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ABSTRACT

Objectives. Addiction to opium and heroin is not only
an important social and individua problem in the world
but it also affects the human physiology and multiple
systems. The aim of this study is to determine the effects
of chronic heroin consumption on basal and vagus
electrical-stimulated total gastric acid and pepsin
secretion in rats.

Methods: The study was carried out in the Department
of Physiology, Kerman University of Medical Sciences,
Iran from August 2002 to June 2003. Both mae and
female rats weighing 200-250g were used. Rats received
daily doses of heroin intraperitonealy starting from 0.2
mg/kg to 0.1mg/kg/day up to the maintenance level of
0.7mg/kg and continued until day 12. After anesthesia,
tracheotomy and laparotomy, gastric effluents were
collected by washout technique with a 15 minutes
interval. The total titrable acid was measured by manual
titrator, and the total pepsin content was measured by
Anson’s method. Vagal electrical stimulation was used to
stimul ate the secretion of acid and pepsin.

Results: Heroin results in a significant decrease in total
basal acid and pepsin secretions (4.10 £ 0.18mmol/15

minutes versus 2.40 + 0.16mmol/15 minutes for acid,
p<0.01, and 3.63 £ 0.18 mg/15 minutes versus 3.11+ 0.18
mg/15 minutes for pepsin, p<0.05). But, it does not
produce any significant changes in acid and pepsin
secretions in vagotomized condition. Heroin also causes a
significant decrease in vagal-electrically stimulated acid
and pepsin secretions (14.70 + 0.54 mmol/15 minutes
versus 4.30 + 0.21mmol/15 minutes for acid, p<0.01, and
3.92 + 0.16 mg/15 minutes versus 3.37+ 0.16 mg/15
minutes for pepsin, p<0.05).

Conclusion: Heroin consumption decreases the tota
gastric basal and vagus stimulation of acid and pepsin
secretion, but not in vagotomized condition. Heroin may
decrease acid secretion by inhibiting vagal release of
acetylcholine within the gastric wall. Other probable
mechanisms include:  presynaptic  inhibition  of
acetylcholine release or depressing the vagal center,
inhibition of pentagastrin induced acid secretion,
inhibitory effects via central mechanisms, probably
mediated by the opiate receptors. Further studies are
needed to recognize the actual mechanism.
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A ddiction to narcotic substances such as heroin is
not only an important social problem through
the world but also has adverse effects on body
organs and their physiology. The importance of this
fact has lead to special attention of World Health
Organization (WHO) to the prevention of addiction,

and to treat the physical and psychological disorders
of abuser. Heroin (3,6-diacetylmorphing) is an
opioid with high addictive ability and has of the
highest rates of consumption among narcotic drugs.:
It is recognized that heroin produces more
pronounce pharmacological effects and is more
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addictive than morphinel It is consumed by
various way but mostly in the form of injection.
Pure heroin may be smoked.! Previous studies have
shown that 80% of heroin abusers are under
26-year-old.! Heroin exerts its effect as an agonist
for my, kappa and delta receptors in the central
nervous system. The receptors of my. are
responsible for hypomotility in digestive system.23
The distribution of opioids and their receptors in
body organs such as digestive and central nervous
systems can affect the motility and secretory
activities of digestive system. It has been observed
that opioids can affect gastric acid secretion via 3
mechanisms* (1) Central effect on brain, (2)
indirect peripheral effect and (3) direct effect on
parietal cells. Heroin is astrong opioid with alot of
harmful effectsin the body. Nabavizadeh Rafsanjani
et al° have investigated the effects of acute heroin
consumption on acid and pepsin secretion® The
present study shows the effect of chronic
consumption of pure heroin on basa and
vagal-electrically stimulated acid and pepsin
secretion.

Methods. In this study, 20 N-mari rats of both
sexes with mean weight of 200-250 grams were
used. Animals were kept in the animal house of
Kerman Medical University, Kerman, Iran a a
temperature of 25+2 centigrade with 12 hours
dark/12 hours light cycle. They were fed with
standard food and were divided into 2 groups. case
group (N=10) and control group (N=10). Control
group had an access to normal food and water.
Animals in the case group were addicted to heroin
by gradual dose increase method by pure heroin.
The procedure was started with 0.2 mg/kg (body
weight) on the first day and the dosage was
increased by 0.1 mg/kg daily until 0.7 mg/kg body
weight was reached. This dose was continued until
the 12th day.® At the end of the 12th day, some rats
were selected randomly and 2 mg/kg naloxan was
injected subcutaneously each rat and was put in a
glass cabinet and considered for appearance of
withdrawal symptoms for 20 minutes. Withdrawal
symptoms were jumping, head shakes, diarrhea,
irritability, paw tremor, ptosis, writhing, chattering
teeth and straub tail.” Each anima was considered
as an addict if 4 or more of the mentioned
symptoms appeared.’

