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Abstract 
The renal hemodynamic response to pressor substances in the diseased kidney 

has been suggested to be different from that in the normal kidney. The aim of this 

study was to investigate the effects of endothelin and angiotensin II on renal 

hemodynamics in experimental nephritis induced by the administration of 

antithymocyte serum in Wistar rats. This model showed me angiolytic le ions in 

the glomeruli on day 2 and hypercellular lesions on day 8. Prior to the injection of 

either endothelin or angotensin I I, the glomerular filtration rate and renal 

plasma flow were significantly lower in model rats on day 2 or day 8 than in the 

control rats. The basal glomerular filtration rate and renal plasma flow on day 8 
were negatively correlated with the mesangium cell number. The injection of 

endothelin (0.5 ng/kg BW) led to a decrease in both renal plasma flow and 

glomerular filtration rate in rats on day 8 which wa significantly greater than 
that in the control rats. Similarly, angiotensin II infusion (0.2 !J.glkg BW) reduced 

both renal plasma flow and glomerular filtration rate in the rats on day 8 and the 

reductions were significantly greater than those in the control rats. In conclusion, 

renal hemodynamics in rats with mesangial proliferation of the kidney were 

more sensitive to both endothelin and angiotensin I I than those in the normal 

kidney. 

Hypertension frequently coexists with glomerulonephri­

tis and is one of the factors accelerating renal dysfunction 

[1]. Systemic hypertension per se seems to have little hemo­

dynamic effect on the normal kidney in a chronic hyper­
tensive state, because renal vasculatures autoregulate intra­
glomerular pressure and flow against the changes of sys­

temic arterial pressure by regulating arteriolar resistance [2]. 

On the other hand, the inability of the renal vasculature in 

the diseased kidney to autoregulate intraglomerular press­

ure has been suggested to lead to renal hyperhemodyna­

mics [3]. Thus, the vascular response to the pressor sub tan­

ces in the diseased kidneys may be different from that in the 
normal kidneys. Endothelin (ET), which was recently dis­

closed, is a prominent and long-acting vasoconstrictor [4]. 

In others, angiotensin I I (Ail), which is one of the classical 

pressor substances, regulates renal circulation while reduc-
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Fig. 1. a Normal glomerulus or control rat. PAS. b Glomerulus on day 2 after ATS injection 

showing a decrease in glomerular cells with mesangiolysis. c Glomerulus on day 8 showing 

hypercellularity. 

ing the glomerular ultrafiltration coefficient [5]. Both ET 

and All induce the contractile response of renal arterioles 

or mesangial cells [6, 7]. In this report, we have shown the 

effect of vasoconstrictors such as ET and Ali on renal 

hemodynamics in the kidney with mesangial proliferation, 

using a rat model of glomerulonephritis induced by specific 

immunologic injury to the mesangial cells [8]. 

Methods 

Induction qf Experimental Glomerulonephritis 
Antirat thymocyte serum (ATS) was produced by immunizing 

New Zealand White rabbits with 1 x 109 Wistar rat thymocytes in 
complete Freund's adjuvant, followed with I x 107 thymocytes given 

intravenously 2 and 4 weeks later [9]. Preimmunization serum was 
collected from the same animal and used in the control experiments as 
normal rabbit serum. Glomerulonephritis was induced in Wistar rats 
(150-200 g BW) by the intravenous administration of I ml ATS/100 g 
BW. The control animals received the same dose of normal rabbit 
serum instead of ATS. The rats were killed for a histological examin­

ation of the kidney tissue after the studies of inulin and p-aminohip­
purate clearances either on day 2 or 8 after ATS administration. 

