positive to an accuracy of 10 standard
deviations, based primarily on the accu-
racy with which the upper-state popula-
tion is determined (+ 10 percent). The
derived gain would result in gain narrow-
ing of the line by ~ 10 kHz, an unobserv-
able amount compared with the kinetic
line widths. However, the atmospheric
gain should be substantially greater at
large zenith angles than in the zenith
direction, and a search for macroscopic
gain narrowing seems warranted.

In conclusion, natural gain amplifica-
tion has been observed in the mesophere
of Mars, representing to our knowledge
the first definite identification of a natu-
ral infrared laser.
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Vasopressin Analogs That Antagonize Antidiuretic Responses
by Rats to the Antidiuretic Hormone

Abstract. Four new synthetic analogs of vasopressin (antidiuretic hormone) can
antagonize the antidiuretic response to intravenous vasopressin in anesthetized,
water-loaded rats. They also cause a diuresis resembling that of diabetes insipidus
when given intraperitoneally to conscious rats. Such antagonists may prove to be
useful both pharmacologically and therapeutically.

The development of useful synthetic
antagonists of in vivo antidiuretic re-
sponses to arginine vasopressin (the anti-
diuretic hormone or ADH) has proved to
be an elusive goal. Hundreds of analogs
of the neurohypophysial peptides oxyto-
cin and vasopressin have been synthe-
sized and pharmacologically evaluated
over the past 27 years. A number of
these can’ eﬁ”ectively‘ antagonize vaso-
pressor responses to vasopressin in vivo
(1-3). Of the few analogs that appeared
to antagonize antidiuretic responses to
ADH (¢, 5), none has emerged as a phar-
macologically or clinically useful antidiu-
retic antagonist. We now report four new
synthetic analogs of arginine vasopressin
that effectively antagonize antidiuretic
responses by rats to exogenous or en-
dogenous ADH. These analogs, in order
of their increasing potencies in antag-
onizing the antidiuretic response, are
1, [1-(B-mercapto-8,B-cyclopentamethy-
lenepropionic acid), 2-O-methyltyrosine,
4-valine, 8-p-argininelvasopressin, ab-
breviated as d(CH,)sTyr(Me)VDAVP;
2, [1-(B-mercapto-B,B-cyclopentamethy-
lenepropionic acid), 2-O-ethyltyrosine,
4-valine, 8-p-argininelvasopressin, ab-
breviated as d(CH,)sTyr(Et)VDAVP;
3, [1-(B-mercapto-B,B-cyclopentamethy-
lenepropionic acid), 2-O-methyltyrosine,

2 3 4 5 8 9
CH2 -CO-Tyr(X)-Phe-Val~Asn- Cy Pro Y-Gly-NH,

CHa- CH2|
CH2
CHQ-CHQI
S s

4-valinelarginine vasopressin, abbrevi-
ated as d(CH,)sTyr(Me)VAVP; and
4, [1-(B-mercapto-B,B-cyclopentamethy-
lenepropionic acid), 2-O-ethyltyrosine,
4-valine]arginine vasopressin, abbreviat-
ed as d(CH,)sTyr(Et)VAVP. These ana-
logs have the general structure shown in
Fig. 1.

. The analogs were designed by modify-
ing one of our previously reported an-
tagonists of vasopressor responses to
vasopressin, [1-(B-mercapto-B,B-cyclo-
pentamethylenepropionic acid), 4-val-
ine, 8-p-arginine]vasopressin [d(CHz)s-
VDAVP; X = H, Y = p-Arg] (3). Al-
though not an effective antagonist of
antidiuretic responses to ADH in vivo,
this analog had been shown to be a
competitive antagonist of the activation
of renal medullary adenylate cyclase by
ADH in vitro (6). The work of Larsson et
al. (5) pointed to the feasibility of using
O-alkyltyrosine substitutions in attempts
to convert this peptide into an antagonist
of the antidiuretic response in vivo. Such
substitutions in the highly potent antidi-
uretic agonist deamino-lysine-vasopres-
sin had resulted in peptides with antago-
nistic activity, albeit not dose-related, of
antidiuretic responses to lysine vaso-
pressin in rats (5). Analogs 1 and 2 were
thus designed by incorporating O-methyl

Analog X Y
1 CHjz D~Arg
2 CaoHs D-Arg
8 CHg L~Arg
4 CoHs L~Arg

Fig. 1. The structure of analogs 1 to 4.
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Table 1. Antagonism of antidiuretic responses
to ADH by analogs injected intravenously
into ethanol-anesthetized rats.

