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Abstract
Hypertension, also known as ‘high blood pressure’ has become increasingly prevalent and is an important risk factor for cardiovascular and renal disease. Hypertension is defined as an elevated blood pressure exceeding 140 millimetre (mm) mercury (Hg) systolic over 90 mmHg diastolic. 
Dr. Barker set at the end of the ‘80’s, the hypothesis that ‘chronic adult diseases are partly determined by events occurring in perinatal life’. This ‘programming’ can lead to hypertension and is associated with cardiovascular risk later in life. The perinatal phase is the phase around birth, when organs are not developed totally and are still plastic. Reprogramming is an inverted Barker’s hypothesis. Hypertension is associated with a deranged transcriptome and a disturbed nitric oxide / reactive oxygen species (NO/ROS) balance. 

Racasan et al proved that it is possible to manipulate the NO/ROS balance during the perinatal phase with factors which correct the disturbed NO/ROS balance in a positive way. Those factors suppress the development of hypertension later in life. 

Racasan et al treated pregnant spontaneously hypertensive rats (SHR) during the perinatal phase of the pups with a dietary mixture of L-arginine, taurine and vitamins C and E. L-arginine is a precursor of NO and taurine and vitamins C and E are anti-oxidants. This mixture should have a positive effect on both sides of the NO/ROS balance; L-arginine should increase NO production and the anti-oxidant should inhibit ROS. Blood pressure decreased compared to the control group. 
Which substance causes the decrease in blood pressure? Koeners et al tested the combination of vitamins C and E, but those did not cause a decrease in blood pressure. During this research project we tested the substances L-arginine and taurine.  L-arginine or taurine causes a persistent decrease in systolic blood pressure and mean arterial pressure. L-arginine or taurine can have an effect on the sodium handling of the treated rats. The SHR’s are subdivided in 3 groups; SHR-control, SHR-L-arginine and SHR-taurine. Those three groups were treaded perinatally. Blood pressure is measured frequently with the tail-cuff method and 24 hours urine are also collected frequently with metabolic cages. When the rats are 21-23 weeks old, they are put into a terminal experiment to measure kidney function and mean arterial pressure (MAP).

The SBP and MAP data showed no difference between the treated groups and the control groups, also sodium handling and hemodynamics were not changed in the treated animals. An explanation for those results is that L-arginine or taurine does not give the persistent lowering effect of SBP, but it is possible that a combination of L-arginine and taurine has a SBP lowering effect. L-arginine (NO-precursor) influences the NO-side of the NO/ROS balance and taurine (anti-oxidant) influences the ROS side of the NO/ROS balance, it is possible that this combination leads to SBP lowering results.

Samenvatting

Hypertensie, ook wel hoge bloeddruk genoemd komt tegenwoordig steeds meer voor en is een belangrijke risicofactor voor cardiovasculaire en renale ziekten. Hypertensie wordt gedefinieerd als een verhoogde bloeddruk met een bovendruk die hoger is dan 140mmHg en een onderdruk die hoger is dan 90mmHg. 

Aan het einde van de jaren ’80 ontwikkelde Dr. Barker zijn hypothese dat ziektes op latere leeftijd vaststaan door gebeurtenissen tijdens de perinatale fase. De perinatale fase is de periode rond de geboorte, waarin de organen nog niet volledig ontwikkeld en deze ontwikkeling vatbaar is voor invloeden van buitenaf. Reprogramming is een omgekeerde Barker’s hypothese. Hypertensie is geassocieerd met een verstoord transcriptoom en een verstoorde stikstofoxide / reactieve zuurstof metabolieten (NO/ROS) balans. 
Racasan et al ontdekten dat het mogelijk is om de NO/ROS balans tijdens de perinatale fase te corrigeren met factoren die een positieve invloed hebben op de verstoorde NO/ROS balans. Deze factoren onderdrukken de ontwikkeling van hypertensie in het latere leven. Racasan et al behandelde zwangere spontane hypertensieve ratten (SHR) tijdens de perinatale fase van de pups met een medicatiemix. Deze medicatiemix bevatte: L-arginine, taurine and vitaminen C en E. L-arginine is een precursor van NO en taurine en vitaminen C en E zijn anti-oxidanten. Deze medicatiemix heeft effect op beide kanten van de NO/ROS balans; L-arginine verhoogd de productie van NO en de antioxidanten vangen het overschot aan ROS weg. De bloeddruk van de behandelde groep daalde ten opzichte van de controlegroep die niet behandeld was. 
Welke stof zorgde voor de bloeddruk verlaging? Koeners et al testte vitaminen C en E, deze hadden geen bloeddruk verlagend effect. 

Met dit onderzoeksproject gaan we de stoffen L-arginine en taurine testen op een verlaging van de systolische bloeddruk (SBP), verlaging van de gemiddelde arteriële bloeddruk (MAP) en een verandering in zout huishouding. Er zijn 3 groepen ratten die perinataal behandeld worden: SHR-controle, SHR-L-arginine en SHR-taurine. De bloeddruk van alle ratten wordt geregeld gemeten met behulp van de tail-cuff methode, ook wordt de 24 uurs urine geregeld verzameld met behulp van metabole kooi. Op een leeftijd van 21-23 weken worden de ratten ingezet in een terminaal experiment, door middel van dit experiment wordt de nierfunctie en de gemiddelde arteriële bloeddruk gemeten.

De data van de SBP en MAP liet geen significant verschil zien tussen de behandelde groepen en de controlegroepen. De zouthuishouding en renale hemodynamica bleven ook onveranderd ten opzichte van de controlegroep. De kans is aanwezig dat een combinatie van L-arginine en taurine wel voor een bloeddrukverlagend effect kan zorgen. L-arginine is namelijk een NO-precursor en taurine is een anti-oxidant, zo zouden beide armen van de NO/ROS balans beïnvloed worden. Dit zou een mooi experiment zijn voor de toekomst.
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1
General introduction
1.1
Hypertension

Hypertension, also known as ‘high blood pressure’ has become increasingly prevalent and is an important risk factor for cardiovascular and renal disease.

Hypertension is defined as elevated blood pressure exceeding 140 millimetre mercury (mmHg) systolic over 90 mmHg diastolic. (1) Five blood pressure measurements above 140 mmHg systolic and 90 mmHg diastolic prove that one has hypertension. (6 ) 

The systolic period is the period when the heart is contracted and oxygen rich blood is delivered to the body. The diastolic period is the relaxation period of the heart,  the heart can be refilled with blood.(2) 

One out of four Dutch adults between the ages of 20-70 years has hypertension.  
Hypertension  is more prevalent in males than in females (27% vs. 22%). (3) 

Hypertension is the most important modifiable risk factor for cardiovascular, cerebrovascular and renal diseases. (4) Hypertension is associated with oxidative stress as reflected by increased reactive oxygen species (ROS). Also, the balance between ROS and nitric oxide (NO) is disturbed in hypertension. (5) Hypertension is often caused by a dysfunction of the kidneys, because long-term blood pressure is primarily regulated by the kidneys. Hypertension can be subdivided into 2 groups; essential hypertension and secondary hypertension. (6)
1.1.1
Essential hypertension

Essential hypertension can be defined as hypertension of unknown cause that increases risk for cerebral, cardiac, and renal disease and accounts for 95% of the cases of hypertension. Primary, the cause is genetical or is a combination of genetic and environmental factors. Many genes can contribute to the development of hypertension. It is not known how essential hypertension is heredited to the next generation. (7)   

