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Abstract

SHRSP/IDmcr-fa/fa (SHRSP/fatty) rats 

are a new animal model that have the potential 
to develop severe hypertension, obesity, hyper-

lipidemia, and hyperglycemia, followed by arter-

iopathy and glomerulopathy in the kidneys. 
Thus, SHRSP/fatty rats seem to be the most 

severe animal model of human metabolic syn-
drome. Using this unique animal model, we 

investigated how HMG-CoA reductase inhibitor 

(statin), a well-known drug for hypercholester-
olemia, and angiotensin II receptor blocker 

(ARB), a widely-used anti-hypertensive drug, 
affected the pathophysiology related to meta-

bolic syndrome. The statin increased the mRNA 
expression of adiponectin and leptin, decreased 

the expression of TNF-alpha gene, and increased 

the secretion of high molecular weight (HMW) 

adiponectin, without a lipid-lowering effect.

ARB increased both total adiponectin and 
HMW adiponectin, independent of blood pres-

sure lowering. Histologically, the incidence of 

renal lesions, such as angionecrosis and glomer-

ulosclerosis, was decreased in both treated 

groups. Except for well-known pharmacological 
effects of these drugs, the additional medicinal 
benefit of the statin depended on its anti-inflam-

matory effect, and that of ARB probably depend-

ed on its direct effect on adipocytes. It was 
considered that the increase of HMW 

adiponectin was enhanced by both pathways, and 

this may be a common factor of the protective 

effects of both drugs on pathophysiological dam-
ages in SHRSP/fatty rats. 

Key words : SHRSP/IDmcr-fa/fa rats, 
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Introduction

 It is generally accepted that cardiovascular 
disease in metabolic syndrome (MS) is associat-
ed with four main risk factors, obesity, hyper-
lipidemia, diabetes, and hypertension.' For 
better understanding of the pathophysiology and 
establishment of therapeutic strategies against 
such conditions, we need to reproduce the clini-
cal conditions of MS in an animal model. 

 As a severe model of MS, SHRSP/IDmcr-fa/ 

fa (SHRSP/fatty) rats were established by 
hybridizing stroke-prone spontaneously hyper-

tensive rats of the Izumo strain (SHRSP/Izm) 
and Zucker fatty (ZF) rats.2 SHRSP/fatty rats 
show the combined features of two phyletic lines, 
such as obesity, hyperlipidemia, diabetes, and 
severe hypertension.' All of these rats suffered 
from such systemic disorders and died from 
stroke or renal damage. This means that 
SHRSP/fatty rats are a unique and useful animal 
model because their symptoms and causes of 

death are similar to those humans with MS. 
 In recent years, HMG-CoA reductase in-

hibitors (statins) have been generally prescribed 
for hyperlipidemic patients, especially for hyper-
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cholesteremic patients. As is well known, statins 
have pleiotropic effects, such as inducing the 

 vasohypotonic gene, suppressing the vasocon-
strictor gene, and arresting the secretion of 
inflammatory cytokines. These effects contribute 
to improvements in hemodynamics as they con-
trol the expression of circulation-related 

genes.¢-' 
On the other hand, angiotensin II receptor 

blockers (ARB) are generally prescribed for 
hypertensive patients. In hypertensive animal 
models, as in humans, ARB have beneficial 
effects not only for lowering blood pressure but 
also for the prevention of hypertensive end organ 
damage.8 " 

 The primary purpose of this experiment was to 
reveal whether statins or ARB affect the patho-

physiology of SHRSP/fatty rats and, if so, are 
there any additional mechanisms of the benefi-
cial effects of these drugs. The results of this 
study should reveal the novel pharmacological 
aspects and modes of action of statins and ARB 
in SHRSP/fatty rats and give valuable informa-
tion for the treatment of MS.

