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Abstract 

It is generally accepted that angiotensin II plays an important role in high blood pressure (BP) 

development in both 2-kidney-1-clip (2K1C) Goldblatt hypertension and partial nephrectomy 

(NX) model of chronic kidney disease (CKD). The contribution of sympathetic nervous 

system and nitric oxide to BP control in these models is less clear. 

Partial nephrectomy or stenosis of the renal artery was performed in adult (10-week-old) male 

hypertensive heterozygous Ren-2 transgenic rats (TGR) and normotensive control Hannover 

Sprague Dawley (HanSD) rats and in Wistar rats.  One and four weeks after the surgery, basal 

blood pressure (BP) and acute BP responses to the consecutive blockade of renin-angiotensin 

(RAS), sympathetic nervous (SNS), and nitric oxide (NO) systems were determined in 

conscious rats.  

Both surgical procedures increased plasma urea, a marker of renal damage; the effect being 

more pronounced following partial nephrectomy in hypertensive TGR than in normotensive 

HanSD rats with a substantially smaller effect in Wistar rats after renal artery stenosis. 

We demonstrated that the renin-angiotensin system does not play so significant role in blood 

pressure maintenance during hypertension development in either CKD model. By contrast, a 

more important role is exerted by the sympathetic nervous system, the activity of which is 

increased in hypertensive TGR-NX in the developmental phase of hypertension, while in 

HanSD-NX or Wistar-2K1C it is postponed to the established phase. The contribution of the 

vasoconstrictor systems (RAS and SNS) was increased following hypertension induction. The 

role of NO-dependent vasodilation was unchanged in 5/6 NX HanSD and in 2K1C Wistar 

rats, while it gradually decreased in 5/6 NX TGR rats.  
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Introduction 

Chronic kidney disease (CKD) is a life-threatening disease which ultimately leads to a 

loss of kidney function. The main risk factors associated with CKD are hypertension, diabetes 

and obesity. Hypertension is one of the most important causes of CKD which increases the 

extent of cardiovascular complications and leads to end-organ damage. The injured kidney 

loses the ability to properly regulate blood pressure, as well as water and sodium excretion 

which finally leads to further aggravation of hypertension and CKD. “ Independent of the 

cause of renal insult, renal cells are damaged and inflammation develops, ultimately resulting 

in tissue fibrosis, damage to glomeruli and tubules and the loss of nephrons. 

There are many different models of CKD. Among those with a relatively rapid 

development of CKD with accompanying hypertension and proteinuria, partial nephrectomy 

(Morrison, 1962), and 2-kidney-1-clip (2K1C) Goldblatt hypertensive models (Goldblatt et 

al., 1934, Goldblatt et al.,1939) are very common. Gretz et al. (1988) analyzed CKD 

development in adult Sprague Dawley rats and found gradually increasing uremia with kidney 

function deterioration when the serum creatinine concentration reached 200 µg/l. Thereafter, 

these rats usually died within 4-6 weeks, whereas the normotensive rats with lower creatinine 

levels survived 6-12 months after partial nephrectomy. By contrast, the development of CKD 

is more rapid in partially nephrectomized TGR - a model of angiotensin II-dependent 

hypertension, which was created by the introduction of murine Ren-2 gene into the genome of 

normotensive HanSD rats (Mullins et al., 1990). In these animals, blood pressure and 

proteinuria rose steeply within 2 weeks following 5/6 nephrectomy and the animals survived 

4-6 months (Vaněčková et al., 2012, Čertíková et al., 2014, Sedláková et al., 2017). 

Moreover, during the developmental phase of hypertension, i. e., two weeks after 5/6 NX, 
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renal angiotensin II and especially endothelin-1 levels were greatly increased (Sedláková et al, 

2017) both being important features of the progression of CKD to end-stage renal damage. 

In mice and rats, the hypertension development is quite rapid taking one or two weeks 

depending on the severity of renal artery occlusion and the age of the animals (Murphy et al., 

1984, Kuneš 1993, Červenka et al., 2008). Following the clipping of the renal artery, the 

secretion of renin from kidney increases, resulting in augmented plasma renin and angiotensin 

II concentrations (Navar et al., 1998). Huang et al (1981) reported increased GFR as well as 

sodium and water excretion in the non-clipped kidney of Sprague-Dawley (SD) rats.  

