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ABSTRACT

Background: Treatment of Human Immunodeficiency Virus infection with protease inhibitors
and/or nucleoside reverse transcriptase inhibitors often results in development of a
lipodystrophic syndrome whose etiology, phenotype and metabolic derangements resemble that
of general population patients with the metabolic syndrome. Significantly, in metabolic
syndrome patients, an overactive endogenous cannabinoid system is observed and its antagonism
improves physical and biochemical profiles. It can therefore be reasonably expected that the
blockade of this system will prevent the derangements observed in patients with combined anti-
retroviral therapy induced lipodystrophy.

Objective: To test the hypothesis that use of a cannabinoid type 1 receptor antagonist
(rimonabant) with combined anti-retroviral therapy prevents the metabolic and phenotypic
derangements associated with chronic combined anti-retroviral therapy in Sprague-Dawley rats.
Design: Randomized Block Design

Setting: Department of Medical Physiology, University of Nairobi

Materials and Methods: Thirty (30) adult male Sprague-Dawley rats housed under standard
conditions were randomized into three groups namely negative control (0.5% starch solution),
positive control (lopinavir/ritonavir + zidovudine) and test (lopinavir/ritonavir + zidovudine) +
rimonabant). The rats received drugs or vehicle by oral gavage daily for 4 weeks. Body mass
index were calculated at weekly intervals, Insulin tolerance test (ITT) was carried out at 2 week
intervals while visceral, and subcutaneous fat depot weight, serum lipids and serum fatty acid
binding protein type 4 were assessed after four weeks of treatment.

Results: The test group had better insulin tolerance than either positive controls or negative

controls. Fasting blood sugar in the test group was 49.7% and 13.8% lower at 120 minutes (P =



0.002) than positive controls and negative controls respectively. Rimonabant treated rats had
39% less visceral adiposity (P = 0.05) than positive controls. Serum triglycerides were 57% and
33% higher in the test group vs. the positive controls and negative controls (P = 0.002)
respectively. LDL cholesterol levels were 102% and 22% higher in the test group vs. positive
controls and negative control rats respectively (P = 0.001). Rimonabant co-administration was
associated with 60% lower HDL cholesterol levels vs. positive controls (P = 0.009). Serum fatty
acid binding protein — type 4 levels were increased by 80% and 75 % in the test group vs.
positive controls and control groups respectively but this was not statistically significant (P =
0.23).

Conclusions and Relevance: Concurrent treatment with the cannabinoid receptor type 1
antagonist rimonabant causes an increase in insulin sensitivity and reduces visceral fat
accumulation. It paradoxically increases serum triglycerides and serum LDL cholesterol levels.
These findings may limit the utility of this approach in addressing combined anti-retroviral
therapy associated lipodystrophy. Further research is necessary to characterize the precise

mechanisms that produced the dyslipidemia observed.
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CHAPTER 1

INTRODUCTION

Although the use HAART in HIV patients is associated with a large decrease in morbidity and
mortality (Palella et al., 1998), treatment regimes that include a protease inhibitor (PI) and/or
some thymidine analog Nucleoside Reverse Transcriptase Inhibitors (tNRTI) often produce a

lipodystrophic syndrome (Carr et al., 1998; Safrin & Grunfeld, 1999; Saint-Marc, 1999).

Lipodystrophy in HIV patients is described as fat redistribution, including peripheral
lipoatrophy, central fat accumulation, or lipomatosis (Carr & Law, 2003) and has a disease
burden estimated in range of 20-80% (Carr & Cooper, 2000; Miller et al., 2003) depending upon
the diagnostic criterion employed. The condition causes significant disfiguring and often leads to
stigmatization, which in turn causes poor adherence to, and reduced effectiveness of anti-

retroviral therapy (Duran et al., 2001; Ammassari et al., 2001).

Besides the disordered fat distribution, patients exhibit metabolic derangements similar to those
seen in general population patients with the metabolic syndrome such as; hyperinsulinemia,
hypertriglyceridemia, low HDL cholesterol level, low adiponectin levels, high TNF-a ,
hyperglycaemia and elevated fatty acid binding protein-type 4 (FABP4) which is a sensitive

marker for the metabolic syndrome (Walli et al., 1998; Addy et al., 2003; (Escote' et al., 2011).

In recent years, evidence has accumulated demonstrating the key role played an overactive
endogenous cannabinoid system (ECS) in the appearance of the metabolic syndrome within the
general population (Di Marzo & Matias, 2005; Pagotto et al., 2006; Matias et al., 2006; Bliiher et

al., 2006; Cote et al., 2007). The ECS consists of the cannabinoid receptors CB1 and CB2 and
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receptor ligands of which anandamide (N-arachidonoyl ethanolamide, AEA) and 2-

arachidonylglycerol, 2-AG are the most widely expressed (Matsuda et al., 1990).

Pagano and co-workers found that both the subcutaneous and visceral abdominal fat of obese
patients with metabolic syndrome exhibit high cannabinoid type 1 receptor expression and
endocannabinoid turnover (Pagano et al. 2007). Significantly, the phenotypic and metabolic
effects of the metabolic syndrome in both rodent and human studies are prevented or abolished

by the use of CB1 antagonists such as Rimonabant or AM251 (Ravinet-Trillou et al., 2004).

A review of literature reveals that an overactive ECS makes use of molecular processes similar
to those employed by PIs and tNRT]Is to produce a shift towards visceral adiposity along with its
associated metabolic derangements. Increased CB1 tone reduces circulating adiponectin levels,
activates SREBP 1c in the liver and PPARy in VAT and inhibits GLUT4 in subcutaneous
adipocytes (Bensaid et al., 2003; Osei-Hyiaman et al., 2005; Laplante et al., 2006). These
mechanisms are the same as those PIs and NRTIs utilize to produce HAART associated

lipodystrophy (Caron et al., 2001; Bastard et al., 2002; Gelato et al., 2002; Noor et al., 2006)

These preceding observations imply that since mechanisms are shared, an increase in
endogenous cannabinoid tone may accompany cART associated lipodystrophy. The present
study therefore hypothesized that antagonism of cannabinoid type 1 (CB1) receptors using the
selective antagonist rimonabant can prevent the phenotypic and metabolic derangements that

occur with chronic use of certain cART regimes.

To test this hypothesis age and weight matched male Sprague Dawley rats were treated with a
combination of ARTs (LPV/r + AZT) and rimonabant for four (4) weeks and then assessed for

insulin  sensitivity,  fat  distribution,  dyslipidemia and levels of FABP4.
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CHAPTER 2

LITERATURE REVIEW

HAART associated lipodystrophy

The introduction of Highly Active Anti-Retroviral Therapy (HAART) in the 1990’s led to a
dramatic decline in HIV associated morbidity and mortality (Palella et al., 1998). However, soon
afterward, body composition changes in patients on HAART became noticeable, especially with
treatment regimes based on protease inhibitors (PI’s) and thymidine analog Nucleoside Reverse
Transcriptase Inhibitors (tNRTIs)(Carr et al., 1998; Carr & Cooper, 2000). These body changes
consist of a fat redistribution that favours both peripheral lipoatrophy and central

lipohypertrophy (Lichtenstein, 2005) with a predilection for central adiposity.

In HIV-infected patients on PI or tNRTI based HAART, fat hypertrophy is observed in central
depots such as the abdomen, trunk, breast (in women), face and neck (sometimes with dorso-
cervical fat pad or buffalo hump) while peripheral lipoatrophy is observed in the face, arms, legs
and buttocks. This pattern of body fat redistribution often impacts negatively on psychological
and social domains of life. Owing to its physical manifestations HAART associated

lipodystrophy was viewed as a visible marker of HIV disease.

At the level of social functioning, lipodystrophy leads to problems with personal and family
relationships. Affected patients often report narrowing their social world along with varying
degrees of social isolation (Power et al., 2003). The poor self image that results and the
stigmatization that may follow frequently leads to adherence failure and poorer treatment

outcomes.
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The prevalence of HAART associated lipodystrophy is now estimated at 20-80%; the wide range
being attributed to patient differences in terms of age, sex, pre-morbid energy balance, type and
duration of HAART (Miller et al., 2003). It is worth noting that longitudinal studies of the
association between HAART and adipose tissue alterations show that these alterations are more
likely to occur in patients with good adherence at the start of anti-retroviral therapy and that in

these patients the fat alterations develop sooner.

In addition to the body morphology changes, HAART induced lipodystrophy is frequently
accompanied by overt features of the metabolic syndrome such as: inflammation (elevated
plasma levels of soluble Tumour Necrosis Factor o, sSTNF-a), high triglyceride levels, low high-
density lipoprotein cholesterol (HDL-C) levels, low adiponectin levels, hyperglycaemia, and
hyperinsulinemia (Mynarcik, 2000; Lihn, 2003). The insulin resistance and hyperlipidemia place
affected patients at increased risk for the accelerated development of type 2 diabetes mellitus and

coronary artery disease.

