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Abstract 

Introduction 

Obesity is a prominent feature of metabolic syndrome that can predispose an individual to an 

increased risk of developing type 2 diabetes (T2D) and cardiovascular disease (CVD). More 

so, oral contraceptives are associated with an increased risk of cardiovascular-related 

complications such as arterial and venous thrombosis in some women of reproductive age. 

There is a need to understand how the usage of combined oral contraceptives (COC) affects 

women with diverse metabolic complications. Thus, we aimed to evaluate CVD-related risk 

factors, especially those implicating atherothrombosis, in a preclinical model of high-fat diet 

(HFD) exposure to COC. We also assessed whether switching to a low-fat diet or 

pharmacologic intervention with low-dose aspirin (LDA) could improve the metabolic status 

or alleviate CVD risk using this preclinical model of HFD. 

Methods 

The study was divided into three phases to achieve its aims. The study's first phase was used 

to establish a preclinical model of impaired glucose tolerance and to test the efficacy of COC. 

Thus, female Sprague Dawley rats were randomly assigned to receive HFD and low-fat diet 

(LFD) for eight weeks before assessing basic metabolic parameters or CVD-related 

abnormalities. The study's second phase involved testing the detrimental effects of COC, 

where rats switched from HFD to LFD for an additional six weeks while receiving either a 

high (HCOC) or low dose (LCOC) of COC. The third phase of the study involved rats 

exposed to COC for six weeks before treatment with LDA for another four weeks. At the end 

of each experimental phase, measurements for basic metabolic status and CVD-related 

parameters were taken. These included the animal body weights, insulin levels, lipid profiles, 

fasting blood glucose, hematological indices, blood pressure and heart rate, as well as 

markers of immune activation such as interleukin (IL)-6, tumor necrosis factor-alpha (TNF)-
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α, monocyte chemoattractant protein-1 (MCP-1), changes in the coagulation cascade, tissue 

factor (TF) and D-dimer, Von Willebrand factor (vWF) and nitric oxide.  

Results 

The results of the first phase indicated that exposure to HFD led to a marked weight gain, 

impaired glucose tolerance, and abnormal lipid profiles, including obscured triglyceride-

glucose index when compared to rats in the LFD group (p < 0.001). Rats exposed to HFD 

also presented with increased markers of CVD risk, accompanied by a pro-inflammatory 

state, as displayed by increased levels of IL-6 and TNF-α compared to the LFD group (p < 

0.05). Interestingly, dietary intervention and switching from an HFD to an LFD could 

improve metabolic status and potentially lower CVD-risk-related markers. However, this 

improvement was not seen in rats that received HCOC, as these animals persistently showed 

impaired metabolic state that was accompanied by alteration in the levels of immune 

activation, coagulation, and endothelial function. However, the third phase of the study 

showed that short-term LDA treatment for four weeks could improve the metabolic status and 

decrease the markers of immune activation (IL-6, TNF-α, and MCP-1) in animals that 

received HCOC. LDA also decreased the bleeding time and makers of hypercoagulation (TF 

and dimer), as well as improved endothelial function by increasing the availability of nitric 

oxide and decreasing levels of vWF in rats that were exposed to HCOC treatment (p < 0.05). 

Conclusion  

Our results indicated that exposure to HFD was consistent with impaired glucose tolerance 

and increased CVD risk in female rats. Exposure to HCOC was associated with an increased 

risk of atherothrombotic disorder in HFD animals despite dietary intervention that involved 

switching from an HFD to an LFD. Short-term LDA attenuates the risk of atherothrombotic 

disorder by improving the metabolic status and decreasing markers of immune activation, 

hypercoagulation, and endothelial dysfunction during exposure to COC treatment in animals. 
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Our result demonstrated that an increased risk of thrombotic events during COC treatment 

may potentially be associated with the dose and duration of treatment. While the use of LDA 

may be of potential therapeutic benefit against the risk of atherothrombotic disorder 

following toxic exposure to COC. However, further studies are needed to confirm the 

interaction mechanism between the several types of available COC, further revealing the 

potential therapeutic value of LDA. 
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Chapter 1: Introduction 

1.1 Background 

Obesity remains a major risk factor for chronic disease and metabolic complications, which 

have reached epidemic dimensions in the past decades [1,2]. Obesity is characterized by 

adipose tissue expansion [3]. More so currently, over 1.9 billion adults across the world aged 

18 years and older are overweight, and of these, over 650 million adults are obese (11% of 

men and 15% of women) [4]. Although the United States of America accounts for the highest 

prevalence of obesity, with 40%;  South Africa accounts for 28% of the global prevalence of 

obesity [4]. Alarmingly, South African women within 40-43 years of age have the highest 

prevalence of obesity in sub-Saharan Africa, at over 42% [4].  

Oral contraceptive pills (OCPs) containing either estrogen and progestogen (COC), or 

progestogen-only pills (POPs) remain one of the most widely used modern methods of 

contraception among women of reproductive age and the prevalence of use cut across and 

also differs in all the geographical regions [5]. More so, the use of oral contraceptive pills and 

the risk of increased weight gain remain high among users [6]. Notably, combined oral 

contraceptives (COCs) are also associated with a 3‐ to 6‐fold elevated risk of venous and 

arterial thrombosis [8] that account for the most common cause of mortality [9]. 

Cardiovascular disease (CVD) is a predominant phenomenon and is often associated with 

atherosclerotic damage and inflammation, while venous thrombosis, on the other hand, is 

generally thought of as a disorder in plasma coagulation [10].  

Most of the CVD risks associated with the use of COC are attributed to the estrogen 

component of COC, although the progesterone/progestin component seems to antagonize 

some of these effects [11]. A previous study showed that estrogen can aggravate fat 
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accumulation in the cell or adipose tissue, while progestogen is associated with an increased 

appetite, which facilitates anabolism [6,12]. Thus, the effect of COC and the risk of obesity-

related complications may contribute to the development of CVDs [13], and these effects 

may depend on the dosage and duration of COC treatment in susceptible individuals [14]. 

Over the years, antiplatelet therapy such as Acetylsalicylic acid (aspirin) has remained 

clinically relevant in the primary prevention of cardiovascular events in high-risk individuals 

[15]. Emerging evidence suggests a decreased risk of myocardial infarction and stroke in 

patients on aspirin [15]. More so, evidence from primary prevention trials performed by the 

Antithrombotic Trialists’ (ATT) Collaboration also showed a 12% reduction in serious 

vascular events following the administration of aspirin [16]. In contrast, a meta-analysis by 

Berger et al. [17] showed no significant reductions in myocardial infarction (MI), stroke, 

ischemic stroke, or mortality following aspirin treatment. However, a null association 

between aspirin treatment and reduction in either cardiovascular death or cancer mortality in 

patients without prior cardiovascular events has also been reported [18]. 

5.2. Problem statement 

Obesity is a prominent feature of metabolic syndrome [20], and it is associated with insulin 

resistance, dyslipidemia, a high glycemic index, elevated blood pressure, and pro-

inflammatory and prothrombotic states [21,22]. Individuals with these metabolic 

abnormalities are usually predisposed to an increased risk of type 2 diabetes (T2D) and CVDs 

[23]. Systemic inflammation in obesity results in the production of pro-inflammatory 

cytokines, recruitment of M1 macrophages, as well as infiltration of the effector (CD4+) T 

cell into the adipose and vascular tissues [24,25], which can lead to endothelial dysfunction 

and hypercoagulable state [26,27]. Typical features of a prothrombotic state include increased 

platelet activation, elevated concentrations, and increased activities of plasma coagulation 
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factors such as thrombin. The increased release of these biomarkers is partly due to the excess 

release of tissue factor [28] and increased production of plasminogen activator inhibitor-1, 

which impairs fibrinolysis and leads to an increased risk of arterial and venous thrombotic 

events [27].  

The impact of the association between COCs and metabolic perturbations [29] also 

contributes to the onset and progression of a prothrombotic state [30,31] and endothelial 

dysfunction [32,33] that leads to cardiovascular complications. However, the impact of COC 

on certain hemostatic parameters remains inconsistent [34,35]. While COC are known to 

modulate the susceptibility to autoimmune diseases, their profound effects on immune 

activation remain inconclusive [36]. Sex hormones have their receptors present in a wide 

range of tissues, including innate and adaptive immune cells [37] with estrogens acting to 

enhance cell proliferation and humoral immune responses [38] while progesterone/progestin 

acts as natural immune suppressors [39].  

For instance, evidence from previous studies demonstrated the suppressive effect of COC on 

certain immune populations in the innate and adaptive immune systems [40]. Progestin can 

interfere with the nuclear factor of kappa B (NF-κB) by inhibiting gene transcription and 

suppressing the activation of macrophages and dendritic cells, decreasing inflammatory 

responses [41]. It is plausible that suppression of certain immune cells may contribute to the 

lack of resolution during thrombotic events. However, the interplay between the sex 

hormones and the immune system remains very complex, and there is relatively little data to 

elucidate their role in certain conditions like obesity. Moreover, a better understanding of the 

intricate immunomodulatory effects of hormonal therapy, especially progestins, may pave the 

path to developing clinically meaningful therapeutic interventions in various conditions and 

autoimmune diseases [42]. The awareness of current demand and unmet need for 



19 

 

contraceptives, existing trade-offs between unwanted pregnancies, and maternal and infant 

mortality must be considered and weighed against complications attributed to off-target 

effects of COC. Thus, the need to evaluate the potential effects of accumulative exposure to 

the available COCs and CVD risk in women of reproductive age may provide insight and 

guidance during consultation and when making contraceptive choices. 

5.3. Aim of study 

To investigate immune regulation and thrombotic risk in obese rats on oral contraceptives 

and treated with low-dose aspirin. 

5.4. Objectives 

1. To investigate the impact of COC on the activation of innate immune cells in rats on a 

high-fat diet. 

2. To investigate the impact of low-dose aspirin (LDA) on the vascular and cellular 

components of coagulation in rats on a high-fat diet subjected to COC. 

5.5. Research question 

1. Does COC alter monocyte-macrophage function in rats fed high-fat diets? 

2. Does LDA alter endothelial cell function and coagulation cascade in high-fat diet-fed 

rats subjected to COC? 
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Prologue 

 

The next chapter is a critical review of current evidence on obesity and the use of oral 

contraceptives (OC) and how the association with several complications are linked to 

cardiovascular disease (CVDs). We conducted a systematic review and meta-analysis to 

provide insight into the topic of interest. Our systematic review and meta-analysis protocol 

(published) outlines the rationale behind the subsequent review and thoroughly describes the 

planned methods to be followed in conducting them. This was essential for the subsequent 

systematic review and meta-analysis (published), which investigated the risk of CVDs in 

premenopausal women on OC. Our study highlighted the impact of OC on markers of 

endothelial dysfunction and other traditional cardiovascular variables in premenopausal 

women, and these impacts vary across different geographical locations. 
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Chapter 2: Literature Review 

2.1. Overview of obesity 

Obesity is a multifaceted disease that originates from complex pathologic conditions 

involving biological, psychosocial, socioeconomic, and environmental factors, as well as 

heterogeneity in the routes and mechanisms that lead to negative health effects [1,2]. There is 

an increase in the prevalence of obesity worldwide, and efforts to understand this massive 

increase over the past decades are challenging [3]. Although current data shows that the rate 

of increase in obesity in most high-income countries is declining, it is suggested that the rate 

of obesity will increase exponentially in low-income and middle-income countries shortly 

[4].  

The hallmark of obesity involves the pathological expansion of the adipose tissue (AT) due to 

long-term metabolic surplus, which involves the differentiation of adipocytes [5]. Obesity 

leads to several complications in the body system, such as impaired immune responses to 

viral infection [6], and increased risk for type 2 diabetes (T2D) [7]. Recent evidence reported 

high levels of hospitalization in obese individuals during the COVID-19 pandemic, which 

also lends support to the impact of obesity on communicable diseases  [8–10]. 

The interplay between several factors, such as elevated calorie intake, diet composition, lack 

of physical activity, and changes in the gut microbiome, contributes significantly to obesity 

[11,12]. Genetic susceptibility to obesity has been reported with over a hundred single 

genetic polymorphisms (SNP) [13–15]. These polymorphisms may only explain a modest 

change in body weight over time among individuals [16–19]. Alterations of certain genes 

allow adipocytes to respond to excess energy intake through the accumulation of lipids, 
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leading to sudden changes in size (hypertrophy) [20]. The increased changes in adipose tissue 

mass result in increased adiposity, causing variations in systemic physiology [21].   

Adiponectin (also known as ACRP30), a hormone that reduces hepatic gluconeogenesis and 

lipid oxidation in muscle, is inversely linked with adiposity [21]. Adiponectin binds with the 

AdipoR1 receptor to inhibit muscle fatty acid oxidation via activating Adenosine 

Monophosphate-Activated Protein Kinase (AMPK) and also binds with the AdipoR2 receptor 

to induce other signal transduction proteins such as peroxisome proliferator-activated 

receptor alpha (PPARα), which in turn inactivates acetyl CoA carboxylase (ACC), glucose 

uptake, nitric oxide (NO) synthesis, lactate production in myocytes, and reduced liver 

production of molecules involved in gluconeogenesis [22–24].  

In rodents, adiponectin was also reported to improve insulin secretion and sensitivity [16]. 

Furthermore, adiponectin has anti-inflammatory and anti-atherogenic properties in humans 

[25]. Other known hormones have been implicated in appetite control, which includes 

ghrelin, Cholecystokinin (CCK), Glucose-dependent insulinotropic polypeptide (GIP), 

Glucagon-like peptide 1 (GLP-1), oxyntomodulin, glicentin, peptide YY (PYY) and 

neurotensin [16]. Several studies have highlighted the role of oral contraceptives in the 

regulation of these hormones in certain conditions [26–29]. For instance, a prospective 

clinical trial showed an increased level of ghrelin in polycystic ovarian syndrome (PCOS) 

patients receiving oral contraceptives containing ethinyl estradiol and drospirenone in a 3 

months [29]. In contrast, 3-month treatment with ethinyl estradiol/drospirenone did not alter 

the levels of Ghrelin, PYY, CCK, and satiety index (SI) in women with PCOS [27]. 

Despite significant progress in understanding the pathophysiology of obesity-related 

metabolic dysregulation and its implications [16,17], as well as potential therapeutic and 

prevention strategies [30,31], the devastating impact of obesity in association with an 
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increasing burden of debilitating disease, including cardiometabolic, digestive, respiratory, 

neurological, musculoskeletal, infectious and CVD related diseases, remains alarming [32]. 

Thus, prompt prioritization of preventive strategies and interventions is required to mitigate 

the risks and complications of obesity.  

1.11. Role of immune cell activation in obesity-related complications 

The inflammatory responses are essential for tissue repair and involve converging cellular 

signaling pathways in tissues and organs [33]. Conversely, a diet rich in fats can cause 

metabolic stress [34], which can, in turn, trigger chronic systemic inflammation and lead to 

obesity-related complications [5]. Interestingly, white adipose tissue (WAT) promotes the 

release of pro-inflammatory cytokines [20]. 

Different types of innate and adaptive immune cells accumulate in the AT during obesity 

[35]. The pro-inflammatory macrophages are the most dominant, constituting up to 40% of 

the AT cell population [36]. There is also consistent infiltration and activation of these pro-

inflammatory macrophages and other immune cells, which result in the synthesis and 

secretion of pro-inflammatory cytokines and chemokines [37]. The inflammatory state of 

adipose tissue macrophages (ATM) can be characterized by traditionally activated “M1” 

macrophages being proinflammatory and alternatively activated “M2” macrophages being 

anti-inflammatory [38]. It remains unclear how diet-induced obesity induces the polarization 

of monocytes from classical to their different subtypes, but the MCP-1/CCR2 axis is 

suggested to be involved in this polarization [36].  

Proinflammatory mediators such as LPS and IFN-γ stimulate the classically activated "M1" 

macrophages [35,36]. M1 macrophages produce more proinflammatory cytokines (TNF-, IL-

6, IL-12) and reactive oxygen species such as nitric oxide via inducible nitric oxide synthase 

(iNOS) activation (Nos2) [36]. M2 macrophages, on the other hand, produce anti-
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inflammatory cytokines like IL-10 [36]. Hence, the polarization of M2 macrophages is 

crucial in preventing inflammatory reactions and promoting tissue repair [39].  

In M2 macrophages, arginase production is also elevated [35]. This enzyme inhibits iNOS 

function in several ways, such as competing for the arginine substrate needed for NO 

generation [40]. Previous experimental studies have shown that short-term HFD feeding 

induces both M1 and M2 macrophage polarization in adipose tissue [41–43]. Interestingly, 

acute HFD feeding is linked to increased M2 macrophage polarization in adipose tissue, 

which is mediated by natural killer T (NKT) cells [41]. The M2 macrophage promotes 

arginase 1 expression in adipose tissue via (IL)-4 [41].  

1.12. The role of inflammation during atherogenesis and thrombotic event. 

Current evidence shows that an altered lipid profile is associated with meta-inflammation in 

atherogenesis [44]. During dyslipidemia, lipids accumulate in the intimal layer, which results 

in fatty streak formation [45]. The accumulated lipids become oxidized and elicit a series of 

inflammatory responses that can impair the endothelium and inhibit the release of NO [46]. 

The impaired endothelium expresses certain adhesion molecules such as intracellular 

adhesion molecule 1 (ICAM-1) and the vascular cellular adhesion molecule 1 (VCAM-1), 

which in turn drives monocyte adhesion and leukocyte diapedesis [44]. Thus, the expression 

of adhesion molecules and accumulation of monocytes in the endothelium contributes to 

endothelial dysfunction. Endothelial dysfunction is a systemic, reversible disorder that occurs 

during the earliest pathologic process of atherothrombosis [47]. 

While the interaction between oxidized low-density lipoprotein (OxLDL) and the expression 

of MCP-1 [48], as well as macrophage colony-stimulating factor (M-CSF) [49], contributes 

to the progression of atherogenesis, the presence of smooth muscle cells primarily from the 

media can aggravate the plaque and fibrous cap formation [50]. However, the specific role of 
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vascular smooth muscle cells in atherothrombotic events is unclear. Emerging evidence 

suggests that vascular smooth muscle cells contributed to the development of atheroma by 

producing proinflammatory mediators such as MCP-1 and VCAMs [51]. When the plaque 

becomes calcified due to the accumulation of hydroxyapatite mineral [52], matrix 

metalloproteinases accumulate in the lesion and predispose the plaque to rupture or 

ulceration, resulting in tissue factor (TF) exposure and thrombus formation [53]. Strong 

clinical evidence suggests there is upregulation of the TF pathway in obesity and MetS [54]. 

Thus, exploring the TF pathway may provide insight into the intersection between obesity, 

inflammation, and thrombosis. 
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Figure 1: Overview of HFD (high-fat diet) induces chronic metabolic low-grade systemic inflammation and its complications. 

Key: T2DM (type 2 diabetes mellitus) NAFLD (non-alcoholic fatty liver disease); AGE (advanced glycation end products); OxLDL  (oxidized 

low-density lipoprotein); CVDs (cardiovascular diseases); FFA (free fatty acid);  AT (adipose tissue); LPS (lipopolysaccharide); IL 

(interleukins); TNF- α (tumor necrosis factor-alpha).
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2.2. Overview of COC usage for birth control. 

The use of oral contraceptives remains one of the most relevant means of controlling birth 

among women of reproductive age [55] and the prevalence of use remains prominently high 

among premenopausal women [56]. Of note, oral contraceptive pills are majorly in three 

forms: combined estrogen-progesterone, progesterone-only, and continuous or extended-use 

pills [57]. COC can also be classified based on generation: the first-generation progestin 

includes norethindrone, lynestrenol, ethynodiol diacetate, and norethisterone, while the 

second-generation includes levonorgestrel, and norgestrel, and the third generation includes 

desogestrel, gestodene, and norgestodene [58].   

Notably, the progesterone component in COC prevents pregnancy, while the estrogen 

component controls menstrual bleeding  [57]. COC is also used in several other health 

conditions, especially menstrual-related disorders, fibroids, endometriosis-related pain 

[59,60], certain types of cancer such as ovarian and colon cancers and treatment of acne and 

hirsutism [57,61]. However, the risk of CVD, such as venous and arterial thrombosis, is 3 to-

6-fold in women using COC [62]. 

2.2.1 Mechanism of action 

Hormonal contraception mechanistically acts by inhibiting follicular development and 

prevents ovulation [63]. The progesterone component of COC provides negative feedback to 

the hypothalamus to suppress the pulsatile frequency of the gonadotropin-releasing hormone. 

