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Abstract
AIM: To evaluate the role of chymase in blood pres-
sure regulation and its actions on tissue renin-angio-
tensin system.

METHODS: A two-kidney, one-clip (2K1C) hyperten-
sion model was developed in Syrian hamsters, which 
have a human-type chymase. Either an angiotensin 
(Ang) converting enzyme (ACE) inhibitor (ACE-I; te-
mocapril, 30 mg/kg per day), Ang Ⅱ type 1 receptor 
antagonist (ARB; CS866, 10 mg/kg per day), or vehicle 
was administered, beginning 2 wk after renal artery 
clipping and continued for 16 wk. At the end of this 
protocol, hearts, aortas, and lungs were removed, and 
total Ang Ⅱ-forming activities and ACE- and chymase-
dependent Ang Ⅱ-forming activities were determined.

RESULTS: After renal artery clipping, systolic blood pres-
sure in the vehicle group was significantly higher com-
pared with that in a sham-operated group throughout 

the experimental period. Both ACE-I and ARB treatments 
revealed similar antihypertensive effects. Moreover, in 
the vehicle group, cardiac total and chymase-dependent 
Ang Ⅱ-forming activities significantly increased at 18 wk 
after clipping. Further, cardiac total and chymase-de-
pendent Ang Ⅱ-forming activities decreased significantly 
after ACE-I or ARB treatment for 16 wk. In addition, 
chymase-dependent Ang Ⅱ-forming activity significantly 
increased in the aorta, although these changes were in-
hibited only by ARB. ARB treatment was more effective 
compared with ACE-I treatment in reversing the changes 
in tissue Ang Ⅱ formation, particularly in the aorta, de-
spite their similar antihypertensive effects.

CONCLUSION: Chymase does not play a major role in 
maintaining blood pressure and tissue ACE and chymase 
are regulated in a tissue-dependent manner in 2K1C 
hamster.

© 2013 Baishideng. All rights reserved.
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Core tip: There are several pathways that can produce 
angiotensin (Ang) Ⅱ in human tissues, which are in-
volved in remodeling of the cardiovascular system. 
Among these, chymase has been exhibited the great-
est Ang Ⅱ-forming enzyme in human heart. In hy-
pertensive hamster, blood pressure was significantly 
elevated, and both Ang converting enzyme (ACE) in-
hibitor (ACE-I) and Ang Ⅱ type 1 receptor antagonist 
(ARB) revealed similar antihypertensive effects. Inter-
estingly, cardiac chymase-dependent Ang Ⅱ-formation 
decreased after ACE-I or ARB treatment. In addition, 
chymase-dependent Ang Ⅱ-formation increased in 
the aorta, although these changes were inhibited only 
by ARB. ACE and chymase were regulated in a tissue-
dependent manner in hypertensive hamsters, and the 
both enzymes were independently regulated.
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INTRODUCTION 
Angiotensin (Ang) Ⅱ is generated as a final active prod-
uct of  the renin-angiotensin system (RAS). Skeggs et 
al[1] reported that Ang Ⅱ was generated from the inac-
tive precursor Ang I by angiotensin-converting enzyme 
(ACE). Ang Ⅱ plays an important role not only in regu-
lating blood pressure by inducing aldosterone synthesis 
and secretion and vasopressin secretion but also in pro-
moting cardiovascular tissue remodeling[2]. Previous clini-
cal studies have reported that ACE inhibitors revealed 
beneficial effects in patients with hypertension, conges-
tive heart failure, and myocardial infarction[3-5]. 

Several Ang Ⅱ-generating systems that are indepen-
dent of  ACE have been reported[6]. In a previous study, 
we reported that serine proteases such as trypsin, tissue 
kallikrein, and tonin directly formed Ang Ⅱ from angio-
tensinogen in a low pH condition in addition to form-
ing bradykinin from kininogen at physiological pH[7,8]. 
Moreover, we demonstrated that tissue kallikrein purified 
from the rat submandibular gland or human urine can 
convert Ang I to Ang Ⅱ[7]. Several serine proteinases, 
including chymase, kallikrein, and cathepsin G, are prob-
ably responsible for ACE-independent Ang Ⅱ forma-
tion in human tissues; in particular, chymase has been 
reported as a major Ang Ⅱ-generating enzyme in human 
heart[9]. 