Current prevention and treatment strategies for HAART associated lipodystrophy produce only a
modest effect on the condition. Switching from or avoidance of PIs or certain tNRTIs is the most
widely employed strategy but this not always desirable. Replacing a PI is known to have positive
effect on metabolic profiles; however, studies show that improvement in fat distribution is small
or nil (John et al.,, 2003). Structured treatment interruptions (STI) or drug holidays are an
attractive approach and in smaller studies patients have gained total and regional fat during
consecutive cycles. However, STI is difficult to implement since it requires very close
monitoring of patients and those with a preserved immune status. Treatment interruption is

associated with a rebound in HIV viremia and increased HIV morbidity regardless of drug

16



combinations used. Thus, treatment interruption is not recommended in any patient with HIV

infection, regardless of clinical status (Tebas et al., 2002; Nuesch et al., 2005; Ruiz et al., 2007)

The thiazolidinediones, pioglitazone and rosiglitazone, have produced mixed results as a
therapeutic approach. In smaller uncontrolled studies rosiglitazone produced fat gain despite
concurrent antiretroviral therapy (Gelato et al., 2002). However, randomized, placebo-controlled
studies have shown that rosiglitazone does not improve fat mass in HIV lipoatrophy, and may
even worsen dyslipidaemia despite improvement of insulin sensitivity (Carr et al., 2004).
Pioglitazone has also shown promise in amelioration of the metabolic side effects of HAART in
similar studies though these were limited by small sample size. Data on the effect of both drugs

on body composition is limited (Gavrila et al., 2005).

Inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase (statins) and fibric
acid derivatives have also been used to treat hyperlipidemia caused by use of HAART. Statins,
such as pravastatin, simvastatin and artovastatin reduce LDL cholesterol along with anti-
inflammatory benefits; however, in HAART associated hyperlipidemia target LDL cholesterol
or triglycerides levels are seldom achieved (Penzak et al., 2000). Most statins are metabolized by
the cytochrome P4503 A4/5 isozymes located within the liver and the gastrointestinal tract. These
isozymes are also responsible for the metabolism of protease inhibitors (PI) and non-nucleoside
reverse transcriptase inhibitors. In addition, all of the clinically available PIs are inhibitors of the

cytochrome P4503 A isozymes.

Fichtenbaum and collegues demonstrated significant drug —to- drug interactions between some
of the statins and a PI combination of ritonavir with saquinavir (RTV/SQVsgc). Simvastatin acid

concentrations increased 30-fold in persons taking RTV/SQVsgc. Atorvastatin and its active
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metabolite concentrations were also increased though to a lesser degree than simvastatin acid.
Conversely, pravastatin levels declined in subjects taking RTV/SQVsgc (Fichtenbaum et al.,
2002). Increased serum concentrations of statins place patients at increased risk for
rhabdomyolysis. These findings led to the recommedation that simvastatin should be avoided in
patients taking PIs, artovastatin should be used with caution as a second line therapy; and that

pravastatin was largely safe.

Fibric acid derivatives such as bezafibrate, gemfibrozil and fenofibrate are effective for lowering
serum triglycerides in patients with HAART associated lipodystrophy but have more nuanced
effect on LDL cholesterol levels (Calza et al., 2003 ). Studies using gemfibrozil showed that
although it reduced loss of limb fat in comparison to placebo patients still lost fat in the course of
concurrent treatment with HAART. This observation has led to lower recommendation for use of

fibrates in treatment or prevention of HAART associated lipoatrophy (Martinez et al., 2003).

Growth Hormone Replacement Therapy has been used with unsatisfactory results. In patients
with HIV and abdominal fat accumulation Growth Hormone (GH) secretion is reduced and many
have a relative GH deficiency (Koutkia et al., 2005). Clinical trials for treatment with
supraphysiologic doses of growth hormone obtained reduction in visceral fat accumulation but
were associated with more GH related adverse effects such as peripheral edema, arthralgias, and

increased blood glucose (Kotler et al., 2004).

Administration of low-dose physiological growth hormone in patients with HIV and abdominal
fat accumulation also produced mixed results. Significant reductions were observed in visceral
fat and truncal obesity, triglycerides, and diastolic BP; however, 2-hour glucose levels on

glucose tolerance testing were higher. The implication as concluded by the study is that the
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therapeutic window to achieve an optimal risk-benefit ratio of GH in individuals with HIV,
abdominal fat accumulation, and insulin resistance may be very narrow and difficult to achieve

(Lo et al., 2008).

Due to the unreliable results obtained from pharmacological interventions, cosmetic surgery
remains the only viable option available for the patients with facial lipoatrophy (FLA) and
cervical fat accumulation (buffalo hump). These two are often the most disfiguring effects of
HAART associated lipodystrophy. Surgical approaches for management of FLA include
autologous fat transplantation from dorso-cervical fat pad, and implantation of facial fillers that
are either non-permanent or permanent (Guaraldi et al., 2011). Non permanent fillers such as
hyaluronic acid, poly-L-lactic acid [PLA] and hydroxyapatites require multiple injections and
gradually degenerate over time. Permanent fillers such as Bio-Alcamid® while reducing the need
for retreatment, are associated with a higher long term risk of infections often presenting years

after treatment (Nadarajah et al., 2012).

Although the probability of developing HIV associated lipodystrophy is falling in Western
nations due to better selection of HAART regimes (Nguyen, 2008), in developing nations choice
is limited and stavudine, the tNRTI with the severest lipodystrophy effect, has until recently been

widely used as first-line treatment.

Developing nations are also home to a large population of adolescents or young adults
perinatally infected with HIV and exposed to long term HAART who face increased risk of

developing HAART associated lipodystrophy.
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2.2

: 2.2.1

The challenge of addressing the devastating phenotypic and metabolic effects of HAART-
lipodystrophy is real and immediate and the search for effective interventions still inspires

scientific inquiry.

Protease inhibitors and HAART lipodystrophy

Evidence linking PIs to the metabolic and phenotypic derangements that accompany HAART
lipodystrophy has accumulated since 1996 (Carr et al., 1998). Current knowledge suggests

multiple mechanisms are involved in the pathogenesis of these PI induced changes.

Protease inhibitor effects on Adipose Tissue and Lipid Metabolism

Protease inhibitors such as nelfinavir (NDV), ritonavir (RTV) and saquinavir (SQV) are known
to inhibit the proteosome subunit 20S (Pajonk et al., 2002). Proteasomes are large multi-subunit
proteases that are found in the cytosol, either attached to the endoplasmic reticulum or free, they
are also found in the nucleus of eukaryotic cells. Proteasomes recognize, unfold, and digest
protein substrates that have been marked for degradation by the attachment of a ubiquitin moiety
(Bochtler et al.,, 1999). Proteasomes are therefore regulators of cellular homeostasis; by
inactivating these proteins they prevent the development of endoplasmic reticulum (ER) stress

known as the unfolded protein response (UPR).

Inhibition of proteosome subunit 20S by NDV, RTV and SQV causes increased concentrations
of unfolded proteins in the ER. UPR is responsible for inhibition of cellular energy synthesis and

apoptosis during states of unbalanced energy homeostasis or oxidative stress (Kaufman, 2002).

To remedy this situation cells have evolved a homeostatic mechanism. This process involves

slowing down of translation of mRNA, up-regulation of ER chaperones and degradation of
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unfolded proteins. Although these pathways are aimed at restoring homeostasis, in the extreme,

they ultimately result in apoptosis (Panjok, 2002; Parker, 2005; Flint et al., 2009).

Inhibition of proteasomal chymotryptic and tryptic activities by protease inhibitors affects lipid
metabolism in several ways. Human plasma lipid levels, especially for low density lipoprotein
(LDL) cholesterol and chylomicrons are determined by apolipoprotein B (ApoB). The synthesis
and secretion of ApoB in turn is regulated by proteasomal degradation (Fisher et al., 1997). PI-
inhibition of pre-secretory ApoB degradation at the proteasome increases the assembly and
secretion of very low density (VLDL) and low-density lipoproteins (LDL) and is a

physiologically relevant mechanism by which PIs produce hyperlipidemia (Liang et al., 2001).

The inhibition of proteosomes also leads to an extension of the life of sterol regulatory element
binding protein 1c¢ (SREBP-1c¢). SREBP-1c is an important pro-lipogenic transcription factor
especially active in hepatocytes. SREBPs regulate the expression of genes involved in
cholesterol synthesis, transport, and triglyceride and fatty acid biogenesis (Flint et al., 2009). The
PI Ritonavir is known to block the nuclear turnover of SREBP in the liver and adipose tissue

(Riddle et al., 2001).