Using telemetry, blood pressure development following renal artery clip placement 

was analyzed in both mice and rats. In mice, Červenka et al. (2002) found that blood pressure 

started to increase three days after renal artery stenosis and reached a plateau after two weeks. 

The development of hypertension is slower in rats, taking one or two weeks (Bürgelová et al., 

2009). Moreover, Walkowska et al. (2010) demonstrated in 2K1C rats that renal and plasma 

Angiotensin II concentrations were increased only in the developmental but not in the 

established stage, and were similar in the clipped and contralateral kidneys in the latter phase 

of hypertension development. 

The chronic blockade of the renin-angiotensin system is effective in lowering of blood 

pressure in both CKD models. In fact, enalapril (ACE inhibitor) exerted antihypertensive 

effects that were similar to the combination of reserpine, hydralazine, and 

hydrochlorothiazide. However, only enalapril reduced proteinuria and glomerulosclerosis in 

Munich-Wistar rats after 5/6 nephrectomy (Anderson et al., 1986). By contrast, similar 

nephroprotective effects were reported when candesartan (AT1 receptor blocker) was 

compared with the same triple therapy in 5/6 NX TGR rats (Kujal et al., 2010). Interestingly, 

enalapril was effective in the reduction of glomerulosclerosis in Sprague Dawley rats even in 
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the established stage of CKD, i.e., when the treatment started 2 months after the nephrectomy 

(Adamczak et al., 2003). RAS blockade with losartan (AT1 antagonist) and captopril (ACE 

inhibitor) also normalized BP in the 2K1C Goldblatt model while the administration of β1-

adrenoreceptor antagonist atenolol only partly reduced blood pressure (Ramos-Filho et al, 

2014). 

 Sympathetic activity is increased in hypertension associated with chronic kidney 

disease (Campese, 2014). Sympathetic activity measured as norepinephrine (NE) levels and 

the NE turnover rate were increased four weeks after nephrectomy in the posterior 

hypothalamic nucleus and locus coeruleus of 5/6 NX Sprague Dawley (SD) rats (Bigazzi et 

al., 1994). In addition, bilateral rhizotomy prevented the increase in NE levels following 

nephrectomy suggesting a role of SNS activation through the afferent innervation of kidneys 

in CKD development and maintenance (Campese et al., 1995a). Moreover, the same authors 

demonstrated the reduction of BP and glomerulosclerosis following rhizotomy in SD rats 

(Campese et al., 1995b). The reduction of BP, glomerulosclerosis and proteinuria was 

achieved not only by ACE inhibitor captopril but also by β blocker carvedilol in SD rats after 

5/6 nephrectomy (Brooks et al., 1993).   

The increased sympathetic activity evaluated as low frequency (LF) of SBP (a 

frequency band indicating the level of sympathetic vasoconstrictor activity) together with 

substantially augmented heart rate was reported in 2K1C Wistar rats four weeks after clip 

placement (Oliveira-Sales et al., 2014). In addition, decreased cardiac baroreflex sensitivity, 

which arose already from the first week, correlated with hypertension development in this 

study. The involvement of sympathetic tone in Goldblatt hypertension was also documented 

by renal denervation which resulted in the decrease of blood pressure while the opposite effect 
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had unclipping of the renal artery, both procedures being followed by changes in plasma 

norepinephrine concentration (Katholi et al., 1982).   

Materials and Methods 

Male Wistar rats as well as Hannover Sprague Dawley (HanSD) and heterozygous 

Ren-2 transgenic rats (TGR) were housed at 23o C under a 12 h light/dark cycle, fed a normal-

salt diet (0.45 % NaCl) and given tap water ad libitum.  

All procedures and experimental protocols were approved by the Ethical Committee of 

the Institute of Physiology, Czech Academy of Sciences, and conform to the European 

Convention on Animal Protection and Guidelines on Research Animal Use. 

At the age of 10 weeks, partial nephrectomy or stenosis of the left renal artery were 

performed under anesthesia [Zoletil (Virbac, France; 8 mg/kg) combined with Rometar 

(Bioveta, Czech Republic; 4 mg/kg) intramuscularly, or Isoflurane (2.5 %), respectively]. 

