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T a b l e I . Chromatographic Proper t ies of Cycloserine and 
Several Der iva t ives 

Compd 

1 
3 
5 
9 

Solvent 
A 

0.7 
0.8 
0.3 
0.7 

Ri 

Solvent 
B 

0.7 
0.8 
0.15 
0.7 

Color formed 

0.4% FeCl3 

Brown 

Brown 
Pink 

4% Nitro-
prusside 

Blue 

Blue 
Blue 

ments (at 10 a.m. and 4 p.m.) of 120 mg/kg (total dosage 240 
mg/kg/day). 

For the injection of 3, a fresh solution containing 180 mg/ml in 
7% ethanol was prepared and a total dosage of 600 mg/kg/day 
was injected through the tail vein in increments of 300 mg/kg 
twice per day, at 10 a.m. and 4 p.m. 

Chromatographic Analysis of Bat Urine Samples. 1. Paper 
Chromatography. Samples were spotted 2.5 cm away from each 
other and 3 cm from the bottom of a 28.5 x 42.0 cm sheet of 
Whatman No. 1 filter paper which was developed ascendingly 
with either 1-propanol-water (5:1, v/v, solvent A) or 1-butanol-
acetic acid-water (4:1:1, v/v, solvent B). The two most useful de­
tection reagents were 4% aqueous sodium nitroprusside14 and 
0.4% aqueous ferric chloride. Iodine vapor and uv light were used 
to detect 3. The Rt values of 1 and 9 were so similar that their 
relative migratory rates often reversed from experiment to experi­
ment. This did not present a major problem because standards 
were always used and 1 and 9 gave different colored spots with 
FeCU. The chromatographic properties of 1, 3, 5, and 9 are pre­
sented in Table I. 

After it had been determined by the use of FeCl3 that 1 was 
being excreted in the urine of rats which had been administered 
3, nitroprusside was used to obtain a semiquantitative value. 

Semiquantitative Estimation. The percentages of adminis­
tered compounds which were excreted as 1 or 5 could be estimat­
ed by comparison of the size and intensity of spots resulting from 
the chromatography of known amounts of 1 and 5 with spots de­
rived from urine samples. The total amounts of 1 and 5 excreted 
in the 24-hr urine sample were then calculated from the total vol­
ume of urine excreted in this time. Since it was found that 5 Mg of 
5 and 10 ng of 1 could be detected by sodium nitroprusside, it can 
be calculated that less than 12% of the administered 5 was ex­
creted as 1, and less than 10% of 1 was excreted as 5. There is no 

Several angiotensin II analogs with a l ipha t ic amino 
acids in posi t ion 8 of t he pep t ide cha in have been synthe-
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used are: Boc = tert-butyloxycarbonyl; Sue = succinyl. The amino acids 
are of the L configuration and are abbreviated as recommended by the 
IUPAC Commission on nomenclature.1 
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evidence that any interconversion of this type occurred; these cal­
culations merely show that a small amount of 5 -* 1 and 1 — 5 
could occur without detection. 

2. Gas-Liquid Chromatography. Although the results of paper 
chromatography indicated that the rat transformed 3 to 1 rather 
than to 9, more evidence that 9 was not being formed was desir­
able. This was obtained by treatment of rat urine samples (after 
preliminary column chromatography using Amberlite GC-400 
resin to remove interfering substances) with diazomethane to con­
vert any 9 which was present to the methyl ester 11. This was 
then subjected to glc. Control experiments.in which 9 was carried 
through the same procedure indicated that 1 mg could easily be 
detected. When 50-ml urine samples from rats treated with 1, 3, 
or 5 were analyzed by this technique, no evidence of 11 was 
found. 
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sized and shown to be specific compet i t ive angiotensin 
an tagonis t s . 2 Among the mos t po ten t of these inhibi tors is 
[Leu8]angiotensin I I , 2 b ' d which, however, possesses smal l 
angiotensin-l ike agonist ic act ivi t ies . I t was though t of in­
terest to s tudy s t ruc tu re -ac t iv i ty re la t ionships of 8-leucine 
angiotensin pept ides , bo th as agonists and antagonis ts , 
and to compare these re la t ionships with those observed 
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Two series of peptides related to [Ile5]angiotensin II (All) were synthesized by the solid-phase method: a Phe8 se­
ries, composed of All, [Suc1]AII, des-Asp1-AII, and des-Asp1,Arg2-AII; and a Leu8 series, composed of [Leu8]AII, 
[Suc^Leu^AII, des-AspMLeu^AII, and des-Asp1,Arg2-[Leu8]AII. The All-like and All-antagonistic activities of 
these peptides were studied on the isolated guinea-pig ileum, rat uterus, and rabbit aorta and on the rat blood 
pressure. Comparison of pA2, pD2, and intrinsic activities of the two series of peptides led to the conclusion that 
[Leu8]AII, [Suc1,Leu8]AII, and des-AspMLeu^AII antagonized All by binding on the same receptor site, but it is 
suggested that a different site is involved in the agonistic activities of these peptides. Conclusions were also drawn 
on the importance of the N-terminal end for binding and for the intrinsic activity at the two postulated receptor 
sites. 
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Table I. N-Terminal Modified Analogs of Angiotensin 
II and [Leu8 [angiotensin II 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 

