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Abstract
Diabetic nephropathy (DN) is one of the most serious complications of diabetes mellitus
(DM) and is the leading cause of end-stage renal disease (ESRD). Excessive activity of the
renin-angiotensin system (RAS) plays a vital role in initiation and progression of DN.
The purpose of this study was to evaluate the renoprotective effect of aliskiren (direct
renin inhibitor) monotherapy and combination of aliskiren plus pentoxifylline (xanthine
derivative), and compare it with enalapril and valsartan (RAS inhibitors) in hypertensivediabetic type 2 patients with DN among patients in Gaza Strip. To achieve this purpose,
eighty hypertensive-diabetic type 2 patients with microalbuminurea (20-200 µg/min or
30-300 mg/24h) were selected from UNRWA and private clinics in Gaza Strip and divided
into four groups. The first group (n=20) was treated with enalapril (10-20 mg/day), the
second one (n=20) was treated with valsartan (160 mg/day), the third group (n=20) was
treated with aliskiren (150 mg/day), whereas the fourth one (n=20) was treated with
aliskiren-pentoxifylline combination (150, 400 mg/day), then all patients were followed-up
for nine months by measuring serum creatinine level and urinary albumin excretion (UAE)
rate before and at 3, 6 and 9 months of treatment.
The results showed a significant reduction in UAE rate among patients who used
aliskiren and aliskiren-pentoxifylline combination after 6 and 9 months of treatment, where
the reduction in both groups was more pronounced at 9 months of treatment. In the valsartan
treated group, the reduction in UAE rate was significant after 9 months of treatment, while
in the enalapril treated group, no significant reduction in UAE rate was seen throughout the
study period (9 months). In addition, the results also showed a significant reduction in
serum creatinine level after 6 and 9 months of aliskiren-pentoxifylline combination
treatment, whereas the decrease became significant after 9 months of aliskiren treatment.
On the other hand, no significant reduction in serum creatinine level among patients who
used enalapril or valsartan during the study period (9 months).
The study revealed that aliskiren monotherapy and aliskiren-pentoxifylline combination
had more pronounced renoprotective effect than enalapril and valsartan among
hypertensive-diabetic type 2 patients with DN.
Keywords: Diabetic Nephropathy, Aliskiren, Aliskiren-Pentoxifylline Combination,
Valsartan, Enalapril, Urinary Albumin Excretion (UAE) Rate, Serum Creatinine Level,
Renoprotective Effect.
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الممخص العربي
التأثير الوقائي عمى الكمية لعالج األلسكيرين ( )Aliskirenاألحادي وعالج األلسكيرين والبنتوكسيفيمين

( )Pentoxifyllineالمزدوج ،ومقارنتها مع غيرها من مثبطات جهاز الرينين واألنجيوتنسين لدى مرضى ارتفاع
ضغط الدم والسكري النوع الثاني والذين يعانون من اعتالل الكمية السكري في قطاع غزة.

اعتالل الكمية السكري ( )DNىو واحد من أخطر مضاعفات مرض السكري ( ،)DMوىي السبب الرئيسي لممرض
الكموي بمراحمو األخيرة ( .)ESRDالنشاط المفرط لجياز الرينين واألنجيوتنسين ( )RASيمعب دو ار حيويا في بدء
وتطور اعتالل الكمية السكري.
الغرض من ىذه الدراسة ىو تقييم التأثير الوقائي عمى الكمية لعالج األلسكيرين (مثبط الرينين المباشر) األحادي
والعالج المزدوج من األلسكيرين والبنتوكسيفيمين (مشتق من الزانثين) ،ومقارنتيا مع اإلناالبريل والفال ازرتان من مثبطات

جياز الرينين واألنجيوتنسين لدى مرضى ارتفاع ضغط الدم والسكري النوع الثاني والذين يعانون من اعتالل الكمية
السكري في قطاع غزة ،وذلك من خالل اختيار ثمانين مريضا من عيادات وكالة الغوث ( )UNRWAوالعيادات الخاصة
المنتشرة في قطاع غزة وتقسيميم إلى أربع مجموعات .المجموعة األولى (ن = )20تم عالجيا باستخدام عالج
اإلناالبريل ( 20-10ممغم/يوم) ،المجموعة الثانية (ن = )20تم عالجيا باستخدام عالج الفال ازرتان ( 160ممغم/يوم)،
والمجموعة الثالثة (ن = )20استخدمت عالج األلسكيرين ( 150ممغم/يوم) ،بينما المجموعة الرابعة (ن = )20تم
عالجيا باستخدام عالج األلسكيرين والبنتوكسيفيمين المزدوج ( 400،150ممغم/يوم) ،وقد تمت متابعة جميع المرضى
لمدة تسعة أشير من خالل قياس مستوى الكرياتينين في الدم ( )Serum Creatinine Levelومعدل الزالل البولي
( )UAE rateوذلك قبل البدء بالعالج وبعد ثالثة ،ستة و تسعة أشير من استخدام العالج.

أظيرت النتائج انخفاضا ذا داللة إحصائية في معدل الزالل البولي لدى المرضى الذين استخدموا عالج األلسكيرين

وعالج األلسكيرين والبنتوكسيفيمين المزدوج بعد ستة وتسعة أشير من استخدام العالج ،وقد كان االنخفاض في كل من
المجموعتين السابقتين أكثر وضوحا بعد تسعة أشير .بالنسبة لممجموعة المعالجة باستخدام الفال ازرتان كان ىناك
انخفاض ذو داللة إحصائية في معدل الزالل البولي بعد تسعة أشير من العالج ،بينما لم يكن ىناك أي داللة إحصائية
في االنخفاض الناتج لدى المجموعة المعالجة باستخدام اإلناالبريل خالل فترة الدراسة (تسعة أشير) .باإلضافة إلى ذلك،
أظيرت النتائج انخفاضا ذا داللة إحصائية في مستوى الكرياتينين في الدم بعد ستة وتسعة أشير من استخدام عالج
األلسكيرين والبنتوكسيفيمين المزدوج ،في حين أن االنخفاض أصبح ممحوظا بعد تسعة أشير من استخدام عالج
األلسكيرين .من ناحية أخرى ،لم يكن ىناك انخفاض ذو داللة إحصائية في مستوى الكرياتينين في الدم لدى المرضى
الذين استخدموا عالج اإلناالبريل أو الفال ازرتان خالل فترة الدراسة (تسعة أشير).

كشفت الدراسة بأن عالج األلسكيرين األحادي وعالج األلسكيرين والبنتوكسيفيمين المزدوج لو تأثير وقائي عمى الكمية

أكثر وضوحا من عالج اإلناالبريل و الفال ازرتان لدى مرضى ارتفاع ضغط الدم والسكري النوع الثاني والذين يعانون من
اعتالل الكمية السكري.
الكممات المفتاحية :اعتالل الكمية السكري ،األلسكيرين ،األلسكيرين والبنتوكسيفيمين المزدوج ،الفال ازرتان ،إناالبريل،

معدل الزالل البولي ،مستوى الكرياتينين في الدم ،وقاية الكمية.
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1. Introduction

1.1. Background
Diabetes mellitus (DM) is a metabolic disorder which results from defect in insulin
secretion (type 1), insulin action (type 2), or combination of these factors and characterized
by chronic hyperglycemia (O’Connor & Schelling, 2005). According to a recent report by
the International Diabetes Federation (IDF), DM affects nearly 250 million people
worldwide and this number is expected to reach 380 million by year 2025 (Sicree, 2008).
Due to its high prevalence, DM would represent a burden on the health care system by its
long-term macrovascular and microvascular complications (Karnib & Ziyadeh, 2010). For
example, more than 40% of diabetic patients may develop diabetic nephropathy (DN) which
is the leading cause of end-stage renal disease (ESRD), (Atkins, 2005). DN, the most
common microvascular complications, is a progressive kidney disease characterized by
changes in structure and function of the kidney (Kanwar et al., 2008). These changes
include glomerular basement membrane (GBM) thickening, glomerular and tubular
hypertrophy, mesangial expansion, glomerulosclerosis, decline in glomerular filtration rate
(GFR) and proteinuria (Najafian & Mauer, 2009). The earliest clinical sign of DN is
microalbuminuria, which is quantitatively defined as urinary albumin excretion (UAE) rate
of 20-200 µg/min (30-300 mg/24h or albumin creatinine ratio (ACR) of 30-300 mg/g)
(Lasaridis & Sarafidis, 2003; Araki et al., 2008).
Chronic hyperglycemia is the chief initiator of DN, because it results in activation of
polyol pathway, hexosamine pathway, protein kinase C (PKC) pathway, and accumulation
of advanced glycation end products (AGEs) when glucose enters the glomerular cells
through glucose transporter 1 (GLUT-1) (Kikkawa et al., 2003). Moreover, abnormal
activation of renin-angiotensin system (RAS) by chronic hyperglycemia plays a crucial role
in development of DN (Barnett, 2006). Beside the vital role of angiotensin II (Ang II) in
progression of DN via its potent effects on renal structure and function which is related to
stimulation of chemokines, chemotaxins and cell adhesion molecules expression, as well as
generation of reactive oxygen species (ROS), (Brewster & Perazella, 2004; Barnett,
2006), renin, the rate-limiting step of RAS, can also initiate the development of DN by
stimulating the production of transforming growth factor-β1 (TGF-β1), plasminogen
activator inhibitor-1 (PAI-1), fibronectin and collagen through activation of the extracellular
signal regulated kinases 1 and 2 (ERK1/2) pathway in mesangial cells (Huang et al., 2006,
2007; Abassi et al., 2009).
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Thus, blocking RAS has many advantages with respect to renal function in patients with
hypertension and type 2 DM (Barnett, 2006). Numerous studies have shown that
angiotensin converting enzyme inhibitors (ACEIs) and Ang II receptor blockers (ARBs)
have renoprotective effects in patients with DN and proteinuria by reducing albuminuria and
delaying the progression of ESRD (Kavgaci et al., 2002; Suzuki et al., 2002; Casas et al.,
2005). However, neither ACEIs nor ARBs, even in high doses, can abrogate the progression
of DN completely, where they can decrease proteinuria by 30-35% (MacKinnon et al.,
2006; Tylicki et al., 2008). In addition, recent works have shown that immunologic and
inflammatory mechanisms play a significant role in DN progression (Tuttle, 2004; Mora &
Navarro, 2006). So therapeutic targets based on anti-inflammatory strategies can be applied
for treatment of DN. For example, pentoxifylline, a methylxanthine derivative with
significant anti-inflammatory, antiproliferative, and antifibrotic properties, can reduce renal
hypertrophy, UAE rate, and renal disease progression by inhibiting the accumulation of
tumor necrosis factor-α (TNF-α) and modulating interferon-γ, interleukin-1β (IL-1β) and IL6 (Lin et al., 2002; DiPetrillo & Gesek, 2004).
This study is intended to investigate the renoprotective effects of aliskiren (direct renin
inhibitor, DRI) and combination of aliskiren plus pentoxifylline (xanthine derivative) among
hypertensive-diabetic type 2 patients with DN in Gaza Strip by measuring UAE rate and
serum creatinine (SCr) levels before and every 3 months of using these drugs throughout the
study period (9 months). Further, the study also compared the effect of aliskiren (DRI) and
aliskiren-pentoxifylline combination with other RAS inhibitors such as enalapril (ACEI)
and valsartan (ARB) on renal function in the same population.
1.2. Justification of the study
According to the status of health in Palestine in 2005, the prevalence of DM is on the
rise (145,291 diabetic cases with 5,100 DN cases), which increases the incidence of DN
(Annual Report-Palestine, 2005). Unfortunately, the untreated DN is the most common
cause of renal failure requiring renal replacement therapy worldwide (Fraser & Phillips,
2007). The incidence of ESRD requiring dialysis therapy caused by DN has increased
sharply during the last two decades worldwide, and mortality associated with dialysis
therapy remains greater than for those without DN (Atkins et al., 2005). Moreover, the
importance of this study emerged from the fact that it is the first of its kind in Palestine set
to evaluate the effectiveness of aliskiren monotherapy and aliskiren-pentoxifylline
combination among hypertensive-diabetic type 2 patients with DN. Therefore, the present
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study can provide the overwhelming evidence to change the protocol used in treatment of
diabetics with DN in Palestine.
1.3. Purpose of the study
To evaluate the renoprotective effect of aliskiren monotherapy and aliskirenpentoxifylline combination, and to compare it with other renin-angiotensin system inhibitors
as ACEIs and ARBs in hypertensive-diabetic type 2 patients with diabetic nephropathy
among patients in Gaza Strip.
1.4. Objectives of the study
1. Evaluate the ability of aliskiren monotherapy and aliskiren-pentoxifylline combination
to delay or prevent the progression of diabetic nephropathy in hypertensive-diabetic
type 2 patients.

2. Compare the renoprotective effect of aliskiren, direct renin inhibitor, with other reninangiotensin system inhibitors as enalapril (ACEI) and valsartan (ARB) on renal
functions among hypertensive-diabetic type 2 patients with diabetic nephropathy.

3. Compare the effect of aliskiren-pentoxifylline combination with aliskiren and other
renin-angiotensin system inhibitors as enalapril (ACEI) and valsartan (ARB) on renal
functions among hypertensive-diabetic type 2 patients with diabetic nephropathy.
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2. Literature Review
2.1. Diabetes mellitus
2.1.1. General aspects
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by chronic
hyperglycemia due to multiple causes including absolute insulin deficiency, insulin
resistance, impaired insulin secretion or increased glucose production (O’Connor &
Schelling, 2005; Fowler, 2008). In Greek, diabetes means “to run through” and mellitus
means “honey”. Due to excretion of glucose in the urine, the oldest description of DM by
Chinese and Indian physicians was honey urine “madhumeha” or sweet taste of the urine
(Eberhard et al., 2001; Scobie, 2007).
2.1.2. Classification of diabetes mellitus
In 1980, the World Health Organization (WHO) Expert Committee classified DM
according to the cause into insulin-dependent diabetes mellitus (IDDM), non-insulindependent diabetes mellitus (NIDDM) and other types (WHO Expert Committee, 1980),
while in 1997, an expert committee of the American Diabetes Association (ADA) proposed
some changes to the WHO classification scheme and replaced the terms of IDDM and
NIDDM by type 1 and type 2 DM, respectively (ADA report, 1997).

 Type 1 DM: It occurs as a result of an absolute insulin deficiency due to destructive
lesions of pancreatic β-cells mainly by an autoimmune process (Kuzuya et al.,
2002). Type 1 DM may occur at any age but it usually starts in both childhood and
early adulthood between 4-20 years. It comprises approximately 5% to 10% of cases
in DM (Kuzuya et al., 2002).

 Type 2 DM: It results from an increased production of glucose by liver and
decreased uptake of glucose by muscles, liver, and adipose tissues due to insulin
resistance or relative insulin deficiency (LeRoith et al., 2004a). Type 2 DM occurs
mainly in middle-aged and elderly people and it comprises approximately 90-95% of
cases in DM (Likitmaskul et al., 2003; Hotu et al., 2004).

 Gestational diabetes mellitus (GDM): It is a mild temporary glucose intolerance
caused by insulin resistance and relative insulin deficiency during pregnancy. It
occurs in approximately 3-5% of all pregnancies and can disappear after delivery
(Kuzuya et al., 2002; LeRoith et al., 2004a).
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2.1.3. Epidemiology of diabetes mellitus
Diabetes mellitus is set to become one of the biggest health problems owing to increase
in its new cases (Scobie, 2007). It currently affects about 5% of the world’s population and
it is predicted that its prevalence will increase by more than two-fold between the year 2000
and 2030 (Wild et al., 2004).
In 2007, there were 246 million people with DM and 308 million people with impaired
glucose tolerance (prediabetic state) in the world, and these numbers are estimated to reach
380 and 418 million respectively by 2025 (World Kidney Day, 2010). As rapid and
substantial increase in the prevalence of DM worldwide, the prevalence of type 2 DM is
also growing rapidly in epidemic proportions worldwide and according to the 1998 WHO
report, the absolute prevalence of patients with type 2 DM will be 300 million throughout
the world by the year 2025 (King et al., 1998).
On the other hand, the prevalence of DM in Palestine based on a study conducted in
2000 by Al Quds University and ministry of health (MOH), is 9% (Annual ReportPalestine, 2004). By the end of 2002, there were 14,726 Palestinian refugees in Gaza Strip
with DM under supervision of UNRWA; 600 new cases of type 1 DM and 2280 of type 2
DM were registered. In 2004, 140,578 visits were reported to the governmental PHCspecialized diabetic clinics distributed as 74,011 visits in Gaza Strip compared with 66,567
visits in West bank, where about 26.1% of all diabetics were categorized as type 1 DM and
73.9% were categorized as type 2 DM (Annual Report-Palestine, 2004).
2.1.4. Complications of diabetes mellitus
Diabetes mellitus, mainly type 2 DM because it is often not diagnosed until the
individual had the disease for many years, is associated with abnormalities in carbohydrates,
fats and proteins metabolism leading to chronic complications including microvascular
(nephropathy, retinopathy and neuropathy) and macrovascular (coronary artery disease,
cerebrovascular disease and peripheral vascular disease) disorders (O’Connor &
Schelling, 2005; Giracha & Vignati, 2006). Unfortunately, DN is one of the most
important complications of DM which develops in approximately 25-50% of type 1 and 2540% of type 2 diabetic patients and has become the leading cause of ESRD (Kavgaci et al.,
2002; Estacio et al., 2006; Najafian & Mauer, 2009).
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2.2. Hypertension
2.2.1. General aspects
Hypertension (HTN) is the medical term for high blood pressure (BP). Blood pressure
reflects the force of the blood against the walls of arteries which normally stays relatively
constant because of homeostatic mechanisms that adjust blood flow to meet tissue needs
(Abrams, 2003; Roach, 2003). The two major determinants of BP are cardiac output
(systolic pressure) and peripheral vascular resistance (diastolic pressure), where cardiac
output equals the product of the heart rate and stroke volume (Abrams, 2003).
Hypertension is a medical condition in which the blood pressure is persistently elevated
as a systolic pressure above 140 mmHg or a diastolic pressure above 90 mmHg that results
from abnormalities in regulatory mechanisms (Abrams, 2003; Roach, 2003).
2.2.2. Classification of hypertension
Due to the rise of cardiovascular complications risk associated with BP levels previously
considered to be normal, the seventh report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) published in 2003,
classified BP in adults (age ≥18 years) as shown in table (2.1). It includes four categories:
normal, prehypertension, stage 1 hypertension, and stage 2 hypertension (Chobanian et al.,
2003; Dipiro et al., 2008).
Table 2.1: Classification of BP in adults (age ≥18 years) according to JNC7
BP category

SBP (mmHg)

and / or

DBP (mmHg)

< 120

and

< 80

Prehypertension

120-139

or

80-89

Stage 1 Hypertension

140 - 159

or

90 - 99

Stage 2 Hypertension

≥160

or

≥100

Normal BP

BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure
(Chobanian et al., 2003, Dipiro et al., 2008).
2.2.3. Epidemiology of hypertension
Hypertension is one of the strongest modifiable risk factors for cardiovascular and
kidney diseases, and has been identified as the leading risk factor for mortality (Ezzati et
al., 2002). In 2000, HTN was estimated to affect nearly 1 billion patients worldwide and its
prevalence is predicted to increase by approximately 60% by 2025 (Kearney et al., 2005).
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On the other hand, in 2007 according to UNRWA annual report of the department of
health-Palestine, the prevalence of HTN among the served population at 40 years of age and
over was 17.4 % in Gaza Strip and 14.5 % at West Bank. Moreover, the number of
registered patients under care at the non communicable disease clinics with HTN was
21,374 in Gaza Strip and 10,844 in West Bank in 2007 (UNRWA, 2007). In 2008, the
detection rate of HTN among Palestine refugees older than 40 years of age was 19% in the
Gaza Strip and 15% in the West Bank (WHO, 2009).
2.2.4. Causes and types of hypertension
Hypertension is a heterogeneous disorder that may result either from a specific cause or
an underlying pathophysiological mechanism of unknown etiology (Wells et al., 2009).
According to the cause, there are two types of HTN that have been described: essential
(primary) hypertension and secondary hypertension.