Inulin and p-Aminohippurate Clearances 
Thirty-five rats were separated into two groups for the experiments 

of ET ( = 18) injection and A 11 (n = 17) infusion. Furthermore, rats 
were divided into three groups, consi ting of the control rats and those 
examined on day 2 and on day 8 after ATS injection. The rats were 
anesthetized with sodium pentobarbital (Nembutal, 40 mg/kg BW, 
Abbott Laboratories. North Chicago, Ill., USA) injected intraperito­
neally. The left jugular vein was cannulated for the infusion of inulin, 
p-aminohippurate, ET and All. The left carotid artery was cannulated 
for blood sampling and the measurement of blood pres ure. A tracheo­
tomy tube was inserted and mechanical ventilation was started (Ro­
dentventilator model 683. Harverd). The urinary bladder was cathe­
terized through a midline incision in the abdominal wall. Each rat was 
given an intravenous primary injection (3 ml/kg BW) or inulin (10 
g/dl) and p-aminohippurate (0.4 g/dl) in saline. Plasma inulin and 

p-aminohippurate concentrations were maintained by a continuous 

intravenous infusion of 4 g/dl inulin and 0.3 g/dl p-aminohippurate in 
saline at a rate of 0.033 ml/min throughout the experiment. Forty-five 

minutes were allowed for stabilization: the first 40-min clearance 

period was then performed. Ten minutes after the injection of ET (0.5 
ng/kg BW) or infusion or All (0.2 11g/kg BW/min), the same 40-min 
clearance period was performed. After all periods, a blood sample for 
serum chemistries was obtained. 

The mean blood pressure was continuously monitored with a nuid 

transducer (Nihon-Koden Corp., Tokyo, Japan) connected to a recor­

ding instrument ( Nihon-Kaden). Arterial blood was taken at clearance 
midpoints . Plasma and urine were frozen and stored until analyzed for 

inulin and p-aminohippurate. The clearance of inulin and p-aminohip­

purate was done by the previously mentioned method [10]. Renal 

vascular resistance was calculated as follows; renal vascular resistance 
= mean blood pressure/clearance of p-aminohippurate. 

The kidneys were fixed in 10% neutral buffered formalin and 
embedded in paraffin for light-microscopic study. A section (2 11m) 

was stained with periodic acid-Schiff reagent.To evaluate glomerular 

cells, a semiquantitative score was used according to the method of 
Yamamoto et a!. [9]. Thirty glomeruli of a 75- to 100-!lm diameter from 
each kidney were examined independently, and the nuclei were 

counted. 
Statistical difference was calculated using an analysis of variance 

among each of the 3 groups and an unpaired test with the Bonferroni 
method. A correlation of continuous variables was performed by 
calculating the correlation coefficient (r). 

Results 

On day 2 after ATS injection, there was a decrease in the 

glomerular nuclear counts with mesangiolysis (fig. lb), 
compared to the controls (fig. Ia). Jn contrast, the glomeruli 

showed a marked hypercellularity on day 8 (fig. lc). Figure 2 

shows the number of nuclei per glomerulus in each stage. 

The nuclei number on day 2 was significantly lower than 

that of the controls (p < 0.005), and this number on day 8 

was significantly higher than that of the controls and day 2 
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Table 1. Renal hemodynamic� in anti­

Thy I ncrhriti� 

ll 

Control 

II 

Da) 2 Day H 

12 12 

Mean blond prc>.�urc. mm Hg 

GFR, ml/min/g 1-.idnc) 

105± II 

0.994±0.080 

3.50±0.39 

30.0±-+.2 

0.2X7±0.03lJ 

97± 10 

O.R3R± O. l l" 

3.4-1-±0S"l 

2X.R±5.6 

0.247±0.03611 

102±R 

0.727±0.079"·' 

2.96±0.-l}hc 

35.5±6 .9 ' 

0 . 2-lLJ±O . o :i " 

RPF. ml/rnin/g kidnc) 

RVR. mm Hg ml/min/g 1-.idncy 

FF 

Data arc rrcscntcd a-, the mean± SO. 