This, in turn, leads to reduced secretion of follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH) from the anterior pituitary gland, which prevents ovulation[57,64].   
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2.2.2. Consideration of COC usage and adverse effect 

When considering the choice of hormone contraceptives such as COC, certain risks such as 

arterial and venous thrombosis and other side effects are associated with the use of COC [63]. 

Major side effects accounted for are bleeding, nausea, headaches, abdominal cramping, breast 

tenderness, mood change, weight gain and increased vaginal discharge or decreased libido. 

The risks and side effects of COC may be influenced by the duration of use, type and dose of 

estrogen and the progestin component [65]. When COC is discontinued, certain side effects 

may subside [57].  

Notably, venous thromboembolism (VTE) remains the most significant adverse event 

associated with the use of combined hormonal contraception and is mediated through the 

estrogen component [62,66]. Whereas ethinylestradiol and other estrogens, which are 

metabolized by the liver, can activate the coagulation system [67]. The risk of VTE events 

per 10,000 women years using COC is approximately 7 to 10 [68,69]. The estrogen 

component can impact the vascular wall and promote endothelial dysfunction as well as 

disrupting the coagulation system [70,71]. 

COC may also induce changes in lipid [72] and glucose metabolism [73]. Furthermore, 

previous studies also showed a decrease in insulin sensitivity during COC administration 

[73]. The use of hormonal contraceptives can also increase the risk of developing 

hypertension [74]. COC treatment in normotensive women increased their blood pressure 

[71]. More so, at high doses, the estrogen component of the COC can also increase the risk of 

ischemic stroke or myocardial infarction [67]. However, the long-term consequences of COC 

use require further longitudinal investigation [75].  
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2.2.3. The use of COC in obesity 

The increased use of hormonal contraceptives and the high prevalence of obesity among 

women of reproductive age is a major public health concern due to increased thrombotic risks 

associated with obesity and the use of hormonal contraceptives [76–78]. There are 

uncertainties around the efficacy of hormonal contraceptives use in obesity, which is 

attributed to the generational types of OC, among other things [72]. While some studies have 

shown that obesity affects the efficacy and effectiveness of COC [79,80], other studies 

reported contradictory findings [81,82]. Although evidence suggests possible mechanisms by 

which obesity may affect the effectiveness and efficacy of COC [83]. The increased fat 

distribution in the adipose tissue of obese women is suggested to impact the availability of 

steroid hormones below therapeutic potential in the serum [83]. More so, an increased 

metabolic rate and hepatic clearance in obese women may also lead to a shortened half-life of 

COC in circulation [83]. 

The Progestin component of COC is associated with hyperphagia and an increased anabolic 

process, while the estrogen component aggravates the accumulation of fat in the cell or 

adipose tissue [84]. The metabolic effect of COC was demonstrated in a previous study that 

showed increased weight gain in individuals who used COC for more than 6 months when  

compared with non-users [85]. In contrast, previous longitudinal studies and randomized 

controlled trials showed that COC usage does not impact weight gain [86–88]. While obesity 

is a known risk factor for CVD [89], COC treatment may exacerbate cardiovascular-related 

complications in obese women [83]. A previous study showed an impaired metabolic status 

and a higher risk of VTE in obese women receiving COC treatment [78,90]. Thus, both 

obesity and COC can independently predispose an individual to higher CVD risk [91]. Taken 

together, the clinical significance of COC use in the condition of obesity remains 

inconclusive and needs further research [72,83].  
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2.2.4. Impact of COC on the endothelial system  

The use of OC is associated with endothelial activation, which is linked to an increased risk 

of CVD in susceptible individuals [91–93]. The vasodilatory impact of estrogen on the 

vascular wall is associated with the release of nitric oxide (NO) due to the stimulation of 

endothelial nitric oxide synthase; however, certain progestins can antagonize this effect by 

promoting the release of vasoactive endothelin-1 (ET-1) leading to an unbalanced endothelial 

function [94,95].  

Endothelin-1 is a potent vasoconstrictor and mitogenesis inducer that plays a role in 

migrating and activating smooth muscle cells in the vasculature during atherosclerosis. [96]. 

In a prospective cross-over study including healthy premenopausal women, the use of OC, 30 

microg ethinylestradiol/150 microg levonorgestrel (EE/LNG) and 30 microg 

ethinylestradiol/75 microg gestodene (EE/GSD)  for six months was shown to impact the 

endothelial cells by causing it to release endothelin-1 and NO even though there were no 

significant major changes in circulating NO and endothelin-1 plasma levels. [97]. In contrast, 

evidence from a randomized prospective study shows that the use of OC (30 microg 

ethinylestradiol/150 microg levonorgestrel [EE/LNG] and 30 microg ethinylestradiol/75 

microg gestodene [EE/GSD]) does not significantly change NO [98].  

A previous study by Friedman et al [99] reported an increased flow-mediated dilation (FMD) 

in the participants who used COC. In contrast, several other studies showed a significantly 

lowered FMD significant during COC treatment [70,100,101]. Previous studies also showed 

an increased mean CCA-IMT in the COC participants compared to non-users [70,101]. 

Evidence from a recent study also showed decreased asymmetrical dimethylarginine 

(ADMA) levels in Female cohorts receiving COC when compared with non-users. ADMA is 

an endogenous nitric oxide synthase inhibitor and an index of endothelial dysfunction [102]. 
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More so, recent animal studies have also shown the effect of COC on the endothelial and 

coagulation system that regulates thrombotic events [103,104]. COC treatment induces a high 

release of C-reactive protein (CRP), uric acid (UA) and plasminogen activator inhibitor-1 

(PAI-1), which can promote thrombotic injury and cause tissue damage due to oxidative 

stress [103,104]. However, the magnitude by which COC impacts the endothelial system 

remains inconclusive [105]. 

2.2.5. Impact of COC on immune regulation 

The interplay between the sex hormones and the immune system appears to be very complex 

[106]. Evidence suggests that sex hormones have profound effects on the immune system 

[107] because they have their receptors (PRs) present in a wide range of tissues, including 

immune cells such as NK cells, macrophages, DCs, T cells [108]. However, the use of COC 

suppressed the activation of macrophages and DCs [109]. Progestins can also interfere with 

the transcription factor NF-kB by inhibiting gene transcription, which results in decreased 

inflammatory responses [109]. In fact, experimental and a recent cross-sectional study also 

showed a suppressive effect of COC on DC activation and function as well as inhibiting the 

formation of pathogen-specific T cell immunity and memory cell development [110,111].   

In a previous study, Hall et al [112] showed that administration of exogenous progesterone 

(at concentrations that mimic the luteal phase) to progesterone-depleted adult female mice 

conferred protection from both lethal and sublethal influenza A virus (IAV) infection. The 

progesterone treatment altered the inflammatory environment of the lungs and promoted 

faster recovery by increasing TGF-β, IL-6, IL-22, numbers of regulatory Th17 cells 

expressing CD39, and cellular proliferation, reducing protein leakage into the airway, 

improving pulmonary function, and upregulating the epidermal growth factor amphiregulin 

(AREG) in the lungs, but had no effects on viral load [112].  
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Furthermore, evidence from a prospective nonrandomized controlled trial showed changes in 

immune regulation following low-dose OC treatment across the hormonal cycle [113]. There 

was a significantly higher level of CD3+ CD8+ cells throughout the pill cycle compared to 

controls [113]. Whereas OC caused lower levels of natural killer (NK) cells during the 

period, there was an increase in CD20+ and CD20+ CD5+ cells from days 1-8 of the pill 

cycle. Furthermore, the number of Cytotoxic lymphocytes, which are responsible for first-line 

immunological defense, and the number of B cells, which are involved in autoimmune 

illnesses, were both affected by OC use [167]. It is plausible that most of the noticeable 

immunomodulatory effects of oral contraceptives may be due to the dosage, progestin type, 

and duration of use. Nevertheless, more studies are needed to understand and elucidate the 

role of COC on immune regulation, which may provide insight into developing clinically 

meaningful therapeutic interventions in various conditions and autoimmune diseases [106].  

2.2.6. Conclusion 

Hence, depending on the condition, knowing the magnitude at which the various available 

COC formulations affect immune function in premenopausal women may help provide 

insight and guidance when making an informed decision about the available COC during 

consultation and follow-up. In addition, it will also guide the planning of future experimental 

studies, which will involve digging into the various mechanisms of how COC regulates 

immune responses. 

 

 

 

 

 

 

 



37 

 

References 

 [1] Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie CJ, et al. 

Obesity and Cardiovascular Disease: A Scientific Statement from the American Heart 

Association. Circulation 2021;143:E984–1010. 

https://doi.org/10.1161/CIR.0000000000000973. 

[2] Schwartz MW, Seeley RJ, Zeltser LM, Drewnowski A, Ravussin E, Redman LM, et al. 

Obesity pathogenesis: An endocrine society scientific statement. Endocr Rev 

2017;38:267–96. https://doi.org/10.1210/ER.2017-00111. 

[3] WHO. WHO | Overweight and obesity. 

Https://WwwWhoInt/Gho/Ncd/Risk_factors/Overweight_obesity/Obesity_adults/En/ 

2018:2020. 

https://www.who.int/gho/ncd/risk_factors/overweight_obesity/obesity_adults/en/ 

(accessed May 28, 2020). 

[4] Loos RJF, Yeo GSH. The genetics of obesity: from discovery to biology. Nat Rev 

Genet 2022;23:120–33. https://doi.org/10.1038/s41576-021-00414-z. 

[5] Krüger K. Entzündung und Adipositas – pathophysiologische Konzepteund Effekte 

körperlicher Aktivität. Dtsch Z Sportmed 2017;68:163–9. 

https://doi.org/10.5960/dzsm.2017.285. 

[6] Honce R, Schultz-Cherry S. Impact of obesity on influenza A virus pathogenesis, 

immune response, and evolution. Front Immunol 2019;10:1071. 

https://doi.org/10.3389/fimmu.2019.01071. 

[7] Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C. Definition of metabolic 

syndrome: report of the National Heart, Lung, and Blood Institute/American Heart 

Association conference on scientific issues related to definition. Arterioscler Thromb 

Vasc Biol 2004;24. https://doi.org/10.1161/01.ATV.0000111245.75752.C6. 

[8] Zhao X, Gang X, He G, Li Z, Lv Y, Han Q, et al. Obesity Increases the Severity and 

Mortality of Influenza and COVID-19: A Systematic Review and Meta-Analysis. 

Front Endocrinol (Lausanne) 2020;11. https://doi.org/10.3389/fendo.2020.595109. 

 



38 

 

[9] Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough EM, et al. 

Epidemiology, clinical course, and outcomes of critically ill adults with COVID-19 in 

New York City: a prospective cohort study. Lancet 2020;395:1763–70. 

https://doi.org/10.1016/S0140-6736(20)31189-2. 

[10] Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell L, Chernyak Y, et al. 

Factors associated with hospital admission and critical illness among 5279 people with 

coronavirus disease 2019 in New York City: Prospective cohort study. BMJ 2020;369. 

https://doi.org/10.1136/bmj.m1966. 

[11] Astrup A, Brand-Miller J. Diet composition and obesity. Lancet 2012;379:1100. 

https://doi.org/10.1016/S0140-6736(12)60456-5. 

[12] Luke A, Cooper RS. Physical activity does not influence obesity risk: Time to clarify 

the public health message. Int J Epidemiol 2013;42:1831–6. 

https://doi.org/10.1093/ije/dyt159. 

[13] Khera A V., Chaffin M, Wade KH, Zahid S, Brancale J, Xia R, et al. Polygenic 

Prediction of Weight and Obesity Trajectories from Birth to Adulthood. Cell 

2019;177:587-596.e9. https://doi.org/10.1016/j.cell.2019.03.028. 

[14] Rohde K, Keller M, la Cour Poulsen L, Blüher M, Kovacs P, Böttcher Y. Genetics and 

epigenetics in obesity. Metabolism 2019;92:37–50. 

https://doi.org/10.1016/j.metabol.2018.10.007. 

[15] Herrera BM, Keildson S, Lindgren CM. Genetics and epigenetics of obesity. Maturitas 

2011;69:41–9. https://doi.org/10.1016/j.maturitas.2011.02.018. 

[16] Theilade S, Christensen MB, Vilsbøll T, Knop FK. An overview of obesity 

mechanisms in humans: Endocrine regulation of food intake, eating behaviour and 

common determinants of body weight. Diabetes, Obes Metab 2021;23:17–35. 

https://doi.org/10.1111/dom.14270. 

[17] Saqlain M, Khalid M, Fiaz M, Saeed S, Raja AM, Zafar MM, et al. Risk variants of 

obesity associated genes demonstrate BMI raising effect in a large cohort. PLoS One 

2022;17:e0274904. https://doi.org/10.1371/journal.pone.0274904. 

 



39 

 

 

[18] Chalazan B, Palm D, Sridhar A, Lee C, Argos M, Daviglus M, et al. Common genetic 

variants associated with obesity in an African-American and Hispanic/ Latino 

population. PLoS One 2021;16:e0250697. 

https://doi.org/10.1371/journal.pone.0250697. 

[19] Schlauch KA, Kulick D, Subramanian K, De Meirleir KL, Palotás A, Lombardi VC. 

Single-nucleotide polymorphisms in a cohort of significantly obese women without 

cardiometabolic diseases. Int J Obes 2019;43:253–62. https://doi.org/10.1038/s41366-

018-0181-3. 

[20] Zatterale F, Longo M, Naderi J, Raciti GA, Desiderio A, Miele C, et al. Chronic 

Adipose Tissue Inflammation Linking Obesity to Insulin Resistance and Type 2 

Diabetes. Front Physiol 2020;10:1607. https://doi.org/10.3389/fphys.2019.01607. 

[21] Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW. Obesity 

is associated with macrophage accumulation in adipose tissue. J Clin Invest 

2003;112:1796–808. https://doi.org/10.1172/jci19246. 

[22] Tomas E, Tsao TS, Saha AK, Murrey HE, Zhang C cheng, Itani SI, et al. Enhanced 

muscle fat oxidation and glucose transport by ACRP30 globular domain: Acetyl-CoA 

carboxylase inhibition and AMP-activated protein kinase activation. Proc Natl Acad 

Sci U S A 2002;99:16309–13. https://doi.org/10.1073/pnas.222657499. 

[23] Yamauchi T, Nio Y, Maki T, Kobayashi M, Takazawa T, Iwabu M, et al. Targeted 

disruption of AdipoR1 and AdipoR2 causes abrogation of adiponectin binding and 

metabolic actions. Nat Med 2007;13:332–9. https://doi.org/10.1038/nm1557. 

[24] Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, et al. Adiponectin 

stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated 

protein kinase. Nat Med 2002;8:1288–95. https://doi.org/10.1038/nm788. 

[25] Sell H, Dietze-Schroeder D, Eckardt K, Eckel J. Cytokine secretion by human 

adipocytes is differentially regulated by adiponectin, AICAR, and troglitazone. 

Biochem Biophys Res Commun 2006;343:700–6. 

https://doi.org/10.1016/j.bbrc.2006.03.010. 

 



40 

 

[26] Glintborg D, Mumm H, Holst JJ, Andersen M. Effect of oral contraceptives and/or 

metformin on GLP-1 secretion and reactive  hypoglycaemia in polycystic ovary 

syndrome. Endocr Connect 2017;6:267–77. https://doi.org/10.1530/EC-17-0034. 

[27] Arusoglu G, Koksal G, Cinar N, Tapan S, Aksoy DY, Yildiz BO. Basal and meal-

stimulated ghrelin, PYY, CCK levels and satiety in lean women with  polycystic ovary 

syndrome: effect of low-dose oral contraceptive. J Clin Endocrinol Metab 

2013;98:4475–82. https://doi.org/10.1210/jc.2013-1526. 

[28] Naessén S, Carlström K, Byström B, Pierre Y, Hirschberg AL. Effects of an 

antiandrogenic oral contraceptive on appetite and eating behavior  in bulimic women. 

Psychoneuroendocrinology 2007;32:548–54. 

https://doi.org/10.1016/j.psyneuen.2007.03.008. 

[29] Sağsöz N, Orbak Z, Noyan V, Yücel A, Uçar B, Yildiz L. The effects of oral 

contraceptives including low-dose estrogen and drospirenone  on the concentration of 

leptin and ghrelin in polycystic ovary syndrome. Fertil Steril 2009;92:660–6. 

https://doi.org/10.1016/j.fertnstert.2008.07.008. 

[30] Nilsson C, Raun K, Yan FF, Larsen MO, Tang-Christensen M. Laboratory animals as 

surrogate models of human obesity. Acta Pharmacol Sin 2012;33:173–81. 

https://doi.org/10.1038/aps.2011.203. 

[31] Mahlangu TJ, Dludla P V., Mxinwa V, Mkandla Z, Tiano L, Louw J, et al. Elevated T-

helper 2 cytokine levels in high fat diet-fed C57BL/6 mice are attenuated by short-term 

6-week treatment with a combination of low-dose aspirin and metformin. Cytokine 

2020;128:154999. https://doi.org/10.1016/j.cyto.2020.154999. 

[32] Kivimäki M, Strandberg T, Pentti J, Nyberg ST, Frank P, Jokela M, et al. Body-mass 

index and risk of obesity-related complex multimorbidity: an observational 

multicohort study. Lancet Diabetes Endocrinol 2022;10:253–63. 

https://doi.org/10.1016/S2213-8587(22)00033-X. 

[33] Meessen ECE, Warmbrunn M V., Nieuwdorp M, Soeters MR. Human postprandial 

nutrient metabolism and low-grade inflammation: A narrative review. Nutrients 

2019;11. https://doi.org/10.3390/nu11123000. 

 



41 

 

[34] Guillemot-Legris O, Masquelier J, Everard A, Cani PD, Alhouayek M, Muccioli GG. 

High-fat diet feeding differentially affects the development of inflammation in the 

central nervous system. J Neuroinflammation 2016;13. https://doi.org/10.1186/s12974-

016-0666-8. 

[35] Lackey DE, Olefsky JM. Regulation of metabolism by the innate immune system. Nat 

Rev Endocrinol 2016;12:15–20. https://doi.org/10.1038/nrendo.2015.189. 

[36] Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic switch in adipose 

tissue macrophage polarization. J Clin Invest 2007;117:175–84. 

https://doi.org/10.1172/JCI29881. 

[37] Burhans MS, Hagman DK, Kuzma JN, Schmidt KA, Kratz M. Contribution of adipose 

tissue inflammation to the development of type 2 diabetes mellitus. Compr Physiol 

2019;9:1–58. https://doi.org/10.1002/cphy.c170040. 

[38] Lee YS, Wollam J, Olefsky JM. An Integrated View of Immunometabolism. Cell 

2018;172:22–40. https://doi.org/10.1016/j.cell.2017.12.025. 

[39] Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat Rev Immunol 

2005;5:953–64. https://doi.org/10.1038/nri1733. 

[40] Bronte V, Zanovello P. Regulation of immune responses by L-arginine metabolism. 

Nat Rev Immunol 2005;5:641–54. https://doi.org/10.1038/nri1668. 

[41] Ji Y, Sun S, Xia S, Yang L, Li X, Qi L. Short term high fat diet challenge promotes 

alternative macrophage polarization in adipose tissue via natural killer T cells and 

interleukin-4. J Biol Chem 2012;287:24378–86. 

https://doi.org/10.1074/jbc.M112.371807. 

[42] Lee YS, Li P, Huh JY, Hwang IJ, Lu M, Kim JI, et al. Inflammation is necessary for 

long-term but not short-term high-fat diet-induced insulin resistance. Diabetes 

2011;60:2474–83. https://doi.org/10.2337/db11-0194. 

[43] Santos EW, Oliveira DC, Hastreiter A, Silva GB, De Oliveira Beltran JS, Rogero MM, 

et al. Short-term high-fat diet affects macrophages inflammatory response, early signs 

of a long-term problem. Brazilian J Pharm Sci 2019;55. https://doi.org/10.1590/S2175-

97902019000117561. 



42 

 

[44] León-Pedroza JI, González-Tapia LA, Del Olmo-Gil E, Castellanos-Rodríguez D, 

Escobedo G, González-Chávez A. Low-grade systemic inflammation and the 

development of metabolic diseases: From the molecular evidence to the clinical 

practice. Cir y Cir (English Ed 2015;83:543–51. 

https://doi.org/10.1016/j.circir.2015.05.041. 