Chymase is a chymotrypsin-like serine protease that 
is stored in a complex with heparin proteoglycan in the 
secretary granules of  mast cells. Chymase is found in 
human blood vessels, heart, and several other tissues[10], 
but not in plasma[11]. Chymase remains in this complex, 
which binds to the extracellular matrix, and remains ac-
tive for several weeks after it is released from these gran-
ules. In the cardiovascular system, chymase is primarily 
produced by mast cells in the heart[9] and in the blood 
vessels[12]. 

Human chymase represents more than 80% of  the 
Ang Ⅱ-forming activity in tissue extracts from human 
myocardium, which suggests that ACE is not the major 
Ang Ⅱ-forming enzyme in the human left ventricle in 
vitro[9,13]. Furthermore, our studies have demonstrated 
that most Ang Ⅱ-forming activity was dependent on 
chymase but not on ACE in other human tissues and 
that there were marked species differences among rat, 
hamster, rabbit, dog, and human species with regard 
to the Ang Ⅱ-forming capacity of  ACE versus that of  
chymase[14]; however, the physiological roles of  chymase 
have not yet been determined. Interestingly, human chy-
mase primarily forms Ang Ⅱ from Ang Ⅰ, whereas rat 

chymase Ⅰ generates Ang Ⅰ (5-10) rather than Ang Ⅱ
[13]; thus, while human chymase is an Ang Ⅱ-forming en-
zyme, rat chymase Ⅰ is an Ang Ⅱ-degrading enzyme. 

Because of  these species differences, care must be taken 
when studying the physiological roles of  human chymase 
in animals with human-type chymase. Hamsters are suit-
able for studies of  this type because their chymase pri-
marily generates Ang Ⅱ from Ang Ⅰ[15,16]; therefore, we 
compared the effects of  an ACE inhibitor and an Ang 
Ⅱ type 1 receptor antagonist (ARB) in two-kidney, one-
clip (2K1C) hypertensive hamsters to examine a possible 
role for chymase in regulating blood pressure and tissue 
renin-angiotensin systems. 

MATERIALS AND METHODS
Hamsters
Eight-week-old male Syrian hamsters (100-130 g) were 
obtained from Biotec Co. (Saga, Japan). They were housed 
in separate cages and had free access to tap water and 
hamster chow. The study protocol was approved by the 
Animal Care and Use Committee of  Fukuoka University.

2K1C hypertensive model 
The hamsters were anesthetized using pentobarbital. Af-
ter making an incision in the back, a silver clip (internal 
diameter, 0.15 mm) was attached on the left renal artery. 
The right kidney and renal artery were not touched. The 
control hamsters underwent a sham operation under an-
esthesia. All the hamsters were again given free access to 
tap water and standard hamster chow.

Materials
CS-866, a nonpeptide angiotensin Ⅱ type Ⅰ receptor an-
tagonist: olmesartan, temocapril, and inactin were kindly 
provided by Daiichi-Sankyo, Co. (Tokyo, Japan). Ang Ⅰ, 
Ang Ⅱ, captopril, and other chemicals were purchased 
from Sigma (St. Louis, MO, United States), unless other-
wise noted.

Arterial blood pressure measurements
Systolic blood pressure (SBP) was measured in the right 
hind leg with a pulse transducer and inflation cuff  (MK-1100, 
Muromachi K.K. Co., Tokyo, Japan) under inactin (115 
mg/kg) anesthesia on days 0 and 2, and at 18 and 34 
wk after surgery. The accuracy of  this method was con-
firmed by comparing the SBP values obtained using the 
following two methods in the same hamster. Carotid 
artery SBP was measured directly using a cannula and a 
pressure transducer. SBP was measured indirectly in the 
right hind leg under thiobutabarbital (inactin) anesthesia. 
A highly significant correlation (r = 0.923) was observed 
between the indirect and direct SBP values.