Other PIs, Indinavir, nelfinavir and amprenavir have been shown to cause mislocalization of
SREBP-1. PI treated adipocytes demonstrated SREBP-1 accumulation in the nuclear periphery
rather than intra-nuclear. Affected adipocytes failed to build up lipid stores and this observation
may explain the subcutaneous lipoatrophy seen in patients on HAART regimes that include Pls
(Caron et al., 2001; Bastard et al., 2002). In fact, the effects of PIs on hepatocytes and adipocytes
differ in a striking manner. In hepatocytes PIs induce multiple genes involved in gluconeogenesis

and lipogenesis. The result is increased triglyceride synthesis in hepatocytes that contributes a

21



2.2.2

great deal to the dyslipidemia occasioned by Pls (Parker, 2005; Lum et al., 2007)..Meanwhile in
adipocytes there is suppression of glucose transport and ultimately of triglyceride synthesis.
Transcription factors involved in lipogenesis such as SREBP-1, CCAAT-enhancer-binding
protein-o. (C/EBP-a), and PPAR-y/B are all down regulated. Loss of PPAR-y activity in the liver
of lipoatrophic mice leads to hepatic steatosis, hypertriglyceridemia, and muscle insulin

resistance, all features seen in Pl-treated HIV patients with lipodystrophy (Gelato et al., 2002).

The net effect of these differences in lipid and glucose handling by the two tissues is the
appearance of hyperlipidemia that is hepatic in origin alongside fat loss that is most pronounced

in subcutaneous depots.

Protease inhibitors effects on Glucose Metabolism

Protease inhibitor treatment has long been associated with hyperglycaemia, impaired insulin
tolerance and overt diabetes (Dubé et al., 1997; Dever et al., 2000). In several longitudinal and
cross sectional studies the prevalence of overt diabetes in PI treated patient is a modest 1-7%
while insulin resistance and impaired glucose tolerance is reported at é much higher 16-48%
(Behrens et al., 1999; Carr et al., 1999). The fixed-combination PI lopinavir/ritonavir (LPV/r) is
known to induce insulin resistance, as assessed by oral glucose tolerance testing. Studies with
Indinavir (IDV) show that the earliest effects of PIs on glucose metabolism result from altered
glucose uptake by tissues that begins even after a single dose of a PI (Noor et al., 2002). The PIs
LPV, RTV and IDV have the strongest antagonistic effect on insulin-mediated glucose transport

whereas amprenavir, saquinavir and atazanavir have weak effects.

In subcutaneous adipocytes, Pls inhibit glucose uptake by binding to glucose transporter type 4

(GLUT4) (Noor et al., 2006). A study by Murata et al on indinavir-mediated suppression of

22



glucose uptake using 3T3-L1 fibroblasts, 3T3-L1 adipocytes, and primary rat adipocytes
demonstrated IDV to be a relatively selective inhibitor of the Glut4 isoform at physiologic dose
levels. Among Glut isoforms the sensitivity to inhibition by IDV was as follows in decreasing
order: GLUT4 >> GLUT2 > GLUT3 > GLUT1 (Murata et al., 2002). The GLUT4 isoform is
the major glucose transporter involved in whole body glucose disposal; its inhibition disrupts
glucose homeostasis (Mueckler, 1995). Transgenic animal models of diabetes mellitus in which
GLUT4 is over expressed show improved glucose handling (Hansen et al., 1995). Pls inhibit
GLUT4 in a non-competitive dose dependent fashion. PI inhibition of GLUT4 appears to be due
the core aspartyl peptidomimetic structure these compounds possess that allows them to directly

bind to the transport protein (Hertel et al., 2004).

In addition to their effects on glucose transport, protease inhibitors prqduce pancreatic B-cell
dysfunction that undermines glucose stimulated insulin release. In a study by Koster et al, IDV
significantly inhibited insulin release from MING6 insulinoma cells and rodent islets without
impairing glucose utilization. This suggests that PI induced insulin resistance acts at multiple
tissue targets much like the multi-factorial and polygenic nature of type II DM in the general
population (Koster et al., 2003). Subsequent to the absence of glucose transport into adipose
tissue, a decrease in triglyceride synthesis follows leading to shrinkage of adipocytes and

peripheral lipoatrophy
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Figure 1 HIV protease structure with darunavir (Clercq, 2007)

Thymidine analog Nucleoside Reverse Transcriptase Inhibitors (tNRTIs)

Thymidine analog NRTIs are a major class of HAART drugs. They have been associated with
the some of the severest forms of dyslipidemia seen with HAART therapy (Saint-Marc, 1999;

Joly, 2002). Numerous clinical studies have reported a link between the tNRTI stavudine and the
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development of lipoatrophy, which led to the removal of this drug from first-line antiretroviral
therapy (ART) in western countries, developing countries with resource constraints are now only

beginning to follow suit.

Zidovudine, a tNRTI which is still very much a part of first line therapy in developing countries

is associated with lipodystrophy (Blimer, 2008; van Vonderen, 2009).

2.3.1 NRTIs and mitochondrial toxicity

The pathophysiological mechanism by which tNRTIs cause lipodystrophy is mitochondrial
toxicity (Lewis, 1995; Brinkman, 1998). In much the same way that tNRTIs inhibit HIV reverse

transcriptase, they inhibit also mitochondrial DNA (mtDNA) polymerase.

In rodent studies, chronic oral administration of 3'-azido-3'-deoxythymidine (AZT) altered
mitochondrial function differentially depending upon the anatomic site.‘ In inguinal fat (a
surrogate for visceral adipose tissue), AZT significantly reduced mitochondrial DNA (mtDNA)
content and cytochrome c¢ oxidase activity, whereas the activity of citrate synthase, a

mitochondrial protein exclusively encoded by the nucleus, was not affected (Deveaud, 2005).

Following treatment with NRTI dual therapy (zidovudine/lamivudine or stavudine/lamivudine)
for 6 weeks, subcutaneous adipose tissue in healthy volunteers showed a significant reduction in
mtRNA (with normal mtDNA levels), down regulation of the pro-lipogenic nuclear factor
PPARG and up regulation of nuclear genes involved in oxidation of fatty acids (PPARA and

LPL) (Mallon et al., 2005).
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The resultant mitochondrial dysfunction leads to the formation of reactive oxygen species
(Skuta, 1999) that ultimately alter the expression of various adipogenic genes and inhibit PPAR

— v expression in subcutaneous adipose tissue (SAT) explaining NRTI induced lipoatrophy.

Zidovudine and Stavudine alter lipid disposal in differentiating adipocytes. They decrease
adipocyte lipid content and the expression of markers involved in lipid metabolism, namely
C/EBPa, peroxisome proliferator-activated receptor y, adipocyte lipid binding protein 2, fatty
acid synthase and acetyl-coenzyme A carboxylase (Caron et al., 2004). However, in visceral
adipose tissue (VAT), six months of treatment with zidovudine increases visceral adipose tissue
as a percentage of body fat; it also increases the markers of adipocyte differentiation and lipid

accumulation, probably resulting in fat hyperplasia and hypertrophy (Boothby, 2009).

Animal studies reveal that SAT is more sensitive to zidovudine induced mitochondrial
dysfunction than VAT. This is thought to be due to the lesser mitochondrial content of SAT that
lends it to easy oxidative stress. VAT on the other hand has a larger number of mitochondria; it
is therefore more metabolically active and less prone to tNRTI induced lipoatrophy. Instead VAT

shows no impairment of adipogenic gene expression in comparison with SAT (Deveaud, 2005).

NRTIs also alter insulin mediated glucose disposal although the exact mechanisms have not been
elucidated. Three month treatment of HIV-1-positive ART-naive men taking lopinavir/ritonavir
with either a NRTI-containing regimen (zidovudine/lamivudine) or a NRTI-sparing regimen
(nevirapine) resulted in a 25% decrease in insulin;mediated glucose disposal and a 22% increase

in fasting lipolysis in the NRTI arm but no changes in the NNRTI arm (Bliimer, 2008).
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2.4 The Endogenous Cannabinoid System (ECS)
Cannabis sativa and its major psychoactive component &°-tetrahydocannabinol (5°-THC) have
been extensively utilized for recreational purposes, and one of its widely known effects is the

onset of a ravenous appetite and eating behaviour (Kirkham, 2001; Cota, 2003).

The discovery of an endogenous cannabinoid system and the cloning of its receptors have
kindled interest in the extensive physiologic effects of the ECS. The ECS consists of the
cannabinoid receptors CB1 and CB2, the endogenous cannabinoid receptor ligands of which
anandamide (N-arachidonoyl ethanolamine, AEA) and 2-AG (2-arachidonylglycerol) are the

most widely expressed.

The synthesis of anandamide follows the following pathway (Sugiura, 2002; Di Marzo, 2004).
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1996-2013)
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2-AG biosynthesis occurs in response to a rise in intracellular Ca®>" and is formed by the

hydrolysis of 1, 2-diacylglycerol (DAG) by DAG lipase (DAGL) (Sugiura, 1995).
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Figure 3 Pathways for the synthesis of 2-arachidonoylglycerol (2-AG) (King, 1996-2013)

Anandamide and 2-AG are removed from extracellular compartments by a carrier-mediated re-
uptake process, and once within the cell degradation of AEA is by fatty acid amide hydrolase
(FAAH) which cleaves anandamide into arachidonic acid and ethanolamine, while 2-AG
hydrolysis is by monoacylglycerol lipase (MAGL) to arachidonic acid and glycerol (Di Marzo,

2007).

