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Abstract

          The study was conducted on 100 hypertensive type 2 diabetic patients. They were divided into two groups each of 50 patients . Group 1 kept on captopril therapy , doses 25 to 50 mg , 2 to 3 times daily , aged 40 – 73 years and group 2 kept on amlodipine therapy , doses 5 to 10 mg as a single daily dose , aged 40-68 years . The study aimed to investigate the effects of captopril and amlodipine on blood pressure , serum glucose concentration and renal function .

         Thirty apparently healthy individuals participated in the study as a control group . Ages ranged from 38 to 75 years . 

         Blood samples were obtained from patients and controls after 12 hours of fasting . The serum obtained from the blood was used for the estimation of glucose , urea and creatinine concentration . 

         Blood pressure was measured by using standard mercury sphygmomanometer before drug administration and after 8 weeks of treatment with captopril or amlodipine . Glucose concentration were measured by glucose – oxidase – peroxidase colorimetric method . Serum urea was estimated by ureas – modified Berthelot reaction and serum creatinine concentration by the picric acid and sodium hydroxide method . Creatinine clearance was calculated by using Cockcroft and Gault equation.

           Data obtained from the study revealed a significant reduction of blood pressure after therapy with captopril and amlodipine . The percentage of patients achieved normal blood pressure was 70% in the captopril group and was 76% in the amlodipine group for the systolic BP and was 72% in the captopril group and was 66% in the amlodipine group for the diastolic blood pressure .
         Non significant differences were obtained between the two groups regarding the reduction of BP after therapy or between the percentage of patients achieved normal BP in the 2 groups .

          A significant reduction of glucose , serum creatinine concentration and a significant elevations of creatinine clearance were obtained after therapy with captopril or amlodipine . No statistical difference were obtained between the 2 drugs regarding reduction of serum glucose and serum creatinine concentration or elevations of creatinine clearance after therapy with captopril or amlodipine .

         The study concluded that the 2 drugs are with beneficial effects on serum glucose concentration and kidney functions . They are a suitable antihypertensive agents in diabetic patients with hypertension as they possess no harmful effects on glucose concentrations and kidney function . 
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Introduction and review of literature
Introduction

              Diabetes mellitus and hypertension are common diseases that co exist at a greater frequency than chance alone would predict (Epstein and Sowers, 1992).Over the last decade there has been increasing interest in the clinical association between hypertension and diabetes (Williams,1991;Williams, 1994).

           Hypertension is twice as prevalent in diabetic as in non-diabetic individuals (Epstein and Sowers, 1992). Furthermore, it has been clearly shown that hypertension in diabetic patients is greatly increases the risk for renal insufficiency, diabetic retinopathy, and possibly renopathy in diabetic individual (Knuiman et al.,1986). In addition to its role in microvascular complications , hypertension is also a major risk factor for cardiovascular events, such  as myocardial infarction and stroke. Cardiovascular diseases are the most costly complications of diabetes and are the cause of 86% of deaths in persons with diabetes (Arauz-Pacheco et al .,2002). Fortunately , reductions in blood pressure can decrease the risk of these complications (UKPDSG38 , 1998). 

         Diabetic nephropathy , a microvascular complication of diabetes mellitus , is becoming the single most important reason for end- stage renal disease in the western world (Ritz and Orth, 1999) . End-stage renal failure in patients with type 2 diabetes is becoming medical catastrophe worldwide and should  be receiving more attention from physicians, patients and public health authorities ,because,  with the early and effective use of modern therapies , it is largely preventable (Ismail et al.,1999).
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        Thus , the early detection , optimal treatment , and hence prevention of progression of diabetic nephropathy is one of the greatest challenges diabetic and renal medicine are facing today. Intensive multifactorial management including risk factors modification and stepwise pharmacological intervention slows the initiation and progression of diabetic nephropathy (Critchley et al.,2002). In the United Kingdom Prospective Diabetes Study (UKPDSG38, 1998); each 10 mmHg decrease in mean systolic blood pressure was associated with a reduction in risk of 12% for any complication related to diabetes , 15% for death related to diabetes ,11% for myocardial infarction , and 13% for microvascular complication . Therefore, aggressive blood pressure control should be attempted in all patients with diabetes .

Drug treatment of hypertension:
             Patients with a confirmed blood pressure ≥140/90 mmHg are candidates for immediate pharmacological treatment in addition to behavioral treatment (American Diabetes Association,2002). Lowering of blood pressure is particularly beneficial in reducing morbidity and mortality in diabetic hypertensive patients (UKPDSG38, 1998).Yet adequate management of hypertension , even in patients without diabetes , is seldom achieved in a clinical practice , only one fourth of all hypertensive patients have adequate control of the blood pressure (JNC VI, 1997).                                                          Treatment to achieve a goal blood pressure of less than 130/85mmHg is essential if the significant risk of complications of diabetic hypertension, 
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including end-stage renal disease , coronary artery disease , stroke, peripheral vascular disease, and diabetic retinopathy, is to be reduced (JNC VI,1997).

           With the advent of new classes of antihypertensive agents, the emphasis shifted from efficacy in lowering blood pressure, which is taken for granted, to potential to protect against end organ damage . Controlled clinical trails have different neurohumoral and metabolic profiles, which might enhance or partially offset the benefits from blood pressure (Gavras and Gavras,2001). For example , thiazides and B-adrenergic blocker have been reported to further increase insulin resistance , and hence to accentuate the dysmetabolic syndrome that commonly accompanies essential hypertension (Swislocki et al.,1989;Gress et al.,2000). The choice of antihypertensive drug should be determined by the drug's capacity to lower blood pressure , to protect the diabetic patient's kidneys from ongoing injury and its side effects (Cooper and Doyle, 1992).
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Aim of the present work
        There are relatively limited reports in the world comparing the effects of captopril and amlodipine on blood pressure , serum glucose concentrations and kidney functions and also because of the lack of such studies in Iraqi population .Therefore , this study sets out to compare the antihypertensive , serum glucose and kidney effects of captopril with those of amlodipine in diabetic hypertensive patients in Mosul city.
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Review of literature

Angiotensin Converting Enzyme Inhibitors(ACE-Inhibitors)
           ACE-inhibitors are a class of medication that have been in use in the united states since the introduction of Captopril in 1981 (Swislocki and Siegel,2001).                                                                                                                                                                                                                                              
Classification:
ACE-inhibitors can be classified as

1- Sulfhydryl containing ACE-inhibitors  e.g. captopril, fentiapril , pivalopril.
2- Dicarboxyl containing ACE-inhibitors e.g. enalapril, lisinopril , ramipril and quinapril.
3- Phosphorous containing ACE-inhibitors e.g. fosinopril .                                                                                                                                            

                                 (Prabhu  et al ., 2005 )
mechanism of action:
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        Angiotensin converting enzyme or kininase П , is a bivalent dipeptidyl carboxyl metallopeptidase , cleaves angiotensin П from angiotensin Ι (Erdos , 1977) . In addition , ACE catalyzes the degradation of bradykinin (Erdos , 1977) . Angiotensin П is a potent vasoconstrictor , acting directly on vascular smooth muscle cells and causes volume expansion through sodium and fluid retention (Padfield and Morton , 1977). Bradykinin promotes vasodilatation by stimulating the production of arachidonic acid metabolites , nitric oxide and endothelium – derived hyperpolarizating factor in vascular endothelium (Vanhoutte , 1989) , and causes natriuresis through  direct tubular effects (Stein et al .,1972 ) .

          In summary , ACE regulates the balance between the vasodilatory and natriuretic properties of bradykinin and the vasoconstrictive and salt retentive properties of angiotensin П . ACE inhibitors alter this balance by decreasing the formation of angiotensin П and the degradation of bradykinin (Brown and Vaughan , 1998 ).

                                               




Figure (1-1) : Schematic of Ras and kallikrein-kinin system. ACE is strategically poised to regulate the balance between Angiotensin II and bradykinin (Brown and Vaughan , 1998)
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Indications of ACE-inhibitors:
1- Atherosclerosis (Pitt,1995).
2- Essential hypertension (Lacourciere  et  al.,2000-a ).
3- Congestive cardiac failure (Francis,1994;Packer and Cohn ,1999).

4- Myocardial infarction (Ball and Hall, 1994; Ball et al. , 1995).
5- Diabetic nephropathy (Gisen Group , 1997).

6- Migraine headache ( Bender , 1995 ).

        Combining ACE-inhibitors with angiotensin receptor  blockers ; decrease of side effects (dry cough),more complete blockage of renine-
angiotensin system (Prabhu et al., 2005). Combining ACE – inhibitors with calcium channel blockers ; provides additive /synergistic antihypertensive effect ( Prabhu et al. , 2005 ).

Adverse effects:

Hypotension : Pronounced first dose hypotension may occur at the start of therapy with ACE-inhibitors , particularly in patients with heart failure and sodium or volume depleted patients (Bicket, 2002).

Cough :  Persistent and nonproductive cough reported with all  ACE inhibitors , resolves after drug discontinuance , incidence range from  0.7% to 48% ( Israili and Hall , 1992) 

Renal insufficiency : Deterioration in renal function , including increasing blood concentrations of urea and creatinine , and reversible acute renal failure have been reported on ACE inhibitors. This mainly                                                  

occur in patients with existing renal or renovascular dysfunction   (bilateral renal stenosis ) or heart failure , volume depletion , hyponatraemia and high dosing of diuretics (Bicket ,2002 ).
Hyperkalemia   (Bicket , 2002 ).
Angioneurotic edema  (Bircher , 1999).
Neutropenia  (Husain and Akhtar ,1989 ).

Drug interactions:
         Since the patients on ACE inhibitors require adjuvant therapy , drug interaction  plays an important role , the following are the most clinically significant drug interactions of ACE inhibitors:
1. Thiazides : first dose hypotension and hyperkalemia.
2. Potassium : hyperkalemia .
3. Loop diuretics : first dose hypotension .
4. Lithium : may result in lithium toxicity .
5. NSAIDs : decrease antihypertensive effect .
6. Digoxin : Increase in serum digoxin concentration .
7. Amiloride : Enhanced hypotensive effect / Hyperkalemia .
8. Allopuranol : Stevens – Johnson syndrome .
                                    ( Prabhu  et al . , 2005)                             
Pregnancy:
             ACE-Inhibitors, are contraindicated in pregnancy because of the adverse effects on the fetal’s kidney, their use has been associated with oligohydramnios and neonatal death from renal failure ( Hanssens et al., 1991 ).