r<0 . 005 ver;.u:-. control� 

h p<0.05 \Cr:-.us cuntrol� 
' r<0.05 \'Cr�u-. day 2. 

group (p < 0.005). The serum concentrations of total pro­

tein, blood urea nitrogen, creatinine and sodium were not 

significantly different among all stages. Mean blood press­

ure and renal hemodynamics before the injection of All or 

ET in all subjects are shown in table I. Before the injection 

of ET, there was no difference in the mean blood pressure 

among all groups. Rats on day 8 showed a reduction of 

renal function, reflected by the significantly lower levels of 

renal plasma flow (RPF) of 2.96 ± 0.42 (mean± SO) ml/ 

min/g kidney and glomerular filtration ratio (GFR) of 

0.727 ± 0.079 ml/min/g kidney, and compared with those 

in the control rats and those of the day 2 group (p < 0.05). 

The renal vascular resistance (RVR) on day 8 was 35.5 ± 6.9 

mm Hg min/mllg kidney, which was significantly higher 

than that on day 2 (p < 0.05), but not significantly different 

from the control. In addition, the filtration fractions (FF) on 

day 2 and 8 were significantly lower than that of the control 

(p < 0.05). On day 8, both G FR and RPF were inversely 

correlated with the number of nuclei in the glomeruli (r = 

-0.76, p<0.005 for GFR; r = -0.70, p<0.05 for RPF), 

while RVR correlated positively with the nuclei number (R 

= 0.62, p < 0.05; fig. 3). 

Blood pressure began to increase shortly after the injec­

tion ofET and remained high after 10-20 min. The degree of 

blood pressure increase by ET was about 40-45 mm Hg, 

which was not significantly different from either that of the 

control, or of the day 2 or day 8 group after ATS injection. 

After the injection of ET, reductions in GFR and RPF 

with elevated RVR were observed in all 3 groups (table 2). 

The changes of RPF and GFR on day 8 were -33.7 ±6.2 and 

-30.0 ± 8.1%, and significantly lower than those of the con­

trol and the day 2 group (p < 0.01 in GFR; p < 0.05 in RPF, 

fig. 4). There was no significant difference in the changes of 

GFR, RPF and RVR between the control and day 2 group. 

However, RVR on day 8 was more greatly changed than 
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Fig. 2. Nuclei number per glomerulus in each grour. The number 

on day 2 (middle) was significantly lower than that of the control (left, 
p<0.005). In contrast, the number on day 8 was significantly higher 
than that of t he rest (p < 0.005 versus control p < 0.005 versus day 2). 

that in the control or day 2 group (p < 0.05). The decrease in 

FF did not correlate with the cell number (not shown). 

The infusion of All immediately increased the arterial 

blood pressure, and its degree of increase was not signifi­

cantly different among the three 3 groups (table 3). The 

changes of GFR, RPF and RVR on day 8 were -25.9 ± 4.4, 

-36.7 ± 9.4 and 133 ± 38%, respectively, which were signifi­

cantly greater than those in either the day 2 or the control 

group (p < 0.05; fig. 4). 
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Fig. 3. G FR, R PF and RVR in relation to the number of nuclei in 

the glomeruli on day 8 after ATS injection. 

Discussion 

This study revealed that the basic values reduction of 

GFR and RPF and RVR correlated well with the number of 

glomerular cells in mesangial proliferative nephritis, and 

also that the decrease in GFR by the injection of either ET 

or All was greater in rats with mesangial proliferation than 
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Fig. 4. The changes in G FR, RPF and RVR with injection of ET 

and Ail. Each column represents the mean value of3 experiments and 

vertical bars denote SO. 

in those with normal kidneys. These results are consistent 

with the clinical findings that the fall in GFR in response to 

All is larger in patients with mesangial proliferation than in 

healthy subjects [ll], suggesting the importance of mesan­

gial proliferation on renal hemodynamics in glomerulone­

phritis. 
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Table 2. Hemodynamic change al'tcr ET 

injection 

11 

GFR. 