Human subcutaneous and visceral adipocytes express CB1 and CB2 receptors (Roche et al.,
2006) and it is now recognized that overactivity of the EC system in adipose tissue, skeletal
muscle and in the pancreas contributes to the disordered energy homeostasis seen the metabolic
syndrome (Bliiher et al., 2006; Cote et al., 2007). In overweight or obese patients with mild
hyperglycaemia, an almost 2-fold higher level of 2-AG has been found in visceral adipose tissue

as compared to normal weight controls (Matias et al., 2006).
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Of note is the fact that the only significant difference in the fat redistribution that is observed in
patients with HAART lipodystrophy as compared general population patients with metabolic
syndrome is that the total body fat and visceral fat increase uniformly in metabolic syndrome
while in HAART induced lipodystrophy though there may be a decrease in total body fat but
almost invariably visceral fat increases as a percentage of total and peripheral fat (Safrin &

Grunfeld, 1999).

Endogenous cannabinoids effects on Adipose Tissue and Lipid Metabolism
To study the effects of the ECS on adipocytes and adipogenesis three approaches are frequently
employed: first, use of CB receptor antagonists such rimonabant and AM251, second, the use of
CB receptor agonists such as HU-210 and WIN-55212 and third use of CBlreceptor knockout
rodents. CB1 receptor activation promotes de novo lipogenesis by dramatically increasing the
expression of genes involved in adipocyte differentiation (PPAR-y, aP2, C/EBP-a) and
lipogenesis (SREBP-1c, ACC, FAS) (Muccioli et al., 2010). CB1 —/~ (knockout) mice have
lower body weight due to a reduction of fat mass during a period of 12 weeks after birth

accompanied by a later increase in lean mass(Cota et al., 2003).

The CB1 agonist WIN-55212 has been shown to up-regulate lipoprotein lipase (LPL) in a
primary epidydimal-derived adipocyte cell line 3T3F442 (representative of white adipose tissue).
LPL is an enzyme involved in the hydrolysis of the triglycerides and makes fatty acids available

for storage in adipose tissues leading to fat accumulation (Cota et al., 2003).

Cannabinoid receptor activation increases expression of the pro-adipogenic nuclear factor PPAR-
y. Chronic treatment of Mouse 3T3-F442A adipocytes with the potent CB1/CB2 agonist HU-210

stimulates the expression of PPAR-y (Matias et al., 2006). The PPAR family of nuclear receptor
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transcription factors plays a key role in lipid metabolism, glucose disposal and inflammatory
response. The members of this family are PPARa, PPARPB, and PPARy. Besides stimulating
expression of these transcription factors, cannabinoids are now recognized agonists at these
receptors. The endogenous cannabinoid N-acyl ethanolamine OEA which is structurally related
to anandamide regulates feeding and body weight via a PPARa-dependent mechanism whereas

THC is a known activator of PPARY.

Bouaboula et al investigated the effects of anandamide on peroxisome proliferator-activated
receptor y (PPARYy) activity. They demonstrated that anandamide bound directly to PPAR-y
ligand binding domain and induced its transcriptional activation in a dose dependent manner
resulting in 3T3-L1 fibroblast differentiation into adipocytes. The effects of anandamide on this
cell line were inhibited by the PPAR-y antagonist GW9662 (Bouaboulaa et al., 2005)

(Bouaboulaa et al., 2005).

Stimulation of CBI1 receptors inhibits formation of cAMP in adipocytes‘; without cAMP, AMP
dependent kinase (AMPK) is not activated (Salt et al., 1998). Under usual circumstances AMPK
stimulates catabolism (lipolysis and B-oxidation) and inhibits fatty acid synthesis by blocking the
enzyme Acetyl-CoA carboxylase (ACC). ACC catalyzes the irreversible carboxylation of acetyl-
CoA to produce malonyl-CoA, the main substrate for fatty acid synthesis. Therefore by
inhibiting the formation of AMPK endogenous cannabinoids promote lipogenesis an action that

is effectively prevented by the CB1 receptor antagonist rimonabant.

Similar to the mechanisms of protease inhibitor induced lipodystrophy, the activation of CBI1
receptors especially in the liver stimulates the expression of the pro-lipogenic transcription factor

sterol regulatory element binding protein (SREBP-1 c) and its targets, acetyl coenzyme A
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carboxylase 1 (ACC1) and fatty acid synthase (FAS) (Osei-Hyiaman et al., 2005). This is a
crucial step in pathophysiology of hepatic steatosis. Furthermore, Gary-Bobo et al have
demonstrated that CBlantagonism prevents development of hepatic steatosis both in obese fa/fa
rats treated with the CB1 antagonist rimonabant and in CB1 knock-out mice fed a high-fat diet

(Gary-Bobo et al., 2007).

In addition to the direct effects of cannabinoids on lipogenesis, stimulation of the ECS promotes
lipogenesis by decreasing levels of adiponectin the major adipocyte-derived hormone (Matias et
al., 2006). Adiponectin is an abundant adipocytokine in plasma. It increases fatty acid oxidation
by stimulating AMP dependent kinase (Kubota et al., 2007); it also improves insulin sensitivity
and facilitates insulin mediated suppression of hepatic glucose production (Kadowaki et al.,
2006). Adiponectin drives fat metabolism and storage by reducing the expression of enzymes
involved in lipogenesis and increasing expression of those associated with associated with b-
oxidation and energy dissipation, such as acyl-CoA oxidase and uncoupling protein-2 (Yamauchi
et al.,, 2001). Activation of CB1 receptors by the agonists HU-210 and WINS55212 inhibits
adiponectin expression in m’ature/hypertrophic adipocytes (Perwitz et al., 2006). Blockage of
CBI receptors by the antagonist rimonabant leads to an increase of adiponectin expression in the
adipose tissue of obese zucker (fa/fa) rats (Bensaid et al., 2003). Notably, in similar fashion to
the CB1 receptor antagonist SR141716A (rimonabant), PPAR-agonists such as rosiglitazone
increase circulating adiponectin level and this is associated with improved insulin sensitivity

(Yang et al., 2002).

It is interesting that low plasma adiponectin concentration and the associated insulin
resistance/impaired glucose tolerance are features of the lipodystrophy seen in HIV-infected or
HIV-free men receiving antiretroviral therapy (Addy et al., 2003).
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In general CBlreceptor expression is up-regulated in metabolic disorders and CB receptor
activation has been associated with a wide range of disorders such as obesity, metabolic
syndrome, type 2 diabetes and cardiovascular disease. Studies involving the CB1 antagonist
rimonabant have demonstrated the importance of the CB1 receptor in these disorders.
Rimonabant was used in a diet induced obesity (DIO) rat model and produced a persistent fall in
energy intake and a reduction in fat content after 5-weeks treatment (Ravinet-Trillou et al.,
2003). The reduction in food intake was temporary; however, the weight loss observed outlived

the initial weight loss due to reduced food intake.

In other studies involving a DIO rat model, it was observed that the metabolic effects of obesity
such as hyperinsulinemia, hypertriglyceridemia, low HDL cholesterol level, low adiponectin
levels and hyperglycaemia were prevented by the congenital knockout of CB1 receptor
expression or by the use of a CB1 antagonist such as rimonabant. These effects were independent

of food intake (Ravinet-Trillou et al., 2004).

The phenomena of unbalanced ECS activity in visceral versus subcutaneous fat depots when
coupled with the pro-lipogenic effects of the ECS eventually results in more fat being stored in
abdominal depots and less in subcutaneous depots, with potential harmful consequences on
cardio-metabolic risk factors. From the foregoing, these findings concerning ECS actions concur
with the shift in fat depots that is seen with initiation of PI and/or tNRTI based HAART. It can
be hypothesized that changes in ECS activity preclude the derangements lipid metabolism

common with HAART-lipodystrophy.
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2.4.2

Endogenous cannabinoid effects on Glucose Metabolism

The Endogenous cannabinoids anandamide and 2-AG are often elevated in obese patients with
type 2 diabetes. This occurs along with increased expression of CB1 receptors and down
regulation of the main degrading enzyme, fatty acid amide hydrolase (FAAH) in adipose tissue

(Engeli et al., 2005).

Administration of either the endogenous cannabinoid anandamide or the CB1 receptor agonist
Arachidonyl-2'-chloroethylamide (ACEA) results in glucose intolerance after a glucose load
(Bermudez-Sivaa et al., 2006). In rat insulinoma RIN-mS F B-cells stimulation by the CB
receptor agonist HU-210 increases insulin secretion and this effect is completely attenuated by
the CB1 antagonist rimonabant. Overactivity of the ECS has been observed in hyperglycaemic
and obese states. In mice models of DIO the expression of cannabinoid biosynthetic enzymes
NAPE-PLD and DAGL-a inside the pancreatic islets increased while levels of FAAH, the
degrading enzyme, reduced. Elevation of endogenous cannabinoids therefore contributes to
hyperinsulinemia which in turn increases adipogenesis causing hypoadiponectinemia (Matias et

al., 2006).