Calcium channel blockers

   Classification:
       The calcium channel blocker class comprises four categories of compound :

1. Phenylalkylamine e.g. Verapamil

2. Benzothiazepine e.g. Diltiazem
3. Tertralols e.g. Mibefradi

4. Dihydropyridines e.g. Amlodipine ,Felodipine , Nicardipine and Nifedipine.   (Ryman and Gurk-Turner , 1999) .       
           Since it is release in 1992 , amlodipine , a vasoselective dihydropyridine calcium channel blocker , has become a frequent component of antihypertensive regimens in adults. It offers several potential advantage compared to other agents in this class , including once daily dosing , few significant drug interactions , and a relatively mild adverse effect profile (Buck ,2003).

Mechanism of action:
            Like all calcium channel blockers , amlodipine inhibits the movement of calcium ions across cell membranes .It acts primarily via inhibition of the influx of calcium into vascular smooth muscle and, to a lesser extent , cardiac muscle , as a result , amlodipine produces peripheral arterial vasodilatation and lowers blood pressure , with relatively little negative inotropic effect (Haria and Wagstaff , 1995) .

                                                  
Clinical uses:
         Amlodipine is effective as both an antianginal agent in patients with stable angina pectoris and an antihypertensive agent in patients with mild to moderate hypertension ( Murdoch and Heel , 1991 ) .
Adverse effects:
The most commonly reported adverse effects were :
1- Headache (7.3 % of patients ) .

2- Edema ( 1.8  to 10.8 % ) .

3- Dizziness (1.1 to 3.4 %) .

4- Flushing ( 0.7 to 2.7 % ).

5- Palpitations ( 0.7 to 4.5 % ).

6- Fatigue, nausea , abdominal pain , Somnolence , muscle cramps , pruritis and rash ( 1 to 4 % ).

                               (Haria and Wagstaff , 1995 )                                                  

 Interactions:

     In contrast to most of the other calcium channel blockers , amlodipine has few significant drug interaction :

1. Digoxin , warfarin and phenytoin

2. Enzyme inducers (like rifampicin)

3. Enzyme inhibitors (amprenavir, indinavir, dalfopristin, and azole antifungal) .   

                                (Buck,2003)                                         

Hypertension in patients with diabetes
             Hypertension is an extremely common comorbidity of diabetes , affecting 20 – 60 % of people with diabetes (Arauz-Pacheco et al,2002).It greatly increases the risk for such complication as end stage renal disease , coronary artery disease , stroke , peripheral vascular disease , and diabetic retinopathy (Sowers et al.,2000).

Definition
           The standard definition of hypertension is blood pressure ≥ 140/90 mmHg (JNC VI,1997) .The gall for blood pressure ≤ 130mmHg for systolic and≤80mmHg for diastolic blood pressure(Arauz-Pacheco etal.,2002).Because of the high cardiovascular risk associated with blood pressure ≥ 130/80 mmHg in patients with diabetes , 130/80 mmHg is considered to be the cut point for defining hypertension, rather than 140/90 mmHg , as in the general population (Arauz -Pachecoet al.,2002).

Prevalence:

            Hypertension is twice as common in patients with diabetes as it is in others (Epstein and Sowers,1992). Obesity may be common link between the two disorders, but other factors such as insulin resistance and autonomic dysfunction may be involved(Konzem et al .,2002).


Pathophysiology:
            In the presence of nephropathy , extra cellular fluid volume and total body sodium levels are increased .The activity of rennin-angiotensin –
aldosteron system is reduced in those patients , and the hypertension is volume-dependant, similar to other nephropathies (O’Haare et al., 1985;Dechaatel et al.,1977), in the absence of diabetic nephropathy , other factors must play role in the development of hypertension these factors are both genetic and acquired .Elevated total body sodium with low or normal activity of the rennin-angiotensin-aldosteron system has been reported(Feldt-Rasmussen et al .,1987). Studies in humans with hypertension have found hyperinsulinemia secondary to insulin resistance and decreased insulin clearance(Resnick,1992;Lender.,1997). Hyperinsulinemia may possibly be associated with increased renal sodium resorption and sympathetic nervous system overactivity , leading to hypertension in obese individual and other insulin - resistance state , such as type 2 diabetes ( Rowe et al .,1981).

Drug therapy
              In the United Kingdom prospective diabetes study (UKPDS) , each 10 mmHg decrease in mean systolic blood pressure was associated with                             a reduction in risk of 12 % for any complications related to diabetes, 15% for deaths related to diabetes , 11 % for myocardial infarction ,and 13% for microvascular complications (UKPDSG38 , 1998 ) .

              The most recent guidelines from the American Diabetes Association and the National Kidney Foundation recommend that blood pressure be decreased to less than 130/80 mmHg , with an optimal target of below 120/80 mmHg , especially in patients with protein urea or renal insufficiency (Konzem et al ., 2002) .        

           The third national health and national evaluation survey ( 1988-1994) 
 (NHANES 111) demonstrates how far we have to go to adequately address hypertension in people with diabetes ( Geiss et al ., 2002) . The survey disclosed the following results :

1- 71% of diabetic individuals were found to have hypertension .

2- 29% of diabetic individuals with hypertension were unware of the diagnosis  .

3- 43% of diabetic individuals with hypertension were untreated.

4- 55 % of diabetic individuals on treatment had a blood pressure ≥140/90 .

5- 12 % of diabetic individuals on treatment had a blood pressure <130/85

          The purpose of antihypertensive treatment is to reduce the morbidity and mortality from cardiovascular complications (congestive heart failure , coronary artery diseases and stroke ) and microvascular complications (nephropathy , neuropathy and retinopathy )  
                                 ( Arauz – Pacheco et al.,2002).

Antihypertensive drugs

           The most commonly prescribed antihypertensive agents available include ACE inhibitors, diuretics , calcium channel blockers , angiotensinП receptor blockers , beta blockers and alpha blockers (Konzem et al.,2002).


ACE-inhibitors:
           ACE-inhibitors have proved beneficial in patients who have had                    a myocardial infarction or congestive heart failure , or who have diabetic renal disease (JNC VI , 1997). These agents are considered preferred therapy in patients with hypertension and diabetes, according to guideline from the ADA , the NKF , the world health organization , and the JNC VI(Konzem et al.,2002). Calcium antagonists or low dose thiazide diuretics can be added if the blood pressure goal of less than 130/85 mmHg is not achieved with ACE inhibitors alone ( Sowers et al.,2000).

        Ameta-analysis of trials evaluating the use of antihypertensive in high risk patients , including those with diabetes , showed that ACE inhibitor therapy resulted in a twenty to thirty percent decrease in the risk of stroke , 
coronary heart disease , and major cardiovascular events (BPLTTC,2000).      ACE inhibitors may provide additional benefits in patients with diabetes. These patients may have impaired fibrinolysis and endothelial dysfunction,which increase their risk of cardiovascular disease .ACE inhibitors have been shown to improved fibrinolysis and endothelial dysfunction (Dipasquate et al.,1997;Vaughan et al., 1997). ACE inhibitors have also been shown to increase insulin sensitivity (Fineberg , 1999).

          Angiotensin П is a peptide hormone closely involved with the sodium excretion control via the RA system . Angiotensin П is widely recognized from their action mechanism to influence the onset and exacerbation of hypertension . ACE inhibitors suppressing angiotensinП production and have been developed as antihypertensive drugs suppressants of rennin angiotensin system , and used all over the world (UKPDS 39,1998 ; Hansson et al.,1999). 


        These RAS depressants may also be expected to improve glucose tolerance in diabetes mellitus patients , and the frequency of the drug used is being increased (Dahlof et al.,1995).
         ACE inhibitors , with their beneficial effects on insulin sensitivity (Santoro et al.,1992), are widely used in the treatment of hypertension in diabetic patients and may be the antihypertensive treatment of choice in these patients(Bell,1992;Torlone et al.,1993). They have the addition property of decreasing insulin resistance, which can mean improved glycemic control. The close relationship between diabetes and hypertension has been recognized for decades ,reported information indicates that resistance to insulin action on glucose uptake in peripheral tissues is a common underlying mechanism in hypertension and diabetes. Angiotensin-converting enzyme inhibitors are neutral or improve these factors , in contrast to both beta-blockers and thiazide diuretics which worsen insulin resistance(Lithell , 1991).

Calcium channel blockers:
         Controversy exists regarding the use of calcium channel blockers , particularly the dihydropyridines in treatment hypertension in patients with diabetes .Four studies (Estacio et al.,1998 ; Hansson et al.,1998; Tatti et
al.,1998 ; Tuomilehto et al.,1999) have evaluated cardiovascular outcomes in patients with hypertension and diabetes who were treated with dihydropyridine calcium channel blockers . Both the appropriate blood pressure control in diabetes (Estacio et al.,1998) trail and the fosinopril versus amlodipine cardiovascular events randomized trail (Tatti et al.,1998), 


demonstrated no significant reduction in cardiovascular events with   

a dihydropyridine calcium channel blocker compared with an ACE inhibitor.

Conversely , the Hypertension Optimal Treatment (HOT) trail (Hansson et al                                                           

.,1998) and the systolic hypertension in Europe trail (Tuomilehto et al.,1999) 
concluded that the use of dihydropyridine calcium channel blockers as monotherapy or in combination with another agent , was associated with reductions in cardiovascular risk . In those trails ,the decreased cardiovascular risk appeared to result from achievement of target blood pressure , rather than from intrinsic characteristics of the agent used in the two trails , many patients required the addition of an ACE inhibitor or other antihypertensive to the dihydropyridine calcium channel blockers to achieve target blood pressure goals. Calcium channel antagonists have no adverse effects on carbohydrate metabolism (Gambardella et al.,1993)and are excellent agents for the treatment of hypertension.

Goals of hypertensive treatment:
          Hypertensive treatment should not only decrease blood pressure , but also it should reduce the risk of macrovascular and microvascular complications (Arauz-Pacheco et al.,2002). It has been suggested that the metabolic side effects of antihypertensive drugs are responsible for their failure to reduce cardiovascular morbidity in patients with hypertension (Pollare et al.,1989).

Hypertension is twice as common in persons with diabetes as it is in non diabetic persons (Epstein and Sowers , 1992). Obesity may be a common link between the two disorders ,but other factors such as insulin resistance (NHBPEPWG,1994) and autonomic dysfunction may also involved (Fineberg ,1999) . Excess weight with truncal obesity, hypertension, 
impaired glucose tolerance, insulin resistance and dyslipidemia  are among 
the components of the metabolic syndrome, which has been associated with 
an increased risk of coronary heart disease (Vega , 2001).

