as bovine gamma globulin (BGG) and
hen’s ovomucoid (OM) varied similarly
with the H-2 type. Furthermore, a
remarkable coincidence exists between
the pattern of immune responsiveness
of mouse strains to low doses of hapten
conjugates of BGG or OM, as presently
described, and the responsiveness of
the same strains to immunization with
a synthetic amino acid polymer, (His,
Glu)-Ala-Lys, as described by McDevitt
and Chintz (4). The immune responsive-
ness to (His,Glu)-Ala-Lys was shown to
be under control of a single gene which
is closely linked to the H-2 locus (4).
Segregation analysis will be necessary
to establish whether a similar situation
exists in the control of the immune re-
sponse to low doses of hapten-protein
conjugates. If this proves to be the case,
it would mean that genetic differences
at a single locus may influence the de-
velopment of immune responses to a
wide range of different antigens with,
as yet, no obvious structural similari-
ties or antigenic cross reactivity (9).
NELSON M. Vaz
BERNARD B. LEVINE
Department of Medicine,
New York University School of
Medicine, New York 10016
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Catecholamine Biosynthesis in Brains of

Rats Treated with Morphine

Abstract. In the brains of rats without tolerance to morphine, the accumulation
of [*Cldopamine formed from [YiCltyrosine injected intracisternally is increased,
reaching a maximum in the hypothalamus and striatum 1 hour after administra-
tion of morphine. In tolerant rats, the rate of incorporation of carbon-14 into
dopamine and into norepinephrine in these areas is more than twice that in
animals that have received only one injection of morphine.

There is evidence that biogenic amines
in the central nervous system interact
with morphine and other narcotic anal-
gesic drugs in two ways: morphine
alters amounts of amines in the ner-
vous system, and changes in the
amounts of amines alter the response
to morphine. In most experimental ani-
mals, the administration of morphine
causes release of dopamine and nor-
epinephrine from the brain in the first
hours after the initial injection of the
drug (I). In animals made tolerant by
long-term treatment with morphine,
there is no depletion of amine (2).
However, the rate at which tolerance
develops may be changed by simulta-
neous administration of drugs that alter
the amounts of biogenic amines in ner-
vous tissue. Drugs such as reserpine
lower amounts of amines; inhibitors of
monoamine oxidase increase amounts of
amines by inhibiting their catabolism
(3). The exact relationship between
biogenic amines and narcotic drugs may
not be defined by measurements of the
catecholamine content of nervous tissue
since these reflect only gross changes
and may not reveal local changes or
alteration in the rate of turnover of
amines. We have studied the rate of in-
corporation of #¥C from [“C]tyrosine
into dopamine and norepinephrine in
whole brain and in regions of the brains
of tolerant and nontolerant rats.

To measure accumulation of labeled
catecholamine, we injected [¢C]tyro-
sine (uniformly labeled) into the fourth
ventricle of rats 10 minutes before kill-
ing them. The rate of its conversion to
[#Cldopa  (dihydroxyphenylalanine),
and, in succession, to [1*Cldopamine and
[4C]lnorepinephrine was measured after
the amines were adsorbed from an
acidic extract of brain on alumina, and
separated on Dowex-50 columns (4).

Thirty to 90 minutes after one in-
jection of morphine (60 mg/kg body
weight), the rate of accumulation of
[*4C]ldopamine in whole brain was sig-
nificantly increased over that in con-
trols injected with saline, reaching a
maximum 60 minutes after the injec-
tion (Fig. 1). The rates of incorpora-

tion of 14C into norepinephrine and
into dopa were apparently unaltered,
except at one time. Calculations of the
rate of conversion of tyrosine to dopa-
mine and norepinephrine in brain in
vivo are complicated by the fact that

T Dpopa

1000

Dopamine

2000

1000

Radioactivity (count/min per brain)

1000

Time (min)