[45] Skålén K, Gustafsson M, Knutsen Rydberg E, Hultén LM, Wiklund O, Innerarity TL, 

et al. Subendothelial retention of atherogenic lipoproteins in early atherosclerosis. 

Nature 2002;417:750–4. https://doi.org/10.1038/nature00804. 

[46] Iwata NG, Pham M, Rizzo NO, Cheng AM, Maloney E, Kim F. Trans fatty acids 

induce vascular inflammation and reduce vascular nitric oxide production in 

endothelial cells. PLoS One 2011;6. https://doi.org/10.1371/journal.pone.0029600. 

[47] Viles-Gonzalez JF, Fuster V, Badimon JJ. Atherothrombosis: A widespread disease 

with unpredictable and life-threatening consequences. Eur Heart J 2004;25:1197–207. 

https://doi.org/10.1016/j.ehj.2004.03.011. 

[48] Tedgui A, Mallat Z. Cytokines in atherosclerosis: Pathogenic and regulatory pathways. 

Physiol Rev 2006;86:515–81. https://doi.org/10.1152/physrev.00024.2005. 

[49] Kinlay S, Selwyn AP, Libby P, Ganz P. Inflammation, the endothelium, and the acute 

coronary syndromes. J Cardiovasc Pharmacol 1998;32:S62-6. 

[50] Lim S, Park S. Role of vascular smooth muscle cell in the inflammation of 

atherosclerosis. BMB Rep 2014;47:1–7. 

https://doi.org/10.5483/BMBRep.2014.47.1.285. 

[51] Dzau VJ, Braun-Dullaeus RC, Sedding DG. Vascular proliferation and atherosclerosis: 

New perspectives and therapeutic strategies. Nat Med 2002;8:1249–56. 

https://doi.org/10.1038/nm1102-1249. 

[52] Lee JS, Morrisett JD, Tung CH. Detection of hydroxyapatite in calcified 

cardiovascular tissues. Atherosclerosis 2012;224:340–7. 

https://doi.org/10.1016/j.atherosclerosis.2012.07.023. 

 

 



43 

 

[53] Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from sudden 

coronary death: A comprehensive morphological classification scheme for 

atherosclerotic lesions. Arterioscler Thromb Vasc Biol 2000;20:1262–75. 

https://doi.org/10.1161/01.ATV.20.5.1262. 

[54] Ayer JG, Song C, Steinbeck K, Celermajer DS, Freedman S Ben. Increased tissue 

factor activity in monocytes from obese young adults. Clin Exp Pharmacol Physiol 

2010;37:1049–54. https://doi.org/10.1111/j.1440-1681.2010.05430.x. 

[55] Shufelt CL, Bairey Merz CN. Contraceptive Hormone Use and Cardiovascular 

Disease. J Am Coll Cardiol 2009;53:221–31. 

https://doi.org/10.1016/j.jacc.2008.09.042. 

[56] Christin-Maitre S. History of oral contraceptive drugs and their use worldwide. Best 

Pract Res Clin Endocrinol Metab 2013;27:3–12. 

https://doi.org/10.1016/j.beem.2012.11.004. 

[57] Brown M. Oral contraceptive pill. A Hist Intellect Prop 50 Objects 2019:224–31. 

https://doi.org/10.5005/jp/books/12894_19. 

[58] Shahnazi M, Khalili AF, Kochaksaraei FR, Jafarabadi MA, Banoi KG, Nahaee J, et al. 

A comparison of second and third generations combined oral contraceptive pills’ effect 

on mood. Iran Red Crescent Med J 2014;16. https://doi.org/10.5812/ircmj.13628. 

[59] Maguire K, Westhoff C. The state of hormonal contraception today: Established and 

emerging noncontraceptive health benefits. Am J Obstet Gynecol 2011;205:S4. 

https://doi.org/10.1016/j.ajog.2011.06.056. 

[60] Wong CL, Farquhar C, Roberts H. Oral contraceptive pills for primary 

dysmenorrhoea. Cochrane Database Syst Rev 2001. 

https://doi.org/10.1002/14651858.cd002120. 

[61] Shulman LP. The state of hormonal contraception today: Benefits and risks of 

hormonal contraceptives: Combined estrogen and progestin contraceptives. Am J 

Obstet Gynecol 2011;205. https://doi.org/10.1016/j.ajog.2011.06.057. 

 

 



44 

 

[62] Raps M, Rosendaal F, Ballieux B, Rosing J, Thomassen S, Helmerhorst F, et al. 

Resistance to APC and SHBG levels during use of a four-phasic oral contraceptive 

containing dienogest and estradiol valerate: A randomized controlled trial. J Thromb 

Haemost 2013;11:855–61. https://doi.org/10.1111/jth.12172. 

[63] Blumenthal PD, Edelman A. Hormonal contraception. Obstet Gynecol 2008;112:670–

84. https://doi.org/10.1097/AOG.0b013e31818425b7. 

[64] Endrikat J, Gerlinger C, Richard S, Rosenbaum P, Düsterberg B. Ovulation inhibition 

doses of progestins: a systematic review of the available  literature and of marketed 

preparations worldwide. Contraception 2011;84:549–57. 

https://doi.org/10.1016/j.contraception.2011.04.009. 

[65] Trenor CC, Chung RJ, Michelson AD, Neufeld EJ, Gordon CM, Laufer MR, et al. 

Hormonal contraception and thrombotic risk: A multidisciplinary approach. Pediatrics 

2011;127:347–57. https://doi.org/10.1542/peds.2010-2221. 

[66] Samuelsson E, Hägg S. Incidence of venous thromboembolism in young Swedish 

women and possibly preventable cases among combined oral contraceptive users. Acta 

Obstet Gynecol Scand 2004;83:674–81. https://doi.org/10.1111/j.0001-

6349.2004.00574.x. 

[67] Teal S, Edelman A. Contraception Selection, Effectiveness, and Adverse Effects: A 

Review. JAMA - J Am Med Assoc 2021;326:2507–18. 

https://doi.org/10.1001/jama.2021.21392. 

[68] Dinger JC, Heinemann LAJ, Kühl-Habich D. The safety of a drospirenone-containing 

oral contraceptive: final results from the European Active Surveillance study on Oral 

Contraceptives based on 142,475 women-years of observation. Contraception 

2007;75:344–54. https://doi.org/10.1016/j.contraception.2006.12.019. 

[69] Dinger JC, Bardenheuer K, Assmann A. International active surveillance study of 

women taking oral contraceptives (inas-oc study). BMC Med Res Methodol 2009;9. 

https://doi.org/10.1186/1471-2288-9-77. 

 

 



45 

 

[70] Heidarzadeh Z, Asadi B, Saadatnia M, Ghorbani A, Fatehi F. The effect of low-dose 

combined oral contraceptive pills on brachial artery endothelial function and common 

carotid artery intima-media thickness. J Stroke Cerebrovasc Dis 2014;23:675–80. 

https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.06.007. 

[71] Shufelt CL, Bairey Merz CN. Contraceptive Hormone Use and Cardiovascular 

Disease. J Am Coll Cardiol 2009;53:221–31. 

https://doi.org/10.1016/j.jacc.2008.09.042. 

[72] Gurney EP, Murthy AS. Obesity and contraception: Metabolic changes, risk of 

thromboembolism, use of emergency contraceptives, and role of bariatric surgery. 

Minerva Ginecol 2013;65:279–88. 

[73] Cagnacci A, Ferrari S, Tirelli A, Zanin R, Volpe A. Route of administration of 

contraceptives containing desogestrel/etonorgestrel and insulin sensitivity: a 

prospective randomized study. Contraception 2009;80:34–9. 

https://doi.org/10.1016/j.contraception.2009.01.012. 

[74] Giribela CRG, Melo NR, Silva RCG, Hong VM, Guerra GM, Baracat EC, et al. A 

combined oral contraceptive containing drospirenone changes neither endothelial 

function nor hemodynamic parameters in healthy young women: A prospective clinical 

trial. Contraception 2012;86:35–41. 

https://doi.org/10.1016/j.contraception.2011.08.017. 

[75] Piltonen T, Puurunen J, Hedberg P, Ruokonen A, Mutt SJ, Herzig KH, et al. Oral, 

transdermal and vaginal combined contraceptives induce an increase in markers of 

chronic inflammation and impair insulin sensitivity in young healthy normal-weight 

women: A randomized study. Hum Reprod 2012;27:3046–56. 

https://doi.org/10.1093/humrep/des225. 

[76] Skouby SO. Hormonal contraception in obesity, the metabolic syndrome, and diabetes. 

Ann N Y Acad Sci 2010;1205:240–4. https://doi.org/10.1111/j.1749-

6632.2010.05662.x. 

[77] Edelman AB, Jensen JT. Obesity and hormonal contraception: Safety and efficacy. 

Semin Reprod Med 2012;30:479–85. https://doi.org/10.1055/s-0032-1328876. 

 



46 

 

[78] Cipriani S, Todisco T, Scavello I, Di Stasi V, Maseroli E, Vignozzi L. Obesity and 

hormonal contraception: an overview and a clinician’s practical guide. Eat Weight 

Disord 2020;25:1129–40. https://doi.org/10.1007/s40519-019-00774-w. 

[79] Edelman AB, Cherala G, Munar MY, McInnis M, Stanczyk FZ, Jensen JT. Correcting 

oral contraceptive pharmacokinetic alterations due to obesity: A randomized controlled 

trial. Contraception 2014;90:550–6. 

https://doi.org/10.1016/j.contraception.2014.06.033. 

[80] Simmons KB, Edelman AB. Hormonal contraception and obesity. Fertil Steril 

2016;106:1282–8. https://doi.org/10.1016/j.fertnstert.2016.07.1094. 

[81] Lopez LM, Bernholc A, Chen M, Grey TW, Otterness C, Westhoff C, et al. Hormonal 

contraceptives for contraception in overweight or obese women. Cochrane Database 

Syst Rev 2016;2016. https://doi.org/10.1002/14651858.CD008452.pub4. 

[82] Nakajima ST, Pappadakis J, Archer DF. Body mass index does not affect the efficacy 

or bleeding profile during use of an ultra-low-dose combined oral contraceptive. 

Contraception 2016;93:52–7. https://doi.org/10.1016/j.contraception.2015.09.013. 

[83] Brunner Huber LR, Rowland Hogue CJ. Contraception for obese women: Challenges, 

concerns and recommendations for the future. Expert Rev Obstet Gynecol 

2007;2:357–65. https://doi.org/10.1586/17474108.2.3.357. 

[84] Endalifer ML, Diress G, Addisu A, Linger B. The association between combined oral 

contraceptive use and overweight/obesity: A secondary data analysis of the 2016 

Ethiopia Demographic and Health Survey. BMJ Open 2020;10:e039229. 

https://doi.org/10.1136/bmjopen-2020-039229. 

[85] Park B, Kim J. Oral contraceptive use, micronutrient deficiency, and obesity among 

premenopausal females in Korea: The necessity of dietary supplements and food 

intake improvement. PLoS One 2016;11. 

https://doi.org/10.1371/journal.pone.0158177. 

[86] De Melo NR, Aldrighi JM, Faggion D, Reyes VROY, Souza JB, Fernandes CE, et al. 

A prospective open-label study to evaluate the effects of the oral contraceptive 

Harmonet® (gestodene75/EE20) on body fat. Contraception 2004;70:65–71. 

https://doi.org/10.1016/j.contraception.2003.10.016. 



47 

 

[87] Berenson AB, Rahman M. Changes in weight, total fat, percent body fat, and central-

to-peripheral fat ratio associated with injectable and oral contraceptive use. Am J 

Obstet Gynecol 2009;200:329.e1-329.e8. https://doi.org/10.1016/j.ajog.2008.12.052. 

[88] Gallo MF, Lopez LM, Grimes DA, Carayon F, Schulz KF, Helmerhorst FM. 

Combination contraceptives: Effects on weight. Cochrane Database Syst Rev 

2014;2014. https://doi.org/10.1002/14651858.CD003987.pub5. 

[89] Li M, Qian M, Kyler K, Xu J. Adipose Tissue-Endothelial Cell Interactions in 

Obesity-Induced Endothelial Dysfunction. Front Cardiovasc Med 2021;8:646. 

https://doi.org/10.3389/fcvm.2021.681581. 

[90] Aasare GA, Santa S, Angala RA, Asiedu B, Afriyie D, Amoah AG. Effect of hormonal 

contraceptives on lipid profile and the risk indices for cardiovascular disease in a 

ghanaian community. Int J Womens Health 2014;6:597–603. 

https://doi.org/10.2147/IJWH.S59852. 

[91] Ferreira JRD, Aleluia MM, Figueiredo CVB, Vieira LC de L, Santiago RP, da Guarda 

CC, et al. Evaluation of cardiometabolic parameters among obese women using oral 

contraceptives. Front Endocrinol (Lausanne) 2017;8:256. 

https://doi.org/10.3389/fendo.2017.00256. 

[92] Pomp ER, Le Cessie S, Rosendaal FR, Doggen CJM. Risk of venous thrombosis: 

Obesity and its joint effect with oral contraceptive use and prothrombotic mutations. 

Br J Haematol 2007;139:289–96. https://doi.org/10.1111/j.1365-2141.2007.06780.x. 

[93] Lidegaard Ø, Edström B, Kreiner S. Oral contraceptives and venous 

thromboembolism: A five-year national case-control study. Contraception 

2002;65:187–96. https://doi.org/10.1016/S0010-7824(01)00307-9. 

[94] Zerr-Fouineau M, Jourdain M, Boesch C, Hecker M, Bronner C, Schini-Kerth VB. 

Certain progestins prevent the enhancing effect of 17β-estradiol on NO-mediated 

inhibition of platelet aggregation by endothelial cells. Arterioscler Thromb Vasc Biol 

2009;29:586–93. https://doi.org/10.1161/ATVBAHA.108.178004. 

 

 



48 

 

[95] Virdis A, Pinto S, Versari D, Salvetti G, Bernini G, Fruzzetti F, et al. Effect of oral 

contraceptives on endothelial function in the peripheral microcirculation of healthy 

women. J Hypertens 2003;21:2275–80. https://doi.org/10.1097/00004872-200312000-

00015. 

[96] Fan J, Unoki H, Iwasa S, Watanabe T. Role of endothelin-1 in atherosclerosis. Ann N 

Y Acad Sci 2000;902:84–94. https://doi.org/10.1111/j.1749-6632.2000.tb06303.x. 

[97] Merki-Feld GS, Rosselli M, Dubey RK, Jäger AW, Keller PJ. Long-term effects of 

combined oral contraceptives on markers of endothelial function and lipids in healthy 

premenopausal women. Contraception 2002;65:231–6. https://doi.org/10.1016/S0010-

7824(01)00312-2. 

[98] Merki-Feld GS, Imthurn B, Keller PJ. Effects of two oral contraceptives on plasma 

levels of nitric oxide, homocysteine, and lipid metabolism. Metabolism 2002;51:1216–

21. https://doi.org/10.1053/meta.2002.34038. 

[99] Friedman J, Cremer M, Jelani QUA, Huang X, Jian J, Shah S, et al. Oral contraceptive 

use, iron stores and vascular endothelial function in healthy women. Contraception 

2011;84:285–90. https://doi.org/10.1016/j.contraception.2011.01.012. 

[100] Lizarelli PM, Martins WP, Vieira CS, Soares GM, Franceschini SA, Ferriani RA, et al. 

Both a combined oral contraceptive and depot medroxyprogesterone acetate impair 

endothelial function in young women. Contraception 2009;79:35–40. 

https://doi.org/10.1016/j.contraception.2008.07.024. 

[101] Franceschini SA, Vieira CS, Martins WP, França JB, Ferriani RA. Effects of combined 

oral contraceptives containing levonorgestrel or chlormadinone on the endothelium. 

Contraception 2013;87:766–72. https://doi.org/10.1016/j.contraception.2012.09.023. 

[102] Campesi I, Sanna M, Zinellu A, Carru C, Rubattu L, Bulzomi P, et al. Oral 

contraceptives modify DNA methylation and monocyte-derived macrophage function. 

Biol Sex Differ 2012;3. https://doi.org/10.1186/2042-6410-3-4. 

[103] Kang DH, Park SK, Lee IK, Johnson RJ. Uric acid-induced C-reactive protein 

expression: Implication on cell proliferation and nitric oxide production of human 

vascular cells. J Am Soc Nephrol 2005;16:3553–62. 

https://doi.org/10.1681/ASN.2005050572. 



49 

 

[104] Puddu P, Puddu GM, Cravero E, Vizioli L, Muscari A. The relationships among 

hyperuricemia, endothelial dysfunction, and cardiovascular diseases: Molecular 

mechanisms and clinical implications. J Cardiol 2012;59:235–42. 

https://doi.org/10.1016/j.jjcc.2012.01.013. 

[105] Torgrimson BN, Meendering JR, Kaplan PF, Minson CT. Endothelial function across 

an oral contraceptive cycle in women using levonorgestrel and ethinyl estradiol. Am J 

Physiol - Hear Circ Physiol 2007;292:2874–80. 

https://doi.org/10.1152/ajpheart.00762.2006. 

[106] Tan IJ, Peeva E, Zandman-Goddard G. Hormonal modulation of the immune system - 

A spotlight on the role of progestogens. Autoimmun Rev 2015;14:536–42. 

https://doi.org/10.1016/j.autrev.2015.02.004. 

[107] Williams W V. Hormonal contraception and the development of autoimmunity: A 

review of the literature. Linacre Q 2017;84:275–95. 

https://doi.org/10.1080/00243639.2017.1360065. 

[108] Hall OJ, Klein SL. Progesterone-based compounds affect immune responses and 

susceptibility to infections at diverse mucosal sites. Mucosal Immunol 2017;10:1097–

107. https://doi.org/10.1038/mi.2017.35. 

[109] Hall OJ, Klein SL. Progesterone-based compounds affect immune responses and 

susceptibility to infections at diverse mucosal sites. Mucosal Immunol 2017;10:1097–

107. https://doi.org/10.1038/mi.2017.35. 

[110] Quispe Calla NE, Vicetti Miguel RD, Mei A, Fan S, Gilmore JR, Cherpes TL. 

Dendritic cell function and pathogen-specific T cell immunity are inhibited in mice 

administered levonorgestrel prior to intranasal Chlamydia trachomatis infection. Sci 

Rep 2016;6. https://doi.org/10.1038/srep37723. 

[111] Vicetti Miguel RD, Hendricks RL, Aguirre AJ, Melan MA, Harvey SAK, Terry-

Allison T, et al. Dendritic Cell Activation and Memory Cell Development Are 

Impaired among Mice Administered Medroxyprogesterone Acetate Prior to Mucosal 

Herpes Simplex Virus Type 1 Infection. J Immunol 2012;189:3449–61. 

https://doi.org/10.4049/jimmunol.1103054. 

 



50 

 

[112] Hall OJ, Limjunyawong N, Vermillion MS, Robinson DP, Wohlgemuth N, Pekosz A, 

et al. Progesterone-Based Therapy Protects Against Influenza by Promoting Lung 

Repair and Recovery in Females. PLoS Pathog 2016;12. 

https://doi.org/10.1371/journal.ppat.1005840. 

[113] Auerbach L, Hafner T, Huber JC, Panzer S. Influence of low-dose oral contraception 

on peripheral blood lymphocyte subsets at particular phases of the hormonal cycle. 

