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Hypertension is a major risk for cardiovascular
and kidney diseases. Many of patients with hyperten-
sion, using antihypertensive drugs, do not have their
blood pressure controlled to recommended target lev-
els (< 140/90). Therefore, the renin-angiotensin sys-
tem has been a highly attractive biological target for
new drugs, which could regulate the blood pressure.
Inhibition of angiotensin converting enzyme (ACE)
has led to development of effective antihypertensive
drugs. The other possibility to interrupt of renin-
angiotensin system is to inhibit renin. Renin, an
aspartyl protease, is involved in the first step of enzy-
matic cascade. Numerous laboratories have tried to
develop clinically effective direct renin inhibitors of
high potency and stability (1ñ11). The purpose of
these trials was to search for new active inhibitors
with simple structure, good bioavailability and easy
synthesis. The first in a new class of oral, nonpeptide
direct renin inhibitor for treatment of hypertenssion is
aliskiren. The structure of aliskiren differs from the
structure of 8ñ13 human angiotensinogen fragment.
Searching for a new inhibitors, a series of compounds
with dipeptide replacement [(3S,4S)-4-amino-5-
cyclohexyl-3-hydroxypentanoic acid (ACHPA)] in
their molecules were synthesized (12). Some of them
comprised two additional analogs of dipeptide:
(3S,4S)-4-amino-3-hydroxy-5-phenylpentanoic acid
(AHPPA) and (3S,4S)-4-amino-3-hydroxy-6-methyl-
heptanoic acid (statine). The inhibitory activity was
low, so the authors conclude that renin inhibitors

ought to have one or two, but not three dipeptide
analogs in the molecule. Bock et al. synthesized a
series of statine-containing tetrapeptides, modified at
the carboxy terminus with hydrophobic aromatic
groups (13). The Phe amide group, known to be a site
of hepatic metabolism, was replaced with nonpeptidal
groups. It caused the reduction of peptide chain
length but also lowering of activity. Searching for
more active renin inhibitors the pentapeptide BOC-
Phe-Phe-difluorostatone-Leu-Phe-NH2 was synthe-
sized (14). This compound contains a difluorometh-
ylene ketone group. It showed an increase in inhibit-
ing activity in animal models. 

In our previous paper, we presented a series of
new six pseudodipeptic potential renin inhibitors.
Enzymatic stability for all compounds (1ñ6) in
homogenates (liver, kidney, lung) and body fluids
(serum, gastric, intestinal juice) and α-chymotrypsin
was determined. Inhibitory activity of the compounds
was measured in vitro by HPLC determination of
lowering concentration of substrate (angiotensino-
gen) in the presence of renin and the potential renin
inhibitor (compounds 1ñ6). Compound 2 and 4

showed inhibitory activity 1.4 ◊ 10-6 and 0.9 ◊ 10-6 M,
respectively, and compound 6 ñ 1.5 ◊ 10-7 M. Other
compounds showed no inhibitory activity up to 10-5

M. To continue search for the effective renin
inhibitors, 6 new modified compounds of potentially
inhibiting activity were synthesized. The chemical
structures of them are presented in Figure 1.

NEW RENIN INHIBITORS ñ STABILITY AND ACTIVITY DETERMINATION.
PART II

DOROTA MARSZA£EK1*, ANNA GOLDNIK1, ALEKSANDER P. MAZUREK2, IWONA WINIECKA1,
PAWE£ JAWORSKI1, SANDRA SZERSZA—1, EWA KOZIKOWSKA1 and TADEUSZ PAWLIK1

1Department of Drug Chemistry, Medical University of Warsaw, 1 Banacha St., 02-097 Warszawa, Poland
2National Medicines Institute, 30/34 Che≥mska St., 00-725 Warszawa, Poland

Abstract: A series of new six pseudodipeptic potential renin inhibitors were synthesized. Enzymatic stability
for all compounds (1ñ6) in homogenates (liver, kidney, lung) and body fluids (serum, gastric, intestinal juice)
and α-chymotrypsin was determined. Compounds 4 was stable, compound 5 was unstable and compounds 1,

2, 3, 6 were partly unstable. Inhibitory activity of the compounds was measured in vitro by HPLC determina-
tion of lowering concentration of substrate (angiotensinogen) in the presence of renin and the potential renin
inhibitor (compounds 1ñ6). Compound 4, 5, 6 showed inhibitory activity (0.9 ◊ 10-6 , 1.3 ◊ 10 -8, 2.2 ◊ 10-6 M,
respectively). Other compounds showed no inhibitory activity up to 10-5 M.

