growth by TPA do not carry out TPA-
induced DNA synthesis at G (23).

The effective concentrations of TPA
and DHTB for inhibition of epidermal
growth factor binding and enhancement
of 2-deoxyglucose uptake and the effec-
tive concentrations of TPA for enhance-
ment of transformation, stimulation of
DNA synthesis in arrested cells, and
inhibition of [*Hlphorbol-12,13-dibutyr-
ate binding agree with data for other cell
lines (11, 12), indicating that the suscep-
tibility of A31-1-1 cells to the effects of
DHTB and TPA is similar to that of other
cell lines. We recently found that DHTB
and TPA, applied by painting, enhance
the development of skin tumors initi-
ated by 7,12-dimethylbenz{a]anthracene
equally well (/7). However, the results
shown here suggest that DHTB may be
more potent than TPA in promoting tu-
mor development in vivo under certain
circumstances.

The extremely low effective dose of
DHTB for the enhancement of transfor-
mation (less than 1071° g/ml) indicates
that environmental promoting agents like
teleocidin, the parental compound of
DHTB, strongly influence the develop-
ment of human cancer and that the ef-
fects of DHTB reflect interference with
the control of cell function by hormone-
like substances. Further studies with
DHTB and teleocidin are necessary to
elucidate these issues.
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The Molecules That Initiate Cardiac Hypertrophy

Are Not Species-Specific

Abstract. Extracts from hypertrophying dog hearts perfused through isolated rat
hearts increase the synthesis of messenger RNA and initiate hypertrophy in the
treated hearts. Total RNA extracted from experimental and control hearts was
translated in vitro and hybridized with polyuridylate. Synthesis of protein and
polyadenylate-containing RNA was greater in rat hearts perfused with extracts of
hypertrophying dog hearts than in control hearts. The results demonstrate that
molecules from hypertrophying dog hearts are not species-specific since they are
effective in stimulating transcription of messenger RNA in rat hearts as well as in

dog hearts.

The canine heart, when provoked to
hypertrophy by an increased work load,
synthesizes water-soluble, extractable
molecules that can initiate hypertrophy
(as defined by increased protein synthe-

%

—r——

30 -

_

—+

[3H]uridine incorporation (10%cpm/mg)

Control
extract

Experimental
extract

Fig. 1. Incorporation of [*H]uridine into new-
ly synthesized RNA in rat hearts during perfu-
sion. Rat hearts were perfused for 1 hour each
with Krebs solution plus normal canine cardi-
ac extract (control extract) and Krebs solu-
tion plus hypertrophying canine cardiac ex-
tract (experimental extract). Isotope incorpo-
ration was 48.7 percent higher in the experi-
mental extract than in the control extract
(t = 2.45, d.f. =8, *P < .05). Five hearts
were used in each group.

sis) when perfused through isolated,
beating (but nonworking) canine hearts
(I). The possibility that cells generate
growth-regulating molecules in response
to stress suggests that these molecules
may be fundamental to cell function and
may exhibit little or no species specific-
ity. If so, extracts derived from the
hearts of one species should induce hy-
pertrophy in the hearts of other species.
Accordingly, we modified the protocol
that we had used for the isolated dog
hearts to determine whether canine car-
diac extracts would induce responses in
rat hearts similar to those in dog hearts.
Left ventricular hypertrophy was initi-
ated in dogs by banding the ascending
aorta. Six hours later, the heart was
extirpated, and the left ventricle was
finely chopped. The tissue was frozen
with liquid nitrogen and stored at —80°C.
Normal canine hearts for control pur-
poses were prepared in identical fashion.,
On the day of perfusion experiments, 5
to 6 g each of hypertrophying and normal
tissue was homogenized in distilled wa-
ter at a ratio of 1:2 (weight to volume)
with a Polytron (Brinkmann) for approxi-
mately 15 seconds at the highest speed.
The homogenate was centrifuged at
17,000¢ for 30 minutes at 4°C. The super-
natant was decanted and placed on ice
until used. ‘
Hearts were excised from male, 12-
month-old, albino rats. The aortas were
cannulated and placed in iced saline. The
left ventricle was vented by ventriculot-