            In general , only  25 % of patients with hypertension have adequate control of their blood pressure (JNC VI, 1997). Blood pressure goals are lower , and thus more difficulty to achieve ,in patients who also have diabetes. Elevated blood pressure is known to contribute to diabetic       microvascular and macrovascular complications (Bakris etal.,2000-a). Fortunately ,Reduction in blood pressure can decrease the risk of these complications (UKPDS 39,1998). To reduce this risk , hypertension must be diagnosed accurately and promptly , and the patients must receive adequate treatment . To confirm the diagnosis of hypertension ,blood pressure measured with standard techniques should be elevated on two separate occasions(JNC VΙ,1997). Because patients with diabetes and hypertension one of high risk for complications (JNC VΙ,1997),the American Diabetes Association (ADA,2002) and the National Kidney Foundation (NKF,2002) recommend lower blood pressure goals for patients with diabetes than for the general population. The most recent guidelines from the ADA and NKF recommend that blood pressure be decreased to less than 130/80 mmHg , with an optimal target of below 120/80 mmHg especially in patients with proteinuria or renal insufficiency (NKF,2000 ;ADA,2002,).

Type 2 diabetes , hypertension and kidney diseases
            Hypertension is a major risk factor for cardiovascular morbidity and mortality in patients with diabetes (HDS,1993). Diabetic nephropathy develops in up to 40 % of patients with type 1 diabetes (Krolewski et al.,1985) and 35 % of patients with type 2 diabetes (Mehler et al.,1997), and rigorous treatment of hypertension slows the rate of decrease in renal function and improves mortality (Parving et al.,1987). Diabetic nephropathy is now the leading cause of end- stage renal failure in the western world ; a similar number of patients with insulin dependent diabetes mellitus (IDDM) and NIDDM are entering end- stage renal failure programs (Rettig and Teutsch , 1984).
Renal lesions in patients with type 2 diabetes:
          Diabetic nephropathy was demonstrate by the pathologist(Critchley et al.,2002) when he described the classic lesion of nodular glomerulosclerosis associated with proteinuria and hypertension.Compared diabetic patients with non diabetic patients, diabetic patients with nodular glomerulosclerosis show a more rapid decline in glomerular filtration rate and a progressive rise in albuminuria (Christensen et al., 2000). Although classical diabetic glomerulosclerosis undoubtedly accounts for the majority of nephropathies in patients  with type 2 diabetes, other renal diseases also occur more frequently and these  non – diabetic renal diseases may accelerate or complicate the progression of                                                      

diabetic nephropathy , among the nephropathies associated with type 2 diabetes , ischemic nephropathy secondary to extensive atherosclerosis of the abdominal aura and renal arteries ( Olsen and Mogensen ,1996).                                                        
Intensive glycemic control:
          Multiple factors contribute to the initiation and progression of diabetic nephropathy . Hyperglycemia is an important determinant for the development of proteinuria in patients with type 2 diabetes . Intensive control of blood glucose concentrations significantly reduces the risk of nephropathy in both type 1 and type 2 diabetes(UKPDSG 38,1998).

Aggressive blood pressure lowering:
          Hypertension is both a cause and a consequence of renal disease and the kidney is both villain and victim in hypertension . Hypertension is about twice as common in patients with diabetes as compared with matched non-diabetics individuals (Chan and Cockram,1997). In patients with diabetic nephropathy , hypertension is the most important aggravating risk factor and effective antihypertensive therapy is the most important strategy in preserving renal function . Lowering blood pressure targets to 130/85 mmHg , with an optimal goal of 120/80mmHg , by any effective means has been recommended (Deedwania , 2000). Angiotensin receptor antagonists , angiotensin converting enzyme inhibitors, a drenoceptor blockers, calcium antagonist , and diuretic have all been used successfully with regard to blood pressure lowering (Critchley et al.,2002). All available agents produce a similar reduction in systolic and diastolic blood pressure at the doses 
available for clinical use (10-15 and 5-10 mmHg In systolic and diastolic blood pressure ,respectively). The difference among agents observed in comparative efficacy studies are usually small. Many studies have been published on the effects of various antihypertensive agents on metabolic parameters, including lipids ,glucose levels, and insulin resistance , a known risk factors for cardiovascular complications (Arauz-Pacheco et al.,2002). The choice of antihypertensive drug should be determined by the drug capacity to lower blood pressure , to protect the diabetic patient’s kidney from on going injury and its side effects(Cooper and Doyle,1992). Beta blocker and thiazide diuretics may influence glycemic control in a deleterious manner (Stein and Black,1991). These agents can also have un favorable effects on lipids by increasing triglyceride and decreasing HDL-                                                              

cholesterol levels, beta blockers may exacerbate symptoms of peripheral vascular disease , a condition which is more common in diabetic patients (Cooper and Doyle,1992) . The alpha blockers , calcium channel blockers and ACE-inhibitors don’t have adverse effects on glucose or lipid level (Gilbert et al.,1995). Clinical trails have indicated that ACE inhibitors ,and angiotensin antagonists are the logical first – line choice of antihypertensive 
agents in patients with established renal impairment due to their additional 
beneficial effects independent of blood pressure lowering(Lacourciere et al.,2000).

         Arecent meta-analysis has suggested that ACE inhibitors are superior to other classes of antihypertensive agents in reducing proteinuria in diabetic patients (Kasiske et al.,1993;Behlen et al.,1994). A study by Lacourciere et al (1993) indicated that in patients with NIDDM and microalbumineuria captopril  was superior to metaprolol or hydrochlorothiazide in reducing 
urinary albumin excretion. Critchley et al.,(2002) reported that diabetic nephropathy is the leading cause of end-stage renal disease world wide. Monitoring renal function and screening for microalbuminuria will allow the identification of patients with nephropathy at a very early stage for intervention. Tight glycemic control and aggressive antihypertensive treatment as well as the use of rennin-angiotensin system inhibitors should substantially delay the progression of nephropathy .  A recent post hoc analysis (Mann et al.,2001) of the HOPE trail demonstrated that in patients with preexisting vascular diseases or diabetes combined with an additional cardiovascular risk factors,  mild renal insufficiency (i.e a serum creatinine level of 1.4 to 2.3 mg/dl (124 to 203 μmol/l)) significantly increased the risk of subsequent cardiovascular events. In this study , ramipril reduced cardiovascular risk without increasing adverse effects. However , in patients with bilateral renal artery stenosis , ACE inhibitors can cause renal insufficiency.                                                                      
            The combination of an ACE inhibitors and a dihydropyridine calcium channel blockers has been shown to reduce proteinuria (Bakris et al.,2000-b),greater than if either agent was used individual . The decrease in blood pressure in patients given angiotensin converting enzyme inhibitors may have  been sufficient to decrease urinary albumine excretion in diabetic patients with nephropathy and reported that an angiotensin converting enzyme inhibitor decreased progression to end-stage renal failure and delayed the increaser of creatinine concentration (Lewis et al.,1993).   


          In 52 type 2 diabetic patients with hypertension and nephropathy followed for 5 years on atenolol , lisinopril , verapamil, or deltiazem found that the angiotensin converting enzyme inhibitors and the calcium channel
blockers equally delayed the decline in creatinine clearance compared with the beta blockers (Bakris et al.,1996). In contrast , however , another study reported lesser decline in GFR with nisoldipine compared with lisinopril  in 49 hypertensive type 1 diabetic subjects followed for 1 year (Rossing et al.,1997).


Effects of antihypertensive drugs on blood
glucose concentration

           Some drugs can influence glucose metabolism of the patients when administered for the treatment of certain diseases .

  Thiazide diuretics:  

        The adverse metabolic effects induced by thiazide diuretics have been implicated in the failure to dramatically reduce coronary artery disease risk , despite a significant reduction in cerebrovascular disease and congestive heart failure (Ames , 1983 ).

         A 30 % incidence of glucose intolerance in hypertensive patients receiving thiazide diuretics has been reported  (Breckenridge et al.,1967),diuretics induced hyperglycemia may be due to decreased insulin secretion as a result of  hypokalemia (Helderman et al.,1983).

Beta blockers:
          Beta-blockers may inhibit insulin release (Cerasi et al .,1972),a greater inhibitory effect on insulin secretion may be observed with non selective B-blockers (Micossi et al.,1984). Reduced insulin secretion may lead to enhanced hepatic glucose production , thereby contributing to glucose intolerance . A decrease in hepatic and peripheral glucose uptake may occur after use of these agents (Totterman et al.,1984).

                                                 
 Calcium channel blocker:
              Early reports suggested that calcium channel blockers may reduce insulin secretion and induce hyperglycemia in humans( Heyman et al ., 1989), however , adverse effect of nifedipine on carbohydrate metabolism have not been found by other investigators ( Dante ,1986) . In some reports , verapamil has improved glucose tolerance by decreasing glucagons release and by enhancing hepatic glucose uptake (Andersson and Rojdmark , 1981).

Diazoxide:
          The use of this agent in the short term treatment of sever hypertension has been associated with hyperglycemia , its hyperglycemic effects are observed more frequently and more sever than those seen with thiazide agents . Direct inhibition of insulin secretion may be the primary mechanism responsible for the hyperglycemia (Brass, 1984).
Angiotensin converting enzyme inhibitors:
           Captopril appears to have beneficial or no effects on glucose metabolism (Pollare et al .,1989). The use of captopril may be followed by hypoglycemia in diabetic patients (Ferriere et al.,1985), possibly due to an increase in brdykinin. The increase in plasma kinins may also improve peripheral insulin action (Jauch et al.,1986). Others have noted that doses of sulfonylureas or insulin have to be reduced when treatment with angiotensin converting enzyme inhibitors is begun (Mc Murray and Fraser , 1986) . Other drugs of this group will probably have the same effects on glucose tolerance (McMurray and Fraser, 1986 ; Elling and Elling , 1985).

Loop diuretics:
          Glucose intolerance occurs less commonly with loop diuretics                       (Cowley and ALkeles, 1978).Hypokalemia may contribute to a diabetogenic tendency in some instances in addition , furosemide may cause glucose intolerance in some patients by decreasing insulin release possibly through increase synthesis of prostaglandin E (Guigliano et al.,1997). Potassium-sparing diuretics such as spironolactone or triamterene have minimal or no effects on glucose tolerance ( Jeunemaitre et al.,1987).

Chapter Two
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Subjects , Materials & Methods

Subjects materials and methods

            This study has been conducted over a period of 10 months from  15 September , 2006 to 15 July , 2007 in Alwafa center for treatment and research of diabetes mellitus in Mosul city. The ethical requirement for the study was obtained from the Mosel Medical collage and Nineveh administration committees .
Subjects:

         One hundred hypertensive type 2 diabetic patients participated in the study. They were divided into two groups , each of 50 patients . Group one kept on captopril therapy in doses ranged from 25 to 50 mg , 2 to 3 times daily (50±25mg/day ), duration of DM disease ranged from 3 to 22 years (6.7±2.7 years ) and ages ranged from 40 to 73 years (55.42±7.97 years ). Fourteen are males , ages ranged from 45 to 73 years (59.14±9.2 years ) and 36 females with ages ranged from 40 to 68 years (53.97 ±7.01 years ).

