulmonary vasculature in HIV-naïve 

individuals especially in the light of alcohol use and in diabetes. Though these independent 

effects of diabetes, alcohol and cART perturbations exist in the lungs (Fig. 2.7), this study 

proposes to investigate their combined effects relative to pulmonary fibrosis, thrombosis, 

oxidative stress, inflammation and histomorphology of the respiratory tract and vasculature. 

 

 

Figure 2.7: A flow diagram illustrating the interactions between alcohol, diabetes and 

cART and their respective effects. 

Single arrow: Induction, double arrow: Positive feedback loop and red arrow: Inhibition. cART: 

Combination antiretroviral therapy, GM-CSF: Granulocyte-macrophage colony- stimulating 

factor, vWF: Von Willebrand factor, and BV: Blood vessel. 
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2.7. Choice Of Experimental Model and Treatment. 

 

This study is designed to evaluate the in vivo combinatorial impact of diabetes, alcohol, and 

cART on the lungs, as such, an animal model is required. The SD rat is an ideal animal model 

for imitation of a human sub-chronic study (Bryda, 2013). Because of possible influence of 

female endocrine hormones and cycle on our diabetic model (Gambineri and Pelusi, 2019), a 

male SD rat with approximate body weight of 270- 320 grams was selected as an animal model 

for this study. 

Atripla® and Dolutegravir (DTG)-based antiretroviral therapy drugs are the commonly used 

HIV treatments and preventative prophylaxes approved by the Food and Drug Administration 

(FDA) in 2006 and 2013 respectively (Stewart, 2021). However, DTG was discontinued due to 

high rate of adverse effects, especially neuropsychiatric adverse effects in patients with 

psychiatric disorders (Fernandez-Bargiela et al., 2022). Therefore, Atripla® was chosen as the 

treatment model for this study and administered at the direct extrapolated equivalent to human 

daily dose of 23.22 mg/Kg body weight. 
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CHAPTER THREE: Methods and Materials 

 

3.1. Ethics. 

 

This study is an extension of a larger study, ethical clearance for the original study and a 

subsequent modification and extension approval of the project were obtained from the Wits 

Research Animal Facility (WRAF) at the University of Witwatersrand, under the same ethics 

number: 2018/011/58/C. 

3.2. Animal studies. 

 

Adult male Sprague Dawley rats obtained from WRAF, aged approximately 10 weeks, were 

used in the original study. In the present study, preserved tissue samples from the original study 

were used. 

3.2.1. Samples & Animal husbandry. 

 

Tissue samples for this study were obtained from an already conducted larger study tissue bank 

to reduce both animal suffering and operational costs. The animals were bred and housed at the 

WRAF, University of Witwatersrand, within the temperature range of 21 ˚C and 23 ˚C with a 

light-dark cycle of 12 hours in a sterilized environment. Each animal was allowed free 

movement and kept in individual cages of dimensions 200 millimetres (mm) in height, 430 mm 

in length, and 220mm in width. Standard rodent diet and water were available ad libitum for 

the rats for the duration of the 90 days treatment. 

3.2.2. Diabetes Induction. 

 

To induce diabetes, the animals in the diabetic groups received a 20% fructose diet composed 

of mixed fructose (Nature’s Choice) (Dischem pharmacies, Durban, South Africa) for 14 days. 

Further, the animals were given a once-off intraperitoneal administration of 40mg/kg body 

weight of Streptozotocin (STZ) in newly made 0.05 M of citrate buffer (pH 4.5) (Sigma, St. 

Louis, MO, United States of America) according to Asouzu-Johnson et al., (2023). At week 3 

following the initiation of high-fructose feed, glucose levels of 250 mmol/L or more were 

considered diabetic following a random non-fasting blood glucose (RNFBG). 

3.2.3. Fasting Blood Glucose. 

 

Following diabetic state confirmation, routine biweekly fasting blood glucose (FBG) 

evaluations were done through tail vein prick following 12h fasting (8pm to 8 am or 20:00 to 
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08:00) using Accu-Chek meter and glucose strips. Additionally, biweekly RNFBG levels were 

evaluated during the evening hours using glucose strips through tail prick and the Accu-Chek 

meter, to ensure that diabetic condition was maintained in the animals over the span of the 

study. Furthermore, monthly oral glucose tolerance tests (OGTT) were additionally performed 

to monitor the diabetic condition (Furman, 2021). The animals were subjected to 12 hours of 

overnight fasting before a 2 g/kg body weight glucose solution oral administration and tail prick 

glucose measuring using glucose strips at 0 minutes, quarter-hour, half-hour and hourly 

interludes after glucose loading. (Abu-Abeeleh et al., 2010). 

3.3. Chemicals and Reagents. 

 

Malondialdehyde (MDA) Colorimetric Assay Kit (TBA Method) (E-BC-K025-M), Rat GPX1 

(Glutathione Peroxidase 1) ELISA Kit (E-EL-R2491), Goat anti-rabbit 1Gg (H+L) Biotinylated 

(BA-1000), Vectastatin Elite ABC kit Peroxidase (Standard)(PK-6100), Sigma Bradford 

Reagent (Catalogue No. B6916), Hematoxylin & eosin stain, Gordon & Sweets’ stain (Sodium 

nitrate, Potassium permanganate, Oxalic acid, Iron alum, Sodium thiosulfate), Modified 

pentachrome stain (Nitric acid, Toluidine blue, Picrosirius), Modified Verhoeff’s stain (Ferric 

chloride, Iodine iodide, alcoholic hematoxylin), Periodic Acid Schiff’s stain (Schiff’s reagent), 

rabbit polyclonal anti-CRP antibody (AB227507). 

3.4. Treatments and Termination. 

 

3.4.1. Groups Treatments. 

 

Forty animals were divided into two major groups: non-diabetic and diabetic. The non-diabetic 

animals were divided into four sub-groups. Group 1 (Negative Control: NC) which comprised 

of non-diabetic and untreated rats; group 2 (Alcohol: AL) treated with 10% (v/v) ethanol in 

drinking water as a recommended concentration for representation of lifestyle alcohol use in 

rodent models (Green & Grahame, 2008). Group 3 (cART: CA), received cART (Bristol-Myers 

Squibb & Gilead Sciences LLC, United States of America) administered at an extrapolated 

daily adult dose (23.22 mg /Kg body weight) and group 4 (cART and Alcohol: CAAL), treated 

with cART plus 10% ethanol in drinking water ad libitum. 

The diabetic animals also included four sub-groups. Group 5 (Diabetes: DB) consisting of 

untreated diabetic animals and group 6 (cART and Diabetes: CADB); which are diabetic 

animals treated with cART. Group 7 (Diabetes and Alcohol: DBAL); which included diabetic 

animals treated with (v/v) 10% ethanol in drinking water and group 8, (cART, Alcohol and 
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Diabetes: CAALDB); diabetic animals treated with cART, and 10% (v/v) ethanol in drinking 

water. 

 

 

 

Figure 3.1: A flow diagram illustrating the treatments and techniques of the study. 

 

Group acronyms: 1: NC= Negative Control, 2: AL= Alcohol, 3: CA= cART, 4: CAAL= cART 

and Alcohol, 5: DB= Diabetes, 6: CADB= cART and Diabetes, 7: DBAL= Diabetes and 

Alcohol, 8: CAALDB= cART, Alcohol and Diabetes. 

 

3.4.2. Termination and Dissection. 

 

At the end of the study (90 days), the animals were anesthetized with 9.1 mg/mL of Sodium 

pentobarbitone and terminated. Blood samples were collected using a 5 mL syringe and 

instantly transferred to 4 mL vials containing 7.2 mg ethylenediaminetetraacetic acid (EDTA) 

for serum preparation. Then the animals were perfused with 0.9% saline, and the lungs were 

fixed in 10% buffered formalin. The blood and tissue samples were stored for further analysis 

at -80 ℃ and room temperature, respectively. 

3.5. Gross Morphological Analysis. 

 

3.5.1. Body And Lungs Weights. 

 

Prior to termination, the animals were weighed and recorded, and immediately after termination 



 

25  

the lungs were dissected out and weighed. A body-to-lung weight ratio was calculated to 

evaluate lung efficiency per body size. 

3.5.2. Lung Morphology. 

 

The surface area measurements of the right lung were performed using ImageJ software (free- 

hand tool) on both the ventral and dorsal surface areas as illustrated in Figure 3.2A-B. The 

morphological analysis of ventral and dorsal surfaces of the lungs was performed through the 

Nikon-Model C-DSS230 stereomicroscope with an Olympus EP50 camera and measurements 

were performed through the ImageJ using hand tool functionality. The right lobes were 

arranged in the anatomical position ventrally, with the top part of the inferior lobe resting on 

the bottom part of the middle lobe and the top part of the middle lobe resting on the bottom part 

of the superior lobe. 

 

 

Figure 3.2: Illustration of ventral and dorsal surface area of lungs measurements. 

 

Ventral (A) and dorsal (B) surface area measurements of the right lung (superior, middle, and 

inferior lobes). Red borderline: Indicate the area selected and measured on ImageJ software 

(free-hand tool). 

 

3.6. Serum Biochemical Analysis. 

 

3.6.1. Bradford Method For Protein Detection. 

 

Collected blood samples were transferred to 4 mL vials containing 7.2 mg EDTA for serum 

preparation. For protein detection, serum samples were diluted with distilled water at 1:20 

(sample: distilled water) and 5 µL of the diluted samples and standard solutions made up of 
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bovine serum albumin (BSA) were added to appropriate wells of 96 sterile well plates. Each 

well was filled with Bradford reagent (250 µL), followed by 30 seconds on a shaker then 10 

minutes incubation at room temperature. The optical density (OD) was read at 595 within 30 

minutes using Anthos 2010, Austria plate reader coupled to Anthos ADAP software revision 

1.2 of the experiment. The total protein concentration calculated from the standard curve was 

expressed as μg/ml (Appx. 7.2.3). 

3.6.2. Lipid Peroxidation Thiobarbituric Acid (TBA) assay (colorimetric) for 

Malondialdehyde (MDA). 

Samples were diluted and mixed with stipulated amounts of reagents into Eppendorf tubes and 

incubated at 100 ℃ for 40 minutes according to the manufacturer's protocol (Appendix 7.2.1). 

Afterward, the tubes were cooled to room temperature and centrifuged for 10 minutes at 10,000 

g. Then 0.25 mL of the supernatant was micro-pipetted from each tube into the control and 

sample microplates in duplicates respectively (Appx. 7.2.1). The OD was measured at 532 nm 

with a microplate reader. According to the manufacturer’s recommendation, the OD values of 

the control and sample tubes in combination with the total protein concentration were used to 

calculate the concentration of MDA in each sample expressed in μmol/g protein as stipulated in 

Appendix. 7.2.3. 

3.6.3. Glutathione Peroxidase (GPx1) detection (ELISA). 

 

Each serum sample and standard were diluted in the provided sample and standard diluent, 

respectively and pipetted into respective wells in duplicates. The samples were then incubated 

at 37 ℃ for 90 minutes. Subsequently, Biotinylated Detection Ab working solution was added 

to each well and incubated at 37 ℃ for an hour. Followed by a triple wash in the provided 

buffer, soaking then aspiration. Provided HRP conjugated working solution was added to each 

well, sealed, and then incubated at 37 ℃ for 30 minutes followed by five times wash in the 

provided buffer, soaking then aspiration. Finally, the provided substrate reagent was added to 

each well, sealed, and incubated at 37 ℃ for 15 minutes under protection from light (Appx 

7.2.2). Followed by a stop solution and optical density was determined at 450 nm. The 

concentration of GPx in each sample was expressed as μmol/ml as stipulated in Appendix. 

7.2.3. 

3.7. Tissue Processing and Sectioning. 

 

The inferior lobe of the right lung tissue was placed in histology tissue caskets and routinely 
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processed with an automated tissue processor (Citadel 2000, Thermo Scientific) for 18 hours 

and embedded in paraffin wax. The tissues were sectioned with a rotatory microtome (Leica 

RM2125 RTS) in the transverse plane at 5 µm for IHC staining and 7 µm for routine staining. 

