with local angiotensin in the brain or
other tissue is therefore of practical im-
portance.

These data also have theoretical impli-
cations. ANG II is present in the blood,
kidney (17-19), adrenal gland (19, 20),
and brain. This adds evidence to the
theory that the same substance may act
as a circulating blood hormone, tissue
factor, neurohormone, or neurotrans-
mitter (21). The occurrence of angioten-
sin in the central nervous system, endo-
crine glands, and blood may thus explain
its coordinating function in cardiovascu-
lar regulation, which includes direct con-
trol of peripheral resistance and blood
volume as well as complex behavior
such as thirst and salt appetite.
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Morphine Tolerance in Genetically Selected Rats Induced by

Chronically Elevated Saccharine Intake

Abstract. Rats of line LC2-Hi that drank about 50 milliliters of a highly palatable
saccharine solution daily for 28 consecutive days did not show morphine analgesia or
an opioid form of stress-induced analgesia and were not responsive to naloxone.
These findings support the idea that chronically elevated saccharine intake may
cause increased release and utilization of endogenous opiates.

There is evidence that the ingestion of '

sweet substances is, in part, under the
control of endogenous opioids. Specifi-
cally, naloxone, an opioid antagonist,
markedly reduces the ingestion of a
sweet solution (I, 2) while having only
moderate effects on drinking in response
to systemic dehydration (3). Further-
more, the opioid agonist morphine
causes a threefold increase in consump-
tion of a 0.5 percent saccharine solution
(4) while exerting little effect on water
intake after fluid deprivation (2). Thus
activation of the opioid system enhances
the intake of sweet solutions. It has not
been known whether the reverse relation
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Fig. 1. Mean latencies
of the pain response
after the injection of |
morphine hydrochlo- 18
ride at 2.5 mg/kg (A)
and 5.0 mgkg (B).

Open and closed cir-

also holds, that is, whether increased
ingestion of a saccharine solution results
in a greater release and utilization of
endogenous opioids. If such a relation
exists, one would expect animals con-
suming large volumes of saccharine solu-
tion over long periods to be more toler-
ant to morphine than their controls. We
now report that repeated consumption of
a 3 mM sodium saccharin solution in-
duced cross-tolerance to morphine and
to stress-induced analgesia.

The availability of LC2 lines of rats
made this experiment feasible (5). The
LC2-Hi line (6), especially the females,
are distinguished by elevated rates of
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intracranial self-stimulation and exces-
sive drinking of saccharine. In contrast,
LC2-Lo rats exhibit relatively low rates
of self-stimulation and consume relative-
ly little saccharine (7). Ten females of
each line were given unlimited 3 mM
sodium saccharin in deionized water for
28 consecutive days, while six LC2-Hi
and seven LC2-Lo females were given
only deionized water during the same
period. All rats were individually housed
and received standard laboratory rat
food.

After the 28-day period of fluid expo-
sure, each rat was tested on a hot plate in
three sessions (8). The sessions were
separated by 2 days, during which the
assigned fluids remained available. Each
session consisted of five exposures to the
hot plate. The first exposure in a session
preceded any drug injection. Then each
animal received the appropriate drug and
was retested 15, 30, 45, and 60 mintues
later. In the first session half of the rats
in each group received a subcutaneous
injection of morphine hydrochloride (2.5
mg/kg; Endo) dissolved in isotonic sa-
line, while the remaining animals re-
ceived saline only. In the second session
all rats received a subcutaneous injection
of morphine hydrochloride (5.0 mg/kg).
In the third session rats that had previ-
ously received morphine at 2.5 mg/kg
were injected with isotonic saline, while
the remaining animals were given a sub-
cutaneous shot of naloxone hydrochlo-
ride (5.0 mg/kg; Endo). Testing and scor-
ing were done without knowledge of the
solution drunk, genetic line, and drug
injected, except in the second session,
when all the rats were treated identical-
ly. The dependent variable was latency
of the pain response (withdrawal and
licking of a rear paw) to the hot plate (9).

Water intake, food consumption, and
body weight did not differ significantly
between the two genetic lines (10). How-
ever, the LC2-Hi group ingested a mean
of 50 ml of saccharine solution daily,
while the LC2-Lo group drank only
about 24 ml daily [F(1, 29) = 16.07,
P < 0.05].