 Essential hypertension: It is the major type of HTN and results from an unknown
pathophysiological etiology. Although this form comprises approximately 90-95%
of cases with HTN, it cannot be cured but can be controlled (Dipiro et al., 2008;
Wells et al., 2009). There are multiple risk factors that contribute to the
development of primary hypertension including genetic and humoral abnormalities
such as renin-angiotensin-aldosterone system (RAAS) abnormality, pathological
disturbance of the adrenergic receptors or baroreceptors, abnormalities in
autoregulatory processes for sodium excretion or plasma volume, abnormalities in
synthesis of vasodilators such as bradykinin and nitric oxide or an increase in the
production of vasoconstrictors such as Ang II (Dipiro et al., 2008; Wells et al.,
2009).



Secondary hypertension: It is the minor type of HTN, it comprises approximately
5-10% of cases with HTN (Dipiro et al., 2008). There are many potential secondary
causes that lead to this type, where chronic kidney disease is the most common one
(Wells et al., 2009). Moreover, other conditions including pheochromocytoma,
Cushing’s syndrome, hyperthyroidism, primary aldosteronism, and some drugs as
corticosteroids, estrogens and nonsteroidal antiinflammatory drugs (NSAIDs) might
lead to the development of this type (Dipiro et al., 2008; Wells et al., 2009).
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2.2.5. Hypertension in diabetes mellitus
Within the next 20 years, cardiovascular diseases will overtake infectious diseases as the
biggest killer worldwide due to the exponential increase in the prevalence of their main risk
factor, DM (Barnett, 2002). Hypertension is extremely common in people with DM,
particularly type 2, and it is at least twice as common in type 2 diabetic patients as in nondiabetic patients (Williams, 2003). As the pathogenesis of HTN in DM is complex and has
not been completely characterized, the figure (2.1) shows some possible mechanisms
contributing to the elevation of BP in diabetic patients.

Figure 2.1: Mechanisms contributing to the elevation of BP in diabetic
patients (Williams, 2003).
Both prevalence and time course of HTN differ between type 1 and type 2 diabetic
patients. To illustrate, BP in type 1 patients is often normal and commonly remains normal
during the first 10-15 years of DM. If HTN is observed earlier in type 1 DM, it is an
indication of the development of DN. In contrast, HTN is frequently apparent at diagnosis
of type 2 DM and DN is not the driving factor for the prevalence of HTN, while when it
develops, it is associated with further increase in BP (Williams, 2003).
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2.3. Diabetic nephropathy
2.3.1. General aspects
Diabetic nephropathy is one of the most serious microvascular complications of DM
(Shimizu et al., 2002; Suzuki et al., 2002; Endo et al., 2006). Moreover, it is the leading
cause of ESRD and is associated with increasing the mortality of both type 1 and type 2 DM
(Fava et al., 2000; Magri & Fava, 2009; Najafian & Mauer, 2009). Diabetic nephropathy
is a progressive kidney disease caused by angiopathy of capillaries in the kidney glomeruli
due to longstanding DM (Ritz & Tarng, 2001). It was discovered and published by the
British physician Clifford Wilson and the German physician Paul Kimmelstiel in 1936.
Diabetic nephropathy is characterized by both functional and structural changes in the
kidney where the structural changes include GBM thickening, glomerular and tubular
hypertrophy, mesangial expansion and accumulation of extracellular matrix (ECM) proteins
(Hong et al., 2007; Kanwar et al., 2008; Magri & Fava, 2009). On the other hand, the
functional changes include microalbuminuria, proteinuria, reduction in glomerular filtration
rate and elevation in both serum creatinine and blood urea nitrogen levels, where the major
functional parameter of DN is microalbuminuria (Balakumar et al., 2008; Chakkarwar et
al., 2009).
2.3.2. Stages of diabetic nephropathy
The usual sequence in development of DN starts with an increase in GFR
(hyperfiltration), followed by an increase in UAE rate leading to microalbuminuria (Shaw
& Cummings, 2005). In parallel with these changes, there is a rise in BP which may begin
before the development of microalbuminuria in type 2 DM, but usually occurs during the
early microalbuminuric phase in type 1 DM (MacIsaac et al., 2004).
Based on UAE tests, Mogensen has developed a classification scheme for DN stages as
shown in table (2.2), (Mogensen, 1999). The first stage is characterized by glomerular
hyperfiltration and hypertrophy (MacIsaac et al., 2004). The second stage is a silent phase
and associated with normal UAE rate or intermittent episodes of microalbuminuria. The
majority of diabetic patients remain in this phase for many years. Although the kidneys
appear not to have any functional abnormalities at this stage, there are structural changes as
GBM thickening and mesangial expansion (MacIsaac et al., 2004). The third phase is
incipient DN which is characterized by persistent microalbuminuria (Shaw & Cummings,
2005; Parving et al., 2006). In type 2 DM, the onset of HTN commonly accompanies this
stage and subsequently promotes a rise in UAE rate (Basi & Lewis, 2006). The fourth stage
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is overt DN which is characterized clinically by detectable proteinuria (300mg-3gm/d),
microscopic hematuria (60-65%), HTN and a subsequent decline in GFR (Shaw &
Cummings, 2005; Basi & Lewis, 2006). The final stage occurs when DN progresses to
ESRD which is characterized by subsequent decline in GFR below 15 ml/min (Shaw &
Cummings, 2005; Hall PM, 2006).
Table 2.2: Stages of diabetic nephropathy
Stage
I
II
III
IV

Designation

GFR

AER

BP

Hyperfunction /
Hypertrophy
Silent Phase
(Normalbuminuria)

Increased

May be
increased

Normal

Normal /
Increased
Normal /
Increased

Normal

Normal

30-300 mg/d

Increased

300mg-3gm/d

Increased

Incipient DN
(Microalbuminuria)
Overt DN
(Macroalbuminuria)

Decreased

End-Stage Renal
< 15 ml/min
> 3gm/d
Hypertension
Disease
GFR: Glomerular Filtration Rate, AER: Albumin Excretion Rate, BP: Blood Pressure
(Hasslacher, 2001)
V

2.3.3. Epidemiology of diabetic nephropathy
Diabetes mellitus has become the most common cause of chronic kidney disease (CKD)
in the world (Lubowsky et al., 2007). As the prevalence of DM especially type 2 increases,
there would be a concurrent increase in the prevalence of DN (Boner & Cooper, 1999). To
illustrate, approximately one-third of patients with type 1 DM and one-sixth of patients with
type 2 DM develop DN, or approximately 25-50% of patients with type 1 DM and 25-40%
of patients with type 2 DM develop DN (Kavgaci et al., 2002; Boner & Cooper, 2003a;
Tuttle & Nelson, 2007; Najafian & Mauer, 2009). In the past, renal involvement in type 2
DM had been considered as a simple condition without loss of renal function, while today it
has become the most common cause of ESRD (Wolf & Ritz, 2003). For example, in the
United States, more than 43% of the new CKD cases in 2004 were attributable to DM
(Poretsky, 2010).
Similarly in Palestine, DM seems to be a serious health problem among population due
to the increase in the incidence and prevalence rates of DM, and in the number of patients
with chronic complications of DM as DN (Annual Report-Palestine, 2002). For example,
in 2005, about 145,291 visits were reported to the governmental PHC-specialized diabetic
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clinics distributed as 89,875 visits in the Gaza Strip compared with 55,416 visits in the West
Bank which included 5,100 visits as DN (Annual Report-Palestine, 2005). In 2007, about
115,309 visits (9,572 type 1 DM, 104,957 type 2 DM, and 780 GDM) were reported to the
governmental PHC-specialized diabetic clinics in West Bank and included 5,277 visits as
DN (Annual Report-Palestine, 2007), however in 2009, about 193,169 visits (10,368 type
1 DM, 182,468 type 2 DM, and 333 GDM) were reported to the governmental PHCspecialized diabetic clinics in West Bank and included 9,102 visits as DN (Annual ReportPalestine, 2009).
2.3.4. Causes of diabetic nephropathy
The progression of DN is influenced by several factors such as duration of DM,
glycemic control, protein intake and blood pressure (Fava et al., 2000). It is believed that
uncontrolled hyperglycemia is the main determinant of initiation and progression of DN
(Ha & Kim, 1999). In this case as shown in figure (2.2), too much blood sugar allows
glucose to bind with the proteins leading to sticky proteins. When these sticky proteins pass
through the smaller blood vessels, they can stick to the vessel walls causing inflammation,
leakage, collapse, and then damage the nephron which finally leads to leakage of albumin in
the urine.

a
b
Figure 2.2: Comparison between a healthy kidney (a), and diabetic kidney (b).
(Hasslacher & Bohm, 2004).
Otherwise, duration of DM increases the risk of DN, reduces the kidney function and
increases the amount of protein in the urine as shown in figure (2.3)
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Figure 2.3: Duration of DM reduces kidney function and increases the
amount of protein in urine (Hasslacher & Bohm, 2004).
2.3.5. Physiology of the kidney
2.3.5.1. General aspects
The kidneys are a pair of bean-shaped organs located behind the abdominal cavity in the
retroperitoneum space. In adults, each kidney is about 12cm long, 5-7cm wide, 3cm thick
and weighs 150-200 grams (Marieb, 2001; Scanlon & Sanders, 2007). Even though they
represent about 0.5% of the total weight of the body, kidneys receive 20-25% of the total
pumped blood (Marieb, 2001). The kidney fulfils several vital homeostatic functions
including control of water and electrolyte metabolism, regulation of arterial BP as well as
detoxification of harmful substances, erythropoietin production and renin secretion
(Marieb, 2001; Scanlon & Sanders, 2007). Most of these functions are controlled by
nephrons which are the basic structural and functional units of the kidney. Each human
kidney contains over 1 million nephrons and each nephron consists of renal corpuscle
(glomerulus and Bowman's capsule) and renal tubule (Scanlon & Sanders, 2007).

Figure 2.4 : Anatomy of the kidney
(Scanlon & Sanders, 2007).
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2.3.5.2. Molecular structure of glomerular extracellular matrix
Extracellular matrix of the glomerulus consists of basement membrane interposed
between endothelial and epithelial cells, and closely adjoining ECM surrounding the
mesangial cells. The basement membrane, representing the size and charge selective area of
the filtration unit, is composed of a filamentous network of collagen type IV fibrils
(Mogensen, 2004a). Moreover, it also contains heparan sulfate proteoglycan (HSPG) which
is covalently attached to the protein core forming the anionic barrier of the glomerular
filtration unit due to the negatively charged heparan sulfate chains (Mogensen, 2004a).
Fibronectin and laminin are also found in normal glomerular matrix but in small amounts.
Although morphologically distinct from the glomerular basement membrane, mesangial
matrix contains the same components of the basement membrane but in different
distributions.
2.3.5.3. Renin-angiotensin system (RAS)
Renin-angiotensin system plays an important role in regulation of salt and water
balance, blood pressure, and vascular tone (Marieb, 2001; Scanlon & Sanders, 2007). It
consists of many components including angiotensinogen, renin, angiotensin I (Ang I),
angiotensin converting enzyme (ACE) and Ang II.

 Renin: It is a proteolytic enzyme (also known as angiotensinogenase) that is
synthesized, stored, and secreted into renal arterial circulation by the granular
juxtaglomerular cells (Friis et al., 1999). Renin activates RAS by cleaving
angiotensinogen produced by the liver to Ang I, which is further converted into Ang
II by ACE primarily within the capillaries of the lungs due to the high density of
capillary beds there (Nguyen et al., 2002).

 Angiotensin II: It is an eight amino acid polypeptide chain produced from Ang I by
either ACE or non-ACE pathway (Zhang et al., 2000; Cheng, 2008). Ang II is
further degraded into Ang III and Ang IV by amino peptidases and carboxy
peptidases (Ardaillou & Chansel, 1997). Ang II is the most important component
of RAS because it exerts a variety of actions on cell functions.
2.3.5.4. Structural glomerular alterations in diabetes mellitus
The first major change after diagnosis of DM is increase in volume of the kidney and the
glomeruli with normal structural composition (Mogensen, 2004a). While after a few years,
hyperglycemia induces glomerular hypertrophy, mesangial expansion, gene expression and
ECM proteins production such as collagen, laminin, and fibronectin. Hyperglycemia also
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decreases the amount of HSPG in glomerular matrix. A further mechanism whereby high
glucose leads to exaggerated matrix deposition is reduction in the activity of
metalloprotease enzymes which are responsible for ECM degradation (LeRoith et al.,
2004a).
2.3.6. Role of some mediators in pathogenesis of diabetic nephropathy
2.3.6.1. Oxidative stress
Under normal circumstances, the kidney generates a considerable amount of ROS as
hydrogen peroxide, superoxide and hydroxyl ions which are effectively eliminated by
several intracellular and extracellular antioxidative systems (Vasavada & Agarwal, 2005).
In DM, chronic hyperglycemia can generate ROS through many potential mechanisms
including, direct autoxidation of glucose, activation of AGEs, stimulation of PKC activity,
activation of sorbitol pathway, activation of NADPH oxidases and reduction of antioxidant
defense mechanisms (LeRoith et al., 2004b). In oxidative stress, generation of ROS exceeds
the cellular defense power, so these unstable ROS interact with essential biological cellular
macromolecules such as lipids, proteins, and DNA leading to functional abnormalities (Ha
& Kim, 1999). Moreover, numerous studies on experimental models demonstrated that
ROS are primary mediators in pathogenesis of DN through increasing AGEs synthesis, PKC
pathway activity, fibronectin mRNA expression and protein synthesis, transcription factors
such as nuclear factor-kappa B (NF-kB), activator protein-1 (AP-1), and specificity protein
1 (Sp1) as well as increasing up-regulation of TGF-β1 (Ha & Lee, 2005; Vasavada &
Agarwal, 2005; Nam et al., 2008).
2.3.6.2. Angiotensin II
Angiotensin II, the dominant effector of RAS, has multiple actions in the kidney
attributed to its interaction with Ang II type 1 plasma membrane receptor (AT1) (Berry et
al., 2001). There are four subtypes of Ang II receptor, but AT1 has been identified in
abundance at afferent and efferent arterioles, glomeruli, mesangial cells, and proximal
tubules (Siragy, 2000). During DM, hyperglycemia stimulates Ang II production in
mesangial cells through increasing renin and angiotensinogen gene expression, intensity of
ACE in both glomeruli and renal vessels, and AT-1 expression in mesangial cells (LeRoith
et al., 2004a). Besides its action as potent vasoconstrictor, Ang II has growth promoting
properties which exert non-hemodynamic effects on the kidney such as modulation of
cellular growth and ECM proteins synthesis and degradation (Raij, 2005). To illustrate as in
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figure (2.5), Ang II leads to mesangial expansion by stimulation TGF-β1 production, a
potent cytokine that stimulates production of other growth factors leading to proliferation of
fibroblasts and increasing ECM proteins synthesis as collagen I, collagen IV, and
fibronectin (Chen et al., 2005; Raij, 2005). It also increases PAI-I synthesis and inhibits the
activity of mesangial cell collagenase which results in matrix accumulation (Mogensen,
2004a). Ang II activates PKC and glutamine: fructose-6-P amidotransferase (GFAT)
enzyme, the rate-limiting enzyme of hexosamine biosynthetic pathway (HBP), (Mogensen,
2004a). It also generates oxidative stress via NADPH oxidase (Vasavada & Agarwal,
2005). In addition, Ang II increases glomerular permeability of protein and impairs the sizeselective function of glomerular filter by decreasing nephrin expression, a protein of the slit
diaphragm implicated in pathogenesis of proteinuric conditions (LeRoith et al., 2004a;
Ziyadeh, 2008).

Figure 2.5: Role of Ang II in pathogenesis of DN
(Mogensen, 2004a)
Recently, attention is being drawn to angiotensin-converting enzyme-2 (ACE-2), a
homologue of ACE found predominantly in proximal renal tubules and glomerular epithelial
cells. ACE-2 cleaves Ang I and Ang II to form Ang(1–9) and Ang(1–7) respectively leading
to decrease

Ang II

accumulation. Ang(1–7)

has vasodilatory,

natriuretic,

and

antiproliferative actions (Tikellis et al., 2006). Furthermore, ACE-2 expression is decreased
in DN leading to Ang II accumulation in the kidney (Su et al., 2006; Wong et al., 2007).
2.3.6.3. Transforming growth factor-β1 (TGF-β1)
Transforming growth factor-β1 is a cytokine that regulates a variety of cellular
processes, so increasing its production and action plays an important role in pathogenesis of
DN (Bertoluci et al., 2006). In the kidney, hyperglycemia and AGEs can increase the
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expression of both TGF-β1 and its receptor in mesangial cells, podocytes, and tubular
epithelial cells (Donald et al., 2003; Yamagishi et al., 2003). TGF-β1 can affect ECM
synthesis and degradation through stimulating the synthesis of collagen IV, fibronectin,
laminin, metalloprotease inhibitors as well as inhibition of collagenases synthesis.
Moreover, TGF-β1 can enhance glucotoxicity by inducing GLUT-1 transporter expression
in mesangial cells (LeRoith et al., 2004b; Ziyadeh, 2004).
2.3.6.4. Platelet-derived growth factor (PDGF)
Chronic hyperglycemia stimulates expression of both PDGF and its receptors in
mesangial cells. PDGF has a well-known role in development of DN by mediating cellular
proliferation, ECM proteins synthesis, as well as secretion and activation of TGF-β1 protein
in mesangial cells (Mogensen, 2004b).
2.3.6.5. Vascular endothelial growth factor (VEGF)
Vascular endothelial growth factor, also known as vascular permeability factor, is a
potent inducer of angiogenesis and vascular permeability (LeRoith et al., 2004a). Many
factors can stimulate VEGF expression in mesangial cells including, hyperglycemia, ROS,
TGF-β1, AGEs, and Ang II (LeRoith et al., 2004a; Mogensen, 2004b). Besides its vital role
in diabetic retinopathy, VEGF plays an important role in DN through stimulating nitric
oxide synthase (NOS) expression in the glomerulus leading to glomerular hyperfiltration
(LeRoith et al., 2004a).
2.3.6.6. Connective tissue growth factor (CTGF)
In mesangial cells, CTGF expression is regulated by many factors including
hyperglycemia, AGEs, TGF-β1 and mechanical stretch (LeRoith et al., 2004a,b). Like TGFβ1, CTGF has effects on ECM synthesis and degradation by increasing fibronectin and PAI1 gene expression in mesangial cells (LeRoith et al., 2004b). In addition to its direct effect
on mesangial cells, CTGF has an indirect role in DN pathogenesis by increasing the binding
of TGF-β1 to its receptors (LeRoith et al., 2004a, b).
2.3.6.7. Activator protein-1 (AP-1) transcription factor
Gene transcription is regulated by transcription factors such as AP-1 that bind to specific
binding sites in gene promoter region. AP-1 is transcription factor which binds to genes at
their promoter regions and induces them (LeRoith et al., 2004a). Genes encoding for TGFβ1, fibronectin, and laminin contain AP-1 binding sites in their promoters, thus over
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expression of AP-1 which is induced by hyperglycemia can increase their transcription
leading to ECM accumulation (LeRoith et al., 2004a).
2.3.6.8. Nuclear factor kappa B (NF-κB)
Nuclear factor kappa B plays a pivotal role in gene responses by promoting mRNA
synthesis for various cell adhesion molecules and inflammatory cytokines. It plays an
important role in DN pathogenesis through activation of glomerular epithelial cell apoptosis
and TGF-β1 production (LeRoith et al., 2004a). NF-κB activation can be achieved by
hyperglycemia, AGEs, and Ang II mainly via formation of ROS and activation of PKC
(LeRoith et al., 2004a).
2.3.7. Pathophysiology of diabetic nephropathy
Diabetic nephropathy is initiated by hyperglycemia and several pathways modulate its
progression (Jerums et al., 2008). Hyperglycemia is responsible for functional and
structural abnormalities of diabetic kidney (LeRoith et al., 2004a). The early events that
initiate DN are related to both hemodynamic and growth pathways (Magri & Fava, 2009).
Hemodynamic pathways are characterized by glomerular hyperfiltration, increased
systemic and intraglomerular pressure, as well as activation of vasoactive hormones
(Hargrove et al., 2000; Soldatos & Cooper, 2008; Magri & Fava, 2009). These changes
activate intracellular second messengers and various growth factors such as PKC, NF-kB,
TGF-β1 and VEGF (Soldatos & Cooper, 2008).
Another notable pathway is the growth pathway which is characterized by impressive
enlargement of the kidney through many structural changes such as thickening of the
glomerular basement membrane, podocyte abnormalities and mesangial expansion.
Mesangial expansion is related to both increased production and reduced degradation of
ECM proteins (Magri & Fava, 2009; Najafian & Mauer, 2009). In addition to these
functional and structural abnormalities, hyperglycemia is involved in DN progression
through four biochemical pathways: advanced glycation end-products (AGEs) pathway,
protein kinase C (PKC) pathway, hexosamine biosynthetic pathway (HBP) and aldose
reductase (AR) pathway (Kikkawa et al., 2003; Magri & Fava, 2009).
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Figure 2.6: Mechanisms involved in pathogenesis of diabetes mellitusinduced nephropathy (Balakumar et al., 2009)
2.3.7.1. Glomerular glucose transport
Glucose is transported via glomerular glucose transporters (GLUTs) (Raij, 2005).
Glucose transport is the rate-limiting step for glucose metabolism in glomeruli, mesangial
cells and podocytes (Mogensen, 2004a). In general, there are 12 GLUTs currently known, in
which GLUT1, GLUT2, GLUT3, GLUT4, GLUT5, and GLUT8 isoforms were discovered
in glomeruli, mesangial cells and podocytes, but GLUT1 is the most prominent one (Quinn
et al., 1998; Cortes & Mogensen, 2006a). Moreover, GLUT1 expression in the kidney is
stimulated by hyperglycemia and Ang II (Mogensen, 2004a).

