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ABSTRACT
Glucose intolerance is impaired glucose uptake by peripheral tissues due to insulin resistance and
is usually associated with chronic hyperglycemia. The condition often leads to overt diabetes
mellitus [DM] - a metabolic disorder that is characterized by the body’s inability to lower blood
glucose to normal levels. Available reports show that medication with HIV protease inhibitors
[PIs] causes insulin resistance and hence glucose intolerance in HIV- positive patients. This
study evaluated the actions of the flavonoids (Diosmin[DIOS] and Hesperidin[HES]) on HIV
protease inhibitor (HIV-PIs) induced hyperglycemia in Rattusnorvegicusalbinus (wistar rats).
Seventy two Wistar rats were randomly assigned into six groups of twelve rats each. Each group
was given a specific treatment with HIV protease inhibitors and or flavonoids for 42 days. The
blood glucose, HbAlc and insulin levels were measured analyzed.The Control and the
ATV/RTV+DIOS/HES treated groups had a significant difference only once at the end of week
one of the treatment period (diff. =0.625 mmol/L, p=0.014). The Control group, DIOS/HES and
the ATV/RTV+DIOS/HES treated groups did not show any significant differences in their group
mean blood glucose levels from the second week of treatment to the end of the study. The
ATV/RTV (5.95+2.15 mmol/L on week 3), LPV/RTV (5.14+£0.92 mmol/L on week 3) and
LPV/RTV+DIOS/HES (5.30+£1.72 mmol/L on week 3) treated groups had significantly elevated
group mean blood glucose levels on the third week of the study compared to the control group
(3.88+0.42 mmol/L on week3). The HIV-Protease inhibitor treatments increased blood insulin
levels (grand mean of 3.58+2.27ulU/mL at baseline (day 0) to 20.32+2.27 plU/mL on day 42,
p<0.001). The HIV-protease inhibitors increased group mean HbAlc levels with the LPV/RTV
treated group increasing from 4.67+ 0.16 percent on day 0 to 5.45+0.77 percent on day 42
(p<0.01) and ATV/RTV treated group mean HbAlc level increasing from 4.52+0.16 percent on
day 0 to 5.13+0.53 percent on day 42 (p<0.01) while the DIOS/HES group mean HbA1c levels
decreased significantly (4.73+0.16 percent at day 0 to 3.35+0.48 percent on day 42, p<0.001).
The results demonstrated that the co-administration of ATV/RTV with DIOS/HES significantly
reduced the blood glucose elevating effects of the ATV/RTV combination. The co-
administration of the flavonoids with HIV-Pls also reduced the blood HbAlc levels resulting

from HIV-PlIs treatment.
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OPERATIONAL DEFINITIONS

ATAZANAVIR — An HIV- protease inhibitor

DAFLON™ TABS- Tablets containing the micronized flavonoids Diosmin and Hesperidin.
This combination is a used to treat venous insufficiency.

DIOSMIN - Flavonoid component of Daflon™ tablets.

DIABETES MELLITUS — An endocrine disorder characterized by the body’s inability to
secrete adequate amounts of insulin or the target cells becomes unresponsive to insulin (insulin
resitance).

FLAVONOIDS- Naturally occurring polyphenolic compounds found in many fruits and
vegetables.

GLUCOSE INTOLERANCE- Impaired glucose tolerance

GLYCOSURIA-The presence of glucose in urine.

HbA1c — Glycated hemoglobin

HESPERIDIN - Flavonoid component of Daflon™ tablets.

HIV-PROTEASE INHIBITOR- Antiretroviral drugs which work by inhibiting the enzyme
HIV protease.

HYPERGLYCEMIA- Abnormally elevated blood glucose levels in blood.

INSULIN RESISTANCE- Interference with insulin signal transduction in the target cells.
LOPINAVIR — An HIV- protease inhibitor

RITONAVIR — An HIV- protease inhibitor
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Hyperglycemia is sustained high blood glucose due to impairment of glucose metabolism and
transport in the body. It may becaused by insulin resistance, particularly by peripheral tissues
like skeletal muscle and adipose tissue due to interference in the insulin signal transduction
pathway that leads to the translocation glucose transporters ( e.g. GLUT-4) to the cell membrane
to allow for the inward movement of glucose into these cells(Carr, Samaras, Burton, et al., 1998;
Murata et al., 2000; Schiitt et al., 2004). This leads to chronic hyperglycemia which may in turn
lead to overt Diabetes Mellitus (Bhowmik et al., 2013).Diabetes mellitus (DM) is a group of
metabolic disorders characterized by chronic hyperglycemia caused by such factors as
autoimmune reactions against B-cells of the islets of Langerhans.Other causes include genetic
factors leading to a decline in insulin production. Environmental factors such as obesity,
excessive junk food (high- energy[carbohydrate] and high-fat fast food) consumption, sedentary
and stressfullifestyles and aging have long been established as risk factors in the onset of
diabetes mellitus(Ozougwu, 2013).HIV/AIDS is a chronic infection that occurs when individuals
contract the Human Immunodeficiency Virus (HIV) (Barré-Sinoussi, 1996; Gallo & Montagnier,
2003; Sharp & Hahn, 2011; Weiss, 1993). If untreated HIV infection progresses to full blown
acquired immunodeficiency syndrome (AIDS) which inevitably leads to death (Gonzélez-
Scarano & Martin-Garcia, 2005; Gran et al., 2008; Zolopa et al., 2009). To prevent this
progression of HIV infection to AIDS, patients are treated with antiretroviral drugs (ARVS).
Kenya is one of the four HIV high burden countries with an estimated 1.5million people living

with HIV/AIDS and about 70,000 new infections among adults and 6600 among children



respectively, annually(NACC, 2014). According to the 2015 Kenya AIDS response progress
report by the Kenya National AIDS council, about 900,000 people of the 1.5million Kenyans
living with HIVV/AIDS were on antiretroviral drugs (ARVSs) using the highly active antiretroviral
therapy (HAART) model.Currently, using the HAART model, management of HIV/AIDS
involves administration of a combination of at least two classes of antiretroviral drugs in the
treatment regimen (HAART). The use of at least three drugs from two classes of ARVSs is
necessary to prevent the development of resistance by the HIV to these drugs. The main classes
of antiretrovirals include: reverse transcriptase inhibitors (RTIs), HIV protease inhibitors (PIs),
penetration inhibitors and HIV integrase inhibitors. Each of these classes of ARVs is associated
with a number of adverse effects.HIV protease inhibitors-the focus of this study have such
adverse effects that include induction of insulin resistance that may lead to chronic
hyperglycemia that may turn into overt DM(Hammer et al., 2008; Singh et al., 2013; Testa et al.,
2016; Zhuang et al., 2002). So far these side effects have bothered patients treated with these
drugs and hence the need for a search of ways to manage these unwanted /side effects.
Flavonoids are naturally occurring polyphenolic compounds that have been shown to antagonize
insulin resistance and hyperglycemia(Babu et al., 2013; Bahadoran et al., 2013; Grassi et al.,
2015; Yamagata, 2018). In this study, these compounds (flavonoids) are administered to
animals(wistar rats) on HIV-Protease inhibitors to find out if they can counter the insulin

resistance and the resulting hyperglycemia caused by the HIV-protease inhibitors.

1.2 Problem Statement

HIV- protease inhibitors (HIV-PIs) are key drugs in HAART in the management of HIV/AIDS
patients and have led to a remarkable reduction in mortality and morbidity amongst HIV/AIDS

patients. However, they are now known to cause a number of serious side effects such as
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lipodystrophy, lipoatrophy, and hyperlipidemia and insulin resistance leading to glucose
intolerance, hyperglycemia and altered plasma lipid profiles.Hyperlipidemia is characterized by
increased triglycerides and fatty acid plasma levels(Palella et al., 1998; Paterson et al., 2000).
Lipodystrophy is the abnormal distribution of body fat characterized by truncal obesity and a
buffalo hump. Lipoatrophy is fat wasting particularly from the face and the limbs, and is
characterized by decreased leptin levels in blood (Baril et al., 2005; Carr, Samaras, Burton, et al.,
1998; Estrada et al., 2006; Koutkia & Grinspoon, 2004).Insulin resistance and the accompanying
hyperglycemia in patients on HIV protease inhibitors is a syndrome of elevated insulin levels
which is however ineffective in reducing blood glucose levels. This is due to interference with
the signal transduction pathway in the target cells particularly thoseinvolving the glucose
transporters (GLUT-4) in skeletal muscle and adipose tissue(Calderhead et al., 1990; Cheatham

et al., 1996; Kozka et al., 1991; Murata et al., 2000, 2002).

Flavonoids are polyphenolic organic compounds found in plants, fruits and vegetables that have
been found to exhibit blood sugar level lowering effects by various cellular and molecular
mechanisms.They are thought to act by their antioxidant action, which action is protective to -
cells of the pancreatic islets of Langerhans. There is evidence that they scavenge free radicals
thus reducing oxidative stress on the B-cells resulting in increased insulin secretion (Coskun et
al., 2005; Vessal et al., 2003). In a nutshell, the flavonoids promote the peripheral utilization of
glucose (increase sensitivity of cells to insulin), inhibit glucose absorption from the small
intestine and enhance insulin secretion(Jadhav & Puchchakayala, 2012).Flavonoids also act by
targeting molecular pathways in the pB-cells, hepatocytes, adipocytes and skeletal muscles cells.
These compounds also reduce apoptosis of the B-cells by their antioxidant action(Oladele et al.,

2010).



The problem

The main purpose of this study was to assess if this adverse effect —hyperglycemia, induced by
HIV- protease inhibitors due to insulin resistance can be ameliorated by the co-administration of
flavonoids—specifically the Diosmin /Hesperidin combination together with the HIV protease
inhibitors- lopinanvir/ritonavir combination and atazanavir/ritonavir combination in animal

model (Wistar rats).

1.3 Objectives

1.3.1 Main Objective

To evaluate the effect of Diosmin — Hesperidin combination on HIV-protease inhibitor-induced

hyperglycemiain Wistar rats (Rattusnorvegicusalbinus).

1.3.2 Specific Objectives

1. To determine theblood glucose levels in Wistarrats (Rattusnorvegicusalbinus)before and after

treatment with HIV- protease inhibitors(Lopinavir/ritonavir or Atazanavir/ritonavir).

2. To asses the effect of the administration of the Diosmin-Hesperidin combination on blood
glucose levels in  Rattusnorvegicusalbinustreated  with  HIV-protease inhibitors

(Lopinavir/Ritonavir (LPV/RTV) or Atazanavir/Ritonavir (ATV/RTV)).

3. To evaluatethe effect of the administration of the Diosmin-Hesperidin combination on blood
insulin levels in HIV-protease inhibitor (LPV/RTV or ATV/RTV) treated rats

(Rattusnorvegicusalbinus).



4.To find outthe effect of the administration Diosmin-Hesperidin combination on the blood
glycated hemoglobin (HbALc) levels in HIV-protease inhibitor (LPV/RTV or ATV/RTV)treated

rats (Rattusnorvegicusalbinus).

1.4 Study hypotheses

1.4.1 Hypothesis 1
Ho: There is no difference in the group mean blood glucose levels in all Wistar rat
(Rattusnorvegicusalbinus) groups before and after treatment with HIV- protease inhibitors

(Lopinavir/ritonavir or Atazanavir/ritonavir).

Ho: pl=p2=p3=p4=p5=pn6

1.4.2 Hypothesis 2

Ho: There is no significant difference in the group blood glucose means after the administration
of Diosmin-Hesperidin combination in the rats (Rattusnorvegicusalbinus) treated with HIV-

protease inhibitors (LPV/RTV or ATV/RTV).

Ho: p1=p2=p3=p3=p4=pn5=po6

1.4.3 Hypothesis 3
Ho:There is no significant difference in the group mean blood insulin levels in the rats
administered with the Diosmin-Hesperidin combination on blood insulin levels in HIV-protease

inhibitor (LPV/RTV or ATV/RTV) treated rats (Rattusnorvegicusalbinus).

Ho:ul=p2=pn3=p4=pn5=u6



1.4. 4 Hypothesis 4

Ho: There is no a significant difference in the group mean HbAlc levels among the ratsafter the
administration of the Diosmin-Hesperidin combination in HIV-protease inhibitor (LPV/RTV or

ATV/RTV) treated rats (Rattusnorvegicusalbinus).

Ho:pl=p2=p3=p4=pn5=p6

1.5 Justification of the Study

The HIV-protease inhibitors(PIs) cause some serious adverse effects such as insulin resistance
that may manifest as hyperglycemia.Long-term exposure to HIV-protease inhibitors interferes
with glucose metabolism which seems mainly to be due to insulin resistance and impaired insulin
secretion by B-cells of the pancreas(Chandra et al., 2009; Schiitt et al., 2004). This study is
important in the sense that currently in Kenya and worldwide millions of HIVV/AIDS patients are
on highly active antiretroviral therapy (HAART).HIV- protease inhibitors (PIs)which form an
important pillarof HAART can precipitate insulin resistance leading to chronic hyperglycemia
whichin turn can lead to overt diabetes mellitus(Carr, Samaras, Burton, et al., 1998). Any effort
that can generate new ways of countering these adverse effects without producing more
complications and adverse effects is worthwhile. This why this study was designed; to establish
if the flavonoidsdiosmin and hesperidin(naturally occurring and safe)when co-administered with

protease inhibitors can reduce these adverse effects.

Empirical literature

So far, studies done have focused separately on either the hyperglycemic effects of HIV-

protease inhibitors or the antihyperglycemic effects of flavonoids on diabetic subjects. For



instancein a study by in Taiwan(Hsu et al., 2017), Diosmin was demonstrated to alleviate
hyperglycemia in type 1 diabetic rats. A similar study in Japan(Akiyama et al., 2009) also
demonstrated the antihyperglycemic effects of hesperidin on rats. In 2004,Schutt(Schutt et al.,
2004), working in Germany confirmed that chronic exposure of Beta cells of langerhans to HIV-
protease inhibitors led to hyperglycemia as a result of development of insulin resistance.A recent
overviewin India(Marella, 2017), emphasized that it is now a recognized fact that flavonoids are
potent antidiabetic agents. A case report from Nigeria (Bakari et al., 2007)clearly shows how
antiretroviral therapy in apatient led to the development of diabetes mellitus in that
patient.Researchers working in India have demonstrated that diabetes mellitus can be one of the
consequences of HAART(Kalra et al., 2011).However, so far no study has assessed the effect of
hesperidin and diosmin on HIV- proteaseinhibitor inducedhyperglycemia. The presence of this

knowledge gap formed the basis and the justification of this study.