Amino acid sequence 

Asp • Arg • Val • Tyr • He • His • Pro • Phe 
Sue • Arg • Val • Tyr • He • His • Pro • Phe 

Arg • Val • Tyr • lie • His • Pro • Phe 
Val • Tyr • lie • His • Pro • Phe 

Asp • Arg • Val • Tyr • lie • His • Pro • Leu 
Sue • Arg • Val • Tyr • lie • His • Pro • Leu 

Arg • Val • Tyr • He • His • Pro • Leu 
Val • Tyr • He • His • Pro • Leu 

for angiotensin II. N-Terminal modified analogs and ho-
mologs were chosen for this study because the Asp1 and 
Arg2 residues of angiotensin are important but not essen­
tial requisites for biological activity.3 

Two series of peptides were synthesized (Table I): a 
Phe8 series, composed of peptides 1-4, and a Leu8 series, 
with peptides 5-8. These compounds were studied both as 
agonists (1-8) and antagonists (5-8) in the rat blood pres­
sure, the isolated guinea-pig ileum, the isolated rat uter­
us, and the isolated rabbit aorta. 

Results and Discussion 

The relative biological activities of compounds 1-4 are 
shown in Table II. The pressor and oxytocic activities of 
these peptides have been studied previously by several au­
thors,3"8 but it is difficult to compare results obtained in 
different laboratories.3a One of the difficulties is that it is 
not always clear whether the reported activities refer to 
weight or to moles of the peptides or their salts. For this 
reason we shall use the values of Table II, where the ac­
tivities are expressed on a molar basis, taking into ac­
count the peptide content. There are two notable dis­
crepancies between the values of Table II and previously 
published results: (a) the relative pressor activity of 2 was 
found to be about twice those reported earlier;4 '7 (b) the 
oxytocic activity of 3 was found to be about three times 
greater than previously reported values.5-6 

Table II shows that the large loss of activity observed 
upon removal of the two N-terminal residues of angioten­
sin II (4) is very similar in the four biological prepara­
tions. It can also be seen that, in spite of the significant 
differences between the reactivities of the three smooth 
muscle preparations, there is a similarity in the relative 
activities of peptides 1-4 for each preparation: the ab­
sence of the amino group of angiotensin II resulted in a 
significantly larger loss of activity (2) than the lack of the 
N-terminal aspartyl residue (3). The same cannot be said 

of the in vivo pressor activity (Table II) where 2 is as ac­
tive as 1. This may be because 2 is more resistant to the 
blood "angiotensinase" activity, since the absence of an 
N-terminal amino group makes it immune to attack by 
aminopeptidases. 

The peptides of the Leu8 series also showed angioten-
sin-like activities toward the preparations studied (Table 
III), with the exception of the rabbit aortic strips, where 
they were inactive in concentrations up to 10~4 M. The 
activities in the other smooth muscles and in vivo were 
three to four orders of magnitude lower than those of angi­
otensin II. It is not probable that these activities could be 
due to impurities in the peptides because, from what is 
known of the structure-activity relationships in the angio­
tensins,38 none of the possible contaminants would be ex­
pected to have high enough activity for that. 