Figure 2.7: GLUT-1 initiates hyperglycemia-induced
matrix synthesis mechanism in mesangial cells
(Mogensen, 2004a).
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2.3.7.2. Advanced glycation end-products (AGEs) Pathway
In DM, prolonged hyperglycemia and oxidative stress result in production and
accumulation of AGEs (Magri & Fava, 2009). AGEs such as pentosidine and pyrallines,
are chemically heterogeneous group of compounds formed as a result of Maillard (brown)
reaction when carbonyl group of reducing sugars react non-enzymatically with amine
residues, predominantly lysine and arginine, on proteins, lipids and nucleic acids (Boner &
Cooper, 1999; Bohlender et al., 2005; Soldatos & Cooper, 2008). The earliest description
of this reaction was by the French chemist L.C. Maillard, who reported in 1912 formation of
yellow-brown products on heating mixtures of amino acids and sugars (Raj et al., 2000).
2.3.7.2.1. AGEs receptors
Advanced glycation end-products can exert their biological effects through interaction
with specific AGE receptors such as AGE-R1 and AGE-R2, but the most important one is
named as receptor for advanced glycation end products (RAGE), (Soldatos & Cooper,
2008). RAGE is a signal transduction receptor expressed on a number of cells including
macrophages, endothelial cells, renal mesangial cells and podocytes (Soldatos & Cooper,
2008). In chronic hyperglycemia, RAGE expression is increased in kidney tissues owing to
high levels of AGEs (Soulis et al., 1997; Cortes & Mogensen, 2006b). As shown in figure
(2.8), binding of AGEs to RAGE receptor activates a number of pathways implicated in the
development of DN.

Figure 2.8: Cellular responses elicited by AGE receptor
(Raj et al., 2000)
2.3.7.2.2. AGEs effect on extracellular matrix proteins
Advanced glycation end-products alter structural and functional properties of ECM
proteins leading to mesangial expansion and GBM thickening (LeRoith et al., 2004a). To
illustrate, AGEs increase expression of ECM proteins such as laminin, fibronectin and
collagen IV leading to glomerular hypertrophy (Kim et al., 2001; Forbes et al., 2003; Kim,
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2003). Moreover, cell-matrix interactions in GBM are also disrupted by matrix glycation
leading to changes in cellular adhesion and decrease in affinity of laminin and fibronectin
for collagen IV and HSPG resulting in an increase in protein permeability (Raabe et al.,
1998). On the other hand, AGEs reduce activity and expression of degradative matrix
metalloproteinase enzymes secreted by mesangial cells as well as increase activity of
metalloproteinase inhibitors leading to resistance of proteins to enzymatic digestion
(Mogensen, 2004a).
2.3.7.2.3. AGEs and oxidative stress
Increased production of ROS is recognized as a key component in development of DN
through increasing the production of cytokines and adhesion molecules (Brownlee, 2001;
Mogensen, 2004a). AGEs increase formation of free radicals directly through stimulation of
membrane-bound NADPH oxidase via RAGE, mitochondrial dysfunction and depletion of
endogenous antioxidant activity (Wautier et al., 2001; Mogensen, 2004a).
2.3.7.2.4. AGEs and cytokines
Advanced glycation end-products enhance expression and activation of many proinflammatory cytokines, growth factors and adhesion molecules implicated in pathogenesis
of DN such as VEGF, CTGF, PDGF, monocyte chemoattractant protein-1 (MCP-1), TNF-α,
IL-1β, IL-6 as well as TGF-β1 which is the most important one because it appears to be the
key intermediate step for many of AGE-mediated effects on cell growth and matrix
homeostasis (Mogensen, 2004a; Soldatos & Cooper, 2008; Magri & Fava, 2009).
2.3.7.2.5. Effect of AGEs on renin-angiotensin system
It is clear that over activity of RAS has been strongly implicated in pathogenesis of DN.
The overlapping activities of AGEs and RAS in the development of DN are illustrated by
expression of nephrin, a slit-pore protein in the GBM which is necessary for proper
functioning of the renal filtration barrier (Mogensen, 2004a). So any defect in the nephrin
expression is associated with massive amount of proteins leaked into the urine. In DM, the
expression of nephrin is reduced owing to AGEs and Ang II (Mogensen, 2004a).
2.3.7.3. Protein kinase C (PKC) pathway
Protein kinase C is a family of enzymes that phosphorylate serine and threonine residues
on intracellular proteins involved in many cellular functions (Pfaff et al., 1999). Chronic
hyperglycemia activates PKC pathway by increasing synthesis of diacylglycerol through
glycolytic process and free fatty acids which increases in diabetic states (Mogensen, 2004a).
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Activation of PKC pathway in glomeruli and mesangial cells has been implicated in
progression of DN by changes in enzymatic activities, gene expressions as well as
increasing vascular permeability, ECM synthesis and cell growth (Mogensen, 2004a;
Soldatos & Cooper, 2008).
2.3.7.3.1. PKC effect on renal hemodynamics
Protein kinase C activation can cause renal hyperfiltration which is the early
hemodynamic abnormality responsible for the progression of DN (Mogensen, 2004a). One
possible mechanism that explains renal hyperfiltration in DM is an increase in vasodilatory
prostanoids such as prostaglandin E2 in diabetic kidney due to enhanced synthesis of
arachidonic acid via activation of cytosolic phospholipase A2 by PKC (Mogensen, 2004a).
In addition to prostaglandin E2, PKC activation increases activity and expression of VEGF
in mesangial cells (Soldatos & Cooper, 2008).
2.3.7.3.2. PKC effect on glomerular structure
Although multiple mechanisms are involved in glomerular pathological changes such as
glomerular hypertrophy, GBM thickening, and mesangial expansion, PKC plays an
important role in glomerular structural alterations via increasing the synthesis of collagen IV
and fibronectin (Mogensen, 2004a). Furthermore, PKC activation increases expression of
TGF-β in mesangial cells which can stimulate production of ECM proteins (Kikkawa et al.,
2003; Mogensen, 2004a; Toyoda et al., 2004; Lee et al., 2006).

Figure 2.9: Effects of hyperglycemia-induced protein kinase C
activation (LeRoith et al., 2004b)
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2.3.7.4. Hexosamine biosynthetic pathway (HBP)
Hexosamine biosynthetic pathway is a glucose metabolic pathway which begins with
conversion of fructose-6-phosphate (F-6-P) and glutamine to glucosamine-6-phosphate
(Glc-6-P) by the rate-limiting enzyme of this pathway, GFAT (Cortes & Mogensen,
2006b). Glc-6-P is rapidly further converted to uridine- 5-diphosphate-N-acetylglucosamine
(UDP-GlcNAc) which is used for glycosylation of ECM proteins by addition of O-GlcNAc
to serine or threonine residues of proteins via O-GlcNAc transferase (OGT) (Mogensen,
2004a; Cortes & Mogensen, 2006b).
Hexosamine biosynthetic pathway plays an important role in initiation of glomerular
matrix alteration through O-glycosylation of intracellular proteins such as fibronectin,
laminin, collagen, transcription factors, cofactors, and signaling molecules (Mogensen,
2004a; Cortes & Mogensen, 2006b). The role of HBP in DN has been proven by inhibition
of GFAT, which was shown to block hyperglycemia-induced expression of TGF-β1 and
PAI-I (Du et al., 2000). Moreover, both hyperglycemia and Ang II activate GFAT promoter
leading to GFAT overexpression, which increases TGF-β1 (Weigert et al., 2001; Cortes &
Mogensen, 2006b).

Figure 2.10: Pathogenesis of
pathway (LeRoith et al., 2004b)

hexosamine

2.3.7.4.1. HBP effect on oxidative stress
Hexosamine biosynthetic pathway can enhance the oxidative stress by inhibition of
pentose phosphate pathway (PPP) through Glu-6-P which can inhibit glucose-6-Pdehydrogenase, the enzyme that promotes glucose metabolism via the PPP (Wu et al.,
2001). PPP generates NADPH which is necessary for regeneration of the reduced
glutathione, a critical cellular antioxidant (Cortes & Mogensen, 2006b).
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2.3.6.4.2. HBP effect on transcription factors
Although PAI-1 promoter can be stimulated by TGF-β1, HBP can also increase its gene
expression leading accumulation of extracellular matrix proteins due to overexpression of
PAI-1 (Goldberg et al., 2000; Cortes & Mogensen, 2006b).
2.3.7.5. Polyol pathway
In polyol pathway, glucose is reduced to sorbitol by aldose reductase enzyme which is
the rate-limiting enzyme of this pathway. Then, sorbitol is oxidized to fructose by sorbitol
dehydrogenase (SDH) enzyme using NAD+ (LeRoith et al., 2004a,b; Mogensen, 2004a). At
normal glucose level, glucose metabolism by polyol pathway constitutes a small percentage
of total glucose utilization due to low affinity of aldose reductase for glucose. However,
increased intracellular glucose in chronic hyperglycemia results in activation of polyol
pathway leading to an increased concentration of sorbitol and reduced NADPH (LeRoith et
al., 2004a,b; Mogensen, 2004a).
2.3.7.5.1. Role of polyol pathway in pathogenesis of diabetic nephropathy
In the kidney, aldose reductase is located in tubular epithelial cells, podocytes, and
mesangial cell. Concerning the role of polyol pathway on the onset of DN, it is linked to
activation of oxidative stress, PKC, AGEs formation as well as increase secretion of growth
factors and ECM proteins (Oates & Mylari, 1999). To illustrate, polyol activates oxidative
stress by consumption of NADPH during reduction of glucose to sorbitol. Moreover, the
excess sorbitol is oxidized to fructose that increases the ratio of NADH/NAD (LeRoith et
al., 2004a,b).
2.3.8. Signs and symptoms of diabetic nephropathy
Throughout its early course, DN has no symptoms, while during its progression it leads
to fluid filtration deficits and other kidney function disorders, so many symptoms can be
seen such as (Walker et al., 2003):


Proteinurea which is the main sign of DN



Edema due to fluid retention



Swelling of the legs and around the eyes usually in the morning



Hypertension



Foamy appearance of the urine



Unintentional weight gain due to fluid accumulation
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Anorexia (poor appetite)



Malaise (general ill feeling)



Generalized itching



Anemia

2.3.9. Treatment of diabetic nephropathy
Because DN is the leading cause of ESRD and is associated with cardiovascular
diseases, it leads to an increase of mortality in both type 1 and type 2 DM if it is not treated
(Donaire & Ruilope, 2007; Yamagishi et al., 2007). Accordingly, the prevention of DN
progression is the main aim of its management and treatment, and very urgent for the
patient’s quality of life (Endo et al., 2006).
2.3.9.1. Treatment of risk factors
Whereas hyperglycemia, hypertension and protein intake have been shown in clinical
studies to be modifiable risk factors for the progression of DN, blood sugar control, blood
pressure control and low protein intake are generally recommended among other treatments
for DN (Kavgaci et al., 2002).
2.3.9.1.1. Intensive glycemic control
The importance of strict glycemic control in prevention of DN has been confirmed by
large clinical trials in both type 1 and type 2 DM (DCCT, 1995; UKPDS, 1998). In the
Diabetes Control and Complications Trial (DCCT) on type 1 diabetic patients, a reduction
in HbA1c to a mean of 7.2% reduced the risk of developing microalbuminuria by 34%, as
compared to conventional therapy with a mean HbA1c of 9% (DCCT, 1995). Similarly,
type 2 DM reported a 34% reduction in the risk of developing proteinuria in the intensively
treated group (mean HbA1c of 7%), as compared with the conventionally treated group
(mean HbA1c of 7.9%), (UKPDS, 1998).
2.3.9.1.2. Intensive blood pressure control
Diabetic nephropathy and HTN are found together in about 40-50% of the diabetic
population (JNC, 1997). Regardless of the underlying causes of HTN in type 1 and type 2
DM, many studies have demonstrated that high BP accelerates the progression of DN
(Shaw & Cummings, 2005). So, BP reduction reduces albuminuria, delays progression of
DN, postpones renal insufficiency and improves survival. As a key example in UKPDS, a
reduction in systolic blood pressure from 154 mmHg to 144 mmHg reduced the risk for
microalbuminuria development by 29% (Lerma, 2009). According to the report of the
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National Kidney Foundation (NKF) and the sixth report of JNC on Prevention, Detection,
Evaluation, and Treatment of High BP, the recommended target level for BP in diabetic
population should be less than 130/85 mmHg for nonproteinuric patients and 125/70 mmHg
for those with proteinuria (Lerma, 2009).
However, achieving BP goals commonly requires the combination of three or four
different antihypertensive medications, especially in subjects with type 2 DM. It is
recommended that initial antihypertensive therapy should be commenced with an agent that
inhibits RAS. Diuretics are useful second agents for subjects with DN and if BP targets are
not achieved, a long-acting calcium-channel blocker should be added (Shaw & Cummings,
2005).
2.3.9.2. Pharmacological treatment
2.3.9.2.1. Calcium channel blockers (CCBs)
Calcium channel blockers are heterogeneous class of antihypertensive agents
(dihydropyridines and non-dihydropyridines) which act by interfering with the action of
calcium channels in cell membrane (Balakumar et al., 2009). Various CCBs such as
amlodipine and diltiazam were observed to have therapeutic potential in managing DN
(Balakumar et al., 2009). For example, treatment with amlodipine prevents development of
DN by attenuating the accumulation of ECM proteins and reducing the gene expression of
collagen I and fibronectin (Guorong et al., 2004). Moreover, diltiazam has renoprotective
effect by reducing the renal oxidative stress, preventing glomerular basement thickening as
well as reducing the progression of microalbuminuria to macroalbuminuria (Maraver et al.,
2005; Muragundla & Kanwaljit, 2005).
2.3.9.2.2. TGF-β1 inhibitors
Transforming growth factor-β1, a fibrogenic cytokine, plays a key role in the
development of DN (Ziyadeh, 2004). TGF-β1 has been shown to upregulate GLUT-1
expression in mesangial cells which increases the concentration of glucose intracellularly
(Balakumar et al., 2009). Further, TGF-β1 stimulates CTGF expression which promotes
deposition of ECM components like collagen I, collagen IV and fibronectin leading to
hypertrophy of mesangial cells (Connolly et al., 2003). Administration of murine (1D11),
an anti-TGF-β1 antibody in combination with lisinopril was noted to have renoprotective
effect by reducing proteinuria in diabetic rats with DN (Benigni et al., 2006).
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2.3.9.2.3. AGEs inhibitors
Advanced glycation end-products have been suggested to be implicated in pathogenesis
of DN through induction of ECM accumulation and glomerular hypertrophy by upregulating
the expression of collagen IV, CTGF and TGF-β1 (Forbes et al., 2003; Kim, 2003).
Moreover, AGEs induce oxidative stress by generating excessive amount of ROS through
activation of NADPH oxidase (Wautier et al., 2001). Thus, the inhibition of renal
formation of AGEs plays an important role in treatment of DN. For example,
aminoguanidine, which is the prototype of AGE formation inhibitor and acts by scavenging
intermediates in the advanced glycation catalytic process, has renoprotective effect because
it inhibits accumulation of ECM proteins and attenuates mesangial cell expansion by
inhibiting the overexpression of CTGF and TGF-β1 (Soldatos & Cooper, 2008;
Balakumar et al., 2009).
2.3.9.2.4. Protein kinase C inhibitor
Overactivation of PKC has been implicated in pathogenesis of DN as it increases mRNA
expression of TGF-β1, ROS production and ECM proteins in mesangial cells (Kikkawa et
al., 2003; Toyoda et al., 2004; Lee et al., 2006). Hence, inhibition of PKC pathway
represents a novel strategy in management of DN. For instance, ruboxistaurin, a highly
selective PKC-β inhibitor, has renoprotective effect by reducing albuminuria, inhibiting the
accumulation of ECM proteins and decreasing the expression of glomerular TGF-β1
(Williams & Tuttle, 2005).
2.4. Renin-angiotensin system inhibitors
In people with type 2 DM, activation of RAS produces hemodynamic and nonhemodynamic effects that play a crucial role in development of DN. So inhibition of RAS
using an angiotensin-converting enzyme inhibitor (ACEI), an angiotensin receptor blocker
(ARB) or direct renin inhibitor has beneficial effect in delaying and preventing the
progression of DN

by decreasing

the

progression from normoalbuminuria

to

microalbuminuria, from microalbuminuria to macroalbuminuria, and the development of
ESRD (Raij, 2005; Barnett, 2006; Balakumar et al., 2009).
2.4.1. Angiotensin-converting enzyme inhibitors (ACEIs)
Inhibition of ACE activity reduces formation of Ang II leading to decrease the amount
of microalbuminuria, prevent its progression to proteinuria and finally delay the progression
of DN (Kavgaci et al., 2002; Brewster & Perazella, 2004). Several studies on
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hypertensive-diabetic patients showed the benefits of ACEIs in reducing the incidence of
DN and the need for dialysis in patients with DN (Kirpichnikov & Sowers, 2002;
Hamilton et al., 2003; Sengul et al., 2006).
2.4.1.1. Enalapril
2.4.1.1.1. Chemistry
Enalapril is ACEI which is found in the form of enalapril maleate with empirical
formula of C20H28N2O5.C4H4O4 and molecular weight of 492.5 g/mol. It is described
chemically as

(S)-1-[N-[1-(ethoxycarbonyl)-3-phenylpropyl]-L-alanyl]-L-proline,

(Z)-2-

butenedioate salt (1:1). Enalapril maleate is a white crystalline powder, sparingly soluble in
water, soluble in ethanol and dissolves in dilute solutions of alkali hydroxides.
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Figure 2.11: Chemical structure of enalapril