Partial nephrectomy was achieved by the removal of the right kidney and both poles of the left 

kidney. A silver clip (internal diameter 0.2 mm) was placed on the left renal artery, the right 

kidney was left intact. After one and four weeks following 5/6 NX or 2K1C, the acute 

experiments evaluating the contribution of major vasoactive systems to BP maintenance 

(vasoactive balance) were performed. One day prior to the experiment, two polyethylene 

cannulas were implanted under light isoflurane anesthesia (PE 50 for BP measurement in the 

left carotid artery, PE 10 for the infusion of drugs to the jugular vein) and the cannulas were 

exteriorized in the interscapular region. Blood pressure and its changes after the acute 

blockade of particular vasoactive systems were recorded using a pressure transducer and a 

multichannel recorder (ADInstruments, Bella Vista, Australia) in conscious animals 24 h 

later.  
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The consecutive steps of the blockade of distinct vasoactive systems were performed 

in conscious animals according to the modified protocol of Minami et al. (1995), which is 

regularly used in our laboratory (Kuneš et al., 2002, Vaněčková et al., 2012a). Briefly, after a 

30-min recovery period (which is necessary for calming the animals after placing them in 

plastic measuring cages), baseline levels of systolic, diastolic, and mean arterial pressures 

were recorded for 15 min. Then, a sequential blockade of renin-angiotensin system (RAS – 10 

mg/kg BW captopril), sympathetic nervous system (SNS – 5 mg/kg BW pentolinium), and 

nitric oxide synthase (30 mg/kg BW L-NAME) was performed. All these drugs were 

dissolved in saline and administered as intravenous bolus injections in a volume of 1 ml/kg 

BW. Kidneys and hearts were weighed and plasma centrifuged (5000xg for 10 min) for 

further analysis. Plasma urea was measured using the Urea Assay Kit (Erba, Mannheim, 

Germany). 

All drugs were purchased from Sigma (St Louis, MO, USA).  

Results are expressed as the mean ± SEM. The statistical differences were evaluated 

by one-way analysis of variance (ANOVA) (Instat, La Jolla, California, USA) followed by the 

appropriate post-hoc test. Values of P<0.05 were considered statistically significant.  
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Results 

Partial nephrectomy in normotensive HanSD and hypertensive TGR rats  

Partial nephrectomy removed 73 % of the renal mass. This induced a plasma urea 

increase, which was doubled in HanSD rats and more than quadruplet in TGR at the end of 

the experiment (Fig. 1). This was followed by a compensatory hypertrophy of the remaining 

renal tissue, which was more pronounced in normotensive than in hypertensive rats (Table 1). 

Partial nephrectomy resulted in a reduction of body weight in both rat strains. There was a 

non-significant blood pressure increase following a nephrectomy in control HanSD rats (Fig. 

2A). Strikingly, no BP increase was observed in TGR one week after the surgery whereas BP 

was substantially reduced four weeks after the partial nephrectomy.  All 5/6 nephrectomized 

HanSD rats survived until the end of experiment. By contrast, a rapid decline in survival rates 

was observed during the first week after the surgery in hypertensive TGR animals with no 

further deterioration in mortality rates in the next three weeks (Fig. 3). 

Captopril-induced blood pressure decrease (reflecting RAS-dependent 

vasoconstriction) (Fig. 2B) was augmented in the transgenic rats (TGR) compared to the 

control HanSD rats. We did not find any increase in RAS-dependent vasoconstriction in either 

rat strain in the developmental or the established phase of hypertension. The pentolinium-

induced BP reduction (indicating the extent of sympathetic vasoconstriction) (Fig. 2C) was 

significantly greater in TGR than in HanSD rats. Its contribution to BP maintenance 

moderately increased in HanSD rats during the experiment, being statistically significant four 

weeks after 5/6 NX. By contrast, sympathetic vasoconstriction was highly increased in TGR 

after one week following surgery; however this was followed by its dramatic reduction at the 

end of the study. NO-dependent vasodilation was similar in the control HanSD and TGR rats 

during the study with one exception – its level was substantially reduced in TGR four weeks 

after 5/6 NX (Fig. 2D). The contribution of vasoconstrictor systems (the sum of RAS- and 
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SNS-dependent vasoconstriction) to BP level was substantially augmented in TGR compared 

to HanSD rats (Fig. 4). Following nephrectomy, their contribution increased in both strains, 

while it dramatically dropped in TGR four weeks after NX. By contrast, the contribution of 

vasodilator NO system gradually decreased with time in both strains. We analyzed the 

correlation of major vasoactive systems with baseline blood pressure. There was an important 

correlation of MAP with RAS- and SNS-dependent vasoconstriction, while there was no 

correlation with NO-dependent vasodilation (Fig. 5). 