Before the experiments, animals were deprived
of food for 24 hours but had a free access to water.?
In control group after weighing animals, they were
anesthetized by intraperitoneal injection of sodium
thiopental (nesdonal 50 mg/kg body weight)? while
in the case group, to prevent death due to respiratory
depression, 40 mg/kg body weight was applied.
After anesthesia tracheostomy was carried out and
esophagus was tied in neck region to prevent reflux
aspiration.#  Then, the vagus nerve in both sides

was carefully isolated from carotid artery for
approximately 1 cm and anchored by a string and
finaly covered with cotton soaked in normal
sdine Following this stage, laparotomy was
carried out by an incision of approximately 2 cm
long in mid-line and a silicon tube (externa
diameter = 2.5 mm) was entered into the stomach
via duodenum. For emptying the probable
remaining contents of stomach, it was washed
several times with 1-1.5 ml normal saline (T=37°C,
pH=7).* Then the vagus nerve was ligated tightly
and the nerve was cut in central part. For measuring
basal acid secretion, 1 ml ringer solution was
entered into the stomach and after 15 minutes
another 1 ml was added and the stomach content
was emptied and 1 ml of that was titrated. This
procedure was repeated twice. Acid measurement
was carried out by titrator instrument (W. Germany,
DIN) and by using 0.01 N sodium hydroxide. In
order to measure vagal-stimulated acid secretion.
The peripheral part of right vagus nerve was
stimulated by a stimulator (V=15V, F=4 Hz, W=1
msec) for 15 minutes and then acid secretion was
measured every 15 minutes until reaching the basal
state again. The voltage and frequency of
stimulation were chosen in a way that no
cardio-vascular problem would arise®* Pepsin
secretion in all stages of basal, vagotomy,
vagal-stimulation and returning to basal state was
measured by Anson’s method? and with
hemoglobin as pepsin enzyme substrate.’* Acid and
pepsin secretion were recorded as meantSE. Data
analysis were carried out by using Student’s t-test
and p<0.05 was considered statistically significant.

Results. The results showed that acid secretion
at minutes of 15 and 30 were 4.10+0.18 mmol/15
minutes and 2.3+0.15 mmol/15 minutes in control
group and 2.4+0.16 mmol/15 minutes and 1.2 +0.13
mmol/15 minutes in case group. There was
significant difference between the 2 groups in this
regard, p<0.01, (Figure 1). There was no significant
difference in acid secretion at minutes of 45 and 60
of vagotomy state between case and control groups
(Figure 1). After 15 minutes vagal stimulation, acid
secretion was 4.30£0.21 mmol/15 minutes in case
group and 14.7+0.54 mmol/15 minutes in control
group, this decrease in case group was significant
(p<0.01) (Figure 1). Acid secretion at minutes 90
and 105 of returning to vagotomy state was
9.6%0.65 and 4.10+0.64 mmol/15 minutes in control
group (p<0.01) and 1.8+0.20 and 1+0.20 mmol/15
minutes in case group, p<0.05 (Figure 1). Basd
pepsin secretion at the minutes of 15 and 30 were
3.63+£0.18 mg/15 minutes and 3.32+0.16mg/15
minutes in control group and they were 3.11+0.18
mg/15 minutes and 3.09+0.12mg/15 minutes in the
case group a the same minutes. There was a
significant decrease in basal pepsin secretion in case
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Figure 1 - Comparison of the acid secretion between the control and
case group in rats. ESV - end-systolic volume, RV -
residua volume.

group comparing with control group, p<0.05,
(Figure 2). There was a decreased pepsin secretion
in case group at minutes 45 and 65 of vagotomy, but
it was not significant (Figure 2). After vagd
stimulation, pepsin secretion was 3.92+0.16mg/15
minutes in control group and 3.37+0.16mg/15
minutes in case group, p<0.05, (Figure 2). There
was no significant difference between the 2 groups
in pepsin secretion during all stages of returning to
vagotomy state (Figure 2).