Rats of the LC2-Hi line drinking sac-
charine (group HS) did not increase their
response latency after receiving mor-
phine at 2.5 mg/kg (Fig. 1A). In contrast,
LC2-Lo rats ingesting saccharin (group
LS) and LC2-Hi and LC2-Lo rats drink-
ing water (groups HW and LW, respec-
tively) all increased the latency of their
pain response. Morphine at 5.0 mg/kg
did increase the latency of the pain re-
sponse for the HS group, but the change
was not as profound as that for the other
three groups (Fig. 1B). Analysis of vari-
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Fig. 2. Mean latencies of the pain response
before and 15 minutes after the injection of
saline (A) and naloxone hydrochloride (B).
Dashed lines represent groups LW, HW, and
LS and continuous lines represent group HS.

ance revealed a significant interaction
between genetic line and solution drunk
as observed at the peak of morphine
analgesia [F(1, 29) = 8.25, P < 0.05].

On the basis of these findings, stress-
induced analgesia should not have ap-
peared in the HS group, which exhibited
morphine tolerance. Moreover, nalox-
one should not have affected the latency
of the pain response in HS rats but
should have decreased the elevated re-
sponse thresholds in the other three
groups (I1). Indeed, HS rats did not
exhibit stress-induced analgesia. Their
response latency in the second hot plate
trial, unlike that of the other groups, did
not differ from that in the first trial (Fig.
2A). Naloxone eliminated stress-induced
analgesia in the HS rats but did not affect
their response latency in the second hot
plate test (Fig. 2B). The absence of
stress-induced analgesia in these rats
makes it unlikely that the relative inef-
fectiveness of morphine and naloxone
reflects inefficient absorption of the
drugs.

These findings strongly suggest that
chronically elevated intake of a highly
palatable saccharine solution causes
changes in rat behavior that are consist-
ent with elevated opiate levels and toler-
ance to opioids. These findings cannot
be explained on the basis of a genetic
bias alone, since LC2-Hi rats drinking
water only showed the same morphine

analgesia, stress-induced analgesia, and
blockade of the latter by naloxone as did
LC2-Lo animals. The critical factor is
the elevated consumption of a sweet
solution (the relative importance of vol-
ume intake, excessive saccharine intake,
or attaining a certain level of saccharine
in the plasma on a long-term basis re-
mains unknown). The fact that only the
LC2-Hi line demonstrated the phenome-
non is of considerable interest. These
rats may serve as a valuable model for
addictive behavior, especially when con-
trasted with their natural controls, LC2-
Lo rats.
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Measurement of Suppressor Transfer RNA Activity

Abstract. Transfer RNA (tRNA) suppression of nonsense mutations in prokaryotic
systems has been widely used to study the structure and function of different
prokaryotic genes. Through genetic engineering techniques, it is now possible to
introduce suppressor (Sut) tRNA molecules into mammalian cells. A quantitative
assay of the suppressor tRNA activity in these mammalian cells is described; it is
based on the amount of tRNA-mediated readthrough of a terminating codon in the
influenza virus NS1 gene after the cells are infected with virus. Suppressor activity in
L cells continuously expressing Su® (tRNA®') was 3.5 percent and that in CV-I
cells infected with an SV40~ Su™ (tRNA®") recombinant was 22.5 percent.

The availability of SV40 vectors con-
taining amber suppressor (Su*) tRNAY"
(tyrosine transfer RNA) genes (/) and
the establishment of eukaryotic cell lines
(1) expressing functional suppressor
tRNA’s give promise of a new approach
to the genetic analysis of cellular and
viral genomes. Development of this new
technology requires a rapid and quantita-
tive assay for the level of suppressor
activity in a particular system. The ge-
netic structure of influenza virus pro-
vides an ideal system to measure the
suppressor tRNA mediated readthrough
of stop (terminating) codons.