1.6 Scope of the Study

The scope of this study was limited to assessing the effect of two of the most commonly used
HIV-protease inhibitor combination in Kenya (Lopinavir+Ritonavir and Atazanavir+Ritonavir)
on blood glucose levels, blood insulin levels and HbAlc levels of Wistar rats by these HIV-
protease inhibitors. The studyalso assessed the effect of the flavonoids combination of
Hesperidin and Diosmin on the hyperglycemia induced by these HIV-protease inhibitors on

Wistar rats.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Diabetes is a growing metabolic disorder characterized by chronically elevated blood glucose
(hyperglycemia).This has been further complicated by iatrogenic hyperglycemiadue to glucose
intolerance in patients who are on ARVs, particularly the HIV- protease inhibitors. This
literature review is aimed at crystallizing some of these side effects and how the administration
of flavonoids has been demonstrated to treat hyperglycemia in animal and human subjects and if

this efficacy can be extended to HIV-PI induced hyperglycemia.

Diabetes mellitus is a disease that is characterized by the inability of the body to lower blood
glucose levels to normal levels(Ozougwuet al,2013).HIV-protease inhibitors (HIV-PIs) are a
cornerstone in HAART, however they are associated with a number of adverse effects such as
chronic hyperglycemia that can lead to overt diabetes mellitus(Testa et al., 2016).Some of the
notable adverse effects include lipodystrophy, lipoatrophy, insulin resistance that may lead to
hyperglycemiaand lastlyhyperlipidemia(Finkelstein et al., 2015; Gkrania-Klotsas & Klotsas,
2007). Lipodystrophy is the abnormal redistribution of body fat with a marked accumulation of
fat in the abdominal region.Lipoatrophy is body fat wasting accompanied by the loss of body
weight.Insulin resistance is the disruption of insulin hormone signal transduction at insulin
receptors leading to hyperglycemia. Hyperlipedemia is the abnormal lipid profile that is observed
in patients who are on HIV- protease inhibitors due to acute increase in de novo lipogenesis
caused by inhibition of glucose -6- phosphatesynthetase(Nijveldt et al., 2001). The main

characteristic is elevated blood triglycerides(TGs) and free fatty acids(FFAs)(Bodasing & Fox,
8



2003; Carr, Samaras, Chisholm, et al., 1998).Peripheral insulin resistance is a prominent side
effect of HIV protease inhibitors such as Nelfinavir and others(Carr, Samaras, Burton, et al.,
1998). HAART and HIV protease inhibitors are also associated with the metabolic syndrome-
which is a group of metabolic and non-metabolic disorders characterized by truncal obesity,
elevated plasma lipid levels, hypertension, hyperglycemia and the development of cardiovascular
disease(CVD)(Estrada et al., 2006; Petoumenos & Worm, 2011).HIV-protease inhibitors can
acutely decrease glucose stimulated insulin release (within 1 hour) from mouse -cells(Murata et
al., 2000; Petoumenos & Worm, 2011).Flavonoids such as Quercetin and Rutin antagonize
insulin resistance by scavenging free radicals which cause oxidative stress and damage to p-
cellsand have even been noted to exert antidiabetic effects instreptozotocin- induced diabetes

inrats (Calderhead et al., 1990; Cheatham et al., 1996; Coskun et al., 2005; Vessal et al., 2003).

2.2 Glucose metabolism in man

2.2.1 Sources of dietary glucose

The main source of dietary glucose is the digestion of carbohydrate foods that are consumed
either as naturally occurring foods such as fruits and grains or as added sugar — sugar that is
added to food during manufacture, preparation or preservation. The high consumption of added
sugar has been associated with obesity, coronary heart disease, diabetes mellitus and metabolic
syndrome(Azais-Braesco et al., 2017; Hu & Malik, 2010; Johnson et al., 2013; Ruiz et al., 2017;

Ruiz & Varela-Moreiras, 2017).

2.2.2 Digestion and absorption of carbohydrates

Carbohydrates provide 40-80% of the total energy consumption. For this to happen complex

carbohydrates (table 1) must be broken down into simple sugars such as glucose during the
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process of digestion (figure 1)that takes place in the gut(Gibney et al., 2017; Lowe, 2007,
Weaver et al., 2014).A number of factors determine the rate of carbohydrate digestion-the most
important of which is the structure of the carbohydrate i.e. its complexity, the degree of cooking
or processing, the presence of fiber, the protein or lipid content of the food, the presence of
enzyme inhibitors (Jean-Marie, 2018)and the rate of gastric emptying(Foundation, 201643,
2016b).The digestion and absorption of carbohydrates may fail due to lack of monosaccharide
transporters inthe wall of the small intestine or lack of enzymes required for digestion of
carbohydrates. The digestion of carbohydrates begins in the mouth with salivary amylase,
proceeds in the duodenum with pancreatic amylase and is completed on the brush border (as
shown intestine

in Table 1 and figure 1) of the small with enzymes such as

sucrase,maltase,lactase, (British Nutrition Foundation, 2019; Foundation, 2016a)

Table-1: Types of carbohydrates and sites of digestion

Class Degree of Examples Site of digestion
polymerisation
Monosaccharides 1 Glucose Small intestine
Fructose Small intestine
Disaccharides 2 Sucrose Small intestine
Lactose Small intestine
Polyols 1-2 Xwlitol Predominantly large
intestine
Erythritol
Small intestine
Oligosaccharides 3-9 Maltodextrin Small intestine
Inulin Large intestine
Fructo- Large intestine
oligosaccharides
Polysaccharides =10 Starch Predominantly small

Non-starch
polysaccharides

intestine

Large intestine

10
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Figure 1: Flowchart of the digestion of carbohydrates (Adopted from Jenny Kim, 2014)

2.2.3 The role of various hormones in glucose metabolism and blood level regulation

Glucose metabolism is quite complex and is regulated by various hormones as displayed in table
2.These include insulin, glucagon, cortisol, catecholamines (particularly epinephrine), thyroxine,
growth hormone,ghrelin,cholecystokinin (CCK),incretin hormones(glucose—dependent

insulinotropic hormone(GIP) and glucagon-like peptide (GLP), adiponectin and others(Qaid



&Abdelrahman, 2016). There is an inverse relationship between insulin and ghrelin blood levels.
This in turn affects blood glucose levels because insulin (figure 3) has a direct effect on the
peripheral utilization of glucose particularly by skeletal muscles and adipose tissue. Ghrelin is
secreted by the oxyntic cells of the stomach and is known to increase food intake and adiposity.
Ghrelin is a growth hormone secretagogue acting through the growth hormone secretagogue
receptor (GHSR).Growth hormone has short term and long term effects on carbohydrate and
lipid metabolism and it has diabetogenic effect(Aguirre et al., 2016; Bonert & Melmed, 2017;
Qaid & Abdelrahman, 2016)Growth hormone can reduces the amount of insulin secreted and
attenuates its effects on the liver(lglesias et al., 2012; Neely et al., 1992; Piatti et al., 1999; Rizza
et al., 1982; Rufinatscha et al., 2018; Vélez et al., 2018). The hormone cholecystokinin (CCK)
promotes satiety by slowing gastric emptying. This in turn affects the amount of glucose that
can be absorbed from the gastrointestinal tract and consequently blood glucose levels(Clifton et
al., 2009; Keogh et al., 2010).Blood cortisol levels are partly dependent on blood glucose levels

implying that energy supply is necessary to cope with stress(Kirschbaum et al., 1997).

Thyroid hormone tends to increase the rate of carbohydrate metabolism and pancreatic functions.
Hyperthyroidism is known to promote hyperglycemia(A. M. Cohen et al., 1977; Hage et al.,
2011; Hwang et al., 1996; Jibhkate et al., 2014; Sun et al., 2017). Adiponectin, secreted by the
adipose tissue has important insulin sensitizing properties. Thyroid hormone and adiponectin
tend to reduce body fat through thermogenesis and lipid oxidation (Achari & Jain, 2017; Ahima
et al., 2006; Gerozissis, 2008; Kleinridders et al., 2014).Glucagon is produced by the a-cells of
the pancreas. It increases glycogenolysis and antagonizes glycogenesis.It acts synergistically
with catecholamines. It also decreases the expression of GLUT-2 glucose transporters (Aronoff

et al., 2004; Jiang & Zhang, 2003; Ramnanan et al., 2011; Taborsky, 2010)
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Table 2: Mechanisms of key glucose metabolism regulators

Glucose production Glucose utihzation Lipolysis

[nsulim

(Glucagon
Epinephrine
Cortisol

Growth hormone

FFA

S S S —
- — e

(Adopted from(Shrayyef & Gerich, 2010))

The incretin hormones GIP and GLP-1 also play a significant role in the regulation of blood
glucose levels indirectly through their action on insulin secretion. Glucagon like peptide (GLP-1)
is synthesized by the L cells of the intestines. It suppresses glucagon production by the a-cells of
the islets of Langerhans (Campbell & Drucker, 2013; Drucker, 2006; Holst et al., 2009;
Kazafeos, 2011). Glucose- dependent insulinotropic hormone (GIP) is produced by the L cells of
the small intestines. It increases the secretion of insulin (Fukami et al., 2013; Maemondo et al.,
2010; Sim et al., 2018). All these hormones together with insulin are essential for tightly
controlling blood glucose concentrations especially after consuming foods rich in
carbohydrates. After digestion of carbohydrates into simple sugars such as glucose and fructose-
they are absorbed into the general circulation by glucosetransporters (glucose transporters

(GLUTS) and sodium dependent glucose transporters (SGLTS), figure 2).
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Figure 2: The absorption of glucose across the cell membrane of the enterocytes(Barret et al.,

2012)

2.2.4: Why do cells need glucose transporters ?

Glucose transporters are required because the cell membrane is impermeable to glucose. This is
because glucose being virtually lipid insoluble cannot penetrate the plasma membrane. This
difficulty is overcome by glucose transporters (GLUTS) - integral proteins that are located on the
plasma membrane for this purpose (Carayannopoulos et al., 2000a; Devaskar & Mueckler, 1992)
The molecular actions of insulin leading to the translocation of glucose transporters to the cell

membrane is displayed in figure 3, figure 4 and table 3.
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Figure 3: Effect of insulin on GLUT4 glucose transporters and mechanism of action of
flavonoids.Attachment of insulin leads to activation of the insulin receptor(IR), causing
phosphorylation of downstream adaptors like the insulin receptor substrate(IRS). After
phosphorylation of its tyrosine residue, IRS activates many molecules such PI3K by the
activation of the Akt/PKB and the PKC { pathways. Activation Akt results in glycogenenesis.
The activation of Akt also leads to the movement of GLUT4 to the cell membrane resulting in
the inward movement of glucose into the cell (Hajiaghaalipour et al., 2015)
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Figure 4: Insulin signaling pathways (Bryant et al., 2002)

Glucose transporters are divided into two broad groups:

1. Sodium-dependent glucose transporters (SGLTs). Six subtypes have been identified i.e.
SGLT1 - SGLT 6. These transporters rely on the sodium gradient created by the Na*-K*ATPase
to transport glucose into the cell by secondary active transport. They are mainly located on the
proximal portion of the renal tubules for the reabsorption of sodium and glucose, and also in the

small intestine for the absorption of glucose following digestion of complex carbohydrates
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Table 3: Sodium- independent glucose transporters and their characteristics

Prasent In
Previous Insulin sen-  Functional character-  skeletal  Present in white

lsotorm  name  Class  Main tissue localization sitiva? istics (fransport) muscle?*  adipose tissue?*

GLum - I Erythrocytes, brain, No Glucose Yos Yes
Ublgultous

Gm - I Liver, pancraas, No Glucose (low affinfty);  No No
ntesting, kidney fructose

Gt - | Braln No Glucose (high affinfty)  No Yes (m)

a4 - l Heart, muscle, WAT, Yos Qlucose (high affintly)  Yes Yes
BAT, brain

GLUTS I Intestine, tostos, kidney  No Fructose; glucose Yes Yos

(very low affinity)

GLUTe  GLUTS Il Brain, spleen, No Glucose No nd.
leucocytes

GLuT? I nd. nd. nd. nd. nd.

GLUT8  GLUTXT I Testes, brain and other Nofyesin  Glucose Yes (m) Yes (m)
tissues blastocytes)

GLUTS  GLUTX Il Liver, kidney nd. nd, No hd,

GLUT10 Il Liver, pancreas No Glucose Yes (m) nd.

GLUTI1E GLUT10 Il Heart, muscle No Glucose (ow affintty);  Yes (m) No

Fructose (long form)

GLUT12  GLUT® I Heart, prostate, muscle,  Yes nd. Yes Yes
small intesting, WAT

HMIT Il Brain n.d. H*-myo-inositol No (m) Yas {m)

(Adopted from (Wood & Trayhurn, 2003), BAT-brown adipose tissue, WAT-white adipose
tissue, nd-not determined, HMIT (H*-coupled myo-inositol transporter))

(Carayannopoulos et al., 2000a, 2000b; Devaskar & Mueckler, 1992). The second group of
glucose transporters is the sodium-independent glucose transporters (GLUTS).Thirteen isoforms
have been identified: GLUT1 — GLUT12 and HMIT. Their characteristics and distribution are
shown above (Table 3).

Glucose is carried into pancreatic B-cells of the islets of Langerhans through GLUT-2 and its

oxidation leads to insulin secretion.Insulin is essential in the regulation blood glucose levels by:
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(1) Enhancing the uptake of glucose into peripheral tissues such as skeletal muscle, adipose tissue
and the kidneys- through translocation of GLUT4 vesicles to the plasma membrane to allow for
the entry of glucose into these cells.

(i1) Enhancing glucose utilization or storage in the liver by promoting glycogenesis.

(iii) Switching off lipolysis and enhancing lipogenesis in white adipose tissue (Chen et al., 2013;
Lukacinova, Mojzis, Benacka, Keller, et al., 2008; Mahmoud et al., 2015; Miranda Pedroso et
al., 2019). If the level of glucose in blood goes below normal concentrations, the hormone
glucagon is secreted by the a-cells of the pancreatic islets. Glucagon elevates blood glucose
levels by: (i) Promoting glycogenolysis and gluconeogenesis in the liver. (ii) Accelerating
lipolysis and production of free fatty acids (FFAs) from adipose tissue which is then released
into blood for energy generation.