In industrialized countries, the risk of becoming hypertensive during a lifetime exceeds 90%. Essential hypertension usually clusters with other cardiovascular risk factors such as ageing, obesity, diabetes, and hyperlipidaemia. (8)
Physiological factors, like high sodium intake also have effect on the development of hypertension. (9,10) The most important renal function is to regulate the balance between sodium input and output. Regulation of the sodium – water balance is linked to blood pressure and volume and involves a variety of neural and hormonal controls. A high sodium intake results in a higher water intake, because one gets thirsty.  
Normally 90% of the sodium is reabsorbed in the kidney. Water follows sodium and is reabsorbed too. The consequence of higher water reabsorption is increased blood volume, and thus the higher blood pressure. (11)
1.1.2
Secondary hypertension

Secondary hypertension accounts for 5% of the cases of hypertension and is diagnosed when high blood pressure is caused by a specific disease in one of the body’s organs or systems. Thus the cause for hypertension is known. For example, secondary hypertension can be caused by diet (excessive sodium and/or calories). 
Other causes of hypertension can be: Cushing’s syndrome, hyperaldosteronism and pregnancy. Thus, secondary hypertension can be cured if its cause is dealt with. (6)   
The main cause of hypertension worldwide is excessive calorie and sodium intake, in this case hypertension is a prosperity disease. (12)    

1.2
The kidneys 

The kidneys are bean-shaped excretory organs, which are located retroperitoneal in the abdominal cavity. The functions of the kidney are; to maintain the homeostatic balance of bodily fluids by filtering and secreting metabolites and minerals from blood and excreting them, along with water, as urine, and to maintain the volume balance and blood pressure. Maintaining the electrolyte concentrations (Na+, K+, Cl-, Ca2+, PO42-) and acid-base levels are also important functions of the kidneys. The kidney also produces hormones and stimulates erythropoiesis (production of red blood cells). Nephrons are the functional units of the kidney and maintain the volume and composition of bodily fluids. (13,14) 

1.2.1 Nephron

The kidneys consist of nephrons, collecting ducts, and a unique microvasculature.  Each kidney contains more than 1 million nephrons and each nephron is divided into a glomerulus and a tubule. A schematic overview of a nephron is shown in figure 1. The glomerulus is a tuft of capillaries that functions as a filter and forms an ultra filtrate from plasma. The glomerulus is surrounded by the Bowman’s capsule and associated with the renal tubule. Tubule is further associated with collecting duct. In the tubule and the collecting duct, reabsorption and secretion of fluid and solutes occurs and is further modifiable based on the needs of the body. Other functions of nephrons are: blood volume and blood pressure regulation, control levels of electrolytes and metabolites and  blood pH regulation. There are thousands of collecting ducts in the kidney. Each collecting duct collects urine from several nephrons and brings it to the renal pelvis, which is connected to the ureter. The ureter is the duct that carries urine from the kidney to the urinary bladder.  

Blood pressure forces small molecules (water, glucose, amino acids, salts and urea) from the glomerulus into the Bowman’s capsule. This filtrate is the beginning of the urine formation. This process is called ‘pressure filtration’. The renal tubule can be divided into different segments, each with specialized transport characteristics, and includes the proximal convoluted tubule (PCT), the loop of Henle, and the distal convoluted tubule (DCT).  The loop of Henle can be subdivided in descending and ascending limb (figure 1). The DCT is associated with the collecting duct, which receives filtrate from many nephrons and runs through the medullary pyramids. Blood vessels are winded around the renal tubule to make filtration of glomeruli, active and passive transport of substances and reabsorption and secretion of water possible. Those blood vessels are defined as vasa recta.

Every part of the renal tubule has another function. The most important function of the PCT is to reabsorb water and salt. Another function of the PCT is maintaining blood pH by secretion of  hydrogen (H+). Synthesis and secretion of ammonia occurs also in the PCT, to prevent that blood pH gets too low. 90% Of the important buffer bicarbonate (HCO3-) is reabsorbed  in the PCT to keep blood pH stable.

The functions of the descending limb of the loop of Henle are: continuing with the reabsorption of water. The epithelium of the descending limb of the loop of Henle is different from the epithelium of the PCT. The epithelia of the descending limb of the loop of Henle has aquaporins and is very permeable for water. The descending limb of the loop of Henle is less permeable for salt. As a result of the osmosis, the concentration of the filtrate increases. The ascending limb of the loop of Henle is more permeable for salt, but less permeable for water. The filtrate is being diluted in this process. The DCT takes care of secretion and reabsorption. The concentration of K+ and Na+ in the filtrate is sensed and adjusted if necessary by active transport of NaCl. Other processes in the DCT are: secretion of H+ en reabsorption of HCO3-, to regulate the blood pH. The filtrate is eliminated through the collecting duct. In the collecting duct the secretion of NaCl occurs for the last time. Secretion of urea and reabsorption of water regulated by the anti-diuretic hormone also takes place in the collecting duct. (15, 16)
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Figure 1: Schematic view of a nephron. Filtrate enters the glomerulus, goes through the filtration membrane into Bowman’s capsule and then through the renal tubule (Proximal Convoluted Tubule ( Loop of Henle ( Distal Convoluted Tubule) and ends in the collecting duct which carries the urine through the cortex and medulla,  into the pelvis. (17) 

1.2.2 Juxtaglomerular apparatus

Each nephron includes a region defined as the juxtaglomerular apparatus. The juxtaglomerular apparatus exists of: juxtaglomerular cells, macula densa and mesangial cells. The juxtaglomerular cells are located in the wall of the arteriole. Juxtaglomerular cells are smooth muscle cells with secretory granula’s which contain renin. Juxtaglomerular cells function as mechano receptors which sense blood pressure in the afferent arteriole (arteriole entering the glomerule). Functions of the juxtaglomerular cells are; regulation of  the renal blood flow (RBF) and regulation of the glomerular filtration rate (GFR). Juxtaglomerular cells secrete renin in response to a decrease in pre-glomerular pressure.  The macula densa exists of epithelial cells which are located along the distal tubulus. The macula densa cells are chemoreceptor’s that respond to changes in the solute content of the filtrate. When the glomerular filtration rate decreases, the tubular salt content decreases too. The macula densa registers this and gives a signal to the juxtaglomerular apparatus which in turn stimulates renine secretion. Mesangial cells are structural cells in the glomeruli that under normal conditions serve as anchors for the glomerular capillaries. (15)

1.3
Renin – Angiotensin – Aldosterone – System (RAAS)

Angiotensin (Ang) is a hormone that causes vasoconstriction, increases blood pressure and releases aldosterone from the adrenal cortex. The hormone was discovered in late 1930s and called as hypertensin. When it was found that more types of Ang existed, the hormone was finally noted as Ang II. (55) Ang is derived from the precursor molecule angiotensinogen, that is produced in the liver. Angiotensin plays an important role in the renin-angiotensin-aldosterone system (RAAS). RAAS is a hormone system that helps regulate long-term blood pressure. 

The RAAS system is activated, when there is a loss of body volume or a drop in blood pressure. If the perfusion of the juxtaglomerular apparatus in the kidneys decreases, the juxtaglomerular cells release renin. Renin converts angiotensinogen to Ang I, which is further onverted to Ang II by angiotensin converting enzyme (ACE). As mentioned above Ang II has multiple effects on the body. Throughout the body,  Ang II is a vasoconstrictor. Ang II constricts glomerular arterioles in the kidneys and increases GFR. The constriction of afferent arterioles increases arteriolar resistance and raises the systemic arterial blood pressure, and decreases the blood flow. 

