icantly increased abnormalities was 300
pg or more. The last dose of LSD-25
taken by six of the eight users before
sampling was betweeen 1 to 30 days;
two of the subjects exhibiting abnor-
malities took theirs 3 and 6 months
earlier, respectively. One of the LSD-
25 subjects exhibiting abnormalities had

Table 1. Number and type of chromosomal
breaks in controls and LSD-25 users. Data
are given as total number of breaks in 200
cells classified.

Breaks Ex- Chro-

Case (No.) change mmosomes

No. _ = ﬁg- i- .

E:t.?d Chl‘IOSr(l)‘l atid Ures celx?tric Rings
Controls

12-F 9 3 1
14-M 13 1

4-M 14 3
16-M 16 3
11-F 17 3

3-M 18 3

8-M 20 1 3

6-F 29 4
13-M 38 12

LSD-25

1-M 15 5 2

7-M 21 2 1
17-M 35 7
10-M 39 5 1
20-M 36 10 2 1
15-M 42 8

5-M 58 5

9-M 61 9% 1 2

* Phi-like chromosomes.

Table 2. Distribution of abnormal cells and
chromosomal breaks in controls and LSD-25
users as related to number of doses and
dosage. A total of 200 cells were classified
for each subject. P <.05 for abnormal cells
and breaks.

Estimated Ab-
Case Doses dose (u8) ‘Il‘s:; Irlr?;i Breaks
No. (NO) o T (days) cells (% )
Mean Peak (%)
LSD-25
1-M 10 200 800 14 11.0 12.0
7-M 100 200 500 14 12.0 125
17-M 4 300 400 30 21.0 21.0
10-M 50 300 1500 180 21.0 23.0
20-M 50 500 1500 3 24.5 26.0
15-M 110 350 600 90 25.0 25.0
5-M 25 400 500 21 30.0 31.5
9-M 200 350 2800 1 34.0 38.0
Controls
12-F 65 1.0
14-M 70 1.0
4-M 8.0 8.5
16-M 9.5 9.5
11-F 9.5 10.0
3-M 10.0 10.5
8-M 115 13.5
6-F 14.0 16.5%
13-M 24.0 25.07

* Recent diagnostic x-ray. 7 Past x-ray therapy.
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had only four doses of approximately
300 pg each.

Figure 1 illustrates some of the ab-
normalities seen among the LSD-25
users. Of special interest were the qua-
driradial formations (three cases);
these occur rarely in untreated, normal
cultures (4) but can be induced in hu-
man leukocytes by the addition of
mitomycin (5). Quadriradials and in-
creased chromosomal breaks also are
characteristic of the cytogenetic picture
of Fanconi’s anemia and Bloom’s syn-
drome (6), both caused by recessive
autosomal genes and accompanied by
an increased incidence of neoplasia (7).
They are also seen in tumor cells or
cells transformed by the oncogenic vi-
rus SV40 (8). The genetic consequences
of the quadriradial figures have been
generally discussed (4, 9).

Also of much interest is the Phy-like

chromosome observed in LSD-25 users

9 and 10. The Ph, chromosome, a de-
leted G-group autosome, is character-
istic of chronic myelogenous leukemia
(10) and is thought to be absent from
lymphoid cells but present in neutro-
phil and erythrocyte precursors and
possibly megakaryocytes of the bone
marrow (I7). All cells showing the
Ph;-like chromosome were karyo-
typed; in every instance, only three
normal G-group chromosomes plus the
Phy-like chromosome were found.