Failure to tightly regulate blood glucose levels due to inadequate production of insulin by the
pancreas and other factors such as obesity can easily lead to diabetes mellitus (Alam et al., 2014;
Babu et al., 2013; Hossain et al., 2016; Ravishankar et al., 2013; Yu et al., 2016). Inadequate
secretion of insulin leads to type two diabetes mellitus (T2DM), also known as non-insulin
dependent diabetes mellitus (NIDDM), which is normally treated by lifestyle changes and oral
hypoglycemic agents. The other type of diabetes is characterized by complete failure of the B -
cells to produce insulin and leads to the development of type one diabetes (T1DM) or insulin
dependent diabetes mellitus (IDDM) which can only be treated by administration of exogenous
human insulin. The four important classes of oral hypoglycemic drugs are sulphonylureas (e.g.
tolbutamide, glipizide, chlorpropamide), biguanides (e.g. metformin), thiazolidinediones(TZDs)
e.g. pioglitazone, rosiglitazone and a-glucosidase inhibitors (e.g. acarbose) are mainly used for

the management of T2DM.In addition, some of the more recently approved drugs such as
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glucagon-like peptide-1 agonists, dipeptidyl peptidase-IV (DPP-1V) inhibitors and amylin
analogues are also used in the management of type -2 diabetes. Due to adverse effects of these
drugs and simply alleviating symptoms while not targeting the cause of the disease, there have
been persistent efforts to identify potential compounds that can “cure” Diabetes Mellitus, for
example by stimulating -cell regeneration and preventing apoptosis of the B-cells, leading to a
return of endogenous control of glucose homeostasis(Ralph A. DeFronzo, 2004; Esposito et al.,
2012; Hajiaghaalipour et al., 2015; Olokoba et al., 2012; Stumvoll et al., 2005; Zheng et al.,
2018).

Naturally occurring plant compounds are attractive candidates because they are abundant in
nature, inexpensive to produce and may have fewer side-effects than currently used
pharmacotherapeutic agents / compounds.Flavonoids are among such candidate molecules(Babu
et al., 2013; Chen et al., 2013; Jaeger et al., 2018; Lukaéinova, Mojzi§, Benacka, Keller, et al.,
2008; Salib et al., 2013; Sreelatha & Inbavalli, 2012). HIV- protease inhibitors are among the
first line drugs of the highly active anti-retroviral therapy (HAART) and are used in combination
with reverse transcriptase inhibitors, integrase inhibitors, etc. Their main drawback is the high
incidence of adverse effects such as induction of insulin resistance, lipodystrophy and alterations
in lipid metabolism. These side effects can be very troublesome to some of the patients on these
drugs (Anuurad et al., 2010; Lee et al., 2005; Moran et al., 2016; Pokorna et al., 2009; Wensing
et al., 2010).Insulin resistance has been implicated in the hyperglycemia associated with HIV —
Protease inhibitors used in the management of HIVV/AIDS. These drugs also cause impairment of
the ability to lower glucose by precipitating insulin resistance (Carr et al., 2008; Lien & Feinglos,
2005; Woerle et al., 2003a). HIV-protease inhibitors acutely inhibit the insulin responsive

glucose transporter- GLUT4, resulting in peripheral insulin resistance coupled with decreased
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insulin secretion by the B-cells(Hruz, 2011; Hruz et al., 2008; Koster et al., 2003; Murata et al.,
2000; Rudich et al., 2001). In Kenya, the most commonly used HIV-protease inhibitors in
HAART are Lopinavir with Ritonavir, Atazanavir with ritonavir and Darunavir. Ritonavir is
normally combined with the other HIV protease inhibitors to protect them from metabolizing
enzymes in the liver (CYP450 super family) hence its commonly referred to as a

pharmacokinetic booster(MOH, 2014; Nacc/Nascop, 2012; Nichols et al., 2008)

2.3 Incidence and prevalence of hyperglycemia in patients on HIV protease inhibitors

According to a study done in Greece(Tsiodras et al., 2000), patientson HIV- protease inhibitors
developed hyperglycemia and it was established that there is an association between HIV-
protease inhibitor use and hyperglycemia (glucose intolerance) in patients taking these drugs.
However the prevalence of insulin resistance is more common at 50% of HIV —protease inhibitor
treated patients(R. A. DeFronzo, 2010; Gutierrez & Balasubramanyam, 2012; Kalra & Agrawal,
2013; Kent et al., 2015).Increased incidence of DM has been observed in patients on HIV-
protease inhibitors (Brown et al., 2005; Janssens et al., 2007; Kalra et al., 2011; Kalra &
Agrawal, 2013). A study by a number of researchers observed that routine use of HIV-protease
inhibitors was linked to the development of hyperglycemia due to insulin resistance induced by
the HIV protease inhibitors(Calza et al., 2004; Lee et al., 2005; Tebas, 2008). From a cross-
sectional comparative studyin Ethiopia, 7.9% of patients on HIV-Pls developed
hyperglycemia(Abebe et al., 2014). A multicenter investigation by Todd Brown(Brown et al.,
2005) found that the prevalence of DM in patients on HIV-Pls was higher compared to those
who were HIV negative and unexposed to HIV-Pls, establishing that the incidence of DM in the
exposed group was four times higher compared to HIV negative peopleunexposed to the HIV-

Pls. From these studies and investigations, it is apparent that there is a strong link between
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HAART/HIV- protease inhibitors use and the occurrence of hyperglycemia in patients on

HAART incorporating HIV- protease inhibitors.

2.4 Hyperglycemia and HbAlc

HbAlc (glycated hemoglobin) is a marker of chronic hyperglycemia(Berg, 2013). HbAlc is
formed when glucose binds covalently to the B-chain of adult hemoglobin(Al-Ghamdi, 2004; Di
Angelantonio et al., 2014; Weykamp et al., 2009; Wong et al., 2017).Insulin resistance is
characterized by chronic hyperglycemia.HbAlc isa measure of the ratio between glycated
hemoglobin (HbAlc) and total hemoglobin HbAl expressed as a percentage. There is a direct
correlation between blood glucose levels and HbAlc. Higher blood glucose leads to higher
HbA1lc(Nathan et al., 2008; Sayed et al., 2018). HbAlc levels above 6.5% are indicativeof
diabetes mellitus(Joint United Nations Programme on HIV/AIDS, 2013).Normal HbAlc ranges
between 4.5% and 5.7%. HbALc levels are now used as an important screening tool for diabetes

and pre-diabetes(Bonora & Tuomilehto, 2011; Kaur et al., 2019; Mahajan & Mishra, 2011)

2.5 Flavonoids

The flavonoids are naturally occurring polyphenolic phytochemicals based on the flavone
nucleus(Hajiaghaalipour et al., 2015; Lukacinova, Mojzi§, Benacka, Keller, et al., 2008).
Flavonoids can also be defined simplyas naturally occurring phenolic compounds(Babu et al.,
2013). They are found in plants - mainly fruits and vegetables. There are various types of
flavonoids as displayed intable 4. Flavon-3-ols — include epicatechin, catechin,
epicatechingallate, gallocatechin, epigallocatechin and epigallocatechin gallate. These are found
in teas, grapes, leguminous plants, and other fruits. Flavonones - include naringin, naringenin,
and hesperidin. These are found mainly in citrus fruits, and grapefruits. Anthocyanidins - are
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found in berries, fruits, vegetables and red wine. These include Cyanidin, delphinidin,malvidin,
peonidin, pelargonidin and petunidin. Flavonols - these are found in most plants and include
kaempferol, quercetin, fisetin, isorhamnetin and myricetin.In nature they exist as glycosides.

Flavones - Include apigenin and luteolin and are found in many herbs (see table 4).

Table-4: Examples and sources of some flavonoids

Group of Flavonoid

Dietary sources

Compounds

Chemical

formula

Anthocyvanidins

Fruiks (e [.'ht'rr_'.- and berries)
vegetables and red wine

Cyanidin
Delphinidin
Mlalvidin
Pelargonidin
FPeonidin
Fetunidin

s
CasHaOwn
Ha=0
CisHnOs
ST S EELS
sz

Tea, Fruits, Cocoa and Chocolate

Catechin
I-'.p'ic_':a techin
Procyamnidins

CasHaOs
ChzH O
CankTas"h 2

Citrus fruits (e.g., grapefruits,
lemons,
and oranges)

Maringin
MNaringenin
Hesperidin

Carax
Chas a0
ConllaThs

Flavones

Fruit skins, red wine,
buckwheat, red pepper, and
tomnato skin, celery, parsley and
many herbs

Apigendn
Iuteolin

CrusHaaDs
CasHaoOs

Adopted from:(George et al., 2017; Hajiaghaalipour et al., 2015; Lukacinova, Mojzis, Benacka,

Racz, et al., 2008)

Isoflavones- are found in soy. The main isoflavones are daidzein and genistein.According to

Lucacinovaet al (2008) administration of the flavonoids -quarcetin and chrysin significantly
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lowered serum glucose in alloxan-induced diabetes in rats thus pointing to these natural

compounds as potential treatments and possibly a cure for Diabetes Mellitus.

2.6 The antihyperglycemic actions of flavonoids

The flavonoid compounds and other phytochemicals are thought toameliorate diabetes mellitus
and the accompanying hyperglycemia by their antioxidant action which is cytoprotective and to
some extent regenerates the - cells of the Islets of Langerhans(Al-Ishaq et al., 2019; Alberti &
Zimmet, 1998; Gosslau et al., 2018; Hajiaghaalipour et al., 2015; Ismail-Beigi, 2012; Marin-
Pefalver et al., 2016; VVancampfort et al., 2016). These compounds are also thought to inhibit
the sodium coupled glucose transporter (SGLT), a-amylase and sucrase activity in the small
intestine which tend to reduce the postprandial surge in blood glucoselevels(figures 5&86, table
5). Other mechanisms include direct stimulation of B-cells of Langerhans to release insulin(Al-
Ishaq et al., 2019; Feng et al., 2019; Hussain & Marouf, 2013; J. Li et al., 2019).1t is also thought
that flavonoids interfere with renal reabsorption of glucose leading to loss of glucose in
urine(Lukacinova, Mojzis, Benacka, Keller, et al., 2008; Mahmoud et al., 2015; Salib et al.,
2013)

Flavonoids act through a number of other mechanisms to counter hyperglycemia. Flavonoids
scavenge free radicals and inhibit peroxidation.This prevents oxidative stress and protects p-cells
leading to increased insulin secretion (Coskun et al., 2005; Sellamuthu et al., 2013). These
compounds may also act on the cell cycle and initiate DNA repair mechanisms(George et al.,
2017). Flavonoids also increase peripheral glucose utilization, decrease glucose transporter
activity from the intestine and enhance insulin secretion(Jadhav & Puchchakayala, 2012;
Mahmoud et al., 2015). It is also postulated that flavonoids may be acting on various molecular

targets, signaling pathways in the -cells and have been shown to regenerate damaged p-cells in
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the pancreas(Diatewa et al., 2004; Jiraungkoorskul & Jiraungkoorskul, 2015; Lavle et al.,
2016).These compounds (flavonoids) have also been shown to regulate different signal
transduction pathways(figures 5&6,table 5) in skeletal muscle,hepatocytes,adipocytes,reduce
apoptosis of B-cells, enhance insulin secretion and reduce insulin resistance(Bergman, 2013; Del

Prato, 2009; Oladele et al., 2010; Saini, 2010; Y. Zick, 2003; Yehiel Zick, 2001)
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Figure5: Effect of flavonoids on glucose metabolism(Lavle et al., 2016)

The various molecular mechanisms and actions of flavonoids are shown in figure 5 above, table

5 and figure 6 below.

Table 5: Glucose pathways targeted by flavonoids

Flavonoids Ghucose |Pathways/target mol- | Experimental Targets Comments
trans- ecules model
porier
isoforms
Amnthocyanins
Anthocyanin GLUT-2 IES1, PISk/AKT HFD-treated muce | Liver Suppressed reactive oxygen species, restored the
pathw ay, Anti- impairment of PI3k/AKT pathway, suppressed
inflamtroy pathway the JME, NF- kB and IEKP activation
Anthocyanin GLUT-2 AMPE pathway, glu- In witro Adipocyte Enhanced glucose uptake, insulin-like actvites,
cose uptake 3T3-L1, C2C12 insulin-sensitizing properties, FPAFR Yy agonist
muscle cells and p | actiwvity, increased insulin secretion.
TC-tetcells
Anthocyanin GLUT-4 Glucose uptake STEZ-induced Heart, skeletal Antoxidant actvity, prevent pancreatic apopto-
diabetic rats muscle, pancreat- | sis, decreased glucose lewvels, Increased insulin
ic tissues and secretion, actvated insulin receptor phosphoryla-
serum tion and increased GLUT-4 expression
Anthocyanin GLUT-4 AMNPE, insulin sensi- diabetic mnic White adip ose hyperglyremia and insulin sensitivity ris activa-

tivity, PPAR. tissue, skeletal tion of AMPE, upregulation of glucose transporter
muscle, and the |4 in WAT and skeletal muscle, suppression of
liver glucose production and inactivation of acetyl-CoA
carboxylase in the liver
Cyanidin GLUT-4 | Antiinflamtroy path- | KE-Ay diabetic White adipose Ameliorated hyperglycemia and insulin sensitiv-
3-glucoside way, glucose uptake, | mice tissue ity, upregulated the GLUT 4, downregulated the
GLUT 4 regulation, inflammatory adipocytokines (TMF-a and
MCP-1)
Cyanidin GLUT-4 | Antiinflamtroy path- | C57BL/Ks db/db | White adipose Lowered fasting gluc ose lewels, improved the
3-glucoside way, modulating the tissue and blood | insulin sensitivity, reduced inflammatory eyto-
JNE/FoxO1 signaling kines (THNF-a, IL-5, and MCP-1).
pathway
Cyanidin GLUT-4 | Glucose uptake In witro Adipocyte 3T3-L1 | Insulin-like activities, increased adipocyte glucose
3-Glur oside uptake, GLUT-4 expression and translocation,
increased nuclear PPAR g activity, improve insulin
resistance.
Flavon-3-ols
Catechin GLUT-4 |Enhanced GLUT4 STZ-induced Liver, muscle and | Hyp o-glycemie, Glucose oxidizing and insulin
mENA and protein diabetic rats blood mimetic activities.
expression
(-}epicatechin(EP) | GLUT-4 | Glucose uptake, PISK | In zitro 3T3-L1 adipocytes | Promote the translocation of GLUT-4 through
activation of PI3E, increased phosphorylation of
PECA/L.
(-}epigallocatechin | GLUT-4 | Glucose uptake, PISK | In zitro 3T3-L1 adipocytes | Promote the translocation of GLUT-4 through
(EGC) activation of PI3K, increased phosphorylation of
PECA/T.
(-}epigallocatechi |GLUT-4 |Suppressed [NE In witro and obese | Adipocytes ts- Decreased [NE phosphorylation and promoted
n-3-gallate pathovay EK-ay sug, 3T3-L1 adi- | GLUT- translocation
(EGCG) mice, HFD-induce | pocytes
d obese rats
(-}epigallocatechi |GLUT-4 | AMPE, insulinsignal- | In vivo Skeletal muscle Activated AMPE pathwray, improving insulin
n-3-gallate ing pathway and adipose signaling pathway, decrease oxidative stress,
(EGCG) tissue merrbrane translocation and Ser307 phosphoryla-

tion of IRS-1, increase in Ser473 phosphorylation
of Akt and GLUT4 translocation in skeletal mus-
cle and adipose tissue
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(George et al., 2017; Hajiaghaalipour et al., 2015; Lukacéinova, Mojzi$, Benacka, Récz, et al.,

2008)
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Figure 6: A flowchart of the proposed role of flavonoids on management of blood glucose in

diabetes. AKT; v-akt murine thymoma viral oncogene homolog, IRS; Insulin receptor substrate,

HB; hemoglobin, HbAlc; Glycated hemoglobin, HMG-CoA:3-hydroxy-3-methylglutaryl-

coenzyme A, IL-1B; Interleukin-1 beta, PI3K; Phosphatidylinositol-3-kinase, SREBP-1c; Sterol

regulatory element-binding protein, TG; Triglycerides, VLDL; Very low density lipoprotein, (1

Increase, | Decrease)(Vinayagam & Xu, 2015)
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2.7DiosminandHesperidin

Diosmin is a derived from hesperidin by dehydrogenation (figure 7). Hesperidin is a flavone
glycoside mainly found in the citrus family of fruits. Currently Diosmin is mainly indicated for
the management of chronic venous insufficiency; for example in varicose veins, venous ulcers,
piles, neuropathic pain and is being tested for activity against COVID-19 (Carballo-Villalobos et
al., 2016; Giannini et al., 2015; Haggag et al., 2020; Toledo et al., 2017). Hesperidin is a
precursor of diosmin though they are normally co-administered together in the treatment of
chronic venous insufficiency(El-Shafae & El-Domiaty, 2001; Kanaze et al., 2003; “Monograph.
Diosmin.,” 2004).Research on rats with streptozocin induced diabetes has demonstrated that

diosmin may treat diabetes (Pari & Srinivasan, 2010).