A result of persistent stimulation of  RAAS is an increase in creatinine and proteinuria in blood. (18)  Aldosterone stimulates the reabsorption of sodium and water and the secretion of potassium resulting in decreased urine volume and increased body volume. This is especially an important mechanism that is triggered when blood pressure is decreased. (19) Figure 2 shows the pathways in the RAAS.   
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 Figure 2 (20) : The Renin Angiotensin Aldosterone System (RAAS) maintains long term blood pressure. Angiotensinogen is converted into angiotensin I by renin. Angiotensin I is converted in Angiotensin II by Angiotensin Converting Enzyme (ACE). Angiotensin II is a potent vasoconstrictor. Aldosterone promotes sodium reabsorption, to decrease urine volume.(19)

1.4
NO / ROS balance

The balance between nitric oxide (NO) and reactive oxygen species (ROS) is associated with cell structure and cell function. Under normal conditions, ROS are safely inhibited by the natural anti-oxidant system, which consists endogenous and exogenous molecules and anti-oxidant enzymes.(21, 22, 23) A disturbed NO/ROS balance that shifts toward ROS is associated with oxidative stress. Oxidative stress is associated with development of hypertension. (5) Nitric oxide synthase (NOS) produces NO, which is a vasodilatator and reacts immediately with superoxide to slow down cell division. ROS, like superoxide (O2-) and hydrogen peroxide (H2O2) damage proteins, DNA and lipids in the body. ROS are produced by the body cells and are signal molecules. ROS have an important function in the innate response of the immune system.(21, 22, 23)
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Figure 3: Reactive oxygen species (ROS) production in body cells. When  cell function is normal, body cells convert oxygen into water during the production of energy. During this reaction, superoxide forms. When superoxide reacts with nitric oxide (NO), peroxinitrite (ONOO-) forms. Peroxinitrite is an extremely reactive molecule that can kill invading pathogens and body cells. Superoxide can be converted into hydrogen peroxide (H2O2) by superoxide dismutase (SOD). Hydrogen peroxide can be converted into ROS by catalase, glutathione peroxidase or Fe2+. (24)
The conversion of arginine in citrulline by NOS produces NO (See Figure 4). NO can also be released by endothelia and platelets. Endothelial NO affects smooth muscles of the vessels and the intracellular concentration of cyclic Guanosine Mono-Phosphate (cGMP) rises and blood vessels dilate. As a result of  blood vessel dilation, peripheral resistance and blood pressure decreases. When the NO/ROS balance is shifted toward ROS, less NO is available and peripheral resistance and blood pressure are increased. This is supported by several studies showing that inhibiting the synthesis of nitrix oxide in animal models result in hypertension. (26, 27)   
Increased ROS production and/or anti-oxidant depletion can lead to oxidative stress, in which uncontained ROS cause tissue damage, cytotoxicity and dysfunction of cells  by attacking and denaturing the functional and structural molecules. Oxidative stress has been shown to be involved in the pathogenesis of hypertension and other cardiovascular diseases like atherosclerosis and heart failure. (22)
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Figure 4: Pathways of NO generation from L-arginine. 
L-Citrulline and nitric oxide (NO) are the products of the oxidation of L-arginine by eNOS (endothelial Nitric Oxide Synthase) in the vascular endothelium. L-Citrulline is recycled back to L-arginine on reaction with ammonia. A second, non enzymatic pathway for NO generation from both L-arginine and D-arginine is activated under conditions of increased oxidative stress. (28)
1.5
Blood Pressure and Sodium intake

A consistent relation is proven between blood pressure (BP) and the amount of sodium intake. The relation between BP and sodium intake is much stronger in people who have renal failure, compared to healthy people.  In the case of renal failure, a minor increase of sodium intake results in a major increase of BP (see figure 5a).   Figure 5b shows the situation for healthy people; an increase in sodium intake has a minor effect on BP. One’s that suffer of essential hypertension, are in between figure 5a and 5b; a minor increase of sodium intake results in an elevation of BP. (29) 

The hypotensive effect of lowering the intake of sodium in hypertensive patients was first demonstrated by Ambard and Beaujard in 1904. They discovered that when the sodium intake was reduced, the patients went into an negative sodium balance and the blood pressure fell. Inversely, an sudden increase of sodium intake cause a positive sodium balance and a rise in blood pressure. (30) 
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Figure 5: Relation between sodium intake and MAP (mean arterial pressure).       Graph a shows the relation between blood pressure (BP) and sodium intake for people with renal failure. A minor increase of sodium results in a major increase of BP. Graph b shows the relation between BP and sodium for healthy people. A major increase of sodium results in a minor increase of BP.

The relation of sodium intake and BP is in the case of essential hypertensive people in between graph a and b. (29)     

Another effect of abrupt changes in sodium intake is weight gain. Figure 6 shows that an abrupt increase of 10 mmole/day sodium to 150 mmole/day results in a one kilo weight increase, because the body has to turn of sodium retinating systems.  Figure 6 also shows that it takes five days to absorb the amount of sodium, this period of five days is a positive sodium balance. So, it takes five days before sodium secretion is equal to sodium intake. An abrupt negative change in sodium intake from 

150 mmole/day back to 10 mmole/day results in a negative sodium balance. Water follows sodium, it takes five days to excrete the excessive sodium and loose the one kilo of weight, because the body has to turn on the sodium retinating systems. After those five days sodium intake is equal to sodium secretion. (31)  
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Figure 6: An abrupt increase of the daily sodium intake results in a one kilo weight gain. It takes five days to absorb the total amount of sodium. It takes five days to secrete the excessive amount of sodium after an abrupt negative change in sodium intake. (31)   
1.6
Programming 

Dr. David Barker set at the end of the ’80’s, the hypothesis that “chronic adult diseases are partly determined by events occurring in perinatal life.” The so-called “Barker Hypothesis.” This “programming” can lead to hypertension and is associated with cardiovascular risk later in life. (25) 
 The term programming describes the process whereby a stimulus or insult at a ‘sensitive’ or ‘critical’ period of development has lasting effects on the structure or function of the body. (32) Barker’s hypothesis is supported by studies with experimental intrauterine growth retardation (IUGR). (33, 34, 35, 36, 37) )  The period around birth is called the perinatal phase. Organs are still plastic during this perinatal phase and can be influenced by environmental factors like malnutrition in the uterus. This plastic phase of the foetus is called developmental plasticity. 

An example of the Barker’s hypothesis are babies that were born just after a famine. Permanent changes occur to protect the foetus against malnutrition after birth, because of malnutrition in the uterus. When the nutrition after birth is not scarce, babies have a higher affinity for obesity, glucose intolerance, hypertension and other cardiovascular diseases. (38) Malnutrition in late gestation may,  lead to reduced growth of the kidney, which is developing rapidly at that time. Reduced replication of kidney cells may permanently reduce cell numbers, because after birth there seems to be no capacity for renal cell division to catch-up. (39) The complex interactions among genes and environmental factors like nutrition, maternal behavior and conditions, temperature, oxygenation and uteroplacental circulation gives rise to a unique transcriptome. (40)
1.7
Reprogramming
When diseases like hypertension can develop, because of a negative environment in the uterus, it must be possible to influence the environment in the uterus positively, in order to decrease the chance to develop hypertension later in life. Several studies by Racasan et al support this concept of an inverted Barker’s hypothesis or reprogramming. (41, 42) Hypertension is associated with a deranged transcriptome and a disturbed NO/ROS balance. It is possible that factors that correct these components in the developmental phase, could program development in a positive way and suppress the development of hypertension. Manipulation of the NO/ROS balance during early development might be a useful strategy for reprogramming the complex dynamics of developmental gene expression programs and foetal development. This might lead to normalization of blood pressure in adult life. (40)
2
Introduction of the study
2.1 Glomerular hemodynamics
The first step in urine production is the glomerular filtration, this is a specialized form of transcapillary transport. The glomerular transcapillary transport is defined by the ‘quality’ of the capillary wall and Starling forces. The ultra filtration rate per unit filtrating surface is higher than other parts of the vascular bed. A higher permeability of the glomerular capillary wall for water and other dissolved substances is the cause of the higher ultra filtration rate per unit in the glomerulus. The high filtration rate is possible by several specific qualities of the renal circulation, which provide the functional foundation for the renal regulation. The blood flow of the kidneys is high; kidneys receive 20% of the cardiac output. Important physiological functions of the kidneys are; secretion of endogenous waste substances (for example creatinine and urea) and exogenous waste substances (for example pharmaceuticals), and regulation of homeostasis. Regulation of homeostasis is especially maintained at the tubular level. The glomerular capillary wall has a high permeability for water and small dissolved substances, but macro molecules like plasma proteins cannot pass through the glomerular capillary wall. This selective permeability of the glomerular filter for different substances is made possible by qualities of the glomerular basal membrane.