2.4.1.1.2. Mechanism of action
Enalapril competitively inhibits ACE, which is widely expressed on endothelium of
blood vessels. The inhibition of ACE prevents conversion of Ang I to Ang II (a potent
vasoconstrictor) which decreases arterial BP by reduction of total peripheral resistance,
aldosterone secretion from the adrenal cortex, water and sodium reabsorption as well as
extracellular volume (Zhang et al., 2000). As ACE is identical to kininase II enzyme,
enalapril prevents metabolism of the vasodilator, bradykinin, leading to systematic dilation
of arteries and veins by activation of arachidonic acid cascade, resulting in synthesis of
vasodilating prostaglandins as well as stimulation of nitric oxide (NO) release through
induction of endothelial eNOS expression (Imig, 2004).
2.4.1.1.3. Renoprotective effect
Beyond the direct antihypertensive effect of enalapril, it has a vital renoprotective
effects in DN. It reduces glomerular capillary pressure through vasodilation of efferent
arterioles leading to reduction of shear stress, vascular damage and growth factors
expression (Remuzzi et al., 2002). Enalapril decreases both plasma concentration of PAI-1
and ROS formation (Vaughan, 2002). It also acts directly on the endothelium leading to
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reduction of UAE rate by enhancing endothelial function via improved charge-selectivity
(Chrysostomou & Becker, 2001). Moreover, enalapril prevents the increase of GBM
thickness, glomerular volume, and total mesangial volume through modulating metabolism
of GBM proteins and preventing the loss of glomerular heparan sulfate (Erensoy et al.,
2004). In type 2 DM, several studies have demonstrated a significant retardation of DN
progression and a clear decline in UAE rate in the order of 30-40% in enalapril treated
patients with microalbuminuria (Boner & Cooper, 2003b).
2.4.1.1.4. Pharmacokinetics
Enalapril is a lipid-soluble and relatively inactive prodrug, its oral absorption is found to
be 60-70%, and peak serum concentration occurs within one hour (MacFadyen et al.,
1993). Moreover, its volume of distribution is found to be 1.7 L/kg and plasma protien
binding is 60%. Following absorption, enalapril is rapidly metabolized to the active form
enalaprilat by esterase enzyme (MacFadyen et al., 1993). The peak serum concentration of
enalaprilat occurs in 3-4 hours after oral administration of enalapril maleate. Enalapril
elimination thereafter is biphasic, with an initial phase which reflects renal filtration
(elimination half-life 2-6 hours) and a subsequent prolonged phase (elimination half-life 36
hours), the latter representing equilibration of drug from tissue distribution sites. Renal
excretion of enalapril maleate accounts for 61% and the principal component in urine is
enalaprilat, accounting for about 40% of the dose (MacFadyen et al., 1993).
2.4.1.1.5. Side effects
Serious untoward reactions to enalapril are rare and in general, it is well tolerated. The
common adverse reactions include hypotension, persistent dry cough, hyperkalemia,
headache, dizziness, fatigue, nausea, and angioedema (Lüllmann et al., 2005). The
persistent dry cough and angioedema are related to increase in bradykinin levels produced
by enalapril (Molinaro et al., 2002).
2.4.2. Angiotensin II receptor blockers (ARBs)
Angiotensin II receptor blockers are a class of antihypertensive agents that inhibit RAS
by selectively blocking AT1 subtype of Ang II receptors (Boner & Cooper, 2003b). The
major biologic actions of Ang II in the kidney are mediated by two receptors which have
been labeled as AT1 and Ang II type 2 (AT2) receptors (Thurman & Schrier, 2003;
Brewster & Perazella, 2004). The beneficial effects of ARBs in management of DN result
from blocking of vasoconstriction, smooth-muscle proliferation, expansion of mesangial
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cells, formation of growth factors and other effects mediated through the AT1 receptor. In
addition, augmenting vasodilation by NO production mediated by the AT2 receptor may
provide additional efficacy of these agents (Boner & Cooper, 2003b).
Several studies proved the efficacy of ARBs in management of DN. For example,
irbesartan in patients with type 2 DM and microalbuminuria (IRMA) trial, proved that
irbesartan (300mg/d) can reduce the risk of proteinuria by 68% (Parving et al., 2001).
Moreover, there was 16% reduction in baseline serum creatinine level and 35% decrease in
albumin-creatinine ratio in a trial studied the effect of losartan (50-100mg/day) among 1513
patients with type 2 DM and DN (Brenner et al., 2001).
2.4.2.1. Valsartan
2.4.2.1.1. Chemistry
Valsartan is ARB with empirical formula of C24H29N5O3 and molecular weight of 435.5
g/mol. It is described chemically as (S)-3-methyl-2-[N-({4-[2-(2H-1,2,3,4-tetrazol5yl)phenyl]phenyl}methyl)pentanamido]butanoic acid. Valsartan is a white fine powder,
slightly soluble in water and soluble in alcohols.
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Figure 2.12: Chemical structure of valsartan
2.4.2.1.2. Mechanism of action
Valsartan is a competitive Ang II receptors antagonist with high affinity for the AT1
receptor. It binds to AT1 receptor 10,000-fold more than AT2 receptor (Brunton et al.,
2006). Blockade of AT1 receptor causes vasodilation, reduces secretion of vasopressin and
aldosterone, and inhibits other effects of Ang II mediated by AT 1 receptor. Valsartan differs
from ACEIs in two important aspects. Firstly, it inhibits the actions of Ang II via AT1
receptor regardless the biochemical pathway leading to Ang II formation. In contrast,
ACEIs reduce the biosynthesis of Ang II from Ang I by the action of ACE but do not inhibit
the alternative non-ACE Ang II-formation pathways (Brunton et al., 2006). Secondly,
valsartan does not block bradykinin degradation and therefore, does not produce dry cough
(Boner & Cooper, 2003b; Brunton et al., 2006).
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2.4.2.1.3. Renoprotective effect
Due to the vital role of Ang II in initiation and progression of DN, inhibition of its
effects by blocking AT1 receptor can be used in management and treatment of DN. By
blocking AT1 receptors, valsartan can inhibits ECM proteins accumulation and mesangial
cells expansion by inhibiting expression of ECM proteins, growth factors, and PAI-1
(Balakumar et al., 2009). Moreover, blocking of AT1 receptor can decrease renal
production of ROS by activating NADPH oxidase (Balakumar et al., 2009). To illustrate,
many studies have demonstrated the efficacy of valsartan in management and treatment of
DN. For example, microalbuminuria reduction with valsartan trial (MARVAL) done in
2002 by Viberti and Wheeldom showed that the microalbuminuria was decreased and
albuminuria was restored in valsartan-treated patients (80mg/day) by 29.9%. In addition,
Suzuki et al. reported the effects of valsartan (40mg/day) on UAE rate in type 2 diabetic
subjects. They found that after 6 months of valsartan therapy, the mean of UAE rate
significantly decreased from 86.8±196 to 46.9±97 µg/min (Suzuki et al., 2002). Recently,
Odetti et al. pointed to the effects of valsartan on AGEs and oxidative stress markers in type
2 diabetic subjects. They found that after 6 months of valsartan treatment pentosidine, one
of the components of AGEs, significantly decreased from plasma and urine (Odetti et al.,
2005). Moreover, reduction in microalbuminuria from 177±274 to 127±232 mg/gCr was
proved by Saisho et al. after 6 months of valsartan treatment (40mg/day) among 15 patients
with type 2 DM and microalbuminuria (Saisho et al., 2006).
2.4.2.1.4. Pharmacokinetics
Following oral administration, valsartan is rapidly absorbed from the gastrointestinal
tract and its peak plasma concentration is reached in 2-4 hours after dosing (Flesch et al.,
1997). The bioavailability of valsartan is 25% and its area under the curve (AUC) and
Cmax values increase approximately linearly with increasing the dose with a half-life of 6-9
hours (Flesch et al., 1997; Muller et al., 1997). It is highly bound to serum proteins (95%)
and its volume of distribution is about 17 liters. In addition, less than 10% of its orally dose
undergoes biotransformation in the liver and the primary metabolite is valeryl 4-hydroxy
Valsartan (Muller et al., 1997). Furthermore, total plasma clearance of valsartan is about 2
L/h and its renal clearance is about 0.62 L/h. Valsartan elimination occurs primarily in the
bile (86%) and 13% via the kidneys (Brookman et al., 1997; Waldmeir et al., 1997).
Otherwise, no important pharmacokinetic interactions were reported when valsartan was
given with digoxin, warfarin, glyburide, or hydrochlorothiazide (Dina & Jafari, 2000).
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2.4.2.1.5. Adverse effects
Valsartan is usually well-tolerated with common adverse drug reactions such as
dizziness, headache, back pain, infection, hyperkalemia, fatigue, anemia, diarrhea and
hypotension (Oparil et al., 1996; Pool et al., 1999).
2.4.3. Direct renin inhibitors (DRIs)
Traditionally, RAS is inhibited by drugs that block the activity of ACE (ACEIs) and
drugs that block the AT1 receptor (ARBs). However, both ACEIs and ARBs produce
incomplete RAS blockade and they reduce the feedback inhibition of renin release,
triggering an increase in plasma renin activity (Cheng, 2008; Shafiq et al., 2008). With
ACEIs, the increase in renin activity causes a compensatory increase in Ang I, which
somewhat restores the Ang II production by ACE-independent pathway by enzymes such as
trypsin, cathepsin G or chymase (Kramkowski et al., 2006; Cheng, 2008; Shafiq et al.,
2008). By using ARBs, Ang II levels will increase which in turn binds with other AT
receptors (AT2, AT3, and AT4) that are not blocked by ARBs (Arici & Erdem, 2009).
Although AT2 receptor has been reported to have an opposite action to that of AT1, some
unfavorable effects such as apoptosis, proinflammatory signal transduction, or chemokine
induction have been reported (Carey, 2005; Fyhrquist & Saijonmaa, 2008).
On the other hand, direct renin inhibitors (DRIs), which act differently from ACEIs and
ARBs, can produce complete RAS blockade by preventing the formation of Ang I and
Ang II (Wood et al., 2003). DRIs provide additional protection over other RAS inhibitors
by interfering with the catalytic activity of renin and prorenin after the binding of these
molecules to (pro)renin receptor ((P)RR) or by interfering with the binding of these
molecules to their receptor (Azizi & Wuerzner, 2007).
Renin, the first molecule and the rate-limiting step of RAS, is a member of the aspartyl
protease family released into the circulation from the juxtaglomerular cells of the kidney
and it cleaves angiotensinogen to yield Ang I, then Ang I is converted to Ang II by ACE
(Fisher & Hollenberg, 2005; Wiggins & Kelly, 2009). It is synthesized as an
enzymatically inactive precursor, prorenin, and converted to renin by enzymatic cleavage of
the hinge that covers the angiotensinogen binding site (Abassi et al., 2009; Arici & Erdem,
2009). Further, it can be activated by a non-enzymatic process by binding to its receptor
((P)RR), as well as at a low temperature and pH (Jensen et al., 2008; Shafiq et al., 2008).
Until recently, renin has been considered to play no role other than in enzymatic activation
of the RAS. However, there is now evidence to suggest that both renin and its precursor,
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prorenin, have actions that are independent of the RAS cascade. These are thought to be
mediated through activation of (P)RR, first described by Nguyen et al. in 2002 (Gradman
& Kad, 2008; Wiggins & Kelly, 2009). In the kidney, the (P)RR is located in mesangial
cells, smooth muscle cells of renal arteries and collecting ducts (Wiggins & Kelly, 2009).
The binding of prorenin/renin to (P)RR enhances the enzymatic activity of renin by 4-5 fold,
thereby increase the activity of RAS cascade (Gradman & Kad, 2008; Wiggins & Kelly,
2009). Additionally, binding of renin and prorenin to their receptors produces angiotensinindependent intracellular effects, including activation of the extracellular signal regulated
kinases 1 and 2 (ERK1/2) pathway in mesangial cells. The activation of this pathway
stimulates production of TGF-β, PAI-1, fibronectin, and collagen (Huang et al., 2006,
2007; Abassi et al., 2009).

Figure 2.13: Direct intracellular effects mediated via
(pro)renin receptors. (Abassi et al., 2009)
2.4.3.1. Aliskiren
2.4.3.1.1. Chemistry
Aliskiren is the first drug in DRI class. It was approved by Food and Drug
Administration (FDA) in 2007 for treatment of primary hypertension. It has an empirical
formula of C30H53N3O6 and molecular weight of 551.7g/mol. It is described chemically as
(2S,4S,5S,7S)-N-(2-Carbamoyl-2-methylpropyl)-5-amino-4- hydroxyl-2,7-diisopropyl-8-[4methoxy-3-(3-methoxypropoxy)phenyl]octanamide. Aliskiren is a white to slightly
yellowish crystalline powder and highly soluble in water.
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Figure 2.14: Chemical structure of aliskiren
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2.4.3.1.2. Mechanism of action
Aliskiren is an orally active non-peptide renin inhibitor that is highly specific for renin
(Wiggins & Kelly, 2009). Renin, the first enzyme in RAS, is secreted by the kidney in
response to decrease in blood volume and renal perfusion, and it cleaves angiotensinogen to
form the inactive decapeptide Ang I. After that, Ang I is converted to the active octapeptide
Ang II by ACE and non-ACE pathways. Aliskiren acts by binding to the active site of renin,
thereby inhibiting its catalytic activity and reducing circulating levels of Ang I and II
(Wiggins & Kelly, 2009). By inhibition the first and rate-limiting step in the RAS
(conversion of angiotensinogen to Ang I), aliskiren blocks the generation of Ang II more
completely than ACEIs because there is no other substantive pathway for Ang I production
(Stanton, 2003).
2.4.3.1.3. Renoprotective effect
Although prorenin and renin levels increase in patients with DM (prorenin represents
95% of the total circulating renin in those patients), the blockade of RAS by ACEIs or
ARBs increases renin secretion and synthesis (Azizi & Wuerzner, 2007; Jensen et al.,
2008; Abassi et al., 2009). Beside its role as the rate limiting step of RAS cascade, renin
plays a critical role in the development of DN through activation of extracellular signal
regulated kinases 1 and 2 (ERK1/2) pathway when binding to (P)RR in mesangial cells
(Nistala et al., 2008; Abassi et al., 2009). So DRIs potentially can be useful in treatment of
patients with DM. Recently, it has been suggested that aliskiren has potent renoprotective
effects by reducing albuminuria in hypertensive patients with DN (Ingelfinger, 2008;
Schernthaner, 2008). The first published clinical trial which investigated the renoprotective
effects of aliskiren was recently reported by Parving et al. (2008) in the New England
Journal of Medicine. This multicenter study was conducted in 15 countries and 150 centers
worldwide and studied 599 patients who had type 2 DM, hypertension, and DN. In that
study, all patients received 100 mg losartan daily then they were randomly divided into two
groups. One of them (n=301) received 150 mg of aliskiren daily for 3 months, and followed
by 300 mg of aliskiren daily for another 3 months, in addition to losartan treatment. The
other group (n=298) was placebo where they used losartan treatment only for 6 months. By
the end of the study period, treatment with aliskiren (150 mg daily for 3 months, followed
by 300 mg daily for another 3 months), as compared with placebo, had reduced the mean
urinary albumin-to-creatinine ratio by 20%, with a reduction of 50% or more in 24.7% of
the patients who received aliskiren as compared with 12.5% of those who received placebo.
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Furthermore, the study showed that treatment with 300 mg of aliskiren daily reduced UAE
rate by 18%, where it was 495 (440-557) μg/min at baseline.
2.4.3.1.4. Pharmacokinetics
Unlike other previously synthesized but not marketed renin inhibitors (remikiren,
enalkiren, zankiren), aliskiren exhibits oral bioavailability due to its low molecular weight
(551.7g/mol) and nonpeptide structure making it more resistant to gastrointestinal enzyme
destruction (Cheng, 2008). Although it is absorbed rapidly following oral administration
and reaches the peak plasma concentrations after 1-2 hours of a single oral dose 10 mg/kg,
its absolute bioavailability is low (>3% of the dose being absorbed). Following the
administration of aliskiren, 90% of the absorbed dose was eliminated by fecal route via
biliary excretion as nonmetabolized drug and less than 0.6% was recovered in the urine
(Staessen et al., 2006; Waldmeier et al., 2007). Aliskiren is metabolized by cytochrome
P450 (CYP) 3A4 enzymes and its elimination half-life between 20-45 hours making it
suitable for once-daily administration (Staessen et al., 2006; Cheng, 2008).
2.4.2.3.5. Adverse effects
Aliskiren is a well tolerated drug and the most commonly reported adverse effects are
headache, dizziness, fatigue and diarrhea (Cheng, 2008). Because aliskiren directly affects
RAS, adverse effects such as cough and angioedema may also occur with its administration.
Moreover, hyperkalemia was reported infrequently with aliskiren use (Cheng, 2008).
2.5. Pentoxifylline
2.5.1. Chemistry
Pentoxifylline is a methylxanthine derivative with empirical formula of C13H18N4O3 and
molecular weight of 278.3 g/mol. It is described chemically as 3, 7-dimethyl-1-(5oxohexyl)-3,7-dihydro-1H-purine-2,6-dione. Pentoxifylline is a white to creamy white
crystalline powder and soluble in water and ethanol. It has a melting point of 104°C to
107°C.
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Figure 2.15: Chemical structure of pentoxifylline
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2.5.2. Mechanism of action
Pentoxifylline is a methylxanthine derivative which can improve blood flow properties
by decreasing its viscosity, improving erythrocyte flexibility, and decreasing platelet
aggregation (McCormick et al., 2008). Moreover, pentoxifylline is a competitive
nonselective phosphodiesterase inhibitor which raises intracellular cAMP (Essayan, 2001).
This effect can explain the cardiac stimulation and smooth muscle relaxation produced by it.
Pentoxifylline also decreases the release of inflammatory mediators from mast cells (Peters
et al., 2005). In addition to these effects, pentoxifylline has an ability to inhibit activity and
synthesis of TNF-α by reducing the formation of TNF-α specific messenger (mRNA) in
macrophages (Zabel Schade, 1994; Deree et al., 2008).
2.5.3. Renoprotective effect
In addition to RAS activation, various growth factors and inflammatory mediators
including TGF-β1, TNF-α, and MCP-1 have an important role in progression of DN (Lin et
al., 2008). Beside its inhibitory effects against cell proliferation, inflammation, and ECM
accumulation, pentoxifylline can decrease proteinuria in patients with diabetic and
nondiabetic proteinuric kidney disease (Navarro et al., 2003; Lin et al., 2008). To
illustrate, the antiproteinuric effect of pentoxifylline has been explained by three potential
mechanisms. First, the rheological actions of pentoxifylline by increasing erythrocyte
deformability and reducting blood viscosity which reduce glomerular hydraulic pressure and
proteinurea (Navarro et al., 2003). Second, renal overproduction of adenosine has been
related to hyperfiltration, so antagonist of adenosine by pentoxifylline can reduce
hyperfiltration and proteinurea (Navarro et al., 2003). Third, the ability of pentoxifylline to
downregulate production and secretion of TNF-α and MCP-1 (Navarro et al., 2003; Lin et
al., 2008).
Many studies proved the antiproteinuric effect of pentoxifylline. For example, after 18
months of a study performed in 2008 by Lin et al., the overall proteinurea, TNF-α and
MCP-1 were decreased by 23.8%, 42.8% and 28.9%, respectively. In another study
administration of pentoxifylline to patients with type 2 DM and DN for 4 months produced
a significant decrease in urinary protein excretion from 920mg/day at baseline to 803mg/day
at the end of the study (Navarro et al., 2003).
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2.5.4. Pharmacokinetics
After oral administration, pentoxifylline is almost completely absorbed and undergoes
first-pass effect after dosing. Peak plasma levels of the parent compound and its metabolites
are reached within o.41 hour and 1 hour, respectively (Smith et al., 1986). Following the
oral administration, pharmacokinetics of the parent compound and its metabolites are doserelated and non-linear with increasing half-life and AUC by dose. The apparent plasma halflife of pentoxifylline varies from 0.4-0.8 hours and the apparent plasma half-lives of its
metabolites vary from 1-1.6 hours (Smith et al., 1986). Pentoxifylline excretion is almost
totally by urine and no parent drug is found in the urine.
2.5.5. Adverse effects
The most frequent adverse effects reported with pentoxifylline is nausea and vomiting.
Moreover, there are other common adverse effects which include dyspepsia, anorexia,
dizziness, headache, diarrhea, blurred vision, agitation, insomnia, drowsiness and decreased
serum fibrinogen. Rarely, patients may suffer from arrhythmia, tachycardia, edema,
jaundice, hepatitis and thrombocytopenia (Ward & Clissold, 1987; & Brogden, 1995).
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3. Patients and Methods
3.1. Study design
This study is a non-randomized, prospective-comparative study in which the
renoprotective effect of aliskiren monotherapy and aliskiren-pentoxifylline combination was
evaluated in hypertensive-diabetic type 2 patients with diabetic nephropathy and compared
with the effect of other RAS inhibitors (enalapril and valsartan).
3.2. Study setting and period
The study was performed for hypertensive-diabetic patients at private clinics and
UNRWA health centers in Gaza Strip. It was carried out from March 2010 to December
2010 ( 9 months).
3.3. Patients
3.3.1. Study population
The patients participating in the study were hypertensive-diabetic type 2 patients with
diabetic nephropathy from both genders. They were selected from private clinics and
UNRWA health centers in Gaza Strip after their urinary albumin excretion (UAE) rate and
serum creatinine level were measured. The selected patients had been suffering from
diabetic nephropathy with microalbuminuria.
3.3.2. Selection criteria

 Age: older than 40 years
 Sex: both genders
 Residency: Gaza Strip
 Medical history: The medical history of the patients was taken from the patients
files, where they had been suffering from type 2 DM with diabetic nephropathy,
blood pressure more than 140/90 and free from other renal diseases

 Biochemical tests: Patients were with impaired renal function (microalbuminuria
stage), which was determined by the following biochemical tests:
 Urinary albumin excretion (UAE) rate: It should be in the range from 20-200
µg/min (30-300mg/day).
 Serum creatinine level: The typical human reference range from 0.5 to 1.1
mg/dL (44.2-97.2 μmol/L) for women, and from 0.6 to 1.2 mg/dL
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(53-106 μmol/L) for men. In this study, serum creatinine levels were not more
than 1.8 mg/dL for men and not more than 1.5 mg/dL for women.