Figure 7a: Diosmin
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Figure 7b: Hesperidin

Figures 7 : Structures of the flavonoids Diosmin and Hesperidin (Vinayagam & Xu, 2015)

2.8Lopinavir, Atazanavir and Ritonavir

These drugs (lopinavir, atazanavir and ritonavir) are all HIV —protease inhibitors. They inhibit
the enzyme HIV protease- an enzyme that is required for the cleavage of the viral glycoprotein
precursors into functional -proteins in the infectious HIV(Chandwani & Shuter, 2008; Cvetkovic
& Goa, 2003; Molina et al., 2010).Ritonavir, a part from inhibiting HIV-protease also inhibits
the isoenzyme CYP450 3A4 which metabolizes HIV- Protease inhibitors.For this reason
ritonavir is added to other HIV-protease inhibitors to protect them from these metabolizing
enzymes andthus increasestheir half-lifeleading to less frequent dosing that reduces the pill

burden on thepatient andincreases patient compliance.
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Figure8:Potential target molecules of the HIV- protease inhibitors that may lead to toxicity(X. Li
et al., 2015).

Ritonavir is thus a pharmacokinetic booster. Toxicity of the HIV-Pls is due to the fact these cells
inhibit other cell proteases (figure 8) (Findlay, 2007; Jamjoom, 1991; Lv et al., 2015; Molina et
al., 2008; Sevrioukova & Poulos, 2010). The toxicity of HIV-PIs is due their inhibition of other

cellular proteases as described displayed in figure 8.
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2.9 Conceptual framework

The relationship between the HIV-Pls, flavonoids, food, blood insulin levels, blood glucose

levels and blood HbAlc levels is summarized in the conceptual framework below (figure 9)

Impairs insulin Stimulates insulin
action BLOOD INSULIN |, secretion
HIV-Pls LEVELS < FOOD
Impairs glucose Lowers blood
uptake glucose
Inreases blood
glucose
: prqmotejs
FLAVONOIDS insulin action BLOOD GLUCOSE

» LEVELS

Promotes
glucose uptake

High blood glucose leads to
high HbA1c levels

BLOOD HbA1c
LEVELS

Figure 9: Conceptual Framework
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area
This study was conducted within the zoology Laboratories of the University of Eldoret in Uashin
Gishu County, in the North rift region of Kenya. This Laboratories are well equipped and

designed for animal studies.

3.2 Study design

This was a randomized controlled experimental study in which seventy twomale Wistar rats aged
3 to 4 months weighing between 170g and 250g were randomly assigned into six groups of
twelve rats each. Each group was subjected to a specific treatment as described under treatments

(section 3.7).

3.3 Sample size determination

For this study,the sample sizes were calculated based on blood glucose levels.Blood glucose can
be classified as fasting blood glucose (FBG), random blood sugar(RBS) or postprandial blood
glucose(PBG)(Jean-Marie, 2018). Fasting blood glucose (FBG) and postprandial blood glucose
(PBG) in rats is 3.95+£1.31 and 5.65+1.63 mmol/Lrespectively(Wang et al., 2010). Sample size
was estimated using the Glenn D. Israel(lsrael, 1992)statistical formula based on confidence

intervals:

N= (Z%1.q2+S%)/d?
n=sample size per group (treatment)

Z1.42= Z-value at a-level of significance where the value of Z 1.,,,with a=0.05 is equal t01.96
(from statisticaltables).
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The assumption here being that glucose concentration in blood is normally distributed in a
random rat sample.

S= is the sample standard deviation of blood glucose levels which from the above figures is

estimated at 1.6mmol/L(Wang et al., 2010).
d= Effect size, in this case ourd=1mmol/L level of precision in blood glucose concentration.

Therefore n=(1.96°x 1.6%/1?> =9.83 = 10 animals per group or treatment.20% (done at the
investigator’s discretion)more animals were added to cater for any fatalities that may occur

during the course of the study to avoid compromising the statistical power of the study.

3.4 Sampling procedure

72 male Wistarrats, aged 3-4months weighing around 170g — 200gwere randomly selected at the
university of Nairobi animal house.Twelve animals were then randomly assigned into the

sixdifferent treatment groups.

3.5 Treatment protocols

The 72 male Wistar rats, purchased from the university of Nairobi (Kenya) animal housewere
kept for two weeks to acclimatize in their new environment at the university of Eldoret (Kenya)
zoology laboratories. These labs were chosen because of their suitability for this kind study in
terms of personnel, proximity and equipment. The animals were fed with commercial rat pellets
(refer appendix 11 for nutrient composition of the pellets) 7g per animal three times a day: at 7
am, 1 pm and 8pm and given enough water to drinkand this was done because it is random blood
sugar that was measured.Each animal was weighed (using W.C Redmon Deluxe™ digital small

animal and avian scale) and given a serial number ranging from 1 to 12 for each group and
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labeled appropriately using indelible ink on their backs and tails. Their baseline random blood
glucose was measured using a glucometerand recorded.Any animal that was found to have a
random blood glucose levels of more than 7mmol/L (this parameter value was used as a
threshold for diagnosing hyperglycemia) wasretested and if confirmed wasexcluded from the
procedure and replaced. The animals were then randomlyassigned into 6 groups (using simple
random sampling and labelled as stated above)and placed into separate cages labelled and
partitioned appropriately (based on the group treatment) to accommodate each animal

individually (sections 3.6 and 3.7 below).

3.6Animals, materials and reagents

Study animals

The malewistarrats (Rattusnorvegicusalbinus) werethe experimental/studyanimals (animal

model).

Drugs

The othermain materials for this study were:Lopinavir/Ritonavir (200/50 mg) tablets,
Atazanavir/Ritonavir (300/100mg) tablets, purchased from Mylan Laboratories Ltd,India,
through their Local (Kenya) distributors-Harleys Ltd, Nairobi. Diosmin/Hesperidin (450/50
mg)tablets from Servier Laboratories, France were purchased from the local (Kenya)
distributors- Transwide pharmaceuticals Ltd, Nairobi. Therest of the materials are as listed under

appendix 3.

Rats

72male wistarrats were randomly assigned into six treatment groups of 12 animals eachand

treated as follows:
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Group 1

12 rats —werefed on normal rat diet (7g three times a day)and used as the control group for the

duration of the experiment (6 weeks).

Group 2

12 rats were fed on normal diet (7g three times a day) plus Lopinavir/Ritonavir 2/0.5 mg per kg

body weight twelve hourly for 6 weeks.

Group 3

12 rats — Were placed on normal diet(7g three times a day) plus Atazanavir/Ritonavir 3/1 mg/kg

body weight administered twelve hourly for 6 weeks.

Group 4

12 rats- were placed on normal diet (79 three times a day) plus Lopinavir/Ritonavir at a dose of
2/0.5 mg/kg plus Hesperidin/Diosmin 4.5/0.5 mg /kg body weight co-administered twelve hourly

for 6 weeks.

Group 5
12 rats- were placed on normal diet (79 three times a day) plus Atazanavir/Ritonavir at a dose of
3/1mg/kg plus Hesperidin/Diosmin4.5/0.5 mg /kg body weight co-administeredtwelve hourly for
6 weeks.

Group 6

12 rats were placed on normal diet (7g three times a day) on normal diet plus

Hesperidin/Diosmin 4.5/0.5 mg/kg body weight for 6 weeks.
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At end of week six

At the end of the sixth week, blood was obtained by tail prick for blood glucose levels
measurement and then all the remaining rats were sacrificedand 2ml blood was collected by
cardiopuncture using 21 gauge needles. Half of the blood was placed into collection tubes
(Vacutainers) with anticoagulant (EDTA) and the other half was placed in collection tubes
without anticoagulant. The blood samples were used to analyze the blood for HbAlc levels and
insulin levels. These results were recorded. Due to the small size of the animals, blood samples
were collected at the beginning and the end of week six because bleeding the animals on a

weekly basis to extract 2ml of blood could have killed the animals.

3.7 Detailed protocols/treatments

Treatment 1

Every day for 6 weeks groupl rats were each fed on 7g of the normal commercial rat food pellets
three times a day (8am, 1pm and 8pm).On day 0 blood glucose was measured by tail prick and
glucometer. On day7,dayl4, day2l, day28, day35 and day42 each rat was taken in turn,
according to its label and a drop of blood was drawn from its tail vein and blood glucose level
measured using the glucometer and recorded. The animals’ body weights in grams were also

taken and recorded.

Treatment 2

For this group for 6 weeks each rat was fed on 7g of the rat pellets three times a day (8am, lam
and 8pm). In addition, each rat was given Lopinavir/ritonavir mixed with the food pellets at a
dose of 2/0.5 mg/kg body weight twice a day (7am and 7 pm). On day0, day7, dayl4, day21,
day28, day35 and day42 a drop of blood was taken from the tail vein and the blood glucose level
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was measured using the glucometer and their weight in grams was also taken. (See appendix 4

on how to prepare a fresh lopinavir/ritonavir mixture in rat pellets)

Treatment 3

These animals were fed on 7g of the normal diet rat pellets three times a day (8am, 1am and 8
pm). Atazanavir/ritonavir was adminstered at a dose of Atazanavir/ritonavir 3mg/1 mg/kg body
weight twelve hourly (7am and 7pm) mixed with the crushed food pellets. On day0, day7,day
14,day?1 and day28,day35 and day42 a drop of blood was taken from the tail veins and blood
glucose level measured using glucometer and body weights were taken using an electronic
weighing balance and recorded on the results table (See appendix 5 on how to prepare a fresh

mixture of Atazanavir/ritonavir and rat pellets)

Table 6-Treatment protocols summary

Group Treatment

Groupl Rat food pellets

Group2 Rat food pellets+lopinavir+ritonavir

Group3 Rat food pellets+atazanavir+ritonavir

Group4 Ratfoodpellets+lopinavir+ritonavir+ hesperidin+diosmin
Group5 Ratfoodpellets+atazanavir/ritonavir +hesperidin+diosmin
Group 6 Rat food pellets +hesperidin/diosmin

Treatment 4

Each of these animalswere fedon 7g of the rat food pellets three times a day (8am,1pm and 8pm).
Lopinavir/ritonavirwas administered to the animals at dose of 2/0.5 mg /kg bodyweight
plusdiosmin/hesperidin at a dose of 4.5/0.5 mg/kg body weight twelve hourly (7am and 7pm).4
hours after feeding in the morning (to measure random blood sugar [RBS]), on day0, day?7,
dayl4 day21, day28, day35 and day42;a drop ofblood was taken from the tail and blood glucose
was measured using a glucometer and the body weight was taken using a weighing balance. The
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results were recorded in the results table (See appendix 6 on how to prepare a fresh mixture of

diosmin/hesperidin in rat pellets).

Treatment 5

Each of these animalswere fed on 7g of the normal diet rat pellets three times a day (8 am, 1pm
and 8pm).Atazanavir/ritonavir at a dose of Atazanavir/ritonavir 3/Img per Kkg
plushesperidin/diosminwas administered at a dose of 4.5/0.5mg/kg every twelve hours (7am and
7pm). On day 0, day7, dayl4, day21, day28, day35 and day42a drop of blood fromthe tail vein
was used to measure blood glucose using a glucometer and the body weights were taken. The

results were recorded in a results table. (See appendix 7 for formulation)

Treatment 6

Each of these 12 animals were fed on 7g rat pellets three times a day (8am, 1pm and 8pm).
Hesperidin/Diosmin 4.5/0.5mg/kg body weight twice a day for 6 weeks. On the day 0, day?7,
dayl4, day21, day28, day 35 and day 42 a drop of blood was drawn from thetail vein and blood
glucose was taken with glucometerand the body weights were taken and recorded in the results
table ( see Appendix 8 for formulation). This group was intended to assess the effect of the
diosmin-hesperidin combination on the blood sugar of untreated (not treated with IV-PIs)

animals

Procedures on day 42

On day42 the blood glucose level was measured using a drop of blood taken from the tail vein,
the body weights were also measured. The animals were anaesthetized one at a time with

chloroform and enough blood was collected through cardiopuncture using gauge 21 needles into
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collection tubes (vacutainers) and equal amounts of 1ml were placed intocontainers with
anticoagulant (EDTA)and those without anticoagulant respectivelyand stored in a fridge for
assay. The insulin and HbAlc levels were measured using rat insulin ELISA test kits and

HbAlc- meter respectively and the results recorded in a results table.

3.8 Inclusion and exclusion criteria

Inclusion criteria

The animals included in this study had to be males Wistar rats weighing at least 170g and 3 to 4
months old. Their random blood glucose had to be less than 7mmol/L. They also had to be free

of any obvious malformation or disease.

Exclusion criteria

Any animal that was not male, less than 170g in body weight with obvious malady or
malformation was excluded. Those animals with random blood glucose of 7mmol/L or more

were also excluded from the study.