The glomerular ultra filtrate has the same composition as plasma water. (43) 

2.1.1 Glomerular Filtration Rate (GFR)

The glomerular filtration rate is abbreviated as GFR and is measured by the ultra filtration coefficient (Kf) of the capillary wall and the effective filtration pressure. The effective filtration pressure is the resultant of the balance between the hydrostatic pressure difference (ΔP) and the colloid osmotic pressure difference (Δπ) that is present over the capillary wall. 

The formula to measure the GFR is: GRF = Kf • (ΔP – Δ). 

The GFR is determined by the Starling forces in the glomerular capillary, the capillary permeability en the filtrating surface. (43)  

2.1.2 Effective Renal Plasma Flow (ERPF)

The Effective Renal Plasma Flow (ERPF) is a measure to calculate renal plasma flow (RPF) and hence estimate renal function. RPF is measured with the Fick equation (see appendix 2).  ERPF is measured by using a substance with a high renal extraction by filtration and secretion. Renal plasma concentration is the restricted factor, because secretion is an active process which has a maximum. When plasma concentration is below this maximum, clearance is a correct measure for plasma flow that actual flows through the glomeruli and along the tubuli. A substance like Para-ammino hippuric acid (PAH) satisfies this criteria. PAH clearance is a good method to estimate RPF. PAH is injected and the secreted amount PAH is measured in urine. The amount of secreted PAH in the urine is multiplied with the volume that was divided with the concentration of PAH in plasma (concentration artery – concentration vein). 

A part of the blood that flows into the kidneys, flows along other routes (like blood supply for hilus and capsule). The measurement underestimates the real RPF and is therefore called ERPF. (43)    

2.1.3 Filtration Fraction (FF)
The Filtration Fraction (FF) is the ratio between GFR and  RPF (GFR/RPF). This is usually measured as the ratio between the inulin clearance and the PAH clearance. It determines the degree to which protein is concentrated in the plasma entering the peritubular capillaries and therefore affects the Starling forces operating across the capillary wall. An increase in FF increases the peritubular capillary oncotic pressure and favors absorption of fluid from the renal interstitial fluid to the peritubular capillary which in turn favors reabsorption of fluid from the tubule to the renal interstitial fluid. A decrease in FF has the opposite effect. (43)
2.2 
The Spontaneously Hypertensive Rat (SHR)

The SHR is the most used animal model for human essential hypertension. A disturbed balance between NO and ROS characterize the SHR. The L-arginine/NO pathways seems to be up regulated in the SHR. (44)
The SHR strain was obtained in the 1960’s by Okamoto and co-workers. Okamoto started breeding Wistar-Kyoto (WKY) rats with a mild hypertension. First, they mated a mild hypertensive male with a female with high blood pressure. Brother and sister mated with continued selection for high blood pressure and the SHR was developed. (45) The hypertension of the SHR develops around 5-6 weeks of age, reaching systolic pressures between 180 and 200 mmHg in adult life. The SHR develops characteristics of cardiovascular disease between 40 and 50 weeks of age. (46)  

2.3 The ATCE study

Racasan et al supported the concept of an inverted Barker’s hypothesis with the ATCE study. During the ATCE study, WKY (Wistar Kyoto rat) and SHR were treated perinatally with the supplementation ATCE containing: L-arginine (20g/l), taurine (25g/l), vitamin C (594 mg/l) and vitamin E (9 g/kg). L-arginine, taurine and vitamin C were dissolved in drinking water of the mother. Vitamin E was administered through food. L-arginine is an amino acid and a precursor of NO (see figure 4). Vitamin E, vitamin C and taurine are anti-oxidants. This combination of dietary supplements was chosen because it  influences both arms of the NO/ROS balance. The rats were treated perinatally for 4 weeks, from week 2 before birth till week 2 after birth. Systolic Blood Pressure (SBP) was measured every 6 weeks. Urine was also collected every 6 weeks in a metabolic cage. Figure 5 shows the results of SBP in males and females. BP decreases after perinatal treatment with ATCE in the SHR.  (47) 

Was it one complement of the ATCE dietary supplementation that lowered SBP, or was it the combination of the NO-precursor and the antioxidants? 

[image: image7.emf]
Figure 7: Systolic Blood Pressure (SBP) after perinatal treatment with ATCE (L-arginine, Taurine and Vitamin C and E. (47)

 SBP in control male and female WKY (open circle) and SHR (closed circle); perinatally supplemented SHR until 4 weeks (closed triangle) and until 8 weeks (closed reversed triangle); and perinatally supplemented WKY until 4 weeks (open  triangle) and until 8 weeks (open reversed triangle). 

* p<0.05 vs SHR control.

# p<0.05 vs WKY control. (47)

2.3.1
Perinatal treatment with vitamins C and E.
Koeners et al investigated the perinatal effect of vitamin C and E in SHR and, in contrast to ATCE, found no effect on SBP in SHR as shown in figure 9. (48)
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Figure 1: Systolic blood pressure in spontaneously hypertensive
rats (SHR; circles), SHR perinatally supplemented from day 7 of
gestation until pups were 4 wk of age with L-arginine (20 g/l),
taurine (25 g/l), vitamin C (594 mg/l) and vitamin E (9 g/kg)
(closed squares) and SHR perinatally supplemented with only
vitamins C and E (open squares).

* P<0.05 vs. SHR control




 
Figure 8: Systolic Blood Pressure (SBP) in SHR (circles), SHR perinatally supplemented from day 7 of gestation until pups were 4 weeks of age with L-arginine (20g/l), taurine (25 g/l), vitamin C (594 mg/l) and vitamin E (9 g/kg) (closed squares) and SHR perinatally supplemented with only vitamins C and E (open squares). 

* p<0.05 vs. SHR control. (48)

2.4 
The citrulline study
NOS produces NO by converting arginine to citrulline. A defect in the citrulline-arginine pathway could reduce arginine availability and cause a NO deficiency in pre-hypertensive kidney. (49) A reduced arginine reabsorption (e.g. defect in arginine transporter y+ in figure 4) can also have negative impact on the NO production ability of the cells. Koeners  et al provided data that young SHR have reduced renal NO as compared to normotensive WKY. Further, a brief perinatal citrulline supplementation in SHR corrects renal NO in the developing kidney and has long-term antihypertensive effects. (50) The rats in the citrulline study were subdivided in three groups; SHR perinatally treated with citrulline; SHR control (normal drinking water) and WKY (normal drinking water). The WKY group is the normotensive control of the SHR groups. Citrulline treatment was at week 2 before birth till week 6 after birth. 

Figures 10 a and b show a SBP difference between female SHR control and citrulline groups (p<0.05). 