It is still too early to assess the sig-
nificance of these findings. The chro-
mosomal abormalities in human lym-
phocytes, for the moment, appear to be
induced by as little as four doses of
LSD-25 exceeding an estimated 200 pg.
It remains to be determined also wheth-
er the chromosomal abnormalities re-
sult from permanent damage to the
stem cells, or from damage in the Gy
period to long-lived lymphocytes, the
damage not being recognized as chro-
mosomal abnormalities until mitosis.
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2-Dicyanomethylene-
1,3-Indanedione:
A New Electron Acceptor

Abstract. The electron affinity of 2-
dicyanomethylene-1,3-indanedione  (I)
(1.33 ev), as computed from charge-
transfer spectral analysis and from
polarographic measurements of half-
wave reduction potential, shows that the
incorporation of the 2-dicyanomethyl-
ene moiety in 1,2,3-indanetrione (II)
enhances its r-acid character. The elec-
tron spin resonance spectrum of the
anion radical of I, generated electrolyt-
ically in solution, shows hyperfine
structure that is due to itwo nitrogen
atoms and four equivalent hydrogen
atoms.

The acceptor strength of a r-electron
system is based on the electron-with-
drawing power, number, and location
of the substituents as well as on the
extent of conjugation. The s-acid
strength and electron affinity of an ac-
ceptor change in a predictable manner
when one or more of the above factors
are systematically varied (/). The suit-
able combination of two acceptor moie-
ties within one molecular framework
could possibly lead to an acceptor
which might possess a greater electron
affinity than molecules containing only
one of the parent moieties (2).

We studied the electron affinity and
m-acid property of a new electron ace
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ceptor, 2-dicyanomethylene-1,3-indane-
dione (I), which incorporates the
structural features of the two acceptors,
1,2,3-indanetrione (II) (3) and tetracy-
anoethylene (IIT) (4).

(o] (o]
I} 1]

CN
Q-¢, Q=
o4 CN C

6 0

NG CN

NC CN
i

Compound I was obtained as yel-
low crystals from 1,2,3-indanetrione
(II) and malononitrile (m.p. 280° to
285°C). It showed absorption maxima
at 261 my in CH3CN [molar extinc-
tion (e) being 27,6001, at 271 my (e
being 28,700), and at 350 my (e being
6600). In KBr there was an absorption
maximum at 4.50 pu, an indication of
the presence of a conjugated nitrile
structure, and at 5.95 u, an indication
of a conjugated ketone structure (5).

INTENSITY
H )}
o @

nN
o

RELATIVE

In dichloromethane solution, com-
pound I generates charge-transfer com-
plexes readily with aromatic hydro-
carbons. The charge-transfer bands ap-
pear in the visible region between 450
and 750 my (Table 1). To estimate
the electron affinity of compound I, we
used the relation (6)

E.=1,—E.+C (¢))

where Er is the charge-transfer transi-
tion energy, I, is the ionization poten-
tial of the donor, and C is a constant-
energy term which represents the effects
of solvation, polarization, and nonbond-
ing interactions. For the complexes of
two acceptors with the same series of
donors, C is generally assumed con-
stant as long as the same type of bond-
ing (for example, 7-7) is involved. Un-
der these circumstances

Er+ Es=E++ E4 2)

where E’r is the charge-transfer transi-
tion energy of a standard acceptor tak-
en here as chloranil (E"4, 1.37 ev) (1,
7). The electron affinity was computed
from the En values for compound I
and E’r value for chloranil (Table 1).
The average of E  is 1.33 ev.

The reversible polarographic reduc-
tion potential (E:) of an acceptor has
been related to the energy of the low-
est unfilled orbital of the acceptor, and
hence to its electron affinity (8). When
expressed relative to the potential of

Al

ERIIN

Fig. 1. Electron spin resonance spectrum of electrolytically generated anion radical of
I (10*M) in 80 percent of CHsCN and 20 percent of dimethoxyethane, with 0.1M

tetra-n-propylammonium perchlorate.
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Table 1, Charge-transfer spectra (E,) and
electron affinity (E,) of compound I. Absorp-
tion maximum, \ max-

Compound I Chlor-

o ,
Hydrocarbon N angA (lév")
(my) (ev)  (ev)
Hexamethylbenzene 510 243 239 1.33
Naphthalene 475 261 249 125
Anthracene 647 2.03 193 127
Phenanthrene 462 2.69 2,63 1.31
1,2-Benzanthracene 600 2.07 211 1.41
Pyrene 615 2,11 2.00 1.36
3,4-Benzpyrene 700 1.80 1.75 1.32
Perylene 755 164 1.63 1.36
Coronene 600 2.07 212 142