Fertil Steril 2002;78:83–9. https://doi.org/10.1016/S0015-0282(02)03173-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

2.3. Systematic review and meta-analysis Protocol 
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2.4. Systematic review and meta-analysis  

 

 

Candidate’s contribution: OAF (the candidate) was involved in the conceptualization of the 

study, data analysis and writing of the manuscript. 
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Prologue 

Obesity-induced inflammatory response is linked to several major adverse cardiovascular 

events, such as atherosclerosis, myocardial infarction, coronary heart disease. Oral 

contraceptives containing either estrogen or progestogen (COC) are associated with weight 

gain, and alteration of the metabolic and immunological pathways. In this chapter 

(Experimental 1), we focused on the impact of COC on immune activation in diet-induced 

obesity (DIO), we also assessed whether the dietary intervention of switching from a high-fat 

diet (HFD) to a low-fat diet (LFD) attenuates undesired immunological responses. 
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Chapter 3: Experimental article 1 

Abstract 

 

Candidate’s contribution: OAF (the candidate) was involved in the conceptualization of the 

study, animal handling, running laboratory assays, data analysis and writing of the 

manuscript. 
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1. Introduction 

Obesity has become a global pandemic worldwide over the years [1] with more than 1.9 

billion adults being overweight and 650 million were obese [2]. Of note, obesity is associated 

with metabolic syndrome [3] prothrombotic state [4] and increased risk of major adverse 

cardiovascular events [5]. In obesity, low-grade inflammation may occur as result of a 

compromised gut diversity and increased monocyte activation in the adipose tissue through 

several molecular mechanisms [6]. This process induces the polarization of the resident 

macrophage (M1) cells towards a pro-inflammatory phenotype [7]. The polarization of 

macrophages towards M1, is followed by the infiltration of neutrophils influx into the adipose 

tissue. Neutrophil infiltration is a characteristic features of obesity-induced inflammation that 

contributes to the development of metabolic syndrome [8]. The latter describes a cluster of 

metabolic complications that increases the risk of developing type 2 diabetes and 

atherosclerotic cardiovascular disease (CVDs) [9]. Hence, there is need to understand the 

pathophysiological mechanisms involved in the development of obesity-associated 

complications, including chronic inflammation and impaired immune response. This is 

essential to comprehend and establish the effectiveness of currently used interventions. 

The use of combined oral contraceptives (COCs) has been associated with an increased risk 

of arterial and venous thrombosis in women of reproductive age [10]. While the risk of these 

cardiovascular events are rare in young women, the magnitude of the risk and the effect of 

different hormonal contents of COC preparations remain unclear [11]. However, evidence has 

shown that the use of COC may potentially exacerbate the risk of major adverse 

cardiovascular events in conditions of obesity [12,13]. This may be linked with impaired 

metabolic and exacerbated inflammatory responses which may occur subsequent to the 

development of major adverse cardiovascular events (MACEs) [14]. Despite the risk for 

CVDs associated with the use of COC in conditions of impaired metabolism [15], there is 
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still controversy regarding the efficacy of contraceptives in obese individuals in terms of the 

duration of use, dosage, and generational-type of COC [16]. 

Of note, estrogen and progesterone are known to play a role in modulating the development 

and function of both innate and adaptive immune system [17–19]. The modulatory role of 

these hormones during immune activation may be influenced by the dose and duration of 

administration [18,20–22] and their action may also counteract each other [19,23]. A 

previous study on infected ovariectomized female C57BL/6 mice reported on an increased 

neutrophil count and production of neutrophil chemoattractants proteins following 

recruitment following estrogen treatment [17]. Estrogen and progesterone also modulate 

macrophage functions [19,24] as well as T cell functions [22,25,26]. For instance, in clinical 

studies, exogenous estrogen enhanced the production of pro-inflammatory cytokines such as 

interleukin (IL)-1β, IL-6, and tumor necrosis factor-alpha (TNF-α) [27], while in a murine 

model, high concentrations of estrogen suppresses the production of these cytokines by 

monocyte or macrophage cells [28]. More so, in lipopolysaccharide (LPS)-stimulated 

dendritic cells in female rats, progestin treatment suppressed the production of TNF-α and IL-

1 β in a dose dependent manner [29]. In contrast, a study by Bouman and colleagues showed 

that neither exogenous estrogen nor progesterone enhances the production of cytokine in 

human LPS-stimulated monocytes [30]. Taken together, the magnitude by which exogenous 

estrogen and progesterone modulates the function of both innate and adaptive immune cell 

remain elusive. 

The aim of this study is to determine the impact of COC treatment within rat model of diet-

induced obesity (DIO). We further assessed whether switching from a high-fat diet (HFD) to 

low-fat diet (LFD) restores the levels of immune activation as measured using acute phase 

reactants such as IL-6 and TNF-α and monocyte chemoattractant protein (MCP)-1.  
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2. Materials and methods 

2.1. Animal handling 

Twenty (n=20) female Sprague Dawley rats that are five weeks old and weighing between 

150-200g were purchased and housed at the Biomedical Research Unit (BRU) at the of 

University KwaZulu-Natal. The animals were acclimatized for 2 weeks with an unrestricted 

access to food and water. They were maintained under standard environmental conditions of 

temperature (22±2°C), humidity (55±5%) and controlled 12-h light cycle (6:00–18:00) and 

dark cycle (18:00–6:00). While the animals were regularly monitored, and the cages were 

cleaned daily. Ethical clearance for this study was granted by the UKZN animal research 

ethics committee (AREC/00003067/2021). 

2.2. Experimental design and treatment of animals 

The study was conducted in two phases, which are illustrated in Figure 1. The first 

experiment phase used a model of DIO, where basic metabolic parameters, lipid profiles, and 

acute phase reactant proteins were assessed after animals were fed HFD (n=15) for 8 weeks. 

Control animals were kept on LFD (n=5), for both experimental phase (Figure 1, Experiment 

A). The LFD composition was 10 Kcal% derived from fat (19 g% protein, 67 g% 

carbohydrates, 4 g% fat, Research Diets #D12450), while the HFD group was 60 Kcal% 

derived from fat (26 g% protein, 26 g% carbohydrates, 35 g% fat, Research Diets #D12492) 

[31]. A Lee index greater than 310 was used to define obesity in the animals, as previously 

described [32]. 
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In the second experimental phase, the HFD diet was switched to a LFD as previously 

described [33] in order to assess the implication of COC treatment on the metabolic changes 

and makers of immune activation following a dietary intervention. COC treatment was 

prepared accordingly as previously described [34]. The animals that were initially placed on a 

HFD (n=15) were further randomized to receive a LFD + low dose COC (LCOC; n=5) or 

LFD + high dose COC (HCOC; n=5), or LFD + placebo (distilled water; n=5) (Figure 1, 

Experiment B) [34]. The LCOC treated group received (via oral gavage) a combination of 4.5 

µg of levonorgestrel / 0.9µg of ethinylestradiol while the HCOC treated group was 

administered a combination of 9µg levonorgestrel /1.8µg ethinylestradiol (Aspen 

Pharmacare, South Africa) which was adjusted for animal body weight. The treatment period 

with COC was for 6 weeks as previously decsribed [35], and the entire experimental phase 

was 14 weeks (Figure 1). Both at week 8 and week 14  experimental phase blood samples 

were drawn from the lateral tail vein into EDTA microtainer and vacutainer citrate tubes (BD 

Bioscience, USA) for analysis. 
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Figure 1: Experimental design. 20 five-week-old female Sprague Dawley rats were used in this study. 

The 5-week-old rats were acclimated for 2 weeks, and therefore, they were 7-week-old rats at the start of the 

treatment. In experiment A rats were randomly allocated into two diet groups low-fat diet (LFD) and high-fat 

diet (HFD), (n=5) for a period of eight weeks. In experiment B, this was after the initial 8-week period, in 

animals receiving HFD diet was switched to LFD. These animals were randomised to receive high dose 

combined oral contraceptive (HCOC) and low dose combine oral contraceptive (LCOC) for six weeks, to give 

total experimental period to be 14 weeks. The animal weights and other anthropometrics were monitored 

weekly, while metabolic changes were determined at both week eight and week fourteen. 

2.3. Anthropometric assessment  

The body weight of the animals was measured on a weekly basis. To determine the Naso–

Anal length (NAL) and the abdominal circumference, each rat was placed in the ventral 

position. Naso–Anal length (NAL) of rats was measured by a non-extensible thread and 

readings taken using a ruler with an accuracy of 0.1 cm as described [36]. The abdominal 

circumference (AC) was assessed on the largest zone of the rat abdomen in front of the hind 

legs using a non-extensible thread. The readings of the abdominal circumferences were taken 

as previously described [36]. 
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2.4. Oral glucose tolerance test (OGTT) and insulin resistance (IR) 

At week 8 of the high-fat diet feeding and week 6 of COC treatment, the rats were fasted for 

12-h overnight and given a glucose challenge to test for glucose tolerance. All glucose 

measurements were determined using the OneTouch® Select® handheld glucometer 

(LifeScan Inc., Milpitas, CA, USA) as previously described [37]. The IR was determined 

using the homeostasis model assessment for insulin resistance (HOMA-IR) and triglyceride-

glucose index (TyG)  [38]. 

2.5. Biochemical analysis 

Plasma insulin levels, IL-6, TNF-α and MCP-1 were determined using an enzyme-linked 

immunosorbent assay (ELISA) kit (Elabscience Biotechnology Co., Ltd., Houston, TX, 

USA). High density lipoprotein was determined using high density lipoprotein quantitation 

kit (Sigma–Aldrich St. Louis, MO, USA) and triglyceride (TG) levels was determined using 

triglyceride assay kit (Elabscience Biotechnology Co., Ltd., Houston, TX, USA). The plasma 

levels of very low-density lipoprotein (VLDL) were determined using the Friedewald 

formula [39]. All assays were performed according to the recommended manufacturer’s 

protocol.  

2.6. Statistical analysis 

Normality testing was performed using the Kolmogorov-Smirnov test with Dallal-Wilkinson-

Lillie. The mean differences between the LFD and HFD-fed groups were determined using 

unpaired student t-test for parametric data and reported as means ± standard error of mean 

(SEM). While the Man Whitney U test was used for non-parametric data and reported as 

median and reported as median and interquartile range (IQR). Correlations were performed 

between Lee index and acute phase reactants, as well as TyG and acute phase reactants using 

Pearson coefficients. In the experimental groups, one-way (treatment factor) analysis of 
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variance (ANOVA) was used for the comparison of the mean values of measured variables. 

A post hoc Tukey’s multiple comparisons test was performed if the F-value reached 

statistical significance (p < 0.05). All the statistical analysis were performed using the 

GraphPad Prism version 8.0 software (GraphPad Software Inc, CA, USA). 
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3. Results 

3.1. Baseline anthropometric characteristics of rats following 8 weeks of HFD feeding. 

To induce obesity the animals were kept on a HFD for a duration of eight weeks. The HFD-

fed group showed a significant increase in weight (g) (289 ± 4.1) when compared with the 

LFD group (270 ± 5.2) (p < 0.021) (Figure 2A). The HFD group was classified as obese 

based on the Lee index (337 ± 5.9) when compared to the LFD group with a lower Lee index 

(307.7 ± 6.3) (p < 0.001). HFD group also showed an increased abdominal circumference 

(cm) (15.6 ± 0.2) when compared to the LFD group respectively (13.1 ± 6.3) (p < 0.001) 

(Table 1).  
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Table 1. Characteristics of animals after 8 weeks of low- fat diet (LFD) vs high-fat diet 

(HFD) feeding (n=5/group) 

Parameters LFD group HFD group p-value 

Anthropometric measurements    

Initial body weight (g) 189.2 ± 21.1 188.4 ± 15.6 0.947 

Body weight at Week 8 (g) 270 ± 5.2 289 ± 4.1 0.021 

weight gain (%) 43.6 ± 9.5 53.8 ± 11.3 0.180 

Lee index 307.7 ± 6.3 337 ± 5.9 <0.001 

Abdominal circumference (cm) 13.1 ± 6.3 15.6 ± 0.2 <0.001 

Metabolic profiles    

High density lipoprotein (µg/µL) 1.77 (1.47 - 2.07) 2.04 (1.42 - 2.65) 0.691 

Triglyceride (mg/dL) 78.7 ± 6.3 108.6 ± 8.7 0.024 

Very low-density lipoprotein (mg/dL) 15.7 ± 1.3 21.7 ± 1.7 0.024 

Fasting glycemia (mmol/L) 3.8 ± 0.6 5 ± 0.5 0.006 

Acute phase reactant proteins    

IL-6 (pg/mL) 52.8 ± 16.4 107.8 ± 10.4 0.022 

TNF- α (pg/mL) 49.8 ± 6.9 101.1 ± 14.5 0.013 

MCP-1 (ng/mL) 1.08 ± 0.03 1.21 ± 0.07 0.115 

Results expressed as mean ± SEM and median interquartile range. Significance (p < 0.05) shown in 

boldface. IL-6: interleukin 6; TNF-α: tumor necrosis factor-alpha; MCP-1: monocyte 

chemoattractant protein-1. 

 

3.2. Metabolic changes and lipid profiles of HFD-fed rats compared to LFD group after 

8 weeks. 

The HFD group had significantly elevated levels of fasting blood glucose (mmol/L) 

following eight-weeks of HFD-feeding (5 ± 0.5) when compared with LFD group (3.8 ± 0.6) 

(p = 0.006). Furthermore, HDL was comparable between the groups (p = 0.691), however, 

TG levels (mg/dL) was significantly higher in HFD group (108.6 ± 8.7) when compared to 

LFD group (78.7 ± 6.3) (p = 0.024) (Table 1). The VLDL levels (mg/dL) was also 
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significantly higher in HFD group (21.7 ± 1.7) when compared to the LFD group (15.7 ± 1.3) 

(p = 0.024) (Table 1). The HFD-fed group showed a significant elevated 2-h post load 

glycemia (OGTT) (mmol/L) including an increased postprandial area under the curve (AUC) 

(mmol/L x 120mins) (941 ± 100) when compared with LFD-fed group (714 ± 59), (p = 

0.002) (Figure 2B and C). In addition, HFD-fed group showed a significant increase in 

fasting plasma insulin (µU/L) (27.1 ± 3) when compared with LFD group (17.7 ± 3.3), (p < 

0.001), HOMA-IR was also significantly elevated in HFD group (6.1 ± 1) in comparison with 

LFD group (2.9 ± 0.5) (p < 0.001), while TyG was significantly higher in HFD group (4.6 ± 

0.1) when compared with LFD-fed group (4.2 ± 0.07), (p < 0.001) (Figure 1C-E). 

3.3. Inflammatory status of HFD-fed rats compared to LFD group after 8 weeks.  

In terms of inflammatory response, the plasma levels of the IL-6 (pg/mL) were significantly 

higher in HFD-fed group (107.8 ± 10.4) when compared with LFD group (52.8 ± 16.4), (p = 

0.022). HFD group also showed an elevated TNF-α (pg/mL) level (101.1 ± 14.5) when 

compared with LFD group (49.8 ± 6.9), (p = 0.013). Lastly, plasma level of MCP-1 was 

comparable between the groups (p > 0.05) after the eight weeks of HFD-feeding (Table 1). 

3.4. Correlation between the inflammatory acute phase reactants, lee index and TyG 

index of HFD group after 8 weeks of high fat diet.  

We assessed the interdependent association between inflammatory acute phase reactants, lee 

index and TyG index in obese condition. Briefly, there was a significant association between 

the Lee index and IL-6 (r = 0.95, p < 0.014) (Figure 3A), TNF- α (r = 0.96, p = 0.001) 

(Figure 3B), and MCP-1 (r = 0.92, p < 0.025) (Figure 3C) in the HFD group. There was also 

a significant association between TyG index and IL-6 (r = 0.90, p < 0.018) (Figure 3D), 

TNF-α levels (r = 0.93, p < 0.022) (Figure 3E). However, there were no significant 

associations between the TyG index and MCP-1 levels (Pearson r = 0.53, p = 0.344) (Figure 

3F). 
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Figure 2. Effect of high fat diet feeding (A) weight gain; (B) 2-hour postprandial glucose test (C) 

area under the curve (AUC); (D) fasting insulin; (E) HOMA-IR; and (F) triglyceride-glucose index 

(TyG). All results are presented as mean ± SEM. *p < 0.05, **p < 0.001, ***p < 0.0001.  

Key: LFD: low-fat diet; HFD: high-fat diet. 
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Figure 3: Correlation between the inflammatory acute phase reactants, lee index (A-C) and TyG (D-F) of HFD 

group after 8 weeks of high fat diet. Correlations are presented as Pearson r 95% confidence interval (p<0.05). 

Key: IL-6 (Interleukin- 6) TNF-alpha (Tumour necrosis factor-alpha) MCP-1 (monocyte chemoattractant 

protein-1.
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3.5. The metabolic status of HFD-fed rats following the switch to LFD and short-term 

treatment with different dosage of COC. 

The weight and the abdominal circumference were comparable across the experimental 

groups after six weeks of COC treatment (p > 0.05) (Table 2). The level of fasting blood 

glucose following six weeks of COC treatment were comparable across the experimental 

groups (p > 0.05) (Table 2). Meanwhile, 2-h post load glycemia (OGTT) (F (3, 16) = 3.881; p 

= 0.03) (Figure 4A) including the postprandial area under the curve (AUC) (Table 2) (F (3, 16) 

= 2.784; p = 0.020) varied across the group following six weeks of COC treatment. In the 

post-hoc analysis, HFD/LFD + HCOC group showed a significant elevated 2-h post load 

glycemia (OGTT) (Figure 4A) including increased postprandial area under the curve (AUC) 

when compared with LFD-fed group (p < 0.05) (Table 2).  

In addition, there was significant changes in fasting plasma insulin (F (3, 16) = 5.577; p = 

0.008) across the experimental groups following short-term COC treatment (figure 4B). The 

post-hoc analysis showed an elevated fasting plasma insulin in the HFD/LFD + HCOC group 

when compared with both HFD and LFD groups, respectively (p < 0.05) (figure 4B). In terms 

of insulin resistance, HOMA-IR (F (3, 16) = 4.009; p = 0.03) and TyG levels (F (3, 16) = 3.284 

p = 0.02) varied across the experimental groups. The post-hoc analysis showed an elevated 

levels of both HOMA-IR and TyG in HFD/LFD + HCOC group when compared with LFD-

fed group (p < 0.05) (Figure 4C-D).   

3.6. Lipid profiles of HFD-fed rats following the switch to LFD and short-term 

treatment with different dosage of COC. 

We also determined the alterations in the lipid profiles which are linked to an increased CVD 

risk. Briefly, the HDL (F (3, 16) = 3.9; p = 0.03), TG (F (3, 16) = 5.1; p = 0.006) and VLDL (F 

(3, 16) = 5.8; p = 0.007) levels all varied across the experimental groups (Table 2). The post-
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hoc analysis showed a significant lower level of HDL in the HFD/LFD + HCOC group when 

compared with LFD group (p < 0.05) (Table 2). The post-hoc analysis showed a significant 

higher level of TG levels in HFD/LFD + HCOC group when compared with LFD group (p = 

0.004) as well as increased VLDL levels in HFD/LFD + HCOC group when compared with 

LFD group (p = 0.005) (Table 2).  

3.7. Inflammatory status of HFD-fed rats following the switch to LFD and short-term 

treatment with different dosage of COC. 

The release of acute phase reactant proteins is an indicator of inflammatory responses. 

Briefly, there were significant changes in the plasma levels of both IL-6 (F (3, 16) = 4.189; p = 

0.02) and TNF- α (F (3, 16) = 5.848; P=0.007) across the experimental groups following six 

weeks COC treatment. In the post-hoc analysis, HFD/LFD + HCOC showed a significant 

increase in IL-6 (p < 0.05) and TNF- α levels (p < 0.001) when compared with LFD group 

(Figure 5A-B).  Meanwhile, plasma level of MCP-1 was comparable in all the experimental 

groups (p > 0.05). 
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Table 2. Characteristics of animals following 6-week short-term treatment with different dosage of combined oral contraceptive (COC) (n=5/group) 

Parameters LFD Untreated HFD HFD + high dose COC HFD + low dose COC p-value 

Anthropometric measurements      

Body weight 287.2 ± 9.9 299.8 ± 17 281.8 ± 26.2 295.2 ± 11.3 0.387 

Abdominal circumference 14.7 ± 0.2 15.8 ± 0.2 15.2 ± 0.39 15.1 ± 0.37 0.120 

Metabolic profile      

High density lipoprotein (mg/dL) 3.25 ± 1.3 2.19 ± 0.6 1.65 ± 0.35 a 2.03 ± 0.46 0.030 

Triglyceride (mg/dL) 76.1 ± 14.5 88.3 ± 8.9 112.4 ± 16.6 a 96.50 ± 14.4 0.006 

Very low-density lipoprotein (mg/dL) 15.2 ± 2.9 17.7 ± 1.8 22.5 ± 3.3 a 19.3 ± 2.9 0.007 

Fasting glycemia (mmol/L) 

AUC glucose (mmol/L x 120min) 

3.52 ± 0.52 

622.8 ± 26.1 

4 ± 0.37 

654.9 ± 23.1 

3.58 ± 0.49 

741 ± 42 a 

3.94 ± 0.59 

698.6 ± 29.4 

0.342 

0.020 

Data presented as mean ± SEM. Significance ( 
a 

p < 0.05) compared with LFD shown in boldface. Key: AUC (area under the curve).
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Figure 4.  Impact of 6week COC treatment in DIO rats on (A) oral glucose tolerance test (OGTT) (B) 

fasting insulin (C) HOMA-IR and (D) triglyceride-glucose index (TyG). All results are presented as 

mean ± SEM. *p < 0.05 compared with CON and HFD. 