The perinatal treatment had a long-term effect in SHR female, but figure 8 c and show that the effect disappears after 20 weeks in male SHR. There is not a long-term effect in SHR male, but figure 10c and d show that the effect disappears after 20 weeks in male SHR. Thus the effect of perinatal citrulline on SBP in male SHR is transiently; the effect on SBP is from age of 4 to 20 weeks. 

The conclusion of the citrulline study was that the NO deficiency can be corrected with perinatal citrulline supplementation in female SHR. The effect of the perinatal citrulline treatment also occurs in male SHR, but the effect disappears after 20 weeks. (50)
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Figure 3: Systolic blood pressure in control female (a) and male (c) SHR (of
circles; n=24 and 16, respectively) and SHRcitr (closed circles; n=16 and
respectively) and WKY (triangles; n=9 and 10, respectively). WKY was lower tF
SHR from 8 wk onwards (p<0.001).

Mean arterial pressure (MAP) at 50 weeks of age in female (b) and male (d) S
(open bars), SHRcitr (diagonally striped bars) and WKY (striped bars).

+ p<0.05, # p<0.001 vs. SHR




Figure 9: Systolic blood pressure in control female (a) and male (c) SHR (open circles) and SHR citrulline (closed circles) and WKY (triangles). WKY was lower than SHR from 8 weeks onwards (P<0,001),

Mean arterial pressure (MAP) at 50 weeks of age in bemale (b) and male (d) SHR (open bars), SHR citrulline (diagonally striped bars) and WKY (striped bars).

† p<0.05 vs. SHR.

 # p<0.001 vs. SHR. (50)
2.5 L-arginine
L-arginine is an α amino acid in the L conformation.  L-arginine is in humans classified as a semi essential or conditionally essential amino acid, depending on the developmental stage and health status of the individual. Infants are unable to effectively synthesize L-arginine, making it nutritionally essential for infants. Adults, however, are able to synthesize L-arginine in the urea cycle.

L-arginine is a precursor of NO which dilates blood vessels and lowers blood pressure (see figure 4). Nitric Oxide Synthase (NOS) produces NO by converting arginine to citrulline. A defect in the citrulline-arginine pathway could reduce L-arginine availability and cause a NO deficiency in pre-hypertensive kidney. (49)

Siani et al discovered that chronic oral administration of L-arginine prevents blood pressure rise induced by sodium chloride loading in salt-sensitive rats. (51)

2.6 Taurine

Taurine is a sulfur-containing amino acid, which is present in high concentrations in mammalian plasma and cells. For humans, taurine is a conditionally indispensable amino acid. Sulfinic acid Decarboxylase (CSD) is an enzyme which is required for the biosynthesis of taurine, and has a low concentration in human. 

Taurine is an anti-oxidant and can inhibit ROS. Taurine has been shown to be tissue-protective  in many models of oxidant-induced injury. (52) Taurine also plays a role in glucose metabolism in adults. (54) Hultman et al discovered that fetal taurine availability is an important determinant for postnatal growth, insulin sensitivity and fat accumulation. (53) Loizzo et al examined whether taurine administration in lactation modifies adult glucose metabolism in mice. Their conclusion was that in rodents, neonatally administered taurine produces long lasting effects that could be advantageous for the control of glucose homeostasis. (54) 
2.7 Hypothesis and aims of the study
Anti hypertensive drugs are prescribed more often and have to be taken for the rest of one’s life. Better understanding of the underlining mechanisms of hypertension is necessary to develop new strategies to treat, or to prevent hypertension. 

The hypothesis of this study is that Blood Pressure (BP) decreases in the Spontaneously Hypertensive Rat (SHR)  after perinatal treatment with L-arginine or Taurine.

Thus the first aim of the L-arginine/taurine study is to investigate whether BP decreases in the SHR after perinatal treatment with L-arginine or taurine. 
The second question of the study is: Does the water and sodium handling change in the SHR after perinatal treatment with L-arginine or taurine?

3
Material and Methods
3.1
Animals

This study was approved by the Ethical Committee on Animal Experiments of the University Medical Centre Utrecht and was confirmed with the Guide for Care and Use of Laboratory Animals.

Animals were housed in controlled conditions; temperature 22°C, humidity 60% and a 12:12-h light dark circle, fed a standard rat chow (CRM-E, SDS special diets services) and water (pH = 2) ad libitum. The rats were housed in type 4 cages. Every cage houses 3 rats.

46 Spontaneous Hypertensive Rats were used for this study. The rats were obtained from our own breeding colony. The rats are subdivided in 2 groups that differ in age; The first group consists of 35 rats (18 male and 17 female) andthe second group consists of 11 rats (6 male and 5 female).

3.2 Perinatal treatments

The rats were subdivided in 6 groups; SHR-control male, SHR-control female, SHR-L-arginine male, SHR-L-arginine female, SHR-taurine male and SHR-taurine female. Table 1 shows the numbers of litters and the number of offspring.

Pregnant SHR were divided in 3 groups of treatments: control, L-arginine and taurine. The perinatal treatment with L-arginine (20g/L, Sigma-Aldrich, St. Louis, MO, USA) or taurine (25g/L, Sigma-Aldrich, St. Louis, MO, USA) administered in drinking water started 2 weeks before the pups were born (week –2) and ended when the pups were 4 weeks of age. The control group received standard drinking water (pH = 2). 

	Group
	Number of litters
	Number of offspring

	SHR-control male
	2
	6

	SHR-control female
	3
	10

	SHR-L-arginine male
	3
	9

	SHR-L-arginine female
	3
	7

	SHR-taurine male
	3
	9

	SHR-taurine female
	2
	5


Tabel 1: Rats in different perinatal medication groups

3.3 Measurement of Systolic Blood Pressure (SBP)

SBP was measured by a tail cuff pneumatic transducer (LE 5002 Storage Pressure meter-LSi Letica). Rats were warmed for 30 minutes at 36°C by warm air, so the artery in the tail dilatates and the signal is better received (Temp. Control 2203–Rhema-labortechnik). The rats were put into a restrainer, to fixate them. This is necessary to obtain high quality measurements. To reduce the grievance the rats were pre-trained to get used to the tail-cuff environment. The blood pressure cuff was put around the tail of the rat and inflated until blood flow into the tail was stopped. The cuff deflates and the pressure in the cuff reduces. The pressure read is the first point at which a small amount of blood is spurting through the constricted artery, this is the systolic pressure. As the cuff pressure reduces further, more blood flows through the artery. At least 3 good measurements were obtained per session.

In the beginning of the experiment, SBP was measured every week (week 4-8). After week 8, SBP was measured every 4 weeks, till 20 weeks of age.

3.4 Metabolic cages

Metabolic cages were used to collect 24 hours urine. Rats were placed solitary in a cage with 2% glucose (D-glucose, Sigma-Aldrich, St. Louis, MO, USA) administered in the drinking water and without food. Because food influences the stable NO metabolites NO2 + NO3 (NOx) measurements in the 24 hours urine. Urine was collected on antibiotics (Sigma-Aldrich, A9909, St. Louis, MO, USA) to prevent bacterial formation that can negatively influence the NO metabolites measurements.

Urine volume, sodium excretion, potassium excretion, total protein, creatinine and osmolality were measured in the 24 hours urine.  Possibly, NOx (NO2 + NO3) and thiobarbituric acid reactive substances (TBARS) are measured in the future if necessary. 

3.5 Food intake

Food intake was measured several times during the experiment, to detect eventual differences in the food intake between the treated and control group.   

