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A series of statine-containing tetrapeptides, systematically modified at the carboxy terminus with various hydrophobic
aromatic groups, is described. These compounds were tested in vitro for their ability to inhibit porcine, human
plasma, and purified human kidney renins. These analogues help to define optimal binding aspects in a region
of the enzyme that appears to be specific for spatial arrangement of aromatic groups. Replacement of the metabolically
labile Phe amide with nonpeptidal groups proved possible while achieving inhibitory potency in the nanomolar range
vs. porcine kidney renin. For the compounds 6i, 6m, and 60, a large discrepancy in potency between the human
plasma and the purified human kidney renin assays was observed. This disparity does not appear to be a consequence

of a previously proposed plasma binding component.

In two recent reports"? we described the synthesis and
renin-inhibitory activity of modified tetrapeptides. The
common features of these potent renin inhibitors are
twofold. First, they contain the unusual amino acid sta-
tine, (38,48)-4-amino-3-hydroxy-6-methylheptanoic acid,
which has been postulated to serve as a Leul’Leu!! di-
peptide surrogate in renin inhibitors designed to resemble
angiotensinogen®* (e.g. compound 1, Table II) and, by
extrapolation, to mimic the tetrahedral intermediate for
the renin-angiotensinogen reaction. Secondly, these renin
inhibitors are smaller peptides than most of the previously
reported renin inhibitors of equal potency and contain
nonpeptidal fragments. Considering the high substrate
specificity exhibited by renin, for which the minimum
kinetically competent substrate is an octapeptide around
the cleavage site,® and the demonstrated rate-enhancing
effects of peptide substituents distal to the cleavage site,>®
decreasing peptide chain length and making fundamental
alterations of the substrate peptide might have been ex-
pected to result in less potent renin inhibitors. However,
our preliminary studies!? showed that a reduction of
peptide chain length was possible without suffering un-
acceptable losses in inhibitor potency and further, that
alterations at the carboxy terminus of the known substrate
analogue inhibitors Boc-Phe-His-Sta-Leu-Phe-NH, (2) and
Boc-Phe-Phe-Sta-Leu-Phe-NH, (3) were allowed and in
some instances highly favorable.

The purpose of this study was to identify suitable amino
acid replacements for the Phe residue and to determine
if they could be incorporated at the C-terminus in the renin
inhibitor sequence Boc-L-Phe-L-His-(35,45)-Sta-L-Leu-L-
Phe-NH, (2) with positive effect. As the dominant influ-
ence in this position appears to be hydrophobic in nature,
these substitutions were chosen to probe varying place-
ments of aryl and substituted aryl groups. An additional
aim of this work was to further define a previously de-
scribed phenomenon in which weak inhibition was ob-
tained in the human plasma assay (I, for a compound(s)
determined to be a good inhibitor(s) in the purified human
renin assay (K;).2"
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Scheme I
Boc-L-Leu-O-®

solid phase
Boc-L-Phe-L-His-(35,48)-Sta-L-Leu-OCH3a
4

NHzNH2, CHsOH

Boc-L-Phe-L-His-(35,458)-Sta-L-Leu-NHNH,
5

1, HCl, /~AmONO, THF/DMF
2. RNH2. DMF (NEt3)

Boc-L-Phe-L-His- (35, 45)-Sta-L- Leu-NHR
6a-o

Results

Chemistry. The tetrapeptide 4 (Scheme I) was syn-
thesized according to standard solid-phase methodology
and elaborated to the amides 6a-o via the intermediacy
of acyl hydrazide 5, followed by azide coupling with the
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corresponding amines. These amines were obtained either
commercially or prepared according to the following lit-
erature procedures: 1,2-diphenylethylamine (6¢ and 6d)
was resolved® with tartaric acid; 10,11-dihydro-5H-di-
benzo[a,d]cycloheptenamine (6k) was synthesized ac-
cording to the procedure of Evans et al.;° di-erythro-1,2-
diphenyl-2-hydroxyethylamine,! required for the synthesis
of 6m, was derived from benzoin oxime via hydrogenation;
and the corresponding di-threo-1,2-diphenyl-2-hydroxy-
ethylamine (6n)!° was available from the erythro isomer
by inversion of the hydroxyl group via the sequence of
N-formylation, oxazoline formation, and hydrolysis. The
various compounds synthesized in this manner and their
characterization data are collected in Table 1.