Key: LFD: Low fat die; HFD: high fat diet; COC: combined oral contraceptive.
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Figure 5A-C. Effect of COC on acute phase reactants: (A) IL-6 (B) TNF- α (C) MCP-1. All results 

are presented as mean ± SEM. *p < 0.05, **p < 0.001. 

Key: LFD: Low fat die; HFD: high fat diet; COC: combined oral contraceptive; IL-6: interleukin 6; TNF- 

α: tumour necrosis factor alpha; MCP-1: monocyte chemoattractant protein-1; ns: not significant.                                                                                                   
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4. Discussion 

The aim of this study was to determine the impact of COC treatment on female Sprague 

Dawley rats using a DIO model. Moreover, we explored whether a dietary intervention of 

switching from a HFD to LFD restored the levels of immune activation such as IL-6, TNF-α 

and MCP-1 following 6-weeks of COC use. In our study, HFD-fed rats demonstrated a 

comparable change in weight gain within four weeks of HFD-feeding when compared with 

LFD group. Interestingly, this was similar to previous study by Taraschecnko et al that also 

reported a comparable change in weight of female Sprague Dawley rats during the course of 

34 days [40]. Notably, the developmental stage of obesity in Sprague Dawley rats upon 

exposure to HFD is associated with variable responses depending on the sex, age, and 

duration of feeding [41,42]. At eight week, the HFD group showed a mildly obese phenotype 

with an increased weight gain, Lee index and abdominal circumference when compared with 

the LFD group which is congruent to previous findings [43,44]. This was a major indication 

these rats have developed the metabolic syndrome, as observed with significantly enhanced 

levels of triglycerides, VLDL, and fasting glycemia.  

Briefly, HFD-fed group demonstrated a hyperglycemic state during 2-hour OGTT which is 

associated with insulin resistance and/or glucose intolerance when compared with LFD 

group. This results are similar to findings of other previous studies in HFD-fed Sprague 

Dawley rats [43,45,46]. Under physiological conditions, insulin promotes lipogenesis and 

inhibits lipolysis which leads to elevated levels of glucose and lipids in circulation thus 

resulting in impaired insulin secretion [47]. Interestingly, our result showed an elevation of 

TG and VLDL levels in HFD-fed rats when compared to LFD-fed rats which is congruent 

with previously published findings [48,49]. Whereas there were no significant changes in the 
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levels of HDL-c in between the two diet groups. Perhaps highlighting that short term HFD-

feeding could have an influence on circulating lipid profile particularly HDL-c levels.  

Furthermore, evidence from our study also showed increased plasma levels of IL-6 and TNF-

α without concomitant changes in the levels of MCP-1 in HFD group when compared with 

the LFD group. The outcome of our study showed an association between the degree obesity 

as measured by Lee index and alterations with acute phase proteins like IL-6, TNF-α and 

MCP-1. Similarly, we observed an association between TyG, IL-6 and TNF-α levels in the 

HFD group. Our findings support the interdependent relationship between insulin 

insensitivity and high levels of pro-inflammatory cytokines seen in the progression of 

metabolic syndrome [50,51]. In a previous study, IL-6 levels were also associated with a 

decreased expression of the glucose transporter-4 and insulin receptor substrate-1 which are 

linked to increased insulin resistance [52]. Taken together, these findings may suggest that 

dyslipidaemia maybe associated with inflammation in individuals on COC. These findings 

further support the monitoring of lipid profiles in individuals on COC which may be essential 

in the CVD-risk stratification of individuals with obesity [53]. Thus, it may be reassuring to 

see that the metabolic effects of long-term COC use are normalized upon stopping regardless 

of the generational-type and formulation of the available oral contraceptives [54]. 

In order to assess the role of diet modification in obesity, the animal diet were switched from 

a HFD to LFD followed by COC treatment. Briefly, the weight of all the experimental groups 

were comparable after 6 weeks of COC treatment. However, a previous study showed 

significant reduction in body weight in lean animals treated with COC for the duration of 10 

weeks when compared to controls [55]. The observed changes were associated to the 

hypophagic effect of the oestrogen component leading to a reduced events of excessive 

calorie consumption [55].  
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Furthermore, the HFD/LFD group receiving HCOC remained at a hyperglycemic state with 

decreased insulin sensitivity when compared with HFD/LFD and LFD groups respectively. 

Our findings are similar with previous animal and human studies where COC treatment 

resulted in the development of IR and reduced insulin sensitivity [56,57]. The androgenicity 

of the progestin component may have contributed to the impaired glucose uptake and 

decreased insulin sensitivity [58,59]. Furthermore, there was no significant change in lipid 

profile following short-term COC treatment in the obese rats despite switching diet. 

However, the result of our study showed increased TG and VLDL levels in the HFD/LFD 

group treated with HCOC, while HDL-c was significantly decreased when compared with 

LFD group. In line with our study, Piltonen and colleagues also reported on an elevated levels 

of TG in premenopausal women on COC whereas they reported an increased HDL level 

which is in contrast to our finding [57].  

In our study, the plasma levels of both IL-6 and TNF-α in HFD-fed rats that received HCOC 

treatment remained significantly higher when compared with LFD-fed rats. However, HFD-

fed rats did not show any significant change in the plasma levels of IL-6 and TNF-α after 

short-term COC treatment despite switching from HFD to LFD, although there was a slight 

increase in the magnitude of these biomarkers when compared with HFD/LFD group. In 

addition, the plasma levels of MCP-1 were comparable in all the experimental groups. The 

outcome following short-term COC treatment in HFD-fed rats contradicts previous findings 

where COC promote the release of proinflammatory mediators [60,61]. In fact, a study by 

Campesi et al showed a significant increase in the release of TNF-alpha in women treated 

with COC [61]. Similarly in a previous study involving both premenopausal and 

postmenopausal women showed COC did not alter levels of IL-6 and TNF-α [62–64].  
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Notably, ectopic lipid accumulation due to hyperlipidaemia is associated with the expression 

of proinflammatory mediators and the recruitment of M1 macrophages [65], thus aggravating 

chronic systemic low-grade type 1 inflammation [66] and impairs insulin signalling [67]. 

Previous study also showed a correlation between IL-6 expression and increased expression 

of TNF-α, MCP-1, Interferon gamma-induced protein 10 (IP-10) and macrophage infiltration 

into adipose tissue [68,69]. Furthermore, the presence of IL-6 and TNF-α in vascular smooth 

cells during the development and rupture of atherosclerotic plague also orchestrates a pro-

coagulant state [70,71]. Whereas, MCP-1 mediates the attraction of monocytes-leukocytes 

interaction via diapedesis through the endothelium into the intima where they magnify the 

innate inflammatory response and promote adaptive immune regulation by T cells [70] which 

all aggravate the pathogenesis of atherosclerosis [68]. It is worth nothing that most studies on 

CVD risk in COC users have mostly reported on women of reproductive age, among whom 

the absolute risk for CVD events are generally low [72]. Thus, the need to evaluate the 

potential effects of accumulative exposure of the available COCs at reproductive age on the 

subsequent CVD risk at older age may provide insight and guidance during consultation and 

when making contraceptive choices [54].  

The limitations of this study include the lack of digging and characterisation of the diverse 

lineage of tissue-resident cells especially macrophages  in order to determine the direct 

cellular sources of the acute phase reactants [73]. Thus, further studies are required to 

understand the long-term effects and mechanism by which exogenous sex hormones may 

activate and socially engineer the functions of different tissue-resident cells. This would 

provide insight on the role of these acute phase proteins pertaining to various obesity related 

complications such as atherothrombotic-CVDs and host of other autoimmune and infectious 

diseases. 
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5. Conclusion 

HFD-feeding promotes metabolic dysregulation and aggravates immune activation via the 

release of pro-inflammatory cytokines in rats. Short-term COC treatment induced metabolic 

dysregulation via hyperinsulinemia without aggravating immune activation in HFD-fed rats 

despite the switch from a high-fat to low-fat diet. However, additional studies are required to 

confirm these findings, especially long-term effects of this treatment on immune activation in 

conditions of obesity. 
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Prologue 

Oral contraceptives (OCs) and obesity are independent risk factors of atherothrombotic 

disorder. The use of OC-containing both estrogen and progestin can exacerbate the 

progression of atherosclerotic lesions by promoting endothelial dysfunction and a 

procoagulant state in the presence of several other risk factors. In this chapter (Experimental 

2), we focused on the impact of COC on selected markers of hemostatic changes and 

endothelial function in diet-induced obese (DIO) Sprague Dawley rats. 
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Chapter 4: Experimental article 2 

Abstract 
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1. Introduction 

Cardiovascular disease (CVD) account for at least a third of the mortality occurring in low 

and middle-income countries (LMIC) [1,2]. Despite the advancements in the therapeutics and 

management of patients with chronic disease [3], CVD still account for a substantial number 

of deaths in people living with metabolic complications [4]. Obesity remains a predominant 

risk factor for thrombosis which is characterised by increased plasma levels or activity of 

coagulation factors and fibrinolytic proteins which contribute to major adverse cardiovascular 

events (MACEs) [5].  

Of note, the pathological enlargement of the adipose tissue in obesity elicit the release of pro-

inflammatory molecules that induce damage to the endothelium [6,7]. This further results in 

the altered release of nitric oxide (NO) and negatively affect other vasodilatory metabolites 

leading to endothelial dysfunction [8,9] and arterial stiffening [10,11]. Furthermore, the 

endothelium may be transformed from an antithrombotic to prothrombotic state in obesity 

which may orchestrate haemostatic imbalances [12–14]. During a prothrombotic state, tissue 

factor (TF), von Willebrand factor (vWF) and P-selectin promote the adhesion of platelet on 

the endothelium [15–19]. 

The use of oral contraceptives especially the combined oral contraceptives (COCs) is a 

commonly modern method for birth control [20,21]. However, the use of COC is also 

associated with endothelial and haemostatic dysregulation which increases the risk of CVD 

[22,23]. Some of the established mechanism by which COC impact the vasculature include 

the activation of aldosterone-mineralocorticoid receptor axis among others [20,24]. However, 

findings are inconsistent and others indicate no correlation exist between the use of COC and 

changes in major makers of endothelial function like NO and endothelin-1 in premenopausal 
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women [25]. In contrast, experimental study suggest that COC treatment may alter 

endothelial function and haemostasis and ultimately promote inflammation [26].  

Nonetheless, there is a need to continuously assess the impact of hormonal contraceptives for 

their potential effects in causing vascular dysfunction in women at risk of developing CVD 

[27]. Beyond providing insight into the pathophysiology of vascular disease in those with 

metabolic anomalies, this would enhance our understanding on the potential influence of oral 

contraceptives in driving CVD-risk among susceptible individuals  [28,29]. In the current 

study, we first assess the impact of high fat diet (HFD) on dysregulating biomarkers of 

coagulation and endothelial activation in Sprague Dawley rats. We further investigated the 

influence of COC treatment in these HFD-fed rats. 

2. Materials and methods 

2.1. Animal handlings 

Twenty (n=20) five-week-old female Sprague Dawley rats weighing between 150-200g were 

used for this study. The animals were purchased and housed at the Biomedical Research Unit 

(BRU) at the of University KwaZulu-Natal (UKZN; South Africa). Animal handling 

followed guidelines and principles, as published by the Committee for the Care and Use of 

Laboratory Animals [30]. Briefly, the animals acclimatized for 2 weeks before 

commencement of the study, with an unrestricted access to food and water throughout the 

project. This was done within an environment- temperature (22±2°C), humidity (55±5%), 

controlled 12-h light cycle (6:00–18:00) and dark cycle (18:00–6:00). Ethical clearance for 

this study was granted by the UKZN animal research ethics committee, ethics registration 

number AREC/00003067/2021. 
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2.2. Study design 

The study contained two major experiment phases. The first experiment group comprised of 

10 female animals (n=5/group) that were kept on a HFD (containing 20% protein and 60% 

fat; #D12492) for eight weeks and a control group which was randomized to receive LFD 

(containing 20% protein and 10% fat; #D12450) (Research Diets, Inc.; New Jersey, United 

States). The diet composition and duration of HFD-feeding follows previously published 

literature [31]. The food and water intake were measured weekly via metabolic cages 

(Techniplats, Labotec, South Africa). Moreover, body weights were monitored weekly while 

the hemodynamic and haemostatic changes were determined at the last week of the 

experiment to minimise stress. 

The second experimental phase contained 10 rats (n=5/group) that were kept on a HFD for 8 

weeks before receiving levonorgestrel-containing oral contraceptives (COC) for 6 weeks 

[32], at low dose (4.5µg of levonorgestrel and 0.9µg ethinylestradiol) or high dose (9µg 

levonorgestrel and1.8µg ethinylestradiol) (Aspen Pharmacare, South Africa) [33]. Additional 

rats (n=10), exposed HFD (n=5/group) or LFD (n=5/group) alone, served as controls for diet-

induced obesity and experimental control, respectively. Treatments were prepared in distil 

water as previously decsribed [34]. All the treatments were administered daily via oral 

gavage while the animals were regularly monitored for adverse reaction, and the cages were 

cleaned daily. After 6 weeks of COC treatment blood samples were drawn from the lateral 

tail vein into ethylenediaminetetraacetic acid (EDTA) microtainer and vacutainer citrate tubes 

(BD Bioscience, United States) for further analysis. 

2.3. Measurement of hemodynamic variables 

Hemodynamic parameters, including {systolic, diastolic, and mean arterial pressure (MAP)} 

were determined via the tail-cuff method using the non-invasive digital blood pressure (BP) 
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system (BIOPAC System, NTBP250, California, United States). Briefly, the machine has a 

built-in pump that automatically inflates and deflates the rat tail cuff to provide a linear drop 

in pressure. The equipment was calibrated each day before measurements and the animals 

were placed in a restrainer with a cuff attached to a heated tail to allow effective adaptation 

and habituation. During the day of measurement, the animals were kept warm at ± 37 0C in 

an enclosed chamber (IITC Model 303sc Animal Test Chamber, IITC Life Sciences, 

Woodlands Hills, California, United States) for 15 min before blood pressure recording to 

make the pulsations of the tail artery detectable. All measurements were conducted before 

mid-day to avoid diurnal variation. The mean arterial pressure was calculated using the 

formula as described previously [34]. 

MAP      =  [(2 × diastolic) + systolic] 

                                            3 

2.4. Hemostatic assessment 

The bleeding time in the animals was determined non-invasively via the tail cut method while 

and this was recorded as previously demonstrated  [35]. The tail of the rat was warmed for 1 

min in water at 40°C and then dried before a small cut was made in the middle of the lower 

portion of the tail with a scalpel. Bleeding time started when the first drop touched the 

circular filter paper. It was checked at 30 secs intervals until bleeding stopped. The 

assessment was conducted before mid-day to avoid diurnal variation. 

2.5. Biochemical analysis 

Plasma levels of TF, D-dimer, NO and vWF were determined using an enzyme-linked 

immunosorbent assay (ELISA) kit (Elabscience Biotechnology Co., Ltd., Houston, Texas, 

USA). All assays were performed according to the recommended protocol. 
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2.6. Statistical analysis 

All experimental data were expressed as means ± standard error of mean (SEM). Normality 

testing was performed using the Kolmogorov-Smirnov test with Dallal-Wilkinson-Lillie. The 

mean differences between the LFD and HFD-fed groups were determined using unpaired 

student t-test for parametric data and reported as means ± standard error of mean (SEM). 

Correlations were performed between MAP, coagulation and endothelia activation markers 

using Pearson coefficients. Statistical significance for measured variables was determined by 

one-way (treatment factor) analysis of variance (ANOVA) for the comparison of the mean 

values of variables among the experimental groups. A post hoc Tukey’s multiple 

comparisons test was performed if the F-value reached statistical significance (p < 0.05). All 

the statistical analysis were performed using the GraphPad Prism version 8.0 software 

(GraphPad Software Inc, CA, USA). 
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3. Results 

3.1. Metabolic status of rats fed a high fat diet (HFD) compared to low fat diet (LFD) 

for 8 weeks. 

There was significant decrease in food intake (g/kg/day) in HFD-fed group (37.2 ± 1.3) when 

compared with LFD-fed group (51.6 ± 2.3) (p < 0.001) (Table 1). Whereas water intake 

(ml/kg/day) was significantly increased in HFD-fed group (119 ± 4.6) when compared with 

LFD-fed group (88.1 ± 3.8) (p < 0.001) (Table 1). Furthermore, HFD-fed rats (289 ± 4.1) 

showed significant weight gain (g) in comparison to LFD-fed rats (270 ± 5.2) (p = 0.002) 

(Table 1). More so, fasting glycemia (mmol/L) was significantly increased in HFD-fed 

groups (5 ± 0.5) when compared with LFD-fed group (3.8 ± 0.6) (p ≤  0.01) (Table 1). 

Table 1. Characteristic features of rats exposed to high fat diet (HFD)-feeding in comparison to the 

low-fat diet (LFD) group. 

Parameters LFD group HFD group p-value 

Metabolic status 

Food intake (g/kg/day) 

Water intake (ml/kg/day) 

Body weight (g) 

Fasting glycemia (mmol/L) 

 

51.6 ± 2.3 

88.1 ± 3.8 

270 ± 5.2 

3.8 ± 0.6 

 

37.2 ± 1.3 

119 ± 4.6 

289 ± 4.1 

5 ± 0.5 

 

<0.0001 

<0.0001 

0.02 

0.006 

Hemodynamics 

SBP (mmHg) 

DBP (mmHg) 

MAP (mmHg) 

HR (bpm) 

 

129 ± 5.7 

90.8 ± 2.2 

103.6 ± 1.1 

333 ± 14.2 

 

137 ± 7.2 

92.4 ± 0.9 

107.2 ± 2.9 

380 ± 20.7 

 

0.082 

0.166 

0.03 

0.174 

Hemostatic profile 

Bleeding time (sec) 

TF (pg/mL) 

D-dimer (ng/mL) 

 

204 ± 39.1 

53.84 ± 6.7 

175 ± 17.1 

 

156 ± 32.9 

76.6 ± 9.9 

200 ± 23 

 

0.069 

0.09 

0.403 

Results expressed as mean ± standard error. Significance between groups (p < 0.05) shown in 

boldface. Key: SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial 

pressure; HR: heart rate; TF: tissue factor. 
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3.2. Hemodynamic profile of LFD and HFD-fed rats for 8 weeks. 

The systolic and diastolic blood pressure were comparable in both diet groups (p > 0.05); 

however, the MAP (mmHg) was significantly higher in HFD-fed group (107.2 ± 2.9) when 

compared to the LFD-fed group (103.6 ± 1.1) (p ≤ 0.03). In addition, the heart rate of both 

diet groups was comparable (p > 0.05) (Table 1). 

3.3. Haemostatic profile and endothelia markers of LFD and HFD-fed rats for 8 weeks. 

The bleeding time which was used to determine the haemostatic changes between both diet 

groups was comparable (p > 0.05) (Table 1). Furthermore, plasma levels of tissue factor and 

D-dimer to determine changes in the clotting cascade were also comparable between diet 

groups (p > 0.05) (Table 1). In terms of endothelia activation, the plasma levels of Von 

Willebrand factor were comparable between diet groups (Figure 1A). Whereas the plasma 

levels of NO were significantly lower in HFD-fed group (8.1 ± 0.5)  when compared to LFD-

fed group (10 ± 1.3) (p < 0.05) (Figure 1B). 

 
Figure 1: Effects of low-fat diet (LFD) and high fat diet (HFD) feeding on endothelial activation 

including (A) Von Willebrand factor (B) nitric oxide levels. All results are presented as mean ± SEM 
with the significance represented by *p < 0.05. 

Key: LFD: low-fat diet; HFD: high-fat diet; ns: (not significant). 
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3.4. Associations between MAP and markers of coagulation cascade and endothelial 

activation in rats fed HFD for 8 weeks. 

Next, we determined the relationship that exist between HFD-feeding and the presence of 

pathological features of  atherothrombosis in rats. This was done by assessing if there was 

any association between MAP and the dysregulation of makers of coagulation and endothelial 

activation (Figure 2). The result showed that MAP was associated with TF (r = 0.97, p < 

0.007) and D-dimer (r = 0.87, p < 0.02) (Figure 2A and B). MAP was also associated with 

Von Willebrand factor (r = 0.88, p < 0.01) and NO (r = -0.86, p < 0.02) (Figure 2C and D). 