0036-8075/82/0430-0529501.00/0 Copyright © 1982 AAAS 529



Table 1. Relative amount of poly(A) in various RNA preparations, measured as amount of
radioactivity in acid-insoluble materials after hybridization with [*Hlpoly(U) and digestion with
ribonuclease. Values for radioactivity are means = S.E.M. Group 1 was significantly different
from group 2 (P < .05) and group 3 (P < .01). Groups 2 and 3 were not significantly different.

Grou Treatment No. of No. of Radioactivity
p hearts repetitions (count/min)

1 Experimental extract 4 9 2829 = 86

2 Control extract 4 9 2409 = 168

3 Krebs control 4 9 2408 = 89

omy to prevent the heart from generating
pressure. Each heart was then connected
to a separate perfusion apparatus that
consisted of a constant-pressure reser-
voir and collector that maintained a tem-
perature of 37°C and a pressure of 100
mmHg.

Experiments were done in three
groups. In group 1, the perfusate consist-
ed of oxygenated Krebs solution to
which hypertrophying cardiac extract (2
ml per heart) had been added. In group 2,
a control group, the perfusate consisted
of Krebs solution to which 2 ml of nor-
mal cardiac extract had been added. In
group 3, which served as a control for
both groups 1 and 2, the perfusate con-
sisted of Krebs solution only. The hearts
were perfused for 1 hour, and viability
was demonstrated by continued contrac-
tions. The hearts perfused were frozen in
liquid nitrogen and stored at —80°C.

For direct labeling experiments, a total
of five hearts was used for each group. In
these experiments, 300 uCi of [*H]uri-
dine was included in each of the per-
fusates. After 1 hour of perfusion, the
hearts were homogenized in 10 ml of 6M
guanidine hydrochloride and centrifuged
at 17,000¢ for 30 minutes at 4°C. Portions
of the supernatant were used for the
determination of [*H]uridine incorpo-
ration and protein content; for each de-
termination, 100 wl of the supernatant
was diluted with 1.4 ml of water, and 1.0
ml of 25 percent trichloroacetic acid

100

[35IMethionine incorporation (103 count/min)
o
2]
— T

L L ! L

s o ¢ e\ —

(TCA) was added. The precipitate was
then collected on a GF/A filter, washed
with 8 percent TCA, dried, and counted
in 10 ml of Aquasol in a scintillation
counter (Beckman). Protein content was
determined (2) with bovine serum albu-
min used as a standard.

The direct labeling experiments re-
vealed a substantial increase in RNA
synthesis in those rat hearts perfused
with extracts from canine hypertrophy-
ing hearts as compared to those hearts
perfused with control extracts (Fig. 1).
Corresponding increases in protein syn-
thesis were observed when [**S]methio-
nine was used to label newly synthesized
proteins, but results were more variable
than those for RNA synthesis (not
shown).

Our most commonly used procedure
for determining whether hypertrophy
had been initiated was to measure the
translational activity of total cytoplasmic
RNA extracted from the treated hearts.
This procedure was cheaper than the
direct labeling techniques and was also
more convenient for repeated laboratory
use. Total RNA was isolated from per-
fused hearts (3). The quantity of RNA
was estimated by the absorbance at 260
nm, one absorbance unit of RNA being
equivalent to 50 wg (4). The purity of
RNA was determined by the absorption
spectrum which showed a symmetrical
peak at 259 nm; the ratio of absorbance
at 260 nm to that at 280 nm was approxi-