It is interesting to compare the relative activities of 
compounds 5-8 (Table III) with those of the corresponding 
peptides with phenylalanine in position 8 (Table II). In 
the Leu8 series, the absence of the amino group (6) in­
duced a significant increase of the pressor activity, and 
the loss of myotropic activity was much smaller than in 
the corresponding Phe8 analog 2. Removal of the aspartyl 
residue resulted in further decrease of the myotropic ac­
tivities in the Leu8 series (7), in contrast to the raise ob­
served with the Phe8 analog 3. Also, the relative activities 
of the hexapeptide of the Leu8 series (8) were much great­
er than those of the Phe8 analog 4. 

The dissimilarities in the agonistic activities of the two 
series of analogs are further evidenced in Table IV, where 
intrinsic activities and p£>2 values for the agonistic myo­
tropic activities of all the compounds are shown. Table IV 
also shows the pA2 values for peptides 5, 6, and 7, which 
showed competitive inhibitory activity toward angiotensin 
II. Compound 8 did not behave as an antagonist in con­
centrations up to 10 ~4 M. Peptides 5-7 also antagonized 
the pressor action of angiotensin II on the rat blood pres­
sure, but pA2 values cannot be calculated in this case. 

The pA2 values for peptides 5, 6, and 7 are similar to 
the corresponding p-D2 values for 1, 2, and 3, both in their 
order of magnitude and in their relative values. In each of 
the three smooth muscle preparations, both the pD2 

values for the Phe8 series and the pA2 values for the Leu8 

series decreased significantly in the order: full octapep-
tide, des-Asp1 heptapeptide, and des-amino octapeptide. 
This indicates that the same receptor site is involved in 
both series of peptides, as should be expected by the com­
petitive nature of the inhibition of angiotensin II activity 
by the Leu8 analogs. It is also apparent that the receptors 

Table II. Relative Biological Activities" of Angiotensin II Analogs Modified at the N Terminus 

Compd 

1 
2 
3 
4 

Guinea-pig ileum 

100 
11 ± 2 
34 ± 1 

0.11 ± 0.01 

Rat uterus 

100 
47 ± 3 
66 ± 2 
0.10 ± 0. 01 

Rabbit aorta 

100 
12 ± 2 
22 ± 2 

0.10 ± 0.02 

Rat blood pressure 

100 
101 ± 3 
47 ± 4 

0.14 ± 0.02 

"The activities ± one standard deviation are expressed in percentage of the activity of 1. Each value is the average of at 
least four independent assays. 

Table III. Relative Biological Activities" of [Leu1 

Compd 

5" 
6 
7 
8 

Guinea-pig ileum 

100 (0.016 ± 0.001) 
81 ± 5 
42 ± 3 

4.4 ± 0.5 

' [angiotensin II Analogs Modified at the N Terminus 

Rat uterus 

100 (0.15 ± 0 . 0 2 ) 
73 ± 4 
36 ± 3 

2.9 ± 0.3 

Rat blood pressure 

100 (0.086 ± 0.016) 
139 ± 5 

20 ± 2 
10 ± 1 

"The activities ± one standard deviation are expressed in percentage of the activity of 5. Each value is the average of at 
least five independent assays. T h e activities of 5, in percentage of the activity of 1, are shown inside parentheses. 
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of the three tissues are similar, since they respond in a 
comparable manner to the octapeptide, the des-amino oc-
tapeptide, and the heptapeptide. 

The pD2 values for the agonistic activities of peptides 
5-8 in the guinea-pig ileum and rat uterus were smaller 
than those of peptides 1-4, respectively, by two or four 
orders of magnitude. Furthermore, in the Leu8 series, the 
decrease in pD2 by removal of the amino group (6) was 
smaller than that observed with the des-Asp1 analog 7. In 
the case of the guinea-pig ileum, however, there was no 
significant difference between the values for peptides 5 
and 6. 

Another striking contrast between the agonistic activi­
ties of the two series of peptides resides in the effect of the 
N-terminal modifications on the intrinsic activities (Table 
IV). In the Phe8 series, 1 and 2 are full agonists for the 
three tissues; 3 is a full agonist for the ileum and uterus, 
but its intrinsic activity in the rabbit aorta is significa-
tively smaller than unity. Peptide 5 was not a full agonist 
toward any of the three tissues. In the Leu8 series, no 
agonistic activity was found toward the rabbit aorta and 
peptides 5 and 6 had low intrinsic activities toward the 
other two tissues. However, peptides 7 and 8 had higher 
intrinsic activities than 5 and 6, and they were full agon­
ists in the rat uterus. This is in marked contrast to what 
was observed in the Phe8 series. 