Fig. 1. The conversion of [“Cltyrosine
to [*C]dopa, [*Cldopamine, and [“C]nor-
epinephrine in rat brain. Each rat was in-
jected intracisternally with 5 uc of [*CI-
tyrosine (uniformly labeled, 370 uc/
umole) and killed 10 minutes later. The
brains were homogenized in 04N per-
chloric acid, the metabolites were sep-
arated on alumina and Dowex-50 columns,
and the radioactivity was measured by
scintillation spectrometry (4). The values
for animals injected with saline are shown
as zero-time values. All other rats were
injected with morphine (60 mg/kg body
weight) and killed at times from 15 to 120
minutes later; (———) rats injected once;
(----- ) rats receiving a tenth daily in-
jection of morphine (dose increasing from
20 to 60 mg/kg). The standard deviations
are indicated by the perpendicular lines,
and the starred values show significant
differences (P < .001) between one and
ten injections. At an average specific
radioactivity of [*Cltyrosine of 5.56 uc/
umole (calculated from time curves of
[“Cltyrosine remaining in brain during
the 10-minute pulse), 478 count/min per
brain (norepinephrine control value) rep-
resents a rate of synthesis of norepineph-
rine of 0.225 nmole/hour per gram of
brain.
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endogenous pools of amines and dopa
alter the specific activity of the pre-
cursor, and by widely varying rate con-
stants of the enzymes involved in the
metabolic pathway (5). The conver-
sion of tyrosine to dopa is presumably
rate limiting (6), so that [14C]dopa
would not be expected to accumulate.
Newly synthesized dopamine will ac-
cumulate as the end product in neu-
rons containing dopamine and also in
those containing norepinephrine since
dopamine fB-oxidase has a relatively
high Michaelis constant for dopamine
(7). [**C]Norepinephrine found in the
brains of treated rats may be the sum
of two opposing reactions, an increased
synthesis of the amine and an increased
depletion by morphine. In addition, it
is possible that newly synthesized nor-
epinephrine is preferentially released
in response to morphine, as it is upon
stimulation of sympathetic nerves (8).

To study the accumulation of la-
beled catecholamines in regions of the
brain, we dissected brains into six areas
(9) after a 10-minute exposure to
[**C]tyrosine; the same areas of six
brains were combined to provide
enough tissue for the isolation of me-
tabolites.

When labeled tyrosine was admin-
istered intracisternally endogenous pools
of tyrosine in the brain became highly
labeled; however, the distribution of
the labeled amino acid was uneven,
varying from 1510 count/min per milli-
gram of protein in the cerebral cortex
to 9970 count/min per milligram of
protein in the hypothalamus. Since the
distribution of [14C]tyrosine was not
uniform, the radioactivity in the me-
tabolites was expressed as the counts
per minute per milligram of protein
in the area, corrected to a common
pool of [“Cltyrosine. Labeling in the
areas of brains from control rats was
compared with that in areas from rats
receiving morphine 1 or 2 hours before
being killed (Table 1). There was an
increase in [*C]dopamine in the hypo-
thalamus and the striatum 1 hour after
the injection. One hour later, the rates
of labeling of all the metabolites in
these areas were lower than in controls.

In rats made tolerant by increased
doses of morphine given over 10 days,
as in naive rats, there was an increase
in [*#C]dopamine formed from [14C]ty-
rosine. This increase was greater and
more prolonged than that after a single
injection; the amount was significantly
greater than control amounts at all
times from 30 to 120 minutes in whole
brain (Fig. 1). The significant differ-
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Table 1. Conversion of [“Cltyrosine to [“C]dopa, [“Cldopamine, and [*C]norepinephrine in
six areas of rat brain. Rat brains were dissected into six areas (9), which were combined
from six rats which had been injected with saline (control) or morphine (60 mg/kg) 1 or 2
hours before being killed (M-1 and M-2). Another group received the same dose of morphine
for 5 days and was killed 2 hours after the last injection (5 M-2). Each value is the average
of two pooled samples from -six rats each. The methods are described in Fig. 1. The values
are expressed as counts per minute per milligram of protein in tissue area, corrected to

10°® counts per minute in [**C]tyrosine.