Treatments
The hamsters were divided into four groups for measure-
ments on day 14 after surgery. (1) Sham Group; Sham 
operation; (2) Vehicle Group; 2K1C + saline; (3) ACE-
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Ⅰ Group; 2K1C + ACE-I; and (4) ARB Group; 2K1C + 
ARB.

Either ACE-I (temocapril, 30 mg/kg per day), ARB 
(CS866, 10 mg/kg per day), or vehicle was administered, 
beginning 14 d after clipping and continued for 16 wk. 
At the end of  this experimental period, hearts, aortas, 
and lungs were removed to determine total and ACE- 
and chymase-dependent Ang Ⅱ-forming activities.

Measurements of local AngII-forming activity
Heart, aorta, and lung samples were homogenized in 
sodium phosphate buffer (50 mmol/L; pH 7.4) and cen-
trifuged at 40000 g for 20 min. Ang Ⅱ forming activity 
from Ang Ⅰ was determined as described elsewhere with 
some modification[16,17]. The samples prepared as above 
were incubated with synthetic Ang Ⅰ (0.2 mmol/L) at 
37 ℃ for 30 min. The Ang Ⅱ formed was analyzed by 
high-performance liquid chromatography (HPLC) us-
ing a C18 reverse-phase column (2.2 cm × 25 cm; Vydac) 
with a 15-min liner acetonitrile gradient (5% to 16%) 
in 25 mmol/L triethylamine-phosphate buffer, ph 3, 
at a flow rate of  2 mL/min. Ang Ⅱ forming activity 

were expressed as nanomoles or picomoles of  Ang Ⅱ 
formed per minute per milligram of  protein. Captopril (1 
mmol/L)- or chymostatin (0.1 mmol/L)-inhibitable (both 
from Sigma Chemical Co) and aprotinin (0.24 mmol/L) 
(Bayer)-insensitive Ang Ⅱ formations were expressed as 
ACE- and chymase-dependent Ang Ⅱ forming activity, 
and the aprotinin-inhibitable Ang Ⅱ forming activity 
was presented as others activity which is mainly depen-
dent on cathepsin G. Ang Ⅱ forming activity analyses 
for each sample were performed in duplicate, and the 
reproducibility and quality of  all data were confirmed 
before statistical analyses. 

reverse transcription polymerase chain reaction for 
ACE and chymase mRNA expression
At 18 and 34 wk after clipping, RNA was extracted from 
hamster tissues in the sham-operated and vehicle groups. 
Total RNA was isolated from the heart, aorta, and lung. 
Single-strand cDNA was synthesized from total RNA 
(5 μg) that was hybridized with 20 pmol of  a random 
primer by heating at 72 ℃ for 10 min. A reverse tran-
scriptase reaction was run in 20-μl reaction volume. 
ACE, β-actin, and chymase mRNA levels were assessed 
by reverse transcription polymerase chain reaction.

The polymerase chain reaction (PCR) primers for 
hamster chymase, ACE, and β-actin mRNA were selected 
on the basis of  the hamster cDNA sequences: chymase: 
sense primer, 5′-AAT CGC TCA CCC AAA CTA CAG 
C-3′, antisense, 5′-GCA GAC CTG AAA ATA ACT G-3′; 
ACE: sense primer, 5′-GCT TGC CCA ACA AGA CTG 
CCA -3′, antisense, 5′-CCA CAT GTC TCC CAG CAG 
ATG -3′; β-actin: sense primer, 5′-TCC TGA CCG AGC 
GTG GCT ACA GC-3′, antisense, 5′-CTC CTG GAA 
GGT GGA CAG TGA GG -3′. The PCR products 
were electrophoretically separated on 1%-2% agarose gel, 
which was stained with ethidium bromide, and photo-
graphed.