 

Figure 2: Association between Mean arterial pressure (MAP) and biomarkers of coagulation cascade like 

tissue factor (TF) and D-dimer (A-B) as well as biomarkers of endothelia activation such as Von Willebrand 

factor (VWF) and nitric oxide (NO) (C-D) after 8 weeks high fat diet (HFD)-feeding in rats. Correlations are 

presented as Pearson r 95% confidence interval (p<0.05).



115 

 

3.5. Metabolic status of COC treated HFD-fed rats. 

The body weights were comparable across experimental groups (p > 0.05) (Table 2). 

However, food intake (F (3, 16) = 3.674; p = 0.03) varied across the experimental groups. The 

post-hoc analysis showed a significant decreased food intake in HFD fed rats that received 

the high dose COC when compared with LFD-fed rats (p ≤ 0.05) (Table 2). Meanwhile, water 

intake was comparable among the groups despite COC treatment group displaying non-

significant increase in this parameter (p > 0.05) (Table 2). More so, fasting glycemia was 

comparable across experimental groups (p > 0.05) (Table 2). 

3.6. Effect of COC on hemodynamic parameters and haemostatic profile in HFD-fed 

rats. 

The systolic blood pressure (F (3, 16) = 4.390; p = 0.02) differed across the experimental 

groups. HFD-fed rats receiving high dose COC showed a significant increased systolic blood 

pressure when compared with the LFD group (p ≤ 0.05) (Table 2). While the mean arterial 

pressure (F (3, 16) = 3.4; p = 0.03) also varied across the experimental group, HFD-fed rats 

receiving high dose COC showed a significant increased mean arterial pressure when 

compared with the LFD group (p ≤ 0.05) (Table 2). Meanwhile, the diastolic blood pressure 

and heart rate were comparable across all the experimental groups following 6 weeks of COC 

treatment (p > 0.05) (Table 2). Notably, the bleeding time assessment (F (3, 16) = 4.390; p = 

0.02) also differed across the experimental groups. HFD-fed rats receiving high dose COC 

showed significant increased bleeding time when compared with the LFD and HFD-fed rats 

(p < 0.05) (Table 2).   
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3.7. Effect COC on biomarkers of coagulation and endothelia activation haemostatic 

profile in HFD-fed rats. 

To determine changes in the coagulation cascade, the plasma levels of tissue factor and D-

dimer were determined following 6 weeks of COC treatment. Our data showed a varied 

plasma levels of tissue factor (F (3, 16) = 3.862; p = 0.03) and D-dimer (F (3, 16) = 5.84; p = 

0.007) across the experimental groups respectively. Both tissue factor and d-dimer levels 

were significantly increased in HFD-fed rats receiving high dose COC when compared with 

LFD-fed rats (p < 0.05; p < 0.001) (Figure 3A and B). Furthermore, the plasma levels of Von 

Willebrand factor and NO were measured to determine changes in endothelia activation. 

Briefly, Willebrand factor (F (3, 16) = 3.73; p = 0.03) and NO (F (3, 16) = 5.03; p = 0.01) also 

differed across the experimental groups respectively. HFD-fed rats receiving high dose COC 

demonstrated a significant increase in plasma levels of Von Willebrand factor when 

compared with LFD-fed rats (p < 0.05) (Figure 4A). Whereas plasma levels of NO is 

significantly lower in the HFD-fed rats receiving high dose COC when compared with LFD-

fed rats (p < 0.001) (Figure 4B). 
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Table 2. Characteristics of animals following 6-week short-term treatment with combined oral contraceptive (COC) (n=5/group) 

Parameters LFD Untreated HFD HFD + low dose COC HFD + high dose COC p-value 

Metabolic status 

Food intake (g/kg/day) 

Water intake (ml/kg/day) 

Body weight (g) 

Fasting glycemia (mmol/L) 

 

67.6 ± 2.3 

102.5 ± 4.6 

287.2 ± 9.9 

3.52 ± 0.52 

 

61.6 ± 3.6 

107.6 ± 6.5 

299.8 ± 17 

4 ± 0.37 

 

62.1 ± 2.4 

110 ± 4.4 

281.8 ± 26.2 

3.58 ± 0.49 

 

60 ± 5.9 a 

116.5 ± 12.6 

295.2 ± 11.3 

3.94 ± 0.59 

 

0.0347 

0.08 

0.388 

0.3424 

Hemodynamics 

SBP (mmHg) 

DBP (mmHg) 

MAP (mmHg) 

HR (bpm) 

 

125.2 ± 5.4 

88.2 ± 4.7 

100.4 ± 4.3 

343.2 ± 39.5 

 

135.8 ± 8 

91.4 ± 4.8 

106.4 ± 3.1 

361.6 ± 27.1 

 

137.0 ± 7 

91.8 ± 0.84 

106.8 ± 2.6 

357 ± 17 

 

140.4 ± 7.4 a 

92.6 ± 6.15 

108.4 ± 5.23 a 

385.6 ± 27.8 

 

0.0196 

0.5827 

0.025 

0.1775 

Hemostatic profile 

Bleeding time (sec) 

 

186 ± 33 

 

168 ± 50.2 

 

120 ± 37 

 

96 ± 25.1ab 

 

0.005 

Data presented as mean ± SEM. SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate.  

Significance (aP< 0.05 vs LFD; bP< 0.05 vs HFD ) shown in boldface.
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Figure 3. Effect of combined oral contraceptive treatment on biomarkers of coagulation cascade like tissue 

factor (A) and D-dimer (B). All results are presented as mean ± SEM. Significance indicated between LFD and 

HFD + High dose COC. *p < 0.05; **p < 0.001.  

Key: LFD: Low fat diet, HFD: high fat diet, COC: combined oral contraceptive. 

 

 

 

Figure 4. Effect of combined oral contraceptive treatment on biomarkers of endothelia activation like Von 

Willebrand factor (A) and nitric oxide (B). All results are presented as mean ± SEM. Significance indicated 

between LFD and HFD + High dose COC. *p < 0.05; **p < 0.001.  

Key: LFD: Low fat diet, HFD: high fat diet, COC: combined oral contraceptive. 
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4. Discussion 

In this present study we assessed the impact of HFD-feeding on selected biomarkers of 

coagulation and endothelial activation in HFD-fed rats. Firstly, HFD-feeding for 8-weeks 

promoted weight gain which was accompanied by alterations in food and water intake when 

compared with LFD-fed rats (Table 1). Interestingly, such phenotypic changes were similar 

to previous studies in experimental animals on HFD showing characteristic feature of 

metabolic syndrome [37–39]. In fact, our previous study has shown that 8-week HFD-feeding 

led to the development of metabolic syndrome and increased levels of biomarkers of 

atherothrombotic disorders and CVD [40,41]. 

In our study, the systolic and diastolic blood pressure including the heart rate were not 

affected by 8-weeek-treatment with HFD. It is noteworthy that the causal role of dietary fat 

on hemodynamic changes in animal models of obesity is subject to variation due to the strain 

of animal [42]. However, evidence from our study corroborates with previous studies where 

HFD over 10 weeks did not alter the hemodynamic profiles of the animals [43,44]. 

Nonetheless, the MAP was significantly higher in HFD-fed rats when compared with LFD-

fed rats. This agreed with our results showing that MAP was associated with TF, D-dimer, 

and NO in these HFD-fed rats.  

Furthermore, our results indicated that exposure of rats to HFD for 8-weeks in addition to 

COC treatment for a 6-week period did not affect the weight gain and fasting glycemia in 

these the animals, except for food intake, which was significantly reduced in response to a 

high dose of COC (Table 2). Our results indicated that COC treatment (especially the high 

dose) may have a significant role in influencing food intake, sex hormones, and eating 

behaviour in female rats, as previously reported in similar settings [45–47]. However, the 

short-term treatment period of 6-weeks may not be sufficient to induce marked changes in 
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HFD-fed rats. Nonetheless, it remained important to determine how COC treatment affected 

other markers related to the development of CVD.   

Notably, treatment of HFD-rats with a high-dose of COC significantly increased the systolic 

blood and MAP when compared to LFD group. However, such effects occurred without any 

changes in the hemodynamic profiles, including the diastolic blood pressure and heart rate. 

While the outcome of our study corroborates previous findings  [48–50], it also suggested 

that a dose-dependent relationship between high COC and hemodynamic changes exist. In 

principle, endogenous female sex hormones are known to be cardioprotective [51] which 

maybe abrogated during hormonal contraceptive treatment thereby predisposing susceptible 

individuals to higher risk of MACEs in the presence of several comorbidities such as obesity, 

smoking and physical inactivity [27]. 

Importantly, beyond assessing the basic metabolic parameters, it remains essential to 

understand how different doses of COC affects some selected biomarkers of endothelial 

function in these HFD-rats. Obesity-related complications are multifactorial, and it 

encompasses alterations to blood flow, hypercoagulability, and endothelial dysfunction which 

all contribute to the early pathological process of atherothrombotic-CVD [52]. Although eight 

weeks of HFD-feeding did not alter levels of TF and D-dimer in our study. In contrast, other 

studies reported changes in the coagulation cascade in HFD-fed mouse model [53,54]. For 

instance, female C57Bl/6J mice demonstrated a prothrombotic phenotype after fourteen 

weeks of HFD-feeding [54]. Cleuren et al. also showed early-onset in procoagulant shift in 

HFD fed C57BL/6J male mice which persisted during sixteen weeks of HFD-feeding [53]. 

The physiological difference in the sex and specie of the animals in association with the 

handling of metabolic stress may contribute to the observed differential change in the 

coagulation cascade [55,56]. However, the plasma levels of TF and D-dimer were 
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significantly higher in HFD-fed rats receiving high COC when compared to LFD-fed rats in 

our study which contrast other previous finding where short-term ethinylestradiol treatment 

counteracts the prothrombotic phenotype in HFD-fed mice [54]. However, the orchestrated 

haemostatic imbalance observed in our study is similar with clinical findings by others where 

the release of TF and dimer was relatively higher in COC users when compared with women 

who did not use COCs [57–59]. The outcome of study suggest a dose-dependent relationship 

between COC and haemostatic changes in association with progestin type [60,61]. 

TF plays an important role in the initiation of the extrinsic coagulation process which is 

complemented by the intrinsic pathway that ensures thrombin generation and clot production 

[62]. D-dimer antigen originates as a product of the fibrinolytic system that regulates the 

removal of fibrin during clot formation [63]. In principle, the fibrinolytic system 

physiologically counteracts the hypercoagulable condition and maintains normal circulation 

during haemostasis [64]. However, haemostatic imbalance can cause excessive fibrin 

deposition inside the vascular channels and obstruct blood flow which may lead to MACEs 

such as arterial and venous thrombosis, ischemia, and myocardial infarction [64].  

In terms of endothelial changes, the result of our study showed a significant increase in 

plasma levels of NO in HFD-fed rats when compared to LFD-fed rats after 8 weeks of HFD 

feeding. Meanwhile the plasma levels of vWF were comparable between both diet groups. 

This correspond with previous findings where NO level was reduced in HFD-fed rats [65–

68]. Although recent evidence showed the critical role of vWF in the thrombo-inflammatory 

complex during obesity [69] where they mediate platelet aggregation and adhesion and 

promote leukocyte extravasation and several inflammatory responses [15]. Nonetheless, our 

result contrast other previous studies that reported elevated levels of vWF in HFD-fed 

experimental animals [15,69].   
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Furthermore, HFD-fed rats treated with high dose COC for 6 weeks demonstrated increased 

levels of VWF while NO levels were significantly reduced when compared with the LFD. 

However, no significant change was observed when compared with HFD only group. The 

observed endothelia changes orchestrated by COC treatment may have resulted from 

vasoactive effect of the progestin component which is known to antagonize the vasodilatory 

effect of oestrogen in healthy subjects [70,71]. Our result also corroborates previous findings 

that showed reduced NO bioavailability during COC administration in non-obese animals 

[49]. The limitations of this study include lack of determining vWF activity which is mainly 

secreted into circulation by endothelia cells. While vWF alone don’t offer a complete 

functional mechanism, vWF:Ristocetin ratio is important in associating vWF levels with 

CVD risk [72]. Furthermore, TF activity and sources of NO were not determined. Thus, 

further studies are required to determine how the  long-term COC treatment influences the 

activity of vWF and TF activity.  

5. Conclusion 

HFD-feeding aggravates the risk of atherothrombosis by orchestrating the concomitant 

release of pro-coagulants and endothelial activation markers leading to haemostatic 

imbalance and endothelia dysfunction. Short-term treatment with COC shows no detrimental 

effects. However, additional studies are required to confirm these findings, especially long-

term effects of this treatment on CVD-related markers in conditions of obesity. 
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Prologue 

Atherothrombotic disorder is an unpredictable progressive disease that can occur due to 

atherosclerotic lesions. Inflammation plays a key role both in the initiation and progression of 

atherosclerosis leading to multiple consequences and complications. The use of oral 

contraceptive containing estrogen and progesterone can exacerbate several complications that 

are associated with atherosclerotic lesions. On the other hand, compelling evidence suggest 

that the anti-inflammatory impact of low dose aspirin (LDA) may help prevent the initiation 

and progression of atherosclerotic lesions thereby reducing the risk of major adverse 

cardiovascular events (MACEs). In this chapter, we focused on the impact of LDA on the 

risk of atherothrombotic disorder in combined oral contraceptive (COC) treated rats. 
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Chapter 5: Experimental article 3 

Short-term treatment with low-dose aspirin improved metabolic status and attenuated 
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Abstract 

Background: Atherothrombosis is a chronic and progressive disease responsible for a 

significant number of deaths globally, and it has become essential to understand how this 

consequence contributes to enhanced cardiovascular disease in women on combined oral 

contraceptives (COC).  

Objectives: To assess the impact of COC administration on metabolic status and the risk of 

atherothrombotic disorder in female rats beyond evaluating the therapeutic effects of short-

term treatment with low-dose aspirin (LDA).  

Methods: Thirty (n=30) five-week-old female Sprague Dawley rats were given low-dose 

COC (LCOC) or a high-dose COC (HCOC) for six weeks before treatment with LDA for 

another four weeks. These rats were compared to those that were only given LCOC or HCOC 

without treatment with LDA. Whereas rats that received distilled water (as a vehicle) and 

LDA only served as controls. The body weights and metabolic status were taken weekly. 

Whereas parameters related to glucose regulation, lipid profiles, inflammatory cytokines, 

hematological indices, coagulation, and endothelial dysfunction were recorded at the terminal 

end of the experiment. 

Results: Rats exposed to HCOC presented with abnormal metabolic status and lipid profiles, 

as seen with impaired glucose tolerance, which was accompanied by significantly higher 

levels of insulin, triglycerides, and very low-density lipoprotein when compared to the 

controls. The HCOC treatment was also consistent with enhanced platelet count and elevated 

markers of inflammation and endothelial dysfunction, including interleukin 6; tumour 

necrosis factor-alpha; monocyte chemoattractant protein-1, as well as tissue factor, D-dimer, 

Von Willebrand factor, and low nitric oxide. Notably, systolic blood pressure and mean 

arterial pressure were also significantly higher in these animals, suggesting an increased 

cardiovascular disease risk in response to HCOC. Interestingly, short-term LDA could reduce 

cardiovascular risk by improving the metabolic status, alleviating inflammation, and lowering 

markers of endothelial dysfunction in rats that were exposed to HCOC. 

Conclusion: A High dose of COC is associated with increased cardiovascular disease risk in 

female rats, while short-term LDA could alleviate this pathological effect by improving 

metabolic status, blocking inflammation, and improving endothelial function. However, 

additional studies are required to confirm the mechanism of interaction between LDA and 

COC. 

Keywords: combined oral contraceptive; cardiovascular disease; low dose aspirin; 

inflammation; coagulation; endothelial dysfunction.  
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1. Introduction 

Non-communicable disease (NCD) remains a leading common cause of death worldwide [1] 

especially in lower and middle-income countries (LMIC) [2]. This includes cardiovascular 

diseases (CVDs), especially those that involve arterial and venous events such as coronary 

artery diseases and stroke that are projected to exponentially exceed communicable, maternal, 

perinatal, and nutritional diseases as the most common causes of death by 2030 [3]. Poor 

lifestyle choices, such as the accumulation of diets rich in high fat in combination with 

physical inactivity, are likely to drive the development of metabolic diseases, including 

CVDs [4]. The pathogenesis and the progression of atherothrombosis are associated with 

endothelial dysfunction and chronic inflammatory responses [5,6]. Hence, there is a need to 

understand the contributing factors, including currently used medications, to the development 

of atherothrombosis associated with endothelial dysfunction to curb CVD-related deaths. 

There is an increased risk of venous and arterial events during the use of oral contraceptive 

pills containing either estrogen or progestogen [7], and the prevalence of combined oral 

contraceptive (COC) use in women of reproductive age is projected to exponentially increase 

over the years across different geographical regions [8]. The prolonged use of COC may lead 

to metabolic dysregulation and alter the inflammatory milieu, which causes the release of 

certain cytokines and chemokines such as interleukin (IL)-6, tumor necrosis factor-alpha 

(TNF-α), and monocyte chemoattractant protein (MCP-1) which promotes endothelial 

dysfunction and asymptomatic atherosclerotic changes [9,10]. In the process of 

atherosclerotic development, inflammatory cells are internalized within the intimal layer of 

the arterial wall, leading to the proliferation and migration of vascular smooth muscle cells to 

the lesion site [11,12]. The vascular smooth muscle cells may undergo phenotypic switching, 

stabilizing plaque formation, leading to a thrombotic disorder [11,12]. This also explains a 



134 

 

strong interest in understanding how the therapeutic effects of certain drugs, including 

aspirin, may help prevent and manage CVD-related complications, especially through 

alleviating inflammatory responses [13,14]. The therapeutic use of aspirin in the secondary 

prevention of major adverse cardiovascular events has been described [15–17]. However, the 

role of aspirin in the primary prevention of cardiovascular events remains unclear. Current 

guidelines regarding the recommendation of aspirin in the management of CVDs are quite 

controversial [18,19], and these controversies centre around the dose regimen, risk of 

excessive bleeding, and interplay between gender and treatment response, among others [20–

22]. Notably, some of the beneficial effect of aspirin in the management of cardiovascular 

events is associated with the permanent inactivation of cyclooxygenase activity and 

amelioration of inflammation [23,24], a therapeutic effect that is linked with inhibition of 

platelet aggregation and improved CVD-related outcomes [24,25]. Since COC is associated 

with a high risk of venous and arterial events [26–29], this study aims is to determine if short-

term low-dose aspirin (LDA) administration will modulate the levels of selected biochemical 

molecules linked to the atherothrombotic disorder in experimental animals on different doses 

of COC treatment. 

2. Materials and methods 

2.1. Animal handling 

Thirty (n=30) five-week-old female Sprague Dawley rats weighing between 150-200g were 

purchased and housed at the Biomedical Research Unit (BRU) at the University of KwaZulu-

Natal (UKZN). The animals were allowed to acclimatize for 2 weeks with unrestricted access 

to food and water. They were maintained under standard environmental conditions of 

temperature (22±2°C), humidity (55±5%) and controlled 12-h light cycle (6:00–18:00) and 

dark cycle (18:00–6:00). Animal handling followed guidelines and principles, as published 
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by the Committee for the Care and Use of Laboratory Animals [33]. Ethical clearance for this 

study was granted by the UKZN animal research ethics committee (AREC/00003067/2021). 

2.2. Experimental design and treatment of animals 

The animals were randomly allocated into six groups (n = 5/group), respectively. The first 

two groups included experimental controls that received distilled water (vehicle), as well as 

the control for treatment drug (LDA: 20mg/kg). Another two groups consisted of the low 

dose COC (LCOC) and the high dose COC (HCOC), which was for six weeks. The last two 

intervention groups included those on LCOC and HCOC who also received LDA (at 20 

mg/kg) for the additional four weeks to make the total experimental phase ten weeks. In 

terms of treatment composition, LCOC was made of a combination of 4.5 µg of 

levonorgestrel / 0.9µg of ethinylestradiol, while HCOC was a combination of 9µg 

levonorgestrel /1.8µg ethinylestradiol and was adjusted for animal body weight. The drugs 

were prepared accordingly, as previously described [31,32]. All the treatments were received 

daily (via oral gavage), while the animals were regularly monitored by a trained veterinarian 

and the cages were cleaned daily, to ensure a clean environment. The body weight of the 

animals was measured weekly using a digital weighing balance. The food and water intake 

were measured weekly via metabolic cages (Techniplats, Labotec, South Africa).  
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Figure 1: Experimental design. 30 five-week-old female Sprague Dawley rats were used in this study. 