3.6 Terminal Experiment

When the rats were 21-23 weeks old, they were put in a terminal experiment to measure kidney function and Mean arterial pressure (MAP). The rats were anaesthetized intraperitoneally (Ip) with Nembutal® (Sodiumpentobarbital, 60 mg/ml,  CEVA santé animale B.V., Maassluis, The Netherlands) and intubated with a 14G or 16G tube (abbocath®-T, VenisystemsTM, Abbott B.V., Amstelveen, The Netherlands), dependent of body weight. The rat stays anaesthetized by continual infusion of Nembutal® and sodium chloride (0,9%, MP Biomedicals, Inc., Aurora, OH, USA) is also infused into the body. Figure 10 shows the timeframe of this terminal experiment. The operation starts with the canulation of the Jugular vein (Portex® Fine Bore Polythene tubing PE90, Smiths medical International Ltd., Kent, UK); Nembutal® is administered to the rat via this tube. Next, the left Femoral artery is canulated (Portex® Fine Bore Polythene tubing PE50, Smiths Medical International Ltd., Kent, UK) to measure the MAP. At last, a catheter (Portex® Fine Bore Polythene tubing PE90, Smiths Medical International Ltd., Kent, UK) is placed into the bladder, to take urine samples. After the operation period, blood samples are taken (P0) in hematocrit tubes (heparinized, 80 iu/ml, Vitrex medical A/S, Denmark) and the infusion solute (6% BSA and inulin and PAH voor clearance experiments)  replaces the sodium chloride solution. After this, the equilibration period starts. During the equilibration period, the 6% infusion solute is replaced by the 1% infusion solute. During the equilibration period (45-60 min), the rat stabilizes and stayed anaesthetized. After the equilibration period, another blood sample is taken (P1). After P1, 3 urine samples are taken, 20 minutes per sample (U1, U2 and U3). At the end of the  experiment, another blood sample is taken (P2). The collected urine samples and plasma samples are taken to the laboratory once a week and sodium potassium, inulin, hippuran and urea are measured in the plasma and urine samples.

At the end of the experiment, the aneastisia infusion is doubled for the renal perfusion. The renal perfusion starts directly, when the rat is totally aneastizised.
First, the artery and vein from the right kidney is ligatured and the right kidney is removed, weighed and cut in 4 pieces on ice: 3 pieces of cortex and 1 piece of medulla. The pieces are collected and snapfrozen into nitrogen. Next, 1 ml papaverin hydrochloride® solution (1,2mg/ml Physiological salt, Sigma Aldrich, St. Louis, MO, USA) is administered to the rat through the Femoral artery, followed by 1 ml/200gram body weight heparin solution (Heparine LEO®, 5000IE/ml, LEO Pharma B.V., Breda, The Netherlands). The papaverin solution dilates the vessels and heparin prevents blood from clotting. Next, the aorta is ligatured above (posterior) the renal arteries and a needle is put into the abdominal aorta at the point where the aorta splits in the 2 iliac arteries. The left renal vein is cut open and the left kidney is perfundated with Sodium chloride (0,9% MP Biomedicals, Inc., Aurora, OH, USA) for 3 minutes to flush the blood out. This is followed by a perfundation of 3 minutes with 2,5% glutaraldehyde solution  (25% Glutaraldehyde solution Grade II, dissolved in 0,5ml PBS, Sigma-Aldrich, St. Louis, MO, USA) that fixates the kidney. The perfusion pressure is the whole time approximately 10 mmHg higher than the MAP of the rat. Next, the left kidney is removed, weighed and stored in 4% formaldehyde solution. At the end of the experiment, the heart is removed and weighed. Next, the right ventricle is removed and the left ventricle is weighed and stored in formaldehyde 4% solution. Appendix 1 shows an exact protocol of the terminal experiment and the renal perfusion.  
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Figure 10: Timeframe of the acute experiment. Operations take 30-60 minutes. Equilibration time is 60 minutes. Blood samples are taken at P0, P1 and P2. Urine samples are taken at U1, U2 and U3(20 minutes sampling/urine sample).
3.7 Statistics

Data is presented as mean ± SEM. Statistics are performed with the software program SigmaPlot 10® and SigmaStat 3.5®. The following tests were used: Two way ANOVA and Two way Repeated Measurements ANOVA followed by post-hoc Student-Neuman-Keuls (SNK) test. Normalization was achieved for female urine production by log-conversion.

4
Results

The first part shows and describes the results during the 20 weeks, the longitudinal data. The second part shows the data from the terminal experiment, the terminal data.

4.1 Longitudinal data

The 46 rats were followed for 20 weeks. During this period, SBP, BW, urine production, sodium excretion, potassium excretion, creatinine excretion, protein excretion, osmolality and food intake were measured regularly. The second group of rats started nine weeks later, their longitudinal data is not complete yet.  

4.1.1 Systolic blood pressure (SBP)
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Graph 1: Systolic Blood Pressure (SBP) male.

# p<0.001 (SHR-control vs. SHR-L-arginine)

* p<0.05 (SHR-control vs. SHR-taurine)

Graph 1 shows no overall difference in SBP between the control and treated groups in males. There is a difference between SHR-control and SHR-L-arginine and SHR-control and SHR-taurine at 20 weeks of age. This can be explained as a late effect of the perinatal treatments, but we do not know SBP after 20 weeks. Further research is necessary to investigate whether the SBP lowering effect does hold on after 20 weeks. 
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Graph 2: Systolic Blood Pressure (SBP) female.

# p<0.05 (SHR-control vs. SHR-L-arginine) 

*p<0.05 (SHR-control vs. SHR-taurine)

Graph 2 shows no overall difference between treated and control groups in females. At 20 weeks of age, there is a difference between SHR-control vs. SHR-L-arginine and SHR-control vs. SHR-taurine. 

The perinatal treatments with L-arginine or taurine do not have a SBP lowering effect, SBP of the perinatally treated groups is higher than the control group. 
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4.1.2 Body weight (BW)
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Graph 3:Body weight males females.
Graph 3 shows that perinatal treatment with L-arginine or taurine had no effect at body weight.

4.1.3 Urine production
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Graph 4: Urine production males and females. Data normalization in females was achieved by log-conversion. *p<0.05 SHR-taurine vs. SHR-control.

Graph 4 shows differences at 6 and 8 weeks between the SHR-taurine and SHR-control. There is no significant difference after 8 weeks, but the urine production of SHR-taurine is tended to be lower than the control group.                                                                                                                  
4.1.4 Sodium excretion
Sodium excretion is corrected for body weight, because young rats eat more per 100 gram body weight. 
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Graph 5: Sodium excretion / 100 gram body weight males and females.

 # p<0.05 SHR-L-arginine vs. SHR-control

 * p<0.05 SHR-taurine vs. SHR-control

The perinatal treatments had no overall effect at the sodium excretion in male or female. There were slight effects at 5 and 6 weeks of age.

4.1.5 Potassium excretion
Potassium excretion is corrected for body weight, because young rats eat more per 100 gram body weight and food contains potassium.  
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Graph 6: Potassium excretion males and females.

No differences are measured in potassium excretion  between the perinatally treated groups and the control groups.

4.1.6 Protein excretion
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Proteinuria develops as a result of renal damage.
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Graph 7: Protein excretion males and females.
# p<0.05 SHR-control vs. SHR-L-arginine. 

* p<0.05 SHR-control vs. SHR-taurine.

Graph 7 shows no overall difference in protein excretion. At 16 weeks of age, protein excretion of SHR-taurine is lower than SHR-control in the male group. The protein excretion results of the 20 weeks urine are not available yet.

In the female group is a slight difference in week 8 (SHR-control vs. SHR-L-arginine). This effect is gone at 12 weeks of age.
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4.1.7 Creatinine excretion
Graph 8: Creatinine excretion males and females.