Statistical analysis
Results are presented as means ± SEMs. Statistical analy-
sis was performed using Statview J 5.0 software. Results 
were compared by two-way ANOVA for treatment and 
time effects. A p value of  < 0.05 was considered statisti-
cally significant.

RESULTS
Blood pressure and effects on organ weights 
Systolic blood pressure in the vehicle group was signifi-
cantly higher compared with that in the sham-operated 
group throughout the experimental period. Both ACE-I 
and ARB treatment revealed similar antihypertensive 
effects (Figure 1A). At the end of  the experimental pro-
tocol, hamster hearts were removed and weighed. Heart 
weight as a proportion of  total body weight increased 
in the vehicle group compared with the sham-operated 
group (p < 0.01). Heart weights significantly decreased 
after 16 wk of  ARB treatment (Figure 1B). Furthermore, 
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Figure 1  Blood pressures and heart weights of hypertensive hamsters. 
Time course for changes in noninvasively measured systolic blood pressure in 
two-kidney, one-clip (2K1C) hypertensive hamsters. Either an angiotensin (Ang) 
converting enzyme inhibitor (ACE-Ⅰ), an Ang Ⅱ type 1 receptor antagonist 
(ARB), or saline was administered, beginning at 2 wk after renal artery clipping; 
n = 6-8 for each time point. A: Hamster hearts were removed and weighed at 18 
wk after clipping, n = 6 per group; B: Results are presented as means ± SEMs. 
bP < 0.01, aP < 0.05 vs Vehicle; dP < 0.01 vs Sham.
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Figure 2  Chymase and angiotensin converting enzyme mRNA expressions and localization of mast cell in two-kidney, one-clip hamsters. Time course for 
changes in chymase and angiotensin converting enzyme (ACE) mRNA expression in the heart, aorta, and lung in sham-operated and two-kidney, one-clip (2K1C) 
hamsters. Chymase mRNA expression in (A) heart, (C) aorta, and (E) lung. ACE mRNA expression in (B) heart, (D) aorta, and (F) lung. Photomicrograph of the same 
section stained by toluidine blue shows the heart and the ascending aorta from sham-operated (G, I) and 2K1C (H, J) hamster. Mast cells identified by toluidine blue 
staining (arrowheads) appear in epicardium of the heart (G, H) and adventitia of the aorta (I, J). Results are presented as means ± SEM; n = 5-6 per group. aP < 0.05 
vs Sham.
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right and left kidneys were removed and weighed. The 
weight of  the left kidney (clipped side) decreased in the 
vehicle group compared with the sham-operated group. 
In contrast, right kidney weight increased in the vehicle 
group compared with the sham-operated group. 

Chymase and ACE gene expressions
Cardiac chymase mRNA expression significantly increased 
in the 2K1C hypertensive model, whereas this expression 
slightly decreased at 16 and 32 wk in the sham-operated 
group (Figure 2A). However, cardiac ACE mRNA levels 
did not change (Figure 2B). Aortic chymase mRNA ex-
pression dramatically increased in the 2K1C group com-
pared with the sham-operated group (Figure 2C, D). On 
further comparison, pulmonary chymase mRNA expres-
sions were at lower levels in the 2K1C hamsters, and both 
chymase and ACE mRNA expressions did not reveal any 
significant changes in the lungs of  2K1C hamsters (Figure 
2E, F). 

Pathology of the hamster heart and aorta 
The numbers of  cardiac mast cells (MCs) significantly 
increased at 18 wk after clipping. Cardiac mast cells were 
localized in the subepicardial tissue in the hamster heart 
(Figure 2G, H). On aorta sections, the numbers of  MCs 
were significantly increased and were only localized in the 
aortic adventitia (Figure 2I, J). These changes were also 

inhibited by both ARB and ACE-I treatment (data not 
shown). 