Methods

Animals 
 Male SHRSP/fatty were obtained from the 
Disease Model Cooperative Research Associa-
tion (Kyoto, Japan) and were housed in specific 

pathogen-free conditions at 23°C under a 12-h 
light/dark cycle. All rats were fed a stroke-

promoting diet (Funabasi SP, Funabashi Farms 
Co., Ltd., Chiba, Japan). Groups of 6 rats were 
administered 100 mg/kg/day pravastatin (Daii-
chi Sankyo Co., Ltd., Tokyo, Japan) or 0.1 mg/ 
kg/day olmesartan (Daiichi Sankyo) at 13 weeks 
of age for 5 weeks, and 8 rats were set as a 
control. The dosage of ARB was carefully 
determined in the preliminary study to avoid 
marked reduction of blood pressure. Also, the 
dosage of statin was determined according to the 
results obtained by the manufacture. Body 
weight and blood pressure were measured once a 
week by the balance and tail-pulse pick-up 
methods without anesthesia. All rats were treat-
ed according to the Guidelines for Animal 
Experimentation (Japanese Association for Lab-
oratory Animal Science, 1987). At the end of the 
experiment, after 12h fasting state, blood samples 
were drawn under anesthesia with pentobarbital 
sodium from the posterior vena cava, and then

the animals were euthanized by exsanguination 
by cutting both the abdominal aorta and vena 
cava, and their organs/tissues (brain, heart, kid-
ney, liver, lung, pancreas, spleen, testis, thigh 
muscle, and thoracic aorta) were collected and 
fixed in 10% neutral-buffered formalin. In addi-
tion, retroperitoneum adipose tissue was 
obtained freshly for adipocyte size determination 
or kept at —80°C for gene analysis. 
Adipocyte isolation and cell size determination 

 Adipocytes were isolated from retroper-
itoneum adipose tissue of male SHRSP fatty rats. 
The number of isolated adipocytes was estimated 
by counting an aliquot of a predetermined vol-
ume of cells on a 6-well plate. Prior to cell size 
determination, the obtained adipose tissue was 

processed using protease, filtrated through mesh, 
and fixed with osmium. This procedure allowed 
the cells to retain their original spherical shape. 
Collected fixed cells were poured into a 6-well 

plate and the cell size of adipocytes was deter-
mined using a microscope (LSM 5 PASCAL, 
Carl Zeiss Co., Ltd., Jena, Germany). Images of 
adipocytes were captured and the diameter calcu-
lated using a Mac SCOPE (Mitani Corporation, 
Fukui, Japan). Cell diameters were recorded 
and the mean and standard deviation were auto-
matically calculated in pm after calibration with 
standard length parameters. 
Blood measurements 

 Blood was drawn from the posterior vena cava 
under pentobarbital sodium anesthesia and 
centrifuged. Plasma was obtained and subjected 
to analysis using an automated clinical chemistry 
analyzer (Automatic Analyzer 7180 ; Hitachi, 
Tokyo, Japan). The measured parameters were 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 

(ALP), creatinine (Cre), blood urea nitrogen 
(BUN), total protein (TP), glucose (Glu), free 
fatty acid (FFA), triglycerides (TG), total cho-
lesterol (T-CHO), and low-density lipids (LDL). 
In addition, the plasma concentration of insulin, 
adiponectin and leptin was determined by 
ELTSA (Shibayagi Co., Ltd., Gunma, Japan and 
B-Bridge International, Inc., CA, USA, respec-
tively). All samples were run in duplicate, and 
mean values were calculated. 
Westernblot study 

 Fifty-fold-diluted equal amounts of plasma 

(10 p L) were run on 5-20% gradient polya-
crylamide gels (ATTO Corporation, Tokyo, 
Japan) before being transferred to
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polyvinylidene difluoride membranes (ATTO 
Corporation) and blocked in Tris-buffered 
saline containing 5% nonfat dry milk for 1 hour 
at room temperature (RT). The blot was then 
incubated for 1 hour at RT with adiponectin 
antibody (Bio Vision, CA, USA). The antigen-
antibody complexes were visualized using horse-
radish peroxidase-conjugated anti-rabbit anti-
body (1 : 3000) and detected by a luminescent 
image analyzer (Fuji Film, Tokyo, Japan). 
Gene analysis 

 RNA was isolated from homogenized adipose 
tissue and kidney using QIAzol Lysis Reagent 

(Qiagen, Maryland, USA) and chloroform, and 
RNA purification was carried out using the 
RNeasy Lipid Tissue Mini Kit and RNeasy Mini 
Kit (Qiagen), according to the manufacturer's 
instructions. All samples were treated with 
DNase 1 (RNase Free DNase set ; Qiagen). 

