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Fig. 1. Disappearance of morphine in se-
rum of five subjects during 48 hours after a
single intravenous injection of 10 mg/70 kg.

of the incubation mixture was made up
to 0.5 ml with saline buffered with
0.01M phosphate buffer, pH 7.4. The
morphine-antibody complex was pre-
cipitated by ammonium sulfate, and the
radioactivity in the precipitate was de-
termined with a Packard Tricarb scintil-
lation counter (I). This method mea-
sures morphine and some of its metab-
olites; although the method detects the
glucuronide and the demethylated me-
tabolites, much higher concentrations
of these are required than of the parent
drug (2). The reproducibility of this
method is = 10 percent (2).

The results in five of the ten subjects
who received 10 mg of morphine sul-
fate per- 70 kg of body weight are
shown in Fig. 1. The data reveal a very
rapid initial decline of morphine in
blood during the first 5 to 10 minutes
after injection. The half-life of this very

rapid initial phase of equilibration was

not calculated because of the difficulty
of obtaining accurate values. In the
other five subjects, who were studied
for only 24 hours, morphine concentra-
tions were not determined as frequently
nor for as long as for the five subjects
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shown in Fig. 1. However, the shape
of the morphine decay curve was simi-
lar in both groups. Morphine in the
serum exhibited a multiphasic decline
and was plotted by the method of least
squares. In the first 6 hours, there is a
precipitous fall in morphine concentra-
tion with a half-life of from 1.9 to 3.1
hours. Afterward, the disappearance of
the alkaloid is very slow, with a half-
life of from 10 to 44 hours. Figure 1
shows that,. after a single moderate in-
travenous dose of morphine, significant
blood concentrations persist for at least
48 hours. Of the five volunteers studied
for 48 hours, only one lacked detect-
able quantities of morphine at that
time. Previous work established that
most of the opium alkaloid is excreted
in the urine during the first 24 hours
after administration, that detectable
levels remains in urine for 36 hours
3.

Although these experiments do not
reveal the factors responsible for the
production of this complex disappear-
ance curve, the rapid phase may repre-
sent distribution of the alkaloid be-

tween blood and tissue, followed by

metabolism and excretion. The pro-
longed presence of morphine in blood
may represent continued metabolism,
release of the drug as well as its metab-
olites from tissues, enterohepatic recir-
culation (4), persistence of a metabo-
lite, or various combinations of these.
The small amounts of morphine de-
tected by the radioimmunoassay 48
hours after intravenous administration
of the drug may be albumin bound (5).
Possibly in certain individuals who ex-
hibit allergic reactions to morphine,
that portion of the opium alkaloid

bound to albumin for long periods may
act as an antigen.

Our studies suggest that repeated
doses of morphine may be required to
maintain analgesia in patients because
of the rapid disappearance of the drug.
Nevertheless, the observed prolonged
concentrations of morphine in the blood
may have clinical implications. Toxicity
due to drug accumulation in blood may
result from repeated administration of
morphine, even at what previously was
considered widely spaced intervals of
12, 24, or 36 hours. Since this possibil-
ity is more likely to occur in the indi-
vidual with slow metabolism or in pa-
tients -‘with various disease states who
may be receiving several additional
drugs simultaneously, the need for in-
dividualization of drug administration
is reemphasized (6).
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Intestinal Secretion: Stimulation by Peptides

Abstract. Two peptides isolated from intestinal mucosa, vasoactive intestinal
peptide, and gastric inhibitory peptide, stimulate small intestinal secretion in con-
scious dogs. Glucagon and pentagastrin also stimulate, but secretin and the octa-
petide of cholecystokinin do not. The stimulants may participate in regulation of
intestinal secretion in health and in diseases with excessive secretion.