Our data strongly indicate that the agonistic activities 
of the Leu8 angiotensin analogs toward the guinea-pig ileum 
and the rat uterus are due to interaction with receptor 
sites that are different from those involved in the response 
to angiotensin II. These receptors were not found in rabbit 
aorta and are characterized by a relatively low affinity for 
the peptides. They also differ from angiotensin receptors 
by their relative affinity for the amino group and the N-
terminal aspartyl residue and, most strikingly, by the in­
crease of the intrinsic activity observed with the des-Asp1 

and des-Asp1,Arg2 analogs. 

Experimental Section 

Syntheses. The peptides were synthesized by the solid-phase 
method.9 '10 The C-terminal tert-butyloxycarbonylamino acid was 
esterified to 2% cross-linked chloromethyl polymer, and chain 
elongation was performed on an automatic peptide synthesizer.11 

CHCI3 was used as solvent for all reagents and amino acids, with 
the exception of Boc-Arg(N02), which was dissolved in CHCI3-
DMF (2:1). The Boc groups were removed with 25% (v/v) 
CF3COOH in CHCI3 for 30 min. The coupling steps were carried 
out with 2.5 equiv of tert-butyloxycarbonylamino acid and DCI. 
The amino acids with reactive side chains were used in the form 
of the following derivatives: Boc-Asp(Bzl), Boc-Arg(N02), Boc-
Tyr(BzI), and Boc-His(Tos). After the last coupling, the peptide 
was cleaved from the resin and deprotected by stirring for 60 min 
at 0° in anhydrous HF containing 5% (v/v) anisole. After removal 
of HF and anisole, by vacuum distillation and washing with 
EtOAc, the peptides were extracted with glacial HOAc and ly-
ophilized. 

Purification of Peptides. The crude peptides were submitted 
to 800-1200 transfers of countercurrent distribution in n-BuOH-
HOAC-H2O (4:1:5), and the distribution coefficient (K) observed 
for each product is given in Table V. This was followed by ion-ex­
change chromatography on a 7 x 1.5 cm column of Dowex-1 resin, 
with an elution gradient from 0.01 M NH4OAc (pH 8) to 0.1 M 
NH4OAc (pH 6). When necessary, the peptide was further puri­
fied by chromatography on a 9 X 1.7 cm carboxymethylcellulose 
column with a linear gradient between 0.1 M NH4OAC (pH 4.7) 
and 3.5 M HOAc and by chromatography on a 8 x 2 cm column 
of Dowex-50 resin with an NH4OAe gradient from 0.01 (pH 5.5) to 
0.1 M (pH 8.0). All peptides were lyophilized until constant 
weight to remove NH4OAc. Each peptide was purified until the 
following criteria for purity were met. (a) The amino acid analysis 
of the acid hydrolyzates, performed on a Beckman Model 120C 
amino acid analyzer, yielded a molar ratio within 3% of the theo­
retical value for all the amino acid residues (with two exceptions: 
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Table V. Physical Properties of Compounds 1-8 

Compd 

1 
2 
3 
4 
S 
6 
7 
8 

Yield, 
% 
11 
10 
25 
15 
13 
16 
18 
13 

% 
0 peptide 

content6 

86 
90 
80 
93 
87 
93 
79 
86 

Mp, °C 

254-258 
219-220 
210-213 
185-190 
245 dec 
225 dec 
210 dec 
175-179 

[a]26D« 

-74 .4° 
- 6 6 . 7 
- 7 0 . 0 
- 7 0 . 6 
-90 .5^ 
- 8 6 . 3 / 
- 8 8 . 4 
- 7 9 . 4 

Kd 

0.22 
0.82 
0.19 
0.57 
0.18 
0.79 
0.12 
0.63 

A 

0.25 
0.60 
0.36 
0.46 
0.27 
0.45 
0.26 
0.44 

Rt on tic" 
B 

0.55 
0.70 
0.68 
0.67 
0.63 
0.70 
0.58 
0.67 

C 

0.88 
0.82 
0.85 
0.85 
0.83 
0.85 
0.88 
0,85 

Electrophoretic 
p H 2 . 8 

(«Hi.) 