In Vitro Enzyme Inhibition. The inhibitor potencies
vs. porcine and human renins of the statine-containing
substrate analogues are shown in Table II. The hog
kidney inhibitions were measured in an assay using ra-
dioactively labeled synthetic decapeptide substrate, Ile-
His-Pro-Phe-His-Leu-[1*C]Leu-Val-Tyr-Ser, using the
protocol described in the Experimental Section.l! In-
hibitions are expressed as I, values and were calculated
for several inhibitor concentrations bracketing the I, The
human renin inhibitions were determined in four different
assays: human plasma renin activity was measured by
radioimmunoassay for angiotensin I production from the
endogenous plasma substrate!? (column 2); inhibition of
highly purified human kidney renin'® was determined by
radioimmunoassay using the natural substrate partially
pure angiotensinogen (column 3) by radioimmunoassay
using a synthetic tetradecapeptide renin substrate (column
4), and by a fluorometric assay using the same synthetic
tetradecapeptide renin substrate! (column 5). Analyses
of the inhibition kinetics were consistent with competitive
inhibition, and K; values were calculated from fits of the
experimental data to a standard competitive inhibition
equation.'* For the human plasma renin assay, the con-
centrations of human renin and renin substrate (angiot-
ensinogen) were not measured.

Discussion

The design of renin inhibitors containing nonpeptidal
carboxy termini was initially guided by the structure—ac-
tivity data derived from the porcine renin assay. The
results of the present study corroborate our earlier find-
ings'? that, for good inhibition, the analogy between renin
substrate and statine-containing renin inhibitors need not
be exact with respect to substrate positions 12 and 13. As
indicated in Table II, column 1, the peptide sequence of
our inhibitors could be shortened to at least four amino
acids without subtantial loss of inhibitor potency (cf. 1 with
6a—o0). Further, it appears that the site that interacts with
the C-terminal Phe side chain in 1 and 2 adequately ac-
commodates the phenyl ring of the benzyl amide 6a. The
phenethylamide 6b represents an attempt to optimize the
placement of the aromatic moiety relative to the Leu-
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Table I. Characterization of Statine-Containing Tetrapeptide
Substrate Analogues

Boc-L-Phe®-1-His®(35,45)-Sta-L-Leu!2-R

TLC, HPLC,
compd R R/ purity formula®
6a nCHz@ 040 978 C,HgN,0;
6b chcw-@ 0.30 970 C,HgN,0,
6c = c 043 999  C,HgN-O,
Hew R
© )
6d HCH\/© o 043 939 C,HgN,0,
6e HCHZ-@—OCM 037 989  C4uHgN,Oq4
6f nCHZ—Q—CI 032 955 C4,HgCINO,
6g ECH@MC 043 999 CuHgN,0,
(‘:Ha
6h gCH@ - 046 995 CuHgN;0,
(‘:Ha
6i ( ; 0.51 85 CyHgsN-O
HoL
N—?H
CHg
6j Oo o 0.51 93¢ C4Hg3H,0,
H |
N-——(‘)H
CHg
6k 7 0.54 96.7 C;Hg N0,
H
N
7N
61 OH 0.37 9827 C,HgN,Oq
o™
(‘3H3 NP
6m O 0.35 96.5 C,HgN;Og
H
NCH /I (erythro}
© )
6n @ 0.32 908 CyHgsN;Oq
(threo)
X
|
HCH/\OH
CysHesN5O7

60 HCN_%@ 033 90.1

e Chloroform—ethanol-concentrated ammonia, 80:10:1. ®Amino
acid analyses are within 3% of the theoretical value; the value for
Sta was uniformly low (approximately 5-15%) for all compounds
including the reference samples Sta and Boc-Sta. °Refers to the
optical rotation of the amine. ¢Sample contaminated with ap-
proximately 15% of the (+)-a-methylnaphthyl diastereomer (HP-
LC). ¢Contaminated with approximately 7% of the (-)-a-methyl-
naphthyl diastereomer (HPLC). f3:1 mixture of dl-norpseudo-
ephedrine diastereomer (HPLC).
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Table II. Inhibition of Porcine and Human Kidney Renin by Statine-Containing Substrate Analogues