Discussion. The results of this study showed
that chronic heroin usage decreases basal and vagal
electrical-stimulated acid and pepsin secretions
(Figures 1 & 2). In the previous studies on the
effects of morphine on acid secretion (1 agonist) in
rat, a decrease or no difference in the rate of acid
secretion has been reported.+®  |n another study,
acute consumption of heroin has lead to an increase
in the basal acid secretion.® It has been reported
that vagus electrical stimulation increase acid and
pepsin secretion by acetylcholine release and via
various mechanisms:*178 (i) Acetylcholine exerts
its effect directly on its receptor on parietal cells and
increases gastric secretion.  (ii) Acetylcholine
increases gastric secretion in directly via increasing
histamine release. (iii) Acetylcholine inhibits the
suppressive  effects of somatostatin  on gastric
secretion.  (iv) Acetylcholine increases gastric
secretion via gastrin release.

The acetylcholine receptors on parietal cells are
of M3 type. With vagal stimulation, acetylcholine
is released from cholinergic post ganglionic neurons
located near the parietal cells. After binding to its
receptor, and in the presence of cytoplasmic
calcium, acetylcholine activates phospholipase C
and therefore leads to an increase in the activity of
potassium-hydrogen pump in parietal cells and
consequently, in acid secretion.’® In the present
study, vagal electrically stimulated gastric acid and
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Figure 2 - Comparison of the pepsin secretion between the control
and case group in rats. ESV - end-systolic volume, RV -
residual volume.

pepsin secretion in both control and case group
showed a significant increase in comparison to basal
secretions. Basal and vagal stimulated acid secretion
of case group showed a significant decrease
compared with that of control group. The maximum
secretory response was observed in 2-4 HZ
frequency. Vagal stimulation in higher frequencies
decreases acid secretion may be due to a decrease in
arterial pressure and blood flow in the stomach
mucous. It seems that voltage, frequency and
duration of stimulation are the major determinating
factors in secretary response intensity. The
difference between the amount of acid secretion in
the present study and other study can be due to the
same fact. In this study, the increase in acid and
pepsin secretion continued for some time after
stopping the vagal stimulation. This can be due to
the presence of gastrin in blood® or histamine
Returning to basal state was different in the 2
groups that can be related to the heroin effect. It has
been documented that opioid receptors are present
in both, solitarius nucleus (NST) in brain stem and
vagus trunks. Also, NST in brain stem is one of the
involved nuclei in regulating acid release in
stomach.2 Therefore, acting through this nucleus
may be one of the mechanisms of heroin effect on
acid secretion. It has been proved that morphine
decreases acid secretion via central inhibitory
mechanisms in rat. It has also been reported that
opioids suppress acetylcholine release from
cholinergic nerves in stomach and decrease vagal
and pentagastrin-stimulated acid  secretion.?
Patton? have reported that opioids decrease
acetylcholine release in al tissues. In addition to
pre-synaptic  suppressive effect of opioids,
acetylcholine release suppression via submocusal
network in rat’s colon has been also reported. In
the present study, chronic consumption of heroin led
to a dignificant decrease in basa and vaga
electrically stimulated acid and pepsin secretion
probably via the mentioned mechanisms. As long as
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there is no other study carried out regarding the
effect of other narcotic drugs on pepsin secretion,
authors could not compare their findings on pepsin
secretion  with  others.  Heroin  consumption
decreases basa and vaga stimulated acid and
pepsin secretion, but not in vagotomized condition.
Heroin may decrease acid secretion by inhibiting
vagal release of acetylcholine within the gastric
wall. Other probable mechanisms include:
presynaptic inhibition of acetylcholine release or
depression of the vagal center, inhibition of
pentagastrin induced acid secretion, inhibitory
actions via centra mechanisms probably mediated
by the opiate receptors. Further studies should be
carried out to find the main or actual mechanism.
Our previous study® has shown that acute heroin
consumption increases gastric acid and pepsin
secretion, but in this study chronic consumption
followed by decrease gastric secretion.

Acknowledgment. This work was supported financially
by the Research Assistant of Kerman University of Medical
Sciences, Kerman, Iran and we would aso like to thank Mrs.
Mahin Yaghoobi for technical assistance and Miss Zakieh
Vahedian Ardakani.