    

Goldblatt 2K1C hypertension in Wistar rats  

The development of renal damage following the clipping of the renal artery was 

documented by a slight increase in plasma urea at the end of the study; this parameter being 

substantially smaller in 2K1C rats than in animals which underwent partial nephrectomy (Fig 

1 - right panel). All animals survived until the end of the study. There was a rapid increase in 

mean arterial pressure one week following 2K1C which persisted for the remaining three 

weeks (Fig. 6A). This was accompanied by an increase in heart weight at the end of the study 

(Table 2). While the clipped kidney tended to be smaller, the contralateral kidney was 

significantly heavier four weeks following the surgery.  

Surprisingly, 2K1C had no effect on RAS-dependent vasoconstriction either one or 

four weeks after the clipping of the renal artery (Fig. 6B). By contrast, sympathetic 

vasoconstriction gradually increased and was significantly higher at the end of the study, 

while no difference in NO-dependent vasodilation occurred during the study (Figs. 6B, C). 

The contribution of the vasoconstrictor systems gradually increased after 2K1C, whereas that 

of the vasodilator NO system remained stable (Fig. 7). The correlation analysis revealed an 

important relationship between MAP and sympathetic vasoconstriction (Fig. 8). 
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Discussion 

Our results confirmed that both renin-angiotensin and sympathetic nervous systems 

contribute to the high blood pressure of TGR rats. This is consistent with our previous results 

(Vaněčková et al., 2012a) which demonstrated that RAS is more important in the 

developmental phase of this form of hypertension while later this role is taken by SNS. Thus, 

the decrease in BP after acute captopril administration (RAS-dependent vasoconstriction) was 

greater in 2-month-old than in 5-month-old TGR rats. By contrast, pentolinium-induced BP 

change (SNS-dependent vasoconstriction) was greater in the older TGR (Vaněčková et al., 

2012a). 

Partial nephrectomy caused only a mild, non-significant BP elevation in 

nephrectomized HanSD rats. This is consistent with the previous study of Bidani et al. (1990) 

who demonstrated that after 5/6 nephrectomy, 75 % of Wistar-Kyoto rats remained 

normotensive and without any glomerular damage.  However, Kujal et al. (2010) reported an 

increase in BP of normotensive, partially-nephrectomized HanSD rats. This BP rise was, 

however, postponed, reaching a plateau after 6 weeks. Nevertheless, in hypertensive TGR 

they found a 40 mm Hg increase after partial nephrectomy which was not demonstrated in our 

present study (Kujal et al., 2010). In contrast, in the fourth week after NX, BP was decreased 

in our TGR rats. It is difficult to provide an explanation for this finding. One possibility is that 

the severity of CKD was higher in our study because during the first week after NX, almost 

25 % of TGR animals died, while in previous studies (Kujal et al., 2010, Vaněčková et al., 

2012b), 100 % of TGR and HanSD rats survived 1-3 months after surgery, depending on the 

rat strain.  

A second possibility for the absence of BP increase following the nephrectomy in our 

study is the death of animals with the highest BP already during the first week after the 

surgery, either due to renal or cardiac failure. However, we did not analyze the cause of death 
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in the present study. Nevertheless, Kujal and Vernerová (unpublished results) showed that 

half of the animals died from cardiac failure. The BP decrease observed in our TGR four 

weeks after the surgery was probably caused by the poor health condition of animals, who 

were in the malignant phase of CKD. This is also suggested by the survival rate curve which 

declines during the first week; this decline is much earlier than in other studies.  

CKD development was also manifested by increased plasma urea which was higher in 

SD rats after nephrectomy as compared with control normotensive SD rats (Zicha et al., 

1990). Plasma urea is further aggravated in partially nephrectomized TGR and very likely 

contributes to the worsening of their condtion and their decreased survival rates. 