In 1938 Nasset (I) reported that
certain extracts of intestinal mucosa
stimulate intestinal secretion. He named
the active principle enterocrinin. It has
not been isolated and chemically identi-
fied. We now report that two peptides
isolated from mucosa of the upper small
intestine of hogs, vasoactive intestinal
peptide (VIP) (2) and gastric inhibi-
tory peptide (GIP) (3), stimulate small
gut secretion. Of the three well-known

and chemically identified gastrointesti-
nal hormones—gastrin, cholecystokinin,
and secretin—only gastrin (pentagas-
trin) stimulates intestinal secretion.
Glucagon, a pancreatic islet hormone,
also stimulates.

Dogs (16 to 25 kg) were surgically
prepared at least 2 weeks before study
with a 30-cm Thiry-Vella loop of upper
jejunum or lower ileum. Both ends of
the loops were connected to the ex-
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Table. 1 Rate of secretion of intestinal juice in response to various peptides. S.E., standard error.

Secretory volume* (yl/min)

Dose Infu- Test -
Peptide (ug/ sion (No.) Jejunum Ileum
min)  (min) .
Mean S.E. Mean S.E.

None (saline control) 30 6 —27 47 18 15
Vasoactive intestinal peptide 13 15 2 510 153
Gastric inhibitory peptide 9 15 2; 11 400 270
Glucagon 10 30 6 211 57 275 51
Pentagastrin 5.3 30 11 224 56 189 23
Octapeptide of cholecystokinin 0.3 30 3 46 20 —11 27
Secretin 10 30 3 —64 19 —39 11

* Secretory volume is expressed as rate during infusion minus basal rate.

+ An equal number of

tests was done on jejunum and ileum, except with gastric inhibitory peptide in which there were two

jejunal and one ileal.

terior through Gregory cannulas (4).
A Thomas cannula (5) in the stomach
was kept open to keep gastric contents
from entering the duodenum and re-
leasing endogenous hormones. To faci-
litate collection of juice, humidified air
was pumped continuously at 15 ml/
min into the upper cannula, and col-
lections were made from the lower can-
nula. Secretion was measured for 2
hours without stimulation and during
15 or 30 minutes of continuous intrave-
nous infusion of the peptide. Basal
secretion in fasted animals averaged
135 pl/min in jejunum and 38 wl/min
in ileum.

Six peptides were tested (6): VIP,
GIP, glucagon, pentagastrin (7),
COOH-terminal octapeptide of cholecys-
tokinin (8), and secretin. The first
four of these peptides stimulated secre-
tion from both jejunum and ileum,
and the last two did not stimulate
(Table 1). Secretion began within 5
minutes after infusion was started and
continued throughout infusion. The
electrolyte concentrations (9) in the
juice (Table 2) were characteristic of
the level of intestine; bicarbonate con-
centration was low in the jejunum and
high in the ileum and changed little
during stimulation by peptides. Elec-
trolyte data are presented for only
glucagon; those for the other peptides
were similar. The secretory response
to the peptides thus consisted of an in-
creased volume flow rate with little
change in electrolyte concentrations.

The doses selected for testing were
intended to be comparable to that of
glucagon, which we had shown earlier
was a stimulant (10). However, in the
case of the octapeptide of cholecys-
tokinin, the dose we used was the
largest tolerated by the animal without
producing vomiting. Pentagastrin in
doses as low as that of the octapeptide
of cholecystokinin (0.3 pg/min) still
stimulated gut secretion; thus, although
both contain the COOH-terminal tetra-
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peptide amide that is the minimal frag-
ment of gastrin required for biological
activity (7), only the former stimulated
gut secretion. For all other biological
actions previously tested, the octapep-
tide of cholecystokinin is more potent
than pentagastrin (/1) and the dose
of the octapeptide of cholecystokinin
used in our study is supramaximal for
all of these other actions.