Radioactivity
Treatment
Cerebellum Medulla Hypothalamus  Striatum Midbrain Cortex
Dopa
Control 2.75 5.54 43.73 9.24 6.57 0.76
M-1 2.48 5.54 33,71 13.46 9.84 0.55
M-2 2.82 5.64 18.73 221 7.53 0.53
5 M-2 4.47 5.56 65.58 4191 11.93 0.90
Dopamine .
Control 3.87 14.07 194.02 70.67 42.29 11.41
M-1 3.24 11.14 238.08 93.90 40.19 9.85
M-2 2.67 10.56 130.63 20.39 29.25 6.51
5 M-2 5.57 21.56 209.10 97.10 68.02 15.56
) Norepinephrine . '

Control 3.75 5.62 53.65 8.80 10.47 1.79
M-1 4.07 349 52.27 5.63 6.48 0.68
M-2 297 7.19 36.71 2.38 7.06 1.02
5 M-2 8.04 15.27 176.81 10.02 16.68 2.04

ences between the first and tenth injec-
tion (Fig. 1) include these changes in
the accumulation of [!#C]dopamine
at 90 and 120 minutes after the injec-
tion of morphine. In the experiments in
which brain areas were examined, the
rats were made tolerant by five daily
injections of morphine and then killed
2 hours after the fifth injection. In the
brains of these animals, the conversion
of [4Cltyrosine to all metabolites was
higher in the hypothalamus, striatum,
and midbrain, than in the same areas
from control rats or rats injected once
(Table 1). In all areas, the rate of
labeling of norepinephrine was higher
than in the control or naive animal.
Thus, at a time when the rats were
tolerant to the analgesic and hypother-
mic actions of morphine, the neuro-
chemical response of increased amine
formation was more prolonged than
after the initial injection.

The difference in the effects of the
initial and the long-term injections of
morphine suggests that in the brains
of tolerant rats, the catecholamine bio-
synthetic pathway operates more effec-
tively than it does in the brains of
naive rats. It is interesting that when
norepinephrine turnover is measured
as the rate of disappearance of intra-
cisternally administered [3H]norepi-
nephrine, the turnover of the amine in
the whole brain of tolerant rats is not
different from that in controls (10).
This lack of effect may reflect the suc-
cess of the biosynthetic pathway in
maintaining the amounts of the bio-
genic amines.

The amine response to morphine

treatment is not limited to the accumu-
lation of newly synthesized dopamine
and norepinephrine. Accumulation of
another biogenic amine, serotonin, is
seen in the brains of mice treated with
morphine if an inhibitor of mono-
amine oxidase is used to block the fur-
ther metabolism of serotonin (/1). That
protein synthesis is involved in the de-
velopment of tolerance to morphine is
suggested by two kinds of evidence.
(i) After first being inhibited, protein
synthesis is increased above normal
levels in the brains of rats treated 24
hours earlier with morphine (12), and
(ii) inhibitors of protein synthesis retard
the development of tolerance to nar-
cotic analgesic drugs (I, 13). It is
possible that tolerance to many of the
pharmacological effects of mnarcotic
drugs is produced by an induction of
the enzymes involved in the synthesis
of the biogenic amines in the nervous
system.

Doris H. CLOUET

MILTON RATNER

New York State Research Institute for
Neurochemistry and Drug Addiction,
Ward’s Island, New York 10035
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Chemical Inducers of Oviposition for the
Corn Earworm, Heliothis zea (Boddie)

Abstract. The corn earworm moth lays its eggs in the vicinity of triacetin, an
ingredient of felt-tipped marking pens. Related compounds also induce this
behavior. A bioassay was devised to measure the activity of chemicals as ovi-

position inducers.

Gravid insects, usually of the order
Diptera (flies), have been induced to
lay their eggs in the vicinity of certain
chemicals. Some compounds eliciting
this response are associated with decay-
ing proteinaceous matter such as am-
monia, its salts, or amines (1), and some
sulfur-containing materials such as mer-
captans and sulfides (2). In one instance
aliphatic monoesters (found in food
flavors) were reported to be oviposition
attractants for Aedes aegypti mosqui-
toes (3). In another, chemicals inducing
phytophagous insects to oviposit were
ones present in the preferred host plants
(4). Thus, these chemicals may be cor-
related with a source of sustenance for
the young larvae that emerge from the
eggs oviposited by the adult (5). Chem-
icals that actively induce oviposition
might be useful as a means of control-
ling insect pests because larvae emerg-
ing from eggs laid near an appropri-
ately placed chemical would not find

the food normally present and would
perish. An attractive feature of this ap-
proach is that no toxic chemicals need
be used.