‘‘Effective

Analog dose’’*
(nmole/kg)
1 d(CH,)sTyr(Me)VDAVP 15.1 = 3.5
2 d(CH,)sTyr(Et)VDAVP 57 + 1.0
3 d(CH,)sTyr(Me)VAVP 3.1 =04
4 d(CH,)sTyr(Et)VAVP 1.9 = 0.2

*The ‘‘effective dose’’ is the dose of an antagonist
that reduces the antidiuretic response to 2x units of
ADH injected intravenously 20 minutes after the
antagonist to equal the responses to 1x units of
ADH injected before the antagonist. This is estimat-
ed by finding doses of the antagonist that are above
and below the ‘‘effective dose’ which is then ob-
tained by interpolation on a logarithmic scale. Each
figure represents the mean = standard error of four
such assays on four rats. For these analogs, ! nmole
is 1.12 or 1.14 pg.

and O-ethyl substituents on the tyrosine
residue at position 2 in d(CH,)sVDAVP.
Modification of these two analogs by re-
placing D-arginine by L-arginine to give
analogs 3 and 4 brought about further
enhancement of antagonistic potencies.
The solid-phase method of peptide
synthesis (7), as adapted for the synthe-
sis of oxytocin (8), with previously de-
scribed modifications (2, 9), was used to
prepare the protected intermediates re-
quired for the synthesis of each analog.
The paranitrophenyl active ester method
(10) facilitated by hydroxybenzotriazole
(11) was used for the coupling of B-(S-
benzyl mercapto)-B,B-cyclopentamethy-
lenepropionic acid (/2) to give the re-
spective immediate precursors of ana-
logs 1 and 4. Each precursor was de-
blocked with sodium in liquid ammonia
(13) as previously described (8, 9), and
the resulting disulfhydryl compounds
were oxidatively cyclized with potassi-
um ferricyanide (/4). The analogs were
desalted and purified by gel filtration on
Sephadex G-15 by a two-step procedure
(15) with 50 percent acetic acid and 0.2M
acetic acid, respectively, as eluants. The
purity and identity of each analog was
ascertained by thin-layer chromatogra-

phy in three different solvent systems (2)
and by amino acid analysis (/6).

When injected intravenously into etha-
nol-anesthetized, water-loaded female
rats (/7) these four analogs are weak
antidiuretic agonists. They cause an ini-
tial submaximum inhibition of urine flow
lasting about 10 minutes. This is fol-
lowed by a period of inhibition of re-
sponses to ADH lasting 1 to 3 hours,
depending upon dose. This inhibition is
reversible in that it can be overcome by
increasing the dose of ADH. The antago-
nistic potency of each analog was esti-
mated from responses to the United
States Pharmacopeia posterior pituitary
reference standard injected 20 minutes
after injection of antagonist. Two doses
of an antagonist were injected into each
rat: one dose that reduced the response
to 2x units of standard to less than the
response to 1x units before injection of
antagonist and one that reduced the re-
sponse but not to the level of the control
response to 1x units. The ‘‘effective
dose” was then obtained by interpola-
tion on a logarithmic scale between the
two doses of antagonist. It is defined as
the dose of antagonist that would reduce
the response to 2x units to match the
control response to 1x units. This is the
original methoed introduced by Schild
(18) for estimating the effective concen-
trations of antagonists from which he
derived pA, values as an index of an-
tagonistic potency. The effective doses
for these analogs estimated in this man-
ner are presented in Table 1. The order
of antagonistic potencies indicates that
O-ethyltyrosine substitution is more
effective than O-methyltyrosine in the 2-
position, the two O-ethyltyrosine ana-
logs (2 and 4) being more potent than
their O-methyltyrosine counterparts (1
and 3). The presence of 8-D-arginine
appears to be a disadvantage since the
two L-arginine analogs (3 and 4) are more
potent than the D-arginine analogs (1 and
2). From studies on a series of closely