Graph 8 shows no difference in creatinine excretion between the treated and control groups. The amount of skeletal muscles increases fast after 8 weeks and creatinine excretion increases fast too.

4.1.8 Osmolality

Normally, osmolality is much higher in the rat, because the kidneys concentrate the urine. The drinking water in the metabolic cage contains 2% glucose, to increase fluid intake and hence urine output. All the glucose is reabsorbed and thus has no effect on urine concentration. 
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Graph 9: Osmolality males (a) and females (b).

 # p<0.001 SHR-control vs. SHR-L-arginine

 * p<0.05 SHR-control vs. SHR-taurine.

Graph 9 shows no overall differences between the treated groups and the control groups. The left graph shows a difference at 4 weeks between SHR-control vs. SHR-L-arginine and SHR-control vs. SHR-taurine in male.

In the female groups is a difference at 8 weeks between SHR-control and SHR-taurine.

4.1.9 Food intake
Food intake is corrected by body weight, because young rats eat more and grow faster. 



Graph 10: Food intake males and females.

 # p<0.05 SHR-control vs. SHR-L-arginine.

 * p<0.05 SHR-control vs. SHR-taurine 

Graph 10 shows no overall differences between the treated groups and the control group, but the female graph shows differences at 7, 10 and 12 weeks between SHR-control and SHR-taurine. The difference is not significant anymore after 12 weeks. 

There is also a slight difference at 12 weeks between SHR-control and SHR-L-arginine. 

4.2 Terminal data

This part contains the data obtained during the terminal experiment. The second group of rats started 9 weeks later than the first group. Data of the second group is not available yet. Abbreviations used in the graphs: ‘con’ = SHR-control, ‘arg’ = SHR-L-arginine and ‘tau’ = SHR-taurine. Each bar in the graphs contains the number of rats in that group.

GFR and ERPF are direct and FF, RBF and RVR are indirect measures of kidney function.

4.2.1 Mean arterial pressure (MAP)

Mean arterial pressure (MAP) is measured during the terminal experiment in the femoral artery. 
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Graph 11: Mean arterial pressure (MAP) males and females.
There is no difference between the medication groups, but there is a difference between male and female (p<0.05). 

There is no difference in MAP between the treated groups and the control groups.  SHR-taurine is tended to have a lower MAP than SHR-control, but this is not a significant difference (p = 0.118 ).
4.2.2 Glomerular filtration rate (GFR) 
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Graph 12: Glomerular filtration males and females. 

There is no difference in GFR between the treated and control groups.
There is a difference between males and females (p<0.01).
4.2.3 Effective renal plasma flow (ERPF)
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Graph 13: Effective renal plasma flow (ERPF) males and females.

ERPF is tended to be lower in the taurine male group, but this is not a significant difference. There is a difference between males and females (p<0.001).
4.2.4 Filtration fraction (FF)
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Graph 14: Filtration fraction in males and females.

No difference is measured in filtration fraction between the perinatally treated groups and the control group.

4.2.5 Renal blood flow (RBF)
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Graph 15: Renal blood flow (RBF) in males and females.

SHR-taurine (males) are tended to have a lower RBF than SHR-control, but this is not a significant difference. There is a difference between males and females (p<0.001).
4.2.6 Renal vascular resistance (RVR) 


[image: image18.emf]Renal vascular resistance


units


0


10


20


30


40


con    arg    tau              con   arg    tau





    Males                    Females


 


6        5       5                 5       5       3




Renal vascular resistance

units

0

10

20

30

40

con    arg    tau              con   arg    tau



    Males                    Females

 

6        5       5                 5       5       3


Graph 16: Renal vascular resistance (RVR) males and females.

Graph 16 shows that SHR-L-arginine and SHR-taurine are tended to have a lower RVR than the SHR-control in the male group. This is not a significant difference. There is a difference between males and females (p<0.05).
5
Discussion

This research project is a small part of the exploration of the mechanisms of  “developmental plasticity” and how these can be influenced. Possibly in the future we will be able to prevent hypertension, by adding supplements to the diet of a pregnant female. This is only meant for females within a population with an increased risk for hypertension, because it is not only a matter of environmental factors, but it is also a combination of environmental factors and genetics. (7) With this research project, we could not confirm our hypothesis. After perinatal treatment with L-arginine or taurine, there were no overall differences in SBP and MAP. Sodium handling in SHR-L-arginine and SHR-taurine did not differ from SHR-control. However, in the male perinatally-treated groups, SBP was significantly lower at 20 weeks of age (both SHR-L-arginine and SHR-taurine vs. SHR-control). This can be a late programming effect, so we cannot entirely refuse our hypothesis. However, there was no significant effect on MAP between the treated groups and the control groups during the terminal experiment, although once again pressure tended to be low in the perinatally-treated male taurine groups. Possibly, we will find a difference when the terminal data of the second group is complete. The perinatal treatment had no effect at body weight, but it had an effect at food intake in the SHR-taurine female group till 12 weeks of age. This group had an increased food intake, but their body weight was not increased. It is possible that taurine has a metabolic  effect in females. Literature does not show an increased food intake, but it does show an anti-obesity effect in both males and females. This anti-obesity effect was not measured in our experiment. Proven is that taurine cannot scavenge ROS directly but  seems to enhance other cellular antioxidant functions. (56) We observed no overall differences in the 24 hours urine measurements, although there were some significant differences which were not persistent. These differences are: urine production (females), sodium excretion (males and females), protein excretion (males), osmolality (males and females) and food intake (females). This shows that the perinatal treatments had some effect in females, but the effect was not long lasting. Sex differences have been observed in animal models of fetal programming, and recent studies suggest that sex hormones may modulate activity of regulatory systems, leading to a lower incidence of hypertension and vascular dysfunction in females compared with males. (57) The terminal experiment showed no differences between the treated and control groups. We do not have the complete data, because the second group of rats (n=11) are too young for the terminal experiment. There were only 3 rats in the SHR-taurine female group. Possibly, there will be significant  differences when we have studied more rats. MAP of  SHR-taurine males is tended to be lower than SHR-control males (p = 0.118). Possibly, more SHR-taurine males will reveal a lower MAP. When MAP is significantly lowered, perinatal treatment with taurine has partially improved the disturbed NO/ROS balance.  
Racasan et al provided data that the dietary mixture, which contains L-arginine, taurine and vitamins C and E had a persistent SBP lowering effect that started at 8 weeks of age. (47) Koeners et al investigated the effect of vitamins C and E at SBP, they found no effect. (48)  The combination of L-arginine and taurine is not tested yet, it is possible that the combination of a NO-precursor (L-arginine) and an anti-oxidant (taurine) can persistently lower SBP, because it influences both arms of the NO/ROS balance. A possibility is that peroxinitrite scavenges NO. The combination of L-arginine and taurine should be investigated in the future.

6
Conclusion
Perinatal treatment with L-arginine or taurine did not have a persistent lowering effect of SBP or MAP. Perinatal treatment with L-arginine or taurine had some short-term effects e.g. higher food intake by female SHR-taurine. We discovered no overall effects in the longitudinal and terminal data. There are  11 rats still in the experiment. Terminal data will be available in week 26. Possibly, we will then find some significant effects. 

In the future, this experiment can be continued by testing the combination of L-arginine and taurine. Those substances influence both arms of the NO/ROS balance. We should also include more taurine treated rats.
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Appendix I: Protocol terminal experiment
Protocol baseline

Preparing computer programs

Old computer

· Start the computer

· Open the program Hyperterminal

· Turn on the spacelabs blood pressure device (calibrate)

· Program the arterial pressure equal to zero by using the touch screen.