* See reference 12.

the saturated calomel electrode, the per-
tinent relation is

— Eércd = EA —_ AFsolv - 5.07 (3)

where —AF,, is the solvation energy of
the anion and is assigned an average
value of —3.66 ev for a number of ac-
ceptors having analogous structures.
The polarographic reduction of com-
pound I in acetonitrile (10—3M) contain-
ing 0.1M tetra-n-propyl ammonium
perchlorate (9) showed a single wave
with E; = 40.02 volt. Analysis of the
polarogram with the Nernst equation
indicated that this half-wave potential
corresponds to a reversible reduction
involving one electron. The computed
electron affinity, £, = 1.38 ev, agrees
well with the value obtained from the
charge-transfer spectra. Under similar
conditions, 1,2,3-indanetrione (II) gave
E; = 0.47 volt and E, = 0.97 ev (10).
This value is also in agreement with
the E, = 1.07 ev obtained from charge-
transfer spectral measurements (3).

Although I have been unable to iso-
late solid anion radical complexes of
compound I, these species have been
generated in solution. For this purpose,
the compound was allowed to react
with sodium in degassed dimethoxy-
ethane. The solution shows strong ab-
sorption at 400, 625, and 940 my. The
electron spin resonance spectrum (/1)
of this complex consists of only five
lines with a line separation of 0.87
gauss. Relative intensities in the ratio
1:2:3:2:1 showed clearly that the
nitrogen atoms are equivalent with re-
spect to splitting. By contrast, the elec-
trolysis of compound I in degassed mix-
ture of acetonitrile and dimethoxy-
ethane containing 0.1M tetra-n-propyl-
ammonium perchlorate (/1) shows a
well-separated 25-line splitting pattern
arising from two nitrogen atoms (ay,
0.85 gauss) and four equivalent pro-
tons (ag, 0.25 gauss) (Fig. 1).
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The acceptor strength of the present
compound is intermediate between that
of the related but weaker r-acid, 1,2,3-
indanetrione (II) and that of tetracy-
anoethylene (III) (E, = 1.70 ev).

SUPRABHAT CHATTERJEE
Air Force Cambridge Research
Laboratories, L. G. Hanscom Field,
Bedford, Massachusetts 01730
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Activities of Ornithine-Urea Cycle and Enzymes

Abstract. The level of activity of the ornithine-urea cycle is low in the liver
of the permanently aquatic Australian lungfish. The rate of incorporation of
11C-bicarbonate into urea by liver slices was only 100th of that previously ob-
served in the estivating African lungfish Protopterus dolloi. The activities of
enzymes of the ornithine-urea cycle were similarly reduced. The low activity of
this cycle in Neoceratodus is consistent with its exclusively aquatic nature.

Members of the two surviving fam-
ilies of lungfishes, Lepidosirenidae and
Ceratodontidae, differ from one an-
other in ecological behavior. The Afri-
can Protopterus and the South Ameri-
can Lepidosiren, belonging to the for-
mer family, must breathe air at rather
frequent intervals and they estivate in
burrows out of water during dry sea-
sons. The sole surviving member of the
latter family, the Australian Neocera-
todus forsteri, appears to use its lung
only as an accessory respiratory organ
during periods of high activity, and
it cannot survive deprivation of water
by burrowing and breathing air as can
the African and South American dip-
noans (7). Ability of the liver to syn-

thesize urea by way of the ornithine-
urea cycle was recently demonstrated
in the African lungfish Protopterus (2,
3, 4). This cycle has survival value in
Protopterus during its periods of esti-
vation, when ammonia cannot be ex-
creted and is incorporated into urea.
We tried to determine whether Neo-
ceratodus, which never leaves the water
and therefore has no need to detoxify
ammonia, possesses a functional orni-
thine-urea cycle.