 For first-strand cDNA synthesis, equal 
amounts (2 ,u1) of total RNA were reverse-tran-
scribed using 100 units of reverse-transcriptase 

(Takara Bio Inc., Shiga, Japan) and 50 pmol 
Oligo dT Primer (Takara Bio). Transcript levels 
for adiponectin, leptin, and TNF-alpha were 

quantified in adipose tissue and monocyte 
chemoattractant protein-1 (MCP-1) was 

quantified in kidney by real-time PCR (7900HT 
Sequence Detection System ; Applied Biosys-
tems, Foster City, CA, USA). Primers were 
obtained from Takara Bio. cDNA was amplified 
under the following conditions : 95°C for 30 
seconds, followed by 45 cycles of 5 seconds at 95° 
C and 30 seconds at 60°C, using SYBR Premix 
Ex Taq 2 (Takara Bio). The primer and probe 
concentrations were 100 nmol/L. Formula 
2-°°ct (PACt is OCt WKY-ACt control) was 
used for semiquantification, and the results were 
normalized to the expression of 18S rRNA 

(Applied Biosystems). All samples were run in 
triplicate, and the mean values were calculated. 
Pathological examination 

 The fixed organs/tissues were routinely proces-
sed and embedded in paraffin, and the paraffin 
sections were stained with hematoxylin and 
eosin and examined microscopically. To com-

pare the severity of the renal lesions in each 
group, the number of arteriolar hyaline degener-
ation/necrotic lesions and the accumulation of 
eosinophilic substances in the glomerular mesan-

gium area were assessed. The number of lesions 
in the right and left kidneys in a single slide was 
counted, and the mean number and percentage

per kidney was calculated in each animal. 
Statistical analysis 

Data are presented as the mean+standard 
error (SE). Statistical differences between mean 
values were determined using the ANOVA mul-
tiple comparisons test. P values less than 0.05 
were considered significant. All examined val-
ues were tested for statistical differences using the 
Statistical Analysis Systems (SAS) software ver-
sion 8 (SAS Institute, USA).

Results

General observations 
 SHRSP/fatty rats gained weight for 1-3 weeks 

after the starting point and then tended to lose 
weight from 4 to 5 weeks in the control group 

(Figure 1). In drug-treated groups, the rats 
gained weight until the endpoint, and the ARB-
treated group showed significant increases (p < 
0.05) in comparison with the control group at 
five weeks after the starting point (Figure 1). 

 On the other hand, blood pressure went up 
until the endpoint in the control group (Figure 
2). In addition, two rats in the control and one 
rat in statin-treated group could not undergo 
measurement of blood pressure from 4 to 5 weeks 
because their condition had worsened. In drug-
treated groups, as in the control group, blood

Fig. 1

         weeks 

Body weight of the control, statin-, and 

groups.

A RB-treated
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pressure also rose until the endpoint, but that in 
the ARB-treated group tended to be lower than 
the control group only 1 week after the starting 

point (Figure 2). 
 The average cell sizes of adipocytes in statin-

and ARB-treated groups were larger than in the 
control group (Table 1). 
Effects on glucose and lipid metabolism 

 The blood chemistry results are shown in 
 Table 2. Data from WKY/Izm rats are shown as 

a reference. It was revealed that SHRSP/fatty 
rats in the control group had similar abnormal-
ities to MS because they showed increases in 
ALT, Glu, TG, and T-CHO in comparison with 
WKY/Izm rats. The ARB-treated group showed 
significantly low levels of T-CHO and LDL and 
tended to show decreases in FFA and TG. It 
was suggested that hyperlipidemia was improved 
in the ARB-treated group. In the statin-treated 

group, lipid parameters tended to decrease, but 
these differences were not significant. All three 

groups showed similar blood glucose values and

were not significantly different. Insulin in the 
ARB-treated group tended to be higher than in 
the control group. In contrast, the statin-treated 

group showed similar values, and no effects of 
drug treatment were observed. 
Western blot analysis of adipokine 

 The ARB-treated group showed high levels of 
adiponectin compared with the control group, 
but the differences were not significant. The 
statin-treated group showed similar values of 
adiponectin and leptin (Table 3). A migrating 
Westernblot image of plasma adiponectin is 
shown in Figure 3. Adiponectin exists as a 

polymer in plasma and is categorized according 
to the polymerization degree as LMW (low 
molecular weight, trimer), MMW (middle molec-
ular weight, hexamer), or HMW (high molecular 
weight, multimer).12,13 HMW adiponectin was 
hardly detected in the control group, suggesting 
that SHRSP/fatty rats in the control group had 
a deficit of HMW adiponectin. On the other 
hand, HMW adiponectin was clearly observed in

Table 1 Comparison of the average cell size (diameter) of adipocytes.