ml/min/g 1-..idne) 
RPF 

ml/min/g kidney 
RVR 

Control 

6 
before 0.976±0.1 0 
after (J.8-l4 ± 0.070 
before 3.47± O.-l5 
after 2.58± 0.25 
before JO.O±-l.2 

Day 2 Day 8 

6 6 
0.7J.i±0.1)" 0.675±0.062" 
0.64.i±0.13" 0.4 70± 0.045" c 

3.06±0.63 2.66±0.1Xh 
2.JO±O.-l0 1.77±0.25·'" 

28.8±5.6 35.5±6 9  
111111 Hg ml/min/g kidney arter 60.-l ± I 2 63.1 ± 15 86.-l± 15h d 

Data arc presented as the mean±SD. 
<� p<0.005 vcr�us control: c p<O.OOS versus da) 2: 
" p<0.05 versus control: " p<0.05 versu� day 2. 

Table 3. Hemodynamic change after A 
II infusion 

11 

GFR. 

ml/min/g kidney 
RPF 

ml/min/g kidney 
RVR 

Control 

5 
1.02±0.045 

Day 2 

6 
0.899±0.0-lX" 
0.754±0.071 

Day 8 

6 
0.830±0.061 il. ,. 

0.616±0 05-l"( 

mm Hg ml/min/g kidney 

before 
after 
before 
after 
before 
after 

0.854±0.082 
3.74± 0.72 
2.84± O.-l2 
:27.7±6.0 
52.6±9.7 

3.66±0.52 
2.67±0.25 
25.6±3.9 
50.0±6.9 

3.42±0.64 
2.11 ±0.45"·' 
30.5±7.W 
70.6± I X"· c 

Data arc presented as the mean±SD. 

" p<0.005 versu<; control: c p<0.05 \'er-;us day 2. 
h p < 0.05 versus control: 

This model was made by intravenous administration of 

heterologous ATS, which reacts with a Thy-1-like antigen 

present in rat glomerular mesangial cells [9, 12]. This led to 

initial lytic lesions and subsequently proliferative/infiltra­

tive lesions in the mesangium. In the ATS-induced glome­

rular lesion, specific binding of intravenously administered 

ATS to mesangial cell surface has been found, and the cells 

which are seen in the proliferative stage are mesangial cells 

and infiltrating monocytes/macrophages particularly in 

the areas of mesangial ballooning [9, 12]. Because of this 

selective change in mesangial cells and the similarity to 

historical lesions in human glomerulonephritis, we chose 

this model for glomerulonephritis with mesangial prolifera­

tion. 

Jn this study, a good correlation existed between the 

degree of mesangial proliferation and the decrease in GFR 

or RPF. The mesangial cells are located between capillaries 

and possess many of the functional properties of smooth 

muscle cells [13]. The presence of both actin and myosin is 

well documented and the contractile properties of cultured 

mesangial cells are well established [14]. The decreased FF 

in this nephritis may suggest that the mesangial cells could 

induce a stronger contractility of glomerular capillary walls, 

which results in the decrease in GFR associated with the 

reduction of glomerular surface area. Yamamoto et al. [15] 

also suggested that mesangial cells might contribute either 

indirectly or directly to the regulation of afferent arteriolar 

resistance and plasma now as well as glomerular capillary 

hydrostatic pressure in this model. The correlation between 

RVR and the degree of mesangial proliferation indicates 

the role of mesangial cells for the reduction of renal hemo­

dynamics in anti-Thy-! nephritis. 

Both Ali and ET have been shown to reduce glomerular 

flow and glomerular ultrafiltration [5, 6, 16, 17]. The former 

is caused by vasoconstriction of the glomerular arterioles 

and the latter by apparently acting on contractile elements 

within the mesangium. The renal hemodynamic response of 

the kidney with mesangial proliferation to infused ET or 

ATI was modified when compared to those of the control 

kidney. The reduction of GFR following the injection of 

both pressor substances was greater in the rats on day 8 than 

in the control rats. This might be explained by the quanta­

rive change of mesangial cells in this nephritis. Blantz et al. 