Data

· Data is saved, when you click on ‘transfer’ and ‘capture text’. 

· When you click at ‘browse’, you can choose a destination for your data. 

· You can stop saving data when you click on ‘transfer’, followed by ‘capture text’ and ‘stop’.  

· After the experiment, you can open the data en import it to excel and measure the MAP. 

New computer

· Start the computer.

· Open the program ‘Renal Bloodflow’

· Click at ‘stop’ (left above in the screen)

· Click with the right mouse button at the Y-axe and turn of the ‘autoscale Y’ (both axes).

· Create an Y-axe from 0 till 200 mmHg. Make the second Y-axe from 5 to 0, to eliminate the noise. Create a timeframe at the X-axe of 20 minutes. 

· You have to zero the tube, before you place the tube  into the artery. Just click on the arrow and turn the button with the white sticker (device under the monitor) till the signal is equal to zero. 

· When the tube is placed in the artery, you can save the data by click on the button “save summary data”. 

Data

· When you have clicked on the button “save summary data”, you data is saved automatically in the map ‘data’. 

· Copy your data to your own map.

· The data is automatically saved in an excel file. 

· Make a graph of the measurements and measure the MAP for U1, U2 and U3 (3 measurements)

Make a back-up once in two weeks en fill in the back-up list.  

Materials

Tubes:

· Femoral artery: Use a Portex® Fine Bore Polythene Tubing (PE 50) with a length of 27,5cm. Make the tube a little thinner at the end, by using a candle. Connect the tube to the transducer with a blue needle (23G). Put a 5 ml Luer Lock Syringe filled with heparin solution (0,2 ml heparin (…units/ml) per 100ml sodium chloride, 0.9%) on the upper side of the transducer. You can flush the tube with this syringe and prevent the blood in the tube from clotting. 
· Jugular vein: A special tube for the jugular vein is made of a Portex® Fine Bore Polythene Tubing (PE90) for the infusion fluid and a Portex® Fine Bore Polythene Tubing (PE10) for the anesthetics. Make a little notch in the PE90 and insert the PE10 into the PE90. Glue is used to prevent the tube from leaking.  
· Bladder: Use a Portex® Fine Bore Polythene Tubing (PE 90) for the bladder. Make a small border at the end of the tube with the use of a candle. 
Surgical instruments:

· 2 tweezers
· Scissors (large)
· Anatomical tweezers
· Scissors (small) 
· Micro tweezers 
· Micro scissors
· 2 kochers

· 2 kochers with plastic tips

Solutions:

· Sodium Chloride (0,9%: dissolve 9 gram NaCl into 1000 ml sterile water) 
· Infusion solutes: 
· 6 ampulla Inutest® (150 mg/ml Sinistrin, Fresenius Kabi, Austria) 

· 1,8 gram NaCL (MP Biomedicals, Inc., Aurora, OH, USA)

· 1,08 gram para-amino hippuric acid (25 mmol/L, Sigma, St. Louis, MO, USA).

· Dissolve with sterile water till 200 ml.  

· 6% Bovine Serum Albumin (BSA)  (2,4g BSA + 40 ml infusion solutes)

· 1% BSA (1,6g BSA +160ml infusion solutes)

Operations

Preparation

· Turn on the devices and let the infusion pumps pump, so the tube is filled with physiological salt and anesthetics. 

· Adjust the infusion pumps. Infusion liquid: 0.45 ml/hour per 100 grams body weight (B.W.). The infusion of the aneastetics (μl/min) varies, depending of B.W., age and gender. 

· Anaesthesize the rat with Nembutal® (0.10 ml/100 grams B.W.). Increase the dose to 0.11 ml/100 grams when the Nembutal® is older than 2 months. 
· Intubate the rat with an 16G tube (abbocath®-T, VenisystemsTM, Abbott B.V., Amstelveen, The Netherlands), use a 14G tube for male rats above 400 grams B.W. 

· Insert the sensor of the thermal mat in the rectum of the rat.

· Spread the legs of the rat and fasten them with tape and drawing pins. 

Jugular vein

· Make a small incision just above the scapula.

· Dissect the muscular layer and other tissues from the vein. 

· Put two ligatures under the vein and ligature the vein distally with one. 

· Create some pressure at the vein with a kocher at the end of the distal ligature. 

· Cut a small notch in the vein with the micro scissors. 

· Keep the vein open with the micro tweezers en place the tube in the vein. 

· Ligate the tube and vein with the 2nd ligature.  

· Bind the 1st ligature also around the tube. 

Femoral artery

· Make a small incision in the groin. 

· Dissect the muscular layers. 

· Dissect the neural tissue from the vein and the artery. 

· Dissect the vein from the artery. 

· At the proximal end of the artery is a branch, which can crack easily. 

· Put 3 ligatures under the artery. 

· Ligate the artery distal with the 1st ligature and put some pressure on the artery with a kocher. 

· Put a loose node  in the other 2 ligatures. 

· Put some pressure at the 3th ligature to prevent blood flow through the artery. The 3th ligature is located at the proximal end of the artery. 

· Make a small notch in the artery with the micro scissors. 

· Keep the artery open with the micro tweezers en place the tube into the artery with use of the tweezers. 

· Bind the 2nd ligature around the artery to prevent the tube from gliding out of the artery and remove the kocher.  

· Blood is now flowing through the tube, and you can slide the tube a little bit further in the artery, if possible. 

· Bind the 3th ligature around the artery. 

· Remove pressure of the 1st ligature en bind it around the tube.  

Appendix II: Starling forces and formula’s

1
Starling forces

Glomerular filtration rate (GFR) is measured by the ultra filtration coefficient (Kf) of the capillary wall and the effective filtration pressure. Kf  is a function of permeability and filtrating surface. The effective filtration pressure is the resultant of the balance between the hydrostatic pressure difference (ΔP) and the colloid osmotic pressure difference (Δπ) that is present over the capillary wall. 

Expressed in a formula: GFR= Kf • (∆P-∆π)
Pressure difference over the capillary wall exists for the hydrostatical and colloid osmotic pressure of the pressure in the glomerular capillary (gc) minus the pressure in Bowman’s capsule.

Expressed in a formula: GFR= Kf • ((Pgc – Pb) – (πgc – πb))
The colloid osmotic pressure in Bowman’s capsule can be eliminated, because the ultra filtrate is almost free of proteins. 

This fact changes the former formula into: GFR= Kf • (Pgc – Pb – πgc).

2
Formula’s used for measurements of GFR, ERPF and FF

Clearance of substance x (Cx) is measured by: Cx = (Ux • V) / Px
Inulin is used to measure GFR instead of using Starling forces, because inulin is completely filtered at the glomerulus but neither secreted nor reabsorbed by the tubules.  

The formula for the measurement of  inulin excretion is: Uinuline • V =  flow • Uinuline.

 Flow is measured by: volume / timeframe sample

Inulin secretion is divided by the inulin concentration present in plasma and now GFR can be measured with the following formula: GFR= Uinuline • V / Pinuline
The effective renal plasma flow  (ERPF) is measured by the same principle. The only difference is that para amino hippuric acid (PAH) is used instead of inulin. ERPF is measured with the following formula’s: 

UPAH • V = flow • UPAH    and next    ERPF= UPAH • V / PPAH
Filtration fraction (FF) can be measured after GFR and ERPF are measured. FF is measured by the following formula: FF= GFR / ERPF

Renal blood flow and renal vascular resistance were measured after the terminal experiments with the following formula’s:

RBF= ERPF / (1 – Hematocrit) and RVR=MAP / RBF
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