Items Unit Control (n=3) Statin (n-3) ARB (n=3)

Adipocyte ,u m 98.5+0.2 104.8+0.3** 107.3+1.8**

Mean+ SE, * * : P<0.01 (vs. Control)

Table 2 Comparison of biochemical examinations of the blood in the 

groups (WKY/Izm data were used as a reference).

control, statin-, and ARB-treated

Items Unit Control (n=6) Statin (n=5) ARB (n=5) WKY/Izm

AST 

ALT 

ALP 

 Cre 

BUN 

 TP 

 Glu 

FFA 

 TG 

T-CHO 

LDL 

Insulin

IU/L 

IU/L 

IU/L 
mg/dL 

mg/dL 

g/dL 
mg/dL 

meq/L 
mg/dL 

mg/dL 

mg/dL 

ng/mL

111.8± 10.7 

125.3+29.4 

506.7 + 23.1 

0.27+0.02 

20.3+1.4 

6.4 + 0.1 

179.7+9.0 

0.93±0.10 

526.5+50.5 

138.3+6.9 

11.83+0.79 

13.6+2.6

120.3± 13.2 

163.8+38.7 

495.5+ 15.5 

0.19+0.01** 

18.0± 1.5 

6.2 + 0.2 

183.5±9.8 

0.94+0.13 

597.0+ 94.2 

124.8+ 10.8 

9.25+2.02 

14.1+2.7

148.0+29.3 

182.6+33.4 

505.0+9.3 

0.17+0.01** 

17.4+0.5 

6.0 + 0.1 

189.0+13.1 

0.77+0.06 

471.4+ 59.8 

106.2+8.5* 

        7.00+ 1.05* 

19.4+ 3.6

132.4+11.4 

35.6+5.2 

759.2+13.5 

0.27+0.01 

21.0+0.8 

5.57+0.08 

128.6+4.1 

0.85+0.09 

29.2+2.1 

87.0+ 2.3

Mean + SE, *: P<0 .05 (vs. Control), * * : P<0.01 (vs. Control)

Table 3 Comparison of obesity related factors in the blood in the control, statin-, and ARB-treated groups.

Items Unit Control (n=6) Statin (n-5) ARB (n-5)

Adiponectin 

  Leptin

g/mL 
ng/mL

6.47 + 1.23 

108.3+ 10.0

6.99+1.96 

108.4+7.3

9.35+0.73 

92.9+8.6

Mean + SE
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statin- and ARB-treated groups, revealing that 

rats in drug-treated groups had HMW 
adiponectin in their blood. 

Gene analysis of adipokines and cytokines 

 The mRNA expression of leptin, adiponectin, 

and TNF-alpha in adipose tissue was determined 

by real-time PCR. The statin-treated group 
showed an increased expression of adiponectin 

and leptin and a decreased expression of TNF-

alpha. The ARB-treated group also showed a 
tendency towards a decreased expression of 

TNF-alpha, but there were no changes in 

adiponectin or leptin expression (Table 4). 

 The mRNA expression of MCP-1 in kidney 
was determined by real-time PCR. The ARB-

treated group showed an significant decrease and 

the statin-treated group showed a tendency to 

decrease compared to the control group (Table 
4). 

Microscopic findings 

 Histopathological examination revealed 

hyaline degeneration or fibrinoid necrosis of 
arterioles (Figure 4-1) and the accumulation of

eosinophilic material at the glomerulus (Figure 
4-2) with a high incidence in the control group 
in the kidney (Table 5). However, these lesions 
were suppressed in both drug-treated groups, and 
there was no difference between suppression in 
statin- and ARB-treated groups. Moderate 
hyperplasia of the islets of the pancreas was 
observed in all groups, and the degree of this 
lesion was the same in all groups. No other

Fig. 4-1 Vascular lesion in the kidney (H&E staining) 

Hyaline degeneration or fibrinoid necrosis of arter-

ioles.