Keywords: HPLC, inhibition of renin activity, renin inhibitors

555

* Corresponding author: e-mail: dorota.marszalek@wum.edu.pl; phone: 48 22 5720630, fax 48 22 5720697



556 DOROTA MARSZA£EK et al.

Figure 1. Chemical structure of 6 new renin inhibitors

BocñPhe(4-OMe) ñHis(NimBZL) ñAHNAñOEt

Compound 1 ñ [N-(t-butoxycarbonyl)-4-methoxyphenylalanyl]-Nimbenzylhistidyl-(3S,4S)-4-amino-3-hydroxynonanoyl-Â-aminohexanoic
acid ethyl ester

BocñPhe(4-OMe) ñHis(NimBZL) ñAHNAñεεAhxñIaa

Compound 2 ñ [N-(t-butoxycarbonyl)-4-methoxyphenylalanyl]-Nimbenzylhistidyl-(3S,4S)-4-amino-3-hydroxynonanoyl-ε-aminohexanoic
acid isoamylamide

BocñPhe(4-OMe)ñHis(Nimtrit) ñAHNAñεεAhxñIaa

Compound 3 ñ [N-(t-butoxycarbonyl)-4-methoxyphenylalanyl]-Nimtritylhistidyl-(3S, 4S)-4-amino-3-hydroxynonanoyl-ε-aminohexanoic
acid isoamylamide
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Figure 1. cont

Phe(4-OMe)ñHisñAHNAñεεAhxñIaa ◊ HCl

Compound 4 ñ 4-methoxyphenylalanyl-histidyl-(3S,4S)-4-amino-3-hydroxynonanoyl-ε-aminohexanoic acid isoamylamide hydrochloride

BocñPhe(4-OMe)ñHisñAHNAñOEt

Compound 5 ñ [N-(t-butoxycarbonyl)-4-methoxyphenylalanyl]l-(3S,4S)-4-amino-3-hydroxynonanoylethyl ester 

BocñPhe(4-OMe)ñHisñAHNAñεεAhxñIaa

Compound 6 ñ [N-(t-butoxycarbonyl)-4-methoxyphenylalanyl]-(3S,4S)-4-amino-3-hydroxynonanoyl-ε-aminohexanoic acid isoamylamide 
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Figure 2. Stability of compound 1-6 in body fluids and organs (the plots concentration vs. time)
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The purpose of this study was to determine the
stability of the new synthesized compounds in
homogenates of body organs and body fluids (in
vitro) and to check the inhibiting activity of six
potential renin inhibitors (in vitro).

EXPERIMENTAL

Materials and reagents

New renin inhibitors synthesized in the

Figure 2. cont.

Department of Drug Chemistry, Medical
University.of Warsaw are presented in Table 1.
Chemical structures are shown in Figure 1.

Renin human and α-chymotrypsin from bovine
pancreas were purchased from Sigma. Angioten-
sinogen was purchased from Bachem.

Apparatus and methods

The details are the same as in the preceding
paper.
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Table 1. Characterization of new synthesized renin inhibitors.

Compd. 
no. Compound Formula Mr

1 Boc-Phe(4-OMe)-His(BZL)-AHNA-OEt C38H55N5O7 693.89 

2 Boc-Phe(4-OMe)-His(BZL)-AHNA-Ahx-Iaa C47H71N7O8 862.12

3 Boc-Phe(4-OMe)-His(trit)-AHNA-Ahx-Iaa C60H81N7O8 1028.36

4 Phe-(4-OMe)-His-AHNA-Ahx-Iaa ∑ HCl C35H58N7O6Cl 708.36

5 Boc-Phe(4-OMe)-His-AHNA-OEt C31H49O7N5 603.761

6 Boc-Phe(4-OMe)-His-AHNA-Ahx-Iaa C40H65O8N7 772.001  

Boc ñ tert-butoxycarbonyl, Iaa ñ isoamylamide, Ahx ñ 6-aminohexanoic acid, AHNA ñ 4-amino-3-hydroxynonanoic acid, Phe(4-OMe) ñ
4-methoxyphenylalanine

Table 2. Parameters of chromatographic determination and valdation procedure of determined compounds.

Compd. Mobile phase Recovery CV
Extractionno. 