Table 2. Urine excretion and osmolality in 4 hours following the intraperitoneal injection of
ADH antagonists into conscious rats. The figures shown are means * standard error for groups

of four or six rats.

Anal Dose Urine volume Osmolality
nalog (pg/ke) (ml/kg-hour) (mOsm/kg H,0)

1 d(CH,)sTyr(Me)VDAVP 100 1.5 0.3 1341 + 428
300 2.2 £ 0.4% 961 = 2047

2 d(CH,)sTyr(Et)VDAVP 30 2.8 = 0.37 640 = 471
100 9.5 = 1.8+ 234 = 25%

3 d(CHy)sTyr(Me)VAVP 10 1.1 £ 0.5 1303 = 190
30 3.4 = 09 514 = 105+

4 d(CH,)sTyr(Et)VAVP 10 7.4 = 1.07 316 = 38f%
30 13.3 = 2.5¢ 194 = 177

*P < .05 and *P < .005 for differences between the means for rats receiving antagonists compared to the
mean responses of the same rats injected with solvent only. The mean control rate for solvent-injected rats
was 0.9 = 0.1 ml/kg-hour and the mean osmolality was 1544 + 85 mOsm per kilogram of water (N = 32).
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Fig. 2. Responses by intact rats to intraperi-
toneal injections of analog 4, d(CHy)sTyr-
(Et)VAVP. Rats were given free access to
water and were injected at 11 a.m. Spontane-
ously voided urine was collected hourly for 4
hours. Six female rats, weighing 200 to 240 g,
were used in a simple block design so that
each rat received solvent and both doses of
the antagonist. Injections were given at least 2
days apart. Urine osmolalities for the control
(solvent-injected) rats are averaged over 2-
hour periods because of the infrequency of
urination. Vertical lines through points indi-
cate standard errors.

related analogs it is clear that the cyclo-
pentamethylene group on the B-carbon
of the 1-(B-mercaptopropionic acid) is
also important. The corresponding B,B-
diethyl and B,B-dimethyl analogs of ana-
log 4 do not exert detectable antagonistic
activity in the intravenous antidiuretic
assay in the rat. The presence of the 4-
valine also contributes to antagonistic
activity. If a 4-glutamine is substituted in
this position in analog 4, antagonistic
activity is lost.

These analogs can also antagonize en-
dogenous ADH. When injected intra-
peritoneally into normally hydrated con-
scious female rats they cause a rapid
increase in urine flow and a fall in uri-
nary osmolality (Fig. 2). The order of
relative antagonistic potencies of the an-
alogs in this assay (Table 2) appears
similar to the order of potencies estimat-
ed from intravenous injection into anes-
thetized rats (Table 1). The higher intra-
peritoneal doses appear to block almost
completely the antidiuretic action of en-
dogenous ADH. For example, the 30 ug/
kg dose of analog 4 raised urine flow to a
mean of 27 ml per kilogram per hour
during the second hour after injection
(Fig. 2). In female rats homozygous for
the Brattleboro strain, which secrete no
ADH at all, spontaneous urine flow aver-
ages 32 ml per kilogram per hour (/9).
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These four analogs appear to be the
most effective antagonists of the antidi-
uretic response to ADH yet reported. If
these analogs have a similar action in
man they could be useful pharmacologi-
cally for studies on the contribution that
ADH may make in a variety of patholog-
ical states involving water retention.
They could also be effective and specific
agents for treating the syndrome of in-
appropriate secretion of ADH (the
Schwartz-Bartter syndrome or SIADH).
This syndrome may complicate a num-
ber of disorders, including carcinomas,
pulmonary diseases, intracranial dis-
eases, and head injuries (20).
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Chemical Impurity Produces Extra Compound Eyes