Tissue Ang Ⅱ-forming activity 
Because the increased chymase mRNA levels in the heart 
and aorta peaked at 16 wk after clipping, tissue Ang Ⅱ 
formation was assessed at 18 wk after clipping (16 wk 
of  treatment). In the vehicle group, cardiac total and 
chymase- and ACE-dependent Ang Ⅱ-forming activi-
ties significantly increased at 16 wk. Both ACE-I and 
ARB treatment significantly suppressed these increases in 
cardiac total and chymase-dependent Ang Ⅱ-forming ac-
tivities (Figure 3). In addition to hamster heart, total and 
chymase-dependent Ang Ⅱ-forming activities significant-
ly increased in the aorta at 18 wk after clipping. However, 
aortic tissue ACE-dependent Ang Ⅱ-forming activity did 
not change. These changes in aortic Ang Ⅱ formation 
were inhibited by ARB but not by ACE-I treatment (Fig-
ure 4). 

In contrast to the hamster heart and aorta, ACE rather 
than chymase was the major Ang Ⅱ-forming enzyme 
in the lung (Figure 5). Pulmonary tissue ACE activity 
significantly decreased at 18 wk after clipping, and pul-
monary tissue ACE-dependent Ang Ⅱ-forming activity 
significantly increased after 16 wk of  ARB treatment; 
however, ACE-I treatment resulted in no change. These 
results suggested that tissue-specific Ang Ⅱ forming 

Figure 3  Cardiac tissue angiotensin Ⅱ-forming activity in two-kidney, one-clip hypertensive hamsters. Cardiac tissue (A) total, (B) chymase-, (C) angiotensin 
converting enzyme (ACE)-, and (D) other enzyme-dependent Ang Ⅱ-forming activities in sham-operated and two-kidney, one-clip (2K1C) hypertensive hamsters. 
Hamster hearts were removed, and activities were measured at 18 wk after clipping either without or with ACE inhibitor (ACE-Ⅰ) (Temocapril; 30 mg/kg per day) or 
angiotensin Ⅱ type 1 receptor antagonist (ARB) (CS866; 10 mg/kg per day) treatment. Results are presented as means ± SEMs; n = 6 per group. bP < 0.01, aP < 0.05, 
cP < 0.1 vs Vehicle; dP < 0.01 vs Sham.
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systems were independently regulated.

DISCUSSION
The aim of  this study was to evaluate the role of  chymase 
in blood pressure regulation and its actions on tissue RAS 
in 2K1C hypertensive hamsters. With this model, we 
compared the depressor effects of  ACE-I and ARB. Each 
drug was used at its sufficient dosage[18-20]. We expected 
that blood pressure would decrease to a greater extent in 
ARB- than in ACE-I-treated hamsters if  an ACE-inde-
pendent Ang Ⅱ-forming pathway (i.e., chymase-depen-
dent Ang Ⅱ formation) played a role in maintaining high 
blood pressure; however, we observed that both ARB and 
ACE-I treatments provided similar antihypertensive ef-
fects. This suggested that elevating and maintaining blood 
pressure in the 2K1C hypertensive hamster model was not 
dependent on tissue ACE-independent Ang Ⅱ formation. 

Chymase-dependent Ang Ⅱ formation has been pre-
viously reported in hamsters, for which ACE inhibitors 
could not prevent the pressor response to [Pro11, D-Ala12] 
Ang I; Ang Ⅱ could be produced by incubating Ang I 
with purified chymase[21]. Human chymase appears to 
be involved in clinical disorders such as atherosclerotic 
lesions[22], acute coronary syndrome[23], disorders in the 
metabolism of  apolipoprotein[24], and extracellular matrix 
degradation[25-28]. 