[5] have previously reported that the A I I -mediated fall in 
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GFR is due to a direct action on the glomerulus, probably 

on the mesangial cells, but not on either afferent or efferent 

arterioles. In the present study, the increase in the number 

of glomerular cells may thus be essential for the enhanced 

contractility of glomerular capillaries in anti-Thy-1 ne­

phritis. In addition, the increase in RVR after the injection 

of these substances was also greater in anti-Thy- I nephritis. 

This indicates that the afferent arterioles could more greatly 

respond to ET or All in this type of nephritis than to the 

control. A variety of vasoactive agents such as ET [18], 

platelet-activating factor [19], renin-like substance [20] and 

eicosanoids [21] are known to be produced by the mesangial 

cells or the infiltrating monocytes/macrophages in an in­

fammatory situation. Either ET or All might stimulate the 

mesangial or infiltratory cells in nephritis to secrete vasoac­

tive substances which contributed to the increased afferent 

arteriolar resistance. Furthermore, the mesangial cells are 

closely connected to afferent arterioles by gap junctions 

through Goormaghtigh's cells which are thought to work as 

a syncytium [22, 23]. These morphological characteristics 

suggest that mesangial cells play a role in regulating afferent 

arteriolar resistance. The increased mesangial cells might 

thus elevate the contractility of afferent arterioles after ET 

or Ail infusion in mesangial proliferative nephritis. 

References 

Kincaid-Smith P: Parenchimatous disease of the 
kidney and hypertension; in Genest J (ed): 
Hypertension. New York, McGraw-Hill, 1977, 
pp 794-815. 

2 Shimamatsu K, Onoyama K, Harada A, Kuma­
gai H, Hirakata H, Mii hima C, lnenaga T, 
Fujimi S, Omae T: Effect of blood pressure on 
the progression rate of renal impairment in 
chronic glomerulonephritis. J Clin Hypertens 
1985;3:239 244. 

3 Okuda S, Onoyama K. Omae T: Influence of 
hypertension on the progression of experimen­
tal autologous immune complex nephritis. J Lab 
Clin Med 1983; 101:461-471. 

4 Yanagisawa M, Kurihara H, Kimura S, Tomobe 
Y, Kobayashi M, Mitsui Y, Yazaki Y, Goto K, 
Masaki T: A novel potent vasoconstrictor pep­
tide produced by vascular endothelial cells. Na­
ture 1988;332:411-415. 
Blant? RC, Konnen KS, Tucker BJ: Angiotensin 
II effects upon the glomerular microcirculation 
and ultrafiltration coefficient in the rats. J Clin 
Invest 1976 ;57 :419-434. 

6 Ausiello DA, Krei>berg J I, Roy C. Karnovsky 
MJ: Contraction of cultured rat glomerular cells 
of apparent mesangial origin after stimulation 

with angiotensin II and arginin vasopressin. J 
Clin Invest 1980:65:754 760. 

614 

Badr KF, Murray JJ, Breyer MD, Takahashi K, 
lnagami T, Harris RC: Mesangial cell, glomeru­
lar and renal vascular responses to cndothelin in 
the rat kidney. J Clin Invest 1989:83:336-342. 

In conclusion, renal hemodynamics in response to the 

pressor substances were augmented in mesangial prolif­

erative nephritis. The increased number of mesangial cells 

may, therefore, contribute to the enhanced contractility of 

the renal vasculatures in anti-Thy-1 nephritis. 

Acknowledgements 

This study was supported by a Research Grant from the Glomeru­

lar Injury Research Committee in the Intractable Disease Division, 

Public Health Bureau, Ministry of Health and Welfare, Japan. We 

thank Ms H. Noguchi for her helpful technical assistance. 