         Group 2 kept on amlodipine therapy in doses ranged from 5 to 10 mg as single daily dose , duration of DM ranged from 3 to 20 years (8.3 ± 3.5years ) and ages ranged from 40 to 68 years (54.22 ± 6.45 years). Sixteen are males with ages ranged from 45 to 67 years(56.37±6.53 years) and 34 females with ages ranged from 40 to 68 years (53.20±6.25 years). Duration of treatment 8 weeks in both groups .


All patients were clinically examined by the physicians of the center to rule out any abnormality and the suitable type two diabetic newly diagnosed hypertensive patients were referred to the study . All patients were on hypoglycemic therapy (glibenclamide , metformine or combined therapy).                                               

The required informations were collected from the patients according to a pre prepared questionnaire form (appendix)

Inclusion Criteria :                                    

1. Tyep 2 diabetes mellitus patients with a duration of the disease not less than 2 years.

2. Hypertensive patients having BP ≥ 140/90 mmHg

Exclusion Criteria :       

        Patients having one or more of the following conditions

1. Hepatic diseases.
2. Renal diseases.
3. Pregnant and lactating women.
4. Type one diabetic patients or patients on insulin therapy.
5. Hypertensive patients on antihypertensive therapy.
Controls
           Thirty , apparently healthy volunteers age –matched with patients,  participated in the study as controls .Ages ranged from 38 to 75 years                 (54.77±8.19 years) . They are 12 males with ages range from 45 to 65 years  (52.08±6 years) and 18 females with ages ranged from 38 to 74 years   (56.55 ± 9.08) years .                                                     

       

         Antihypertensive efficacy was assessed by measurement of blood pressure by standard mercury sphygmomanometer. Blood pressure was measured at baseline (Before drug administration )and at the end of 8 weeks treatment period with captopril or amlodipine. Goal blood pressure after treatment was less than 130/85 mmHg . The patients were followed during this period by measurement of blood pressure every two weeks.

Sampling:    

        Blood samples were obtained from each patients and control individuals after 12hour of fasting before and after drugs administration. Serum glucose concentration , serum urea concentration and serum creatinine concentration were obtained from the serum of the patients before and after drugs administration. 

Materials:

 The materials used in this study were arranged in to three categories :

1. Instruments

2. Chemicals

3. Drugs


1-Instruments         

The following instruments were used throughout the study with their suppliers:

	Instruments
	Suppliers

	Cecil Ce 1011 spectrophotometer
	France

	Isotemp incubator
	USA

	Hotbox oven52
	England

	Centrifuge 350
	Germany


2- Chemicals 

       the following chemical kits are used throughout the study and their suppliers:

	Chemicals 
	Suppliers

	Glucose kit
	Biocon company(Germany)

	Urea kit    
	Biomerieux company(France)

	Creatinine kite 
	SyrBio company(Syria)


3- Drugs
    The following drugs administered to patients and their suppliers:

	Drugs
	suppliers

	captopril
	SDI company/Iraq

	amlodipine
	Ajanta pharma limited/India



Methods:

Determination of fasting serum glucose:
          Serum glucose was estimated by Glucose-oxidase-peroxidase colorimetric (Lotta and Turner 1975) by using commercially available kit supplied by Biocon company (Germany).

Principle:

          Oxidation of aldehyde group of glucose molecules by Glucose –Oxidase (GOD) gives Gluconic  acid and hydrogen peroxidase which reacts under catalysis of peroxidase  (POD) with phenol and 4-aminoantipyrine to form a pink quinoneimine dye as indicator (trinder-reaction).

                                           GOD

Glucose + H2O + O2 
[image: image3] Gluconic acid + H2O2

                                                                   POD

H2O2 + phenol + 4-aminoantipyrine                           Quinoneimine + H2O2

Reagents:

	Reagents
	Contents

	Buffer phosphate
	Phosphate buffer              150 mmol/l

PH  7.5

Phenol                               7.5mmol/l

	Enzymatic reagent
	GOD                                 12000 U/L

POD                                  660     U/L

4- aminoantipyrine            0.4 mol/dl

	Glucose standard (R4)
	Glucose  (5.55mmol/L)      100mg/dl



Procedure:
           The content of enzyme reagent (R2)were diluted in the corresponding volume of the buffer (R1) [this is the working solution (R3) which has been stable for 4 weeks at 20-25 ºC or for 3 months at 2-8 ºC]. The additions have been made as shown in the following table:
	
	      Blank
	        Standard
	      sample

	Working solution(R3)

Standard (R4)

Serum
	        1 ml
	          1 ml

          10µl
	          1 ml

          10µl


         The contents of the tubes were incubated for 15 minute at 37°C and the absorbencies were read with in 60 minute at 500nm , against the blank.

Calculation:

                                                       Absorbance of the sample

             Glucose concentration =                                                     * n

                                                        Absorbance of the standard

Where n = concentration of the standard 

            n = 5.55 mmol/l        or       100 mg/dl


Determination of serum urea:
              Serum urea was estimated by (ureas-modified Berthelot reaction) by using a commercially available kit supplied by Biomerieux company (France).

                                      (Faulker and King , 1982)
Principle:

Under the effect of urease enzyme , urea will be hydrolyzed and produced ammonium.                     

                                        urease           
             Urea + H2o                              2NH3 + Co2
In an alkaline medium, the ammonium ions react with the salicylate and hypochlorite to form a green colored Indophenol (2,2 dicarboxylindophenol) ,the reaction is catalyzed by the sodium nitroprusside.

      NH4 + salicylate + hypochlorite                            INdophenol
The color intensity is proportional to the urea concentration in the sample . The possible presens of heavy metals inhibits the formation of Indophenol, EDTA lifts the inhibition .                                                        
Reagents:

	Reagents
	
	                         Contents

	Standard
	R1
	Urea                                8.33mmol/l (0.5g/l)

	Enzymatic reagent
	R2
	Urease                             ≥ 350 KU/L

	Color reagent
	R3
	Phosphate buffer PH8      50 mmol/l

Sodium salicylate             62 mmol/l

Sodium nitroprusside     3.35 mmol/l

EDTA                                1  mmol/l

	Alkaline reagent
	R4
	Sodium hydroxid                0.5 mol/l

Sodium hypochlorite     24.8 mmol/l


Procedure:

           At first preparation of working solution by dispensing one vial of (R2) in to one vial of (R3) and mix by turning upside down several times. Stability in original vial (2 months at 2-8 ºC).

The additions have been made as shown in the following table :

	
	    Blank
	    Standard
	    Sample

	Standard
	
	      10 µl
	

	Sample
	
	
	      10 µl

	Working solution
	     1 ml
	        1 ml                  
	       1 ml

	Reagent 4
	     200 μl
	       200 μl
	      200 μl


            Mix and incubate for 5 minutes at 20-25 °C (color intensity is stable in the dark:2 hours at 20-25ºC), then perform spectrophotometry at wave length 580 nm.


Calculation :

                                                             A sample

           Sample concentration =                                                     * n

                                                              A standard

n = concentration of standard  = 8.33 mmol/l (0.5 g/l)

A sample = absorbance of sample

A standard = absorbance of standard  

Determination of serum creatinine:
           In serum, protein is first precipitated using Trichloroacetic acid (TCA), then we found the creatinine present in the Protein Free Filtrate (PFF) .

                                        (McNeely ,1980)

Principle:

           Creatinine in alkaline picrate(saturated picric acid and sodium hydroxide) solution, forms acolor complex (orange – red color).

Reagents

	Reagents
	                                  Contents

	R1
	Sodium hydroxide                                1.6 mol/l

	R2
	Picric acid                                             35 mmol/l

	R3
	Standard                                                 2 mg/dl


Additional Reagent    : Trichloroacetic acid 

Procedure:

           At first preparation of working reagent by mixing proportionally 1/1 the reagents R1 and R2 and stability of this reagent one month at 20-25 ºC Deproteinization procedure : by adding one ml. of TCA to one ml. of serum mix well then centrifuge at 2500rpm for 10 minutes then pour off the supernatant 
Then the addition have been mad as shown in the following table
	
	Blank 
	Standard
	sample

	Distilled water
	0.5 ml
	
	

	TCA solution
	0.5 ml
	0.5 ml
	

	Standard
	
	0.5ml
	

	Supernatant
	
	
	1 ml

	Reagent mixture
	1 ml
	1 ml
	1 ml


         Mix let stand for 20 minutes at room temperature then read the optical density in spectrophotometry at wave length (500-520)nm against blank.

Calculation:

                                                       Optical density of sample 

   Concentration of S.creatinine =                                                  * St.conc.

                                                        Optical density of standard

Determination of creatinine clearance:

         The equation produced by Cockcroft and Gault was used for the estimation of creatinine clearance , which utilized the physiological parameters of age, weight and sex and require only a single measure of serum creatinine as shown below :

                                                   F * (140-Age(yr)) * Weight(Kg)

Creatinine clearance(ml/min)= 

                                                     Serum creatinine (µmol/l)

Where F= 1.04 (females)   or  1.23  (males)

(Walker  and Edwards ,1994)


Statistical Analysis:
The following statistical methods were used for the analysis of data:

1. Standard statistical methods to determine the mean, standard deviation (SD), range, number (No.) and percentage.

2. Paired Z-test was used to compare results for measured biochemical parameters before and after drug treatment. 

3. Unpaired t-test was used to compare results for measured biochemical parameters between control and each of captopril and amlodipine groups.

4. Chi-square test was used to compare between patients achieved normal blood pressure after therapy with captopril or amlodipine. 

5. Unpaired Z-test was used to compare the percentage of variation in the measured parameters between patients on captopril and amlodipine      differences between observations were considered significant at 
 p- value equal to 0.05 or less.


Chapter three

Results

RESULTS 

Control Group

Thirty apparently healthy individuals on no drug therapy were investigated. The results of their investigations were as follows: 

Age

Range: 38-75 


years 

Mean ( SD: 54.77 ( 8.19 
years
The distribution of age is shown in Figure (3.1)
Sex
Male     : 12 = 40%

Female  : 18 = 60%

The distribution of sex is shown in figure (3.4)

Fasting Blood Sugar (FBS): 

Range: 65-122 


mg/dl 

Mean ( SD: 90.29 ( 16.35
mg/dl

Serum Creatinine: 

Range: 49-118 


mol/L 

Mean ( SD: 73.49 ( 13.26
mol/L


Serum Urea: 

Range: 3.4-8.2 


mmol/L 

Mean ( SD: 5.28 ( 1.45

mmol/L

Creatinine Clearance: 

Range: 61-145 


ml/min 

Mean ( SD: 107.55 ( 25.53
ml/min

Diastolic Blood Pressure

Range: 65-90 


mm Hg 

Mean ( SD: 78.0 ( 6.38

mm Hg

Systolic Blood Pressure

Range: 120-150 


mm Hg 

Mean ( SD: 126.83 ( 8.15
mm Hg



Captopril Group

Fifty hypertensive patients on Captopril were investigated. The results of their investigation before and after treatment were as follows (Table 3.1): 

Age 

Range: 40-73 


years

Mean ( SD: 55.42 ( 7.97 
years 

Frequency distribution of their age is shown in Figure (3.2). 