For routine staining, one of the four series of sections was made for H& E, Verhoeff’s Van 

Gieson, modified Pentachrome, and Gordon & Sweets stains respectively, and mounted on 1% 

Gelatine-coated microscope slides. 

3.8. Routine Staining. 

 

3.8.1. Hematoxylin & Eosin Stain. 

 

The first series of sections were dewaxed and hydrated, then stained for 10 minutes in 

Hematoxylin solution, washed with tap water, followed by rinsing in acid alcohol and treated 

in Scott’s tap water for 5 minutes then washed with tap water. The sections were then stained 

with Eosin stain for 2 minutes and rinsed in tap water, dehydrated, and mounted. Solutions 

protocols are as stipulated in Appendix 7.3.1. This stain was used to conduct histomorphology 

analysis on tracheal and bronchiole epithelial heights, lacunae area, cartilage width, bronchial 

vein, and arterial wall heights measurements. 

3.8.2. Modified Verhoeff’s Stain. 

 

After dewaxing and hydrating, the second series of sections were stained for 7 minutes in 

Verhoeff’s solution at room temperature and rinsed in tap water. Followed by differentiation in 

0.4% Ferric chloride and washed in tap water then hydrated and mounted. In these sections, 

elastic fibers and nuclei stain black to blue-black. Solutions protocols are as stipulated in 

Appendix 7.3.2. This stain was used to conduct histomorphology analysis on bronchial vein 

and parenchymal elastic fibers quantifications. 

3.8.3. Modified Pentachrome Stain. 

 

Following the dewaxing and hydrating, the third series of sections were pre-treated with 6% 

Nitric acid for 5 minutes. The sections were then stained in 0.5% Toludine blue solution for 5 

minutes and washed in distilled water, followed with staining in Picrosirius solution for 5 

minutes then washed in distilled water. Followed by alcohol series, then mounted. In these 

sections cytoplasm stains yellow, smooth muscle fibers stain yellow-orange, collagen fibers 

stain red, and sulphated polysaccharide concentration in tracheal cartilage stains violet. The 

preparation of the solutions is stipulated in Appendix 7.3.3. In this, histomorphology analysis 
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on muscularis mucosa width, bronchial vein and artery tunica media heights, bronchial vein 

tunica adventitia height measurements and bronchial vein and parenchymal collagen fibers 

quantifications were carried out and recorded. 

3.8.4. Gordon & Sweets’ Stain. 

 

Following dewaxing and hydrating, the fourth series of sections were treated with 1% 

potassium permanganate solution for 5 minutes and rinsed in tap water then bleached in 1% 

oxalic acid solution. The sections were then treated with 2.5% iron alum solution for 18 minutes 

and washed in several changes of distilled water. Afterward, the sections were stained with 

silver solution for 2 minutes and washed in several changes of distilled water, then reduced in 

10% aqueous formalin solution for 2 mins and rinsed in tap water. The sections were then 

treated with 5% sodium thiosulfate and rinsed in tap water, then dehydrated and mounted. The 

preparation of the solutions is illustrated in Appendix 7.3.4. The Gordon & Sweets stain 

sections were used to conduct histomorphology analysis on bronchiole mucosal and 

parenchymal reticular fibers quantifications. 

3.9. Histomorphometry. 

 

The Leica DM750 microscope coupled to a Leica ICC50w camera was used to capture images 

of routine-stained slides using the LAS EZ software at the magnification of 40x, further, 

measurements were performed through Image J software. 

3.9.1. Histological Analysis. 

 

3.9.1.1. Tracheal Epithelial Height, Cartilage Width, and Lacunae Size. 

 

Measurements of the tracheal epithelial height, cartilage width, and lacunae area were made in 

each H&E-stained field of view as illustrated in Figure 3.3. A total of 360 measurements for 

the epithelial height were performed from 120 fields of view (photomicrograph). For each field 

of view, three measurements of epithelial height were taken at three different regions of the 

epithelium, and a mean was calculated. The epithelial height was measured from the basement 

membrane to the apical end below the cilia (double-ended arrow, Fig. 3.3). For cartilage width, 

a total of 200 measurements were performed from 40 fields of view, five measurements were 

taken at 5 regions of the cartilage, and a mean was calculated. The cartilage width was measured 

from both ends of the perichondrium (double-ended broken arrow, Fig. 3.3). A total of 200 

lacunae area measurements were performed from 40 fields of view, 5 lacunae were measured 
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by tracing the edge of the capsular matrix, and a mean was taken (circle, Fig. 3.3). The ImageJ 

line tool was used to measure both epithelial height and cartilage width and ImageJ freehand tool 

was used to measure lacunae area. 

 

 

Figure 3.3: Illustration of the tracheal epithelial height, cartilage width, and lacunae area 

measurements. Epithelial height is illustrated by a double arrow, Cartilage width is illustrated 

by a dashed double arrow, and Lacunae area is illustrated by a circle stained with H&E. 

3.9.1.2. Bronchiole Epithelial Height, Muscularis Mucosa Width and Mucosal Reticular 

Fibers. 

Measurements of the bronchiole epithelial height, muscularis mucosa width and mucosal 

reticular fibers in H&E, modified Pentachrome and Gordon & Sweet stains respectively are 

illustrated in Figure 3.4A-C. A total of 360 measurements were performed from 120 fields of 

views for the epithelial height and muscularis mucosa width respectively (Fig. 3.4A-B). For 

both epithelial height and muscularis mucosa width, 3 measurements were taken at 3 different 

regions per field of view using the ImageJ line tool and a mean was taken. The epithelial height 

was measured from the basement membrane to the apical end below the cilia and the muscularis 

mucosa width was measured from end to end. For the mucosal reticular fibers, a total of 160 

measurements were performed from a total of 20 fields of view per group. The ImageJ grid 

method was used to quantify the reticular fibers profile (arrows, Fig 3.4C) in the mucosa (double 

arrow, Fig 3.4) of the bronchiole. 
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Figure 3.4: Illustration of the measurements of the bronchiole epithelial height, 

muscularis mucosa width and mucosal reticular fibers. 

A: Epithelial height stained with H&E illustrated by double arrow. B: Muscularis mucosa width 

stained yellow with modified Pentachrome illustrated by double arrow. C: Reticular fibers 

stained black with Gordon & Sweet stain illustrated by single arrow. 

3.9.1.3. Bronchial Arterial Wall and Tunica Media Heights. 

 

Measurements of the bronchial artery wall and tunica media heights are presented in H &E and 

modified Pentachrome stains are as illustrated in Figure 3.4 A and B, respectively. A total of 

360 measurements were performed from 120 fields of views for the bronchial artery wall and 

tunica media heights respectively using ImageJ line tool. The wall height was measured from 

the base of the tunica adventitia to the edge of the tunica intima(double arrow: 1-wall thickness, 

2-tunica intima, 3-tunica media and 4-tunica adventitia, Fig. 3.4A), and tunica media was 

measured from the internal elastic lamina (single arrow, Fig 3.4B) to the junction with the 

tunica adventitia. 
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Figure 3.5: Illustrations of the bronchial arterial wall and tunica media heights 

measurements. 

A: Bronchial arterial wall height stained with H&E illustrated by double arrow (1- total arterial 

wall thickness, 2- tunica intima thickness, 3- tunica media thickness, 4- tunica adventitia 

thickness). B: Bronchial artery tunica media height stained yellow with modified Pentachrome, 

illustrated by a double arrow. 

 

3.9.1.4. Bronchial Vein Wall, Tunica Media, Tunica Adventitia Heights, Collagen, and 

Elastic Fibers Percentage Area Fraction. 

Measurements of the venal wall, tunica media, and adventitia heights and the quantification of 

the collagen and elastic fibers are presented in Figure 3.6. A total of 360 measurements were 

performed from 120 fields of view for the bronchial vein wall, tunica media, and adventitia 

heights, respectively, using ImageJ line tool (Fig. 3.6A-B). To measure the venal wall, tunica 

media, and adventitia heights, 3 measurements were performed on different sites, and a mean 

was taken per field of view. The venal wall height was measured from the base of the tunica 

adventitia to the edge of the tunica intima. Tunica media was measured from the internal elastic 

lamina (single arrow) to the junction with the tunica adventitia and tunica adventitia was 

measured from the junction with tunica media and the junction with parenchyma. 

A total of 160 quantifications were performed from 160 fields of view for the collagen and 

elastic fibers, respectively, and the ImageJ grid method was used to quantify the fibers 

respectively (Fig. 3.6C-D). To measure the percentage area occupied by collagen and elastic 

fibers, respectively, the number of circles intersecting with each type of fibre within the 

bronchial vein wall (double arrow) was counted and the percentage was calculated per field of 

view, respectively. 
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Figure 3.6: Illustration of the bronchial vein wall height, tunica media and adventitia 

heights measurements and collagen and elastic fibers quantification. 

A: Venal wall height stained with H&E illustrated by double arrow. B: Tunica media (yellow) 

illustrated by double arrow and tunica adventitia illustrated by dashed double arrow stained 

with modified Pentachrome. C: Collagen fibers (red) stained with modified Pentachrome. D: 

Elastic fibers stained black with Verhoeff van Gieson stain. 

3.9.1.5. Parenchymal Collagen, Elastic, and Reticular Fibers Percentage Area Fraction. 

 

Quantifications for collagen, reticular, and elastic fibers were obtained from sections stained 

with Modified Pentachrome stain, Gordon and Sweets stain and Modified Verhoeff’s van 

Gieson stains respectively are presented in Figure 3.7. For each type of fibers, collagen, elastic 

and reticular fibers, a total of 160 quantifications were performed from 160 fields of views. The 

ImageJ grid method tool was used to count the number of intersections/ small circles to 

calculate the percentage area fraction occupied the respective fibers. 
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Figure 3.7: Illustration of parenchymal collagen, reticular and elastic fibers 

quantification. 

Quantification of A: Collagen (stained red) with modified Pentachrome annotated with single 

arrow. B: Reticular (stained black) with Gordon & Sweets annotated with a single arrow. C: 

Elastic fibers stained black with Verhoeff’s van Gieson annotated with single arrow. 

3.10. Immunohistochemical (IHC) Staining. 

 

For IHC analysis, 3 series of sections were made for C- reactive protein (CRP) then mounted 

on 3% Saline-coated microscope slides. Tissue sections were deparaffinized then incubated in 

citrate buffer (pH= 6) overnight at 60 ℃ water bath for antigen retrieval. The sections were 

then rinsed in PBS for 5 minutes, blocked in 3% hydrogen peroxidase and washed in PBS for 

x5 minutes. Then the sections were incubated in 5% normal goat serum for an hour at room 

temperature, the serum was tapped off the sections then incubated in appropriate primary 

antibodies overnight at 1: 250 in goat serum ratio for and CRP (AB227507) as shown in Table 

3.1. The sections were washed in PBS and incubated with the secondary antibody (1:1000 in 

PBS) for 30 minutes, washed and incubated with ABC, washed, and incubated with DAB 

working solution then washed in running tap water. Subsequently, the sections were dehydrated 

in a series of alcohol (100%, 95% and 75%) and cleared in xylene then mounted. 

3.10.1. C-Reactive Protein. 

 

A total of 10 Fields of view per animal were captured for the respiratory (tracheal, bronchial, 



 

34  

and alveolar epithelium) from which areas immunolocalized CRP were analysed using the 

imageJ grey scale threshold tool. In total, 50 fields of view were analysed for CRP localization 

per group. The quantification of CRP was used as a marker of inflammation within the lung 

tissue (Gould and Weiser, 2001; Agassandian et al., 2014). 

 

3.11. Statistical Analysis. 

 

The statistical analysis was performed using Statistical Package for Social Science (SPSS) 

version 27.0 as follows; Normality test was performed with Shapiro-Wilk test where p>0.05 

signified parametric data. Hypothesis testing for parametric data was performed with 

Independent-Samples T Test. For non-parametric data, hypothesis testing was performed with 

Independent Samples Kruskal-Wallis test with Bonferroni-correction. The significant level for 

both data types was considered at p<0.05 and a confidence level of 95%. 
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CHAPTER FOUR: Results 

For better understanding of the effects induced by the treatments and their combinations, the 

results section has been divided into two themes, 

● Theme 1: Describes antiretroviral and alcohol toxicity with/ without the diabetic condition. 