There are 15 identities of amino acid
sequence shared by glucagon and GIP
(3). Nine of these 15 identities also
occur in secretin. Perhaps one or
more of the areas not shared by secre-
tin [9-Asp, 10-Tyr, 21-Asp, 22-Phe, 23-
Val, 25-Gly] (I2) are essential for
stimulation of gut secretion. It will be
of interest to learn the sequence of
VIP in these positions. The failure of
secretin to stimulate gut secretion was
confirmed in studies in which electro-
lyte solutions were perfused through
intestinal loops (10).

The effect of these peptides on gut
secretion is similar to that of cyclic
adenosine 3’,5’-monophosphate  (13),
this being the likely final common path
for all known stimulants including cho-
lera toxin and prostaglandins. Sec-
ondary hormonal, neurogenic, or vas-
cular changes produced by the infused

Table 2. Electrolyte concentrations of intesti-
nal juice before and during glucagon infusion.
S.E., standard error. '

Electrolyte concentration (mM)

Ion Basal During glucagon
Mean S.E. Mean S.E.
Jejunum
Na 145 4.8 144 3.6
K 11.7 1.7 15 0.5
Cl 146 14 151 0.6
HCO, 14 3.0 14 2.8
Ileum

Na 147 2.6 150 19
K 8.1 0.6 5.8 0.5
Cl 84 3.2 86 31
HCO, 67 5.5 80 2.1

peptide which interact more directly
with the intestinal epithelial cell have
not been excluded.

Further study is needed to determine
whether these peptides play a role in
regulation of intestinal secretion. Penta-
gastrin stimulated gut secretion in doses
submaximal for gastric acid secretion,
suggesting that gastrin may be a stimu-
lant under normal conditions. A com-
parable evaluation of the possible role
of the other stimulatory peptides can-
not be made on the evidence now avail-
able. Excessive secretion from the gut
is a well-known pathological phenom-
enon, best illustrated by cholera. The
highest rate of fluid secretion we saw
in response to peptides was similar to
that reported in response to cholera
toxin (I4). As in cholera, the pro-
tein content of secretions stimulated by
glucagon, pentagastrin, or a combina-
tion of these peptides is low (15). This
indicates that mucosal integrity has been
maintained and in unlike the secretion
resulting from increased interstitial hy-
drostatic pressure. An interesting specu-
lative possibility is that cholera toxin
acts at least in part by releasing one of
the stimulatory gut peptides. This would
explain the observation - that cholera
toxin applied to one loop of gut caused
secretion from another loop not so ex-
posed (I6). Some pancreatic islet
tumors produce a substance that causes
watery diarrhea and depresses gastric
acid secretion (/7). Glucagon, VIP,
and GIP both stimulate gut secretion
and inhibit gastric acid secretion (I8)
so the possibility of their involvement
in this disease should be considered.

GILBERT O. BARBEZAT
MoRrTON I. GROSSMAN
Wadsworth Hospital,
Veterans Administration,
Los Angeles, California 90073
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Inhibition of Normal Growth by Chronic
Administration of A-9-Tetrahydrocannabinol

Abstract. Body weight, food and water intake, and feces weight of 20 albino rats
were recorded daily for 70 days. On days 11 to 40, 12 rats received behaviorally
effective doses of A-9-tetrahydrocannabinol, either orally or intraperitoneally.
These rats ate significantly less than placebo-dosed controls during the treatment
period, and gained significantly less weight. Food intake recovered in the 30-day
posttreatment period, but the former drug group still weighed less than the controls
on day 70. In addition, all rats who had received intraperitoneal injections of A-9-
tetrahydrocannabinol showed evidence of chronic diffuse nonsuppurative peritoni-

ts.