The role of renin-angiotensin system in chronic kidney disease is supported by many 

studies demonstrating that the inhibitors of RAS (the combination of ACE inhibitors and AT1 

receptor blockers) strongly decrease the BP in animals after a partial nephrectomy (Kujal et 

al., 2010, Vaněčková et al., 2012b, Kujal et al., 2014). In contrast to these studies suggesting 

an important role of RAS in CKD development, we did not find its role to be significant either 

in the developmental or established phases of CKD. By contrast, a more important role of 

SNS in both phases was demonstrated in the two studied models. The unexpected BP fall four 

weeks after NX could be ascribed to the substantial attenuation of sympathetic 

vasoconstriction in these animals. Nevertheless, Figures 4 and 7 clearly demonstrate that the 

contribution of vasoconstrictors (the sum of BP changes induced by captopril and 

pentolinium) increased following nephrectomy in both CKD models and contributed to higher 

BP. By contrast, a decrease of NO-dependent vasodilation might also contribute to 

hypertension development. Both vasoconstrictor systems (RAS and SNS) are substantially 

involved in BP maintenance in HanSD and TGR following partial nephrectomy as could be 

seen from significant correlations of basal BP with BP changes after the acute blockade of 

RAS or SNS (Fig. 5), while only SNS contribution correlated with baseline MAP in 2K1C 
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hypertension. This is consistent with the observations that high angiotensin II concentrations 

are important for 2K1C hypertension only in the developmental phase (Walkowska et al., 

2010). 

Renal artery stenosis induced a significant increase in BP in Wistar rats after the first 

week following surgery, which persisted during the fourth week after clipping. This partially 

recalls the results in Sprague Dawley rats in  Guan et al (1992) who reported BP increase 

within first two weeks after 2K1C. Červenka et al. (2008) reported a maximal BP increase in 

HanSD rats within two weeks when the BP reached a plateau. Moreover, in the study of 

Bürgelová et al. (2009), the maximal level of BP was achieved one week after the clipping 

which is highly consistent with our study. The increased BP is reflected in a greater cardiac 

hypertrophy at week four, while the worsening of kidney function is indicated by an increased 

plasma urea concentration. 

Although the Goldblatt 2K1C model was primarily characterized by increased activity 

of the renin-angiotensin system through the activation of the AT1 receptor by angiotensin II, 

there is evidence that the sympathetic nervous system also participates in this form of 

hypertension. Indeed, Walkowska et al. (2010) demonstrated the increased renal and plasma 

concentrations of angiotensin II one week after the clipping of the renal artery, while no 

differences between contralateral and clipped kidney were observed after four weeks. 

Conversely, Oliveira-Sales et al. (2014) found that the contribution of SNS is augmented from 

the 4th week after clipping. Our results are only partly in agreement with these studies 

showing no change in RAS-dependent vasoconstriction either in the developmental or in the 

established phase of 2K1C hypertension. A more important role is played by sympathetic 

vasoconstriction which is largely accentuated especially at the 4th week and it is only 

moderately increased in the developmental phase. This is consistent with the findings of 

Oliveira-Sales et al. (2014). The contribution of NO-dependent vasodilation remained at the 
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same level in clipped animals as in the controls both in the developmental and established 

phase and did not contribute to BP changes following 2K1C.  

 

Conclusions 

Although both examined forms of chronic kidney disease (partial nephrectomy and 

two-kidney-one-clip hypertension) were usually reported as models with augmented activity 

of the renin-angiotensin system, our results instead support the prevailing contribution of the 

sympathetic nervous system in BP maintenance during the developmental and established 

phases of CKD.               

 

 

Acknowledgement 

The technical assistance of Zdeňka Kopecká and Alena Charvátová is highly 

appreciated. This study was supported by the institutional support, grant Nr. RVO 67985823 

and by the Czech Grant Agency, grant Nr. 19-06199S. The authors are grateful to Mr. Robert 

Kotanchik for his help in editing the manuscript. 

 



14 

 

Figure captions 

Fig. 1.   Plasma urea in HanSD and heterozygous TGR under control conditions and after one 

or four weeks following partial nephrectomy (left panels) and in Wistar rats after the clipping 

of the renal artery (right panel). *p<0.05 vs. corresponding HanSD group, # p<0.05 vs. control 

rats. 