● Theme 2: Describes diabetic condition and alcohol interaction. 

 

 

4.1. ANTIRETROVIRAL TOXICITY. 

 

The effect of antiretroviral therapy and alcohol with or without diabetic condition is analyzed 

for differential interactive toxicities induced by the therapy. 

4.1.1. Fasting Blood Glucose. 

 

The mean biweekly fasting blood glucose levels (FBG) are presented in Figure 4.1. At the end 

of week 2, the non-diabetic groups: NC, CA, and CAAL presented insignificant differences in 

average FBG of 4.83, 5.38, and 4.72 mmol/L, respectively (Fig. 4.1). Diabetic groups: CADB 

and CAALDB presented average FBG of 8.52 and 10.98 mmol/L, respectively at the 2nd and 

maintained this increase in the 12th week (Fig. 4.1). Group CADB showed a significant increase 

in FBG compared to NC, CA and CAAL in weeks 4 to 12 (p< 0.05 respectively). Group 

CAALDB showed a significant increase compared to NC and CA in weeks 2, 6, 8, and 10, 

whereas a significant decrease against CAAL was observed in weeks 6 to 12 (p<0.05, 

respectively) (Fig. 4.1). 
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Figure 4.1: Mean Biweekly Fasting Blood Glucose Across Groups. 

 

FBG; End of week 2: CAALDB showed significant increase compared to NC and CA 

(Independent-Samples T Test, p= 0.036 and 0.015, respectively). End of week 4: CADB was 

significantly increased against NC and CA (Independent-Samples T Test, p= 0.009 and 0.002, 

respectively). End of week 6: CADB showed significant increase compared to NC, CA, and 

CAAL (Independent-Samples T Test, p= 0.049, 0.018, and 0.018, respectively), and CAALDB 

showed significant increase compared to NC, CA, and CAAL (Independent-Samples T Test, 

p= 0.017, 0.005, and 0.005, respectively). End of week 8: CADB showed a significant increase 

against NC, CA, and CAAL (Independent-Samples T Test, p< 0.001 respectively), whereas 

CAALDB showed significant increase compared to NC, CA and CAAL (Independent-Samples 

T Test, p= 0.033, 0.032, and 0.027 respectively). End of week 10: CADB was significantly 

increased against NC, CA, and CAAL (Independent-Samples T Test, p= 0.033, 0.037, and 

0.033, respectively) and CAALDB showed a significant increase against NC, CA and CAAL 

(Independent-Samples T Test, p= 0.002, respectively). End of week 12: CADB showed 

significant increase compared to NC, CA and CAAL (Independent-Samples T Test, p= 0.003, 

0.003 and 0.002 respectively). CAALDB showed a significant decrease against CAAL 

(Independent-Samples T Test, p= 0.045). ‘*’ indicates significant difference compared to NC, 

‘#’ against CA and ‘β’against CAAL. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.2. Gross Morphological Analysis. 

 

4.1.2.1. Mean Body, Lung and Relative Lung Weights. 

 

The mean body and lung weights are illustrated as in Figure 4.2. The CA group showed a 

significant increase in body weight compared to the NC (Fig. 4.2A, p< 0.05), whereas groups 

CAAL, CADB, and CAALDB showed a significantly reduced body weight against NC and CA 

(Fig. 4.2A, p< 0.05, respectively). Moreover, CADB and CAALDB exhibited significantly 

reduced body weight against CAAL (Fig. 4.2A, p< 0.05, respectively). The lung weight was 

significantly reduced in groups CAAL, CADB, and CAALDB compared to NC and CA (Fig. 

4.2B, p< 0.05, respectively). 
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Figure 4.2: Body, Lung and Relative Lung Weights. 

 

A: Body weight; Significant difference was observed (One-way ANOVA, p< 0.001). CA 

showed a significant increase compared to NC (Independent-Samples T Test, p= 0.030; 0.060), 

while CAAL, CADB, and CAALDB showed a significant decrease against NC and CA 

(Independent-Samples T Test, p<0.001, respectively). CADB and CAALDB were significantly 

reduced compared to CAAL (Independent-Samples T Test, p= 0.003 and <0.001, respectively). 

B: Lung weight; Significant difference across groups (One-way ANOVA, p< 0.001). CAAL, 

CADB, and CAALDB showed a significant decrease against NC (Independent-Samples T Test, 

p= 0.008, 0.001 and 0.014, respectively) and CA (Independent-Samples T Test, p= 0.002, 

<0.001, and 0.004, respectively). C: Relative Lung Weight; No significant difference recorded. 

‘*’ indicates significant difference compared to NC, ‘#’ against CA and ‘β’against CAAL. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol, and diabetes. 

 

4.1.2.2. Right Lung Surface Area. 

 

The representative photomicrographs and estimated total right lung surface area (combination 

of right superior, middle, and inferior lobes) are illustrated in Figure 4.3. The different lobes 

are annotated with respective shapes. Significant reduction in total right lung surface area was 

observed in group CADB compared to NC and CA (Fig. 4.3, p< 0.05 respectively), whereas 

groups CAAL and CAALDB showed significant reduction only against CA (Fig. 4.3, p< 0.05). 
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Figure 4.3: Mean Right Lung Total Surface Area. 

 

Right lung surface area: Comparison across groups (One-way ANOVA, p= 0.053). CADB 

showed a significant decrease against NC and CA (Independent-Samples T Test, p= 0.005 and 

<0.001 respectively). CAAL and CAALDB showed significant decrease against CA 

(Independent-Samples T Test, p= 0.034 and 0.040, respectively). Single arrow: Trachea, ■: 

Right superior lobe, ▲: Right inferior lobe, ●: Right middle lobe and ♥: Post caval lobe. ‘*’ 

indicates significant difference compared to NC and ‘#’ against CA. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol, and diabetes. 

 

4.1.3. Biochemical Analysis. 

 

4.1.3.1. Oxidative Stress: Serum MDA and GPx1 Concentrations and MDA: GPx1 Ratio. 

 

Following the analysis of serum oxidative stress, the concentrations of serum MDA and GPx1 

and the ratio of MDA to GPx1 are displayed in Figure 4.4A-C. Groups CADB and CAALDB 

showed a significant increase in serum MDA concentration compared to NC and CA (Fig. 4.4A, 

p< 0.05 respectively). Moreover, a significantly increased MDA was observed in CADB 

against CAAL whereas a significantly decreased MDA was noted in CAALDB against CADB 
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(Fig. 4.4A, p< 0.05, respectively). Further, groups CADB and CAALDB showed a significant 

decrease in GPx1 concentration compared to NC, CA, and CAAL (Fig. 4.4B, p< 0.05), whereas 

CA showed a significant GPx1 compared to NC (Fig. 4.4B, p< 0.05). Both groups CADB and 

CAALDB showed a significant increase in MDA to GPx1 ratio against NC, CA, and CAAL 

Additionally, the oxidative ratio was significantly decreased in CAALDB against CADB (Fig. 

4.4C, p< 0.05 respectively). 

 

 

Figure 4.4: Mean Serum MDA and GPx1 Concentrations and MDA To GPx1 Ratio. 

 

A: Serum MDA concentration. Significant difference across groups (One-way ANOVA, p< 

0.001). CADB and CAALDB showed significant increase in MDA compared to NC 

(Independent-Samples T Test, p= 0.002 and 0.010, respectively) and CA (Independent-Samples 

T Test, p= 0.028 and 0.005, respectively). CADB showed significant increase in MDA against 

CAAL (Independent-Samples T Test, p= 0.009) and CAALDB a significant decrease against 

CADB (Independent-Samples T Test, p= 0.005). B: Significant difference in serum GPx1 

concentration across groups (One-way ANOVA, p< 0.001). CA showed a significant increase 

in GPx compared to NC (Independent-Samples T Test, p= 0.018), whereas CADB and 

CAALDB showed a significant decrease against NC (Independent-Samples T Test, p= 0.008 

and 0.044, respectively), CA (Independent-Samples T Test, p< 0.00, respectively), and CAAL 

(Independent-Samples T Test, p< 0.001 and 0.011, respectively). C: Significant difference in 

serum MDA to GPx1 ratio across groups (One-way ANOVA, p< 0.001). Significant ratio 

increase in CADB and CAALDB against NC (Independent-Samples T Test, p< 0.001 and 
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0.013, respectively), CA (Independent-Samples T Test, p= 0.002 and 0.002, respectively), and 

CAAL (Independent-Samples T Test, p< 0.001 and 0.009, respectively), moreover, CAALDB 

showed a significant decrease against CADB (Independent-Samples T Test, p< 0.001). ‘*’ 

indicates significant difference compared to NC, ‘#’ against CA, ‘β’ against CAAL, and ‘μ’ 

against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol, and diabetes. 

 

4.1.4. Histological Analysis. 

 

4.1.4.1. Tracheal Epithelial Height. 

 

The mean epithelial height of the trachea is presented in Figure 4.5 (epithelial height; double 

arrow and cilia; single arrow). Groups CAAL and CADB showed significantly decreased 

tracheal epithelial heights against NC and CA (Fig. 4.5, p< 0.05 respectively), but CAALDB 

showed a significantly decreased epithelial height compared to NC and a significant increase 

against CADB (Fig. 4.5, p< 0.05, respectively). 

 

 

Figure 4.5: Tracheal Epithelial Height. 
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Epithelial height: Significant difference across groups (One-way ANOVA, p< 0.001). CAAL 

and CADB showed a significant decrease against NC (Independent-Samples T Test, p= 0.008 

and < 0.001, respectively) and CA (Independent-Samples T Test, p= 0.036 and < 0.001, 

respectively), whereas CAALDB showed a decrease against NC (Independent-Samples T Test, 

p= 0.002) and a significant increase against CADB (Independent-Samples T Test, p= 0.009). 

Single arrow: Cilia and Double arrow: Epithelial height. ‘*’ indicates a significant difference 

compared to NC, ‘#’ against CA and ‘μ’ against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.2. Tracheal Cartilage Width. 

 

The morphological changes in the tracheal cartilage were determined by analyzing the trachea 

width as presented in Figure 4.6 (double arrow; trachea width and double broken arrow; 

perichondrium width). Groups CA, CAAL and CADB showed significantly decreased cartilage 

width compared to NC (Fig. 4.5, p< 0.05, respectively). Moreover, CAAL and CADB showed 

a significantly reduced cartilage width against CA, whereas CADB showed a significant 

decrease against CAAL and CAALDB a significant increase against CADB (Fig. 4.5, p< 0.05, 

respectively). 
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Figure 4.6: Tracheal Cartilage Width. 

 

Cartilage width: Significant difference across groups (One-way ANOVA, p< 0.001). CA, 

CAAL, and CADB showed a significant decrease against NC (Independent-Samples T Test, p= 

0.001, 0.014 and <0.001, respectively). CAAL and CAALDB showed a significant increase 

against CA (Independent-Samples T Test, p= 0.014 and 0.001, respectively) and CAALDB 

showed a significant increase against CA (p= 0.001), whereas CADB showed a significant 

decrease against CA (Independent-Samples T Test, p= 0.012). Moreover, CADB showed a 

significant decrease against CAAL (Independent-Samples T Test, p= 0.001), and CAALDB 

showed a significant increase against CADB (Independent-Samples T Test, p< 0.001). Double 

arrow: Cartilage width and Double broken arrow: Perichondrium width. ‘*’ indicates a 

significant difference compared to NC, ‘#’ against CA, ‘β’ against CAAL and ‘μ’ against 

CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.3. Tracheal Lacunae Area. 

 

The mean lacunae area (circled, Fig 4.7) within the tracheal cartilage are presented in Figure 
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4.7. All the treated groups showed a significantly decreased lacunae area compared to NC (Fig. 

4.7, p< 0.05, respectively). But CAAL and CAALDB groups showed significant increases 

against CA (Fig. 4.7, p< 0.05, respectively). Moreover, CADB and CAALDB showed a 

significantly lower lacunae area compared to CAAL (Fig. 4.7, p< 0.05, respectively). 

 

 

Figure 4.7: Tracheal Lacunae Area. 