In a randomized, double-blind, placebo-controlled trial of 3045 obese (body mass index >30) or
overweight (body mass index >27 patients with treated or untreated hypertension or
dyslipidemia, rimonabant at 20mg oral daily produced favourable changes in levels of HDL

cholesterol, triglycerides, fasting insulin and in HOMA-IR (Pi-Sunyer et al., 2006).

Pagano and co-workers have shown that pre-adipocytes differentiated in the presence of the
insulin sensitizing PPARYy agonist rosiglitazone have a down-regulation of CB1 receptor

expression along with increased expression of the cannabinoid degrading enzyme, FAAH. They
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found that CB1 receptor activation has an insulin-like effect; it induces GLUT4 translocation to
the plasma membrane of adipocytes and an over 50% increase in glucose uptake. This effect was

blocked by the CB1 antagonist SR141716A (rimonabant) (Pagano et al., 2007).

Paradoxically CBI1 receptor antagonism with the selective blocker rimonabant ameliorates
insulin resistance linked to obesity. The mechanisms involved appear to be both adiponectin
dependent and independent pathways. In a study involving ob/ob and adipo(-/-)ob/ob mice
(adiponectin receptor knockout mice), significant improvement of insulin resistance,
accompanied by an increase in adiponectin level, was observed in the ob/ob mice following
rimonabant treatment. Although, adipo(-/-)ob/ob mice also showed improved insulin sensitivity
when treated with rimonabant, the degree of improvement was much lower (Watanabe et al.,

2009).

Fatty Acid Binding Proteins (FABPs)

Discovered first in 1972, FABPs are small 14-15KDa proteins that are ubiquitous to many
organs (Furuhashi & Hotamisligil, 2008). The expression of FABPs in a given cell type reflects
its lipid-metabolizing capacity (Veerkamp & van Moerkerk, 1993). In hepatocytes, adipocytes
and cardiac myocytes, where fatty acids are prominent substrates for lipid biosynthesis, storage
or breakdown, the respective FABPs make up between 1 and 5% of all soluble cytosolic proteins

(Haunerland & Spener, 2004).

FABPs control intracellular trafficking (as chaperons), storage, export and metabolism of lipids.
As such they facilitate the transport of hydrophobic lipids such as saturated and unsaturated long
chain fatty acids, eicosanoids and other lipids to specific intracellular compartments such as

mitochondria, lipid droplets and the nucleus. Amounts of tissue specific FABPs can increase
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dramatically during periods of large lipid influx or fatty acid exposure (Veerkamp & van
Moerkerk, 1993). The levels can also be altered by endurance exercise training or in chronic
conditions like diabetes or obesity (Zanotti, 1999). Thus FABPs function as adaptive sensors for
lipid homeostasis reflecting the nutrient status of tissues. Due to this observation FABPs
(adipocyte-FABP or FABP4 in particular) are now considered attractive targets for drugs

targeting metabolic disorders like diabetes, obesity and atherosclerosis.

Adipocyte specific FABP (FABP4), a 15KDa member of this family of proteins is a particularly
attractive therapeutic target. The only cells that co-express FABP4 are adipocytes and
macrophages (Makowski et al., 2001); this unique position allows FABP4 to operate at the

interface of metabolism and inflammation.

FABP4 is a known marker of obesity and the metabolic syndrome (MS), levels in plasma
correlate positively with a risk for metabolic syndrome even in those without overt clinical
symptoms of MS (Xu et al., 2006). In addition, plasma concentrations of FABP4 are increased in
type II diabetics but especially in those with the metabolic syndrome. FABP4 concentrations
correlate with triglycerides, markers of oxidation and inflammation, and systolic blood pressure
(Cabré et al., 2007). Mice deficient for FABP4 exhibit reduced hyperinsulinemia and insulin

resistance in the context of dietary and genetic obesity (Uysal et al., 2000).

In macrophages, FABP4 regulates inflammatory responses and cholesterol ester accumulation
(Makowski et al., 2005). The overexpression of aP2 (FABP4) in human macrophage cell lines
drives the accumulation of cholesterol esters and foam cell formation while macrophages
deficient of FABP4 have increased free fatty acids and decreased cholesterol and cholesterol
esters (Fu et al., 2002).
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2.5.1

The presence of FABP4 in macrophages is increased by lipopolysaccharide/Toll receptor
activation, oxidized LDL, and PPAR-y agonists and decreased by treatment with cholesterol
lowering statin (Makowski et al., 2005). Total FABP4 deficiency confers dramatic protection
against atherosclerosis in apolipoprotein e (ApoE)-deficient mice with or without the additional
challenge of high-cholesterol-containing diet implying the involvement of inflammatory

pathways in atherosclerosis (Makowski et al., 2001).

Maeda and co workers developed a mouse model with targeted mutations in two related FABPs,
adipocyte FABP4 (aP2) and FABPS (mall) to determine their role in systemic lipid, glucose, and
energy metabolism. They demonstrated that not only were these mutations protective against
atherosclerosis as previously described, but the mice developed enhanced insulin receptor
signalling, enhanced muscle AMP-activated kinase (AMP-K) activity, aqd dramatically reduced
liver stearoyl-CoA desaturase-1 (SCD-1) activity. DEXA analysis of adiposity demonstrated
significantly reduced total body adipose mass in aP2-mall”~ mice both on regular and high-fat
diet compared to weight matched controls. This study demonstrates that FABP4 (ap2) and
FABPS (mall)-combined deficiency has a dramatic attenuating effect on all aspects of the

metabolic syndrome (Maeda et al., 2005).

FABPs and HIV Lipodystrophy
Systemic overproduction of FABP4 in ART treated HIV-1 infected patients with lipodystrophy
has been documented. FABP4 levels correlate positively with degree of lipodystrophy, body
mass index, (BMI), insulin resistance, total cholesterol, triglycerides, and the inflammation
markers sSTNF-R1, leptin and IL-18. High FABP4 levels also correlate with reduced expression

of PPARY in subcutaneous adipose tissue following treatment with NRTIs (Escote' et al., 2011).
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In a study of 183 HIV infected patients Coll et al., established that FABP4 concentration was
significantly higher in those patients with either metabolic syndrome (MS) or lipodystropy (LD)
criteria than those without any metabolic disturbance. Similarly, FABP4 concentration
significantly increased with an increase of MS features and was strongly correlated with body-
mass index, triglycerides, HDL-cholesterol concentrations, insulin and blood pressure. Patients
in the highest quartile of FABP4 presented a six-fold increased odds ratio for MS and a three-
fold increased odds for LD, adjusted by age, sex, body-mass index and the antiretroviral therapy.
They concluded that FABP4 was a strong plasma marker of metabolic disturbances in HIV-
infected patients, and therefore, could serve to guide therapeutic intervention in this group of

patients (Coll et al., 2008)

Escote’ and collegues on the other hand used a cohort of HIV-1-infected patients treated with
combination antiretroviral therapy (cART) and to investigate the relationships between FABP-4
levels and insulin resistance, dyslipidaemia, lipodystrophy and levels of proinflammatory
adipocytokines. They established that plasma FABP4 concentration was significantly higher in
patients with lipodystrophy than in those without and that FABP4 showed a negative correlation
with high-density lipoprotein (HDL) cholesterol and adiponectin concentrations. These patients
had increased plasma levels of proinflammatory cytokines and insulin resistance as determined
by HOMA-IR method. They concluded that cART-treated HIV-1-infected patients with
lipodystrophy have a systemic overproduction of FABP-4, which is closely linked to insulin

resistance and inflammatory markers in subcutaneous adipose tissue (Escote' et al., 2011).

FABPs and Endogenous Cannabinoids

Endogenous cannabinoids are lipid ligands of both extracellular (CB1 and CB2) and intracellular

receptors (PPARy and PPARa) (Felder et al., 1993; O’Sullivan, 2007). In order to activate
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intracellular receptors or to terminate action at extracellular receptors, endocannabinoids are
accumulated intracellularly (Hillard & Jarrahian, 2003); a proposed mechanism through which
this is achieved is the intracellular sequestration of endocannabinoids by FABPs. Increased
uptake of AEA has been observed in N18TG2 neuroblastoma cells that over-express FABP5 or
FABP7 (Kaczocha et al., 2009) and these are currently being studied as pharmacological targets
(Berger et al., 2012). It can be hypothesized that increased synthesis of endogenous cannabinoids
as is observed in the metabolic syndrome, some of which are proven transport ligands for FABPs

may also be accompanied by a facilitatory on-demand increase in tissue specific FABP protein.
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CHAPTER 33

MATERIALS AND METHODS

Null Hypothesis:

Concurrent treatment with rimonabant does not prevent metabolic and phenotypic derangements

associated with chronic combined anti-retroviral therapy in Sprague-Dawley rats.

Alternate Hypothesis

Concurrent treatment with rimonabant prevents metabolic and phenotypic derangements

associated with chronic combined anti-retroviral therapy in Sprague-Dawley rats.

Overall Objective

To determine the effects of the CB1 receptor antagonist rimonabant on the metabolic and
phenotypic characteristics of Sprague — Dawley rats treated chronically with LPV/r and

Zidovudine.