 Drug therapy history: Patients were treated from hypertension and type 2 DM by
many drugs except ARBs, DRIs and pentoxifylline, while all patients were using
enalapril.
3.3.3. Exclusion criteria
The criteria for exclusion included:

 Patients who had type 2 DM without diabetic nephropathy
 Patients who had nondiabetic kidney disease
 Patients who had cancer or any life-threatening disease
 Patients who had end-stage renal disease
 Patients who used ARBs, DRIs or pentoxifylline
3.3.4. Sample size
Sample size of the study was eighty patients divided into 4 groups (each group contained 20
patients) according to the treatment protocol.
3.3.5. Dependent variables
The dependent variables included in the study were:

 Urinary albumin excretion (UAE) rate (µg/min)
 Serum createnine level (mg/dl)
3.3.6. Independent variables
The independent variables included in the study were:

 Treatment with aliskiren monotherapy
 Treatment with aliskiren-pentoxifylline combination
 Treatment with valsartan
 Treatment with enalapril
3.4. Treatment
3.4.1. Aliskiren treated group
1- Aliskiren, 150 mg was given orally once daily for 9 months.
2-Any oral hypoglycemic agent or insulin therapy according to physician instructions.
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3.4.2. Aliskiren-Pentoxifylline treated group
1-Aliskiren-Pentoxifylline combination, 150 mg of aliskiren and 400 mg of pentoxifylline
were given orally once daily for 9 months.
2-Any oral hypoglycemic agent or insulin therapy according to physician instructions.
3.4.3. Valsartan treated group
1- Valsartan, 160 mg was given orally once daily for 9 months.
2-Any oral hypoglycemic agent or insulin therapy according to physician instructions.
3.4.4. Enalapril treated group
1- Enalapril, 10 mg was given orally once daily for 9 months. If the optimal target blood
pressure (<130/80 mm Hg) was not achieved, another 10 mg of enalapril was added.
2-Any oral hypoglycemic agent or insulin therapy according to physician instructions.
3.5. Methods
3.5.1. Hematological analysis
Hematological analysis was performed for each patient before and every 3 months of the
study period (9 months). One day before the required analysis, participants were phoned to
visit the UNRWA clinic or laboratory and they were asked to fast for 12 hours. Blood
samples were drawn from peripheral circulation of the patients, then these samples were
labeled with names of patients and sent immediately to the laboratory to perform the
required tests. In this study, we performed blood analysis to measure serum creatinine level
(SCr) and fasting plasma glucose (FPG) among our patients.
3.5.2. Urinalysis
Urine analysis was performed for our patients before and every 3 months during the
study period which was 9 months. Two days before the visit, each patient was phoned to
collect his urine throughout the day (24 hours) in a suitable container. Then urine samples
were taken from the patients and labeled with their names and sent to the laboratory to
measure UAE rate for each patient.
3.5.3. Blood pressure measurement
Blood pressure was measured for all patients by the conventional method with a
mercury sphygmomanometer. Systolic and diastolic blood pressures were measured for our
patients in each group before and every 3 months of treatment throughout the study period
(9 months). Before measuring, patients were rested for 10 min, then BP was measured three
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times on the left arm. Finally, the average of the three readings was recorded in the data
collecting sheet for each patient.
3.5.4. Data collection
During the study period (9 months), data was collected from patient files and laboratory
results of blood and urine analysis. The collected data included patient age, gender,
residency, duration of type 2 DM, duration of hypertension, fasting plasma glucose level,
BP measurements, serum creatinine level, UAE rate and drugs used to manage hypertension
and type 2 DM. All data was documented in data collecting sheet before and every 3 months
of treatment during the study period.

3.5.5. Statistical analysis
The collected data and variables were entered to the computer, defined, coded and
analyzed using the statistical package of social science (SPSS) software package version 15.
Statistical tests as frequency and distribution were done to express our data as numbers,
percentages and Pie charts. Moreover, paired T-test was performed to compare urinary
albumin excretion rates and serum creatinine levels individually in each group before and at
3, 6 and 9 months of treatment, whereas independent T-test was used to compare aliskiren
treated group with enalapril and valsartan treated groups, and aliskiren- pentoxiphylline
treated group with enalapril and valsartan treated groups among urinary albumin excretion
rates and serum creatinine levels.
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4. Results
This chapter deals with the study results. During the study period, eighty patients were
selected according to the inclusion criteria. The study population was divided into four
groups based on the drugs used, where each group consisted of twenty patients. The study
was carried out at UNRWA health centers and private clinics (Gaza Strip). Thereafter, data
was collected from patients files and through biochemical analysis of blood and urine
samples.
The obtained results dealt with distribution of the study population by sociodemographic variables, duration of type 2 DM and hypertension; and treatment history.
Moreover, the results evaluated effect of the following drugs: enalapril, valsartan, aliskiren
and aliskiren-pentoxiphylline combination on both serum creatinine level and urinary
albumin excretion (UAE) rate. Further, the results compared UAE and serum creatinine
levels among patients receiving the indicated drugs.
4.1. Distribution of the study population
4.1.1. Distribution of the study population by socio-demographic variables
The total number of the study population who fulfilled the selective criteria was eighty
patients divided into four groups (table 4.1), so that each group consisted of twenty patients.
Figure 4.1 shows that 46 (57%) of the participants were males and 34 (43%) were females.
The demographic distribution of the study population is shown in figure 4.2, where 35
(43%) of them lived in Rafah governorate, 18 (23%) lived in Khan Younis governorate, 21
(26%) were from Gaza governorate and 6 (8%) were from North Gaza governorate.
The first group was treated with enalapril and included 13 (65%) males; 7 (35%)
females. The age of participants was from 50 to 61 years with a mean of 55.5 ± 3.3, and
according to governorate distribution, 15 (75%) lived in Rafah governorate, 5 (25%) were
from Khan Younis governorate (table 4.1).
The second group was treated with valsartan and included 12 (60%) males and 8 (40%)
females of whom 10 (50%) lived in Rafah governorate, 6 (30%) were from Khan Younis
governorate, 3 (15%) were from Gaza governorate and 1 (5%) was from North Gaza
governorate. The age of the participants was from 51 to 60 years with a mean of 55.05 ± 2.6
(table 4.1).
In the aliskiren treated group, 5 patients (25%) lived in Rafah governorate, 3 (15%) were
from Khan Younis governorate, 10 (50%) were from Gaza governorate and 2 (10%) were
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from North Gaza governorate. Of these participants, 11 (55%) were males and 9 (45%) were
females, and their age ranged from 50 to 60 years with a mean of 55.05 ± 3.2 (table 4.1).
In the last group which was treated with aliskiren-pentoxiphylline, both genders were
represented equally (10 males and 10 females) and their age range was from 49 to 60 years
with a mean of 55.55 ± 2.9. Furthermore, 5 (25%) lived in Rafah governorate, 4 (20%) were
from Khan Younis governorate, 8 (40%) were from Gaza governorate and 3 (15%) were
from North Gaza governorate (table 4.1).
Table 4.1: Distribution of the study population by socio-demographic variables
Valsartan
Group

Aliskiren
Group

N=20
55.50 ± 3.3

N=20
55.05 ± 2.6

N=20
55.05 ± 3.2

N=20
55.55 ± 2.9

(50 – 61)

(51 – 60)

(50 – 60)

(49 – 60)

Male

13 (65%)

12 (60%)

11 (55%)

10 (50%)

Female

7 (35%)

8 (40%)

9 (45%)

10 (50%)

Rafah

15 (75%)

10 (50%)

5 (25%)

5 (25%)

Khanyounis

5 (25%)

6 (30%)

3 (15%)

4 (20%)

Gaza

--

3 (15%)

10 (50%)

8 (40%)

--

1 ( 5%)

2 (10%)

3 (15%)

Variable

Age (year)

Sex

Governorate

AliskirenPentoxiphy
lline Group

Enalapril
Group

Mean ± S.D.

North Gaza

Figure 4.1: Distribution of the study population by sex
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Figure 4.2: Distribution of the study population by demographic variable

4.1.2. Distribution of the study population by duration of type 2 DM and hypertension
Table 4.2 demonstrates the distribution of participants in all groups depending on the
duration of both type 2 DM and hypertension among them. It shows that patients in the
enalapril group had type 2 DM from 9 to 16 years with a mean of 12.25 ± 2.35, while they
had hypertension from 6 to 12 years with a mean of 8.9 ± 1.98. In the valsartan group, the
population had type 2 DM and hypertension from 8 to 14 years with a mean of 11.7 ± 2 and
from 6 to 12 years with a mean of 9.1 ± 2, respectively. In addition, the participants of
aliskiren and aliskiren-pentoxiphylline groups had type 2 DM from 8 to 15 years with a
mean of 11.7 ± 2.2 and 12.05 ± 2.3, respectively, and they had hypertension from 6 to 13
years with a mean of 9.65 ± 2.3, and from 7 to 13 years with a mean of 9.85 ± 2.15,
respectively.
Table 4.2: Duration of type 2 DM and hypertension among the study population
Enalapril
Group

Valsartan
Group

Aliskiren
Group

AliskirenPentoxiphylline
Group

N=20

N=20

N=20

N=20

Mean
±
S.D.

12.25 ± 2.35

11.7 ± 2

11.7 ± 2.2

12.05 ± 2.3

(9 – 16)

(8 – 14)

(8 – 15)

(8 – 15)

Mean
±
S.D.

8.9 ± 1.98

9.1 ± 2

9.65 ± 2.3

9.85 ± 2.15

(6 – 12)

(6 – 12)

(6 – 13)

(7 – 13)

Variable

Duration of
Type 2 DM
(year)
Duration of
Hypertension
(year)
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4.1.3. Distribution of the study population by treatment history
Since the study population were hypertensive-diabetic type 2 patients, it was necessary
to use several drugs of hypertension and type 2 DM to maintain their lives. Table 4.3
numerates the various drugs used by patients among the different groups. Generally, all
participants (80) used metformin, 57 of them were on glibenclamide use and 44 patients
used insulin to treat their hyperglycemia; while diuretics were the major drugs used to
maintain blood pressure (46 used amiloride, 41 used hydrochlorothiazide and 31 used
furosemide). Calcium channel blockers as amlodipine and nifidepine; and beta blockers as
atenolol were also used by 47, 32 and 43 of the patients, respectively.
Table 4.3: Distribution of the study population by treatment

Enalapril
Group

Valsartan
Group

Aliskiren
Group

Insulin 20-40 IU/day

No. (%)
11 (55)

No. (%)
11 (55)

No. (%)
12 (60)

AliskirenPentoxiph
ylline
Group
No. (%)
10 (50)

Metformin 500-2000 mg/day

20 (100)

20 (100)

20 (100)

20 (100)

Glibenclamide 5-10 mg/day

14 (70)

14 (70)

15 (75)

14 (70)

Amlodipine 5-10 mg/day

12 (60)

11 (55)

12 (60)

12 (60)

Nifidepine 20 mg/day

8 (40)

9 (45)

8 (40)

7 (35)

Hydrochlorothiazide 25mg/day

10 (50)

9 (45)

11 (55)

11 (55)

Furosemide 20-40 mg day

8 (40)

8 (40)

8 (40)

7 (35)

Amiloride 5 mg/day

11 (55)

9 (45)

14 (70)

12 (60)

Atenolol 25-50 mg/day

13 (65)

12 (60)

7 (35)

11 (55)

Atrovastatin 10-20 mg/day

8 (40)

9 (45)

9 (45)

10 (50)

Treatment
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Figure 4.3: Distribution of the study population by treatment

4.1.4. Fasting plasma glucose (FPG) level, systolic blood pressure (SBP) and diastolic
blood pressure (DBP) among the study population
Table 4.4 contains data about FPG level, SBP and DBP among the study population. To
illustrate, FPG was 133.55 ± 4.70 mg/dl at baseline and decreased to 130.45 ± 3.53 mg/dl
after 9 months of enalapril treatment. In the enalapril treated group, SBP and DBP were
somewhere constant during the study period. To emphasize, SBP was 135.40 ± 3.12mmHg
at baseline and changed to 135.70 ± 3.01mmHg after 9 months, while DBP was 87.50 ±
2.37mmHg at baseline and decreased to 86.05 ± 1.57mmHg at the end of the study period.
With respect to the valsartan treated group, FPG changed from 134.10 ± 2.42 mg/dl at
baseline to 131.10 ± 7.05 mg/dl at the end of the study period. Further, the mean blood
pressure was 135.40 ± 4.98/87.25 ± 2.02mmHg at baseline and became 134.55 ± 3.47/85.90
± 1.58mmHg after 9 months of treatment.
In the same context, we found that blood pressure was nearly constant over the study
period in the aliskiren group. For instance, SBP and DBP means were 136.05 ± 2.98mmHg
and 87.35 ± 2.06mmHg, respectively, at baseline and became 136.05 ± 1.64mmHg and
86.15 ± 1.69mmHg, respectively, by the end of the study period. Moreover, FPG level
decreased from 135.65 ± 3.16 mg/dl at baseline to 131.05 ± 4.49 mg/dl after 9 months of
treatment.
The situation was the same with the aliskiren-pentoxiphylline treated group, where SBP
was 136.69 ± 3.02mmHg and 135.30 ± 2.47mmHg at baseline and after 9 months of
treatment, respectively, while DBP was 85.62 ± 2.36mmHg and 85.40 ± 3.15mmHg at
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baseline and following 9 months of therapy. However, FPG changed from 133.19 ± 3.97
mg/dl at baseline to 130.80 ± 4.95 mg/dl after 9 months of treatment.
Table 4.4: FPG level, SBP and DBP among the study population during the study
period (9 months)
Drug
\

Enalapril
(10-20 mg/day)

Valsartan
(160 mg/day)

Aliskiren
(150 mg/day)

AliskirenPentoxiphylline
(150, 400 mg/day)

Mean ± S.D.

Time
FPG (mg/dl)

SBP (mmHg)

DBP (mmHg)

Baseline

133.55 ± 4.70

135.40 ± 3.12

87.50 ± 2.37

After 3 months

130.80 ± 4.48

136.05 ± 2.98

85.65 ± 1.42

After 6 months

129.95 ± 3.70

134.95 ± 2.44

86.20 ± 1.70

After 9 months

130.45 ± 3.53

135.70 ± 3.01

86.05 ± 1.57

Baseline

134.10 ± 2.42

135.40 ± 4.98

87.25 ± 2.02

After 3 months

130.75 ± 5.52

135.60 ± 1.79

86.55 ± 1.64

After 6 months

130.35 ± 4.26

135.35 ± 3.49

87.15 ± 1.69

After 9 months

131.10 ± 7.05

134.55 ± 3.47

85.90 ± 1.58

Baseline

135.65 ± 3.16

136.05 ± 2.98

87.35 ± 2.06

After 3 months

132.30 ± 4.49

134.95 ± 2.44

85.85 ± 2.06

After 6 months

130.75 ± 4.03

135.60 ± 2.16

85.30 ± 1.49

After 9 months

131.05 ± 4.49

136.05 ± 1.64

86.15 ± 1.69

Baseline

133.19 ± 3.97

136.69 ± 3.02

85.62 ± 2.36

After 3 months

131.45 ± 2.91

136.70 ± 2.97

85.80 ± 2.58

After 6 months

129.35 ± 5.17

135.45 ± 4.11

85.10 ± 2.53

After 9 months

130.80 ± 4.95

135.30 ± 2.47

85.40 ± 3.15

FPG: Fasting plasma glucose, SBP: Systolic blood pressure, DBP: Diastolic blood pressure

4.2. Effect of the used drugs on urinary albumin excretion (UAE) rate during the study
period (9 months)
4.2.1. Effect of Enalapril treatment on UAE rate (µg/min) in patients before and after 3, 6
and 9 months of treatment
Table 4.5 shows the effect of enalapril (10-20mg/day) on UAE rate. To clarify, the UAE
rate was variable; it increased from 113 ± 10.679 µg/min at beginning of the study to 115 ±
9.862 µg/min after 3 months and then to 117.65 ± 6.761 µg/min after 6 months, whereas it
decreased again to 116.35 ± 6.564 µg/min after 9 months of the treatment. The results
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showed no a statistical significant effect (P>0.05) of enalapril on UAE rate during the study
period (9 months).
Table 4.5: Urinary albumin excretion (UAE) rate (µg/min) in patients before and after
3, 6 and 9 months of Enalapril (10-20 mg/day) treatment
UAE rate (µg/min)

No.

Mean ± S.D.

p-value §

Before enalapril

20

113.45 ± 10.679

After 3 months

20

115.00 ± 9.862

0.177a

After 6 months

20

117.65 ± 6.761

0.055b

After 9 months

20

116.35 ± 6.564

0.125c

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for UAE rate
before and after 3 months of treatment. b) p-value for UAE rate before and after
6 months of treatment. c) p-value for UAE rate before and after 9 months of treatment.

4.2.2. Effect of Valsartan treatment on UAE rate (µg/min) in patients before and after
3, 6 and 9 months of treatment
The effect of valsartan (160 mg/day) on UAE rate is indicated in table 4.6. The UAE
rate decreased significantly (P<0.05) after 9 months of valsartan treatment, where it
decreased from 117.95 ± 8.075 µg/min at baseline to 115.70 ± 6.736 µg/min after 9 months
of treatment. In contrast, the reduction in UAE rate was not effective after 3 and 6 months of
treatment where it was 116.95 ± 8.648 µg/min and 117.35 ± 6.011 µg/min, respectively.
Table 4.6: Urinary albumin excretion (UAE) rate (µg/min) for patients before and
after 3, 6 and 9 months of Valsartan (160 mg/day) treatment
UAE rate (µg/min)

No.

Mean ± S.D.

p-value §

Before valsartan

20

117.95 ± 8.075

After 3 months

20

116.95 ± 8.648

0.438a

After 6 months

20

117.35 ± 6.011

0.655b

After 9 months

20

115.70 ± 6.736

0.045c

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for UAE rate
before and after 3 months of treatment. b) p-value for UAE rate before and after
6 months of treatment. c) p-value for UAE rate before and after 9 months of treatment.
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4.2.3. Effect of Aliskiren treatment on UAE rate (µg/min) in patients before and after 3, 6
and 9 months of treatment
The collected data in table 4.7 shows that there is a statistical significant reduction
(P<0.05) in UAE rate after 6 and 9 months of aliskiren (150 mg/day) treatment, and the
reduction after 9 months is more significant than the reduction after 6 months, where it
decreased from 113.50 ± 9.764 µg/min at baseline to 112.55 ± 8.882 µg/min after 6 months
and then to 110.50 ± 9.185 µg/min after 9 months of treatment. A slight decrease in UAE
rate after 3 months of treatment (113.25 ± 9.089 µg/min) was also noticed; however, it was
not significant.
Table 4.7: Urinary albumin excretion (UAE) rate (µg/min) in patients before and after
3, 6 and 9 months of Aliskiren (150 mg/day) treatment
UAE rate (µg/min)

No.

Mean ± S.D.

p-value §

Before aliskiren

16

113.50 ± 9.764

After 3 months

20

113.25 ± 9.089

0.102a

After 6 months

20

112.55 ± 8.882

0.019b

After 9 months

20

110.50 ± 9.185

0.000c

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for UAE rate
before and after 3 months of treatment. b) p-value for UAE rate before and after
6 months of treatment. c) p-value for UAE rate before and after 9 months of treatment.

4.2.4. Effect of Aliskiren-Pentoxiphylline combination on UAE rate (µg/min) in patients
before and after 3, 6 and 9 months of treatment
The results shown in table 4.8 indicate a statistical significant relationship (P<0.05)
between aliskiren-pentoxiphylline (150, 400 mg/day) combination and UAE rate after 6 and
9 months of treatment. The UAE rate decreased to 111.50 ± 10.405 µg/min and then to
107.70 ± 10.780 µg/min after 6 and 9 months of treatment, respectively. Although there was
a decrease in the UAE rate from 113.33 ± 7.631 µg/min at baseline to 112.55 ± 9.517
µg/min after 3 months, this decrease was a statistically insignificant.
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Table 4.8: Urinary albumin excretion (UAE) rate (µg/min) in patients before and after
3, 6 and 9 months of Aliskiren-Pentoxiphylline (150, 400 mg/day) treatment
UAE rate (µg/min)

No.

Mean ± S.D.