 

Lacunae area: Significant difference across groups (One-way ANOVA, p< 0.001). CA, 

CAAL, CADB and CAALDB showed a significant decrease against NC (Independent- 

Samples T Test, p< 0.001 respectively). CAAL and CAALDB showed a significant increase 

against CA (Independent-Samples T Test, p< 0.001 and 0.003 respectively). CADB and 

CAALDB showed a significant decrease against CAAL (Independent-Samples T Test, p< 

0.003 and 0.002 respectively). Circle: Lacunae. ‘*’ indicates a significant difference compared 

to NC, ‘#’ against CA and ‘β’ against CAAL. 
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Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.4. Bronchiole Epithelial Height. 

 

The mean bronchiole epithelial height is presented in Figure 4.8 (epithelial height; double arrow, 

cilia; single arrow and muscularis mucosa: double broken arrow). All the treated groups showed 

a significantly decreased bronchiole epithelial height compared to NC (Fig. 4.8, p< 0.05 

respectively). Moreover, CADB showed a significant increase in bronchiole epithelial height 

compared to CA and CAAL whereas CAALDB showed a significant decrease against CA, 

CAAL and CADB (Fig. 4.8, p< 0.05, respectively). 

 

 

Figure 4.8: Bronchiole Epithelial Height. 

 

Epithelial height: Significant difference across groups (One-way ANOVA, p< 0.001). CA, 

CAAL, CADB and CAALDB showed a significant decrease against NC (Independent- 

Samples T Test, p< 0.001 respectively). CADB showed a significant increase against CA and 

CAAL (Independent-Samples T Test, p =0.019 and 0.016 respectively) and CAALDB showed 

a significant decrease against CA, CAAL and CADB (Independent-Samples T Test, p= 0.016, 
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0.033 and 0.002 respectively). Single arrow: Cilia and Double arrow: Epithelial height. ‘*’ 

indicates significant difference compared to NC, ‘#’ against CA, ‘β’ against CAAL and ‘μ’ 

against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.5. Bronchiole Muscularis Mucosa Width. 

The mean width of the bronchial muscularis mucosa is presented in Figure 4.9 (double arrow; 

muscularis mucosa). Only CAAL showed a significant decrease in bronchial muscularis 

mucosa width compared to NC and CA whereas CADB and CAALDB showed a significant 

increase against CAAL (Fig. 4.9, p< 0.05 respectively). 

 

 
 

Figure 4.9: Bronchiole Muscularis Mucosa Width 
 

Muscularis mucosa width: Significant difference across groups (One-way ANOVA, p= 0.008). 

CAAL showed a significant decrease compared to NC and CA (Independent-Samples T Test, p= 0.007 

and < 0.001 respectively). CADB and CAALDB showed a significant increase against CAAL 
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(Independent-Samples T Test, p= 0.003 and <0.001 respectively). Double arrow: Muscularis mucosa 

width. ‘*’ indicates a significant difference compared to NC, ‘#’ against CA and ‘β’ against CAAL. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.6. Bronchiole Mucosal Reticular Fibres. 

The mean presence of reticular fibres in the bronchiole mucosa is presented in Figure 4.10 

(mucosa; double arrow and reticular fibres/stained black; single arrow). The CA treated showed 

a significant increase in bronchiole mucosal reticular fibre amount compared to NC (Fig. 10, 

p< 0.05) and CAAL showed a significant decrease in bronchiole mucosal reticular fibre amount 

against NC and CA (Fig. 4.10, p< 0.05 respectively). The CADB and CAALDB groups showed 

a significant decrease in bronchiole mucosal reticular fibre profile compared to CA and a 

significant increase against CAAL (Fig. 4.10, p< 0.05 respectively). 

 

 

Figure 4.10: Bronchiole Mucosal Reticular Fibres. 

Bronchiole mucosal reticular fibres: Significant difference across groups (One-way 

ANOVA, p< 0.001). CA showed significant increase compared to NC (Independent-Samples 
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T Test, p< 0.001); CAAL showed significant decrease against NC and CA (Independent-

Samples T Test, p< 0.001 respectively). CADB and CAALDB showed a significant decrease 

against CA (Independent-Samples T Test, p= 0.003 and 0.002, respectively.) and a significant 

increase against CAAL (Independent-Samples T Test, p< 0.001 respectively). Double arrow: 

Mucosa and single arrow: Reticular fibres. ‘*’ indicates a significant difference compared to 

NC, ‘#’ against CA and ‘β’ against CAAL. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.7. Thickness of Bronchial Arterial Wall. 

 

The mean bronchial arterial wall thickness (combination of tunica intima, media, and 

adventitia) is presented in Figure 4.11 (artery wall thickness; double arrow). Group CAALDB 

showed a significant decrease in bronchial arterial wall thickness compared to NC, CAAL and 

CADB (Fig. 4.11, p< 0.05 respectively). 

 

 

Figure 4.11: Bronchial Artery Wall Thickness. 
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Wall thickness: Comparison between groups (One-way ANOVA, p= 0.063). CAALDB 

showed a significant decrease compared to NC, CAAL and CADB (Independent-Samples T 

Test, p= 0.025, 0.011 and 0.005 respectively). Double arrow: Wall thickness. ‘*’ indicates 

significant difference compared to NC, ‘β’ against CAAL and ‘μ’ against CADB  

 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.8. Bronchial Arterial Tunica Media Thickness. 

 

The mean thickness of tunica media in the bronchial artery is as presented in Figure 4.12 (tunica 

media thickness; double arrow). The CADB group showed a significantly decreased tunica 

media thickness of the bronchial artery compared to CAAL, moreover, CAALDB showed 

significant decrease against NC, CAAL and CADB (Fig. 4.12, p< 0.05 respectively). 
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Figure 4.12: Bronchial Artery Tunica Media Thickness. 

 

Tunica media thickness: Significant difference across groups (One-way ANOVA, p= 0.001). 

CADB showed a significant decrease compared to CAAL (Independent-Samples T Test, p= 

0.013). CAALDB showed a significant decrease against NC, CAAL and CADB (Independent-

Samples T Test, p= 0.002, <0.001 and 0.001). Double arrow: Tunica media thickness. ‘*’ 

indicates significant difference compared to NC, ‘β’ against CAAL and ‘μ’ against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.9. Thickness of The Bronchial Vein Wall. 

 

The mean bronchial vein wall thickness is presented in Figure 4.13 (wall thickness; double 

arrow). Groups CAAL, CADB and CAALDB showed a significantly reduced bronchial vein 

wall height against both NC, Additionally, CAAL showed a significant decrease against CA (Fig. 

4.13, p< 0.05 respectively). Moreover, CADB showed a significantly increased bronchial vein 

wall thickness compared to CAAL whereas CAALDB showed a significant decrease against 

CA and CADB (Fig. 4.13, p< 0.05). 
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Figure 4.13: Bronchial Vein Wall Thickness. 

 

Wall thickness: CAAL, CADB and CAALDB showed a significantly reduced bronchial vein 

wall height against both NC (Independent-Samples T Test, p< 0.001, 0.032 and 0.002 

respectively). CAAL showed a significant decrease against CA (Independent-Samples T Test, p< 

0.001). CADB showed a significantly increased bronchial vein wall thickness compared to 

CAAL (Independent-Samples T Test, p= 0.003). CAALDB showed a significant decrease 

against CA and CADB (Independent-Samples T Test, p< 0.001 and 0.008). Double arrow: Wall 

thickness. ‘*’ indicates significant difference compared to NC, ‘#’ against CA, β’ against 

CAAL and ‘μ’ against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 
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4.1.4.10. Bronchial Vein Tunica Media Thickness, Tunica Adventitia Thickness and 

Collagen Fibres. 

The mean bronchial vein tunica media and adventitia thickness and collagen fibre profile are 

presented in Figure 4.14A-C respectively (tunica media; double arrow, tunica adventitia; 

double broken arrow and collagen fibres; single arrow). The CA, CADB, and CAALDB treated 

groups showed a significantly reduced bronchial vein tunica media thickness against NC (Fig. 

4.14A, p< 0.05 respectively), whereas CAAL showed a significant decrease against CA (Fig. 

4.14A, p< 0.05 respectively). Moreover, CADB, and CAALDB showed a significant decrease 

in bronchial vein tunica media thickness compared to CAAL (Fig. 4.14A, p< 0.05 respectively). 

For bronchial vein tunica adventitia thickness, all the treated groups showed a significant 

decrease in thickness compared to NC, and CADB showed a significant decrease against 

CAAL (Fig. 4.14B, p< 0.05 respectively). Moreover, a significant reduction of tunica adventitia 

thickness was observed in CAALDB compared to CA, CAAL and CADB (Fig. 4.14B, p< 0.05 

respectively). The collagen fibre content was significantly reduced in CADB and CAALDB 

against NC, CA and CAAL, additionally, the collagen fibres content was also significantly 

reduced in CAALDB compared to CADB (Fig. 4.14C, p< 0.05 respectively). 
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Figure 4.14: Bronchial Vein Tunica Media and Adventitia Thickness and Collagen 

Fibres. 

A: Significant difference across groups in bronchial vein tunica media thickness (One-way 

ANOVA, p= 0.009). CA, CADB and CAALDB showed a significant decrease compared to NC 

(Independent-Samples T Test, p= 0.01, 0.046 and 0.049 respectively), whereas CAAL showed 

a significant increase against CA (Independent-Samples T Test, p< 0.001). CADB and 

CAALDB showed significant decrease against CAAL (Independent-Samples T Test, p= 0.008 

and 0.039 respectively). B: Significant difference across groups tunica adventitia thickness 

(One-way ANOVA, p< 0.001). CA, CAAL, CADB and CAALDB showed a significant 

decrease against NC (Independent-Samples T Test, p= 0.03, 0.028, 0.006 and <0.001 

respectively), CADB showed a significant decrease against CAAL (Independent-Samples T 

Test, p= 0.029) whereas CAALDB groups showed a significant decrease compared to CA, 
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CAAL and CADB (Independent-Samples T Test, p< 0.001 respectively). C: Significant 

difference across groups in bronchial vein collagen fibre profile (One-way ANOVA, p< 

0.001). CADB and CAALDB showed a significant decrease against NC, CA and CAAL 

(Independent-Samples T Test, p< 0.001 respectively) and CAALDB a significant decrease 

against CADB (Independent-Samples T Test, p< 0.001). Double arrow: Tunica media 

thickness, Double broken arrow: Tunica adventitia and Single arrow: Collagen fibre profile. ‘*’ 

indicates significant difference compared to NC and ‘#’ against CA, ‘β’ against CAAL and ‘μ’ 

against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.11. Bronchial Vein Elastic Fibres. 

 

The mean elastic fibre profile in the bronchial vein is presented in Figure 4.15 (elastic fibres; 

single arrows/stained in black and the wall of the bronchial vein; double arrow). The elastic 

fibre content was significantly decreased in CAAL against both NC and CA (Fig. 4.15, p< 0.05 

respectively). Moreover, CADB and CAALDB showed a significantly increased bronchial vein 

elastic fibre content compared to CAAL (Fig. 4.15, p< 0.05 respectively). 

 



 

54  

 

Figure 4.15: Bronchial Vein Elastic Fibres. 

 

Elastic fibres: Significant difference across groups (One-way ANOVA, p< 0.001). CAAL 

showed a significant decrease compared to NC and CA (Independent-Samples T Test, p< 0.001 

respectively). CADB and CAALDB showed a significant increase compared to CAAL 

(Independent-Samples T Test, p< 0.001 respectively). Double arrow: Bronchiole vein wall and 

single arrow: Elastic fibres. ‘*’ indicates significant difference compared to NC and ‘#’ against 

CA and ‘β’ against CAAL. 

 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.12. Parenchymal Collagen Fibres. 

 

The mean collagen profile within the lung parenchyma is presented in Figure 4.16 (collagen 

fibres; stained red /single arrows). Groups CA, CAAL, and CADB showed a significant 

increase in the amount of parenchymal collagen fibre compared to NC (Fig. 4.16, p< 0.05 

respectively). Additionally, CADB showed a significant increase in collagen fibre content 

against CA and CAAL whereas CAALDB showed a significant decrease to CA, CAAL and 

CADB (Fig. 4.16, p< 0.05 respectively). 
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Figure 4.16: Parenchymal Collagen Fibres. 