Specific Objectives

. Determine the effect of rimonabant on insulin tolerance in LPV/r and AZT treated Sprague-

Dawley rats.

. Determine the effect of rimonabant on fat distribution in LPV/r and AZT treated Sprague-

Dawley rats.

. Determine the effect of rimonabant on total cholesterol, LDL-C, HDL-C and triglycerides in

LPV/r and AZT treated Sprague-Dawley rats.
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4. Determine the effect of rimonabant on FABP4 levels in LPV/r and AZT treated Sprague-Dawley

rats.

Experimental Animals

Thirty-seven (37) adult, male, Sprague- Dawley rats weighing between 300 and 350 g at the
beginning of the study were purchased from the Department of Biochemistry, University of
Nairobi and housed in communal cages at the Department of Human Physiology, University of

Nairobi.

The rats were provided with standard rat chow (Unga Feeds, Nairobi, Kenya) and drinking water
ad libitum. Rats were habituated to handling and testing procedures under a 12:12-h light—dark
cycle (lights off at 1800 h) for two (2) weeks prior to testing. Dry wood shavings were used as
beddings and changed daily. At the end of the habituation period, seven (7) randomly selected
rats were sacrificed for a baseline assessment of insulin tolerance and fat depots. The remaining
30 rats were randomized into 3 groups of 10 rats each, namely; negative control, positive control
(LPV/r + AZT) and the test group (LPV/r + AZT + rimonabant). The randomization scheme was

generated by the web site Randomization.com (http://www.randomization.com) using the

method of randomly permuted blocks. The rats were also randomly selected for drug
administration and experimental procedures. Drug administration continued over a period of 4

weeks a duration equivalent to 2.8 — 3 human years (Andreollo et al., 2012).

The study protocol was approved by the Post graduate Research Committee, Department of
Medical Physiology, School of Medicine, University of Nairobi. Rats were handled in
accordance with the U.S National Research Council Guide for the Care and Use of Laboratory
Animals (NRC, 1996). Sprague -Dawley rats were selected because of their suitability for

hormone profile studies and ease of handling.
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Figure 4 Experimental Design and Groups
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Drugs and Chemicals

The PI drugs used in the study were Lopinavir and Ritonavir (Mylan laboratories Ltd.,
Mabharashtra, India). These drugs are supplied in a fixed dose combination of Lopinavir/ritonavir
of ratio 4:1 respectively which is approved for use as part of HAART regimens in Kenyan ART
guidelines (Ministry of Medical Services, 2011). The tNRTI used was Zidovudine (Hetero drugs
Ltd., Hyderabad, India). Both anti-retroviral drugs were donated by the office of the District Aids

and STI Coordinator (DASCO), Nakuru, Kenya.

Drug dosages were calculated based on dosing guidelines for daily oral Lopinavir/ritonavir and
Zidovudine in adult HIV patients; 800/200 total mg or 13.33/3.33mg/kg/day and 600mg total mg
or 10mg/kg/day respectively, assuming a body weight of 60kg; Using body surface area
normalization this translated to a dosage of approximately 80mg/20mg/kg/day of LPV/r and

60mg/kg/day of AZT in rats (Reagan-Shaw et al., 2007).

To reconstitute the Pls, a single tablet of LPV/r (200mg/50mg) was completely dissolved in
10ml of drinking water to yield a concentration of 20/5Smg/ml. To reconstitute the tNRTI for
administration, a single tablet was completely dissolved in 30mls of drinking water to yield a
solution concentration of 10mg/ml. The drugs were administered daily between 0900h and
1100h by oral gavage daily for a period of 4 weeks. Individualized dosages were determined

based on the rats weight. The animals were weighed daily before drug administration.

Rimonabant Hydrochloride also known as SR141716 (99% purity, Clearsynth Labs Limited.,
Mumbai, India) was dissolved in dimethyl sulphoxide (DMSO) by gentle sonication before being
diluted with Tween 20 and saline (2% DMSO, 1% Tween 20, 97% saline) to final concentrations

of 1 mgml™". This was delivered by oral gavage at doses of 3mg/kg/day. This dose was based on
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3.6

dose response curves developed previously (Vickers et al., 2003). Control rats received a weight
matched volume of the drug vehicle, 0.5% pharmaceutical grade starch solution. Starch was
purchased from F&S scientific LTD (Shamneel Court, Parklands Road, Westlands, Nairobi,
Kenya). Mouse FABP4 ELISA kit with proven rat serum cross reactivity was purchased from

BioVendor Laboratory Medicine, (Palackeho, Czech Republic).

Experimental Procedures

The insulin tolerance test was conducted at 2-week intervals and carried out as previously
described (Heikkinen et al., 2007). Briefly, after a 2-h fast, the tip of the tail was nicked with a
scalpel blade, a drop of blood expressed on a blood glucose test strip, and glucose values
measured with a glucose meter (Prestige Smart System; Walgreens). Once fasting glucose had
been determined, rats were injected subcutaneously at the back of the neck with 0.5 units/kg of
Actrapid® insulin (Novo Nordisk; U.S.A) and blood glucose levels measured after 30 minutes at

times, 30, 45, 60 and 120 minutes.

To determine lipid profiles colorimetric methods using commercially available kits (cholesterol,
triglycerides, HDL-C and LDL-C, Chronolab, Switzerland) were utilized as previously described
(McGowan et al., 1983). Briefly, blood samples (5-8mls) for lipid profile were collected by
cardiocentesis in anaesthetized animals (Ketamine 80-100 mg/kg and Xylazine 8-10 mg/kg i.p.)
and stored in EDTA containing vacutainer tubes. The sample tubes were inverted 8-10 times to
mix blood with anti-coagulant and kept at room temperature until centrifugation. Samples
underwent centrifugation at 2000G for 10 minutes to separate into three layers. The supernatant
was aspirated and pooled into centrifuge tubes. Aliquots of plasma that were not assayed for
lipids immediately were stored at -80°C. These tests were also conducted after a 4 weeks

interval.
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Plasma FABP4 concentrations were determined as per ELISA kit instructions (Mouse FABP4
ELISA, BioVendor Laboratory Medicine Inc., Palackeho, Czech Republic) using a semi
automated ELISA analyzer system (HumaReader HS, HUMAN GmbH, Wiesbaden, Germany).
Briefly, standard and samples were incubated at room temperature for 2 hours in microplate
wells pre-coated with polyclonal anti-mouse FABP4 antibody and shaken at ca. 300 rpm on an
orbital microplate shaker. After two hours of incubation and washing, biotin labelled polyclonal
anti-mouse FABP4 antibody was added and incubated with captured FABP4 for one hour. After

another washing, streptavidin-HRP conjugate was added.

After further 30 minutes incubation at room temperature and the last washing step, the remaining
conjugate was allowed to react with the substrate solution containing tetramethylbenzidine
(TMB). The reaction was stopped by addition of acidic solution and abso_rbance of the resulting
yellow product is measured. The absorbance is proportional to the concentration of FABP4. A
standard curve was constructed by plotting absorbance values against concentrations of
standards, and concentrations of unknown samples determined using this standard curve by
linear intra-polation. Blood samples (5-10mls) for FABP4 Elisa were collected by cardiocentesis

in anaesthetized animals (Ketamine 80-100 mg/kg and Xylazine 8-10 mg/kg i.p.).

To determine changes in fat distribution, subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT) depots were carefully excised and weighed from all sacrificed rats. Interscapular
brown adipose tissue (IBAT) was representative of SAT while inguinal and epididymal white

adipose tissue represented VAT.

The abdominal circumference (AC) (immediately anterior to the forefoot), thoracic
circumference (immediately behind the foreleg), body length (nose-to-anus or nose—anus length)

were measured in all rats at 2-week intervals. The measurements were made in anaesthetized rats
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(Ketamine 80-100 mg/kg and Xylazine 8-10 mg/kg i.p.). The body weight and body length were

used to deter mine the Body mass index by the formula; {BMI = % body weight (g)/length’

(cm®)}.

Data Analysis

All results are expressed as mean + SD. Differences between the positive control and the test
groups have been calculated using the unpaired Student’s ¢ test. To test for differences between
the three groups, one way analysis of variance (ANOVA) was used. Differences were considered
significant at P < 0.05. Tukey's HSD (honestly significant difference) post hoc test was carried

out in case of significance
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CHAPTER 4

RESULTS

4.1 Body Mass Index and Weight

There were no differences in weight (353 + 50 vs. 338 +42 vs. 346 £20 g, F(2,27)=0.37,P =
0.69), BMI (0.163 £ 0.01 vs. 0.162 + 0.02 vs. 0.168 + 0.01 g/cm?, F (2, 27) = 0.35, P = 0.71),
Abdominal Circumference (17.7 + 1.40 vs. 18.0 £ 1.30 vs. 17.5 £ 0.20 cm, F (2,27) =040, P =
0.67) and Thoracic circumference (15.5 = 0.90 vs. 15.5 = 1.30 vs. 15.3 £ 0.40 cm, F (2, 27) =

0.17, P = 0.85) at the beginning of the study (Table 1).