0.56 
0.54 
0.73 
0.65 
0.55 
0.55 
0.84 
0.73 

p H 4 . 9 
(*A„) 

0.43 
0.25 
0.76 
0.52 
0.46 
0.24 
0.75 
0.52 

migration" 
p H 9 . 9 

(Rpicr) 

0.15 
0.24 

- 0 . 0 6 
0.49 
0.20 
0.21 
0.10 
0,25 

"See Experimental Section. 'Obtained from amino acid analysis. cc 0 .1,1 N HCl, "'CCD with n-BuOH-HOAc-HjO (4:1:5). 
«c0,3, 0.1 AT HCl. 'c0.5, 1 AT HCl. 

7, Tyr 0.96; 8, His 0.96). (b) The peptide content, obtained from 
the amino acid analysis, agreed within 1% with that obtained 
from the absorbance of aqueous solutions at 275 nm, taking the 
value of 1375 for the molar extinction coefficient, (c) Only one 
spot was detected with Pauly, ninhydrin, and Sakaguchi reagents 
after tic on silica gel '(Eastman chromagram plates, 0.1 mm) with 
the following solvent systems: (A) rc-BuOH-HOAc-HjO (5:1:1), 
(B) n-BuOH-EtOAc-HOAc-H20 (1:1:1:1), (C) pyridine-HOAc-
H2O (50:30:15). (d) Only one component, with the expected mo­
bility, could be detected after paper electrophoresis at 1000 V for 
60 min in three different buffers: 1 M HOAc (pH 2.8), 0.1 M pyri­
dine acetate (pH 4.9), and 0.2 M sodium carbonate-bicarbonate 
(pH 9.9). The electrophoretic behavior of the peptide is reported 
here by the ratio of its migration to that of a simultaneously run 
amino acid standard. At pH 2.8 the migrations are relative to his-
tidine (flms), at pH 4.9 to arginine (i?Arg), and at pH 9.9 to picric 
acid (.Rpicr), and they were given a negative sign when peptide 
and standard had opposite charges. 

Yields of the syntheses were calculated from the peptide con­
tent of the final products, related to the amount of tert-
butyloxycarbonylamino acids initially esterified to the resin. 
Melting points were determined with a Leitz Wetzlar hot stage 
apparatus and are reported uncorrected. The optical rotations 
were measured with a Bellingham & Stanley "Pepol 60" photopo-
larimeter with a precision of 0.002°. No tests for optical purity 
were made, but 1 was found to have an activity of 103%, with 
95% fiducial limits of ±3%, when assayed against the [Val5]ang-
iotensin II standard proposed by the Division of Biological Stan­
dards of the National Institute for Medical Research, Mill Hill, 
London. The physical properties of the peptides are shown on 
Table V. 

Bioassays. The isolated guinea-pig ileum,12 rat uterus,13 and 
rabbit aorta14 preparations were done as described earlier. The 
bath volume was 5 ml, the media were aerated with a stream of 
air, and the isotonic contractions were recorded under a 1-g load 
with sixfold magnification. Intrinsic activities and pD2 values15 

were determined from isometric contractions recorded with the 
aid of a Sanborn force transducer and a Hewlett-Packard Model 
211A amplifier. For the intrinsic activities, the maximum re­
sponses to the peptides were compared to those to histamine on 
the guinea-pig ileum, to oxytocin on the rat uterus, and to epi­
nephrine on the rabbit aorta. The pA2 values were estimated 
from the regression equation relating log (x - 1) to -log (inhibi­
tor concentration) (pAx), where x is the r'atio of the agonist's con­
centrations that produced the same response in the presence and 
in the absence of the inhibitor.16 The regression equations were 
calculated by the method of least squares, from at least eight 
data points obtained from at least four different preparations. 
The standard error of the pA2 values was estimated from the 
standard error of the estimate and of the slope of the regression 
equation. The rat blood pressure assays were performed on ure-

thane-anesthetized animals. The blood pressure was recorded 
from the carotid artery and the two femoral veins were canulated 
to permit simultaneous infusion and single injections. 
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