 

Collagen fibres: Significant difference across groups (One-way ANOVA, p< 0.001). CA and 

CAAL showed a significant increase compared to NC (Independent-Samples T Test, p< 0.001 

respectively) CADB showed a significant increase to NC, CA and CAAL (Independent-

Samples T Test, p< 0.001, 0.002 and <0.001 respectively). CAALDB showed a significant 

decrease against CA, CAAL and CADB (Independent-Samples T Test, p< 0.001, respectively). 

Single arrow: Collagen fibres. ‘*’ indicates significant difference compared to NC, ‘#’ against 

CA, ‘β’ against CAAL and ‘μ’ against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.13. Parenchyma Reticular Fibres. 

 

The mean reticular fibre profile in the lung parenchyma is presented in Figure 4.17 (reticular 

fibres; stained black/ single arrows). Groups CA and CAALDB showed a significant increase in 

the parenchymal reticular fibre profile compared to NC (Fig. 4.17, p< 0.05 respectively), 
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moreover, CAALDB also showed a significantly increased reticular fibre content against 

CAAL and CADB (Fig. 4.17, p< 0.05 respectively). Whereas CAAL and CADB showed a 

significant decrease in parenchymal reticular fibre profile compared to NC and CA (Fig. p< 

0.05), additionally, CADB also showed a significant increase against CAAL (Fig. 4.17, p< 0.05 

respectively). 

 

 

Figure: 4.17: Parenchymal Reticular Fibres. 

 

Reticular fibres: Significant difference across groups (One-way ANOVA, p< 0.001). CA and 

CAALDB showed significant increase against NC (Independent-Samples T Test, p= 0.002 and 

0.043 respectively). CAAL and CADB showed a significant decrease against NC (Independent-

Samples T Test, p< 0.001 and 0.002 respectively) and CA (Independent- Samples T Test, p< 

0.001 respectively). CADB showed a significant increase against CAAL (Independent-Samples 

T Test, p< 0.001) while CAALDB showed a significant increase against CAAL and CADB 

(Independent-Samples T Test, p< 0.001 respectively). Single arrow: Collagen fibres. ‘*’ 

indicates significant difference compared to NC, ‘#’ against CA, ‘β’ against CAAL and ‘μ’ 

against CADB. 
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Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.4.14. Parenchymal Elastic Fibres. 

 

The mean parenchymal elastic fibre profile (Stained black) is presented in Figure 4.18, with the 

elastic fibres annotated with single arrows. Groups CAAL, CADB and CAALDB showed a 

significant decrease in the amount of parenchymal elastic fibres compared to NC and CA (Fig. 

4.18, p< 0.05 respectively). Moreover, significantly increased parenchymal elastic content was 

observed in CADB compared to CAAL whereas CAALDB showed a significant increase 

against CAAL and a significant decrease compared to CADB (Fig. 4.18, p< 0.05 respectively). 

 

 

Figure 4.18: Parenchymal Elastic Fibres. 

 

Elastic fibres: Significant difference across groups (One-way ANOVA, p< 0.001). CAAL, 

CADB and CAALDB showed a significant decrease compared to NC and CA (Independent-

Samples T Test, p< 0.001 respectively). CADB showed a significant increase against CAAL 
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(Independent-Samples T Test, p< 0.00l) while CAALDB showed a significant increase against 

CAAL (Independent-Samples T Test, p< 0.001) and a significant decrease against CADB 

(Independent-Samples T Test, p= 0.025). Singe arrow: Elastic fibres. ‘*’ indicates significant 

difference compared to NC, ‘#’ against CA, ‘β’ against CAAL and ‘μ’ against CADB. 

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and 

diabetes; CAALDB= cART, alcohol and diabetes. 

 

4.1.5. Immunohistochemical Analysis. 

4.1.5.1. C-Reactive Protein IHC Expression. 

The immunohistochemical expression of CRP in the bronchiole lining and alveoli is illustrated 

in Figure 4.19 and in the bronchial artery and vein presented in Figure 4.20. The bronchiole (Fig. 

4.19A-E) demonstrated minimal expression in the epithelium and luminal macrophage nuclei 

in the NC group and upregulated in CA, CAAL and CADB groups with highest expression 

observed in CAALDB. Further, CRP expression was observed in the muscularis mucosa of 

CAAL, CADB and CAALDB (Fig. 4.19C-E). Across all treated groups, clusters of type 2 

pneumocytes and alveolar macrophage nuclei showed CRP expression in the alveoli (Fig. 

4.19F-J), whereas in NC the expression was minimally observed only in alveolar macrophage 

nuclei. The CRP expression was also observed in the smooth muscle nuclei of the bronchial 

artery (Fig. 4.20A-E) and vein (Fig. 4.20F-J) of all treated groups (CA, CAAL, CADB and 

CAALDB) and the endothelium of both vasculatures in CADB.  Only CADB showed CRP 

expression in endothelial nuclei of both bronchial artery and vein (Fig. 4.20D and I 

respectively). 
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Figure 4.19: CRP Expression in The Bronchiole epithelium Alveolar Spaces. 

CRP expression: Black arrowhead- bronchiole epithelium cytoplasm, black arrow- macrophage nuclei (bronchiole lumen), oval circle- smooth 

muscle (muscularis mucosa), red arrowhead- alveolar macrophage nuclei, and black square- pneumocyte II nuclei cluster.  

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and diabetes; CAALDB= cART, alcohol and diabetes.
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Figure 4.20: CRP Expression in The Bronchial Artery and Vein. 

CRP expression: Oval circle- smooth muscle (bronchial vein, and artery), red arrow- endothelium (non-expression), broken red arrow- 

endothelium (expression).  

Key: NC= negative control; CA= cART; CAAL= cART and alcohol; CADB= cART and diabetes; CAALDB= cART, alcohol and diabetes. 
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4.1.5.2. TGFβ1, MDA and Caspase 3 Trials. 

 

The non-expression trials for TGFβ1, MDA and Caspase 3 in the parenchyma (Fig. 4.21A, C 

and E) and bronchial vein (Fig. 4.21B, D and F) are presented. Optimization was performed 

through adjusting several factors including secondary antibody, ABC kit, antigen retrieval in 

EDTA vs citrate buffer and primary antibody dilution (1: 100, 1: 300, 1:500 and 1:1000). 

However, no expression of TGFβ1 (Fig. 4.21A-B), MDA (Fig. 4.21C-D) and Caspase 3 (Fig. 

4.21E-F) was observed. 

 

 

Figure 4.21: Non-Expression Trials for TGFβ1, MDA and Caspase 3. 

 

Key; (A-B), bronchial vein, and parenchyma for TGFβ1, (C-D), bronchial vein, and 

parenchyma for MDA; (E-F) bronchial vein, and parenchyma observed Caspase 3. 

 

4.2. DIABETES AND ALCOHOL INTERACTION. 

 

The effect of alcohol-diabetes comorbidity is analyzed for interactive toxicity induced by 

alcohol in a diabetic condition. 

4.2.1. Fasting Blood Glucose. 

 

The overall mean FBG results of the experiment are presented in Table 4.1. There was a 

significant difference in FBG across groups (One-way ANOVA, p= 0.04). Both DB and DBAL 

showed a significant increase in FBG compared to NC (Independent-Samples T Test, p= 0.022 

and 0.024 respectively, Table. 4.1), moreover, AL showed a significant decrease against DB 

(Independent-Samples T Test, p= 0.028, Table. 4.1) and DBAL a significant increase against 

AL (Independent-Samples T Test, p= 0.029, Table. 4.1). 
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Table 4.1: Mean Fasting Blood Glucose, Body and Lung Weights, Relative Lung Weight, Right Lung Surface Area, Serum MDA and 

GPX1 Concentrations and MDA To GPx1 Ratio. 

 

Groups FBG 

(mmol/L) 

Body Weight 

(g) 

Lung Weight 

(g) 

Relative 

Lung 

Weight (%) 

Right lung 

Surface 

area (cm2) 

Serum MDA 

(µmol/gprotein) 

Serum GPx1 

(µmol/ml) 

MDA: GPx1 ratio 

(gprotein/ml) 

NC 4,95± 0,13 524± 9,43 3,83± 0,31 73± 0,05 8,29± 0,29 0,014± 0,00102 58± 3,73 2,33E-04± 2,21E-05 

AL 5,08± 0,20Δ 473± 19,56*Δ 2,11± 0,19* 79± 0,19 6,67± 0,52* 0,035± 0,00269* 66± 1,04 5,28E-04± 3,32E- 

05* 

DB 10,6 ± 2,40* 359± 35,09* 2,81± 0,29 45± 0,04* 7,06± 0,32* 0,033± 0,00216* 64± 5,27 5,19E-04± 5,96E- 

05* 

DBAL 11,26± 2,72*α 323± 62,29*α 3,40± 0,27α 117± 0,16*Δ α 7,49± 0,35 0,018± 0,00274Δ α 44± 3,06*Δ α 4,04E-04± 5,34E-05 

 

‘*’ indicates significant difference compared to NC, ‘Δ’ against DB and ‘α’ against AL. The data is presented as Mean± SEM.  

 

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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4.2.2. Body and Lung Weights and Right Lung Surface Area. 

 

The mean body and lung weights and right lung surface area results are presented in Table 4.1. 

The body weight showed a significant difference across groups (One-way ANOVA, p= 0.004), 

groups DB and DBAL showed significantly decreased body weight compared to NC 

(Independent-Samples T Test, p< 0.001 and 0.007 respectively, Table. 4.1). Further, AL showed 

a significant decrease against NC (Independent-Samples T Test, p= 0.044, Table. 4.1) and 

significant increase against DB (Independent-Samples T Test, p= 0.008, Table. 4.1). Moreover, 

a significantly reduced body was observed in DBAL compared to AL (Independent-Samples T 

Test, p= 0.021, Table. 4.1).  

For lung weight, comparison across the groups (One-way ANOVA, p= 0.065), AL showed a 

significant decrease compared to NC (Independent-Samples T Test, p< 0.001, Table. 4.1) 

whereas DBAL showed a significant increase against AL (Independent-Samples T Test, p= 

0.003, Table. 4.1). Significant difference in relative lung weight was observed across all groups 

(One-way ANOVA, p= 0.01), DB showed a significantly reduced relative lung weight compared 

to NC (Independent- Samples T Test, p= 0001, Table. 4.1). Moreover, DBAL showed significant 

decrease against both NC and DB (Independent-Samples T Test, p= 0.015 and 0.001 

respectively, Table. 4.1) and a significant increase against AL (Independent-Samples T Test, p= 

0.001, Table. 4.1). 

The representative photomicrographs and measurements for the right lung total surface area 

(combination of right superior, middle and inferior lobes) are presented in Figure 4.22, each lobe 

of the right lung is annotated with respective shape. Significant difference across groups in right 

lung surface area was observed (One-way ANOVA, p= 0,051). Both groups AL and DB showed 

a significant decrease in right lung total surface area compared to NC (Independent-Samples T 

Test, p= 0.003 and 0.036 respectively, Table. 4.1). 
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Figure 4.22: Mean Right Lung Total Surface Area. 

 

Single arrow: Trachea, ■: Right superior lobe, ▲: Right inferior lobe, ●: Right middle lobe and 

♥: Post caval lobe.  

 

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 

 

4.2.3. Mean Serum MDA and Gpx1 Concentrations and MDA to GPx1 Ratio. 

 

The results for the serum MDA and GPx1 concentrations and the ratio of MDA to GPx1 are 

displayed in Table 4.1. The MDA concentration comparison across the different groups (One- 

way ANOVA, p= 0.052). Groups DB and AL showed significant increase in MDA concentration 

compared to NC (Independent-Samples T Test, p= 0.029 and 0.009 respectively, Table.4.1) while 

DBAL showed a significantly low concentration against DB (Independent- Samples T Test, p= 

0.041, Table.4.1). Further, significant difference across groups in GPx1 concentration was 

observed (One-way ANOVA, p= 0.002.) and DBAL showed a significant decrease compared to 

NC and DB (Independent-Samples T Test, p= 0.010 and 0.003 respectively, Table. 4.1). 