Two adult Neoceratodus were ob-
tained from Australia (5). The fish,
weighing 2.8 and 5.4 kg and in good
condition, were immediately placed in
separate fiberglass tanks containing aged
tap water at 20° to 30°C. During the

Table 1. Incorporation of “C-labeled bicarbonate into urea by liver slices of Neoceratodus.
Approximately 200-mg slices were incubated in 3.0 m!l of Krebs-Ringer solution (diluted 2 parts
to 3 with water) containing 10-*M ammonium chloride, 10-2M sodium lactate, 10-*M L-orni-
thine, and ¥C-labeled bicarbonate (6.8 X 10° count/min). The mixtures were shaken for 1

hour in 100-percent oxygen at 30°C.

. . HC-urea s
. Modification Incorporation . _, Urea synthesist
Fish of assay (%)* (cou_r;t MmN (umole g hr?)
g™ hr)
Neoceratodus X None 0.01% 382 3.8 X 10-*
Neoceratodus X Slices boiled .001 34
Neoceratodus X L-Citrulline, 10-2M .01 352
Neoceratodus X L-Arginine, 10*M .004 120
Neoceratodus 'Y None .02 576 5.8 X 10-*
Protopterus (4)§ 6.9 X 10

# [Count min-t in urea/count min-! in incubation medium] X 100.

+ Calculated by dividing

(count min-1 g-1 hr-1) by specific activity of 11C-bicarbonate (10° count min-! pmole-1) in medium.

I Average of duplicate assays.
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§ Six fish, average.

next 2 days samples of the water were
analyzed for ammonia (6) and urea (7).
The rates of excretion of ammonia and
urea in fish X were 98 and 5.5 umole
kg1 hour—1, respectively, In fish ¥
the rate of excretion of ammonia was
156 pmole kg—* hour—?'; no urea was
detectable in the bath water. Neocera-
tfodus appears to be much more “am-
moniotelic” than P. ethiopicus, which
eliminates up to 50 percent of its ni-
trogenous end products as urea when in
water (8).

Within 2 days of arrival the animals
were pithed and the livers were re-
moved immediately and assayed for
(i) the presence of a functional orni-
thine-urea cycle in liver slices, and (ii)
the individual enzymes of the cycle.
Urea-cycle activity of liver slices was
assayed by following the incorporation
of #C-bicarbonate into urea (Table 1:
4). The activities of carbamoyl phos-
phate synthetase, ornithine carbamoyl-
transferase (Enzyme Nomenclature, 2.
1.3.3), argininosuccinate synthetase (6.
3.4.5), argininosuccinate lyase (4.3.2.1),
and arginase (3.5.3.1) were assayed in
liver homogenates according to Janssens
and Cohen (Table 1; 3). Carbamoyl
phosphate synthetase, being barely de-
tectable by the colorimetric assay, was
assayed by another method (9). Enzyme
activities were calculated from the 4C
incorporated into citrulline, relative to
the specific activity (counts per minute
per micromole) of the 4C-bicarbonate
substrate.

The percentage incorporation of 4C-
bicarbonate into urea was very low
(Table 1), being 0.01 to 0.02 percent of
the radioactivity present in the medium
—about 100 count/min (above back-
ground) as 14C-urea. The average pro-
duction of #C-urea by liver slices from
both fish was 480 count/min g—?
hour—1*. The boiling of liver slices for
5 minutes reduced the incorporation
of 14C-bicarbonate into urea to one-
tenth of the value observed in untreated
slices (fish X, Table 1). Addition of un-
labeled citrulline to the incubation
medium, which was expected to reduce-
the #C incorporated into urea by com-
peting with 14C-citrulline formed from
14C-bicarbonate, had little effect on the
rate of synthesis of *C-urea. On the
other hand, unlabeled arginine reduced
the rate of synthesis of **C-urea to about
one-third of that for untreated slices.

The difference in effectiveness of un-
labeled citrulline and arginine as in-
hibitors of synthesis of 14C-urea may be
related to relative rates of uptake or
to differences in pool size of the two
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