K;, 10° M: purified human kidney

I,° 10° M renin®
hog kidney human plasma Angio(RIA)* Syn(RIA)¢ Syn(Fluor)e

no. compound renin (1) renin (2) 3) (4) 5)
1 Iva-His-Pro-Phe-His-Sta-Leu-Phe-NH, 31 3.0 1.5 17 19/
2 Boc-Phe-His-Sta-Leu-Phe-NH, 63 140 70 1000 190
6a  Boc-Phe-His-Sta-Leu-benzylamide 25 26 70 55 18
6b  Boc-Phe-His-Sta-Leu-phenethylamide 170 164 120 350 36
6c  Boc-Phe-His-Sta-Leu-(~)-1,2-diphenylethylamide 23 1326 700 68 28
6d Boc-Phe-His-Sta-Leu-(+)-1,2-diphenylethylamide 6.9 151 280 38 29
6e Boc-Phe-His-Sta-Leu-p-methoxybenzylamide 6.7 33 12 100 ND#
6f Boc-Phe-His-Sta-Leu-p-chlorobenzylamide 5.0 81 280 50 240
6g Boc-Phe-His-Sta-Leu-(~)-a-phenylethylamide 22 21 36 20 27
6h  Boc-Phe-His-Sta-Leu-(+)-a-phenylethylamide 14 49 100 6 19
6i  Boc-Phe-His-Sta-Leu-(~)-a-naphthylethylamide 14 51 140 13 0.98
6j  Boc-Phe-His-Sta-Leu-(+)-a-naphthylethylamide 11 484 600 230 130
6k Boc-Phe-His-Sta-Leu-10,11-dihydro-5H-dibenzo[a,d]- 5.8 569 320 520 120

cycloheptenamide
61  Boc-Phe-His-Sta-Leu-1-hydroxy-1-phenyl-2-propylamide 480 178 220 36 67
6m Boc-Phe-His-Sta-Leu-erythro-1,2-diphenyl-2-hydroxy- 90 134 110 0.20 0.12

ethylamide
6n  Boc-Phe-His-Sta-Leu-threo-1,2-diphenyl-2-hydroxy- 24 841 350 47 28

ethylamide
60 Boc-Phe-His-Sta-Leu-4-amido-1-benzylpiperidide 280 127 97 0.04 0.064

@ 5o values were reproducible within £20%. °K; values had an estimated error of £20%. °Radioimmunoassay using angiotensinogen.
¢Radioimmunoassay using synthetic tetradecapeptide renin substrate. °¢Fluorimetric assay for peptidal amino termini (using synthetic

tetradecapeptide renin substrate). fReference 1. #Not determined.

amide bond since the position in space of the phenyl ring
in 6a must be quite different from that of the Phe side
chain in 2. A priori, the phenethyl group in 6b would have
appeared a better choice than the benzyl group in 6a, since
it more closely resembles the C-terminal phenylalanine side
chain in 2. Nevertheless, 6b was approximately 7 times
less potent than the simple benzylamide 6a and suggests
the possibility of independent binding sites for two dif-
ferent locations of the phenyl ring. The expedient of
combining the features of 6a and 6b afforded the 1,2-di-
phenylethylamides 6¢ and 6d. The 1,2-diphenylethylamide
6d, whose absolute configuration corresponds to that of
L-Phe, was even more potent than 6a and approximately
10 times more potent than the standard pentapeptide 2
while the diastereomer 6¢ is only as potent as the benzy-
lamide 6a. These small but significant differences are
consistent with the phenyl group of the benzyl amide in-
teracting with a binding site for the amide group of 2 and
this group contributing more than the phenyl of the side
chain. Thus, 6d, which corresponds to the L-amino acid,
allows interaction of both phenyl rings while 6¢, wherein
the phenethyl group corresponds to the D-amino acid,
allows only the “best” interaction (the benzyl group) and
places the second best (the phenethyl group) in an area
of no interaction. A conformationally restricted analogue
of the diphenylethyl amides 6¢ and 6d, the racemic cy-
cloheptenamide 6k, was as potent as the most active iso-
mer 6d and may thus indicate a possible conformation in
the bound state.