Some remarkable differences in Ang Ⅱ-forming path-
ways have been reported among various species[13]. In situ 

hybridization and electron microscopic and immunocyto-
chemical studies have demonstrated that mast cells, endo-
thelial cells, and other cell types within the interstitial, ex-
tracellular matrix were sites for synthesis and storage of  
chymase. In this study, we counted the numbers of  mast 
cells in the hamster heart and aorta. Cardiac mast cell 
number changes paralleled cardiac tissue chymase activity. 
Furthermore, aortic mast cell numbers changed in paral-
lel with aortic tissue chymase activity. Moreover, cardiac 
and aortic mast cells were localized in the subepicardial 
and adventitia layers in the hamster heart and aorta, re-
spectively. 

In contrast, ACE is bound to the cell membranes of  
endothelial cells and fibroblasts and has its catalytic site 
exposed to the extracellular space; therefore, compared 
with chymase, ACE may be more readily accessible to 
plasma Ang Ⅰ. Moreover, these discrepancies may be 
because of  the different models of  hypertension used. 
We investigated the changes in blood pressure during the 
early phase of  renin-angiotensin-dependent hyperten-
sion. However, the etiology of  essential hypertension in 
humans is more heterogeneous, and hypertension devel-
ops more slowly than in the 2K1C model. Further studies 
are needed to determine the role of  chymase in human 
hypertension.

With regard to chymase-like activity and ACE activ-
ity on the heart in hypertensive hamsters, we observed 
decreased total Ang Ⅱ-forming activity. ACE-dependent 
Ang Ⅱ-forming activity increased, whereas chymase-de-

Figure 4  Aortic tissue angiotensin Ⅱ-forming activity in two-kidney, one-clip hypertensive hamsters. Aortic tissue (A) total, (B) chymase-, (C) angiotensin (Ang) 
converting enzyme (ACE)-, and (D) other enzyme-dependent Ang Ⅱ-forming activities in sham-operated and two-kidney, one-clip (2K1C) hypertensive hamsters. 
Hamster aortas were removed, and activities were measured at 18 wk after clipping either without or with ACE inhibitor (ACE-Ⅰ) (Temocapril; 30 mg/kg per day) or 
angiotensin Ⅱ type 1 receptor antagonist (ARB) (CS866; 10 mg/kg per day) treatment. Results are presented as means ± SEM’s; n = 6 per group. aP < 0.05; bP < 0.1 
vs Vehicle; cP < 0.05 vs Sham.
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pendent activity decreased in the hearts of  untreated hy-
pertensive hamsters. In the lungs of  untreated hamsters, 
both total Ang Ⅱ-forming activity and ACE-dependent 
Ang Ⅱ-forming activity significantly increased, whereas 
chymase-dependent Ang Ⅱ-forming activity did not 
change. These changes in Ang Ⅱ-forming activity in un-
treated hamsters reversed on treatment with ACE-I and 
ARB. 

Hoit et al[29] reported that chymase activity decreased 
in all the cardiovascular tissues in 2K1C hypertensive ba-
boons, although significant changes were observed only 
in aortic tissues. In contrast, increased ACE mRNA levels 
and ACE activity were observed in the cardiovascular tis-
sues of  2K1C hypertensive rats. Our findings regarding 
the changes in chymase-like activity vs ACE activity of  
hypertensive hamsters were essentially consistent with 
these earlier findings. These changes suggest that elevated 
blood pressure and/or increased plasma Ang Ⅱ levels 
might be regulated differently by the activities of  chymase 
and ACE in the 2K1C hypertensive model.

The importance of  ACE-independent Ang Ⅱ forma-
tion in human pathophysiology has not been clarified 
yet. Nevertheless, the results of  our previous studies 
suggested the significance of  ACE-independent Ang Ⅱ 
formation. First, we demonstrated that nafamostat, a ser-
ine protease inhibitor, was effective for improving blood 
flow in patients with peripheral vascular disease, probably 
by inhibiting the local formation of  Ang Ⅱ by a serine 
protease[30]. In addition, we observed that a serine pro-

tease-dependent Ang Ⅱ-forming pathway was activated 
during exercise in normal volunteers[31]. Although the 
clinical significance of  chymase is not well understood, 
we demonstrated that vascular chymase-like activity but 
not ACE activity increased markedly in atherosclerotic 
and/or aortic aneurysm lesions in humans and a hamster 
model[14,16,22]. 