3.9 Data collection

Blood glucose

The random blood glucose levels were taken at the start of the study before the treatments were
administered (baseline) and thereafter the blood glucose levels were measured once a week on
the same day and time over the duration of the study and the results were recorded. The blood
glucose levels were measured using a glucometer ( On - Call plus™ by ACON laboratories
Inc., 1025 Mesa Rim Road, San Diego, CA 92121, USA, 2016 model). Each animal’s blood

glucose levels were measured once during each session unless on measurement the glucose
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levels were abnormally high or abnormally low in which case the test was repeated to confirm

the results.

Blood insulin levels

Blood samples were taken from the animals from the tail vein at the start of the study in a
specimen container without an anticoagulant. The specimen was allowed to clot and 100uL of
the supernatantwas drawn and loaded into the ADVIA™ Centaur Insulin Assay system
(Siemens™ Healthcare Diagnostics, USA) and an automated rat insulin ELISA assay was
conducted by the machine. Onday 42 the animals were sacrificed and blood samples were
obtained by cardiopuncture and the above insulin assay procedure was repeated until all the
samples were analyzed.

Blood percentage HbAlc

At the start of the study, blood samples from the tail vein of the animals were collected into
specimen tubes with an anticoagulant (EDTA) to keep the specimen uncoagulated. 100uL blood
sample was taken using a pipette and placed in the sample cartridge of the MISIPA-i3™
cartridge based protein auto-analyzer (AGAPPE DIAGNOSTICS™, Switzerland GmbH). Eight
minutes after loading, the results were printed and the HbAlc values in percentage were
recorded. At the end of the study (Day 42) the animals were sacrificed using chloroform to
induce anaesthesia and blood samples were collected by cardiopuncture into specimen tubes with

anticoagulant and the HbAlc assay was repeated until all the samples were analyzed.

3.10 Data analysis
The data was summarized using the meanz SD (standard deviation) and displayed in tables and
graphs to demonstrate the main trends of blood glucose (mmol/L), percentageblood HbAlc

levels and bloodinsulin (uIU/mL) concentrationover the duration of the study.Analysis of the
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group mean blood glucose, blood insulin levels andpercentage blood HbAlcwas done using one-
way ANOVA(F-value).Normality of the data was not tested but the central limit theorem (CLT)
was invoked. The equality of variances was tested using Levenne’s test and was noted if
significant. Differences between the group means of these measurements due to experimental
treatments was assessed by computation of the Least Significant Difference (LSD)through ad
hoc multiple group comparisons. The associated p-values of the differences of the group means
and the effect sizes of the F-values(partial eta squared,nZ) were noted.Results were considered
significant if the test statistics (F-valueand LSDs)had p —values less than or equal to the level of
significancei.e. 0=0.05 (P<0.05). The effect sizeof the test statistics was interpreted using the

Cohen’s guidelines (J. Cohen, 1988)

3.11Ethical considerations

This study involved the use of animals - albinoWistar rats (Rattusnorvegiccusalbinus).
Permission to use the animals as the experimental model was obtainedfrom the ethical review
board on the use of laboratory animals from The University of Eastern Africa, Baraton, Kenya.
Permission to conduct the study was also sought from and granted by the school of graduate

studies (SGS), Maseno University(Appendix 7and 8).

3.12 Study limitations and challenges
1. The main study limitation was the small size of the animals which made it challenging in

terms of sample collection, especially blood from the live animals.

2. Due to the oily nature of the rat fur it was sometimes difficult to label the animals permanently
using ink. It necessitated daily relabeling of the animals to track identity. This was not only time

consuming but laborious
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3. Limited financial resources posed a challenge. For this reason the blood levels of HbAlcand
plasma insulinlevels had to be done only twice: at the beginning and at the end of the study. This

IS because these assays are quite expensive.

4. Given that the Wistar rats small animals only limited amounts of blood for laboratory assays
could be drawn from the live animals at any given time without harming them. This meant that

tests like insulin levels and HbAZ1c levels could done a limited number of times.

3.13 Disclosures

This project was wholly funded by the investigator. There are financial disclosures to be made.
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CHAPTER FOUR
RESULTS
4.1 Blood glucose levels in HIV- protease inhibitor treated rats

The baseline (day 0) group mean blood glucose levels were measured before the treatments were
administered with the control, LPV/RTV and ATV/RTV groups attaining mean group blood
glucose levels 0f4.07+0.27, 4.18+0.25 and 4.09+0.37 mmol/L respectively ( displayed in figure

10). These differences were not statistically significant (p=0.113, 1°=0.124).
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Figure 10: Mean blood glucose levels of Lopinavir /ritonavir (LPV/RTV) and

Atazanavir/ritonavir (ATV/RTV) treated groups over time.
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At the end of week one, with the exception of the control group (4.10+0.386 mmol/L),the other
two groups showed a drastic drop in their meangroup blood glucose with the LPV/RTV treated
group attainingthe lowest groupblood glucose mean (2.99+0.80 mmol/L) and the ATV/RTV

treated group with 3.18+0.87mmol/L.

This drop in group mean blood glucose was demonstrated by the animals treated with HIV-
protease inhibitors (p<0.0001, n? =0.299) indicating highly significant differences in the group
mean blood glucose levels.During this period the effect size of the group blood glucose mean
differences (partial eta squared,n?) increased by 141% (from 0.124 at baseline to 0.299)
indicating that the treatments had huge contribution(from 12.4% to 30%)towards the differences
in the mean blood glucose amongst the groups. The HIV-protease inhibitor treated groups
themselves did not show a significant differences in their group mean blood glucose levels: the
ATV/RTV and LPV/RTYV treated group had a difference of 0.192mmol/L (p=0.450).By the end
of the second week of treatment, the group mean blood glucose levels of the on HIV- protease
inhibitor treated groups had increased significantly. The LPV/RTYV treated group had the highest
group mean (4.78+0.65 mmol/L) followed by the ATV/RTV treated group(4.53£0.46 mmol/L)
and was significant (p=0.01, 1]2:0.204) when compared to the control (4.30+£0.47 mmol/L). An
ad hoc pairwise multiple comparison of the HIV-protease inhibitor treated groups based on the
least significant difference(LSD) revealed that the LPV/RTV group had no significant difference
in group mean blood glucose levels when compared with the ATV/RTV treated group
(difference(diff.) =0.256mmol/L, p=0.252).

The end of the third week of treatment is the period when the groups treated with ATV/RTV and
LPV/RTV attained highest group mean blood glucose levels of 5.95+2.15 mmol/L and 5.14+0.92

mmol/L respectively, compared to the control(3.88+0.42 mmol/L) indicating a highly significant
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difference in the group mean blood glucose levels between thesetreatments (p<0.0001, n?=0.272)
and that over 27% of the group difference was due to the treatments (effect size). By the end of
the fourth week the HIV-protease inhibitor treated groups still had the high group mean blood
glucose levels. The ATV/RTYV treated group had the highest group mean (4.91+0.90 mmol/L)
followed by the LPV/RTYV treated group (4.64+0.29 mmol/L) and compared to the control group
(4.11+/-0.25 mmol/L). By the end of the fifth week the ATV/RTV treatedgroup still had the
highest group mean blood glucose level(5.03£0.63mmol/L) followed by the LPV/RTV treated
group (4.51+0.60mmol/L) and the control (4.16+/-0.38) respectively. The difference between
the three groups in terms of their group mean blood glucose levels was significant (p<0.0001,
1°=0.349). At the end of the sixth week,the ATV/RTV treated group had the higher group mean
blood glucose level (4.89+£0.71mmol/L) followed by the LPV/RTV treated group (4.43%0.77
mmol/L) with the control attaining 3.94+0.32mmol/L. These group mean blood glucose

levelswere significantly different (p=0.03,1°=0.166) at the tail end of the study.

4.2 The blood glucose levels in rats treated with HIV- protease inhibitors (LPV/RTV OR
ATV /RTV) plus flavonoids (Diosmin/Hesperidin combination)

4.2.1 The blood glucose levels of the lopinavir/ritonavirand lopinavir
[ritonavir+diosmin/hesperidin treated groups

At the end of the first week of treatment there was a drastic fall in the group mean blood glucose
levels (displayed in figure 11) in the LPV/RTV (2.99+0.80 mmol/L) and the
LPV/RTV+DIOS/HES (3.49£0.63 mmol/L) treated animals compared to the control (4.10+0.38
mmol/L). This difference between LPV/RTV and control was significant(p<0.0001) and the

difference between the control group and the LPV/RTV+DIOS/HES was also significant
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(p=0.038).The difference between the LPV/RTV and the LPV/RTV+DIOS/HES was significant
too (p=0.047).At the second week of treatment the group blood glucose means of the
grouptreated with LPV/RTV (4.78+0.65 mmol/L) had higher group mean blood glucose level
compared to the group treated with LPV/RTV+DIOS/HES (4.32+ 0.147mmol/L) and the Control

group (4.30£0.47 mmol/L).
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Figure 11:The group mean blood glucose of the control, the lopinavir/ritonavir(LPV/RTV) and

the lopinavir/ritonavir+diosmin/hesperidin (LPV/RTV+DIOS/HES) treated groups over time.

The p-values of the differences were as follows: the control group versus LPV/RTV treated
group (p=0.006), the control group versus the LPV/RTV+DIOS/HES treated group (p=0.55) and

the LPV/RTV versus LPV/RTV+DIOS/HES (p=0.028). The addition of diosmin/hesperidin to
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lopinavir/ritonavir did have a significant effect in terms of lowering the group mean blood
glucose of the LPV/RTV+DIOS/HES to the extent that the difference was not significant when
compared with the control while on the other hand the difference between the LPV/RTV and the
LPV/RTV+DIOS/HES was significant (p=0.028).

By the end of the third week of treatment, the control(3.88+/-0.42 mmol/L) and the LPV/RTV
(5.14+/-0.92 mmol/L) groups had significant differences in their group mean blood glucose
concentrations(diff.=1.26 mmol/L, p=0.016).The control group and the
LPV/RTV+DIOS/HES(5.29+/-0.1.72 mmol/L) treated groups also had a significant difference in
their group mean blood glucose levels (diff.=1.41 mmol/L, p =0.007) with the
LPV/RTV+DIOS/HES group attaining the highest blood glucose meanamong the three groups at
this point in time (figure10). The LPV/RTV and the LPV/RTV + DIOS/HES treated groups did
not show a significant difference in their group mean blood glucose levels at this point in
time(0.150 mmol/L, p = 0.770)although the LPV/RTV + DIOS/HES treated group had a slightly
higher blood glucose level indicating that at this point in time the administration of DIOS/HES
combination did not have a significant impact on the hyperglycaemic effect of LPV/RTV
treatment.

At the end of the fourth week of treatment there was no significant difference in the group mean
blood glucose levels of the control (4.11+£0.25 mmol/L), the LPV/RTV(4.64£029 mmol/L) and
the LPV/RTV+DIOS/HES (4.46£0.55 mmol/L) treatment groups. The difference between the
group mean blood glucose of the LPV/RTV group and the control was marginally significant
(p=0.051). The control and the LPV/RTV+DIOS/HES groups had an insignificant difference
(p=0.18)so was the group mean blood glucose between the LPV/RTV and the LPV/RTV

+DIOS/HES (p=0.55). By the end of the fifth week the Control (3.94+0.77 mmol/L) and the

46



LPV/RTV (4.43+£0.77 mmol/L) treated groups had a significant difference in the group mean
blood glucose (0.492 mmol/L, p=0.043). The LPV/RTV+DIOS/HES treated group had a higher
mean blood glucose than the Control group (difference=0.840 mmol/L, p<0.0001). The
LPV/RTV and the LPV/RTV+DIOS/HES treated groups had no significant difference in their
mean blood glucose levels (diff. =0.348 mmol/L, p=0.155). This again indicates that the
DIOS/HES combination did not have an impact on the LPV/RTV induced increase in blood
glucose. By the end of the sixth, the Control (4.02+0.37mmol/L) and the LPV/RTV (4.16+0.40
mmol/L) treated groups did not have a significant difference in their group mean blood glucose
level (0.146mmol/L, p=0.448). The control group and the LPV/RTV+DIOS/HESgroup
(3.77£0.39 mmol/L) did not show a significant difference (0.244 mmol/L, p=0.168) either,
whereas the LPV/RTV and the LPV/RTV+DIOS/HES treated groups had a marginally
significant difference (0.390 mmol/L, p=0.049)in their group mean blood glucose levels with the

LPV/RTV group having a higher group mean blood glucose(4.16+0.40 mmol/L).

4.2.2 The blood glucose levelsin theAtazanavir/Ritonavir and Atazanavir/Ritonavir+
Diosmin/Hesperidin treated rats

At the inception of the study (day 0) there was no significant difference in the group mean blood
glucose of the control (4.07+£0.27mmol/L) group, the ATV/RTV9 (4.07+0.36 mmol/L) and the
ATV/RTV+DIOS/HES (4.09+0.28 mmol/L) groups. This is because at day 0 (baseline) no
treatment had been administered. By the end of week one however, the group mean blood
glucose levels were significantly different among the groups (figure 12). The control group
(4.02+£0.25 mmol/L) and the ATV/RTV (3.18+0.87 mmol/L) treated group had significantly
different group mean blood glucose levels (diff.=0.83mmol/L, p<0.0001).The control group had

a significantlyhigher group mean blood glucose level than the ATV/RTV+DIOS/HES (3.39+0.48
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mmol/L) treated group (diff.=0.625 mmol/L, p=0.014). However, the ATV/RTV and the
ATV/RTV+ DIOS/HES treated groups did not show any significant difference in their group
mean blood glucose levels (diff.=0.208 mmol/L, p=0.403) at this point.
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Figure 12: The group mean blood glucose of the control,Atazanavir /ritonavir (ATV/RTV) and
Atazanavir/ritonavir+diosmin/hesperidin (ATV/RTV+DIOS/HES) treated groups.

At the end of the second week of treatment the ATV/RTV treated group had higher group mean
blood glucose (4.51+£0.45 mmol/L) than the control group (4.19+£0.32 mmol/L)but the difference
was not significant (diff.=0.317 mmol/L, p=0.123). At this point in time there was also no

significant difference (diff.=0.101 mmol/L, p=0.665) between the group mean blood glucose
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levels of the control group and the ATV/RTV+ DIOS/HES treated group (4.09+0.59 mmol/L).
The ATV/RTV and ATV/RTV +DIOS/HES treated groups did not demonstrate a significant
difference either(diff.=0.417 mmol/L, p= 0.054).