Table 1. Anthropometric characteristics at the beginning of the study

Groups Number of Weight BMI 2 ACP® TC®

ratsm=10)  (g) (g/cm®) (cm) (cm)
Positive Controls 353 £50%*  0.163+0.01*  17.7+1.40 15.5+0.90§
Test 338 +42%*  0.162+0.02*  18.0+1.307 15.5+1.30§
Negative Control 346 + 20 0.168+0.01* 1754020 153 +0.40

IAC = abdominal circumference: "BMI = body mass index;; “TC = thoracic circumference.
Values represented as mean + SD

*P=0.69; * P=0.71; 1 P=0.67; § P=0.85
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Further analysis of weekly BMIs by one way ANOV A showed significant difference (F (2, 12) =
9.43, P = 0.003). Post hoc analyses by Tukey’s HSD criterion for significance indicated that
weekly BMIs were lower in the test group than both positive control and negative control groups
(0.163 + 0,00 vs. 0.167 = 0.00 vs. 0.172 + 0.00 g/cm?, F(2, 12) = 9.43, P = 0.003). Similarly,
average weekly weights were lower in the test group vs. positive controls and negative controls

(338 + 2.53 vs. 360.78 % 7.00 vs. 353.94 £ 8.35g, (F (2, 12) = 14.93, P <0.001) (Table 2).

Table 2. Average Weekly Weight and Body Mass Index

Groups Number of rats (n=  Average Weekly Weight  Average Weekly BMI *
10) (8 (g/em’)

Test 338.96 + 2.53* 0.163 = 0.00**

Positive Controls 360.78 = 7.00* 0.167 £+ 0.00**

Negative Controls 353.94 + 8.35 0.172 £+ 0.00

*AC = abdominal circumference: PBMI = body mass index;; °TC = thoracic circumference.

Values represented as mean = SD
** P=0.003; * P=0.0005
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There were no significant differences observed in weight (364 + 51 vs. 337 + 36 vs. 357 £ 24 g,
F(2,27)=1.32, P =0.28), BMI (0.169 + 0.01vs. 0.162 + 0.02 vs. 0.173 + 0.01 g/em?, F (2, 27)
=2.01, P =0.15), Abdominal Circumference (16.5 + 1.00 vs. 16.1 £ 0.90 vs. 16.40 = 0.7 cm, F
(2,27) = 0.38, P = 0.69) or Thoracic circumference (14.8 + 0.90 vs. 14.3 £ 0.60 vs. 14.8 + 0.40

cm, F (2,27)=2.02, P = 0.15) at the end of the study (Table 3).

Table 3. Anthropometric characteristics at the end of the study

Groups Number of rats Weight BMI * AC® TC®
@=10per (g (g/em’) (cm) (cm)
group)

Positive 364 £ 51** 0.169 £0.01*  16.5+1.009 14.8 £ 0.90§

Controls

Test 337 + 36** 0.162+0.02*  16.1+0.909 14.3 £ 0.60§

Negative 357+24 0.173 £0.01 16.4 +0.70 14.8 +0.40

Controls

2AC = abdominal circumference: "BMI = body mass index;; “TC = thoracic circumference.
Values represented as mean + SD

**P=028;* P=0.09;9P=069; § P=0.15

.2 CBI1 antagonism decreases visceral fat accumulation

There was a marginal difference in the weight of visceral fat pads between the groups on one
way ANOVA (4.93 £2.09 vs. 7.33 £ 2.88 vs. 6.27 £ 1.92 g, F (2, 27) = 2.65, P =0.09). The
mean weight of visceral fat pads was 39% and 23.9% lower in the test group than in positive

controls and negative controls respectively.
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Table 4. Weights of inguinal, epididymal and Interscapular fat pads

Groups Number of Inguinal and epididymal fat pads Interscapular brown adipos:
rats (n =10 weight (grams) tissue weight (grams)
per group)
Test group
4.93 +2.09*% 0.71 £0.37
Positive Controls
7.33 £2.88* 0.76 £0.23
Negative Controls
6.27+1.92 0.77 £0.31

Values represented as mean + SD

* P=0.09.

Analysis of variance found no differences between the groups in weight of subcutaneous fat pads

(0.76 £0.23 vs. 0.71 £0.37 vs. 0.77 £ 0.31 g, F (2, 27) = 0.12, P = 0.86).

Table 5. Weights of inguinal, epididymal and Interscapular fat pads for baseline rats

Group Number of
rats (n=7)

Inguinal and epididymal fat pads
weight (grams)

Interscapular brown adipose
tissue weight (grams)

Baseline Rats

4.53+1.21

0.71 £ 0.15

4.3  Concurrent Rimonabant with cART administration and insulin sensitivity

The use of Rimonabant with cART increased insulin sensitivity as determined by a two hour

ITT. Fasting blood sugar was 49.7% lower in the test group compared to the positive controls

and 13.8% lower than negative controls. On one way ANOVA, fasting blood sugar differed

significantly between the groups (2.3 £+ 0.65 vs. 3.82 £ 0.61 vs. 2.64 + 0.34 mmols/L, F (2, 12) =

3.89, P = 0.002). On post hoc analyses, test animals had significantly lower FBS than positive
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controls (2.3 + 0.65 vs. 3.82 = 0.61, F (2, 12) = 3.89, P = 0.002) 120 minutes after a loading

dose of insulin (Table 6).

Table 6. Fasting blood sugar levels on insulin tolerance test

Time 0 Time 30 Time 45 Time 60 Time 120
(minutes)
Groups Number of rats Fasting Blood Sugar
(n) (mmols/L)
Positive Controls 5 476 +0.68 3.00+0.39 2.78+0.08** 2.78+0.35*%* 3.82+0.61*
Test 5 4.66 + 0.7 338+£0.53 2.7+0.71 2.3+0.82 2.30+0.65*
Negative Controls 5 4.06+0.19 278+0.2 236+0.22 2.2+0.24 2.64+0.34

Fasting blood sugar was measured following a Shour fast (Time 0), 0.5 IU/kg of Actrapid insulin

were then injected subcutaneously and blood sugar levels measured at 30, 45, 60 and 120

minutes after the injection.

Values represented as mean + SD

**P < 0.05; *P=0.002

There were no differences in FBS values among the groups at Time 0 (4.66 + 0.7 vs. 4.76 + 0.68
vs. 4.06£0.19 mmols/L, P = 0.16) (Table 6).

50



FBS mmols/L

Test Positive Controls Negative Controls

Figure 5. Fasting Blood Sugar levels obtained at Time O prior to insulin loading.

Bars represent means + SD of 5 samples.
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Figure 6. Fasting Blood Sugar obtained 120 minutes after a 0.5 IU kg subcutaneous dose of
insulin.

Bars represent means + SD of 5 samples.

*P=0.002
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Results of baseline assessment of insulin sensitivity are shown in Table 7 below

Table 7. Fasting blood sugar on insulin tolerance test for baseline rats

Time 0 Time30  Time 45 Time 60 Time 120
(minutes)
Fasting Blood Sugar
Groups Number of rats (n)
(mmols/L)
Baseline Rats 7 449+121 1.69+0.47 1.16:0.34 ° 2.09+1.0

4.4

*Not detectable. Sixty (60) minutes after insulin injection all rats used in baseline study had FBS
readings below the lower limit of detection (1.1 mmols L") by the glucometer used.

All values represented as mean + SD.

Concurrent Rimonabant with cART administration and serum lipidsv

Serum triglycerides were higher by 57% and 33% in test animals versus positive controls and
controls respectively. These differences were significant by one way analyses of variance (1.86 +

0.63 vs.1.04 £ 0.35 vs.1.33 + 0.4 mmols/L, F(2,27) = 7.67, P = 0.002,) However, significance

was not maintained on post hoc analyses.

3 E e
%
25 = e = S
2 S i i
Triglycerides 15 = 1T
(mmols/L) ’
1 +— ————— — —— ¥ Serum Triglycerides
05 emisicis i e - b
0 4+—" __ S— S -
Positive Controls Test Negative
Controls
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Figure 7. Serum triglyceride concentrations
Bars represent means + SD
*P =0.002

Similarly, significant differences occurred in LDL-C concentrations (1.64 + 0.85 vs. 0.53 vs. £+
0.41vs. 1.31 £ 0.58 mmols/L, F(2,27) = 7.89,P = 0.002) between groups with one way ANOVA,
In terms of magnitude, LDL-C concentrations were 102% higher (1.64 = 0.85 vs. 0.53 vs. +
0.41mmols/L) in the test group than positive controls and 20% higher vs. controls (1.64 + 0.85

vs. 1.31 + 0.58 mmols/L). The level of significance was not maintained by post-hoc analysis.

EIDL -C
Concentrations

Positive Controls

Test Negative Controls

Figure 8, Low Density lipoprotein — cholesterol levels
Bars represent means + SD
*P=0.002

Differences in serum HDL-C concentrations between groups were also observed by one way
ANOVA (0.33 £0.16 vs. 0.61 £ 0.34 vs. 0.34 £ 0.16 mmols/L, F (2, 27) = 4.5, P=0.02). HDL-
C was 60% lower (0.33 = 0.16 vs. 0.61 = 0.34 mmols/L) in the test group compared to positive

controls. The level of significance was not maintained on post-hoc analysis.
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Figure 9. High density lipoprotein — cholesterol levels

Bars represent means = SD; HDL-C, high density lipoprotein —cholesterol.