Sex

Male     : 14 = 285

Female  : 36 = 72%
The distribution of sex is shown in figure (3.4)

Fasting Blood Sugar (FBS) (Before): 

Range: 74-356 


mg/dl 

Mean ( SD: 188.36 ( 68.23
mg/dl

High abnormal values( >120mg/dl) were found in 43(86.0%) of patients (Table 3.2). Statistical comparison of FBS concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.3). 

Fasting Blood Sugar (FBS) (After): 

Range: 77-300 


mg/dl 

Mean ( SD: 148.80 ( 50.70
mg/dl


High abnormal values( >120mg/dl) were found in 34(68.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in FBS than control group (p<0.001) (Table 3.4). A comparison between patients before and after treatment with captopril showed very high significant decrease (p<0.001) (Table 3.1). 

Serum Creatinine (Before): 

Range: 75-194.4 


mol/L 

Mean ( SD: 125.58 ( 29.10
mol/L

High abnormal values( >124µmol/l) were found in 26(52.0%) of patients (Table 3.2). Statistical comparison of creatinine concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.3). 

Serum Creatinine (After): 

Range: 74-158


mol/L 

Mean ( SD: 106.57 ( 20.13
mol/L

High abnormal values( >124µmol/l) were found in 10(20.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in serum creatinine than control group (p<0.001) (Table 3.4). A comparison between patients before and after treatment with captopril showed very high significant decrease (p<0.001) (Table 3.1). 


Serum Urea (Before): 

Range: 3.5-20.8 


mmol/L 

Mean ( SD: 9.01 ( 3.74

mmol/L

High abnormal values( >7.3mmol/l) were found in 31(62.0%) of patients (Table 3.2). Statistical comparison of serum urea concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.3). 

Serum Urea (After): 

Range: 4-18 

          mmol/L 

Mean ( SD: 7.46 ± 2.45

mmol/L

High abnormal values( >7.3mmol/l)  were found in 26(52.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in serum urea than control group (p<0.001) (Table 3.4). A comparison between patients before and after treatment with captopril showed very high significant decrease (p<0.001) (Table 3.1). 

Creatinine Clearance (Before): 

Range: 40-102.7 


ml/min 

Mean ( SD: 60.94
(16.86         ml/min

Statistical comparison of creatinine clearance between patients and control group showed very highly significant decrease (p<0.001) (Table 3.3). 


Creatinine Clearance (After): 

Range: 40-105.2 


ml/min 

Mean ( SD: 71.91 ( 15.65
ml/min

The patients after treatment stayed with very highly significant decrease in creatinine clearance than control group (p<0.001) (Table 3.4). 

A comparison between patients before and after treatment with captopril showed very high significant increase (p<0.001) (Table 3.1). 

Diastolic Blood Pressure (Before) :
Range: 90-130 


mm Hg 

Mean ( SD: 102.70 ( 9.80
mm Hg

High abnormal values( >80mmHg) were found in 50(100%) of patients (Table 3.2). Statistical comparison of diastolic blood pressure between patients and control group showed very highly significant increase (p<0.001) (Table 3.3). 

Diastolic Blood Pressure (After) :
Range: 70-100 


mmHg 

Mean ( SD: 80.10 ( 7.86
mmHg

High abnormal values( >80mmHg)  were found in 14(28.0%) of patients after therapy (Table 3.2). A statistical comparison between patients after treatment and control group showed non-significant difference 

(p>0.05) (Table 3.4). A comparison between patients before and after treatment with captopril showed very high significant decrease (p<0.001) (Table 3.1). 

Systolic Blood Pressure (Before) :
Range: 130-180 


mmHg 

Mean ( SD: 159.94 ( 11.10
mmHg

High abnormal values( >130mmHg) were found in 49(98.0%) of patients (Table 3.2). Statistical comparison of systolic blood pressure between patients and control group showed very highly significant increase (p<0.001) (Table 3.3). 

Systolic Blood Pressure (After)

Range: 115-150 


mmHg 

Mean ( SD: 130.56 ( 9.65
mmHg

High abnormal values( >130mmhg) were found in 15(30.0%) of patients after therapy (Table 3.2). A statistical comparison between patients after treatment and control group showed non-significant difference in systolic blood pressure (p>0.05) (Table 3.4). A comparison between patients before and after treatment with captopril showed very high significant decrease (p<0.001) (Table 3.1). 



Amlodipine Group

Fifty hypertensive patients on Amlodipine were investigated. The results of their investigation before and after treatment were as follows (Table 3.5): 

Age 

Range: 40-68 


years

Mean ( SD: 54.22 ( 6.45 
years 

Frequency distribution of their age is shown in Figure (3.3). 

Sex

Male     :  16 = 32%

Female :   34 = 68%

The distribution of sex is shown in figure (3.4)
Fasting Blood Sugar (FBS) (Before): 

Range: 91.8-465.0


mg/dl 

Mean ( SD: 210.72 ( 95.86
mg/dl

High abnormal values( >120mg/dl)  were found in 45(90.0%) of patients (Table 3.2). Statistical comparison of FBS concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.6). 

Fasting Blood Sugar (FBS) (After): 

Range: 92-318 


mg/dl 

Mean ( SD: 163.69 ( 56.76
mg/dl


High abnormal values( >120mg/dl)  were found in 42(84.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in FBS than control group (p<0.001) (Table 3.7). 

A comparison between patients before and after treatment with amlodipine showed very high significant decrease (p<0.001) (Table 3.5). 

Serum Creatinine (Before): 

Range: 77-220 


mol/L 

Mean ( SD: 131.28 ( 38.42
mol/L

High abnormal values( >124µmol/l) were found in 23(46.0%) of patients (Table 3.2). Statistical comparison of creatinine concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.6). 

Serum Creatinine (After): 

Range: 70-200


mol/L 

Mean ( SD: 113.01 ( 33.98
mol/L

High abnormal values( >124µmol/l) were found in 13(26.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in serum creatinine than control group (p<0.001) (Table 3.7). A comparison between patients before and after treatment with amlodipine showed very high significant decrease (p<0.001) (Table 3.5). 


Serum Urea (Before): 

Range: 4.7-20.2

          mmol/L 

Mean ( SD: 8.95 ( 3.08

mmol/L

High abnormal values( >7.3mmol/l)   were found in 34(68.0%) of patients (Table 3.2). Statistical comparison of serum urea concentration between patients and control group showed very highly significant increase (p<0.001) (Table 3.6). 

Serum Urea (After): 

Range: 4.3-12.6


mmol/L 

Mean ( SD: 7.71 ( 2.17

mmol/L

High abnormal values( >7.3mmol/l)   were found in 26(52.0%) of patients after therapy (Table 3.2). The patients after treatment stayed with very high significant increase in serum urea than control group (p<0.001) (Table 3.7). A comparison between patients before and after treatment with amlodipine showed very high significant decrease (p<0.001) (Table 3.5). 

Creatinine Clearance (Before): 

Range: 40-120.7


ml/min 

Mean ( SD: 61.43(19.63
ml/min

Statistical comparison of creatinine clearance between patients and control group showed very highly significant decrease (p<0.001) (Table 3.6). 

Creatinine Clearance (After): 

Range: 40-140 


ml/min 

Mean ( SD: 72.91(23.69
ml/min

The patients after treatment stayed with very highly significant decrease in creatinine clearance than control group (p<0.001) (Table 3.7). A comparison between patients before and after treatment with amlodipine showed very high significant increase (p<0.001) (Table 3.5). 

Diastolic Blood Pressure (Before)

Range: 90-130 


mmHg 

Mean ( SD: 105.90 ( 11.19
mmHg

High abnormal values( >80mmhg)   were found in 50(100.0%) of patients (Table 3.2). Statistical comparison of diastolic blood pressure between patients and control group showed very highly significant increase (p<0.001) (Table 3.6). 

Diastolic Blood Pressure (After)

Range:   70-100 


mmHg 

Mean ( SD: 81.80 ( 8.25
mmHg

High abnormal values( >80mmhg)   were found in 17(34.0%) of patients after therapy (Table 3.2). A statistical comparison between patients after treatment and control group showed non significant difference in diastolic blood pressure(P=0.08) (Table 3.7). 

A comparison between patients before and after treatment with amlodipine showed very high significant decrease (p<0.001) (Table 3.5). 

Systolic Blood Pressure (Before)

Range: 140-200 


mmHg 

Mean ( SD: 163.46 ( 13.73
mmHg

High abnormal values( >130mmhg)  were found in 50(100.0%) of patients (Table 3.2). Statistical comparison of systolic blood pressure between patients and control group showed very highly significant increase (p<0.001) (Table 3.6). 

Systolic Blood Pressure (After)

Range: 120-160 


mmHg 

Mean ( SD: 132.70 ( 10.56
mmHg

High abnormal values( >130mmhg)  were found in 12(24.0%) of patients after therapy (Table 3.2). A statistical comparison between patients after treatment and control group showed significant increase in systolic blood pressure (p>0.05) (Table 3.7). A comparison between patients before and after treatment with amlodipine showed very high significant decrease (p<0.001) (Table 3.5). 


Comparison between the Two Drugs :
Although the percentage of hypertensive patients achieved normal systolic and diastolic blood pressure with captopril were higher that those using amlodipine, but the difference between them was not significant (p>0.05) (Table 3.8 and 3.9). Additionally, table (3.10) shows no significant difference between the two patients groups in FBS, serum creatinine ,serum urea and creatinine clearance (p>0.05). 




Figure (3.1) Age distribution of control group. 


Figure (3.2) Age distribution of captopril group. 




Figure (3.3) Age distribution of amlodipine group.


Fig. (3.4) Sex distribution of the studied groups.