Furthermore, DBAL showed significant reduction in both MDA and GPx1 compared to AL 

(Independent-Samples T Test, p= 0.039 and <0.001 respectively, Table. 4.1). The MDA to GPx1 

ratio showed a significant difference (One-way ANOVA, p= 0.048, Table. 4.1) and DB and AL 

showed significant increase against NC (Independent-Samples T Test, p= 0.019 and 0.023 

respectively, Table. 4.1) 
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4.2.4. Tracheal Epithelial Height, Cartilage Width and Lacunae Area. 

 

The mean tracheal epithelial height, cartilage width and lacunae area are presented in Figure 

4.23A-C. Significant difference across groups was observed in epithelial height, cartilage width and 

lacunae area (One-way ANOVA, p< 0.001 respectively). Groups AL and DB showed a significant 

decrease in tracheal epithelial height compared to NC (Independent-Samples T Test, p= 0.018 and 

< 0.001 respectively, Fig. 4.23A) while AL and DBAL showed a significant increase against DB 

(Independent-Samples T Test, p= 0.002 and < 0.001, respectively, Fig. 4.23A). Moreover, DBAL 

showed a significant increase in tracheal epithelial height compared to AL (Independent-Samples 

T Test, p= 0.011, Fig. 4.23A). A significant reduction in cartilage width was observed in groups 

AL and DBAL against NC (Independent- Samples T Test, p= 0.009 and 0.002 respectively, Fig. 

4.23B) and a significant increase against DB (Independent-Samples T Test, p= 0.010 and 0.001 

respectively, Fig. 4.23B). While DB showed a significant decrease against NC (Independent-

Samples T Test, p< 0.001, Fig. 4.23B). For lacunae area, AL and DBAL showed a significant 

decrease compared to NC (Independent-Samples T Test, p= 0.001 and <0.001 respectively, Fig. 

4.23C) and against DB (Independent-Samples T Test, p< 0.001 respectively, Fig. 4.23C) while 

DB showed a significant decrease against NC (Independent-Samples T Test, p= 0.002, Fig. 4.23C). 
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Figure 4.23: Tracheal Epithelial Height, Cartilage Width and Lacunae Area. 

 

Double arrow: Epithelial height, Green double arrow: Perichondrium width, Broken double 

arrow: Cartilage width, Circle: Lacunae area and Single arrow: Cilia. ‘*’ indicates significant 

difference compared to NC, ‘Δ’ against DB and ‘α’ against AL. 

 

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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4.2.5. Bronchiole Epithelial Height, Muscularis Mucosa Width and Mucosal Reticular 

Fibre Profile. 

The mean bronchiole epithelial height, muscularis mucosa width and mucosal reticular fibre 

profile results are illustrated in Figure 4.24 and summarized in Table 4.2. Significant 

differences across groups were observed in epithelial height (Fig 4.24A-D), muscularis mucosa 

width (Fig 4.24E-H) and mucosal reticular fibre profile (Fig 4.24I-L) (One-way ANOVA, p< 

0.001, 0.002 and 0.005 respectively). Groups AL, DB and DBAL showed significant decrease in 

epithelial height compared to NC (Independent-Samples T Test, p< 0.001 respectively, Table. 

4.2). For muscularis mucosa width, DB and DBAL showed a significant increase against NC 

(Independent-Samples T Test, p= 0.010 and 0.009 respectively, Table. 4.2) whereas AL showed 

a significant decrease against DB (Independent-Samples T Test, p < 0.001, Table. 4.2). 

Moreover, DBAL showed a significant increase in muscularis mucosa width and a significant 

reduction in mucosal reticular fibre content against AL (Independent-Samples T Test, p< 0.001 

and 0.011, respectively, Table. 4.2). Group AL showed a significant increase in mucosal 

reticular fibre profile against NC and DB (Independent-Samples T Test, p= 0.001 and 0.024 

respectively, Table. 4.2) while DBAL showed a significant decrease against NC (Independent-

Samples T Test, p= 0.045, Table. 4.2). 

Table 4.2: Bronchiole Epithelial Height, Muscularis Mucosa Width and Mucosal Reticular 

Fibre Profile. 

 

Groups Epithelial height 

(μm) 

Muscularis Mucosa 

Width (μm) 

Mucosal Reticular 

Fibre Profile 

(%Area) 

NC 12,08± 0,58 21,03± 1,85 13,25± 0,19 

AL 8,07± 0,13* 21,79± 0,12 Δ 16,25± 0,63*Δ 

DB 8,27± 0,10* 26,54± 0,45* 12,57±0,80 

DBAL 8,32± 0,26* 26,86± 0,67*α 12,22± 0,61*α 

‘*’ indicates significant difference compared to NC, ‘Δ’ against DB and ‘α’ against AL. The data 

is presented as Mean± SEM.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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Figure 4.24: Bronchiole Epithelial Height Muscularis Mucosa Width, and Mucosal Reticular Fibre Profile. 

 

Double arrow: Epithelial height, Broken double arrow: Muscularis mucosa width and blue arrow: Reticular fibres.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol.
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4.2.6. Bronchial Artery (Tunica Media and Adventitia Thickness) and Vein (Wall, Tunica 

Media and Adventitia Thickness, and Collagen and Elastic Fibre Profile). 

The mean estimated bronchial artery wall and tunica media thickness are presented in Figure 

4.25A-G, whereas the estimated bronchial vein wall, tunica media and adventitia thickness, 

and collagen and reticular fibre profile are presented in Figure 4.25I-U and summarized in 

Table 4.3. Significant difference across groups was observed in bronchial artery wall (Fig. 

4.25A-D) and tunica media thickness (Fig. 4.25E-H) (One-way ANOVA, p= 0.002 and 0.013, 

respectively). Groups AL and DB showed a significant decrease in bronchial artery wall 

thickness against NC (Independent-Samples T Test, p= 0.002 and 0.018 respectively, Table. 4.3) 

while DBAL showed a significant increase against DB and AL (Independent-Samples T Test, 

p= 0.006 and 0.001 respectively, Table. 4.3). For bronchial artery tunica media thickness, AL 

and DBAL showed a significant decrease against NC (Independent-Samples T Test, p= 0.006 

and 0.048 respectively, Tab. 4.3) and DB (Independent-Samples T Test, 0.005 and 0.044 

respectively Table. 4.3), moreover, DBAL showed a significant increase in tunica media 

thickness against AL (Independent-Samples T Test, p< 0.001, Table. 4.3). 

Bronchial vein wall (Fig. 4.25, I-L), tunica media, adventitia thickness, and collagen (Fig. 

4.25M-Q) and reticular fibre profile (Fig. 4.25R-U) showed a significant difference across 

groups (One-way ANOVA, <0,001, respectively). Groups AL and DB showed a significant 

decrease in bronchial vein wall (Independent-Samples T Test, p= 0.003 and <0.001 respectively, 

Table. 4.3) and tunica media thickness (Independent-Samples T Test, p= 0.017 and 0.009 

respectively, Table. 4.3) against NC, while DBAL showed a significant increase in bronchial 

vein wall and tunica media thickness against DB and AL (Independent-Samples T Test, p < 

0.001 respectively, Table. 4.3). For bronchial vein tunica adventitia thickness, AL showed a 

significant decrease against NC and DB (Independent- Samples T Test, p< 0.001 respectively, 

Table. 4.3) while DB showed a significant decrease against NC (Independent-Samples T Test, 

p= 0.001, Table 4.3) and DBAL a significant increase against DB and AL (Independent-

Samples T Test, p < 0.001, Table. 4.3). Group AL showed a significant decrease in bronchial 

vein collagen fibre profile against NC and DB (Independent-Samples T Test, p= 0.001 and 

0.002 respectively, Table. 4.3), while DBAL showed a significant increase against AL 

(Independent- Samples T Test, p< 0.001, Table. 4.3). Groups AL and DB showed a significant 

decrease in bronchial vein elastic fibre profile against NC (Independent- Samples T Test, p< 

0.001 respectively, Table. 4.3) while DBAL showed a significant increase compared to DB and 

AL (Independent-Samples T Test, p< 0.001, respectively, Table. 4.3). 
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Table 4.3: Bronchial Artery (Tunica Media and Adventitia Thickness) and Vein (Wall, Tunica Media and Adventitia Thickness, and 

Collagen and Elastic Fibre Profile). 

 

Bronchial Artery   Bronchial Vein   

Groups Wall 

Thickness 

(μm) 

Tunica Media 

Thickness 

(μm) 

Wall 

Thickness 

(μm) 

Tunica Media 

Thickness 

(μm) 

Tunica 

Adventitia 

Thickness 

(μm) 

Collagen 

Fibre Profile 

(%Area) 

Elastic Fibre 

Profile 

(%Area) 

NC 62,68± 3,20 30,51± 1,81* 72,62± 1,32 19,81± 1,07 50,23± 3,07 24,17± 0,63 17,17± 0,40 

AL 42,58± 1,70* 22,21± 0,24 *Δ 48,94± 0,44* 13,52± 0,43* 29,75± 0,80* Δ 19,58± 0,61* Δ 12,50± 051* 

DB 47,57± 0,97* 30,13± 1,74 50,02± 0,17* 13,58± 0,20* 34,91± 0,52* 23,00± 0,52 12,42± 0,52* 

DBAL 62,00± 1,28Δα 24,62± 0,25*Δα 72,18± 0,50Δα 16,11± 0,29Δα 54,07± 0,14Δα 23,67± 0,65α 16,88± 0,40Δα 

 

‘*’ indicates significant difference compared to NC, ‘Δ’ against DB and ‘α’ against AL. The data is presented as Mean± SEM.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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Figure 4.25: Bronchial Artery (Tunica Media and Adventitia Thickness) and Vein (Wall, Tunica Media and Adventitia Thickness, and 

Collagen and Elastic Fibre Profile). 

Black broken double arrow: Arterial wall thickness, blue broken double arrow: Arterial tunica media thickness, black double arrow: Venal 

wall thickness, blue double arrow: Venal tunica media thickness, green double arrow: Venal tunica adventitia thickness, single blue arrow: 

Venal collagen fibres, single while arrow: Venal elastic fibres.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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4.2.7. Parenchymal Collagen, Reticular and Elastic Fibre Profile. 

 

The parenchymal collagen, reticular and elastic fibre profile are shown in Figure 4.26 and 

summarized in Table 4.4. Significant difference across groups was observed in parenchymal 

collagen (Fig. 26A-D), reticular (Fig. 26E-H), and elastic fibre profile (Fig. 26I-L) (One-way 

ANOVA, p <0,001 respectively). Groups AL and DB showed a significant increase in collagen 

fibre profile compared to NC (Independent-Samples T Test, p< 0.001 respectively, Table. 4.4). 

Moreover, AL showed a significant increase in parenchymal collagen content against DB 

(Independent-Samples T Test, p< 0.001, Table. 4.4) and DBAL a significant decrease against 

DB and AL (Independent-Samples T Test, p< 0.001 respectively, Table. 4.4). Groups AL and 

DB showed a significant increase in parenchymal reticular fibre content compared to NC 

(Independent-Samples T Test, p< 0.001 respectively, Table. 4.4) whereas DBAL showed a 

significant decrease compared to DB and AL (Independent-Samples T Test, p< 0.001 

respectively, Table. 4.4). For elastic fibre profile, AL and DB showed a significant decrease 

compared to NC (Independent-Samples T Test, p< 0.001 respectively, Table. 4.4) while DBAL 

showed a significant increase compared to DB and AL (Independent-Samples T Test, p< 0.001 

respectively, Table. 4.4).  

Table 4.4: Parenchymal Collagen, Reticular and Elastic Fibre Profile. 

 

Groups Collagen Fibre 

Profile (%Area) 

Reticular Fibre 

Profile (%Area) 

Elastic Fibre Profile 

(%Area) 

NC 14,50± 0,40 10,00± 0,56 22,13± 1,12 

AL 23,19± 0,65*Δ 16,64± 0,48* 13,31± 0,40* 

DB 18,00± 0,32* 15,63± 0,33* 13,88± 0,57* 

DBAL 14,25± 0,29Δα 9,38± 0,64Δα 23,06± 0,90Δα 

‘*’ indicates significant difference compared to NC, ‘Δ’ against DB and ‘α’ against AL. The data 

is presented as Mean± SEM.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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Figure 4.26: Parenchymal Collagen, Reticular and Elastic Fibre Profile. 