By the end of third week the ATV/RTV treated group showed a drastic increase in the mean
blood glucose(5.95+2.15 mmol/L) compared to the control group(3.88+0.42 mmol/L)and had a
highly significant difference (diff.=2.08 mmol/L,p< 0.001). There was however no significant
difference in the group mean blood glucose level between the control group and the ATV/RTV+
DIOS/HES (4.45+£0.79 mmol/L) treated group (diff.=0.57 mmol/L, p=0.277). There wasalso a
significant difference in the group mean blood glucose levels between the ATV/RTV and the
ATV/RTV + DIOS/HES treated groups (diff.=1.50 mmol/L, p= 0.006).0n day 28 (end of the 4"
week) the ATV/RTV treated group had a higher mean blood glucose level (4.91+0.91 mmol/L)
than the control group (4.11+£0.25 mmol/L) with a significant difference (diff.=0.80 mmol/L,
p=0.002)confirming that this HIV-protease inhibitorcombination(ATV/RTV) increased blood
glucose levels. The control group and the ATV/RTV+DIOS/HES (4.22+0.94 mmol/L) treated
group did not have significantly different levels of group mean blood glucose (diff.=0.110
mmoOI/L, p = 0.668) showing that the co-administration of DIOS/HES with ATV/RTV countered
the hyperglycaemic effects of ATV/RTV administration to the animals. At this point in time the
ATV/RTV and ATV/RTV+ DIOS/HES treated groups demonstrated a very significant difference
in their blood glucose (diff.=0.69 mmol/L, p = 0.009). It is noteworthy that the addition of the
flavonoids DIOS/HES to the ATV/RTV treatment regimen reduced its blood glucose elevating
effect. At the end of week five, the control group (3.94+/-0.32 mmol/L) and the group treated

with ATV/RTV (4.89+/-0.71 mmol/L) had a highly significant difference (diff.=0.950 mmol/L,
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p<0.0001). The control group and the ATV/RTV+DIOS/HES (3.84+0.65 mmol/L) treated group
did not have a significant difference in their blood glucose (diff.=0.395 mmol/L, p = 0.084).

On the other hand the ATV/RTV and ATV/RTV+DIOS/HES treated group demonstrated
significantly different group mean blood glucose levels (diff.=0.56 mmol/L, p=0.019). The
ATV/RTV group had a higher group mean blood glucose(4.89+0.71 mmol/L) than the
ATV/RTV+DIOS/HES treated group(4.34+0.42 mmol/L).By the end of the sixth week the
control group (4.02+0.37 mmol/L) and the ATV/RTYV treated group (4.29+0.39 mmol/L) did not
show significant difference in their blood glucose levels (diff.=0.275 mmol/L, p=0.113). The
control group and the ATV/RTV+DIOS/HES treated group (3.84+0.65 mmol/L)also did not
show any significant difference also at this point (diff.=0.180 mmol/L, p=0.306). However, on
this same period (week six) the ATV/RTV and the ATV/RTV+DIOS/HES treated groups had a

significant difference in their group mean blood glucose levels (diff.=0.455 mmol/L, p=0.011).

4.2.3Blood glucose levels of diosmin/hesperidin treated rats

The mean blood glucose levels of the diosmin/hesperidin(DIOS/HES) treated group did not show
any significant differencefrom the control groupthroughout the duration of the study(as displayed
in table 7). This indicated that treatment with diosmin/hesperidin did not exert any obvious
effect on the blood glucose level of theanimals in the HIV-PI untreated animals. However, the
mean blood glucose levels of the DIOS/HES treated group become more stable as the animals
got treated with these flavonoids. The standard deviation (SD) of the group mean glucose levels
of the DIOS/HES treated group declined over time, particularly from the third week (figure 13)
compared to the control group whose variability of the group mean blood glucose levels

(indicative of glycemic control) of the animals (as indicated by volatility of the SD) remained
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relatively high throughout the duration of the study (figure 12). This shows that the intake of

flavonoids may have a beneficial effect of stabilizing the blood glucose levels.

Table 7: Blood glucose levels (mmol/L) of the Control and DIOS/HES groups

Time (Weeks) Control group(mmol/L) Diosmin/Hesperidin P - value
Group(mmol/L)

Baseline 4.07+0.27 4.00+£0.35 0.612

(Day 0) n=12 n=12

Week 1 4.021£0.25 3.91+0.32 0.663
n=12 n=12

Week 2 4.19140.32 4.11£0.43 0.690
n=12 n=12

Week 3 3.88+£0.42 4.07£0.26 0.277
n=12 n=12

Week 4 4,11+0.25 3.97+0.24 0.572
n=12 n=12

Week 5 3.94+0.32 3.95+0.18 0.970
n=12 n=12

Week 6 4.02+0.37 3.9910.21 0.884
n=12 n=12
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Figure 13: Variability of the group mean (standard deviation) of the of the blood glucose of the
Control group and DIOS/HES treated rats.

Treatment with flavonoids over time seems to decrease the variability in the mean of the blood
sugar levels thus smoothening the of blood sugar levels (glycemic control). The overall effect is
that there was a decrease in the variability of the mean blood sugar in the DIOS/HES treated
animals compared to the Control group. An independent t-test of the overall difference in the
standard deviations of the group mean blood glucose levels between the control group and the

DIOS/HES treated group however was not significant, t;.,, (df =12; p=0.478).

4.2.4 Theblood glucose levels of the DIOS/HES, the ATV /RTV + DIOS/HESand

LPV/RTV + DIOS/HEStreated rats

For all the four groups the mean blood glucose levels were not significantly different on day
zero (baseline) and at the end of the sixth week (figure 14). The control and the DIOS/HES
treated groups did not exhibit any significant differences in their group mean blood glucose
levels for the entire duration of the study.The control group (4.02+0.25 mmol/L) and
ATV/RTV+DIOS/HES (3.39+0.48 mmol/L) had a significant difference (p=0.014) only once at
the end of the first week of treatment. From the second week of treatment, thecontrol, the
DIOS/HES and the ATV/RTV + DIOS/HES treated groups did not exhibitany significant
difference in their group mean blood glucose levels (figure 14). The control group and the
LPV/RTV+DIOS/HES (3.49+0.63 mmol/L) had a significant difference (diff.=0.53mmol/L,
p=0.038) at the end of the first week of treatment. At the end of the third week, the control
group (3.88+£0.42 mmol/L) and the LPV/RTV+DIOS/HES (5.29+1.72 mmol/L) had a significant

difference (diff.=1.41lmmmol/L, p=0.007) and on week five the LPV/RTV+DIOS/HES
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(4.78+0.64 mmol/L) and the control (3.94+0.32 mmol/L) had a highly significant difference
(diff.=0.84mmol/L, p<0.0001). The LPV/RTV+DIOS/HES and ATV/RTV+DIOS/HES treated

groups did not show any significant differences throughout the entire duration of the study.
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Figure 14: Group mean blood glucose levels of the
control,lopinavir/ritonavir+diosmin/hesperidin (LPV/RTV + DIOS/HES),
atazanavir/ritonavir+diosmin/heseridin (ATV/RTV+DIOS/HES) and the diosmin/

hesperidn(DIOS/HES) treated rats.
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4.3 Plasma insulin levels before and after treatmentwith HIV-Protease inhibitors
(LPV+RTV and ATV+RTV) and HIV-Protease inhibitors + diosmin/hesperidin

combination and diosmin/hesperidin combination.

Results

The assays of the blood insulin levels before and after treatment shows that in both instances the

group mean blood insulin levels were significantly different, from the F-values (table 8).

Table 8: Group mean insulin levels (EIU/L) before and after treatment

Blood insulin levels
at baseline (day 0)
(meanxSD)

Treatment groups & test statistics Blood insulin levels on day

42(week 6) (mean+SD)

Group 1 (CONTROL)

3.42+0.33 (n=12)

17.80+2.93 (n=12)

Group 2 (LPV/IRTV)

3.40£0.28 (n=12)

22.04+2.18 (n=8)

Group 3 (ATV/RTV)

3.57+0.18 (n=12)

22.08+0.64 (n=12)

Group 4 (LPV/RTV+DIOS/HES)

3.77£0.30 (n=12)

19.32+2.11 (n=11)

Group 5 (ATV/RTV+DIOS/HES)

3.7320.14 (n=12)

20.93+0.51 (n=10)

Group 6 (DIOS/HEYS)

3.58+0.29 (n=12)

20.34+0.48 (n=12)

F-value(one way ANOVA) F=3.98 F=10.2
p-value (of F-value) P=0.003 P<0.0001
Effect size (partial 5°) 1n°=0.231 1’ =0.455

KEY: CONTROL - Control group, LPV/RTV — Lopinavir/Ritonavir treated group, ATV/RTV —
Atazanavir/aritonavir treated group, LPV/RTV+DIOS/HES - Lopinavir/ Ritonavir+ Diosmin/
Hesperidin treated group, ATV/RTV+DIOS/HES — Atazanavir/ritonavir+dios/hes treated group,
DIOS/HES - Diosmin/hesperidin group, SD- standard deviation, plU/L- micro-international

units/Litre.

It was noted that at the beginning of the study the mean plasma insulin levels of the six groups
were statistically significant based on one way ANOVA with Fi.,» 5,66 =3.98 (p=0.003,
=0.231). This observation was difficult to explain since the animals had not been subjected to
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any treatment on day 0. At the end of the study, the difference in plasma insulin levels increased
in significance with the Fy,»(5, 60) = 10.2 with p<0.0001 and 1n°=0.455. There was a big
increase in the blood insulin levels at the end of the treatment period. The increase in insulin
levels was noted in all the groups. The highest increase was observed in the HIV-PlIs treated
groups: LPV/RTV (from 3.40+0.33 BIU/mL to 22.04+0.2.18 RIU/mL) treated groupand the
ATV/RTV (from 3.57+0.18 BIU/mL to 22.08+0.64 RIU/mL) treated group. The smallest
increase was noted in control group (from 3.42+0.33 EIU/mL to 17.80+0.2.93@IU/mL). The
effect size as measured by the partial eta squared (°) was 0.231 before and 0.455 after treatment
respectively. These partial eta squared values indicate that the treatments almost doubled the
effect size and hence the observed decrease in the p-value implying an increase in statistical
significance of the observed difference in the mean group blood insulin levels. At day 0
(baseline) the control group had a significant difference in group mean insulin levels with the
LPV/RTV + DIOS/HES group (diff. =0.348 plU/mL, p=0.002, table 8) and the ATV/RTV +
DIOS/HES group (diff. =0.314 plU/mL, p=0.005). The LPV/RTV treated group also had
significantly lower group mean blood insulin levels at baseline (3.42+0.33 plU/mL) compared to
the LPV/RTV + DIOS/HES group (3.78+0.30 plU/L, diff. = 0.37 plU/mL, p=0.001) and the
ATV/RTV + DIOS/HES group (3.58+0.30 plU/mL, diff. = 0.33 plU/mL, p=0.003).At the end of
the sixth week (Day 42) the control group had a significant difference in the group mean blood
insulin levels compared to the LPV/RTV treated group (diff.=4.27 plU/mL, p<0.0001), the
ATV/RTV treated group (diff.=4.27ulU/mL, p<0.0001), the LPV/RTV+DIOS/HES treated
group (diff.=1.56plU/mL, p=0.037), the ATV/RTV+DIOS/HES treated group (diff.=3.16

pIU/mL, p<0.0001) and the DIOS/HES treated group (diff.=2.57 plU/mL, p=0.001).

55



Significant differences in blood insulin levels were also noted between the LPV/RTV treated
group and the LPV/RTV+DIOS/HES treated group (diff.=2.72 plU/mL, p=0.001), the
ATVI/RTV and the LPV/RTV+DIOS/HES treated groups (diff.=2.71 plU/mL, p<0.001), the
ATV/RTV+DIOS/HES and the LPV/RTV+DIOS/HES treated groups(diff.=1.61 plU/mL,
p=0.035) , the DIOS/HES and the LPV/RTYV treated group(diff.=1.70 plU/mL, p=0.037) and the
DIOS/HES and the ATV/RTV treated groups(diff.=1.69 plU/mL, p=0.020). There was no
significant difference in the blood insulin levels between the Control group and the DIOS/HES

treated group (p=0.148)

4.4: HbA1c levels before and after treatmentwith HIV-Protease inhibitors (LPV/RTVand
ATV/RTV) or HIV-Protease inhibitors(LPV/RTV or ATV/RTV) +flavonoids (DIOS / HES

combination)

Results
Group mean percentage HbA1c levels before and after treatment
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Figure 15: Group % HbAlc mean before (Day 0) and after treatment (end of week 6) with HIV-

Pls and flavonoids (Error barsrepresent 95% CI).
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A side by side bar graph comparison of the group % HbAlc clearly shows the main trends and
group differences in the HbAlc levels before and after treatmentamong the various treatment
groups (figure 15). Atthe inception of the study i.e. before treatment, the animals did not show
significantly different group mean HbA1c levels among the six groups. This is demonstrated by
a ONE way ANOVA done at baseline wherethe F 1.,, (5,66) was 0.658 at 0=0.05 (p=0.656,
132:0.048).At the end of the treatment period of 6 weeks (42nd day) there was a clear and
significant difference among the groups in terms of their mean HbAlc percentage as shown bya
one way ANOVA done at the end of week six gave a Fi.o» (5,60) of 20.52(p<0.0001) with a
partial n? value=0.635. A partial eta squared of 0.635 is quite a large effect size (Cohen J,1988)
and demonstrates that the treatments accounted for 63.5% of the observeddifference in the group
mean HbALlc levels.This study observed that the administration of Diosmin/Hesperidin
combination alone produced the biggest decrease in the group mean percentage HbAlc over the
duration of treatment (4.71+£0.55% to 3.35+0.47%).0On the other hand the groups administered
with  Lopinavir/Ritonavir combination(4.67+0.67% to 5.45+0.77%) and Atazanavir
/Ritonavir(4.52+0.62% to 5.13+0.53%) exhibited a significant increase in the percentage
HbAlc(figurel4). At the end of the six weeks(day 42) the control group had a significantly
higher mean HbAlc level than the ATV/RTV+DIOS/HES treated group (diff. =1.03%.

p<0.0001) and the DIOS/HES treated group (diff. =1.62%, p<0.0001)

The LPV/RTV treated group also had higher group meanpercentage HbAlc levels than the
DIOS/HES treated group (diff. =2.18%, p<0.0001, figure 15). The ATV/RTYV treated group had
higher group mean HbAlc levels than the ATV/RTV+DIOS/HES treated group (diff.=1.2%,
p<0.0001) whereas the LPV/RTV+DIOS/HES treated group had higher HbAlc levels than the

ATV/RTV+DIOS/HES treated group (diff.=0.96%, p<0.0001) and the DIOS/HES treated group
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(diff.=1.55%, p<0.0001) respectively. Compared to all the other groups the DIOS/HES treated
group had the lowest level of percentage blood HbAlc (3.35+£0.55%,figure 14) indicating that
the administration ofDIOS/HES had a significant effect of lowering the blood HbAlc levels in

the experimental rats.
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CHAPTER FIVE

DISCUSSION OF RESULTS
5.1Summary of findings

This study found that the two HIV-protease inhibitor combinations raised the blood glucose
levels with the ATV/RTV(5.95+/-2.15 mmol/L) and LPV/RTV(5.30+/-0.92 mmol/L), compared
to the control (3.88+/-0.42 mmol/L), on the third week. The ATV/RTV combination showed the
highesteffect in raising blood sugar. The HIV-PI combinations ATV/RTV and LPV/RTV were
used because these combinations are the most widely used HIV protease inhibitors in Kenya.
Moreover ritonavir is added to ATV and LPV as a pharmacokinetic booster. The co-
administration of the HIV-Protease inhibitors with the flavonoids (DIOS/HES combination) to
the animals reduced the blood glucose raising effects of ATV/RTV combination but not the
blood glucose raising effect of the LPV/RTV combination. The HIV-Protease inhibitors seemed
to increase the magnitude of the differences in blood insulin levels as demonstrated by the
increase of the grand mean from 3.58+0.29 EIU/mL at day O to 20.32+2.27 RIU/mL at the end of
the study (Day 42) and the increase in effect size (partial eta squared) of the F values from 0.231
to 0.455 before and after treatment with the HIV-protease inhibitors respectively. However, it
was observed that the increase in insulin levels was in all the groups including the control
although the HIV-protease treated groups with or without the DIOS/HES combination showed a
bigger margin of increase compared to the other groups.The treatmentof the animals with HIV-
protease inhibitors increased the percentage HbAlc levels. The co-administration of DIOS/HES
combination with the HIV-protease inhibitors reduced the HbAlc raising effects of the HIV-

protease inhibitors. The reduction of HbAlc levels was more marked in the
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ATV/RTV+DIOS/HES treated group comparedto the LPV/RTV+DIOS/HES treated group. The

DIOS/HES treated group showed the biggest drop in HbAlc levels between Day 0 and Day 42.