When a hydroxy group was added to the diphenethyl
amide in an unsuccessful attempt to improve water solu-
bility, potency was reduced but is optimal in the racemic
threo isomer 6n. There was little stereoselectivity in those
derivatives that contained enantiomeric C-termini (6g and
6h, 6i and 6j) when only one aromatic moiety was present
while the diastereomeric C-termini in 6m and 6n resulted
in differences similar to those seen between 6¢ and 6d.
Additional modifications of the benzyl group revealed
further increased potency by para substitution with a
methoxy or a chloro group (6e, 6f).

The inhibition of human plasma renin by the com-
pounds 1, 2, and 6a-o is shown in Table II, column 2 and

points out differences between the hog and human en-
zymes. For example, no corresponding potency increase
was obtained with the addition of a phenyl group to the
benzyl amide 6a (cf. 6¢ and 6d). This result, perhaps a
consequence of the differences in the substrate sequences
required for hog and human renin (e.g. His-13 replaces
Tyr-13 in human), contradicts the analysis based on por-
cine kidney renin inhibition that invokes the presence of
a separate binding site for the additional phenyl group.
Inspection of the data obtained for 6¢, 6d, 6i, and 6j speaks
against the existence of a selective aromatic binding site
on human renin. The absolute configuration of the (-)-
a-naphthylethylamide moiety in 6i is S; consequently, this
places the naphthyl group in an area occupied by the
Phe-amide bond in 2. The naphthyl group in 6i is,
therefore, in the same relationship to the peptide chain
as the one phenyl group of the (+)-1,2-diphenylethylamide
moiety 6d, which was also optimum for hog.

Slightly enhanced stereoselectivity was observed in de-
rivatives with enantiomeric C-termini (6¢ and 6d, 6i and
6j) in the human plasma renin assay. On the other hand,
with the diastereomeric C-termini in 6m and 6n, the threo
isomer 6n was optimum for the hog, whereas the erythro
isomer 6m was more potent in the human. In the latter
compounds, the addition of the hydroxy group adds little
in terms of potency, in view of the similar potency of 6d.

In addition to the human plasma renin assay, com-
pounds 1, 2, and 6a-o0 were also measured for their ability
to inhibit purified human kidney renin, Table II, columns
3-5. While the system using endogenous renin and sub-
strate is likely to provide a more direct answer to the
question of in vivo activity of these compounds in humans,
it was judged that the purified human kidney renin assay
could be used to gauge the intrinsic potency of these
compounds and, therefore, possibly offer important in-
formation to guide synthetic activities. Within this frame
of reference, the recently reported studies from this lab-
oratory? were extended to include compounds 6a-o.
Analysis of these data brings several discrepancies to the
fore. For a number of compounds, the most prominent
being 6i, 6m, and 60, we note a sizeable disparity in po-
tency between human plasma and the human kidney renin
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assays employing synthetic substrate (column 2 vs. 4 and
5). In previous reports®’ it has been suggested that the
disparity in potencies between the human kidney (column
5) and the human plasma (column 2) assays, for certain
lipophilic compounds (e.g. 60), could be attributed to some
extremely tight specific or nonspecific absorption to some
plasma components, thereby preventing the intrinsic renin
inhibition from being manifested. Since not all hydro-
phobic compounds show this discrepancy between the
human plasma assay and the purified human renin
fluorescence assay results, (cf. 6a, 6g, 6h) the variable(s)
responsible for this phenomenon was not readily defined.
Others have noted differences in activity when human
renin inhibition is determined in both plasma and human
kidney renin assays.!®7 In some cases, degradation of
the inhibitor in plasma may be responsible; in others, lower
pH in the human kidney renin assay or other differences
may contribute. Although we have obtained direct
physical evidence for binding of some inhibitors by plasma
components,? it was not clear that such an effect could
markedly reduce their inhibitor potency. We have now
found, however, that when measurement of purified hu-
man kidney renin inhibition is carried out using human
angiotensinogen as substrate, activity for inhibitors 6i, 6m,
and 60 matches closely that determined in the human
plasma assay. The potency determined for 60 in the angio
(RIA) assay is also in agreement with that reported by
Arrowsmith and co-workers!® (IC;, = 190 nM) in a RIA
using human kidney renin and synthetic substrate (hog
sequence). Thus it is not clear that the synthetic (tetra-
decapeptide) substrate is alone responsible for the occa-
sional overestimaton of potency obtained by the fluoro-
metric assay. Additional factors, such as the absence of
other proteinase inhibitors, or difficulties involving the
detection method {fluorescence vs RIA) may be respon-
sible.’® A definitive explanation for this effect and other
aspects of the fluorescence assay remain to be determined.