 

Black single arrow: collagen fibres (stained red), blue single arrow: reticular fibres (stained black) and red single arrow: elastic fibres 

(stained black). Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol.
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4.2.8. Immunohistochemical Analysis. 

 

4.2.8.1. C-Reactive Protein IHC Expression. 

 

The respiratory immunohistochemistry of CRP was performed and presented in Figure 4.27 for 

bronchiole and alveolar spaces and Figure 4.28 for bronchial artery and vein. The expression 

was observed in the bronchiole, bronchial artery, vein and alveoli. In the bronchiole (Fig. 

4.27A-D), all groups showed epithelial CRP expression and the presence of luminal 

macrophages, however, pronounced in DB and DBAL with additional expression within the 

muscularis mucosa. The NC group showed minimal alveolar macrophage nuclei CRP 

expression in contrast to the treated groups with pronounced expression, in addition to clusters 

of pneumocytes II (Fig. 4.27E-H). Further, all treated groups showed CRP expression in the 

bronchial artery (Fig. 4.28A-D) and vein (Fig. 4.28E-H) smooth muscle, additionally, DBAL 

also showed expression in the endothelium of the bronchial vein.  
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Figure 4.27: CRP Expression in The Bronchiole and Alveolar Spaces. 

 

CRP expression: Black arrowhead- bronchiole epithelium cytoplasm, black arrow- 

macrophage nuclei (bronchiole lumen), oval circle- smooth muscle (muscularis mucosa) 

red arrowhead- alveolar macrophage nuclei, and black square- pneumocytes II nuclei 

cluster.  

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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Figure 4.28: CRP Expression in The Bronchial Artery and Vein. 

 

CRP expression: Oval circle- smooth muscle (bronchial vein, and artery), red arrow- 

endothelium (non-expression), broken red arrow- endothelium (expression). 

Key: NC= negative control; DB= diabetes; AL= alcohol; DBAL= diabetes and alcohol. 
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4.2.8.2. TGFβ1, MDA and Caspase 3 Trials. 

Optimization was performed for the expression of TGFβ1, MDA and Caspase 3 in the 

parenchyma (Fig. 4.29A, C and E) and bronchial vein (Fig. 4.29B, D and F) and the trials are 

presented. Several factors were calibrated including secondary antibody, primary antibody 

dilution (1: 100, 1: 300, 1:500 and 1:1000), ABC kit and antigen retrieval in EDTA vs citrate 

buffer. But no expression in positive controls within the bronchial vein and the parenchyma 

was observed for TGFβ1 (Fig. 4.29A-B), MDA (Fig. 4.29C-D) and Caspase 3 (Fig. 4.29E-F). 

 

Figure 4.29: Non-expression trials for TGFβ1, MDA, and Caspase 3. 

 

Key; (A-B), bronchial vein, and parenchyma observed for TGFβ1, (C-D), bronchial vein, and 

parenchyma observed for MDA; (E-F) bronchial vein, and parenchyma observed for Caspase 

3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

78  

CHAPTER FIVE: Discussion 

 

The rollout of cART treatment to the broader population continues to rise, mainly to manage and 

prevent HIV transmission on the backdrop of increasing alcohol abuse and incidences of 

diabetes. These are lifestyle factors (alcohol abuse, sedentary life, diabetes etc) affecting the 

human population, especially in developing countries. While the independent effects of these 

factors on the respiratory system are documented (Twigg III et al., 2017; Knoop et al., 2018; 

Kaphalia et al., 2024), the possible toxicity or otherwise arising from their coexistence in HIV-

negative individuals, especially on the respiratory system, is undocumented. 

The results indicate successful induction of diabetes, consistent with similar studies with 

significantly increased biweekly blood glucose levels since week 2 of the study in diabetic groups 

throughout the treatment duration compared to non-diabetic groups (Ghasemi and Jeddi, 2023). 

Further, the results suggest that cART administration in diabetes (CADB) interactively 

significantly exacerbated increases in blood glucose levels (i.e. augments diabetic condition) 

more than cART and alcohol (AL) interaction. This supplements previous studies that reported 

diabetes mellitus incidences in HIV patients following cART treatment initiation (Moyo et al., 

2014; Hailu et al., 2021). Additionally, alcohol and cART administration in diabetes (CAALDB) 

less significantly increased blood glucose levels compared to administration of only cART in 

diabetes. 

The significantly increased mean body and lung weights observed in the cART (CA) treated 

group compared to the control (NC) group was contrary to decreases in mean body and lung 

weights observed in all the treated groups, in alcohol (AL), diabetes (DB) and diabetes+alcohol 

(DBAL),  cART+alcohol (CAAL), cART+diabetes (CADB) and cART, alcohol and diabetes 

(CAALDB). The decreased mean body and lungs weights recorded in the treatment groups 

compared to the increases in cART (CA) treated group, suggest that cART (CA) influenced body 

weight increases, which is parallel with the report of other studies that highlight body weight 

increase in HIV-negative individuals on preexposure cART therapy (Wohl et al., 2024). But 

cART in combination with alcohol, diabetes and/or both (i.e. CAAL, CADB and/or both 

CAALDB) interactively led to greater mean body and lung weights losses similar to DBAL 

combination treatment. The highest mean body and lungs weight reductions recorded in 

CAALDB and CADB groups respectively, may point to differential but more adverse effects of 

the respective treatments on body and organ weights which corroborate with a previous report 

(Chao et al., 2019). The increases in mean relative lung weight across the treatment groups 

correlate with the decreases in body weight which points to proper application of the technique 
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and treatments effects. The mean lung surface area was significantly reduced in the treated 

groups except in cART-treated group compared to control (NC), suggesting that alcohol (AL) 

consumption in diabetes could result in organ shrinkage and consequently reduced surface area. 

Though cART treatment alone did not cause changes in the organ surface area, the reductions 

recorded in the combination treatment groups (CAAL, CADB, CAALDB) might be associated 

with cART since no reductions were recorded in DBAL treated group suggesting possible 

cART interaction with alcohol, diabetes or both.   

The cART treatment (CA) showed antioxidant capacity through GPx1 increase, which is contrary 

to previous reports of increased oxidative stress and reduced antioxidant enzymes in HIV- 

infected individuals on cART (Ivanov et al., 2016; Yeligar et al., 2017; Konstantinidis et al., 

2023). Such disparity in the results could be due to the presence and absence of HIV virus in the 

previous and present study respectively. Biochemical analysis signifies the presence of oxidative 

stress (particularly lipid peroxidation), and susceptibility to toxicity (cellular damage) with the 

increased MDA levels associated with alcohol (AL), diabetes (DB), cART-diabetes (CADB) and 

cART-alcohol-diabetes (CAALDB) combination exposures. Correspondingly, the slight 

increases in GPx1 levels in AL, DB and CA against the NC group, while suggesting very minimal 

oxidative stress, the highly significant decreases in CADB and CAALDB treated groups imply 

increased toxicity and cellular damage following heightened oxidative stress in the cART-

diabetes (CADB) and cART-alcohol-diabetes (CAALDB) exposure combinations. The 

heightened oxidative stress in CADB and CAALDB treated groups is substantiated by the 

significantly increased MDA to GPx1 ratios. 

The mean trachea and bronchiole epithelial heights were significantly reduced in all the treatment 

groups against the control (NC) except the tracheal epithelium in cART (CA) treated group. This 

may lead to reduction in the trapping of dust particles and microorganisms in the respiratory 

passage, implicating these treatment combinations in reducing optimal air transport function of 

the respiratory epithelium and probably the dysfunction of the overall respiratory system (Kiyota 

et al., 2014). Another study highlighted chronic alcohol consumption capacity to impair mucous 

and ciliary functioning of the respiratory lining (Sisson, 2007). Also, an analysis of respiratory 

functioning in HIV individuals with history of heavy alcohol consumption had reported 

disruption of epithelial barrier integrity (New-Aaron et al., 2024). Additionally, the mean tracheal 

cartilage width and lacuna were significantly reduced across the treatment groups against the 

control (NC), except in diabetes-alcohol (DBAL) treated. Such changes signify adverse effects 

on the cytomorphological integrity of the trachea, and consequently, may lead to structural 
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dysfunction (Khalid and O’Leary, 2023). 

The bronchiole muscularis mucosa width significantly increased in diabetes (DB) and diabetes-

alcohol treated (DBAL) groups but was significantly decreased in CAAL combination exposure 

compared to the control. While cART (CA) and alcohol (AL) independently did not affect the 

bronchiole muscularis mucosa width, they significantly increased the bronchial reticular fibre 

content against the control (NC), DBAL, CAAL, CADB & CAALDB treated groups. However, 

cART in combination with alcohol (CAAL) significantly reduced bronchial reticular fibres 

contrary to their independent effects, which may imply enhanced bronchial elasticity in 

independent CA and AL treated groups but interactively antagonize each other with resultant 

impairment of elasticity which corroborates with a previous report (Brusasco and Martinez, 

2014). 

Furthermore, the bronchial arterial wall and tunica media thicknesses were generally reduced 

across the treatments. However, significant reductions were recorded in both parameters in alcohol 

(AL), but only arterial wall thickness in diabetic group (DB) and tunica media in diabetes-alcohol 

combined (DBAL) treatment, indicating the differential effects of the treatments and suggests 

that alcohol may have a greater adverse impact on the bronchial arterial wall components than 

diabetes and when both are combined. Interestingly, while no significant changes were recorded 

in both parameters in cART (CA), CAAL and CADB treated groups, significant reduction was 

recorded in combination of the three factors (CAALDB), suggesting that vascular wall shrinkage 

defect may emanate from interactive effects of cART-alcohol therapy in diabetes.  

The treatments showed slightly more severe effects with recorded significant reductions on 

bronchial vein morphometry (tunica media and tunica adventitia thicknesses) in alcohol and 

diabetes independent exposures against the effects on the arterial wall. The differential effects 

on the wall and media thickness of the bronchial artery and vein may be associated with the 

differences in structural configuration of these vessels relative to their functional requirements 

(Zhou et al., 2023). Though cART treatment recorded minimal reduction in the wall thickness 

of bronchial vein, significant reductions were recorded in combination with alcohol (CAAL), 

diabetes (CADB) and both (CAALDB) compared to control (NC) pointing to combinatorial 

impact of cART with alcohol, diabetes and both on the pulmonary venular system. Covid 19 

reported deaths were significantly high amongst HIV/AIDS patients on cART regimen and with 

diabetes, high blood pressure and other related co-morbidities (Mellor et al., 2021; Ssentongo et 

al., 2021). Furthermore, significant reductions recorded in the thickness of adventitia in all the 

treatment groups with highest reduction in CA and CAALDB treatments, generally, may lead to 
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distorted functional efficiency of the vasculature and consequently dysfunction (Tai et al., 2021). 

Moreover, significant reductions recorded in venal fibre profiles in collagen (in AL, CADB and 

CAALDB) and elastic fibre (in AL, DB, CAAL) compared to NC, signifies reductions in some 

extra cellular matrix (ECM) structures, with consequent reductions in the rigidity and 

contractility property of the bronchial vein which may lead to pulmonary disorders such as 

pulmonary hypertension (Schermuly et al., 2011). Therefore, the recorded adverse effects on the 

vascular structural components following the treatments infer adverse structural effects and 

perturbations on their functional competences (Suresh and Shimoda, 2016). 

Additionally, the pulmonary parenchymal collagen fibre content of bronchial arterial and vein 

was increased in all the treatments groups but decreased in DBAL and CAALDB groups against 

control (NC). While the significant increases in collagen fibre profile may lead to increased 

rigidity of the parenchyma, the reductions in CAALDB-treated group suggests contrary effect 

on the parenchyma structure. These differential effects could emanate from the interactive effects 

of the different combination treatments and imply slight amelioration of the effect. Similarly, the 

increased lung parenchyma reticular fibre profile in CAALDB and the significant reductions in 

cART-alcohol, and cART-diabetes combination treatments demonstrate different modulating 

effects of these treatment combinations, but the mechanism behind modulating effects is beyond 

the scope of the present study and requires further investigations. Also, the significant reductions 

in elastic fibre content in the AL, DB, CAAL, CADB and CAALDB groups, and lack of any 

change in CA treated group compared to control group mirrored the treatments effects on 

collagen and reticular fibres. Altogether, the results present variable adverse impact on the 

respiratory connective tissue fibres and function of the lungs relative to pulmonary contractility 

and relaxation movements (Jagadapillai et al., 2016; Galicia-Garcia et al., 2020). 