Extensive studies on the structure of
the NS gene of different influenza virus
field isolates have shown that the NSI
gene products may vary in length. For
example, the NS1 protein of the 1947
strain A/FM/1/47 is only 202 amino acids
while the A/USSR/90/77 virus NS1 gene
product contains 237 amino acids (2).
Another field virus isolate, A/PR/8/34
virus, has a long NS1 protein (230 amino
acids) (2). The NS genes of these three
viruses all terminate the NS1 protein via
a UGA (U, uracil; G, guanine; A, ade-
nine) codon (opal codon). In contrast, A/
CAM/46, another influenza virus field
isolate, directs the synthesis of a 216
amino acid NS1 protein terminating with
an amber codon (UAG). This amber stop
signal is followed downstream by a UGA
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triplet at amino acid position 237 (2).
Therefore, amber suppression is expect-
ed to produce an NSI polypeptide with
an additional 20 amino acids. Since NSI
polypeptides of length 237 are found in
other field variants, it is likely that both
the terminated (at position 216) and sup-
pressed (at position 237) proteins would
be stable.

Virus stocks of SV40 recombinants
containing active amber Su® tRNAY"
genes have been described (/) and have
been shown to suppress a nonsense
(UAG) mutation in the thymidine kinase
gene of herpes simplex virus mutants (3).

Table 1. Suppression of termination at NS1
amber codon. The SV40 recombinants and L
cell lines used have been described (/). The
amber readthrough was measured by infec-
tion of cells with influenza A/CAM/46 virus as
described in the text. The values of the influ-
enza virus NS1 readthrough protein represent
the average of two independent experiments.
Conditions for infection of CV-1 cells and for
L cells were as described for Fig. 1, lanes 7
and 8.

Amount
Cell %)
CV-1 plus Su™ SV40 recombinant 22.5
CV-1 plus Su™ SV40 recombinant <0.5
L cell control < 0.5
L cell line 37 3.6
L cell line 39 3.4

Infection of CV-1 cells with these stocks
results in accumulation of the Su™ tRNA
to 2 to S percent of the total cellular
tRNA.

To test the readthrough of the amber
codon in the NS1 coding region, CV-1
cells were infected with A/CAM/46 virus
in the presence of SV40 recombinants
containing a Su™ or a Su” tRNA gene.
Infection of CV-1 cells for 24 hours with
the SV40 recombinants containing the
Su™ tRNA gene resulted in the produc-
tion of suppressor activity to give partial
readthrough of the NSI protein (Fig. 1,
lane 8, arrow). In contrast, infection with
the equivalent Su~ SV40 recombinant
did not permit synthesis of such a poly-
peptide in A/CAM/46 virus infected CV-
1 cells (Fig. 1, lane 7). Similar results
were obtained when CV-1 cells were
infecied with the SV40 recombinants for
48 hours prior to the addition of A/CAM/
46 virus (Fig. 1, lanes 9 and 10). Howev-
er, no suppressor tRNA activity was
detectable in cells that were coinfected
at the same time with the SV40 recombi-
nants and A/CAM/46 virus (Fig. 1, lane
6). The gel migration of the additional
protein band in lanes 8 and 10 of Fig. 1is
in agreement with the predicted length of
the readthrough product of the NS1 gene
of A/ICAM/46 virus.

The identity of this readthrough prod-
uct, designated by the arrow in Fig. 1,
was confirmed in a subsequent experi-
ment with a monospecific rabbit antise-
rum to bacterially synthesized NS1 pro-
tein (4). This antiserum precipitates both
the NS1 polypeptide as well as the sup-
pressed readthrough product from an
infected cell extract (Fig. 2, lane 3). In
contrast, when cells are coinfected with
the Su™ SV40 recombinants and A/
CAM/46 virus, only the nonsuppressed
NS1 polypeptide is present (Fig. 2, lanes
4 and 6). Gel separation of the labeled
NS1 polypeptide and its readthrough
product and analysis of the gel slices
revealed a 15 to 25 percent readthrough
of the amber codon in the CV-1 cells
infected with A/CAM/46 virus and the
Su® SV40 recombinants. Optimal read-
through occurs if the influenza virus in-
fection follows an 18- to 30-hour prelimi-
nary incubation with the Su™ SV40 re-
combinants (data not shown). Use of a
tenfold concentrated Su* SV40 recombi-
nant virus stock did not increase the
amount of the readthrough product.
However, a fivefold dilution of the Su™
SV40 recombinant preparation used to
infect CV-1 cells did lead to a 50 percent
reduction of the amber codon suppres-
sion.

Amber suppression in cell lines carry-
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