16

113.33 ± 7.631

20

112.55 ± 9.517

0.077a

After 6 months

20

111.50 ± 10.405

0.020b

After 9 months

20

107.70 ± 10.780

0.001c

Before aliskirenpentoxiphylline
After 3 months

p-value §

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for UAE rate
before and after 3 months of treatment. b) p-value for UAE rate before and after
6 months of treatment. c) p-value for UAE rate before and after 9 months of treatment.

4.3. Effect of the used drugs on serum creatinine level (mg/dL) during the study period
(9 months)
4.3.1. Effect of Enalapril treatment on serum creatinine level (mg/dL) in patients before
and after 3, 6 and 9 months of treatment
The data in table 4.9 shows the serum creatinine levels throughout the study period. The
serum creatinine level insignificantly (P>0.05) decreased from 1.328 ± 0.052 mg/dL at
baseline to 1.325 ± 0.054 mg/dL and then to 1.324 ± 0.053 mg/dL after 3 and 6 months of
enalapril (10-20 mg/day) treatment, respectively. However, it increased again to 1.332 ±
0.044 mg/dL after 9 months of treatment, suggesting that enalapril has little or no effect on
serum creatinine level during the study period.
Table 4.9: Serum creatinine levels (mg/dL) in patients before and at 3, 6 and 9 months
of Enalapril (10-20 mg/day) treatment
Serum creatinine level
(mg/dL)
Before enalapril

No.

Mean ± S.D.

20

1.328 ± 0.052

After 3 months

20

1.325 ± 0.054

0.500a

After 6 months

20

1.324 ± 0.053

0.528b

After 9 months

20

1.332 ± 0.044

0. 445c

p-value §

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for serum creatinine
levels before and after 3 months of treatment. b) p-value for serum creatinine levels before and after
6 months of treatment. c) p-value for serum creatinine levels before and after 9 months of treatment.
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4.3.2. Effect of Valsartan treatment on serum creatinine level (mg/dL) in patients before
and after 3, 6 and 9 months of treatment
The data referred to in table 4.10 points to an insignificant change (P>0.05) in the serum
creatinine levels throughout the study period following valsartan (160 mg/day) use. To
illustrate, the serum creatinine level decreased from 1.326 ± 0.036 mg/dL at baseline to
1.325 ± 0.038 mg/dL after 3 months. After 6 months of treatment, it returned to the same
baseline value and increased after 9 months to reach a value of 1.328 ± 0.035 mg/dL, such
minor fluctuations indicate the poor influence of valsartan on the serum creatinine level
during the 9 months of valsartan treatment.
Table 4.10: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Valsartan (160 mg/day) treatment
Serum creatinine level
(mg/dL)
Before valsartan

No.

Mean ± S.D.

20

1.326 ± 0.036

After 3 months

20

1.325 ± 0.038

0.913a

After 6 months

20

1.326 ± 0.036

0.956b

After 9 months

20

1.328 ± 0.035

0.807c

p-value §

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for serum creatinine
levels before and after 3 months of treatment. b) p-value for serum creatinine levels before and after
6 months of treatment. c) p-value for serum creatinine levels before and after 9 months of treatment.

4.3.3. Effect of Aliskiren treatment on serum creatinine level (mg/dL) in patients before
and after 3, 6 and 9 months of treatment
Table 4.11 demonstrates that aliskiren (150 mg/day) treatment is associated with a
statistical significant (P<0.05) decrease in serum creatinine level after 9 months of
treatment, where the creatinine level decreased to 1.308 ± 0.026 mg/dL. In contrast, the
results showed that the drug has little effect on serum creatinine level after 3 and 6 months
of treatment. To clarify, the serum creatinine level increased from 1.316 ± 0.028 mg/dL at
baseline to 1.318 ± 0.031 mg/dL after 3 months, while decreased again after 6 months to

51

Table 4.11: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Aliskiren (150 mg/day) treatment
Serum creatinine level
(mg/dL)
Before aliskiren

No.

Mean ± S.D.

16

1.316 ± 0.028

After 3 months

20

1.318 ± 0.031

0.835a

After 6 months

20

1.316 ± 0.031

0.432b

After 9 months

20

1.308 ± 0.026

0.044c

p-value §

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for serum creatinine
levels before and after 3 months of treatment. b) p-value for serum creatinine levels before and after
6 months of treatment. c) p-value for serum creatinine levels before and after 9 months of treatment.

4.3.4. Effect of Aliskiren-Pentoxiphylline treatment on serum creatinine level (mg/dL) in
patients before and after 3, 6 and 9 months of treatment
Data analysis revealed a highly significant (P<0.01) reduction in the serum creatinine
level after 6 and 9 months of aliskiren-pentoxiphylline (150, 400 mg/day) treatment when
compared with baseline value (table 4.12). To simplify, the serum creatinine level decreased
to 1.316 ± 0.036 mg/dL and then to 1.302 ± 0.035 mg/dL from 1.319 ± 0.035 mg/dL after 6
and 9 months of treatment, respectively. On the contrary, aliskiren-pentoxiphylline
combination was associated with a reduction in serum creatinine level after 3 months of
therapy where the level decreased from 1.319 ± 0.035 mg/dL at baseline to 1.318 ± 0.044
mg/dL after 3 months. This decrease, however, was not significant as we have seen at 6 and
9 months of treatment.
Table 4.12: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Aliskiren-Pentoxiphylline (150, 400 mg/day) treatment
Serum creatinine level
(mg/dL)
Before
aliskiren
pentoxiphylline
After 3 months

No.

Mean ± S.D.

16

1.319 ± 0.035

20

1.318 ± 0.044

0.459a

After 6 months

20

1.316 ± 0.036

0.006b

After 9 months

20

1.302 ± 0.035

0.000c

p-value §

§) p-values (P<0.05) are calculated by paired-samples t-test. a) p-value for serum creatinine
levels before and after 3 months of treatment. b) p-value for serum creatinine levels before and after
6 months of treatment. c) p-value for serum creatinine levels before and after 9 months of treatment.
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4.4. Comparison between effect of the used drugs on urinary albumin excretion rate
4.4.1. UAE rates (µg/min) among patients treated with Enalapril or Aliskiren during the
study period (9 months)
Comparison between the UAE rates among patients treated with enalapril (10-20
mg/day) or aliskiren (150 mg/day) was evaluated and represented in table 4.13. The data
showed a statistical significant difference (P<0.05) between the UAE rates at baseline and
after 6 and 9 months of therapy, but the significance was more pronounced after 9 months
(116.35 ± 6.564 µg/min for enalapril and 110.50 ± 9.185 µg/min for aliskiren). On the other
hand, the difference after 3 months of treatment was far from being significant for both
drugs (115.00 ±9.862 µg/min for enalapril and 113.25 ± 9.089 µg/min for aliskiren).
Table 4.13: Urinary albumin excretion (UAE) rate (µg/min) in patients before and after 3,
6 and 9 months of Enalapril (10-20 mg/day) or Aliskiren (150 mg/day) treatment

Time
Baseline

After 3 months

After 6 months

After 9 months

Drug

No.

Enalapril

20

UAE rate
mean ± S.D.
113.45 ± 10.679

Aliskiren

16

113.50 ± 9.764

Enalapril

20

115.00 ± 9.862

Aliskiren

20

113.25 ± 9.089

Enalapril

20

117.65 ± 6.761

Aliskiren

20

112.55 ± 8.882

Enalapril

20

116.35 ± 6.564

Aliskiren

20

110.50 ± 9.185

p-value ¥
0.898

0.563

0.048
0.026

¥) p-values (P<0.05) are calculated by independent-samples t-test.

4.4.2. UAE rates (µg/min) among patients treated with Valsartan or Aliskiren during the
study period (9 months)
The UAE rates among patients treated with valsartan (160 mg/day) or aliskiren (150
mg/day) in table 4.14 show a statistical insignificant difference (P>0.05) between the levels
at baseline (117.95 ± 8.075 µg/min for valsartan and 113.50 ± 9.764 µg/min for aliskiren).
The difference between the levels increased and approached the significant values after 6
months, where the levels were 116.95 ± 8.648 µg/min for valsartan and 113.25 ± 9.089
µg/min for aliskiren after 3 months and changed after 6 months to 117.35 ± 6.011 µg/min
for valsartan and 112.55 ± 8.882 µg/min for aliskiren. The case was different after 9 months

52

of treatment, where the difference increased to a significant level (P<0.05) and the two
levels were 115.70 ± 6.736 µg/min for valsartan and 110.50 ± 9.185 µg/min for aliskiren.
Figure 4.4 compares the UAE rates among patients treated with enalapril, valsartan or
aliskiren during the study period and how aliskiren decreased the UAE rates significantly
more than valsartan and enalapril drugs.
Table 4.14: Urinary albumin excretion (UAE) rate (µg/min) in patients before and
after 3, 6 and 9 months of Valsartan (160 mg/day) or Aliskiren (150 mg/day) treatment

Time
Baseline

After 3 months

After 6 months

After 9 months

Drug

No.

Valsartan

20

UAE rate
mean ± S.D.
117.95 ± 8.075

Aliskiren

16

113.50 ± 9.764

Valsartan

20

116.95 ± 8.648

Aliskiren

20

113.25 ± 9.089

Valsartan

20

117.35 ± 6.011

Aliskiren

20

112.55 ± 8.882

Valsartan

20

115.70 ± 6.736

Aliskiren

20

110.50 ± 9.185

p-value ¥
0.144

0.195

0.053

0.048

¥) p-values (P<0.05) are calculated by independent-samples t-test.

Figure 4.4: UAE rates (µg/min) among patients treated with
Enalapril (10-20 mg/day), Valsartan (160 mg/day) or Aliskiren (150
mg/day) during the study period (9 months)
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4.4.3. UAE rates among patients treated with Enalapril or Aliskiren-Pentoxiphylline
combination during the study period (9 months)
The results in table 4.15 compare the UAE rates among patients treated with enalapril
(10-20 mg/day) or a combination of aliskiren-pentoxiphylline (150, 400 mg/day). The data
analysis showed no significant difference (P>0.05) neither at baseline where the levels were
113.45 ± 10.679 µg/min for enalapril and 113.33 ± 7.631 µg/min for aliskirenpentoxiphylline, nor after 3 months of treatment, as the levels were 115 ± 9.862 µg/min and
112.55 ± 9.517 µg/min for enalapril and aliskiren-pentoxiphylline, respectively. However, a
statistical significance difference (P<0.05) between the UAE rates was found after 6 months
of treatment, where the means values were 117.65 ± 6.761 µg/min and 111.50 ± 10.405
µg/min for enalapril and aliskiren-pentoxiphylline, respectively. Similarily, data analysis
also revealed a statistical significant difference between the values after 9 months of
treatment and the significance was more pronounced (P<0.01) after 9 months in comparison
with that seen after 6 months.
Table 4.15: Urinary albumin excretion (UAE) rate (µg/min) in patients before and
after 3, 6 and 9 months of Enalapril (10-20 mg/day) or Aliskiren-Pentoxiphylline (150,
400 mg/day) combination treatment
Time

Drug
Enalapril

Baseline

After 3 months

After 6 months

After 9 months

AliskirenPentoxiphylline
Enalapril
AliskirenPentoxiphylline
Enalapril
AliskirenPentoxiphylline
Enalapril
AliskirenPentoxiphylline

20

UAE rate
mean ± S.D.
113.45 ± 10.679

16

113.33 ± 7.631

20

115.00 ± 9.862

20

112.55 ± 9.517

20

117.65 ± 6.761

20

111.50 ± 10.405

20

116.35 ± 6.564

20

107.70 ± 10.780

No.

¥) p-values (P<0.05) are calculated by independent-samples t-test.
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p-value ¥

0.972

0.429

0.033

0.004

4.4.4. UAE rates among patients treated with Valsartan or Aliskiren-Pentoxiphylline
combination during the study period (9 months)
The results related to the UAE rates among patients treated with valsartan (160 mg/day)
or aliskiren-pentoxiphylline (150, 400 mg/day) combination throughout the study period are
shown in table 4.16. The results show a difference between the two means at each period of
the study (3 months) and this difference increased with time along the study period
(9 months). For example, the UAE values of valsartan and aliskiren-pentoxiphylline treated
groups were 117.95 ± 8.075 µg/min and 113.33 ± 7.631 µg/min, respectively at baseline
and 116.95 ± 8.648 µg/min and 112.55 ± 9.517 µg/min, respectively after 3 months of
treatment. Despite the increase in the difference between the two means during the study
period, it became a statistically significant (P<0.05) only after 6 and 9 months of treatment,
whereas the significance was more pronounced after 9 months (P<0.01).
Similar to the results showed in tables 4.15 and 4.16, figure 4.5 clarifies the positive
effect of aliskiren-pentoxiphylline on UAE rate during the study period in comparison with
enalapril or valsartan effect.
Table 4.16: Urinary albumin excretion (UAE) rate (µg/min) in patients before and
after 3, 6 and 9 months of Valsartan (160 mg/day) or Aliskiren-Pentoxiphylline (150,
400 mg/day) combination treatment
Time

20

UAE rate
mean ± S.D.
117.95 ± 8.075

16

113.33 ± 7.631

20

116.95 ± 8.648

20

112.55 ± 9.517

20

117.35 ± 6.011

AliskirenPentoxiphylline
Valsartan

20

111.50 ± 10.405

20

115.70 ± 6.736

AliskirenPentoxiphylline

20

107.70 ± 10.780

Drug
Valsartan

Baseline

After 3 months

After 6 months

After 9 months

AliskirenPentoxiphylline
Valsartan
AliskirenPentoxiphylline
Valsartan

No.

¥) p-values (P<0.05) are calculated by independent-samples t-test.
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p-value ¥

0.096

0.134

0.036

0.008

Figure 4.5: UAE rates (µg/min) among patients treated with Enalapril (1020 mg/day), Valsartan (160 mg/day) or Aliskiren-Pentoxiphylline
combination (150, 400 mg/day) during the study period (9 months)

4.4.5. UAE rates among patients treated with Aliskiren or Aliskiren-Pentoxiphylline
combination during the study period (9 months)
The difference in UAE rates among patients treated with aliskiren (150 mg/day) or
aliskiren-pentoxiphylline (150, 400 mg/day) combination is shown in table 4.17. Data
analysis showed a statistical insignificant difference (P>0.05) between the means at
baseline and after 3 months of treatment, where the means were 113.50 ± 9.764 µg/min and
113.33 ± 7.631 µg/min at baseline and 113.25 ± 9.089 µg/min and 112.55 ± 9.517 µg/min
after 3 months of treatment with aliskiren or aliskiren-pentoxiphylline combination,
respectively. Further, statistical analysis at 6 and 9 months of treatment showed similar
results to those seen at 3 months of treatment (P>0.05). Although the difference between
the means was insignificant at each period, the p-value highly decreased from 0.958 at
baseline to 0.382 after 9 months of treatment.
Figure 4.6 illustrates the comparison between the drugs used effect among the study
patients on the UAE rates throughout the study period (9 months). It highlighted important
changes on the UAE rates, where all drugs decreased the rates at the end of the study
(9 months). Despite that reduction, the significant decrease was only achieved with aliskiren
monotherapy and aliskiren-pentoxiphylline combination.
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Table 4.17: Urinary albumin excretion (UAE) rate (µg/min) in patients before and
after 3, 6 and 9 months of Aliskiren (150 mg/day) or Aliskiren-Pentoxiphylline (150,
400 mg/day) treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Aliskiren

16

UAE rate
mean ± S.D.
113.50 ± 9.764

AliskirenPentoxiphylline
Aliskiren

16

113.33 ± 7.631

20

113.25 ± 9.089

20

112.55 ± 9.517

20

112.55 ± 8.882

20

111.50 ± 10.405

20

110.50 ± 9.185

20

107.70 ± 10.780

Drug

AliskirenPentoxiphylline
Aliskiren
AliskirenPentoxiphylline
Aliskiren
AliskirenPentoxiphylline

No.

p-value ¥

0.958

0.813

0.733

0.382

¥) p-values (P<0.05) are calculated by independent-samples t-test.

Figure 4.6: UAE rates (µg/min) among patients treated with Enalapril (10-20
mg/day), Valsartan (160 mg/day), Aliskiren (150 mg/day) or AliskirenPentoxiphylline combination (150,400mg/day) during the study period (9 months)

4.5. Comparison between the effect of used drugs on serum creatinine level
4.5.1. Serum creatinine levels (mg/dL) among patients received Enalapril or Aliskiren
during the study period (9 months)
The results presented in table 4.18 evaluate the comparison between the serum
creatinine levels among patients treated with enalapril (10-20 mg/day) or aliskiren (150
mg/day). Despite the difference in serum creatinine means among both groups at baseline
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(1.328 ± 0.052 mg/dl for enalapril, 1.316 ± 0.027 mg/dl for aliskiren), it showed no
statistical significance (P>0.05). The difference became a statistically significant (P<0.05)
after 9 months of treatment in favor of aliskiren treatment.
Table 4.18: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Enalapril (10-20 mg/day) or Aliskiren (150 mg/day) treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Enalapril

20

Serum Creatinine Level
(mg/dL) mean ± S.D.
1.328 ± 0.052

Aliskiren

16

1.316 ± 0.027

Enalapril

20

1.325 ± 0.054

Aliskiren

20

1.318 ± 0.031

Enalapril

20

1.324 ± 0.053

Aliskiren

20

1.316 ± 0.031

Enalapril

20

1.332 ± 0.044

Aliskiren

20

1.308 ± 0.026

Drug

No.

p-value ¥
0.409

0.619

0.570

0.047

¥) p-values (P<0.05) are calculated by independent-samples t-test.

4.5.2. Serum creatinine levels (mg/dL) among patients treated with Valsartan or Aliskiren
during the study period (9 months)
The data in table 4.19 is a comparison between the serum creatinine levels in the
valsartan (160 mg/day) and aliskiren (150 mg/day) treated groups. No statistical significant
difference (P>0.05) was found between the two means at the baseline (1.326 ± 0.036 mg/dl
for valsartan and 1.316 ± 0.027 mg/dl for aliskiren), and it remained insignificant even after
3 and 6 months of treatment. On the other hand, data analysis revealed a statistical
significant difference (P<0.05) between the two means (1.328 ± 0.035 mg/dl for valsartan
and 1.308 ± 0.026 mg/dl for aliskiren) after 9 months of treatment. Moreover, figure 4.7
shows that aliskiren significantly decreased serum creatinine levels after 9 months.
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Table 4.19: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Valsartan (160 mg/day) or Aliskiren (150 mg/day) treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Drug

No.

Valsartan

20

Serum Creatinine Level
(mg/dL) mean ± S.D.
1.326 ± 0.036

Aliskiren

16

1.316 ± 0.027

Valsartan

20

1.325 ± 0.038

Aliskiren

20

1.318 ± 0.031

Valsartan

20

1.326 ± 0.036

Aliskiren

20

1.316 ± 0.031

Valsartan

20

1.328 ± 0.035

Aliskiren

20

1.308 ± 0.026

p-value ¥
0.356

0.498

0.385

0.045

¥) p-values (P<0.05) are calculated by independent-samples t-test.

Figure 4.7: Serum creatinine levels (mg/dL) among patients treated with
Enalapril (10-20 mg/day), Valsartan (160 mg/day) or Aliskiren (150 mg/day)
during the study period (9 months)
4.5.3. Serum creatinine levels (mg/dL) among patients treated with Enalapril or
Aliskiren-Pentoxiphylline combination during the study period (9 months)
The results referred to in table 4.20 show no statistical significant difference (P>0.05)
between the serum creatinine levels at baseline in the enalapril (1.328 ± 0.052 mg/dl) and
aliskiren-pentoxiphylline treated patients (1.319 ± 0.035 mg/dl). Similar to the values at
baseline, the difference between the serum creatinine levels continued to be insignificant
even after 3 and 6 months of treatment. In contrast, the results after 9 months of enalapril
treatment (1.332 ± 0.044 mg/dl) or aliskiren-pentoxiphylline treatment (1.302 ± 0.035
mg/dl) demonstrated a statistical significant (P<0.05) difference that was more pronounced
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than the significance obtained with the comparison between enalapril and aliskiren
treatments (table 4.18).
Table 4.20: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Enalapril (10-20 mg/day) or Aliskiren-Pentoxiphylline (150, 400 mg/day)
treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Drug

Serum Creatinine Level
(mg/dL) mean ± S.D.
1.328 ± 0.052

No.