5.2 Blood glucose levels before and after treatment with HIV- Protease inhibitors (LP/RTV
or ATV /RTV)

The mean blood glucose of the groups treated with lopinavir/ritonavir or atazanavir/ritonavir was
generally higher than that of the control and the diosmin/hesperidin treated groups.The
mechanisms by which the HIV-protease Inhibitors (HIV-PIs) increase blood glucose include
inhibition of insulin stimulated glucose uptake by such cells as adipocytes and skeletal muscle
cells. HIV-Pls are also thought to interfere with insulin signal transduction mechanismsthat lead
to the translocation offor example the GLUT-4 transporters to the cell surface to facilitate
glucose uptake by cells(Jaldin-Fincati et al., 2017; Olson, 2012). Some of these HIV-PIs also
induce insulin resistance. They also cause impairment in insulin secretion while stimulating
endogenous glucose production (gluconeogenesis). These compounds are now known to cause
oxidative stress that may result in increased [-cell apoptosis leading to decreased insulin
secretion (Carr et al., 2008; Chandra et al., 2009; Dubé, 2000; Flint et al., 2009; Howard et al.,
2005; Hruz et al., 2008; Hui, 2003; Lee et al., 2005; Lien & Feinglos, 2005; Murata et al., 2000;
Noor et al., 2004; Sangraula et al., 2001; Schitt et al., 2004; Tsiodras et al., 2000; Vigano et al.,
2009; Woerle et al., 2003b, 2003a). One of the consequences in the increase in blood glucose in
patients on HIV- protease inhibitors is that it may sometimes result in overt diabetes
mellitus(Barbaro, 2005; Barth et al., 2010; Carr et al., 1999; Dever et al., 2000; Reust, 2011,
Salehian et al., 2005; Zeldin & Petruschke, 2004). This can result in complicating patient
management because the patient may have to take more drugs to manage diabetes mellitus and

this can lead to an increase in the pill (medicines) burden given that most of them are already on
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ARVs (HAART).Atazanavir/ritonavir caused a higher increase in the blood glucose compared to
lopinavir/ritonavir(Aberg et al., 2012; Noor et al., 2006; Stanley et al., 2009). It was also noticed
that their maximum effect on blood glucose occurred at aroundthe third week of treatment after
the commencement of treatment indicating that the hyperglycemic effect may be experienced
after a certain period of treatment and not immediately. The results of this study are line with
previous findings that some of the HIV-PIs can cause an increase in blood glucose levels in

patients (Al Soub et al., 2001; De Aradjo et al., 2007; Tsiodras et al., 2000)

5.3. The effects of diosmin / hesperidin combination treatment on blood glucose levels in
protease inhibitor-treated rats.

Flavonoids have been demonstrated to have antidiabetic effects in rats and this may thus have
contributed to their antihyperglycemic effect in this study (Chandrika et al., 2006). Mechanisms
by which flavonoids like Hesperidin exertantihyperglycemic effects include upregulating PPAR-
¥ (Beekmann et al., 2015; Cortés et al., 2010; Da-Costa-Rocha et al., 2014; Gao et al., 2009;
Hossain et al., 2016; Huang et al., 2010; Jung et al., 2006; Panche et al., 2016; Park et al., 2013;
Radder et al., 2016; Salam et al., 2008; Tapas et al., 2008; Vinayagam & Xu, 2015). In this study
the DIOS/HES combination reduced the blood glucose elevating effect of the ATV/RTV
combination significantly. This was in contrast to the effect of these compounds (flavonoids)on
the glucose elevating effect of the LPV/RTV combination in which they were not effective. The
physiological mechanism behind the actions of these flavonoids may include the reductionof
hyperglycemia and insulin resistance and can also reduction of oxidative stress on the pancreatic
B-cells in patients with diabetes (Hafizur et al., 2017; Omodanisi et al., 2017; Ramkissoon et al.,
2013; Testa et al., 2016). Its by these actions thatHesperidin and its derivative Diosminseem to

exert their anti-diabetic actions (de Oliveira et al., 2013; Garg et al., 2001; Jung et al., 2004; C.
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Li & Schluesener, 2017; Mahmoud et al., 2012; Wilmsen et al., 2005). Flavonoids by their
actions in the liver where they reduce gluconeogenesis have demonstrated anti-hyperglycemic
effects and this may have contributed to their action of reducing blood glucose in the HIV-
protease inhibitor treated animals (Alkhalidy, Moore, Wang, Luo, McMillan, Zhen, et al., 2018;
Cushnie & Lamb, 2005; Gao et al., 2009; Nijveldt et al., 2001; Williams et al., 2004). It is by

these actions that flavonoids are thought to antagonize the hyperglycemic effects of HIV-Pls.

These results demonstrate that the co-administration of DIOS/HES with HIV-protease inhibitors
had a bigger impact in terms of the reduction of the group mean blood glucose level elevation
caused by treatment with ATV/RTV compared to the impact on the blood sugar elevation caused
by treatment with LPV/RTV. The differences were even higher between the DIOS/HES
combination treated and the LPV/RTV and ATV/RTV combination treated groups. During the
duration of the study, the animals treated with LPV/RTV had a significant group mean blood
glucose level difference with the group treated with DIOS/HES combination. The group on
ATV/RTV and the group treated with DIOS/HES demonstrated significant differences in their
mean blood glucose levels at the end of the first week (0.73mmol/L, p=0.005), at the end of the
third week (1.89 mmol/L, p<0.0001) at the end of the fourth week (0.94 mmol/L, p<0.0001) and
at the end of the fifth week (0.94 mmol/L, p<0.0001The addition of Diosmin/Hesperidin
combination to the lopinavir/ritonavir and atazanavir/ritonavir treated groups had a significant
effect on the blood glucose levels. The atazanavir/ritonavir+diosmin/hesperidin treated group’s
mean blood glucose levels were comparable tothose of the control over the entire treatment
period except for the difference noted at the end of week one after the start of treatment. This is
an indication that addition of the flavonoids(diosmin/hesperidin combination) had a significant

group mean blood glucose stabilizing effect to the extent that it was more or less similar to that
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of the control group. On the other hand thediosmin/hesperidin combination did not have a
significant effect on the blood glucose levels of the lopinavir/ritonavir treated group which
remained more or less elevatedWhen administered to untreated animals (those not on HIV-PIs)
the diosmin/hesperidin combination did not have a significant impact on blood glucose
levels.However,the flavonoids did seem to have an effect on the extent of variability (standard
deviation) of the group mean. This finding suggests that the consumption of flavonoids prevent
the excessive variation in the blood glucose levels (glycemic control). These findingsare in line
with those of other researchers who found that flavonoids have an antihyperglycemic

effect(Constantin et al., 2014; EI-Marasy et al., 2014; Sahnoun et al., 2017).

5.4 Plasma insulin levels in rats before and after treatment with HIV-Protease inhibitors,
HIV-Protease inhibitors+Diosmin/Hesperidin combination and Diosmin/Hesperidin
combination.

Insulin is a polypeptide hormone that is required for the regulation of the metabolism of glucose,
lipids and amino acids (Petersen & Shulman, 2018; Resistance, 2004). Its signal transduction
mechanism involves the binding of the hormone to a tyrosine kinase receptor on the cell
membrane of the target cells. In the pancreas this leads to the release of insulin by the B-cells of
the islets of Langerhans and the translocation of the glucose transporters e.g. GLUT-4, to the cell
membrane for example in skeletal muscle cells and adipocytes to allow inward movement of
glucose into these cells resulting in lowering of blood glucose (Furtado et al., 2002, 2003;
Rayner et al., 1994; Watson & Pessin, 2001).This also leadsto the entry of glucose into these
cells for metabolism to produce energy or for storage as fat in the adipocytes or as glycogen in
the liver and skeletal muscle (Jensen et al., 2011; Long et al., 2011).Flavonoids are known to act

in a number of ways to promote the action of insulin. These include the following mechanisms:
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1) Sensitizing tissues to the action of insulin i.e. antagonize insulin resistance. 2) Flavonoids
reduce oxidative stress and this prevents the B-cells from premature damage and death. 3) The
flavonoids counter apoptosis of the B-cells. 4) These compounds(flavonoids) are known to
promote the regeneration of the B-cells(Babu et al., 2013; Cordero-Herrera et al., 2014; Hossain

et al., 2016; Mohan & Nandhakumar, 2014).

The HIV-Pls used in the management of HIV infection management in the HAART have a
number of side effects. These side effects include interference with glucose metabolism by
promoting insulin resistance. These drugs also interfere with insulin signal transduction
mechanisms (Carr, Samaras, Chisholm, et al., 1998; Lee et al., 2005; Murata et al., 2000;
Santiprabhob et al., 2017). The Diosmin/Hesperidin combination significantly countered the
insulin elevating effects caused by the administration of the ATV/RTV combination.The animals
treated with ATV/RTV combination a lone, without the co-administration of DIOS/HES
combination had a comparativelyhigher group mean blood insulin levels compared to the
ATV/RTV+DIOS/HES treated group and thecontrol group.The co-administration of the
flavonoid combination of Diosmin and Hesperidin(DIOS/HES)with the HIV/PIs combination of
LPV/RTV did not have a significant effect on the group mean blood insulin levels which
remained elevated and significantly higher compared to baseline levels. The co-administration
of the DIOS/HES combination to the LPV/RTV treated group marginally reduced the group
mean insulin levels compared to the group treated with LPV/RTV combination alone. However
in both cases the levels were much higher than the baseline levels.The control group had the
lowest group mean blood insulin levels at the end of the study (day 42).This results indicate that
at the end of the study the group mean insulin levels of all the groups were higher compared to

their respective baseline levels.The differences in the group mean blood insulin levels was more
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pronounced at the end of the study as indicated by the decrease in the p-value and increase in
effect size. The difference in insulin levels were around five to seven times higher at the end of
the study compared to the levels at the beginning of the study. The group that was placed on
Lopinavir/ritonavir+Diosmin/Hesperidin showed a notable lowermean insulin level compared to
the group treated with LPV/RTV combination alone. The same observation was made on the
ATV/RTV treated group which had a higher group mean blood insulin level compared to the
ATV/RTV+DIOS/HES treated group where the ATV/RTV treated group had a higher group
mean blood insulin levels. This finding demonstrated that flavonoids do counter or reduce
insulin resistance leading to decrease in blood insulin levels since this compounds promote
insulin action and promote insulin signaling reducing the need for high insulin levels to effect the
required reduction in blood glucose. These findings seem to agree with those of other
resaerachers(Alkhalidy, Moore, Wang, Luo, McMillan, Wang, et al., 2018; Alkhalidy, Moore,
Wang, Luo, McMillan, Zhen, et al., 2018; Babu et al., 2013; Brahmachari, 2011; Hanhineva et
al., 2010; Kahn et al., 2014; Kozlowska & Szostak-Wegierek, 2014; Russo et al., 2019). From
these findings there are mixed outcomes on the effect of these treatments on blood insulin level
with the control group having the lowest insulin level at the end of the study (6 weeks) period

although this level(blood insulin levels) were about six times the levels at baseline (Day zero).

These results may be due to the action of flavonoids which enhance insulin secretion, promote
proliferation of PB-cells of the pancreas, reduce apoptosis of the B- cells, decrease insulin
resistance; reduce inflammation and oxidation stress in the 3-cells and promote the translocation
of GLUT-4 type of glucose transporters to the cell membrane in the target tissue to enhance
glucose uptake in these tissues (Cueva et al., 2017; Hanhineva et al., 2010; Koziara et al., 2019;

Williamson, 2017).
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5.5Effect of the administration of Diosmin-Hesperidin combination on blood HbA1c levels
in HIV-protease inhibitor treated rats (Rattusnorvegicusalbinus)

HbA1c is glycated hemoglobin formed by the unregulated (no enzymatic involvement) reaction
between hemoglobin and blood glucose. The glucose reacts with the 3-chain of hemoglobin A.
The levels of HbAlc in blood is dependent on the levels of blood glucose (Florkowski, 2013;
Sherwani et al., 2016; Trial, 2002).Elevated levels of blood HbAlc are a reflection of chronic
hyperglycemia (Rohlfing et al., 2002; Vos et al., 2012). Since the formation of HbAlc is a non-
enzymatic reaction, it is mainly driven by the law of mass action (Higgins, 2012b; Ladyzynski et
al., 2011; Sen et al., 2005).HbAlc is one of the advanced glycation end products (AGEs) — the
products formed by chronic hyperglycemia. Elevated levels of HbAlc leads to a number of
adverse effects. These includemicrovascular complications that lead to increased
thrombogenicity of blood and poor wound healing incase of injuries like e.g. diabetic foot;
increased levels of glucose which may result in glucotoxicity to the B-cells of the pancreas and
also increased HbAlc levels which may increase the risk developing coronary heart disease and
stroke.(Lind et al., 2009; Osende et al., 2001; Sherwani et al., 2016; Skrha et al., 2016). Such an
increase in the risk of developing these complication in HIV infected patients can lead to the
need for more medications (to control hyperglycemia and treat complications of elevated
HbA1c) on top of the ones that the patients are already taking (ARVS) to prevent the progression
of HIV infection to full blown AIDS. This may increase the pill (number of medicines) burden

and the associated adverse effectsas the patient may require management of these complications.