Firstly, rats were randomly assigned to receive treatment as control, LCOC, and HCOC for six weeks. 

Thereafter, the rats were randomized to receive LDA treatment for another four weeks and were compared to 

those that were only given LCOC or HCOC without treatment with LDA to give the total experimental period to 

be ten weeks. Whereas rats that received distilled water (as a vehicle) and LDA only served as controls. The 

animal weights and metabolic status were monitored weekly. 

2.3. Biochemical analysis, including insulins, inflammatory markers and lipid profiles 

Plasma levels of insulin, IL-6, TNF-α, MCP-1, tissue factor (TF), D-dimer, nitric oxide, and 

von Willebrand factor (VWF) were determined using an enzyme-linked immunosorbent 

assay kit (Elabscience Biotechnology Co., Ltd., Houston, USA). High-density lipoprotein 

(HDL) was determined using a high-density lipoprotein Quantitation kit (Sigma–Aldrich, St. 

Louis, Missouri, USA), while triglycerides level was determined using the triglyceride assay 

kit (Elabscience Biotechnology Co., Ltd., Houston, USA), according to the manufacturer’s 

protocol. The plasma levels of very low-density lipoprotein (VLDL) were determined using 

the formula described by Friedewald et al [36]. 
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2.4. Oral glucose tolerance test (OGTT) and insulin resistance (IR) 

Briefly, the OGTT was performed following a 12-hour overnight fast. Blood samples were 

collected using the tail prick method before glucose load, and blood glucose level was 

measured by a OneTouch® Select® handheld glucometer (LifeScan Inc., Milpitas, 

California, USA). Subsequently, glucose (2 g/kg bw) was administered orally (po), and blood 

glucose levels were determined after 15, 30, 60, 90, and 120 min as previously described 

[34,35]. The IR was determined using the homeostasis model assessment for insulin 

resistance (HOMA-IR) and triglyceride-glucose index (TyG)  [36,37]. 

2.5. Measurement of hemodynamic variables 

Hemodynamic parameters, including systolic and diastolic pressure as well as the mean 

arterial pressure (MAP) and heart rate were determined via the tail-cuff method using the 

non-invasive digital blood pressure monitoring system (BIOPAC System, NTBP250, 

California, USA). The animals were placed in a restrainer with a cuff attached to a heated tail 

to allow effective adaptation and habituation. During the day of measurement, the animals 

were kept warm at ± 37 0C in an enclosed chamber (IITC Model 303sc Animal Test 

Chamber, IITC Life Sciences, Woodlands Hills, California, USA) for 15 min to make the 

pulsations of the tail artery detectable before blood pressure recording. All measurements 

were conducted at a consistent time before noon to avoid diurnal variation. The MAP was 

calculated using the formula as described previously [38]. 
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2.6. Determination of hematological profiles and hemostatic assessment  

The hematological parameters were measured using the Beckman Coulter AcT5 Diff 

(Beckman Coulter, Miami, USA). The bleeding time was used determine hemostatic changes 

in the animals which was performed via the tail prick method. We recorded the bleeding time 

as previously described [39]. The tail of the animals was warmed using a water bath and the 

temperature was maintained between 37.5°C - 40°C. A small incision was made in the 

middle of the lower portion of the tail with a scalpel. Bleeding time was recorded when the 

first drop of blood was collected. Bleeding time was monitored at 30 secs intervals until 

bleeding stopped. 

2.7. Statistical analysis 

All experimental data were expressed as means ± standard error of the mean (SEM). 

Normality testing was performed using the Kolmogorov-Smirnov test with Dallal-Wilkinson-

Lillie. In the treatment groups, one-way analysis of variance (ANOVA) was used for the 

comparison of the mean values of measured variables. A post hoc Tukey’s multiple 

comparisons test was performed if the F-value reached statistical significance (p < 0.05). The 

GraphPad Prism version 8.0 software (GraphPad Software Inc, California, USA) was used 

for all statistical analysis. 
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3. Results 

3.1. LDA improved the metabolic status of COC-treated rats. 

The body weight as well as the visceral adiposity were comparable across the experimental 

groups (p > 0.05) (Table 1). The food intake varied across the experimental groups 

respectively (F (5, 24) = 5.6; p = 0.002) (Table 1). The post-hoc analysis showed significantly 

increased food intake in groups receiving HCOC only when compared with the experimental 

control, LDA only and LCOC only (p < 0.05). The combination of LDA and COC treatment 

did not affect the food intake when compared with LCOC or HCOC only (Table 1). The 

water intake also varied across the experimental groups respectively (Table 1) (F (5, 24) = 5.6; 

p < 0.001). The post-hoc analysis demonstrated significant increased water intake in the 

LCOC and HCOC only groups when compared with the experimental control and LDA only 

groups (p < 0.05). The combination of LCOC+LDA and HCOC+LDA treatment showed no 

significant effect on water intake when compared with LCOC and HCOC-only groups (Table 

1). 

3.2. LDA treatment improved the glucose metabolism of rats receiving COC treatment. 

The fasting glycemia was comparable across the experimental groups (p > 0.05) (Table 1). 

The 2hr oral glucose tolerance test (OGTT) (F (5, 24) = 5.5; p = 0.002) (Figure 2A) and the 

postprandial area under the curve (AUC) (F (5, 24) = 5.1; p = 0.003) (Table 1) also varied 

across experimental groups.  In the post-hoc analysis, HCOC showed a significant elevated 2-

h post load glycemia (as measured by OGTT) when compared with the experimental control 

and LDA only group (p < 0.05), the combination of HCOC+LDA treatment improved OGTT 

when compared HCOC only (p < 0.05) (Figure 2A). The post-hoc analysis also showed a 

significant increase in postprandial AUC in the HCOC group when compared with the 
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experimental control and LDA-only groups (p < 0.001) (Table 1), the combination of 

HCOC+LDA treatment led to a significant decrease in the postprandial AUC when compared 

with HCOC only (p < 0.05) (Table 1). Furthermore, there were significant changes in fasting 

plasma insulin level (F (5, 24) = 5.4; p = 0.002), HOMA-IR (F (5, 24) = 4.9; p = 0.003) and TyG 

index (F (5, 24) = 4.9; p = 0.003) across the experimental groups. In the post-hoc analysis, the 

HCOC group showed a significant increase in the fasting plasma insulin and HOMA-IR 

when compared with the experimental control (p < 0.001) and LDA-only group respectively 

(p < 0.05) (Figure 2B-C). HCOC group also showed a significantly increased TyG index 

level when compared with the experimental control group (p < 0.05) (Figure 2D). The 

combination of LCOC+LDA and HCOC+LDA treatment did not significantly impact fasting 

insulin, HOMA-IR and TyG index when compared with the LCOC and HCOC-only group. 

3.3. LDA treatment improved the lipid profile of COC-treated rats. 

The lipid profiles, including the HDL (F (5, 24) = 4.5; p = 0.005), triglycerides (F (5, 24) = 4.7; p 

= 0.004) and VLDL (F (5, 24) = 4.7; p = 0.004) all varied across the experimental groups 

(Table 1). Briefly, the post-hoc analysis showed a significant decrease in HDL levels in the 

HCOC group when compared with the experimental control and LDA-only group (p < 0.05) 

(Table 1). However, LCOC+LDA and HCOC+LDA treatment did not significantly impact 

HDL levels when compared with the LCOC and HCOC-only group (Table 1). The post-hoc 

analysis also showed significantly higher levels of triglycerides and VLDL in HCOC group 

when compared with the experimental control, LDA only (p < 0.05) (Table 1). HCOC+LDA 

treatment significantly reduced the levels of triglycerides and VLDL when compared HCOC 

only group (p < 0.05) (Table 1). LCOC+LDA treatment showed no significant impact on the 

levels of triglycerides and VLDL when compared to LCOC only group (Table1). 
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Table 1. Anthropometric measurements and metabolic characteristics of rats on combined oral contraceptive (COC) following short-term low-dose 

aspirin (LDA) treatment (n=5/group) 

Parameters Control LDA Low COC High COC Low COC 

+ LDA 

High COC 

+ LDA 

p-value 

Anthropometric        

Initial body weight (g) 189.2 ± 21.1 188.4 ± 15.6 183.4 ± 10.9 189.4 ± 15.7 181.2 ± 19.7 187 ± 11.8 0.952 

Final body weight (g) 290.2 ± 10.5 307.8 ± 14.5 291.2 ± 22.4 310.8 ± 16.8 288.4 ± 13.9 288.8 ± 21.5 0.152 

Weight gain (%) 54.6 ± 12.9 64.2 ± 13.2 58.8 ± 4.97 64.6 ± 12.5 60.4 ± 18.4 54.6 ± 13.1 0.724 

Visceral adipose tissue (%) 1.3 ± 0.56 1.8 ± 0.95 1.1 ± 0.34 1.7 ± 0.46 1.5 ± 0.4 1.7 ± 0.7 0.470 

Metabolic profile        

Food intake (g/kg/day) 66.9 ± 2.5 64.8 ± 3.1 68.1 ± 5.3 76.8 ± 4.4 a b c e 67 ± 4.98 71.2 ± 3.6 0.002 

Water intake (ml/kg/day) 112.4 ± 3.6 106.1 ± 4.7 127.8 ± 6.7 a b  131.3 ± 8.5 a b 123.6 ± 5.7 b 123.6 ± 9.7 b <0.001 

Fasting glycemia (mmol/L) 3.52 ± 0.8 4.1 ± 0.7 4.2 ± 0.9 4.14 ± 0.3 4.1 ± 0.44 3.78 ± 0.43 0.530 

AUC glucose (mmol/L x 120min) 588.3 ± 33.7 579.8 ± 34.8 653.7 ± 30.9 770.1 ± 36.6 a b f 681.2 ± 32.8  594.2 ± 26.3 0.003 

Lipid Profiles        

High-density lipoprotein (mg/dL) 3.2 ± 0.9 3.3 ± 0.4 2 ± 0.7 1.8 ± 0.3 ab 2.9 ± 0.9 2.8 ± 0.6 0.005 

Very low-density lipoprotein (mg/dL) 13.7 ± 1.8 14.5 ± 2.7 18.6 ± 2.4 20.2 ± 4.4 a b f 15.2 ± 1.9 14.3 ± 2.3 0.004 

Triglyceride (mg/dL) 68.6 ± 9 72.6 ± 13.5 92.9 ± 11.8 100.8 ± 22 a b f  75.9 ± 9.4 71.4 ± 11.5 0.004 

 

Results are expressed as mean ± SEM. Significance between groups ( 
a
p < 0.05 vs control;

 b
p < 0.05 vs LDA;

 c
p < 0.05 vs LCOC;

 e
p < 0.05 vs LCOC+LDA;

 

f p < 0.05 vs HCOC+LDA) shown in boldface.  

Key: AUC: area under the curve.
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Figure 2: Effect of low dose aspirin (LDA) and combined oral contraceptive (COC) treatment on (A) 

2-hour postprandial glucose test; (B) fasting insulin; (C) HOMA-IR; and (D) TyG in rats. All results 

are presented as mean ± SEM. (**p < 0.001 vs control; *p < 0.05 vs control, LDA).           

Key: CON: control, LDA: low dose aspirin, LCOC: low dose combined oral contraceptive, HCOC: 

high dose combined oral contraceptive. 

 

3.4. Impact of LDA on the hematological indices of rats treated with COC. 

The white blood count, red blood count, hemoglobin, hematocrit, lymphocyte, neutrophil, 

and monocyte counts were comparable across the experimental groups (Table 2). Platelet 

count varied across the experimental groups (F (5, 24) = 1.9; p = 0.022). In the post-hoc 

analysis, platelet count was significantly higher in both HCOC and LCOC groups when 

compared with the experimental control group (p < 0.05), LCOC+LDA and HCOC+LDA 

treatment did not significantly impact the platelet count levels when compared with LCOC 

and HCOC only group (Table 2).  
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3.5. LDA improved hemodynamic changes in rats receiving COC treatment. 

The systolic blood pressure (F (5, 24) = 3; p = 0.03) varied across the experimental groups. The 

post-hoc analysis showed a significant higher systolic blood pressure in the HCOC group 

when compared with the experimental control group (p < 0.05). The MAP (F (5, 24) = 3.3; p = 

0.02) also varied across the experimental groups. In the post-hoc analysis, MAP was 

significantly higher in the HCOC group when compared with the experimental control and 

HCOC+LDA groups respectively (p < 0.05) (Table 2). However, LCOC+LDA and 

HCOC+LDA treatment did not significantly impact the systolic blood pressure when 

compared with the LCOC and HCOC-only group (Table 2). The diastolic blood pressure and 

heart rate were comparable across the experimental groups (Table 2). 
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Table 2: Impact of low-dose aspirin (LDA) and combined oral contraceptive (COC) treatment on hematological and hemodynamic parameters in rats 

(n=5/group) 

Parameters Control  LDA Low COC High COC Low COC + LDA High COC + LDA p-value 

Hemostatic profile 

Bleeding time (sec) 

 

150 ± 21.2 

 

156 ± 49.3 

 

102 ± 34.2  

 

78 ± 16.4 a b 

 

126 ± 25.1  

 

120 ± 21.2  

 

0.004 

Hematologic indices 

WBC (103/uL) 

RBC (106/uL) 

HGB (g/dL) 

HCT (%) 

PLT (103/uL) 

LYMP (%) 

NE (%)  

MO (%) 

 

2.96 ± 1.22 

4.3 ± 0.69 

6.92 ± 1.2 

23.8 ± 3.7 

400 ± 37.4 

88.4 ± 4.3 

9.5 ± 3.7 

1.34 ± 0.49 

 

1.82 ± 0.35 

4.6 ± 0.87 

6.8 ± 1.1 

24.6 ± 3.7 

415.2 ± 56.9 

87.1 ± 2.8 

11.5 ± 2.72 

1.14 ± 0.35 

 

2.7 ± 1.4 

4.92 ± 0.22 

7.6 ± 0.51 

27 ± 0.93 

460.2 ± 23a 

89 ± 2.5 

9.1 ± 1.67 

1.98 ± 1.3 

 

2.96 ± 0.92 

4.6 ± 0.25 

6.5 ± 0.74 

25.3 ± 1.5 

467.4 ± 60.1a 

90.3 ± 2.5 

8.2 ± 1.9 

1.28 ± 1.1 

 

2.5 ± 0.56 

4.84 ± 0.79 

7.7 ± 1.1 

27.1 ± 3.4 

431.2 ± 36.5 

87.7 ± 2.6 

11 ± 2.62 

1.1 ± 0.19 

 

2.82 ± 0.42 

4.78 ± 0.18 

7.36 ± 0.54 

26.4 ± 1.7 

449.6 ± 31.3 

90.4 ± 1.5 

8.1 ± 1.62 

1.38 ± 0.33 

 

0.36 

0.59 

0.22 

0.33 

0.02 

0.38 

0.19 

0.49 

Hemodynamic indices 

SBP (mmHg) 

DBP (mmHg) 

MAP (mmHg) 

HR (bpm) 

 

124.8 ± 5.5 

91.4 ± 5.5 

102.2 ± 3.6 

328 ± 17.6 

 

128.8 ± 7.3 

91 ± 2.7 

103.6 ± 3.4 

345.4 ± 14.5 

 

134 ± 7.8 

91.4 ± 1.5 

105.6 ± 3 

361.8 ± 32.42 

 

142.2 ± 6.5 a 

95.4 ± 2.2 

111 ± 2.6 a e 

363.2 ± 28.2 

 

131 ± 10.3 

90.4 ± 3.4 

104 ± 5.2 

349 ± 32.6 

 

130.6 ± 7.4 

88.8 ± 4 

102.8 ± 5.1 

336.8 ± 14.8 

 

0.02 

0.12 

0.02 

0.21 

Results are expressed as mean ± standard error. Significance between groups (
a
p < 0.05 vs control;

 e
p < 0.05 vs LCOC+LDA) shown in boldface. 

Key: WBC: white blood count; RBC: red blood count; HGB: hemoglobin; HCT hematocrit; PLT: platelet; LYMP: lymphocyte; NE: neutrophil; MO: 

monocyte; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate.  
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3.6. LDA improved the haemostatic profile of COC-treated rats. 

The bleeding time varied across the experimental groups (F (5, 24) = 4.8; p = 0.004). In the 

post-hoc analysis, the HCOC group demonstrated a significant reduction in bleeding time 

when compared with the experimental control and LDA-only groups (p < 0.05), LCOC+LDA 

and HCOC+LDA treatment did not significantly impact the bleeding time when compared 

with LCOC and HCOC only group (Table 2).  Furthermore, plasma levels of TF (F (5, 24) = 

5.1; p = 0.002) and D-dimer (F (5, 24) = 5.1; p = 0.003) also varied across the experimental 

groups. In the post-hoc analysis, TF levels were significantly higher in the HCOC group 

when compared with the experimental control, LDA-only groups (p < 0.05) (Figure 3A). 

Meanwhile, the combination of HCOC+LDA treatment significantly reduced TF levels when 

compared with the HCOC-only group (p < 0.05) (Figure 3A). More so, plasma levels of D-

dimer were significantly higher in the HCOC group when compared with experimental 

control and LDA-only groups (p < 0.05) (Figure 3B). The combination of HCOC+LDA 

treatment significantly reduced D-dimer levels when compared with the HCOC-only group (p 

< 0.05) (Figure 3B). However, LCOC+LDA did not significantly impact the levels of TF and 

D-dimers when compared with LCOC-only group (Figure 3A-B).  
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Figure 3: Effect of low-dose aspirin (LDA) and combined oral contraceptive (COC) treatment on (A) 

tissue factor (B) D-dimer All results are presented as mean ± SEM. (**p < 0.001 vs control; *p < 

0.05 vs control, LDA, HCOC+LDA). 

Key: CON: control, LDA: low dose aspirin, LCOC: low dose combined oral contraceptive, HCOC: 

high dose combined oral contraceptive. 

 

3.7. LDA ameliorate the inflammatory changes in COC-treated rats. 

The plasma levels of IL-6 (F (5, 24) = 5.5; p = 0.002), TNF-α (F (5, 24) = 5; p = 0.003) and 

MCP-1 (F (5, 24) = 5.1; p = 0.003) all varied across the experimental groups. The post-hoc 

analysis showed a significantly increased level of IL-6, TNF- α, and MCP-1 in the HCOC 

group when compared with the experimental control (p < 0.01) and LDA-only groups (p < 

0.05) (Figure 4A-C). Meanwhile, the combination of HCOC+LDA treatment significantly 

reduced IL-6, TNF- α, and MCP-1 levels when compared with the HCOC-only group (p < 

0.05) (Figure 4A-C). However, LCOC+LDA did not significantly impact the levels of IL-6, 

TNF- α, MCP-1 when compared with LCOC-only group (Figure 4A-C).  
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Figure 4: Effect of low-dose aspirin (LDA) and combined oral contraceptive (COC) treatment on (A) 

IL-6 (B) TNF-α (C) MCP-1 in rats. All results are presented as mean ± SEM. (**p < 0.001 vs control; 

*p < 0.05 vs control, LDA, HCOC+LDA).  

Key: IL-6: interleukin 6; TNF-α: tumour necrosis factor-alpha; MCP-1: monocyte chemoattractant 

protein-1; CON: control, LDA: low dose aspirin, LCOC: low dose combined oral contraceptive, 

HCOC: high dose combined oral contraceptive. 

 

3.8. LDA improved the endothelia function in rats receiving COC treatment. 

The plasma vWF levels (F (5, 24) = 4.2; p = 0.007) and nitric oxide (F (5, 24) = 4.3; p = 0.006) 

also varied across the experimental groups. In the post-hoc analysis, the plasma levels of 

vWF were significantly higher in the HCOC group when compared with the experimental 

control, LDA only (p < 0.05) (Figure 5A). However, HCOC+LDA treatment significantly 

reduced vWF levels when compared with the HCOC group respectively (p < 0.05) (Figure 

5A). More so, the plasma level of nitric oxide was significantly reduced in the HCOC group 

when compared with the experimental control (p < 0.05) (Figure 5B). Meanwhile, 

HCOC+LDA treatment significantly increased the level of NO when compared to the HCOC 

group (p < 0.05) (Figure 5B). LCOC+LDA did not significantly impact the levels of vWF 

and nitric oxide when compared with LCOC only group (Figure 5A-B).  
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Figure 5: Effect of low dose aspirin (LDA) and combined oral contraceptive (COC) treatment on (A) 

Von Willebrand factor; (B) nitric oxide in rats. All results are presented as mean ± SEM. (**p < 

0.001 vs control; *p < 0.05 vs control, LDA, HCOC+LDA). 