Table (3.1) Blood pressure and biochemical parameters of patients before    and after therapy with captopril.
	Parameters
	
	Mean ( SD
	Range
	p-value

	Blood pressure  (mmHg)
	Systolic
	Before
	159.94 ( 11.10
	130-180
	<0.001

	
	
	After
	130.56 ( 9.65
	115-150
	

	
	Diastolic
	Before
	102.70 ( 9.80
	90-130
	<0.001

	
	
	After
	80.10 ( 7.86
	70-100
	

	FBS (mg/dl)
	Before
	188.36 ( 68.23
	74-356
	<0.001

	
	After
	148.80 ( 50.70
	77-300
	

	Serum creatinine (µmol/L)
	Before
	125.58 ( 29.10
	75-194.4
	<0.001

	
	After
	106.57 ( 20.13
	74-158
	

	Serum urea (mmol/L)
	Before
	9.01 ( 3.74
	3.5-20.8
	<0.001

	
	After
	7.46 ( 2.45
	4-18
	

	Crcl (ml/min)
	Before
	60.94 ( 16.86
	40.0-102.7
	<0.001

	
	After
	71.91 ( 15.65
	40-105.2
	


Table (3.2) Number and percentage of high abnormal values in cases. 

	
	Parameters
	Before
	After

	
	
	No.
	%
	No.
	%

	Captopril
	Diastolic BP (mmHg)
	50
	100.0
	14
	28.0

	
	Systolic BP (mmHg)
	49
	98.0
	15
	30.0

	
	Serum glucose (mg/dl)
	43
	86.0
	34
	68.0

	
	Serum creatinine (µmol/L)
	26
	52.0
	10
	20.0

	
	Serum urea (mmol/L)
	31
	62.0
	26
	52.0

	Amlodipine
	Diastolic BP (mmHg)
	50
	100.0
	17
	34.0

	
	Systolic BP (mmHg)
	50
	100.0
	12
	24.0

	
	Serum glucose (mg/dl)
	45
	90.0
	42
	84.0

	
	Serum creatinine (µmol/L)
	23
	46.0
	13
	26.0

	
	Serum urea (mmol/L)
	34
	68.0
	26
	52.0


Table (3.3) Blood pressure and biochemical parameters of control and captopril before treatment. 

	Parameters
	Mean ( SD 
	p-value

	
	Control (n=30)
	Captopril

 (n=50)
	

	Systolic BP (mmHg)
	126.83 ( 8.15
	159.94 ( 11.10
	<0.001

	Diastolic BP (mmHg)
	78.00 ( 6.38
	102.70 ( 9.80
	<0.001

	FBS (mg/dl)
	90.29 ( 16.35
	188.36 ( 68.23
	<0.001

	Serum creatinine (mol/L)
	73.49 ( 13.26
	125.58 ( 29.10
	<0.001

	Serum urea (mmol/L)
	5.28 ( 1.45
	9.01 ( 3.74
	<0.001

	Crcl (ml/min)
	107.55 (25.53
	60.94( 16.86
	<0.001



Table (3.4) Blood pressure and biochemical parameters of control and captopril after treatment. 

	Parameters
	Mean ( SD 
	p-value

	
	Control (n=30)
	Captopril (n=50)
	

	Systolic BP (mmHg)
	126.83 ( 8.15
	130.56 ( 9.65
	0.08 (NS)

	Diastolic BP (mmHg)
	78.00 ( 6.38
	80.10 ( 7.86
	0.42 (NS)

	FBS (mg/dl)
	90.29 ( 16.35
	148.80 ( 50.70
	<0.001

	Serum creatinine (mol/L)
	73.49 ( 13.26
	106.57 ( 20.13
	<0.001

	Serum urea (mmol/L)
	5.28 ( 1.45
	7.46 ( 2.45
	<0.001

	Crcl (ml/min)
	107.55 (25.53
	71.91 ( 15.65
	<0.001


Table (3.5) Blood pressure and biochemical parameters of patients before and after therapy with amlodipine. 

	Parameters
	
	Mean ( SD
	Range
	p-value

	Blood pressure  (mmHg)
	Systolic
	Before
	163.46 ( 13.73
	140-200
	<0.001

	
	
	After
	132.70 ( 10.56
	120-160
	

	
	Diastolic
	Before
	105.90 ( 11.19
	90-130
	<0.001

	
	
	After
	81.80 ( 8.25
	70-100
	

	FBS (mg/dl)
	Before
	210.72 ( 95.86
	91.8-465.0
	<0.001

	
	After
	163.69 ( 56.76
	92-318
	

	Serum creatinine (mol/L)
	Before
	131.28 ( 38.42
	77-220
	<0.001

	
	After
	113.01 ( 33.98
	70-200
	

	Serum urea (mmol/L)
	Before
	8.95 ( 3.08
	4.7-20.2
	<0.001

	
	After
	7.71 ( 2.17
	4.3-12.6
	

	Crcl (ml/min)
	Before
	61.43 (  19.63
	40-120.7
	<0.001

	
	After
	72.91 ( 23.69
	40-140
	


Table (3.6) Blood pressure and biochemical parameters of control and amlodipine before treatment. 

	Parameters
	Mean ( SD 
	p-value

	
	Control (n=30)
	Amlodipine (n=50)
	

	Systolic BP (mmHg)
	126.83 ( 8.15
	163.46 ( 13.73
	<0.001

	Diastolic BP (mmHg)
	78.00 ( 6.38
	105.90 ( 11.19
	<0.001

	FBS (mg/dl)
	90.29 ( 16.35
	210.72 ( 95.86
	<0.001

	Serum creatinine (mol/L)
	73.49 ( 13.26
	131.28 ( 38.42
	<0.001

	Serum urea (mmol/L)
	5.28 ( 1.45
	8.95 ( 3.08
	<0.001

	CrCl (ml/min)
	107.55 (25.53
	61.43 ( 19.63
	<0.001


Table (3.7) Blood pressure and biochemical parameters of control and amlodipine after treatment. 

	Parameters
	Mean ( SD 
	p-value

	
	Control (n=30)
	Amlodipine (n=50)
	

	Systolic BP (mmHg)
	126.83 ( 8.15
	132.70 ( 10.56
	0.01

	Diastolic BP (mmHg)
	78.00 ( 6.38
	81.80 ( 8.25
	0.08 (NS)

	FBS (mg/dl)
	90.29 ( 16.35
	163.69 ( 56.76
	<0.001

	Serum creatinine (mol/L)
	73.49 ( 13.26
	113.01 ( 33.98
	<0.001

	Serum urea (mmol/L)
	5.28 ( 1.45
	7.71 ( 2.17
	<0.001

	Crcl (ml/min)
	107.55 (25.53
	72.91 ( 23.96
	<0.001



Table (3.8) Number of patients achieved normal systolic blood pressure after therapy with captopril or amlodipine. 

	B.P
	Captopril
	Amlodipine
	p-value

	
	No.
	%
	No.
	%
	

	Normal
	35
	70.0
	38
	76.0
	0.30 (NS)

	Abnormal
	15
	30.0
	12
	24.0
	

	Total
	50
	100
	50
	100
	


NS = Not significant 

Table (3.9) Number of patients achieved normal diastolic blood pressure                      after therapy with captopril or amlodipine. 

	B.P
	Captopril
	Amlodipine
	p-value

	
	No.
	%
	No.
	%
	

	Normal
	36
	72.0
	33
	66.0
	0.517 (NS)

	Abnormal
	14
	28.0
	17
	34.0
	

	Total
	50
	100
	50
	100
	


NS = Not significant 

Table (3.10) Reduction of FBS, serum creatinine, serum urea and serum urea after therapy with captopril or amlodipine. 

	Parameters
	Mean ( SD (%) 
	p-value

	
	Captopril (n=50)
	Amlodipine (n=50)
	

	FBS (mg/dl)
	-17.99 ( 18.28
	-16.55 ( 19.14
	0.41 (NS)

	Serum creatinine (mol/L)
	-12.71 ( 16.94
	-11.98 ( 18.09
	0.62 (NS)

	Serum urea (mml/L)
	-12.32 ( 20.15
	-10.95 ( 15.92
	0.31 (NS)

	Creatinine clearance
	+19.47(21.33
	21.04(27.61
	0.84(NS)

	Systolic BP (mm Hg)
	-18.10 ( 6.95
	-18.25 ( 9.55
	0.83 (NS)

	Diastolic BP (mm Hg)
	-21.51 ( 9.30
	-22.15 ( 9.64
	0.79 (NS)


NS = Not significant 

Chapter Four

Discussion

Discussion
         Although the principles of management of hypertension in the diabetic patients resemble those in a hypertensive individual without diabetes , there are additional medical problems and different classes of antihypertensive drugs to consider in the diabetic patients . Individuals with both hypertension and diabetes are at high risk for both vascular and renal diseases . They should , therefore , be treated with the appropriate antihypertensive drugs and be carefully monitored to ensure satisfactory blood pressure control and prevention of end – organ complications (Gilbert et al., 1995).

        The choice of antihypertensive therapy is an important issue , since the available classes of agents differ in their metabolic effects. For example , studies have shown that diuretics and β - blockers tend to decrease insulin sensitivity , α– blockers produce an increase and angiotensin converting enzyme inhibitors and angiotensin respecter blockers have neutral effects (Berne et al.,1991; Lithell 1991).

        The patients in the present study were type 2  diabetic individuals , having an elevated of both systolic and diastolic blood pressure and high serum glucose levels although they are on continuous oral hypoglycemic therapy . In addition some patients have abnormal renal function as evident by their abnormal renal parameters including , serum urea , serum creatinine and creatinine clearance . 


         Therapy with captopril or amlodipine for a period of eight weeks in the present study revealed a reduction of the mean of both systolic and diastolic blood pressure , in addition an acceptable percent of the patients have got           a goal blood pressure of less than 140/90 mmHg . These results may indicates a beneficial effects of both agents for the treatment of mild to moderate essential hypertension .

        The results of the present study are in agreement with the results of many studies that also demonstrated an effective role of both captopril and amlodipine in the treatment of elevated essential hypertension .

        The UK Prospective Diabetes Study Group , UKPDSG 39(1998) showed that captopril and atenolol were equally effective in reducing blood pressure from 160/94 mmHg to 144/83 mmHg and 143/81 mmHg , respectively . 

          In a study involved 41 patients with primary (essential) hypertension , treated with captopril alone or in combination with hydrochlorothiazide for 12-36 months , captopril alone or in combination with hydrochlorothiazide seems to be effective and safe drug in the long term treatment of primary hypertension (Karlberg et al.,1982). In another study ,captopril , was evaluated in the treatment of essential hypertension in a placebo controlled long term study . In 24 patients allocated to captopril treatment , mean supine blood pressure fell from 174±18/110±7 to 151±22/96±12 mmHg. Ten patients achieved a supine diastolic blood pressure of less than or equally 90mmHg with a mean blood pressure fall of 28/22 mmHg after 4 weeks captopril dose titration . In 14 patients BP fell 19/9mmHg (Karlberg et al.,1981).


            The response of arterial blood pressure to the administration of captopril was studied in patients with established essential hypertension . Captopril was effective in lowering significantly the blood pressure from a mean of 189.4/111.2 ± 23.9/9.7 to 163.4/98.1 ± 20.7/8.6 mmHg (Posadas et al.,1982).