In 1968, as part of a program for
large-scale rearing of the corn earworm,
Heliothis zea (Boddie), we began to use
felt-tipped marking pens to number
cloths on which the insects oviposit.
Shortly thereafter we noted that the
moths laid more eggs near the ink
markings than elsewhere on the cloth.
The active ingredient in the ink was
isolated and identified as triacetin.

The first felt-tipped pens to induce
the oviposition response were manufac-
tured by the Zip Mark Corp., Borden-
town, N.J. (6). Subsequent tests showed
that Aqua Mark (Chemolene Industries,
Bordentown, N.J.) and Marks-A-Lot
(Carter’s Ink Co., Cambridge, Mass.)
pens also produced active markings.

The pure active principle in the ink
wick was isolated after a series of ex-

Table ]. Oviposition ratio (eggs in treated area divided by eggs in untreated area) for chem-
icals related to triacetin and for triacetin determined concurrently at two concentrations.

Oviposition ratio

Chemical Chemical at Triacetin at
0.1 mg/ml 1.0 mg/ml 0.1 mg/ml 1.0 mg/ml
Diacetin 1.00 3.84 3.82 3.24
1-Monoacetin 0.99 1.84 2.29, 5.13
Tripropionin 2.40 3.44 3.8£ 3.24
Dipropionin 2.64 4.70 3.38 5.92
Monopropionin 1.26 142 3.38 5.92
Tributyrin 1.28 3.88 3.82 3.24
Ethylene glycol, diacetate 1.01 1.50 2.29 5.13
1,3-Propanediol, diacetate 0.85 1.34 3.82 3.24
1,3-Butanediol, diformate 1.18 1.81 3.38 5.92
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ploratory experiments in which frac-
tions found. active by bioassay were
progressively purified. The following
procedure worked well. Two ink wicks
were sliced into disks about 5 mm thick
and allowed to dry overnight (7). The
wick disks were then extracted in a
Soxhlet apparatus with 100 ml of ethyl
ether for 3 hours. The ether extract was
washed twice with 50-ml portions of
distilled water, dried over anhydrous
sodium sulfate, decolorized with acti-
vated charcoal, and finally concen-
trated to 1 to 2 ml. Chromatography of
this ether extract on a column of silica
gel (8) with a mixture of ether and
hexane (1 : 1) as eluant gave active ma-
terial between 40 and 140 ml. Gas chro-
matography of the active material on
an OV-17 column (9) disclosed the
presence of two compounds. Only one
was active, and it comprised 27 percent
of the material based on peak area. The
active fraction from the silica gel col-
umn was concentrated to a few milli-
liters and chromatographed again on
silica gel as already described except
that the column was developed serially
with 100 ml each of 10, 20, 30, 40, and
50 percent ether in hexane by volume.
The inactive component was found in
the 10 percent eluate and the active one
in the 30 percent fraction. Yield of
active compound was 20 mg per wick.
- The infrared spectrum of the com-
pound showed prominent characteristic
acetate absorption (1745 and 1220
cm—1), The nuclear magnetic resonance
(NMR) spectrum of the compound in
CCl, was obtained on an HA-100 Var-
ian spectrometer. It showed an intense
singlet at 2.01 parts per million (ppm)
and two multiplets centered at 4.13 and
5.11 ppm (from tetramethylsilane) with
respective proton absorptions of 81:
36 : 8. The singlet at 2.01 ppm was un-
doubtedly due to acetate protons, and
the multiplets were tentatively assigned
to -CH-O- protons. These data sug-
gested the compound was a triacetate;
that is, if the multiplet at 5.11 ppm
were one proton, the acetate absorption
would be equivalent to roughly nine pro-
tons, or three acetate groups. Triacetin,
with a proton ratio of 9:4:1 (acetate,
primary and secondary protons), fit the
81 : 36 : 8 proton ratio very well. Com-
parison of the infrared and NMR spec-
trums of authentic triacetin with the
corresponding spectrums of the active
compound from the wick showed that
they were virtually the same and that
the active substance was indeed tri-
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