Conclusions

A systematic attempt to replace the carboxy terminal
portion of the peptidal renin inhibitor 2 with nonpeptidal
equivalents has been partially successful. Differences in
binding selectivity for this region of the molecule have been
recognized between human and porcine renins. The
phenylalanine amide group, known to be a site of hepatic
metabolism,? can be replaced by several classes of aro-
matic groupings in both unconstrained and conforma-
tionally constrained form. Our present findings have un-
covered additional discrepancies between human plasma
renin and purified human kidney renin assays. Indications
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(16) Miyazakki, M.; Toda, N.; Etoh, Y.; Kubota, T.; Kinji, I. Jpn.
J. Pharmcol. 1986, 40, 70P.

(17) Cumin, F.; Evin, G.; Fehrentz, J.-A.; Seyer, R.; Castro, B.;
Menard, J.; Corvol, J. J. Biol. Chem. 1985, 260, 9154.

(18) Arrowsmith, R. J.; Carter, K.; Dann, J. G.; Davies, D. E.;
Harris, C. J.; Morton, J. A.; Lister, P.; Robinson, J. A.; Wil-
liams, D. J. J. Chem. Soc., Chem. Commun. 1986, 755.
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are that the subnanomolar potencies of shortened peptide
renin inhibitors observed in the purified human kidney
renin assays employing synthetic tetradecapeptide sub-
strate are in certain cases artifactually high.

Experimental Section

Chemical. Melting points were determined in open capillary
tubes and are uncorrected. 'H NMR spectra were recorded on
a Varian EM-390, a Varian XL-300, or a Nicolet NT-360 spec-
trometer. Chemical shifts are reported as § values relative to Me,Si
as internal standard. IR spectra were obtained on a Perkin-Elmer
295 spectrophotometer. Amino acid analyses were carried out
on a 121 MB Beckman amino acid analyzer using Beckman Type
AA-10 spherical resin. HPLC was carried out on a Hewlett-
Packard 1084B instrument. Flash chromatography was performed
on silica gel (E. Merck, 0.04-0.063 mm), and thin-layer chroma-
tography (TLC) and preparative thick-layer chromatography
(PLC) were carried out on E. Merck 60F-254 precoated silica gel
plates (0.25, 0.5 and 2 mm). Visualization was done with UV light,
iodine vapor, ninhydrin, phosphomolybdic acid, and/or tert-butyl
hydroperoxide-starch-iodine. When elemental analyses are in-
dicated only by symbols of the elements, the analytical results
obtained for these elements are within 0.4% of the theoretical
values or 3% in the case of amino acid analyses.