Column
(v/v/v) 

r
(%) (%)   

Beckman 
1 Ultrasphere Octyl 

ACNñH2OñH3PO4 0.9988 103.14 ± 8.12 4.96 ± 2.37 alkaline 71%
(150 ◊ 4.6 mm) 

(42 : 58 : 0.1) 

Beckman 
2 Ultrasphere Octyl 

MeOHñH2OñH3PO4 0.9926 100.36 ± 5.03 6.8 ± 1.64 alkaline 80%
(150 ◊ 4.6 mm) 

(65 : 35 : 0.1) 

Discovery Wide
3 Pore C8

MeOHñH2OñH3PO4 0.9999 100.13 ± 1.87 5.11 ± 1.65 acidic 67%
(150 ◊ 4.6 mm) 

(40 : 60 : 0.1)

Beckman ACNñacetate buffer 
4 Ultrasphere Octyl pH 4.0 0.9932 101.99 ± 9.05 5.82 ± 1.65 acidic 67%

(150 ◊ 4.6 mm) (40 : 60) 

Symmetry C18 ACNñH2OñH3PO4

5 (150 ◊ 4.6 mm) (80 : 20 : 0.1) 
0.9908 100.84 ± 5.95 4.06 ± 2.95 acidic 64% 

Beckman
6 Ultrasphere Octyl 

ACNñH2OñH3PO4 0.9940 98.17 ± 6.00 6.83 ± 2.83 alkaline 47%
(150 ◊ 4.6 mm) 

(80 : 20 : 0.1)

Table 3. Stability of compounds 1ñ6.

Compd. α-Chymo- Gastric Intestinal Kidney Lung Liver 
no. trypsin 

Serum
juice juice  homogenate  homogenate homogenate  

first-order first-order
1 unstable reaction unstable reaction unstable stable unstable  

t0.5 = 157 min t0.5 = 239 min 

first-order
2 stable stable stable unstable unstable reaction unstable

t0.5 = 92 min 

first-order first-order 
3 stable stable stable stable  reaction reaction no results*

t0.5 = 103 min t0.5 = 122 min 

4 stable stable stable stable stable stable stable  

first-order
5 unstable reaction unstable unstable unstable unstable unstable

t0.5 = 25.7 min 

first-order first-order
6 stable stable unstable unstable reaction reaction stable  

t0.5 = 50 min t0.5= 111.8 min 

* it was not possible to isolate compound 3 from biological matrix due to very strong hydrophobic bonds.
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Determination of enzymatic stability 

of compounds 1ñ6 in vitro
The stability of compounds 1ñ6 in body fluids

and organ homogenates was examined similarly as
described in the preceding paper.

Determination of inhibition activity vs. 

human renin of compounds 1ñ6

Renin inhibiting activity of the synthesized
potential inhibitors 1ñ6 was determined in vitro sim-
ilarly as described in the preceding paper. The
results are presented in Table 4.

RESULTS AND DISCUSSION

Determination of enzymatic stability and deter-
mination of inhibiting activity of compounds 1ñ6

against human renin have been performed in test in
vitro. According to the results of that investigation it
was shown that compound 1, 2 and 3 showed no
inhibiting activity. The presence of large trityl sub-
stituent of His in the structure of compound 3 caused
increased strength of hydrophobic bonds with bio-
logical matrix, which made extraction of that com-
pound from liver homogenate impossible. A
removal of Boc group of Phe and substituent of His
in compound 4 caused that it was stable in all
homogenates and body fluids. It is possible to con-
clude that active renin inhibitors should contain
amino acid His without any substituents. Compound
5, which contained ester bond in C-terminus, was
totally metabolically unstable but showed the high-
est activity IC50 = 1.3 ◊ 10-8 M. A removal of Boc
group and convertion of compound 4 to hydrochlo-
ride increased twice the inhibiting activity. It could
be caused by an increase of solubility. This com-
pound was also more stable. The Ahx-Iaa sub-
stituent in C-terminus of compounds 2 and 3 pro-
tected C-terminus and increased the metabolic sta-
bility but reduced inhibiting activity.

The search for other compounds with expected
higher potency will be continued.
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Table 4. Inhibiting activity of compounds 1ñ6.

Compound Human renin
no.  IC50 (M)  

1 inactive > 10-5 

2 inactive > 10-5

3 inactive > 10-5

4 0.9 ◊ 10-6

5 1.3 ◊ 10-8

6 2.2 ◊ 10-6