Fig. 2. Incorporation of [**S]-
methionine into translation
products directed by cytoplas-
mic RNA extracted from rat
hearts each perfused for 1
hour with (——) Krebs solu-
tion alone, (- - =) Krebs solu-
tion plus normal canine cardi-
ac extract, or (——) Krebs
solution plus extracts from hy-
pertrophying canine hearts.
Five hearts were used in each
group, and each measurement
was made in triplicate. Values
for group 1 were significantly
greater than the combined val-

Q
N
o

40
Time (minutes)

W
173
[=2

6o ues for groups 2 and 3
(P < .05).

mately 2:1. The translational activity of
the RNA was assayed with a commer-
cially available [**S]methionine transla-
tion kit (New England Nuclear) (5). The
quality of RNA was assessed by elec-
trophoresis and autoradiography of the
translation products. The autoradio-
grams showed multiple clear bands of
synthesized proteins ranging in molecu-
lar weight from < 12,400 to > 69,000.

Samples of RNA from 15 perfused
hearts, grouped as above, generated data
points for each group at four time points.
Each point represents the mean = stan-
dard error of the mean (S.E.M.) of five
hearts. Hearts in each group were tested
on the same day with the same trans-
lation kit, but, as each experiment was
repeated three times, three translation
kits were used in total for this part of the
experiment. The three curves generated
by the 60 data points were analyzed by
two-factor analysis of variance. The
hearts perfused with hypertrophying car-
diac extract (group 1) have significantly
greater translational activity than that
from groups 2 and 3 combined (Fig. 2).
No significant difference was found be-
tween groups 2 and 3.

To determine whether changes in
translational activity of the RNA from
isolated perfused hearts represented a
change in the rate of translation of preex-
isting messenger RNA (mRNA) (transla-
tional control) or a relative increase in
the amount of mRNA in relation to total
RNA (transcriptional control), we deter-
mined the relative quantity of polyade-
nylated [poly(A)] RNA in the prepara-
tions by hybridizing the RNA with 3H-
labeled polyuridylate [poly(U)] (6). In a
total volume of 2 ml, each assay mixture
contained 100 pCi of [PHlpoly(U) ([5,6-
3H]poly(U)) with a specific radioactivity
of 5 Ci per millimole of uridine mono-
phosphate and 10 ug of RNA in a buffer
consisting of 0.01M tris-HCI (pH 7.5),
0.2M NaCl, and 0.01M MgCl,. The RNA
in the mixture was allowed to hybridize
at 25°C for 30 minutes. Unhybridized
RNA was digested at 37°C for 15 minutes
with 40 pg of pancreatic ribonuclease A
(Sigma). After ribonuclease digestion, 50
wg of carrier DNA and 0.5 ml of 20
percent TCA were added, and the sam-
ples were cooled at 0°C for 10 minutes.
Precipitated materials were collected on
GF/A filters, washed with ice-cold 1 per-
cent TCA, dried, and counted in 10 ml of
Aquasol (7).

The poly(A) hybridization data were
obtained from 12 isolated perfused
hearts. The mean * S.E.M. was calcu-
lated from nine replicates in four inde-
pendent experiments, each consisting of
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three groups as above. The significance
of the difference between the groups
was calculated by Student’s ¢-test, These
data demonstrated a clear increase in the
amount of poly(A) mRNA in relation to
total RNA in the hearts perfused with
hypertrophying extract, in comparison
with hearts perfused with control extract
or hearts perfused with Krebs solution
only. There is no significant difference
between the latter two groups (Table 1).