(tert-Butyloxycarbonyl)-L-phenylalanyl-L-histidyl-
(35,48)-statyl-L-leucine Methy! Ester (4). This material was
prepared by standard solid-phase methodology?! using Boc-L-Leu
esterified to 2% cross-linked polystyrene—divinylbenzene co-
polymer (15.32 g, 15 mmol). The N*-Boc derivatives of Sta,
His-DNP, and Phe were coupled with dicyclohexylcarbodiimide
(DCC) with 1 equiv of the additive 1-hydroxybenzotriazole hy-
drate. The Sta was prepared in accordance with Evans et al.??
The Boc groups were removed with 40% trifluoroacetic acid. A
coupling of 16 h (2.5 equiv of each Boc-amino acid) was used
except for Sta. Complete coupling were judged by the method
of Kaiser.”® In order to conserve the amounts of Sta employed,
an initial coupling using 1.10 equiv of N*-Boc-Sta for 72 h gave
approximately 90% complete reaction. The addition of 0.25 equiv
more of N*Boc-Sta plus an equal amount of DCC gave complete
coupling after an additional 16 h. The DNP protecting group
on His was removed by using 50% mercaptoethanol in DMF. The
finished resin peptide was dried and suspended in 150 mL of dry
methanol containing 30 mL of triethylamine. The resulting
suspension was stirred under nitrogen for 1 h and filtered. This
cycle was repeated twice at 6 and 14 h. The combined filtrates
were rotoevaporated to give 12 g of the crude methyl ester 4. Flash
chromatography (methylene chloride—methanol, 9:1) gave 8.5 g
of a yellow oil which was rechromatographed (chloroform-ethanol,
95:5) to afford 6.85 g of the analytical product as a yellow solid:
mp 90-94 °C; HPLC >99%; 'H NMR (Me,SO0-dg) 6 0.97 (12H,
m, CH,), 1.3 (9 H, s, Boc), 2.1 (2 H, br d, «-CH,-Sta), 3.6 (3 H,
S, OCHg), 7.2 (5 H, arom). AA Anal. (C35H54N608).

(tert-Butyloxycarbonyl)-L-phenylalanyl-L-histidyl-
(38,48)-statyl-L-leucine Hydrazide (5). The methyl ester 4
(0.92 g, 1.34 mmol) was dissolved at room temperature in 10 mL
of a 1:1 mixture of dry methanol and hydrazine (95%). After 15
min the burgundy-colored reaction mixture was rotoevaporated
to dryness at room temperature and the resulting residue was
partitioned between ethyl acetate (75 mL) and H,0 (50 mL). The
organic layer was washed with H,O (4 X 50 mL), dried (MgSQ,),
and concentrated to afford 0.81 g of 5 as a yellow solid: E;0.23
(chloroform—ethanol-concentrated ammonia, 80:10:1); 1H NMR
(Me,SO-dg) 6 0.95 (12 H, m, CH;), 1.3 (9 H, s, Boc), 2.05 (2 H,
br d, a-CH,-Sta), no methyl ester. Anal. (C3,H;,NgO-) C; H; N:
caled, 16.32; found, 15.69.

General Procedure for the Synthesis of Compounds 6a-o.
(tert-Butyloxcarbonyl)-L-phenylalanyl-L-histidyl-
(38 ,48)-statyl-L-leucine Benzylamide (6a). Hydrazide 5 (285
mg, 0.415 mmol) was dissolved in 2 mL of dry, degassed DMF,

(21) Erickson, B.; Merrifield, R. B. Proteins 1976, 2, 257.

(22) Rittle, K. E.; Homnick, C. F.; Ponticello, G. S.; Evans, B. E.
J. Org. Chem. 1982, 47, 3016.

(23) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. 1. Anal.
Biochem. 1970, 34, 595,
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and cooled to -25 °C under nitrogen. To this stirred solution was

added 1.1 mmol of freshly prepared 7.1 N hydrochloric acid in -

dry THF (pH of reaction mixture approximately 1, moist pH
paper). To this acidic solution was then added 55 uL (0.42 mmol)
of isoamy] nitrite over a period of 10 min. After approximately
1 h, there were added 2 equiv (89 mg) of benzylamine and the
reaction mixture was held at -20 °C for 12-14 h. The reaction
solution was concentrated under reduced pressure and the residue
was partitioned between ethyl acetate (75 mL) and 10% citric
acid solution. The phases were separated whereupon the organic
layer was washed in succession with 10% citric acid solution (2
X 25 mL), saturated NaHCOj solution (2 X 25 mL), and brine.
The dried organic extracts (MgS0Q,) were concentrated to give
a yellow solid which was purified via PLC (chloroform-etha-
nol~concentrated ammonia, 80:10:1) to afford the analytical sample
as an off-white powder.