            The above studies concerning the effects of captopril on the elevated blood pressure indicated that captopril is an effective antihypertensive agent.  These results are inconsistence with the results obtained from the present study which also proved the antihypertensive effect of captopril.

             Regarding amlodipine, its antihypertensive properties was investigated in many studies involving patients with essential hypertension. In a study performed by Hofling et al.(1991) , amlodipine was found to normalize of the supine diastolic blood pressure in 72.3% of patients. In another study the antihypertensive efficacy of once – daily amlodipine was studied in a group of 30 patients with mild to moderate hypertension in a double – blind , placebo controlled parallel group study . Amlodipine after 8 weeks period , produced a significant reduction in blood pressure compared with placebo , the mean difference between baseline and 8 weeks being 16/12 mmHg supine , 14/8 mmHg standing (Webster et al.,1987).

            The antihypertensive effect of amlodipine was  assessed in 139 patients with mild to moderate hypertension . At week 12 , the mean reductions for supine and standing systolic and diastolic blood pressure values were found to be   -15.2 /-12.3 mmHg and  -14/-11.6 mmHg  , respectively. The percentage of patients responding to treatment at week 12 was 74% (Adolphe et al.,1993).

    

       The efficacy of amlodipine was evaluated in patients with mild to moderate hypertension . Amlodipine normalized blood pressure in  94.7% of patients  after 4 weeks of treatment (Englert et al.,1991). In another study the effect of amlodipine was assessed in 79 patients with essential hypertension . After 12 weeks of treatment , the mean decrease in systolic blood pressure was 28.2±11.2 mmHg and the mean decrease in diastolic blood pressure was 17.5±6.9 mmHg. The responder rate 92.1 (Kes et al.,2003).

        The data obtained from the present study indicated a non – significant difference between the 2 treatment groups in regard to the reduction of systolic and diastolic blood pressure obtained after captopril and amlodipine therapy . In addition a non significant difference was obtained between the percentage of the patients achieved normal systolic and diastolic blood pressure after therapy with captopril and amlodipine . These results indicated a comparable antihypertensive effects of the two drugs.

        The results of the present study were in agreement with the results obtained from another study performed by velasco et al.(1991). This is a double – blind , parallel , comparative study of the antihypertensive efficacy of once daily oral dose of amlodipine versus twice daily oral doses of captopril in adult patients with mild or moderate essential hypertension . This study concluded that the overall efficacy of captopril and amlodipine in the treatment of essential hypertension is comparable.   

        In another study , the efficacy of once daily amlodipine and twice daily captopril was compared in 45 patients with mild to moderate essential hypertension . Between treatment comparisons showed that amlodipine 


produced a significantly greater reduction in sitting diastolic blood pressure than captopril . This study not consistent with the present study which demonstrated a non significant difference between the efficacy of captopril and  amlodipine.

          Patients with type 2 diabetes , metabolic syndrome x , and pre-diabetes are often treated with antihypertensive medications because of concomitant hypertension or cardiovascular diseases (JNC 6th Report ,1997;Beckman et al.,2002). The frequency of antihypertensive drug usage in such patients will undoubtedly grow as current guidelines recommending aggressive control of blood pressure and cardiovascular risk are implemented (JNC 6th Report , 1997 ; American Diabetes Association , 2003).

           Previous studies have shown that antihypertensive agents may exert different effects on glycemic control (Perez-Stable and Caralis , 1983 ; Houston , 1988 ; Lithell , 1991). In general , ACE inhibitors , angiotensin receptor blockers , and calcium channel blockers seem to have neutral or beneficial effects , where as β-blockers and thiazide diuretics tend to worsen insulin resistance or glycemic control. However , these are broad generalization , and studies have shown conflicting results , even between agents within the same class (Perez-Stable and Caralis , 1983 ; Houston , 1988 ; Lithell , 1991). Differences in study design , study duration , sample size , comparison groups , laboratory techniques , patient populations , drug dosage and agent used likely explain the discrepancies in results .    


         The patients included in the present study were type 2 diabetic patients, they were  hyperglycemic , blood glucose was high although patients are under continuous therapy with oral hypoglycemic agents. After therapy for   a period of 8 weeks with captopril and amlodipine , serum glucose levels were significantly reduced , indicating a beneficial effect, of both agents on the serum glucose concentration . Comparison between the effects of the two drugs on serum glucose concentration showed a non significant difference , indicating a comparable beneficial effects of both drugs on serum glucose concentration .

          Studies concerning the effects of calcium channel blockers on serum glucose concentration of diabetic hypertensive patients were limited . Lithell(1991) showed that calcium channel blockers have neutral or improve glucose concentration . Ahaneku (1996)showed that mean fasting blood glucose level remained the same after 3 months of amlodipine therapy of 20 adult hypertensive patients . The metabolic effects of amlodipine have investigated in type 2 diabetic hypertensive patients . In general , amlodipine seem to have a neutral effect on metabolic parameters (Lender et al.,1999) . Rosenthal et al.(1997) showed that verapamil , a calcium channel blocker , succeeded in lowering spontaneous blood glucose levels in diabetic hypertensive rats , indicating improved diabetic control.

          The reduction of serum glucose concentration by amlodipine therapy reported in the present study may be due to vasodilatation and improve peripheral blood flow which may explain the improvement in insulin sensitivity seen with calcium channel blockers (Pitre et al.,1999).

           Studies regarding the effects of captopril on serum glucose concentration demonstrated a controversial results.  The effects of captopril on plasma glucose concentration was evaluated in 12 non- insulin dependent normotensive subjects . The administration of captopril improved the daily profile of the plasma glucose level (Kodama et al.,1990).

           In infusion experiments in streptozotocin-diabetic rats , application of exogenous bradykinin or inhibition of endogenous kinin degradation by captopril showed a significant reduction of elevated blood glucose levels. In man , non-insulin dependent diabetics and healthy subjects in postoperative stress were examined. In both types of subjects impaired peripheral insulin responsiveness , as evaluated by whole body glucose consumption , was improved up to 50% by application of exogenous bradykinin or captopril. This was most probably due to accelerated muscle glucose uptake . It was conclude that captopril increase muscular insulin responsiveness , thus being beneficial in insulin –resistant states as well as in hypertension (Rett et al.,1986) . The effect of captopril on glucose metabolism of skeletal muscle and the whole organism was studied in nine normotensive type П non insulin dependent diabetics . The administration of captopril resulted in         a significant  rise of both the whole body glucose elimination and utilization rate in forearm musculature . The data support the view that , in type П diabetics  ACE inhibition raises the insulin stimulated glucose uptake of the whole organism , predominantly due to an increased glucose uptake by the skeletal musculature (Rett et al.,1988).

      

          The result of the above studies were in agreement with the results obtained from the present study , clearing that captopril have a beneficial effect on the serum glucose level.  ACE inhibitors may improve glycemic control and improving insulin sensitivity by enhancing blood flow to skeletal muscle and other tissues (Jauch et al.,1987 ; Pollare et al.,1989 ; Torlone et al.,1991) . Inhibition of adrenergic activity , which impairs insulin secretion (via α2 receptors) and glucose uptake , is another potential mechanism (Diebert and DeFranzo 1980; Holm , 1983; Lithell , 1992).  In contrast to the results of the present study , other studies did not demonstrated any effect of captopril on serum glucose concentration. The effect of captopril was tested on glucose level in 30 hypertensive non-insulin dependent diabetes mellitus patients . Fasting plasma glucose and HbALC did not change significantly after 3 month period therapy (Giordano et al.,1996) . Fourteen type 2 diabetic patients with essential hypertension were treated with captopril , fasting plasma glucose , insulin and glycosylated hemoglobin concentrations were unchanged from baseline (Yin et al.,1994).                          
         Diabetic nephropathy is a clinical syndrome that is characterized by staged progression of increasing urinary albumin excretion . Established diabetic nephropathy is characterized by persistent proteinuria (300 mg or more per 24 hours ) , progressive decline in GFR at a rate of 10ml each year in untreated elevated blood urea nitrogen , elevated serum creatinine , and increased arterial blood pressure (Prabhu et al.,2005) .

         The results of the present study revealed beneficial effects of captopril, an ACE inhibitor on kidney function as S.urea and serum creatinine concentration decreased and creatinine clearance increased after therapy 


with captopril . Although many different agents have been shown to be effective in reducing blood pressure in patients with diabetes , results have conflicted regarding the renal effects of specific antihypertensive agents . The differing results of these studies could be due to differences in the agents themselves , differences in patients , differences in the duration of treatment , or even differences in study design (Kasiske et al.,1993).

          The effects of ACE inhibitors including captopril on renal functions were evaluated in many studies . The evaluation of the effects may include , testing of their effects on patient’s proteinuria or effects on GFR , Cr clearance or serum creatinine concentration . Most investigators found that ACE inhibitors reducing proteinuria (Hommel et al.,1986 ; Insua et al.,1988 ; Stornello et al.,1989-a ; Stornello et al .,1989-b ; Bakris,1990 ; Gonzalez-Sicilia de Liamas et al.,1991) .

          However many studies found no change in proteinuria (Cambaro et al.,1985 ; Bjorck et al.,1986 ; Corcoran et al.,1987 ; Valvo et al.,1988 ; Elving et al.,1989), and one study found that urine protein excretion increased after treatment with ACE inhibitor (Hay et al .,1988) .    

         As with proteinuria , studies examining the effect of ACE inhibitors on renal function in patients with diabetes also produced conflicting results . The glomerular filtration rate after ACE inhibitors for different durations was either unchanged (Stornello et al.,1988 ;Stornello et al.,1989-c ; Morelli et al .,1990 ; Ruberg et al.,1990) or decreased (Bjorck et al.,1986 ; Parving et al.,1988 ; Wiegmann et al.,1992) .


        Other studies focused on the effects of ACE-inhibitors on creatinine concentration and creatinine clearance . Amann et al.(2003) reported an increase of creatinine clearance from 61 to 77 ml/min upon treatment of 22 patients with type 2 diabetes and diabetic nephropathy with ACE inhibitor lisinopril . A study in 52 type 2 diabetic patients with hypertension and nephropathy followed for 5 years on atenolol , lisinopril , verapamil or deltiazem found that the ACE inhibitors and the calcium blockers equally delayed the decline in creatinine clearance compared with the β-blocker (Bakris et al.,1996) .

          In another study , compared the effect of captopril with a placebo in IDDM patients , captopril therapy was found to preserve creatinine clearance rate as it remained stable in the captopril group while it decreased in the placebo group (Leffel et al.,1995) . Lewis et al . (1993) showed that captopril protects against deterioration in renal function in insulin dependent diabetic nephropathy , when compared with a placebo .  In this study serum creatinine concentration doubled in 25 patients in the captopril group as compared with 43 patients in the placebo group .The associated reductions in risk of a doubling of the serum creatinine concentration were  48% in the captopril group as a whole . The mean rate of decline in creatinine clearance was 11±21% per year in the captopril group and 17±20% per year in the placebo group .