Although previous studies suggested that an increase 
in tissue RAS activity may be associated with atheroscle-
rotic development, it remains unclear whether vascular 
RAS activation is a cause or a consequence of  this phenom-
enon. Few reports strongly suggested that increased 
arterial Ang Ⅱ production was the primary event rather 
than a secondary event during the development of  ath-
erosclerosis. Arterial chymase- and ACE-dependent (but 
not cathepsin G-dependent) Ang Ⅱ formation is up-
regulated in the histologically normal internal thoracic 
artery. Increased tissue Ang Ⅱ formation initiates a 
chain of  events that can result in atherosclerosis in arter-
ies that are exposed to hypercholesterolemia[14] . 

Moreover, we have evaluated the association between 
cholesterol and arterial chymase activity in a hamster 
model: when Syrian hamsters were fed a high fat diet, we 
observed marked lipid deposition in the aortic cusp, and 
the plasma cholesterol levels positively correlated with 
aortic chymase activity[16]. When an orally active nonpep-
tide chymase inhibitor (SUN-C8257) was combined with 
a high-cholesterol diet in this model, aortic lipid deposi-
tion nearly disappeared. In the present study, aortic tis-

Figure 5  Pulmonary tissue angiotensin Ⅱ-forming activity in two-kidney, one-clip hypertensive hamsters. Pulmonary tissue (A) total, (B) chymase-, (C) angio-
tensin (Ang) converting enzyme (ACE)-, and (D) other enzyme-dependent Ang Ⅱ-forming activities in sham-operated and two-kidney, one-clip (2K1C) hypertensive 
hamsters. Hamster lungs were removed, and activities were measured at 18 wk after clipping either without or with ACE inhibitor (ACE-Ⅰ) (Temocapril; 30 mg/kg per 
day) or angiotensin Ⅱ type 1 receptor antagonist (ARB) (CS866; 10 mg/kg per day) treatment. Results are presented as means ± SEMs; n = 6 per group. aP < 0.05, 
bP < 0.01 vs Vehicle; cP < 0.05 vs Sham. 
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sue Ang Ⅱ formation was dramatically increased in our 
2K1C hypertensive model. Surprisingly, increased vas-
cular Ang Ⅱ formation can be suppressed only by treat-
ment with ARB but not by ACE-I. These results suggest 
that arterial chymase-dependent Ang Ⅱ production be-
cause of  high blood pressure may promote atherosclero-
sis; furthermore, ARB may suppress the development of  
atherosclerosis.

Ang-(1-7) is also important biological active peptide 
of  RAS, and it exerts vasoactive actions and can be con-
sidered as a physiological Ang Ⅱ counter-regulatory pep-
tide[32]. Resent study has demonstrated that the intrarenal 
generation of  Ang-(1-7) is reduced in 2K1C rat[33]. This 
result suggests that the induction of  tissue Ang Ⅱ level 
might be attributed to not only activation of  Ang Ⅱ-gen-
erating enzyme, but also deficiency of  Ang Ⅱ-degradative 
system such as ACE2-Ang-(1-7) pathway in 2K1C hyper-
tensive model.

In summary, the results of  the present study indicated 
that chymase did not play a major role in elevating and 
maintaining blood pressure in this 2K1C hypertensive 
hamster model. Tissue Ang Ⅱ-forming enzymes, ACE 
and chymase, in 2K1C hypertensive hamsters were regu-
lated in a tissue-dependent manner, and both of  these 
enzymes were regulated independently of  each other. In 
addition, ARB treatment was more effective than ACE-I 
treatment for reversing the changes in tissue Ang Ⅱ for-
mation, particularly in the aorta, despite having similar 
antihypertensive effects.
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