Fig. 3

Table

Western blotting of HMW adiponectin in blood of 

the control, statin-, and ARB-treated groups. 

4 Comparison of adipokine and MCP-1 expression

llJllll,.l Ulal l\.JllJ ll 

     Accumulation of 

      glomerulus. 

in the control, statin-,

Ill lll\. 111U ti ,y 

eosinophilic

and

k11CX,L J Lall11116) 

material at the

ARB-treated groups.

Items Control (n=6) Statin (n=4) ARB (n=5)

Adiponectin 

  Leptin 

TNF-a 

MCP-1

0.42±0.01 

0.84±0.07 

0.90+0.12 

2.08+0.64

0.50±0.01 * 

1.14±0.07* 

0.51+ 0.09* 

0.64+0.23

(+19%) 

(+36%) 

(-43%) 
(-69%)

0.46+0.02 

1.04±0.05 

0.60+0.04 

0.19+0.06*

(+10%) 

(+ 24%) 

(— 33%) 
(-91%)

Ratio to 18S rRNA, Mean+SE, 

compared with the control group,

O : each value as a percentage of the control 

: decrease compared with the control group,

group value, 
* : P<0 .05

+ 

(vs.

: increase 

Control) 

      37
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Table 5  Comparison of vascular and glomerular lesions in the control. statin-, and ARB-treated groups.

Control (n6)  Statin (n5)  ARB (n — 5)

Vascular lesions 

Glomerular lesions

11.8+1.2 (19.7+2.5) 

6.3+1.0 (1.8+0.5)

3.3+2.1* 

2.4+1.9

(2.3+1.5) 
(0.2+0.1)

3.2+1.5** 

2.2+0.6*

(6.9+4.4) 
(0.5+0.3)

Mean + SE, 

glomerulus. 
* : P<0 .05

Number of lesions per kidney. () : each

(vs. Control), ** : P G 0.01 (vs. Control)

value as a percentage of the lesions in all arteriole or

organs or tissues (brain, liver, spleen, heart, lung, 
aorta, testis, and thigh muscle) showed any other 
lesions in any group.

Discussion

 The general condition was well preserved both 
in statin- and ARB-treated groups, although 
these treatments had no effect on blood pressure. 
The average cell size of adipocytes in the control 

group was smaller than in drug-treated groups. 
It was suspected that loss of body weight was 
caused by adipocyte atrophy in the control 

group. This may be due to appetite loss by 
severe hypertension. 

 In the present study, investigation of the effects 
of drugs on glucose/lipid metabolism revealed a 
decrease in T-CHO and LDL and a tendency 
towards decreases in FFA and TG in the ARB-
treated group. This interesting effect might have 
resulted from the direct effect of ARB on the AT-
2 receptor, because liver and adipose tissue both 
express the AT-2 receptor.1445 In addition, there 
were no improvements in lipid parameters in the 
statin-treated group. In general, if HMG-CoA 
reductase is inhibited by statins treatment, rats 
have a secondary pathway for synthesizing cho-
lesterol, and so statins have few effects on choles-
terol production.16,17 This might be the reason 
for the lack of improvement in lipid metabolism 
in the statin-treated group. Although Glu tend-
ed to increase in all groups, it did not reach the 
reference value for diabetes.18 Histopathological 
examination revealed hyperplasia in the islets of 
the pancreas, and ELISA showed a high blood 
insulin level in all groups. This suggested that 
the increase in Glu caused compensatory islet 
cell hyperplasia and elevated production of insu-
lin. This may cause glomerular lesions, being 
similar to diabetic glomerulopathy. Investiga-
tion into the effect on adipokines revealed a high 
blood adiponectin level in the ARB-treated 

group. As mentioned previously, adiponectin is 
categorized according to the polymerization

degree as LMW, MMW, or HMW, and HMW 

adiponectin has an markedly suppressive effect 

on the formulation of lesions.13°19 Interestingly, 

HMW adiponectin was detected in both statin-

and ARB-treated groups, although it was rarely 

observed in the control group. Adiponectin, the 

most abundantly secreted adipokine, has sup-

pressive effects on vascular lesions and 
diabetes.2o,2' ARB has a stimulatory effect on the 

secretion of adipokines, especially adiponectin, 

which acts through the AT-2 receptor in 

adipocytes.22 In our study, the total amount of 

adiponectin secretion and the amount of HMW 

adiponectin secretion were probably promoted 

by the same pathway, suggesting that increases in 

adiponectin suppressed vascular and glomerular 

lesions of the kidney in ARB-treated groups. 