*P=0.02

B HDL-C Concentrations

Table 8. Lipid profile differences between groups

Groups Number of rats Triglycerides LDL-C HDL -C
(n=10) (mmols/L) (mmols/L) (mmols/L)
Test 1.86 £ 0.63* 1.64 £ 0.85* 0.33£0.16**
Positive Controls 1.04 £0.35* 0.53+041* 0.61 £ 0.34**
Controls 1.33+0.40 1.31+0.58 0.34+£0.16

HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol;

Values are means + SD.

*P=0.002; **P=0.02
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4.5 Concurrent Rimonabant and cART administration and FABP4 concentrations
Serum FAPB4 concentrations were 80% and 75% higher in the cART + Rimonabant group
compared to cART-only and controls respectively (19.1 + 18.3 vs. 8.1 + 9.0 vs. 8.6 = 7.6 mg/dL,

F(2.27)=1.53 P=023)

Serum FABP
levels (ng/mlL) i

cART cART + Controls
Rimonabant

Figure 10. Serum Fatty Acid Binding Protein — type 4 concentrations. Bars represent means +
SD cART, combined Anti-Retroviral Therapy; FABP4, Fatty Acid Binding Protein—type 4
*P=0.23.
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CHAPTER 5

DISCUSSION

Metabolic syndromes comprise another category, albeit hitherto unappreciated, of HIV-1-
associated diseases. It is now a documented fact that HIV-1-infected patients have up to two
times the risk, when compared to the uninfected population, of developing cardiovascular
disease (CVD), atherosclerosis, dyslipidemia and/or insulin resistance (Klein et al., 2002; Currier
et al., 2008; Hsue et al., 2009 ).This increased risk has been ascribed to both the drugs used in

antiretroviral therapy as well as the HIV infection itself (Lamers et al., 2012).

HIV-associated lipodystrophy manifests as the abnormal accumulation of fat at central sites
(lipohypertrophy) accompanied by loss of fat tissue at peripheral sites (lipoatrophy) (Mallewa et
al., 2008). It is often co-morbid to and precedes the metabolic syndromé. It also occurs in both
treated and untreated patients but its incidence is increased in patients on protease inhibitor

containing antiretroviral drug treatment regimens (Grinspoon & Carr, 2005).

Current strategies to address cART associated lipodystrophy that include switching from
culpable cART drugs or drug holidays, use of thiazolidinediones, statins and fibric acid
derivatives, Growth Hormone Replacement Therapy and cosmetic surgery produce only a
modest effect on the condition. Effective interventions are therefore required to address this

growing concern.

Antagonism of the CB1 receptor is known to improve insulin sensitivity, lipid profiles and fat
distribution in rodent models of obesity (Ravinet-Trillou et al., 2003; Gary-Bobo et al., 2007)

and in patients with the metabolic syndrome (Pi-Sunyer et al., 2006) however the potential
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benefits of CB1 antagonism have not been explored in the context of cART induced

derangements of metabolism and phenotype.

In the present study, the use of the CB1 antagonist rimonabant with cART improved insulin
sensitivity significantly resulting in FBS levels that were 39% and 14% lower in test animals at
120 minutes than in cART-only and control rats respectively. The better insulin sensitivity
suggests that activation of the endogenous cannabinoid system is involved in the etiology of

insulin resistance that accompanies use of LPV/r and AZT containing cART regimens.

The use of rimonabant alongside cART produced a leaner rat phenotype by reducing
accumulation of visceral fat by 39% and 24% when compared positive and control rats
respectively. These results suggest that the endogenous cannabinoid system is a driver of
adipogenesis in the cART induced metabolic disorder. Additionally, the findings concur with
previous work showing that reduction in size of visceral fat fads (epidydimal, perirenal, and
lumbar tissues) following treatment with rimonabant was accompanied with improved insulin
sensitivity (Ravinet-Trillou et al., 2003).

Serum triglycerides and LDL-C increased while serum HDL-C concentration decreased
significantly in test animals. The results were obtained at a dose of rimonabant (3mg/kg) that is
in the lowest range of doses used in similarly designed studies (Colombo et al., 1998; Bensaid et
al., 2003). The findings differ with other studies of CB1 antagonism which have shown that
treatment with rimonabant reduces serum triglycerides and LDL-C while modestly increasing
HDL-C levels in both rodent and human studies (Di Marzo, 2004; Ravinet-Trillou et al., 2004;

Poirier et al., 2005; Després et al., 2009)..
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It is possible that rimonabant produced a boosting effect on the serum concentrations of the anti-
retroviral drugs particularly the protease inhibitor Lopinavir. Lopinavir is effectively and rapidly
metabolized by hepatic cytochrome CYP3A4 leading to sub-therapeutic concentrations when the
drug is administered alone. Ritonavir potently inhibits CYP3A4 resulting in a positive drug-drug
interaction when the two drugs are co-administered. Recently, rimonabant has also been found to
irreversibly inhibit CYP3A4 in a time-dependent manner (Bergstrom et al.,, 2011). CYP3A4
metabolizes rimonabant to produce an iminium ion metabolite as its major by-product. This
metabolite is a potent cytotoxic that binds to and inhibits cellular microsomes including CYP3A4
(Foster et al., 2013).In the present study, irreversible covalent inhibition of CYP3A4 by this
iminium ion metabolite may have increased the serum concentrations of lopinavir beyond the

initial boost provided by ritonavir into a toxic range that resulted in dyslipidemia.

In addition, Foster and co-workers (Foster et al., 2013) demonstrated that ritonavir can block the
metabolism of rimonabant thereby increasing its duration of action but also abolishing the
cytotoxic effects of its iminium ion metabolite. From their result one can deduce that the use of
the LPV/r combination should be protective against rimonabant induced cellular injury, however
that study was not designed to explore what effect the interaction of ritonavir and rimonabant
would have on cellular lipid synthesis. The present study provides some insight into the possible
effects of a ritonavir-rimonabant interaction on lipid synthesis. That interaction appears to
produce dyslipidemia and points to advanced boosting of serum lopinavir concentrations as

being possibly responsible even though this was not directly assessed.

Treatment with rimonabant increased serum concentrations of fatty acid binding protein — type 4
(FABP4) by 75 and 80% compared to controls and cART-only rats respectively. This result is
consistent with the increased serum lipids in the rimonabant group since serum FABP4 levels
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have been shown to correlate positively with serum triglycerides and LDL-C levels and
negatively with HDL-C levels both in rodent studies and in evaluation of HIV infected patients
with cART associated lipodystrophy (Makowski et al., 2001; Coll et al., 2008; Escote' et al.,
2011). There however appears to be a conflict in the relationship between increased FABP4
levels and better insulin sensitivity in cART + Rimonabant rats. An increase in serum FABP4 is
usually accompanied by insulin resistance which is driven by cytokines TNFa, IL-6, IL-18 and
leptin resistance (Kirchgessner et al., 1997; Mynarcik, 2000; Kern et al., 2001). On the other
hand, rimonabant is known to reduce expression of pro-inflammatory cytokines particularly
TNFa and to improve leptin sensitivity (Gary-Bobo et al., 2007; Osei-Hyiaman et al., 2008). It is
possible that these anti-inflammatory properties of rimonabant undermined the development of

insulin resistance in spite of the higher serum FABP4 levels observed.

As far as we can determine this is the first study to explore the poésible link between the
endogenous cannabinoid system and cART associated metabolic and phenotypic disturbances.
The assay of cannabinoid biosynthetic enzymes DAGL and NAPE PLD and measurement of
plasma levels of their products would be a more direct assessment of ECS tone. We also note
that it would have been more informative to include an additional experimental group treated
with rimonabant only. In spite of these limitations the study’s main objective was to determine
the effects of the CB1 receptor antagonism on the metabolic and phenotypic characteristics of
rats treated concurrently with LPV/r and AZT. As such the study sheds light on the utility of
treatment strategies that target the ECS tone in mitigating the unwanted effects of certain

HAART regimes.

In conclusion this study of CB1 antagonism with concurrent cART in rats suggests that, although
insulin sensitivity improves in rats given cART with rimonabant, the possible benefits of using
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rimonabant are lessened by the increase in serum triglycerides, LDL-C and FABP4 and these
inappropriately raise the risk for atherosclerosis and cardiovascular morbidity (Makowski et al.,
2005). It is also likely that even though visceral adiposity was diminished by using rimonabant
along with cART, translation of this regimen would not improve peripheral fat loss given that
rimonabant treated rats showed 8% less interscapular brown adipose tissue when compared to
both cART-only and control rats. Future work can shed light on the exact drug-drug interactions
that produced the dyslipidemic profile and the effects of such treatment on expression of specific

inflammatory markers and pro-adipogenic transcription factors in various tissues.
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