(tert-Butyloxycarbonyl)-L-phenylalanyl-L-histidyl-
(35,48 )-statyl-L-leucine-10,11-dihydro-5 H-dibenzo[a ,d ]-
cycloheptenamide (6k). This reaction was carried out by using
identical reaction conditions to those described for 6a except that
after the addition of the dibenzo[a,d]cycloheptenamine (1.1
equival) the pH of the reaction mixture was adjusted to 8-8.5
(moist pH paper) with triethylamine.

Biological Methods. Porcine kidney renin was assayed as
described by Rich et al.,!! using the 1*C-Leu-labeled decapeptide
substrate Ile-His-Pro-Phe-His-Leu-[“C]Leu-Val-Tyr-Ser, except
that the pH was raised to pH 7.3 by the use of 0.05 M citrate/
phosphate buffer, 30 °C. Enzyme concentration was determined
to be 9 X 10 M, substrate concentration was 8.0 X 107® M, and
substrate Ky = 5 X 107> M. ICy, values (concentration for 50%
inhibition) were determined by linear regression of logit vs. log
concentration over a 15~-90% inhibition range, using three to six
concentrations. ICy, values were found to be reproducible within
+20%.

Human plasma renin inhibition was determined by radioim-
munoassay for angiotensin I, as described by Haber et al.,'? using
a commercial kit (Clinical Assays, Cambridge, MA) at pH 7.4
(phosphate), 37 °C. Plasma inhibition values (I5) were obtained
as described?® and generally were reproducible within £30%.
8-Hydroxyquinoline or phenylmethanesulfonyl fluoride were used
as angiotensinase inhibitors and both were found to give similar
results at pH 7.4.

Assays were carried out as follows. (a) Radioimmunoassay with
natural angiotensinogen substrate: 0.02 ng human kidney renin,
purified accorindg to Slater and Strout,!® was incubated with 500
ng of partially purified human angiotensinogen (0.08 uM substrate
concentration; about 1% pure; purified from outdated human
plasma up through the DE-52 step according to Kokubu et al.%),

Journal of Medicinal Chemistry, 1987, Vol. 30, No. 10 1857

for 60 min at 37 °C in 0.10 ml of 0.1 M citrate phosphate (pH
7.20) with 0.001 mL of inhibitor in 10% methanol or N,N-di-
methylformamide. The reaction was quenched by boiling the
mixture for 1 min. The angiotensin I produced was quantitated
by a radioimmunoassay by competition with %I-Ang I (Travenol
Labs Ang I radioimmunoassay kit). The assay was linear with
time, linear with concentration, and linear with angiotensinogen
concentration. (b) Radioimmunoassay with synthetic tetrade-
capeptide substrate: 0.02 ng purified human kidney renin'® was
incubated at 37 °C for 30 min in 0.10 mL of 0.1 M citrate
phosphate buffer (pH 7.20) with 3.8 uM of H-Asp-Arg-Val-
Tyr-Ile-His-Pro-Phe-His-Leu-Val-Ile-His-Ser-OH and 0.01 mL
of inhibitor, previously dissolved in N,N-dimethylformamide. The
reaction was quenched by heating at 100 °C for 2 min. The
angiotensin I generated by renin was assayed with a Gamma Coat
['%1] Plasma Renin Activity Radioimmunoassay Kit (Traven-
ol-Genentech Diagnostics) by the procedure described in the kit.
Data analysis to derive inhibitor potencies was carried out as
previously described.* Inhibitor titrations were consistent with
rapidly equilibrating, competitive inhibitors. (c) Fluorometric
method with synthetic tetradecapeptide substrate: the assay was
carried out with purified human kidney renin!® as previously
described™ at 37 °C, pH 7.20 (0.10 M citrate phosphate). K; values
were determined from linear I/ V vs. [I] plots,® with an estimated
error of £20%.
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