          Use of ACE inhibitors prevent progression to overt nephropathy , is effective even in low levels of blood pressure reduction. The effects of ACE inhibitors on renal function were not limited to patients with type Ι or type П  diabetes , patients with hypertension or patients with early or more advanced diabetic nephropathy . In addition the magnitude of the effect of ACE inhibition was independent of the duration  of therapy . Thus the relative increase in GFR after ACE inhibitors was not significantly different in patients treated for short or prolonged periods of time (Kasiske et al., 1993). 

         In the present study amlodipine was also found to have good effects on renal function of the diabetic patients as evident by the reduction of both serum urea and creatinine concentrations and increased of creatinine clearance of the patients . 

         Like ACE inhibitors , the effects of calcium channel blockers on renal function were studied by determination of the excretion of protein by the kidney or assessment of GFR or by the determination of serum creatinine concentration and assessment of creatinine clearance .

          Studies that examined the effects of calcium antagonists on protein excretion revealed that proteinuria decreased (Baba et al.,1989  ; Stornello et al.,1989 -a ; Bakris ,1990 ) , remained unchanged (Corcoran et al.,1987 ; Cruickshank et al.,1988 ; Holdaas et al.,1991 ) or increased (Insua et al 1988 ; Demarie and Bakris .,1990) .        

          Studies with calcium antagonists on GFR found no change (Baba et al .,1989 ; Stornello et al.,1989-a ; Bakris ,1990) . or a decrease in GFR (Demarie and Bakris , 1990 ; Holdaas et al.,1991). In a study done by Zanetti-Elshater et al .(1994) , amlodipine caused a significant and long lasting decrease of arterial pressure , but did not modify creatinine clearance or microalbumine excretion in hypertensive diabetic patients . 
          The effect of doxazosin , captopril , nifedipine on renal function in hypertensive non-insulin dependent diabetic patients was evaluated . In the doxazosin group creatinine clearance rose from  99 ± 8 to 122 ± 8 ml/min while 24 hours urinary protein excretion declined from 2.66 ± 0.05 to 1.76± 0.02 mg/day/ml/1.73m².min . In captopril group creatinine clearance rose from 93 ± 6 to 109 ± 9 ml/min , while the 24 hours urinary protein excretion fell from 2.7± 0.05 to 2.03 ± 0.04 mg/day/ml/1.73m².min . In patients treated with nifedipine creatinine clearance did not change , while 24 hours urinary protein excretion decreased from 2.84 ± 0.04 to 1.95 ± 0.03 mg/day/ml/1.73m².min . The study concluded that both doxazosin and captopril treatment were associated with significant rises in GFR , while all 3 drugs caused a significant decline in proteinuria (Giordano et al .,1995) .

          The present study revealed a comparative effects of amlodipine and captopril on renal functions as no significant differences were found between the reduction of serum urea , creatinine concentrations and creatinine clearance after therapy with both drugs.  Studies in hypertensive , normoalbuminuric type 2 diabetic patients have compared the effect of ACE inhibition with long acting dihydropyridine calcium entry blockers or β-blockers each demonstrated a similar beneficial effect in providing protection against the development of renal injury (Tatti et al.,1988 ; UKPDSG38,1998 ; Estacio et al.,2000 ).

        ACE inhibitors , have not shown any renal protective advantage in type 2 diabetes over other antihypertensive agents such as β-blockers (UKPDSG 39 ,1998) or nondihydropyridine calcium channel blockers (Bakris et al.,1997 ; Schrier et al.,2002)

                                   Conclusion
1. Both captopril and amlodipine reduce the elevated mild to moderate essential hypertension .

2. Their antihypertensive effects were comparable .

3. They have a beneficial effects on serum glucose level .

4. They possess a beneficial effect on the renal function .

5. They are a good antihypertensive agents in hypertensive diabetic patients as they are significantly reduced the elevated BP and achieved normal BP in the majority of patients . In addition they possess no harmful effects on glucose and kidney function . 

Suggestion for further studies

    The effects of captopril and amlodipine on :

1. Uric acid concentration and Na , K , Ca ions

2. Lipid profile

3. Liver functions 
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Appendix 

Date of admission


Name of patient    


Age                                                       Years


Weight                                      Kg                height                     cm


Lived on                

Duration of diabetic disease 


Drug/s treat diabetes                                                 

Dose/s of drugs


Any disease or drug used 


Blood pressure reading(before)                          mmHg


Blood glucose reading (before)                           mg/dl


Serum creatinine                      µmol/l                after 8 weeks                        μmol/l


Serum urea                               mmol/l                after 8 weeks                       mmol/l


Drug dispense to patient for diabetes                            

                                           Doses 

Drug dispense to patient for hypertension   

                                           Doses 


Hypertension after 4 weeks                           mmHg                


Hypertension after 8 weeks                             mmHg


Blood glucose after 8 weeks                          mg/dl          

Any notes              

الملخص

أجريت هذه الدراسة على مئة مريض يعانون من ارتفاع ضغط الدم المصاحب لمرض السكري من النمط الثاني ، حيث تم تقسيم المرضى إلى مجموعتين كل مجموعة تتألف من خمسين مريض .

ألمجموعة الأولى صرف لها عقار الكابتوبريل بجرع تتراوح من (٢٥- ٥٠) مغ  مرتين أو ثلاث مرات يومياً أعمارهم تتراوح بين (٤٠- ٧٣)سنة ، بينما المجموعة الثانية صرف لها عقار أملودبين و بجرع تتراوح من (٥- ١٠)مغ كجرعة واحدة يومياً أعمارهم تتراوح بين (٤٠ – ٦٨) سنة . ألهدف من الدراسة للتحقق من تأثير عقاري الكابتوبريل والأملودبين على مستوى ضغط الدم وتركيز السكر في مصل الدم مع ملاحضة التأثير على عمل الكلى .

ثلاثون من الأشخاص الأصحاء شاركوا بالدراسة كمجموعة سيطرة أعمارهم تتراوح بين  (٣٨-٧٥) .
عينات الدم تم جمعها من المرضى والأشخاص الأصحاء من مجموعة السيطرة بعد ١٢ساعة من الصيام عن الطعام وبعد ذلك تم استخلاص المصل من هذه العينات حيث استخدم لحساب تركيز السكر واليوريا والكرياتنين .

تم قياس ضغط الدم للمرضى بأستخدام الجهاز الزئبقي قبل أخذ عقاري الكابتوبريل والأملودبين وبعد مضي ثمانية أسابيع من إعطاء العلاج تم قياس تركيز السكر في مصل الدم بأستخدام طريقة كلوكوز- أوكسيديز- بيروكسيديز أما تركيز اليوريا في مصل الدم تم قياسه بواسطة الطريقة المطورة لتفاعل بيرثيلوت وتم قياس تركيز الكرياتنين في مصل الدم بواسطة حاض البكريك وهيدروكسيد الصوديوم أما طرح الكرياتنين عن طريق الكلى تم قياسه  بأستخدام معادلة كوك كروفت وكولت .

أظهرت النتائج التي تم الحصول عليها في هذه الدراسة انخفاضاً معنوياً في مستوى ضغط الدم بعد العلاج بكل من عقاري الكابتوبريل والأملودبين . أما النسبة المئوية للمرضى الحاصلين على نسبة طبيعية في ضغط الدم العالي فهي ٧٠%  في المجموعة الأولى التي صرف لها دواء الكابتوبريل و ٧٦%  في المجموعة الثانية التي صرف لها دواء الأملودبين أما بالنسبة لضغط الدم الواطئ فتم الحصول على نسبة طبيعية في  ٧٢%  في مجموعة الكابتوبريل و ٦٦%  في مجموعة الأملودبين .

لا يوجد أي إختلاف معنوي بين المجموعتين بخصوص انخفاض ضغط الدم بعد العلاج بكلا الدوائين         أو بين النسبة المئوية للمرضى الحاصلين على ضغط دم طبيعي بكلا المجموعتين .


تم الحصول على انخفاض معنوي في تركيز الكلوكوز والكرياتنين قي مصل الدم مع ارتفاع معنوي في طرح الكرياتنين بعد العلاج بكلا العقارين .

استنتجت الدراسة بأن عقاري الكابتوبريل والأملودبين يخفضان ضغط الدم بشكل معنوي . كما أنهما                     يخفضان بشكل معنوي تركيز السكر واليوريا والكرياتنين في مصل الدم وبفائدة كبيرة                                        على وضائف الكلى كما يمكن اعتبارهما من الأدوية المناسبة جدا لمرضى السكري                                         من النمط الثاني المصاحب لارتفاع ضغط الدم لانهما لا يسببان أي اثر سلبي على تركيز السكر في مصل  الدم أو وضائف الكلى .
إقرار ألمشرف

أشهد بأن أعداد هذه الرسالة جرى تحت أشرافي في جامعة ألموصل وهي جزء من متطلبات درجة ألماجستير في علم ألأدوية

التوقيع :

                               المشرف: أ.م.د. عصام حمو محمود
التاريخ:

إقرار المقوم اللغوي
أشهد بأن هذه الرسالة الموسومة بـ "   تأثير عقاري الكابتوبريل والأملودبين على ضغط الدم،مستوى السكر بالدم ووظائف ألكلى للمرضى ألمصابين بداء ألسكري من النمط الثاني ألمصاحب لارتفاع ضغط الدم" تمت مراجعتها من الناحية اللغوية وتصحيح ما ورد فيها من أخطاء لغوية وتعبيرية وبذلك أصبحت مؤهلة للمناقشة بقدر تعلق الأمر بسلامة الأسلوب وصحة التعبير.

التوقيع :

المقوم اللغوي: د.
التاريخ:

إقرار رئيس الفرع
بناء على التوصيات التي تقدم بها المشرف والمقوم اللغوي أرشح هذه الرسالة للمناقشة:

التوقيع :

                                   رئيس الفرع: أ.م.د. عصام حمو محمود
التاريخ:

إقرار رئيس لجنة الدراسات العليا

بناء على التوصيات التي تقدم بها المشرف والمقوم اللغوي ورئيس الفرع أرشح هذه الرسالة للمناقشة:
التوقيع :

    رئيس اللجنة:

التاريخ:

جامعة الموصل

كلية الطب

تأثير عقار الكابتوبريل والأملودبين على ضغط ألدم ، مستوى ألكلوكوز في الدم ووظائف ألكلى في مرضى ألسكري من ألنمط الثاني 

أسامة أيوب يعقوب

رسالة ماجستير

علم الأدوية

............................................................................................................
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