and Heads in Crickets

Abstract, A chemical impurity isolated from commercially purchased acridine
causes cricket embryos to develop extra compound eyes, branched antennae, extra
antennae, and extra heads. Purified acridine does not produce similar duplications
of cricket heads or head structures nor do the substituted acridines proflavine, acri-
flavine, or acridine orange. A dose-response relation exists such that the number and
severity of abnormalities increase with increasing concentration of the teratogen.

While determining toxicity of acridine,
an azaarene of interest as a component
of wastes from coal gasification and lig-
uefaction, a contaminant of the com-
mercial product (/) was found to be tera-
togenic to the cricket Acheta domesticus
(L.) ) in minute amounts. Treatment of
eggs resulted in duplication of crick-
et head structures. This finding under-
scores the necessity for complete chem-
ical characterization of mixtures sub-
jected to toxicological assays because a
minor component can assume major sig-
nificance in producing a response. In a
more positive light, however, this terato-
gen offers possibilities as a new tool for
exploring cellular events in embryonic
development such as determination of
cell fate, pattern formation, and possi-
bly the role of cell death in morphogen-
esis.

Cricket eggs were exposed to com-
mercial samples of acridine by permit-
ting gravid females to oviposit in sand
moistened with aqueous solutions of the
compound (3). After the embryos were
exposed to acridine, a small percentage
developed extra compound eyes; this
percentage increased with increasing
concentrations of the commercial prod-
uct (Table 1). Purification of the com-
mercial product, which was initially
> 98 percent acridine, resulted in com-

plete loss of teratogenic activity, where-
as the mixture of impurities showed a
positive response ). These impurities
were obtained in quantities too small to
weigh accurately; however, ten chemi-
cals were isolated by preparative thin-
layer chromatography on silica gel G
plates (E. Merck) in a mixture of chloro-
form, methanol, and acetic acid (90:5:5,
by volume). Each compound was assayed
for teratogenicity to cricket eggs; and
only one (Rr = 0.74), which showed blue
fluorescence under long-wave ultraviolet
light, was active (Table 1).

Speculation about the chemical identi-
ty of the active impurity is difficult since
the method of synthesis is not available
from the manufacturer. Many sub-
stituted acridines, however, bind nucleic
acids (5) and are active bactericides,
antimalarial and antineoplastic agents,
mutagens, and carcinogens (6). Three of
these, proflavine (3,6-diaminoacridine
hydrochloride), acridine orange [3,6-bis-
(dimethylamino)acridine hydrochloride],
and acriflavine hydrochloride (a mixture
of the hydrochlorides of 3,6-diamino-10-
methylacridinium chloride and 3,6-diami-
noacridine), were evaluated for toxicity
to eggs and ability to produce multi-
ple-eyed crickets. None was as toxic
to the eggs as pure acridine (Table 1,
LCs, data), and none produced dupli-

Table 1. Toxicity and teratogenic activity of various chemicals to developing cricket embryos.

Concen- _Embryos

Treatment (LCI;;’) tration (ENng) with abnormal

pp (ppm) . number of eyes

No. %
Distilled water 30,153 0

Impure acridine 20 2,264 28 1.24

9 2,234 10 0.44

6 4,802 7 0.14
Purified acridine 15.1 = 0.61* 20 3,214 0
9 4,337 0
6 5,123 0

Acridine impurities 3,728 212 .5.69

Unknown (R, 0.74) 2,681 25 0.93
Acriflavine > 100 100 7,817 0
10 6,645 0
Profiavine > 100 100 5,056 0
10 4,343 0
Acridine orange > 100 100 2,627 0
10 2,372 0

*From Walton (/4).
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