Yamamoto T, Yamamoto K, Kawasaki K, 
Yaoita E, Shimizu F, Kihara I: lmmunoelec­
tron-microscopic demonstration of Thy-1 
antigen on the surfaces of mesangial cells in the 

rat glomerulus. Nephron 1986;43:293-298. 
9 Yamamoto T. Wilson CB: Quantative and quali­

tative studies of antibody-induced mesangial 
cell damage in the rat. Kidney lnt 1987;32: 
514-525. 

I 0 Churchill PC, Bidani A, Fleischmann L, Becker­
McKenna B: HgCI:-induced acute renal failure 
in the Goldblatt rat. J Lab Clin Med 1978;91: 
660-667. 

II Fujiwara Y, Orita Y, Sasaki E, Abe H, Taka­
mitsu Y: Influence of mesangial proliferation 
on posturally induced change in glomerular fil­
tration rate. Nephron 1988:35:35-38. 

12 Baugchus WM, Hoedemaeker PJ, Razing J, 
Bakker WW: Clomerulonephritis induced by 
monoclonal anti-Thyl.l antibodies. Lab Invest 
1986:55:680-687 

13 Singhal PC, Ding G, DeCandido S: Endocytosis 
by cultured mesangial cells and associated 
change in prostaglandin E2 synthesis. Am J 
Physiol 1987:252: F627-F634. 

14 Becker CG: Demonstration of actomyosin in 

mesangial cells of the renal glomerulus. Am J 
Pathol1978;66:71-88. 

15 Yamamoto T, Mundy CA, Wilson CB, Blantz 
RC: Effect of me>angial cell lysis and prolifera­
tion on glomerular hemodynamics in the rats. 
Kidney lnt 1991:40:705-713. 

16 King AJ, Brenner RM, Anderson S: Endothelin: 
A potent renal and systemic vasoconstrictor 
peptide. Am J Physiol l989 :256: F1051-FI059. 

Kanai/Okuda/Kiyama/Tomooka/ 

H irakata/ Fujishima 

17 Badr KF, Murray JJ, Breyer MD, Takahashi K, 
lnagami T, Harris RC: Mesangial cell, glomeru­
lar and renal vascular responses to endothe1i n in 
the rat kidney. J Clin Invest 1989:83:336-342. 

18 Zoja C, Orisio S, Peri co , Benigni A, Morigi M, 
Benatti L, Rambaldi A, Remuzzi G: Constitu­
tive expression of endothelin gene in cultured 
human mesangial cells and its modulation by 
transforming growth factor-B, thrombin, and a 
throboxane A: analogue. Lab Invest 1991 ;64: 
16-20. 

19 Camussi G: Potential role of platelet-activating 
factor in renal pathophysiology. Kidney 1nt 
1986 ;29 :469-477. 

20 Dzau VJ, Kreisberg JI: Cultured glomerular me­
sangial cells contain renin: Influence of calcium 
and isoproterenol. J Cardiovasc Pharmacal 
1986;8(suppl 10):S6-SIO. 

21 Floege J, Tapley N, Wessel K, Kaever Y, Radeke 
H, Hoppe J, Kishimoto T, Resch K: Monokines 
and platelet-derived growth factor modulate 
prostanoid production in growth arrested, 
human mesangial cells. Kidney lnt 1990:37: 
859-869. 

22 Taugner R, Schiller A, Kaissling B, Kriz W: Gap 
junctional coupling between the JGA and the 

glomerular tuft. Cell Tissue Res 1978:186: 
279-285. 

23 Forssmann WG, Taugner R: Studies on the jux­
taglomerular apparatus. Cell Tissue Res 1977: 
177:291 305. 

Vasoconstrictors and Anti-Thy-1 Nephritis 


	0001
	0002
	0003
	0004