Although our assay system, involving
treatment of intact beating hearts, is
cumbersome, it provides clear repeat-
able results. We have tried simpler sys-
tems based on tissue slices, but the re-
sults were erratic. In tissue slices, cell
contact arrangements were distorted,
heart cells were not contracting, the vas-
cular endothelium was not intact, and
molecules were not bound or metabo-
lized by the endothelium before the mol-
ecules could enter parenchymal cells (8).
We believe that essentially normal ana-
tomic and physiologic arrangements of
an organ are required in order to obtain
reliable biological responses. Such intact
organ preparations are imperative when
attempting to demonstrate the presence
or absence of growth-initiating factors
derived from tissue extracts,

The discrete early spread of transla-
tion curves that plateau at approximate-
ly 30 minutes suggests that increased
amounts of mRNA account for the in-
creased translation. An alternative, re-
futed by our experiments, is an increase
in translational activity of preexisting
mRNA. An increase in mRNA is sub-
stantiated by the increased proportion of
poly(A) RNA, as determined by poly(U)
hybridization, in the experimental
groups. The molecules that provoke hy-
pertrophy are probably basic to cell me-
tabolism and appear to have been strong-
ly conserved during evolution. Our re-
sults indicate that the controlling mole-
cules exert their cellular effects by
increasing transcription; that is, by acti-
vating genes.
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Relaxation of Isolated Gastric Smooth Muscle Cells by

Vasoactive Intestinal Peptide

Abstract. Vasoactive intestinal peptide caused a prompt, dose-dependent relax-
ation of isolated gastric smooth muscle cells of the guinea pig and a significant
increase in intracellular adenosine 3'.5’-monophosphate coincidentally with opti-
mum relaxation. Relaxation was augmented by a threshold concentration of isobutyl
methylxanthine. The direct relaxant effect of vasoactive intestinal peptide and the
distribution of nerves containing this peptide to circular smooth muscle support the
view that vasoactive intestinal peptide is the neuromuscular transmitter of enteric

inhibitory nerves.

Neurons that show positive reactions
with antibody to vasoactive intestinal
peptide (VIP) are present in the myen-
teric and submucosal plexuses of the gut;
their axons innervate all cell types in-
cluding other neurons, smooth muscle
cells, and mucosal cells (I, 2). Axons
arising from VIP neurons in the myen-
teric plexus project in a caudal direction
forming varicose rings around VIP-reac-
tive and nonreactive neurons. Other ax-
ons project into the circular muscle layer
and run parallel with smooth muscle
cells. The topography of VIP neurons
and nerve fibers and the known relaxant
effect of VIP on circular smooth muscle
(3-5) are consistent with its being the
transmitter of the enteric inhibitory
nerves. These nerves mediate a series of
descending inhibitory reflexes which fa-
cilitate the passage of material traveling
down the digestive tract (4).

Evidence favoring VIP as the principal
transmitter of this pathway includes re-
lease of VIP into the venous effluent
concomitantly with neurally induced
gastric relaxation (6) and partial block-
ade of neurally induced relaxation of the
lower esophageal sphincter by VIP anti-
serum (7). The design of the experiments
that gave these results left open the
possibility that VIP was chiefly an inter-

neuronal transmitter. In more recent
studies, Angel er al. (8) showed that
neurally induced relaxation of the gastric
muscularis mucosae and concomitant
VIP release could be abolished by the
axonal blocking agent tetrodotoxin; re-
laxation was also abolished by antiserum
to VIP.

Decisive evidence that VIP acts di-
rectly on smooth muscle cells rather than
indirectly by way of local neural path-
ways would be demonstration of an ef-
fect of VIP on isolated smooth muscle
cells devoid of neural elerments. We have
developed a procedure for isolation of
smooth muscle cells from the stomach of
several mammalian species, including
humans, and devised an image-splitting
technique for measurement of contrac-
tion and relaxation (9). In the present
study, we demonstrate the presence of
high-affinity VIP receptors that are capa-
ble of mediating prompt relaxation of
isolated gastric smooth muscle cells of
the guinea pig; this relaxation occurs
concomitantly with an increase in intra-
cellular levels of adenosine 3',5'-mono-
phosphate (cyclic AMP).

Cells were isolated from the stomach
of guinea pigs as described (9) (see leg-
end to Fig. 1). Isolated cells are in a state
of optimum relaxation; therefore, the
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