The isolation of marihuana’s major
active component, A-9-tetrahydrocan-
nabinol (A-9-THC) (I), and its sub-
sequent synthesis in relatively pure form
(2) has provided the opportunity for
better controlled quantitative research in
the fields of physiology, biochemistry,
pharmacology, and psychology (see 3,
4). The present study was begun as an
attempt to verify under controlled con-
ditions two incidental observations on
the effects of A-9-THC in laboratory
rats. First, rats being given daily intra-
peritoneal injections of A-9-THC very
often showed precipitous losses in body
weight, despite having free access to
both food and water 22 hours of each
day. Secondly, six of eight rats involved
in a shock-avoidance study died during
or shortly after the 2-week period dur-
ing which they received daily intraperi-
toneal injections of A-9-THC. Postmor-

tem examination suggested that death .

in all six cases had resulted from com-
plications associated with an irritative
or chemical peritonitis. We now report
our observations of decreased body
weight and food intake of rats given
doses of A-9-THC daily for 30 days.
Rats receiving intraperitoneal injections
of the drug developed peritonitis in
every case, while no rat receiving oral
doses of the drug developed this con-
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dition. Both groups, however, consumed

less food than controls over 30 days of
drug administration and weighed con-
siderably less even after 30 “recovery”
days.

The subjects were 20 male albino
rats, weighing between 250 and 300 g
at the start of the study. All animals
were individually housed in metal me-
tabolism cages, with free access to bot-
tled tap water and 45-mg animal feed
pellets (P. J. Noyes Co.). The room
was lighted for exactly 12 hours daily
and temperature ranged between 20°
and 24°C. Body weights were recorded
daily, along with food and water intake
and feces weight. After 10 days of this
regimen, subjects were assigned ran-
domly into four groups. Two groups of
six animals subsequently received doses
of A-9-THC each morning for the next
30 days (5). These two drug groups
differed in both route of administration
(intraperitoneal for one, gavage for the
other) and dosage (4 mg/kg for the
intraperitoneal groups, and 8 mg/kg
for the oral group). The remaining
eight rats served as placebo controls.
Four received daily intraperitoneal in-
jections of vehicle and four received
daily vehicle doses via gavage.

Figure 1 shows the effect of daily A-
9-THC injections on body weight. It is

clear that both control groups, which
were not significantly different from
each other, continued to gain weight
throughout the 30 days of placebo ad-
ministration (mean gain, 53 g). The
two drug groups, which also did not
differ from each other, showed a no-
table loss in weight over the first 4
days of A-9-THC administration, fol-
lowed by a very slow recovery up to
their initial weights (mean gain, 0.7 g).
Analysis of variance on net change in
body weight during these 30 days re-
vealed a significant treatment effect (F
= 949; df. = 3,16; P < .005). In-
dividual comparisons indicated that
route of administration was not a
significant factor in body weight
changes. The drug versus placebo con-
trol comparison was significant beyond
the .001 level (F = 27.8; d.f. = 1,16),
however. After 30 additional days, dur-
ing which neither drug nor placebo was
administered, there was still a significant
difference in body weight between the
former drug and control groups (¢t =
4.13; d.f. = 17; P < .001; two-tailed).
However, analysis of variance on weight
gain over this 30 days posttreatment
period failed to detect a significant ef-
fect of prior drug treatment.
Significant changes in food intake
were also observed during the course
of the study, and the data suggest that
the effects on body weight reported
above were due predominantly, if not
entirely, to these changes, for the four
groups of rats were essentially indis-
tinguishable in terms of water con-
sumed and feces weight. The animals in
the two groups receiving A-9-THC con-
sumed an average of only 522 g of
food, while controls averaged 602 g
(F = 22.64; df. = 1,16; P < .001).
The two drug groups did not differ
significantly from each other on this
measure, nor did the controls. In order
to assess our hypothesis that this dif-
ference in food intake was the primary
cause of the observed differences in
body weight, an analysis of covariance
was performed, with food intake as
the covariate or predictor variable. With
total food intake controlled for in this
way, the significant effect upon body
weight disappears (F = 1.95; d.f. =
3,16). This close parallel between food
intake and body weight is substantiated
further by the data from the 30-day
posttreatment period. No significant dif-
ferences between groups was seen in
food intake during this period (F =
2.80; d.f. = 3,15), just as there were
no differences in weight gain. There
was still a striking difference in the
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