 In contrast, the mRNA expression of TNF-

alpha was down-regulated in the adipose tissue 

of the statin-treated group, and the expression of 

adiponectin was up-regulated. It was reported 

that statins possess an anti-inflammatory effect 

that induces the suppression of TNF-alpha and 

MCP-1 secretion from macrophages in adipose 

tissue, inhibits abnormal differentiation of 

adipocytes, and prevents the development of 

diabetes by stimulating adiponectin secre-

tion.23'7'24 Therefore, in our study, the secretion 

of HMW adiponectin was probably caused by 

the same anti-inflammatory pathway. The de-

creased mRNA expression of TNF-alpha was 

one of the most important factors in the preven-

tion of renal vascular and glomerular lesions in 

the statin-treated group. The mRNA expression 

of MCP-1 in the kidney was decreased in the 

statin- and ARB-treated groups. MCP-1 is 

known as an important mediator of macrophage 

infiltration and increased expression of MCP-1 

was described in an experimental study to cause 

hypertensive nephrosclerosis in SHRSP.25 In this 

study, down-regulation of MCP-1 was caused by 

the prevention of renal damage in drug-treated 

groups. In addition, the mRNA expression of 
leptin was up-regulated in adipose tissue. The
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secretion of leptindepended on thesize of 
adipocytes, and the diameter of adipocytes in the 
statin- and ARB-treated groups was larger than 
in the control group.26 This hypertrophy of 
adipocytes caused mRNA up-regulation in le-

ptin. 
 The blood leptin level tended to decrease in 

the ARB-treated group despite an increasing size 
of adipocytes. SHRSP/fatty rats have a muta-
tion in their leptin receptor, and the concentra-
tion of leptin remained quite high. As high 
concentrations of leptin have negative repercus-
sions for organs, the decrease in leptin might be 
related to improvements in the clinical condition 
in the ARB-treated group.27 

 To confirm the beneficial effects of statin and 
ARB, histopathological examination of the kid-
ney was carried out and revealed that severe 
arterial lesions, such as angionecrosis and 

glomerular lesions, including diffuse or segmen-
tal deposition of eosinophilic substances, were 

prevented in the statin- and ARB-treated groups. 
It was previously reported by this laboratory that 
the incidence of renal lesions was lower in 
SHRSP receiving short-term ARB treatment.'° 

 As described above, although statins and ARB 
have different pharmacological effects, both 
drugs had beneficial effects on SHRSP/fatty rats. 
Comparing statin and ARB treatments, the com-
mon effects were suppression of body weight 
decreases, improvement of hypertensive arter-
iopathy and diabetic glomerulopathy, and in-
creased total and HMW adiponectin. In con-
trast, the different effects were, for statin treat-
ment, mRNA up-regulation of adiponectin and 
leptin and mRNA down-regulation of TNF-
alpha. In addition, in ARB treatment, decreases 
in T-CHO and LDL, and increases in insulin 
expression and the total amount of adiponectin 
were observed. 

 It was speculated that statin suppressed sys-
temic arteriole and renal damage without a lipid-
lowering effect. These advantages were probably 
caused by the anti-inflammatory effects of 
statins. ARB improved lipid metabolism, in-
creased adiponectin secretion from adipocytes, 
and resulted in the suppression of systemic arter-
iole and renal damage. These effects of ARB 
might have been caused by their actions on 
adipocytes. In other words, although the mecha-
nism was similar to the process that suppressed 
vascular and renal damage, it was probably 
different from the mechanism leading to enhan-

ced adiponectin secretion. 
 In conclusion, our study confirmed that 

SHRSP/fatty rats have the potential to suffer 
severe hypertension, obesity, hyperlipidemia and 
hyperglycemia, and to develop arterial degenera-
tion in many organs and tissues, and hyperten-
sive arteriopathy and diabetic glomerulopathy in 
the kidneys. The severity of these lesions can be 
reduced by treatment with statins or ARB. In 
addition, it is considered that adipokines, espe-
cially adiponectin, are related to the suppressive 
effects of both drugs on vascular and renal 
damage.
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