Key: CON: control, LDA: low dose aspirin, LCOC: low dose combined oral contraceptive, HCOC: 

high dose combined oral contraceptive. 
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4. Discussion 

In this study, we aimed to evaluate the impact of prolonged exposure to COC treatment on 

the risk factors associated with atherothrombotic disorder and whether short-term LDA 

treatment will alter these risk factors. Firstly, our study showed significant metabolic 

dysregulation during prolonged COC treatment in rats, which is known to provoke 

endothelial dysfunction and a prothrombotic state, thereby aggravating the risk of CVDs [42–

44]. Briefly, HCOC treatment in our study led to impaired glucose tolerance, which was 

accompanied by poor insulin sensitivity, dyslipidemia, and hyperinsulinemia. The outcome of 

our study corroborates with previous findings in human and animal studies [39,45–47] where 

the most adverse effect of OC on metabolic changes was associated with the dose of estrogen 

and androgenicity of the progestin component [48,49]. However, study by Olatunji et al. [47] 

reported a contradictory finding on the impact of OC on HDL levels in fructose-fed rats 

where HCOC increased HDL levels, which may be due to the type of COC and duration of 

treatment, respectively. Nonetheless, the observed metabolic changes also reflect the 

increased food intake induced by HCOC despite reduced water intake and normal weight 

gain in our study.  

Interestingly, short-term LDA treatment improved the metabolic dysregulation induced by 

prolonged exposure to HCOC in rats. The observed beneficial impact of LDA treatment on 

metabolic changes also corroborates previous studies' findings in high-fat-fed rats and 

patients with T2D [35,50–52]. A study by Abdelsadik and Amin [50] showed a reduction in 

hypertriglyceridemia, increased insulin sensitivity and glucose uptake in high-fat-fed male 

rats treated with LDA. A study by Yuan et al. [53] also highlighted the role of aspirin as an 

insulin-sensitizing agent in reversing hyperglycemia, hyperinsulinemia, and dyslipidemia in 

high-fat-fed mice. However, LDA treatment did not alter insulin sensitivity in COC-treated 
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female rats in our study, and this differential response may be attributed to the sex difference 

and dose regimen, among other factors [23–25].  

Furthermore, our study also showed evidence of endothelial dysfunction during prolonged 

COC exposure in rats, which may have also contributed to the observed change in 

hemodynamic status, which is known to aggravate the risk of hypertension and other 

cardiovascular-related events among susceptible individuals [54–56]. Briefly, prolonged 

HCOC treatment in rats led to an increased plasma level of vWF and reduced nitric oxide 

bioavailability, which corroborates with other previous findings in rats and human [57–60]. 

The impact of altered endothelial function by prolonged HCOC exposure may have 

contributed to our study's observed increase in systolic blood pressure and MAP. For 

instance, a study by Olatunji et al. [59] showed that the exposure of female rats to COC for 

six weeks also led to an increased risk of hypertension with concomitant endothelial 

dysfunction. However, short-term LDA treatment led to a decrease in the MAP of the HCOC-

treated rats, which also corroborates with previous findings that showed a reduction in MAP 

of hypertensive patients that received LDA for six month [61]. 

The vasoactive effect of estrogen at a high dose can alter the arterial wall's structural integrity 

by modifying the endothelium's elasticity and permeability, which subsequently switches 

endothelial cells to a prothrombotic state [62,63]. This can impact the vascular tone and 

promote vascular smooth muscle cell proliferation, leading to the apparent release of certain 

endothelial activation markers and undesired inflammatory responses [64–66]. Nonetheless, 

our study showed improved endothelial function of HCOC-treated rats receiving LDA 

therapy by reducing vWF plasma levels and promoting nitric oxide bioavailability in the 

circulation. Animal models of atherosclerosis also suggest that an extremely low or absent 

vWF level exerts a protective effect on the development and distribution of atherosclerotic 
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lesions [67]. The outcome of our study also corroborates with previous findings by Homonci 

and colleagues that showed reduced levels of vWF in individuals on aspirin [68] as well as 

improved nitric oxide production in patients with metabolic syndrome and coronary artery 

disease who received various doses of aspirin [69,70]. The beneficial impact of LDA in our 

evidence further supports the role in the primary prevention of CVD-related events in clinical 

settings [71].  

Moreover, our study also assessed changes in the hematological and hemostatic profile of rats 

exposed to prolonged COC treatment. Briefly, most of the hematological variables, including 

white blood count, red blood count, hemoglobin, hematocrit, lymphocyte, neutrophil, and 

monocyte counts, were comparable across the experimental groups. However, platelet count 

was significantly higher in both HCOC and LCOC-treated rats. Furthermore, HCOC reduced 

bleeding time and altered the coagulation cascade by promoting increased TF and D-dimer 

levels, thereby predisposing the rats to a hypercoagulable state. The outcome of our study is 

also similar to previous findings that showed increased plasma levels for procoagulants 

among individuals exposed to COC treatment [72,73]. In a randomized controlled trial by 

Johnson et al. [73], OC treatment adversely affects vascular risk markers such as D-dimers. A 

study by Van Vliet and colleagues also showed a decreased level of tissue factor pathway 

inhibitor in women treated with different OC formulations, and some of the observed 

differential changes in the level of tissue factor pathway inhibitor (TFPI) were attributed 

majorly to the progestin component across OC formulations [72,74]. However, a study by 

Divani et al. [75] did not find any significant change in the levels of TF among individuals on 

COC despite reduced TFPI levels. TFPI is a glycoprotein produced by endothelial cells which 

is known to inhibit factor VII/tissue factor (FVIIa/TF) in the coagulation cascade [72]. 
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The release of TF is crucial in the initial stage of the extrinsic coagulation pathway during 

tissue injury, where they are exposed to several blood components, such as circulating 

monocytes and also platelets, which facilitate hypercoagulability [76,77]. Elevated levels of 

D-dimers are a direct consequence of an impaired fibrinolytic pathway, which contributes to 

the thrombo-inflammatory cycle [78–80]. In our study, LDA treatment significantly reduced 

the TF and D-dimer levels in HCOC-treated rats, which is similar to previous findings in 

humans and mice where aspirin treatment reduced TF expression [81]. In contrast, other 

studies in humans showed no significant change in D-dimer levels during aspirin treatment, 

and this was linked to a high hypercoagulable state in the cohorts [78,82,83]. The impact of 

LDA in reducing D-dimer levels in HCOC-treated rats stems from the acetylation of 

fibrinogen, which impairs fibrin polymerization, thereby enhancing clot lyses and inhibiting 

the thrombo-inflammatory cycle [78,79,84–86]. 

Furthermore, our study also showed evidence of immune activation during prolonged COC 

treatment in rats. Previous evidence suggests a modulatory role of estrogen and progesterone 

in immune regulation [87–89]. Depending on the concentration, estrogen may enhance the 

production of pro-inflammatory cytokines (such as IL-1, IL-6, and TNF-α) from monocyte-

macrophage cells [90,91]. Briefly, evidence from our study showed HCOC treatment 

promotes pro-inflammatory response via the release of acute phase reactants such as IL-6, 

TNF-α and MCP-1, which is similar to previous experimental and human studies [13,92]. A 

study by Campesi et al. [92] showed a higher release of TNF-α in the macrophages of 

individuals on COC, which was attributed to the androgenic properties of the progestin 

component. In contrast, a study by Divani et al. [12] reported that the levels of IL-6 and TNF-

α among individuals on COC remain unaffected, which may probably be due to the small 

sample size population and the age of the participants. A study by Bouman et al. [93] also 

showed that COC did not influence the cytokine production capacity of LPS-stimulated 
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monocytes in postmenopausal women. Low androgenic COC may have influenced this 

outcome. However, a study by Calippe et al. [13] showed that chronic exposure of 

ovariectomized mice to estrogen treatment increased the levels of pro-inflammatory 

cytokines (IL-1beta, IL-6, and TNF-α). 

Elevated levels of IL-6 and TNF-α are associated with an increased level of MCP-1, and their 

social interaction is associated with the engineering behind monocyte chemotaxis to the areas 

of inflammation such as endothelium where they differentiate into resident macrophages [12]. 

In response to atherogenic stimuli such as hyperglycemia and dyslipidemia, resident 

macrophages recruit more monocytes that cause vascular smooth muscle proliferation and 

endothelial dysfunction, which are known to increase the progression of atherogenesis and 

thrombotic risk [94,95]. In our study, LDA treatment reduced IL-6, TNF-α and MCP-1 

plasma levels in HCOC-treated rats. The beneficial impact of LDA in reducing levels of 

inflammatory markers in COC-treated rats in our study also corroborates with previous 

studies that showed a reduction in the plasma levels of inflammatory markers in human and 

experimental animals treated with aspirin [35,50,96]. For instance, randomized controlled 

trials of aspirin therapy were shown to reduce levels of IL-6 and TNF-α among high-risk 

patients with cardiovascular disease [96,97]. Similarly, experimental studies also showed 

aspirin therapy reduced IL-6 and TNF-α in streptozotocin-induced type 2 diabetic rats and 

high-fat C57BL/6 mice, and the suggested mechanism is associated with inhibiting Nuclear 

factor kappa-β (NF-κB) activation [35,98]. The limitation of this study is that we did not 

determine the mechanism by which the interaction between low-dose aspirin and combined 

oral contraceptives regulates the release of these selected biomarkers. Exploring the 

interaction mechanism may further provide insight into their therapeutic potential in 

managing the risk of cardiovascular-related events among susceptible individuals.  
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5. Conclusion 

Effective management of each component of the pathophysiological changes involved in 

atherothrombotic disorder is required to reduce the overall risk of CVD. Hence, Short-term 

low-dose aspirin (LDA) demonstrated a promising beneficial impact against the risk of 

atherothrombotic disorder by attenuating markers of metabolic dysregulation, pro-

inflammation, hypercoagulation and endothelial dysfunction in female rats exposed to 

prolonged high-dose COC.  
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Chapter 6: General discussion and conclusion 

Oral contraceptives remain one of the most commonly prescribed methods of birth control 

amongst women of reproductive age due to their safety profile [1]. The rising prevalence of 

obesity over the past decade [2], including its associated risk factors such as cardiovascular-

related complications [3–6] has provided a need to understand how oral contraceptives affect 

such individuals. Increasing research is directed at establishing the potential link between 

prolonged use of COC and the high risk of thrombotic events in women of reproductive age 

[7,8]. Of note, certain individuals living with obesity may be at risk of experiencing 

thrombotic events [9–12] and a clear understanding is required as to whether the use of COC 

can aggravate the risks of thrombotic events [13,14]. With that being said, specific factors 

and conditions must be considered when administering COC to patients or individuals in 

need [14–16]. Of note, depending on the ongoing and future hormonal contraceptive choices 

being made by an individual, anticoagulants may be beneficial in some cases to protect 

against future thrombosis and its associated risk factors [17–19]. However, several guidelines 

on the use of some of the available anticoagulants, like LDA, are inherently inconsistent, 

especially when the dose, duration of use and risk of excessive bleeding are considered [20–

23]. 

To dig and understand the above-mentioned inconsistencies, we simultaneously followed an 

evidence-based approach of developing a protocol to review systemically and quantitively 

analyzed available information on the impact of COC use and the risk of cardiovascular 

diseases among premenopausal women [24]. Surprisingly, the primary finding of this 

systematic information analysis supported a strong association between COC and the 

prevalence of traditional cardiovascular risk factors such as blood pressure, lipid profile, and 

body mass index with little to no difference in the risk of endothelial dysfunction [25]. 
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However, the certainty of our evidence was quite low, and there was a lack of reported effects 

of various types of COC on measures of immune activation, coagulation, and endothelial 

function in these human studies. Be it as it may, we conducted several experimental studies to 

establish a link between COC use and the risk of cardiovascular disease in an impaired 

metabolic state. This involved exposing rats to different concentrations of COC for a 

predetermined period before assessment of metabolic status, immune activation, endothelial 

dysfunction, and hypercoagulability in a diet-induced obesity (DIO) experimental model. We 

also determined whether a dietary intervention (switching from a high-fat diet to a low-fat 

diet) or a pharmacological intervention (LDA) could alleviate the cardiovascular disease 

(CVD) risk by lowering thrombotic factors within this rat experimental model. 

6.1. Implication of short-term COC use on metabolic status in an experimental model 

of a high-fat diet. 

Obesity is associated with metabolic disorders and low-grade inflammation due to 

compromised adipose storage and gut diversity [21,26–29]. In obesity, monocyte activation 

usually favors the resident macrophage (M1) cell polarization, causing the release of pro-

inflammatory cytokines and undesired immune activation [30]. The use of COC can also 

promote weight gain and alter immunological pathways, which may exacerbate the risk of 

arterial and venous thrombosis in susceptible women of reproductive age [31–34]. Despite 

conflicting data on the efficacy of COC use in obese individuals, lifestyle modification such 

as dietary intervention may be required to subdue several cardiovascular risk factors in high-

risk individuals. In this study, we reported on obesity following a high-fat diet (HFD) for 

eight weeks, which was associated with impaired glucose and lipid metabolism in rats. This 

intervention could potentially lead to a marked increase in CVD-related factors such as high 

blood pressure and other complications such as weight gain and impaired metabolic status. 
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Nonetheless, our study showed evidence of elevated acute inflammatory responses without 

concomitant change in the vicious mechanism involving monocyte-driven tissue infiltration 

following HFD feeding in rats. The fact that there wasn’t a significant association between 

the triglyceride-glucose index and monocyte chemoattractant protein-1 also aligned with the 

non-concomitant change in the vicious mechanism that is behind monocyte trafficking. 

However, upon dietary modification (switching to a low-fat diet) followed by short-term 

high-dose COC treatment for six weeks, metabolic dysregulation via hyperinsulinemia was 

persistent without changes in immune activation in HFD-fed rats. Possibly indicating that 

prolonged use or high doses of COC could be detrimental in those with impaired metabolic 

status. This has also been investigated in individuals, and the use of COC was associated with 

widespread metabolic and inflammatory dysregulations [35]. However, persistent use was not 

associated with cumulative dysregulations over time, and the metabolic perturbations were 

reversed upon discontinuation [35]. Thus, our study brings a unique perspective in 

understanding the potential detrimental effects of the prolonged use of oral contraceptives in 

conditions of impaired glucose tolerance despite diet modification. Additional studies, 

especially in clinical settings, are required to confirm this narrative, which will be vital to 

inform on the current policy by the World Health Organization on medical eligibility criteria 

and the national contraception clinical guidelines for contraceptive use among women in need 

of family planning depending on the clinical condition [15,16]. 

6.2. Impact of short-term COC use on thrombotic profile, including 

hypercoagulability and endothelial dysfunction in an experimental model of a high-

fat diet. 

The use of COCs in women living with obesity can lead to several complications that 

encompass alterations to blood flow, hypercoagulability, and endothelial dysfunction, which 
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exacerbates the risk of arterial and venous thrombotic events [36,37]. In the current WHO 

and national contraception clinical guidelines, it is important to check blood pressure before 

the initiation of COCs among women in need of family planning. In our study, the systolic 

and diastolic blood pressure, including the heart rate, were not affected by eight weeks of 

HFD as well as the markers of coagulation and endothelial activation, such as tissue factor 

and von Willebrand factor, except for nitric oxide that, was significantly reduced in our 

experimental model. However, the mean arterial pressure was significantly higher in obesity 

and was associated with hypercoagulability (tissue factor, D-dimer) and endothelial 

dysfunction markers like NO. Surprisingly, short-term treatment with COC showed no effects 

on the hemodynamic, hemostatic, and endothelial activation markers in HFD-fed rats. Our 

result also corroborates the findings of other previous studies in humans that reported no 

major changes in the hemodynamic and endothelial activation makers among COC users 

[38,39]. Thus, our study brings a unique perspective in understanding the potential effects of 

the prolonged use of oral contraceptives on multifactorial complications that can exacerbate 

the risk of arterial and venous thrombotic events in susceptible women of reproductive age. 

In lieu of these, regular blood pressure monitoring in clinical settings may be required where 

feasible to help make a better-informed decision for women needing family planning when 

considering the choice of available COC in association with the duration of use [15,16].  

6.3. Modulatory role of LDA following long-term COC treatment and the risk of 

atherothrombotic disorder. 

Recent guidelines on the use of aspirin for the primary prevention of cardiovascular events 

recommend the use of low-dose aspirin among susceptible individuals at high risk of CVD 

while considering the anticipated risk of excessive bleeding [40–44]. In our study, short-term 

four-week LDA treatment improved impaired glucose metabolism and reduced 
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hypertriglyceridemia during prolonged exposure to high COC treatment. LDA treatment also 

decreased MAP in rats treated with high doses of COC. LDA treatment also improved the 

coagulation cascade's prothrombotic state and endothelial function by decreasing vWF levels 

and enhancing nitric oxide bioavailability in high-dose COC-treated rats. The fact that 

women living obese are at higher risk of CVD, high-dose COC is not advisable for long-term 

use as monotherapy when viewed from the perspective of effectiveness and benefit. The 

outcome of our study also aligns with the findings of other previous studies that reported an 

increased risk of cardiovascular events after prolonged COC exposure among susceptible 

individuals [45–47]. Thus, our study brings a unique dimension to understanding the potential 

benefits of aspirin in the management of cardiovascular events that are associated with the 

long-term use of oral contraceptives in susceptible women of reproductive age. 

6.4. Conclusion and future perspective 

This current study demonstrated metabolic impairment and immune activation characterized 

by increased lee index and abdominal circumference, poor glucose uptake, altered lipid 

metabolism and increased plasma levels of IL-6 and TNF-α without concomitant change in 

the levels of MCP-1 in the DIO model. Moreover, there was an association between the Lee 

index and the acute phase proteins (IL-6, TNF-α and MCP-1) and between triglyceride-

glucose index (TyG), IL-6 and TNF-α. These outcomes further support the interdependent 

relationship between metabolic impairment and immune activation in obesity. Meanwhile, 

when dietary intervention was introduced, followed by short-term high-dose COC treatment, 

metabolic impairment via hyperinsulinemia persisted without concomitant immune activation 

in HFD-fed rats, which also provided insight into the detrimental impact of long-term COC 

usage and poor glucose control among susceptible individuals. Furthermore, HFD-feeding in 

rats was also associated with an increased mean arterial pressure and reduced nitric oxide 
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levels. Interestingly, short-term high-dose COC treatment of these HFD-fed rats did not 

significantly affect atherothrombotic markers. Interestingly, these findings mirrored those 

found in our systematic review, where COC treatment in premenopausal women resulted in 

little to no difference in markers of endothelial dysfunction such as nitric oxide [9]. Notably, 

the outcome of our study is limited in terms of generalizability because the study was 

conducted on rats, which may not accurately reflect the effects of HFD-feeding and COC 

treatment in humans. Another notable limitation of our study is the lack of a measured 

parameter baseline. Thus, further exploration of the impact of other types of COC and HFD 

feeding is needed to confirm these findings in different conditions and provide insight and 

recommendations during prescription in a well-defined population study. 

The findings of our study also showed the therapeutic benefit of LDA therapy in potentially 

reducing some of the markers associated with the development of atherothrombotic disorder 

during long-term COC treatment. LDA treatment improved metabolic impairment, 

prothrombotic state, and endothelial function in high-dose COC-treated animals. The 

outcome of our study depicts the notion that the impact of COC treatment depends on the 

type of progestin, dosage, and duration of use. Meanwhile, the introduction of LDA therapy 

in our study provides a unique understanding of the impact and the potential benefit regarding 

its recommendation for primary prevention of cardiovascular diseases (CVDs) among 

susceptible individuals. One of the limitations of our study is the lack of tissue-resident cell 

characterization, which may play a role in the observed effects. This limits the understanding 

of the mechanisms underlying the results. However, future studies are needed to confirm 

these findings and understand the mechanism of interaction between aspirin therapy and other 

different types of COC regimens. 
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