In this study the treatment of the animals with HIV-Proteaseinhibitors led to an increase in the
blood HbAlc levels in both the LPV/RTV and the ATV/RTV treated groups. The co-

administration of the flavonoids (DIOS/HES) with HIV-Protease inhibitors LPV/RTV did not
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any lead to any change in the HbAlc levels indicating that the flavonoids (DIOS/HES) did not
have any significant impact on the HbAlc levels increase induced by administration of
LPV/RTV HIV-PIs combination. This may to the fact that these flavonoids did not seem to
counter the blood glucose elevating effects of the LPV/RTV combination. Therefore the high
blood glucose may have led to the observed HbAlc levels- which did not decrease. On the
other hand the co-administration of the flavonoids DIOS/HES combinationwith the HIV-
Protease inhibitors ATV/RTV led to a significant reduction in the blood HbAlc levels. The
group treated with the flavonoid combination of Diosmin and Hesperidin showed the largest
decrease in blood HbAlc levels. The group mean HbAlc level of this group was the lowest at
the end of the study. The control group showed a slight increase in the blood HbAlc levels at

the end of the study though this was not statistically significant.

These findings show that these drugs (HIV-protease inhibitors) generally increased the blood
glucose levels and this increased blood glucose led to the glycation of hemoglobin leading to the
observed increase in the percentage HbAlc levels. This is because the levels of HbAlc are
directly proportional to blood glucose levels and its generation is generally driven by the law of
mass action. HbAlc levels are strongly associated with some of the endstage complications of
DM (outlined above)(Farmer et al., 2007; Higgins, 2012a; Ittle, 2002; Khattab et al., 2010; Petitti
et al., 2009; Sherwani et al., 2016; Stolar, 2010).This finding is consistent with those of other
researchers who have demonstrated that the administration of flavonoids such diosmin and
hesperidin to human and animal subjects tends to reduce the level of advanced glycated end-

products(AGESs) including HbAlc in blood(Ahmad et al., 2013; Pashikanti et al., 2010).
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CHAPTER SIX

CONCLUSION AND RECOMENDATIONS

6.1 Conclusion

In conclusion the present study found that:

1. The treatment of rats (Rattusnorvegiccusalbinus) with the HIV-Pls (ATV/RTV or

LPV/RTV) increased their blood glucose levels.

2. The administration of DIOS/HES combination to rats (Rattusnorvegicusalbinus) treated
with HIV-Pls led to a significant decrease in the group mean blood glucose levels in the

ATV/RTV treated group but not in the treated LPV/RTV group.

3. The administration of HIV-Pls to the rats (Rattusnorvegicusalbinus) led to a larger

increase in blood insulin levels compared to the control.

4. The co-administration of DIOS/HES to HIV-PlIs treated rats led to a slight decrease in the

insulin levels compared to the control.

5. The administration of HIV-PIs (ATV/RTV or LPV/RTV) to rats

(Rattusnorvegicusalbinus)produced a significant increase in HbAlc levels.

6. The co-administration of the flavonoids with LPV/RTV (a HIV-PI) did not show any
change in the blood HbALc levels. On the other hand the co-administration of DIOS/HES
with theATV/RTV combination(a HIV-PI combination) led to a reduction in the HbAlc

levels significantly.
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7. The administration of DIOS/HES flavonoid combination alone to Wistar rats not on HIV-
Pls treatment did not have an effect (neither increased nor decreased) on the group mean

blood glucose levels.

6.2 Recommendations

1. The flavonoids are naturally occurring polyphenolic compounds and freely available in fruits
and vegetables and have virtually no adverse effects. In view of the results of these study — we
recommend that HIV infected patients on HIV-Pls can be encouraged to take fruits and
vegetables liberallyas this will counter the hyperglycemic effects of the HIV-Pls and reduce the
likelihood of developing iatrogenic (drug induced) hyperglycemia which may lead to overt
diabetes mellitus. Individual flavonoids can be isolated, purified and characterized to design
dosages for specified administration to manage hyperglycemia in patients on drugs that induce

hyperglycemia such as HIV-Protease inhibitors.

3. The control of hyperglycemia may lead to the reduction in HbAlc levels and this will protect
these patients from the complications of chronically elevated HbAlc levels. In future these
flavonoids can be isolated and purified for a titrated co-administration with these HIV-Pls and
other drugs that induce hyperglycemia for example glucocorticoids used for management chronic

conditionse.g.autoimmune diseases in patients who are predisposed to develop hyperglycemia.

3. We recommend larger animal models such as pigs and primates to be used for further

investigationsas these animals are phylogenetically closer to humans.
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APPENDICES
Appendix 1:Animals, materials and reagents

1. Seventy two maleWistar rats with average weights of 200 £50g.
3. Daflon™ tablets- 5*30 tablets

4.2cc syringes — 200 pieces

5. Pestle and mortar

6. Measuring cylinder (500ml)

7.500ml beakers- 4

8. Glucometer machine (On call PLUS™) -2

9. Glucometer strips-1000 strips

10. Rat housings/cages-60

11. Drinking water bottles 500ml - 12

12. Commercial rats feed or pellets — 100KG

13. Rat labels-enough

14.1ml microfine insulin syringes and needles-12

15. Clean drinking water for the rats — 1000 Litres

16. Lopinavir 200mg/Ritonavir 50mg-2*30, s

17. Atazanavir 300mg/Ritonavir 100mg- 2*30s

18. W.C Redmon Deluxe™ digital small animal and aviary weighing scale.

19. Rat pellets serving dishes(metallic-stainless steel) — 250 ml
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Appendix 2: Preparation of lopinavir/ritonavir 2/0.5mg per 1 gram of feed

One tablet of lopinavir200/50mg was ground and mixed with 99.75g of dry rat pellets. This gave
a mixture containing 2/0.5 mg per gram of the mixture W/W. Each rat was apportioned a mixture
of the food at rate equivalent to 2/0.5mg of the drug combination per kg body weight twice a
day. This dosage is based on the dose administered to human. To ensure that all the drug was
consumed by the animals, each animal was given the drug- food mixture before feeding first

thing in the morning (7 am) before feeding and in the evening (7pm) before feeding

96



Appendix 3: Preparation of atazanavir/ritonavir with 3/1 mg per gram of feed

One tablet of Atazanavir/Ritonavir 300/100mg was crushed and ground and mixed with 99.6g of
rat pellets to produce a mixture containing 3/1 mg per gram of the mixture W/W. Each rat was
apportioned a mixture of the food at a rate equivalent to 3/1 mg per kg body weight twice a
day.This dosage is based on the dose administered to human. To ensure that all the drug was
consumed by the animals, each animal was given the drug- food mixture before feeding first

thing in the morning (7 am) before feeding and in the evening (7pm) before feeding
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Appendix 4: Preparation of lopinavir/ritonavir 2/0.5mg combined with diosmin/hesperidin
4.5/0.5 mg per 1 gram of feed

One tablet of lopinavir/ritonavir 200/50mg and one tablet of diosmin/hesperidin 450/50mg were
ground and mixed with 925 g of dry rat pellets. This gave a mixture containing
lopinavir/ritonavir2/0.5mg plus diosmin/hesperidin 4.5/0.5mg per gram of the mixture W/W.
Each rat was apportioned a mixture of the food at rate equivalent to lopinavir/ritonavir 2/0.5mg
with diosmin/hesperidin 4.5/0.5 mg per kg body weight twice a day.This dosage is based on the
dose administered to human. To ensure that all the drug was consumed by the animals, each
animal was given the drug- food mixture before feeding first thing in the morning (7 am) before

feeding and in the evening (7pm) before feeding
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Appendix5: Preparation of atazanavir/ritonavir 3/Img combined with diosmin/hesperidin
4.5/0.5 mg per 1 gram of feed

One tablet of lopinavir/ritonavir 300/100mg and one tablet of diosmin/hesperidin 450/50mg were
ground and mixed with 91.0g of dry rat pellets. This gave a mixture containing
atazanavir/ritonavir 3/1 mg plus diosmin/hesperidin 4.5/0.5mg per gram of the mixture W/W.
Each rat was apportioned a mixture of the food at rate equivalent to atazanavir/ritonavir 3/1mg
with diosmin/hesperidin 4.5/0.5 mg per kg body weight twice a day.This dosage is based on the
dose administered to human.  To ensure that all the drug was consumed by the animals, each
animal was given the drug- food mixture before feeding first thing in the morning (7 am) before

feeding and in the evening (7pm) before feeding
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Appendix 6: Preparation of diosmin/hesperidin 4.5/0.5mg per gram of feed

One tablet of Daflon 500(diosmin 450mg/hesperidin 50mg) wascrushed, ground and mixed with
99.5g of dry rat pellets to produce a mixture containing 4.5/0.5 mg per a gram of the mixture
WI/W. Each rat was given the mixture at a dose equivalent to diosmin/hesperidin 4.5/0.5 mg per
kg body weight twice a day. This dosage is based on the dose administered to human. To ensure
that all the drug was consumed by the animals, each animal was given the drug- food mixture
before feeding first thing in the morning (7 am) before feeding and in the evening (7pm) before

feeding
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Appendix 7: Ethical clearance

OFFICE OF THE DIRECTOR OF GRADUATE STUDIES AND RESEARCH
UNIVERSITY OF EASTERN AFRICA, BARATON
P.O. BOX 2500-30100, Eldoret, Kenya, East Africa

B92272019 July 22 2019

Dear Nahashoa,

RE: EFFECT OF DIOSMIN-HEPSPERIDIN COMBINATION ON HIV-FROTEASE
INHIBITOR INDUCED GLUCOSE INTOLERANCE IN Rattus morvegicas

This is to inform you that the Research Ethics Committes (REC) of the Usivessity of Eastern Africa
Baraton has reviewed and approved your above research peoposal. Your spplication approval number
UEAB/RECAOS07/2019. The approval period is 22 July, 201921 July, 2020

This approval is subject to compliance with the following requirements;

i Only approved documents including (informed consents, study imstnaments, MTA) will
be wsed.

i All changes including (amendments, devintions, and viokstions) are submitted for review
and approval by the Research Ethics Committee (REC) of the University of Eastern
Africa Baraton.

iii.  Death and life threstening problems and serious adverse events or unexpecied adverse
events whether related ar unrelated to the study must be reported to the Research Ethics
Committes (REC) of the University of Eastemn Africa Baratom within 72 hours of
motification.

. Any changes, anticipated or atherwise that may increase the risks or affected safety or
welfase of study participants and others or affect the integrity of the rescarch must be
reported 1o the Resesrch Exhics Committee (REC) of the University of Eastern Africa
Baratoa within 72 hours,

v. Clcarsnce for export of biological specimens must be oblained from relevant institutions.
vi. Sebmission of & reguest for rencwal of approval at least 60 days prior %o expiry of the
approval period. Atach a compeehensive progress repoet to support the rencwal.

vii  Sebmission of an executive summary report within 90 days upos completion of the study
1o the Research Ethics Commitice (REC) of the University of Eastera Afiica Baraton.

Prior 10 commencing your study, you will be expected to obtain a rescarch license from

National Commission for Science, Technology and Innovation (NACOSTT)
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Appendix8:Permission to conduct research by the SGS

=S

MASENO UNIVERSITY
SCHOOL OF GRADUATE STUDIES

Office of the Dean
Our Ref: MSC/SM/00053/015 Private Bag, MASENO, KENYA

Tel:(057)351 22/351008/351011
FAX: 254-057-351153/351221

Email: sgs@maseno.ac.ke
Date: 18t January, 2019

TO WHOM IT MAY CONCERN

RE: PROPOSAL APPROVAL FOR NAHASHON AKUNGA —
MSC/SM/00053/2015

The above named is registered in the Master of Science in Medical Physiology
Programme in the School of Medicine, Maseno University. This is to confirm
that his research proposal titled “Effect of Diosmin-Hesperidin Combination
on HIV-Protease Inhibitor Induced Glucose Intolerance in Rattus norvegicus”
has been approved for conduct of research subject to obtaining all other
permissions/clearances that may be required beforehand.

Maseno University IS0 9001:2008 Certified @
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Appendix 9: Effect of the treatment groups on animal survival

The treatments not only had an effect on blood glucose levels but also had an impact on the
survival of the animals (Figure 34). High mortality was noted among members of the groups
treated with lopinavir/ritonavir (4animals), followed by the atazanavir/ ritonavir+ diosmin/
hesperidin (2 animals) treated group and the lopinavir/ritonavir+diosmin/hesperidin (1

animal)treated group respectively.
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Figure 16: Kaplan — Meyer [KM] plots of the cumulative survival probability of the various
treatment groups over time.

The log-rank test calculated as xz with 5 degrees of freedom was 18.2 (p=0.003) at a=0.05
confirms that survival between the groups was significantly different. The LPV/RTV had the
highest mortality followed by the ATV/RTV+DIOS/HES and the LPV/RTV+DIOS/HES treated
group respectively. No fatalities were recorded in the control, the DIOS/HES and ATV/RTV
treatedgroups (figure 34).
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Appendix 10: Impact of treatments on group mean body weight

Apart from the initial decline in the mean weight observed at the end of the first week of
treatment in all the groups apart from the control, the mean group body weight remained
relatively constant with small increases observed among the groups during the rest of the

treatment period.
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Figure 17: Trends of the group mean weight over the duration of the six weeks

The values calculated by one way ANOVA at the beginning and during the rest of the treatment
period till the end were all statistically insignificant. At baseline (day 0) Fi.,»(5,66) was

1.26(p=0.292),at the end of week one F1.,,(5,66) was 1.13(p=0.355), at the end of week two F;.
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w2(5,650) was 1.24(p=0.302),at the end of week three F;.,»(5,65) was 1.506 (p=0.200),at the end
of week four F;4(5,61) was 0.169 (p=0.151), at the end of week five Fi.,»(5,61) was
0.658(p=0.657) and finally at the end of the sixth week Fi.,»(5,60) was 0.504(p=0.772). It is
noteworthy that none of the F-values was significant indicating that there were no significant
differences in the group mean body weight among the various treatment groups throughout the

duration of the study irrespective of treatment.
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Appendix11: Composition and ingredients of commercial rat pellets (food)

A. Composition (nutrients)

. Crude protein - 23%

. Crude fat — 3%

. Crude carbohydrates — 39%
. Acid insoluble ash — 8%

. Calcium - 1-2.5%

. Phosphorus - 0.9%

. Sodium — 0.5%

. Moisture -12%

. Main ingredients (raw materials)
. Corn (crushed)

. Soybean pulp

. Sunflower seed meal

. Meat and bone meal

. Marble dust

. Vitamins

o o0 A B W DN P M O N O O B~ wWw DN

. Minerals
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