Enalapril

20

AliskirenPentoxiphylline
Enalapril

16

AliskirenPentoxiphylline
Enalapril

20
20

1.324 ± 0.053

AliskirenPentoxiphylline
Enalapril

20

1.316 ± 0.036

20

1.332 ± 0.044

AliskirenPentoxiphylline

20

1.302 ± 0.035

1.319 ± 0.035

20

p-value ¥

0.532

1.325 ± 0.053
1.318 ± 0.044

0.681

0.536

0.022

¥) p-values (P<0.05) are calculated by independent-samples t-test.

4.5.4. Serum creatinine levels (mg/dL) among patients treated with Valsartan or
Aliskiren-Pentoxiphylline combination during the study period (9 months)
The results expressed in table 4.21 reveal that serum creatinine levels were insignificant
(P>0.05) at baseline in the valsartan treated group (1.326 ± 0.036 mg/dl) and the aliskirenpentoxiphylline combination treated group (1.319 ± 0.035 mg/dl). Similarly, the difference
between the serum creatinine levels continued to be insignificant even after 3 and 6 months
of treatment. On the contrary, data analysis after 9 months of valsartan treatment (1.328 ±
0.035 mg/dl) or aliskiren-pentoxiphylline treatment (1.302 ± 0.035 mg/dl) showed that the
difference became statistically significant (P<0.05) and more pronounced than the
significance shown in table 4.19 that compared the valsartan and aliskiren effect on serum
creatinine levels. Additionally, figure 4.8 shows that aliskiren-pentoxiphylline combination
was associated with clear reduction in serum creatinine level after 9 months of treatment.
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Table 4.21: Serum creatinine level (mg/dL) in patients before and after 3, 6 and 9
months of Valsartan (160 mg/day) or Aliskiren-Pentoxiphylline (150, 400 mg/day)
treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Valsartan

20

Serum Creatinine Level
(mg/dL) mean ± S.D.
1.326 ± 0.036

AliskirenPentoxiphylline
Valsartan

16

1.319 ± 0.035

20

1.325 ± 0.038

AliskirenPentoxiphylline
Valsartan

20

1.318 ± 0.044

20

1.326 ± 0.036

AliskirenPentoxiphylline
Valsartan

20

1.316 ± 0.036

20

1.328 ± 0.035

AliskirenPentoxiphylline

20

1.302 ± 0.035

Drug

No.

p-value ¥
0.522

0.597

0.363

0.020

¥) p-values are calculated by independent-samples t-test.

Figure 4.8: Serum creatinine levels (mg/dL) among patients treated with
Enalapril (10-20 mg/day), Valsartan (160 mg/day) or Aliskiren-Pentoxiphylline
combination (150, 400 mg/day) during the study period (9 months)
4.5.5. Serum creatinine levels (mg/dL) among patients treated with Aliskiren or AliskirenPentoxiphylline combination during the study period (9 months)
Comparison between the difference in serum creatinine levels among patients treated
with aliskiren (150 mg/day) or aliskiren-pentoxiphylline (150, 400 mg/day) showed no
statistical significant (P>0.05) difference between the serum creatinine levels among
patients treated with these drugs throughout the study period (table 4.22). To illustrate, the
serum creatinine levels at baseline were 1.316 ± 0.027 mg/dl and 1.319 ± 0.035 mg/dl for
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aliskiren and aliskiren-pentoxiphylline groups, respectively, whereas the levels decreased to
be 1.308 ± 0.026 mg/dl (in aliskiren group) and 1.302 ± 0.035 mg/dl (in aliskirenpentoxiphylline group) at the end of the study period (9 months).
Figure 4.9 compares the effect of the drugs used among patients on the serum creatinine
levels over the study period. It shows that both aliskiren and aliskiren-pentoxiphylline
combination were associated with reduction of the serum creatinine level at the end of the
study period, and this reduction was very significant when compared with serum creatinine
levels in the enalapril and valsartan treated groups.
Table 4.22: Serum creatinine levels (mg/dL) in patients before and after 3, 6 and 9
months of Aliskiren (150 mg/day) or Aliskiren-Pentoxiphylline (150, 400 mg/day)
treatment
Time
Baseline

After 3 months

After 6 months

After 9 months

Aliskiren

16

Serum Creatinine Level
(mg/dL) mean ± S.D.
1.316 ± 0.027

AliskirenPentoxiphylline
Aliskiren

16

1.319 ± 0.035

20

1.318 ± 0.031

AliskirenPentoxiphylline
Aliskiren

20

1.318 ± 0.044

20

1.316 ± 0.031

AliskirenPentoxiphylline
Aliskiren

20

1.316 ± 0.036

20

1.308 ± 0.026

AliskirenPentoxiphylline

20

1.302 ± 0.035

Drug

No.

p-value ¥
0.826

0.967

0.926

0.516

¥) p-values (P<0.05) are calculated by independent-samples t-test.

Figure 4.9: Serum creatinine levels (mg/dL) among patients treated with Enalapril (1020 mg/day), Valsartan (160 mg/day), Aliskiren (150 mg/day) or AliskirenPentoxiphylline (150, 400 mg/day) during the study period (9 months)
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5. Discussion
5.1. Background
The present study was designed to investigate the effectiveness of aliskiren and
aliskiren-pentoxifylline combination on delaying or preventing the progression of DN
among hypertensive-diabetic type 2 patients with DN in Gaza Strip. The study was also
conducted to compare the effect of aliskiren and aliskiren-pentoxifylline combination with
other renin-angiotensin system inhibitors on renal functions in the same population.
To achieve this purpose, eighty hypertensive-diabetic type 2 patients with
microalbuminurea (20-200 µg/min) were selected from the UNRWA and private clinics in
Gaza Strip. Based on the drug used, the participants were divided into four groups and then
followed-up for nine months by performing a number of biochemical tests including fasting
plasma glucose (FPG), serum creatinine level and urinary albumin excretion (UAE) rate
every three months of treatment. At the end of the study period (9 months), results showed
significant changes in patients' UAE rate and serum creatinine level indicating the
effectiveness

of aliskiren and

aliskiren-pentoxifylline

combination treatment

as

renoprotective agents. In Palestine, no such study was conducted previously. Moreover,
different RAS inhibitors or different combinations were used in previous studies related to
our topic.
5.2. Socio-demographic characteristics of the study population
The current study did not show important differences among patients based on sociodemographic variables, such differences either affect the course of the study or the treatment
efficacy. The results showed that age of the patients was from 49 to 61 years with a mean of
55.22 ± 3. According to figure 4.1, most of the participants were males 46 (57%), whereas
34 (43%) of them were females. Furthermore, the largest number, 35 (43%), of the
participants were from Rafah governorate, while 18 (23%) lived in Khan Younis
governorate, 21 (26%) were from Gaza governorate and 6 (8%) were from North Gaza
governorate (figure 4.2).
5.3. Duration of type 2 DM and hypertension among the study population
The progression of DN is influenced by several factors including duration of DM and
hypertension (Fava et al., 2000; Hasslacher & Bohm, 2004). The data showed no
significant differences between the four groups with respect to duration of type 2 DM and
hypertension. Patients had been suffering from type 2 DM for 8 to 16 years with a mean of
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11.92 ± 2.21, and hypertension from 6 to 13 years with a mean 9.37 ± 2.10. Our collected
data was approximately similar to data in another study performed by Sengul et al. (2006),
who studied the beneficial effect of lisinopril (ACEI) plus telmisartan (ARB) in patients
with type 2 DM, microalbuminuria and hypertension, where 219 enrolled patients had
suffered type 2 DM for 11.75 ± 7.05 years.
5.4. Fasting plasma glucose (FPG) level, systolic blood pressure (SBP) and diastolic
blood pressure (DBP) among the study population
Many studies proved that tight glycemic control and blood pressure control play a
critical role in interrupting and retarding the progress of DN (Boner et al., 2002; Endo et
al., 2006; Shikata et al., 2010). Diabetic nephropathy is an important long-term
complication of DM, where duration of DM, hyperglycemia, and blood pressure are
strongly implicated in its development (Baba, 2001). To typify, it has been shown that
hyperglycemia is a major determinant of DN initiation and progression in diabetic patients
through various mechanisms: (a) it increases PKC activity which is associated with TGF-β1,
fibronectin, and collagen type IV upregulation; (b) it leads to high levels of AGEs; (c) it
increases Ang II production which has many harmful effects on the kidney; (d) it enhances
responsiveness of tubular cells to growth promoters such as Ang II and TGF-ß1; (e) it
increases production of ROS which have a damaging effect on renal cells (Magri & Fava,
2009). So tight glycemic control delays the onset and slows the progression of DN in
diabetic patients, however, strict control of blood glucose in those patients is difficult and
sometimes dangerous (Ha & Kim, 1999). In a Japanese study carried out by Ohkubo and
his colleagues in 1995 to evaluate the effect of glycemic control on DN development. They
found that intensified glycemic control reduced the rate of DN development. In the present
study, different drugs including insulin 20-40 IU/day, metformin 500-2000 mg/day ad
glibenclamide 5-10 mg/day were used to control blood glucose during the study period.
Blood glucose was measured depending on FPG test, which was carried out every 3 months.
Our findings showed that FPG levels decreased among all involved patients at the end of the
study when compared with baseline values. To illustrate, FPG was 133.55 ± 4.70 mg/dl at
baseline and decreased to 130.45 ± 3.53 mg/dl after 9 months of enalapril treatment. In the
valsartan group, FPG changed from 134.10 ± 2.42 mg/dl at baseline to 131.10 ± 7.05 mg/dl
at the end of the study period, and it decreased from 135.65 ± 3.16 mg/dl at baseline to
131.05 ± 4.49 mg/dl after 9 months of aliskiren treatment. With respect to the aliskirenpentoxiphylline treated group, FPG decreased to 130.80 ± 4.95 mg/dl after 9 months from
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baseline value of 133.19 ± 3.97 mg/dl. The above results show a reasonably good
management for blood glucose levels among the participants during the study period.
Regarding hypertension in diabetic patients, it is present at the time of type 2 DM
diagnosis in about one-third of patients (ADA, 2004). It could be related to the underlying
DN, coexisting essential hypertension, or other secondary causes (ADA, 2004).
Hypertension is also a determinant of DN and markedly accelerates its progression (Lewis
et al., 1999; ADA, 2004; Shaw & Cummings, 2005). In a healthy population, kidneys
protect their glomeruli from the effects of systemic BP variability by judicious adaptation of
their afferent arteriolar tone, leading to a stable filtration pressure over a wide range of
systemic BP (Soergel & Schaefer, 2002). The opposite occurs in chronic renal diseases
such as DN, where the autoregulation is thought to be deficient resulting in increased
intraglomerular pressure. Intraglomerular hypertension induces fluid shear stress,
hyperfiltration, and proteinuria as well as activation of the RAS (Soergel & Schaefer,
2002). So, BP control can reduce albuminuria, postpone renal insufficiency and delay the
progression of DN (Lewis et al., 1999). For example, reduction of systolic blood pressure in
the United Kingdom Prospective Diabetes Study (UKPDS) from 154mmHg to 144mmHg
reduced the risk for microalbuminuria development by 29% (UKPDS 38, 1998). According
to the report of the National Kidney Foundation (NKF) and the sixth report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High BP, target
level of BP in diabetic population should be less than 130/85 mm Hg for nonproteinuric
patients and 125/70mmHg for those with proteinuria (JNC 6, 1997; Lerma, 2009).
To achieve this BP target in subjects with type 2 DM, it commonly requires a
combination of different antihypertensive medications, where the main group is RAS
inhibitors. Diuretics are useful second agents for subjects with DN and if BP targets are not
achieved, a long-acting CCB should be added (Shaw & Cummings, 2005).
Patients of this study as shown in table 4.3 used different antihypertensive agents to
control and maintain their BP at the target value (<130/85 mmHg). In our study, BP was
somewhat constant during the study period, and the results showed some reduction at the
end of the study period when compared with baseline values. In the enalapril treated group,
for instance, SBP was 135.40 ± 3.12mmHg at baseline and changed to 135.70 ± 3.01mmHg
after 9 months, while DBP was 87.50 ± 2.37mmHg at baseline and decreased to 86.05 ±
1.57 mmHg at the end of the study period. With respect to the valsartan treated group, the
mean blood pressure was 135.40 ± 4.98/87.25 ± 2.02mmHg at baseline and became 134.55
± 3.47/85.90 ± 1.58mmHg after 9 months of treatment. In the same context, we found that
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blood pressure was nearly constant over the study period in the aliskiren group, where SBP
and DBP means were 136.05 ± 2.98mmHg and 87.35 ± 2.06mmHg, respectively, at baseline
and became 136.05 ± 1.64mmHg and 86.15 ± 1.69mmHg, respectively, by the end of the
study period. In the aliskiren-pentoxiphylline treated group, SBP was 136.69 ± 3.02mmHg
and 135.30 ± 2.47mmHg at baseline and after 9 months of treatment, respectively, while
DBP was 85.62 ± 2.36mmHg and 85.40 ± 3.15mmHg at baseline and following 9 months of
therapy. Our findings indicated the success of the used drugs in controlling BP near the
target value and in maintaining it during the study period (9 months).
5.5. Effect of drugs on urinary albumin excretion (UAE) rate
In the healthy kidney, the glomeruli prevent passage of protein from the blood to the
glomerular filtrate. Therefore, the presence of protein in the urine is taken as an important
indicator of renal disease (Fischbach & Dunning, 2009). There are four structures that are
implied to play an important role in prevention of urinary protein loss, namely capillary
endothelium, glomerular basement membrane, podocytes with the slit membrane and the
cells of the proximal convoluted tubules (Wittmann et al., 2005). Proteinuria, the main
indicator of DN, can occur by different mechanisms including GBM thickening with altered
matrix composition, reduction in nephrin protein in the slit diaphragm and podocytes loss
(Wittmann et al., 2005; Ziyadeh, 2008). Moreover, VEGF, which is significantly upregulated in the diabetic state, can increase macromolecular permeability of the glomerular
capillary (Ziyadeh, 2008). Uncontrolled hyperglycemia, which is characterized with
abnormal effect of Ang II and formation of AGEs, is responsible for these variations
(Wittmann et al., 2005). So the American Diabetes Association (ADA) recommends that
annual proteinuria testing should be performed in diabetic patients 5 years after diagnosis of
type 1 DM and at the time of diagnosis of type 2 DM (Sacks et al., 2002).
Various studies have shown that the onset of DN is marked by an increase in UAE rate
(Suzuki et al., 2002; Ahmed & Osman, 2006). Microalbuminuria, defined as UAE rate
between 20 and 200 µg/min (30-300 mg/day), is the earliest sign that heralds the onset of
DN, particularly in individuals with type 2 DM (Shumway & Gambert, 2002; Comper &
Osicka, 2005). In newly diagnosed type 2 DM, microalbuminuria can be found in 28% of
patients, whereas the progression to proteinuria or macroalbuminuria may occur after 5 to
10 years in 20% to 50% of patients with sustained microalbuminuria (Ruddy, 2002; Adler
et al., 2003). Therapeutic intervention of microalbuminuria is considered a primary
objective in type 2 DM management because it can reverse the proteinuria and prevent
progression to ESRD. In our study, we used four different drugs in different groups of
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patients which included enalapril (ACEI), valsartan (ARB), aliskiren (DRI) and
combination of aliskiren-pentoxiphylline. We evaluated the effect of these drugs on
microalbuminuria by measuring the UAE rate (µg/min) before and at 3, 6 and 9 months of
treatment.
5.5.1. Effect of Enalapril on urinary albumin excretion (UAE) rate
Activation of RAS plays a critical role in the pathophysiology of DN through Ang II
which is produced from Ang I via ACE, so the use of ACEIs may have a beneficial effect on
renal function in patients with DN (Preston, 1999; Barnett, 2006). Several studies
supported the renoprotective effect of ACEIs by reducing albuminuria, delaying the
progression of microalbuminuria to overt proteinuria and then to ESRD (Thurman &
Schrier, 2003; Erensoy et al., 2004; Wong et al., 2004).
Results of the present study showed no significant reduction (P>0.05) in the UAE rate
among the enalapril (10-20mg/day) treated patients throughout the study period (9 months).
The mean UAE rate increased from 113 ± 10.679 µg/min at beginning of the study to
116.35 ± 6.564 µg/min after 9 months of enalapril treatment. This result is similar to that
found by other researchers such as Lebovitz et al., 1994 and Baba, 2001. For example, the
study of Baba (2001) which was conducted in Japan showed that the mean UAE rate in 208
patients who received enalapril increased from 42 mg/day at baseline to 74 mg/day after 2
years of (5-20mg/day) enalapril treatment. These results were explained by the inability of
ACEIs to produce complete inhibition of Ang II level which plays a vital role in DN
pathogenesis. Approximately 40% of Ang II found in the kidney is generated by ACEindependent alternate pathways such as chymase, therefore its level is not suppressed
completely and may return to normal level after several days or weeks (Thurman &
Schrier, 2003; MacKinnon et al., 2006).
On the other hand, several studies including Ravid et al., (1994) and Chan et al., (2000)
reported a positive effect of enalapril on UAE rate. This positive effect was related to the
dose of the drug and duration of treatment, where in some studies the dose of enalapril was
increased to 40mg/day, and the duration of the study period was extended to 5 years in some
studies. Chan et al., (2000) performed a prospective study in the clinical research ethics
committee of the Chinese University of Hong Kong to investigate the long-term effect of
enalapril versus nifedipine in hypertensive-diabetic type 2 patients (n=102), where 52
patients received nifedipine and 50 patients received enalapril. In the enalapril treated
group,

patients

were

divided

into

three

subgroups:

normoalbuminuria

(n=18),

microalbuminuria (n=21), and macroalbuminuria (n=11), and received enalapril 10 mg/day
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which was increased stepwise to 40 mg/day. After one year of data analysis, the results
indicated that treatment with enalapril was associated with a great reduction in albuminuria,
particularly in patients with microalbuminuria which was associated with 13% reduction in
mean UAE rate compared with baseline value (from 87.9 mg/day to 76.7 mg/day, P < 0.01).
5.5.2. Effect of Valsartan on urinary albumin excretion (UAE) rate
Although ACEIs block the conversion of Ang I to Ang II by ACE, they do not block the
production of Ang II by non-ACE pathways such as chymase pathway (Thurman &
Schrier, 2003). Ang II has a vital role in the pathophysiology of diabetic renal disease
through its interaction with the AT1 receptor, resulting in cell proliferation, growth, and
tissue remodeling (Thurman & Schrier, 2003). It triggers several signal transduction
pathways resulting in the expression of chemokines, chemotaxins, and cell adhesion
molecules, all of which contribute to cell proliferation and renal fibrosis (Barnett, 2006).
At the end of the present study, findings showed a statistically significant decrease in the
mean UAE rate (P<0.05) but only after 9 months of valsartan (160 mg/day) treatment,
where it decreased from 117.95 ± 8.075 µg/min at baseline to 115.70 ± 6.736 µg/min after 9
months of valsartan treatment. Moreover, there was a decrease in UAE rate after 3 and 6
months of valsartan, but it was insignificant (116.95 ± 8.648 µg/min at 3 months, 117.35 ±
6.011 µg/min at 6 months).
Various studies including Muirhead (1999), Suzuki et al. (2002), Viberti et al. (2002),
Saisho et al. (2006) and Shiga (2007) have evaluated the effects of Ang II inhibition by
ARBs in reducing proteinuria and decreasing the risk of ESRD progression. For instance,
the results of our study were compatible to that obtained by Viberti et al. in 2002, where
their study was carried out in 31 centers in the United Kingdom to investigate the effect of
valsartan on UAE rate in patients with type 2 DM and microalbuminuria. In that study, three
hundred and thirty-two patients with type 2 DM and microalbuminuria were randomly
assigned to 80 mg/day valsartan (n=169) or 5 mg/day amlodipine (n=163) and they were
followed up for 6 months. Six months of valsartan therapy showed a statistical significant
decrease in UAE rate, where it decreased from 57.9 (33-102.3) µg/min at baseline to 33.7
(18.8-60.3) µg/min after 6 months of treatment.
In another study done by Suzuki and his colleagues (2002) in the department of
homeostatic regulation and development-Japan, they found that the follow up of forty
patients with type 2 DM and DN treated with 40 mg/day valsartan for 6 months revealed an
insignificant reduction in the UAE rate mean after 6 months of valsartan treatment (from
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86.8 ± 196 µg/min at baseline to 46.9 ± 97 µg/min after 6 months of treatment). These
results were similar to the results we obtained after 3 and 6 months of valsartan treatment.
5.5.3. Effect of Aliskiren on urinary albumin excretion (UAE) rate
Despite their renoprotective effect, both ACEIs and ARBs can increase plasma renin
level and activity (Berman & Hostetter, 2008; Cheng, 2008; Shafiq, 2008). Moreover, it
is interesting to know that renin level was found to be elevated in patients with DN and
prorenin represents 95% of the total circulating renin in diabetic patients (Abassi et al.,
2009; Balakumar et al., 2009). Although renin has been considered as the enzyme
responsible for formation Ang I and has been thought to have no direct biological actions,
recent studies demonstrate that it plays a pivotal role in the development of DN by binding
to (P)RR in glomerular mesangial cells (Nistala, 2008; Carey & Padia, 2009). The binding
of renin, as well as prorenin to (P)RR stimulates the production of TGF-β, PAI-1,
fibronectin, and collagen through the angiotensin-independent extracellular signal-regulated
kinase 1 and 2 (ERK 1/2) pathway (Huang et al., 2006, 2007; Gradman & Kad, 2008;
Abassi et al., 2009).
In the current study, we used aliskiren (150 mg/day) which is a direct renin inhibitor to
evaluate its renoprotective effect among twenty patients with DN. We found that aliskiren
treatment significantly reduced the UAE rate after 6 and 9 months of treatment where it
decreased from 113.50 ± 9.764 µg/min at baseline to 112.55 ± 8.882 µg/min after 6 months,
then to 110.50 ± 9.185 µg/min after 9 months of treatment. It was clear that the reduction in
UAE rate after 9 months was more significant than that produced after 6 months.
Recently, some studies such as Persson et al. (2008), Schernthaner (2008) and Persson et
al. (2009) have studied the renoprotective effect of aliskiren in hypertensive-diabetic
patients with DN. Persson and his colleagues (2008), for example, carried out a study to
investigate the antiproteinuric effect of aliskiren monotherapy in 15 patients with type 2 DM
and albuminuria. They found that aliskiren treatment (300 mg/day) was associated with a
significant decrease in albuminuria throughout the treatment period (28 days) when
compared with baseline value where urinary albumin/creatinine ratio was 173 mg/g (391725), (median and range) at baseline. Urinary albumin/creatinine values decreased by 17%
after 2-4 days and by 44% after 28 days of treatment, where it was 158 mg/g (39-1069) at
end of the study. These findings were similar to that obtained by Persson et al. in 2008 when
they compared the antiproteinuric effect of aliskiren monotherapy with aliskiren/irbesartan
combination in a study done in Steno diabetes center, Denmark. In that study, 26 patients
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with type 2 DM, hypertension, and albuminuria (>100 mg/day) used aliskiren (300 mg/day),
irbesartan (300 mg/day), or aliskiren/irbesartan combination. After two months of treatment,
aliskiren treatment led to a significant reduction in albuminuria by 48%, and the
combination treatment reduced albuminuria by 71% which is more significant than that
obtained by aliskiren alone. Although the results obtained by Persson et al. (2008, 2009)
agreed with our results, our study indicated that aliskiren treatment significantly reduced the
UAE rate after 6 and 9 months of treatment with smaller dose (150 mg/day) than that was
used in the previous studies.
Moreover, in the current study we compared the UAE rates among patients treated with
enalapril, valsartan or aliskiren during the study period (figure 4.4). The difference between
the mean UAE rates at baseline was insignificant (p-value was 0.898 when comparing
enalapril with aliskiren, while comparison of valsartan with aliskiren, the p-value was
0.144), and it continued to be insignificant after 3 months of therapy. In enalapril vs
aliskiren comparison, although the significance in the difference between UAE rates
appeared after 6 months of therapy (P=0.048), it became more prominent after 9 months of
treatment (P=0.026). On the other hand, when we compared the mean UAE rates in patients
receiving valsartan or aliskiren, we found a growing difference throughout the study period
and it became significant after 9 months (P=0.048). From the above results, we conclude
that aliskiren treatment showed a renoprotective effect via reducing the UAE rate and this
effect was more pronounced than the renoprotective effect of enalapril or valsartan. The
most likely explanation for this result is the inhibition of the first and rate-limiting step in
the RAS (conversion of angiotensinogen to Ang I via renin) by aliskiren leading to a potent
renoprotective effects not only by blocking the generation of Ang II completely, but also by
inhibiting the effects produced via activation of (P)RR (Stanton 2003; Ingelfinger, 2008;
Schernthaner, 2008). In addition, aliskiren can decrease the gene expression of (P)RR, and
can alter the 3-dimensional configuration of renin (Nistala, 2008).
5.5.4. Effect of Aliskiren-Pentoxiphylline combination on urinary albumin excretion
(UAE) rate
The results of the present study indicated that aliskiren-pentoxiphylline (150, 400
mg/day) combination significantly reduced the mean UAE rate after 6 and 9 months of
treatment. The UAE rate decreased from 113.33 ± 7.761 µg/min at baseline to 111.50 ±
10.405 µg/min after 6 and then to 107.70 ± 10.780 µg/min after 9 months of treatment.
Moreover, our study demonstrated that the reduction produced by the combination
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throughout the study period (9 months) was more conspicuous than the reduction produced
by the other drugs used in the study. To illustrate, the significance in the UAE rate reduction
occurred at the 6th month of the combination use, whereas it occurred after 9 months of
valsartan use and did not occur with enalapril over the study period. Our study also
compared the effect of aliskiren-pentoxiphylline combination on UAE rate with the effects
produced by enalapril or valsartan (figure 4.5). There was no significance in the difference
between the mean UAE rates among the three drugs neither at baseline nor at 3 months of
therapy, whereas the difference became significant after 6 months of treatment (p-value was
0.033 when comparing enalapril with aliskiren-pentoxiphylline, and it was 0.036 when
comparing valsartan with aliskiren-pentoxiphylline). After 9 months of therapy, the
difference

between

UAE

rates

in

both

enalapril/aliskiren-pentoxiphylline

and

valsartan/aliskiren-pentoxiphylline comparisons appeared more discriminative (p-value was
0.004 when comparing enalapril with aliskiren-pentoxiphylline, and it was 0.008 when
comparing valsartan with aliskiren-pentoxiphylline). Moreover, when we compared the
effect of aliskiren-pentoxiphylline combination on UAE rate with the effects produced by
aliskiren monotherapy (table 4.17), we found that the reductive effect of the combination
was higher than that produced by aliskiren, and there was a rising difference throughout the
study period (9 months).
The most possible explanation of these advantages over the other drugs used in the study
is related to the mechanism by which both aliskiren and pentoxifylline can produce their
antiproteinuric effects. The antiproteinuric effect of aliskiren was previously elucidated,
while the antiproteinuric effect of pentoxifylline has been explained by three probable
mechanisms. First, pentoxifylline reduces glomerular hydraulic pressure and proteinuria by
decreasing the blood viscosity (Navarro et al., 2003a). Second, pentoxifylline can reduce
hyperfiltration and proteinuria by antagonism of adenosine (renal overproduction of
adenosine is associated with hyperfiltration and proteinuria) (Navarro et al., 2003a). Third,
pentoxifylline reduces the production and secretion of TNF and MCP-1, which play an
essential role in DN pathogenesis (Navarro et al., 2003a; Lin et al., 2008).
Until now, we saw no study that evaluated the antiproteinuric effect of aliskirenpentoxiphylline combination. For this reason our results are comparable with the results of
other studies that have been performed to investigate or to compare the antiproteinuric effect
of pentoxiphylline with other RAS inhibitors. For example in 2010, Roozbeh and his
colleagues compared the effect of pentoxiphylline-captopril combination on proteinuria with
captopril monotherapy. The study was carried out for 6 months, where seventy-four patients
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with type 2 DM and proteinuria were randomly assigned to two groups of 37 patients (group
1: captopril 25 mg three times per day, group 2: captopril 25 mg and pentoxiphylline 400
mg three times per day). The UAE rate was 2786 ± 1287.5 mg/day and 2953.4 ± 1980.3
mg/day at baseline in group 1 and 2, respectively, while it was 2018.2 ± 1088.8 mg/day in
group 1, and 1314 ± 1022.7 mg/day in group 2 at end of the study. They found that the
reduction in UAE rate was similar in the two groups until the end of the second month,
while after six months, the reduction in group 2 was nearly three-times that of group 1.
Another study carried out by Harmankaya et al. in 2003 showed the effect of
pentoxiphylline-lisinopril combination on UAE rate in fifty hypertensive-diabetic type 2
patients with microalbuminuria. The patients were randomly assigned to two equal groups:
group A received lisinopril 10 mg/day, while group B was given lisinopril 10 mg/day and
pentoxifylline 600 mg/day for nine months. At end of the study, they found that
Pentoxifylline-lisinopril combination caused a significant additional reduction in UAE rate
when compared to lisinopril monotherapy, where it decreased from 228 ± 28 mg/day to 148
± 15 mg/day in group A, and from 219 ± 26 mg/day to 128 ± 12 mg/day in group B.
5.6. Effect of drugs on serum creatinine level (mg/dL)
Creatinine is a chemical byproduct generated from muscle metabolism. It is produced at
a constant rate from creatine, a compound that is made primarily in the liver and then
transported to the muscles for energy production. Production of creatinine depends on the
muscle mass, therefore it is constant as long as muscle mass remains constant (Fischbach &
Dunning, 2009). Because it is removed from the body by the kidneys and they maintain its
level in a normal range, creatinine has been found to be a fairly reliable indicator of kidney
function (PCLTG, 2005; Fischbach & Dunning, 2009). So when the kidneys become
impaired for any reason, the serum creatinine level will rise. Generally, men usually have
higher serum creatinine level than women due to the increase in muscle mass, where it is
0.5-1.1 mg/dL (44.2-97.2 µmol/L) in women, and 0.6-1.2 mg/dL (53-106 µmol/L) in men
(PCLTG, 2005). Moreover, an abnormal increase in serum creatinine levels may be a sign
for renal malfunction. For example, if serum creatinine level is 2-4 mg/dL, this indicates the
presence of impairment renal function, whereas serious impairment in renal function (loss of
75% of kidney nephrons) appears when the level is more than 4 mg/dL (Pagana, 2002).
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5.6.1. Effect of Enalapril on serum creatinine level
In the present study, serum creatinine level was measured for the participants at baseline
and at 3, 6, 9 months of enalapril treatment. The obtained results revealed that enalapril (1020 mg/day) treatment did not affect serum creatinine level significantly, where it decreased
from 1.328 ± 0.052 mg/dL at baseline to 1.325 ± 0.054 mg/dL and then to 1.324 ± 0.053
mg/dL after 3 and 6 months of enalapril (10-20 mg/day) treatment, respectively. After this
reduction, it increased to 1.332 ± 0.044 mg/dL at 9 months of treatment. Our results were
compatible with other results reported by Ravid et al. (1994), Chan et al. (2000) and Baba
(2001). For example, a study done in Japan (2001) by Baba showed that the serum
creatinine level in 208 patients who received enalapril (20 mg/day) was 0.76 ± 0.02 mg/dL
at baseline. After two years of enalapril treatment, he found no significant change of serum
creatinine in those patients.
5.6.2. Effect of Valsartan on serum creatinine level
The current study evaluated the effect of valsartan (160 mg/day) on serum creatinine
level in our patients along the study period (9 months). We found that the serum creatinine
level was variable throughout the study period following valsartan use. It decreased from
1.326 ± 0.036 mg/dL at baseline to 1.325 ± 0.038 mg/dL after 3 months. After 6 months of
treatment, it returned to the same baseline value, and then it increased to reach a value of
1.328 ± 0.035 mg/dL after 9 months. These findings were in agreement with the results
obtained by many studies including Suzuki (2002), Viberti et al. (2002) and Saisho et al.
(2006). The results of those studies concluded that valsartan had no positive effect on serum
creatinine level, in spite of its antiproteinuric effect. Suzuki and his colleagues (2002), for
example, found that the serum creatinine level remained stable before (0.8±0.3 mg/dL) and
after (0.8±0.5 mg/dL) treatment with valsartan.
5.6.3. Effect of Aliskiren on serum creatinine level
During the course of this study, data analysis indicated that aliskiren (150 mg/day)
treatment was associated with a significant decrease in serum creatinine level after 9 months
of treatment. The results showed a slight increase in the level from 1.316 ± 0.028 mg/dL at
baseline to 1.318 ± 0.031 mg/dL after 3 months of treatment. However, it gradually reduced
to a significant level after 9 months of therapy (1.308 ± 0.026 mg/dL). These results
demonstrated that aliskiren treatment can maintain renal function by reducing serum
creatinine level beside its antiproteinuric effect. We did not compare our findings with other
studies related to aliskiren such as Persson et al. (2008), Schernthaner (2008) and Persson et
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al. (2009), because their studies did not appraise the effect of aliskiren on serum creatinine
level during the evaluation of its antiproteinuric effect.
Furthermore, in the current study we compared the effect of aliskiren on the serum
creatinine level with the effect of enalapril and valsartan, respectively, during the study
period (figure 4.7). The results from these comparisons pointed to a statistically
insignificant difference between the serum creatinine levels at the baseline and at 3 and 6
months of therapy. Significance difference in the mean serum creatinine levels appeared
after 9 months of treatment in both comparisons, where the difference was 0.024 ± 0.018
(P=0.047) in the enalapril vs aliskiren comparison and 0.02 ± 0.009 (P=0.045) in the
valsartan vs aliskiren comparison. Although the exact mechanism is not clear, our findings
demonstrated that aliskiren treatment had positive effect on renal function over enalapril and
valsartan drugs by decreasing the serum creatinine level. This effect is probably due to the
complete blockade of Ang II generation and inhibition of (P)RR effects which is produced
when activated by renin or prorenin.
5.6.4. Effect of Aliskiren-Pentoxifylline combination on serum creatinine level
As we mentioned previously, our study was the first study that assessed the
renoprotective effect of aliskiren-pentoxiphylline (150, 400 mg/day) combination in
hypertensive-diabetic patients with DN. This evaluation was carried out by measuring the
serum creatinine level for our patients during the study period (9 months). Upon analysis of
our findings, we found that the combination had an efficient effect on renal function by
decreasing the serum creatinine level significantly not only after 9 months of aliskirenpentoxiphylline treatment, but also after 6 months. To exemplify, serum creatinine level
decreased from 1.319 ± 0.035 mg/dL at baseline to 1.316 ± 0.036 mg/dL and then to 1.302 ±
0.035 mg/dL after 6 and 9 months of treatment, respectively. Beside this significant
reduction, serum creatinine level also decreased after 3 months of drug combination use to
1.318 ± 0.044 mg/dL, but this reduction was less effective than that was seen after 6 and 9
months of treatment.
On other hand, figure 4.8 in our study compares the effect of aliskiren-pentoxiphylline
combination on serum creatinine level with the effects produced by enalapril and valsartan,
respectively. The difference between the mean serum creatinine levels among the three
drugs was insignificant at baseline and after 3 and 6 months of therapy. After 9 months of
therapy, the difference between the mean serum creatinine levels in both enalapril/aliskirenpentoxiphylline and valsartan/aliskiren-pentoxiphylline comparisons appeared to be
significant, where the p-value was 0.024 when comparing enalapril with aliskiren74

pentoxiphylline, and 0.020 when comparing valsartan with aliskiren-pentoxiphylline.
Moreover, when we compared the serum creatinine level among patients who received
aliskiren-pentoxiphylline combination and those who received aliskiren monotherapy as in
table 4.22, we found that the combination reduced the serum creatinine levels more than that
produced by aliskiren alone.
Because we know that no study used aliskiren-pentoxiphylline combination to evaluate
its effect on serum creatinine level, we compared our results with studies that used
pentoxiphylline in combination with ACEIs or ARBs such as Harmankaya et al. (2003) and
Roozbeh et al. (2010). Despite the antiproteinuric effect of pentoxiphylline in combination
with ACEIs or ARBs, the results of these studies displayed an insignificant effect on serum
creatinine level. For instance, in the study carried out by Harmankaya et al. (2003) in
Turkey to investigate the antiproteinuric effect of pentoxiphylline (600 mg/day)-lisinopril
(10 mg/day) combination among 25 hypertensive-diabetic type 2 patients with
microalbuminuria. After 9 months of treatment, the serum creatinine level raised from 0.9 ±
02 (mg/dL) at baseline to 1.0 ± 02 (mg/dL). Although the results of a different study
performed in 2010 by Roozbeh et al. to estimate the effect of captopril-pentoxifylline
combination on protein excretion in patients with type 2 DM and proteinuria were different
(serum creatinine level decreased from 0.994 ± 0.23 mg/dL at baseline to 0.990 ± 0.235
mg/dL after 6 months of therapy), this reduction was insignificant (P=0.509).
Finally, the results obtained from our study or from previous studies indicated that
aliskiren-pentoxiphylline (150, 400 mg/day) combination had efficient effect on renal
function by decreasing the serum creatinine level in hypertensive-diabetic type 2 patients
with DN more than other drugs used in our study or that used by other investigators. The
real justification of these advantages is not clear, but we think that these effects are related
to the mechanisms by which both aliskiren and pentoxifylline can affect renal cells.
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6. Conclusion and Recommendations

6.1. Conclusion
Diabetic nephropathy (DN) is considered one of the major DM complications, where
more than 40% of diabetic patients may develop it (Atkins, 2005; Balakumar et al., 2009).
Diabetic nephropathy is a progressive kidney disease characterized by changes in renal
glomerular and tubular structure and function, where microalbuminuria (20-200 µg/min or
30-300 mg/24 h) is its first clinical sign (Araki et al., 2008). Several studies have confirmed
the active participation of RAS in the pathogenesis of DN (Carey & Siragy, 2003; Cravedi
et al., 2005; Yoo et al., 2007). Although it is initiated by chronic hyperglycemia, many
biochemical mechanisms can modulate and enhance its progression including activation of
PKC pathway, activation of polyol pathway, increased accumulation of AGEs, and
oxidative stress (Kikkawa et al., 2003; Jerums et al., 2008).
This study was carried out on eighty (four groups) hypertensive-diabetic type 2 patients
with DN (Gaza Strip) to evaluate the renoprotective effect of aliskiren and aliskirenpentoxifylline among those patients. Furthermore, the study was also conducted to compare
the effect of aliskiren and aliskiren-pentoxifylline combination with other renin-angiotensin
system inhibitors on renal functions in the same population. At the end of the study and after
results analysis, we concluded the followings:
1. Both aliskiren (150 mg/day) monotherapy and aliskiren-pentoxifylline (150, 400 mg/day)
combination had renoprotective effect among hypertensive-diabetic type 2 patients with
DN. They significantly reduced UAE rate after 6 and 9 months of treatment and the
reduction produced by both regimens after 9 months was more distinct.
2. Aliskiren (150 mg/day) monotherapy had positive effect on serum creatinine level, where
it decreased significantly after 9 months of treatment.
3. Patients treated with aliskiren-pentoxifylline combination had a reduction in their serum
creatinine level throughout the study period (9 months), but the significance appeared after
6 and 9 months of treatment.
4. In the valsartan (160 mg/day) treated group, there was a significant reduction in UAE rate
after 9 months of treatment only.
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5. In the enalapril (10-20mg/day) treated group, the results pointed to a clear increase in
UAE rate at the end of the study period.
6. The study indicated that neither enalapril nor valsartan treatment had efficient effect on
serum creatinine level among patients in this study because they increased it at the end of
the study.

6.2. Recommendations
1. Increase awareness of diabetic patients to the dangerous complications concomitant with
the uncontrolled hyperglycemia such as diabetic nephropathy which leads to ESRD.
2. Diabetic patients should comply with medications that control their blood glucose levels
within normal range to delay or avoid the initiation of chronic diabetic complications.
3. Urinary albumin excretion (UAE) rate should be measured manually every year in
diabetic patients to ensure the integrity of the kidneys.
4. Chronic diabetic type II patients (more than 10 years) with normal kidney functions
should avoid ACEIs monotherapy and they should use a combination of ACEIs and ARBs.
5. Diabetic patients with diabetic nephropathy should be advised to use aliskiren (DRI) or
aliskiren-pentoxifylline combination because it can reduce both UAE rate and serum
creatinine level more significantly than other RAS inhibitors such as enalapril and valsartan.
6. Recommend to change the protocol used for treatment of hypertensive-diabetic patients in
the hospitals and clinic centers in Gaza Strip.
7. Recommend further studies to assess the long-term effects of aliskiren monotherapy and
aliskiren-pentoxifylline combination on renal functions in diabetic patients with diabetic
nephropathy.
8. Further studies are recommended to evaluate the renoprotective effects of aliskiren
monotherapy and aliskiren-pentoxifylline combination among diabetic patients with
macroalbuminuria stage.
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