Furthermore, alcohol (AL)-induced CRP expression was minimal in the bronchial epithelium 

and luminal macrophages, as well as in the vascular smooth muscles, but it was prominent in the 

parenchymal alveolar macrophages and pneumocyte II clusters. The minimal expression of CRP 

in alcohol-treated lung lining and vasculature is congruent with other findings that linked chronic 

alcohol use in middle-agers with low systemic CRP expression and consequently anti-

inflammatory impact (Raum et al., 2007). The cART (CA) treatment increased CRP expression 

in bronchiole luminal macrophages, vascular smooth muscle, type II pneumocyte clusters and 

alveolar macrophages. This highlights the cART -associated inflammatory induction involving 

respiratory/the body’s immune system signifying the toxicity of cART morbidities, and contrasts 

with a study in the United States that reported reduced inflammatory cytokines and chemokines 
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in HIV patients on cART (Twigg III et al., 2017). Such inconsistency can be implicated on the 

HIV-negative model of the present study compared to the reported study. The pronounced 

expression across the respiratory tree is a course for concern especially in cART-diabetes and 

cART-alcohol-diabetes treatment combinations. Correspondingly, studies have reported 

persistent cART-induced pulmonary CRP expression in HIV-infected individuals which later 

develop into chronic inflammation (Sereti et al., 2017; Cai and Sereti, 2021), but other studies 

align with pulmonary CRP upregulation observed in diabetes-treated groups (i.e. DB, CADB & 

CAALDB) (Stanimirovic et al., 2022). 
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CHAPTER SIX: Conclusion 

 

The present study reports the intricate combination of cART, diabetes, and alcohol on HIV- 

naïve respiratory health. The interaction of these three factors intensifies hyperglycemia, 

oxidative stress, and pulmonary inflammation while inducing histological alterations including 

vascular atrophy and parenchymal fibre remodeling. These findings highlight the exacerbation 

of pulmonary vascular toxicity of cART and alcohol in diabetes. which potentially may lead to 

impaired respiratory lining epithelium. Moreover, the altered pulmonary fibre composition 

suggests compromised pulmonary microstructure and associated dysfunction. Mainly, the 

coexistence of these three factors imposes significant additive damage to the respiratory 

system, with diabetes acting as a multifaceted exacerbator while cART and alcohol exhibit both 

harmful and modulatory roles in different combinations. Indeed, alcohol demonstrates limited 

attenuative effects on oxidative stress and parenchymal fibrosis when combined with cART 

and diabetes. 

The current research emphasizes the need for clinical management strategies, particularly in 

developing countries with high occurrence of this multiple morbidity. Further research should 

delve into the pathways and mechanisms that govern the interactions between these factors 

considering how they affect the respiratory system, and potentially other organ systems such 

as the cardiovascular and nervous system. 
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APPENDICES 

 

7.1. Microscope slide-coating. 

 

7.1.1. Saline. 

 

The slides were treated with 3% aminopropyltriethoxysilane (APES) in acetone for 30 minutes, 

then rinsed in two changes of acetone. The slides were then allowed to air dry for a minimum 

of an hour, then left to dry overnight at 37 ℃. These slides were used for 

immunohistochemistry. 

7.1.2. Gelatine. 

 

Chrome Alum Gelatine solution was made using Gelatine type A, Chromium potassium sulfate 

and distilled water in this proportion 2.5 g: 0.415 g: 250 ml. The gelatin was completely 

dissolved in heated distilled water at 60 ℃ and the chromium potassium sulfate was added and 

stirred till the solution turned pale blue. Then 1 g of thymol was added to preserve the solution. 

Microscope slides were treated with gelatine solution maintained at 40 to 50 ℃ and the slides 

were covered with foil to protect from dust and left to dry overnight at 37 ℃. These slides were 

used for routine staining. 

 

 

7.2. Serum biochemical analysis. 

 

7.2.1. TBA test for MDA. 

 

I) Reagents preparation. 

 

Reagent 1: The reagent was warmed from 2 ℃ storage in water bath at 37 ℃ until clear. 

 

Reagent 2: The reagent was diluted with double distilled water and fully mixed at 1.2:34 ratio. 

 

Reagent 3: The reagent was dissolved fully in 14 ml double distilled water at approximately 

95 ℃ and added 14 ml glacial acetic acid to the solution, then cooled to room temperature. 

50% acetic acid: 8 ml of acetic acid was added to 8 ml of double distilled water gradually and 

thoroughly mixed. 
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Table 7.1: The preparation of the TBA assay. 

 

Measurements of the samples and reagents into respective tubes. 
 

 Standard 

tube 

Sample 

tube 

Control 

tube 

Standard solution with different concentrations 

(mL) 

0.02   

Sample (mL)  0.02 0.02 

Reagent 1 (mL) 0.02 0.02 0.02 

Reagent 2 application solution (mL) 0.6 0.6 0.6 

Reagent 3 application solution (mL) 0.02 0.02  

50% acetic acid (mL)   0.02 

 

II) Preparation of standard curve. 

 

Table 7.2: Preparation of standard curve. 

 

The recommended dilution gradient comprised of the standard solution and absolute ethyl 

alcohol for the preparation of the standard curve. 
 

Number Standard concentrations 

(μmol/L) 

50 μmol/L 

Standard (μL) 

Absolute ethyl 

alcohol (μL) 

A 0 0 100 

B 5 10 90 

C 10 20 80 

D 15 30 70 

E 20 40 60 

F 25 50 50 

G 30 60 40 

H 40 80 20 
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7.2.2. ELISA for GPx1. 

 

I) Reagent preparation. 

 

All reagents were brought to ambient temperature ~ 18- 25 ℃ before starting the experiment. 

 

• Wash buffer: 30 ml of the concentrated wash buffer was diluted with 720 ml of 

distilled water to make up to 750 ml of wash buffer. 

• Standard working solution: The standard solution was centrifuged at 10 000g for a 

minute, then added 1 ml of reference standard and sample diluent. The solution was 

then allowed to mix for 10 minutes by gentle inversion several times and further mixed 

thoroughly with a pipette, producing a working solution of 2000 pg/ml. Serial dilutions 

for the dilution gradient were made as follow: 2000, 1000, 500, 250, 125, 62.5, 31.25 

and 0 pg/ml, dilution method is illustrated in Figure 7.1. 

• Biotinylated detection Ab working solution: The solution was prepared at 100 

μl/well. The concentrated biotinylated detection Ab was centrifuged at 800g for a 

minute, then diluted the 100x concentrated HRP conjugate to 1x working solution with 

HRP conjugate diluent at 1:99 ratio (Concentrated HRP conjugate: HRP conjugate 

diluent). 

 

 

Figure 7.1: Preparation of the standard working solution. 

 

Dilution method for the recommended dilution gradient for GPx ELIZA. 

 

7.2.3. Optical density for concentration calculation. 
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Figure 7.2: Equation to convert optical density to concentration. 

 

Formula used to calculate concentrations for plasma protein, serum MDA and GPx1 

concentrations from optical density values for plasma protein, MDA and GPx1. 

 

 

Table 7.3: Optical density for concentration formular values. 

 

Descriptions and values of symbols of the equation used to calculate actual concentrations from 

optical density values. 
 

Symbol Description Value 

a Theoretical response at [o] 0.009191 

b Slope factor 1.162363 

c Inflection point (EC50/IC50) 951.3686 

d Theoretical response at [infinite] 4.094045 

x Optical density  

y Concentration  

 

 

7.3. Routine stains. 

 

7.3.1. H&E stain. 

 

The hematoxylin solution was made by dissolving 100g of potash alum in 800 ml boiling 

distilled water. Separately, 4g hematoxylin powder was dissolved in 60 ml ethanol. The 

hematoxylin solution was then added to the potash alum solution followed by gradual addition 

of 2g mercury at low heat until the mercury is dissolved, and the solution adopts a pink hue. 

After the solution has cooled it was filtered for impurities. 

7.3.2. Modified Verhoeff’s van Gieson stain. 

 

The modified Verhoeff working elastic solution was made by 3 parts of 3% Alcoholic 

Hematoxylin, 2 parts of aqueous Ferric chloride and 1 part of Lugol’s iodine. To make Lugol’s 
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iodine, 1g of Lugol’s iodine and 2g of potassium iodide were dissolved in 100 ml of distilled 

water. To Van Gieson solution, 100 ml of saturated aqueous Picric acid, 18 ml of 1% aqueous 

Acid Fuchsin were mixed with 100 ml of distilled water. 

7.3.3. Modified pentachrome stain. 

 

Toluidine blue was made by dissolving 0.5g of toluidine blue in 100 ml of distilled water, 

adjusted pH to 1.5 with 0.5% HCL. To make picrosirius solution, 0.5g of Sirius red was 

dissolved in 500 m of distilled water saturated with picric acid. 

7.3.4. Gordon and sweets stain. 

 

The working silver solution was prepared by adding concentrated ammonia drop by drop to 5 

ml of aqueous silver nitrate solution until precipitates form and dissolve. Then 5 ml of 3% 

sodium hydroxide was added, dissolving forming precipitates with drops of concentrated 

ammonia till the solution acquires opalescence. The solution was then made up to 50 ml with 

distilled water and stored in a dark bottle. 
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UNIVERSITY OF THE WITWATERSRAND 
ANIMAL RESEARCH ETHICS COMMITTEE 

MODIFICATIONS AND EXTENSIONS TO EXPERIMENTS 

 
a. Name: Prof Ejikeme Mbajiorgu Staff number: A 

 
b. School and email address: Anatomical Sciences, 

Ejikeme.mbajiorgu@wits.ac.za 
 

 
c. Experiment to be modified / extended 

Original AESC number 2018 011 58C 

Other MCEs : 04 

d. Project Title: CHARACTERIZATION OF STREPTOZOTOCIN INDUCED DIABETIC 

MALE SPRAGUEDAWLEY RATS WITH CHRONIC ALCOHOL INTAKE AND 

ANTIRETROVIRAL THERAPY. 

 

No. Species 

e. Number and species of animals originally approved: 120 
Sprague- Dawley 

rats 

f. 
Number of additional animals previously allocated 

on MCEs: 
N/A 

 

g. 
Total number of animals allocated to the experiment 

to date: 
107 

 

h. Number of animals used to date: 107 
 

i. Specific modification / extension requested: 

Change of Permit or PI: 

a. 1.This was a group research project which I initiated and accepted three of my 

students who enrolled (Dr I Eguvoen, Ms Jaclyn Johnson and Mr Vaughan) in 

the project. Jaclyn has completed her PhD, Dr Eguvoen and Mr Vaughan (SMU 

staff) has moved to SMU. 

b. 2. However, the ethics permit was issued on the name of DR. I Eguvoen, 

Student ID 0616737M, who is finalizing his thesis analysis at SMU. 
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c. 3. But, I have admitted two new master’s students to continue the work on 

other tissues that I collected during the experiment. 

d. In other to facilitate their studies, I am therefore requesting for the ethics 

permit to be transferred to my name as the original PI to enable the use of the 

tissues collected for further studies without hindrance. 

Inclusion of MSc students 

a. Inclusion of Mcebo Zwane (student number; 1473425) and Mmotong Mahloko 

(student number; 1863024) as co-workers for their M.Sc. degree projects in the 

School Anatomical Sciences. 

b. The students will use the heart, lungs, vascular tissue, and blood samples 

already harvested from the study for the purpose of a M.Sc. degree with Prof Ejikeme 

Mbajiorgu and Dr Jaclyn Asouzu Johnson as supervisors. 

c. The student will use already harvested tissue for the study of treatment effects 

on organs, which does not involve any new animal, treatment or extra use of the 

WRAF facility. 
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This will enable this student, Mcebo Zwane (student number; 1473425) and Mmotong 
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extra-funding and thereby maximising the use of the animals in the study as 

approved. 
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the protocol, and to access the described, stored tissue samples for in vitro analysis. 
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