Fig. 2.   Mean arterial pressure (MAP) (A) and changes to MAP as elicited by the sequential 

blockade of the renin-angiotensin system (RAS blockade by captopril) (B), the sympathetic 

nervous system (SNS blockade by pentolinium) (C) and nitric oxide synthase (NOS blockade 

by L-NAME) (D) in control HanSD as well as in TGR, and in rats one and four weeks after 

partial nephrectomy (NX).  *p<0.05 vs. corresponding HanSD group, # p<0.05 vs. untreated 

TGR, @ p<0.05 week 4 vs. week 1. 

Fig. 3.   Survival rate of HanSD and heterozygous TGR rats subjected to partial nephrectomy.    

Fig. 4.  The comparison of BP changes elicited by the blockade of the vasoconstrictor 

(RAS+SNS) and vasodilator (NO) systems in control HanSD and TGR, and in rats one and 

four weeks after partial nephrectomy (NX).  *p<0.05 vs. corresponding HanSD group, # 

p<0.05 vs. untreated TGR, @ p<0.05 week 4 vs. week 1. 

Fig. 5.   The correlation of mean arterial pressure with RAS- and SNS-dependent 

vasoconstriction and with NOS-dependent vasodilation in HanSD (n=29) and TGR (n=31) 

animals. 

Fig. 6.   Mean arterial pressure (MAP) (A) and its changes elicited by the sequential blockade 

of the renin-angiotensin system (RAS blockade by captopril) (B), the sympathetic nervous 

system (SNS blockade by pentolinium) (C) and nitric oxide synthase (NOS blockade by L-

NAME) (D) in control Wistar rats and in Wistar rats one and four weeks following renal 

artery stenosis (2K1C). # p<0.05 vs. untreated Wistar rats 

Fig. 7.   The comparison of BP changes elicited by the blockade of the vasoconstrictor 

(RAS+SNS) and vasodilator (NO) systems in control Wistar rats, and in rats one and four 

weeks following renal artery stenosis (2K1C).  *p<0.05 vs. corresponding HanSD group, # 

p<0.05 vs. untreated TGR rats, @ p<0.05 week 4 vs. week 1. 

Fig. 8.   The correlation of mean arterial pressure with RAS- and SNS-dependent 

vasoconstriction and with NOS-dependent vasodilation in control Wistar rats and in rats one 

and four weeks following renal artery stenosis (2K1C) (n=32). 
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Fig.4 
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Fig. 5 
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Fig. 8 
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Table 1. Body, heart and kidney weights in normotensive Hannover Sprague Dawley 

(HanSD) and hypertensive Ren-2 transgenic rats (TGR) following partial nephrectomy  

Data are means±SEM, # vs. control rats of the same strain, * vs. corresponding HanSD group, †vs. 

control HanSD rats, @ week 4 vs. week 1   

 

Table 2. Body, heart and kidney weights in control Wistar rats and in Wistar rats following 

renal artery stenosis (two-kidney-one-clip - 2K1C) 

 

 

 

 

 

 

 

 

 

 

 

 

Data are means±SEM, # vs. control Wistar rats, @ week 4 vs. week 1 

 HanSD TGR 

 control NX week 1 NX week 4 control NX week 1 NX week 4 

Number of rats 9 11 9 9 10 12 

Body weight (g) 496±8 390±18# 426±11# 419±7* 378±8† 345±13*#† 

Heart weight (g) 1.45±0.02 1.37±0.03  1.30±0.02# 1.53±0.03* 1.48±0.02 1.38±0.03# 

HW/BW (g/kg) 290±4 370±14#  306±6@ 367±7* 392±5† 402±10@† 

KW (g) 2.04±0.03 1.39±0.05# 1.68±0.05#@ 1.74±0.05* 1.31±0.05# 1.40±0.07*# 

KW/BW(g/kg) 410±4 363±17 396±14 415±8 350±16# 400±13@ 

 Wistar-control 2K1C-week 1 2K1C-week 4 

Number of rats 13 11 8 

Body weight (g) 463±10 399±8# 445±14@ 

Heart weight (g) 1.10±0.03 1.19±0.01  1.326±0.05#@ 

HW/BW (g/kg) 240±4 298±7# 294±13# 

Left KW (g) 1.56±0.05 1.43±0.09 1.4±0.09 

Right KW (g) 1.59±0.06 1.65±0.07 2.03±0.11#@ 

LKW/BW(g/kg) 327±16 355±18 307±16 

RKW/BW(g/kg) 329±19 411±14# 448±19# 
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