References

1. Frank B. An overview of heroin trends in New York City:
past, present and future. Mt Sinai J Med 2000; 67:
340-346.

2. Fox DA, Burks TF. Roles of centra and peripheral mu,
delta and kappa opioid receptors in the mediation of gastric
acid secretory effects in the rat. J Pharmacol Exp Ther
1988; 244: 456-462.

3. Karl A, Sporer MD. Acute heroin overdose. Ann Intern
Med 1999; 130: 584-590.

4. Mari M, Soter HO, Clive W. Morphine reduces
vagal-stimulated gastric acid secretion through a central
action. Eur J Pharmacol 1987; 139: 251-257.

5. Nabavizadeh Rafsanjani F, Najafi A, Esmeeili F. The
effect of acute heroin consumption on basal and vagd
stimulated acid and pepsin secretion in rat. Iranian Journal
of Medical Sciences 2003; 28: 190-194.

6. George L, Cramer CJA, Herbert DK. Heroin metabolism in
the rat. West Haven (CT): Biological Psychiatry Research
Laboratory, Veterance Administration Hospital; 1973. p.
351-355.

7. Badawy AA, Evans CM, Evans M. Production of tolerance
and physical dependence in the rat by simple administration
of morphine in drinking water. Br J Pharmacol 1982; 75:
485-491.

8

10.

11.
12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

... Rafsanjani et al

. Yang H, Tache Y. PYY in brain stem nuclei induces vagal
stimulation of gastric acid secretion in rats. Am J Physiol
1995; 268: G943-G948.

. Debas HT, Carvijal SH. Vagal regulation of acid secretion

Br J Pharmacol 1988; 84: 631-633.

Salim AS. Improved experimental model for complete

gastric vagotomy in therat. Dig Dis Sci 1991, 36: 29-32.

Salim AS. Gastric diversion. A method for H+ output

estimation in therat. Digestion 1988; 39: 47-45.

Berstad A. A modified hemoglobin substrate method for the

estimation of pepsin in gastric juice. Scand J Gastroenterol

1970; 5: 343-348.

Niida H, Takeuchi K, Okabe S. Role of

thyrotropin-releasing hormone in acid secretory response

induced by lowering of body temperature in the rat. Eur J

Pharmacol 1991; 198: 137-142.

Del TaccaM, Bernardini C, Corsano E, Soldani G, Roze C.

Effects of morphine on gastric ulceration, barrier mucus

and acid secretion in pylorus-ligated rats. Pharmacology

1987; 35: 174-180.

El Munshid HA, Hakanson R, Liedberg G, Sundler F.

Effects of various gastrointestinal peptides on parietal cells

and endocrine cells in the oxyntic mucosa of rat stomach. J

Physiol 1980; 305: 249-265.

Ferri S, Arrigo Reina R, Candelett S, Costa G, Murari G,

Speroni E et al. Central and peripheral sites of action for the

protective effect of opioids of the rat stomach. Pharmacol

Res Commun 1983; 15: 909-918.

Mclntosh C, Pederson R, Muller M, Brown J. Autonomic

nervous control of gastric somatostatin secretion from the

perfused rat stomach. Life Sci 1981; 29: 1477-1483.

Weigert N, Li YY, Lippl F, Coy DH, Classen M,

Schusdziarra V. Role of endogenous bombesin-peptides

during vagal stimulation of gastric secretion in rat.

Neuropeptides 1996; 30: 521-527.

Natale G, Blandizzi C, Carignani D, Colucci R, Martinotti

E, Del Tacca M. Central GABAA receptors exert a tonic

inhibitory control on gastric pepsinogen secretion in

anesthetized rats. J Auton Pharmacol 1995; 15: 187-196.

Sandvik AK, Kleveland PM, Waldum HL. Muscarinic M2

stimulation releases histamine in the totaly isolated

vascularly perfused rat stomach. Scand J Gastroenterol

1988; 23: 1049-10509.

Osumi Y, Ishikawa T, Okuma Y, Nagasaka Y, Fujiwara M.

Inhibition of gastric functions by stimulation of rat locus

coeruleus. Eur J Pharmacol 1981; 75: 27-35.

Magee DF. Action of morphine sulphate on stimulated

gastric secretion in dogs. Gastroenterology 1975; 68:

1340-1343.

Patton WDM. The action of morphine and related

substances on contraction and on acetylcholine out put of

conicaly stimulated guinea pig ileum. Br J Pharmacol

1975; 17: 119-127.

www.smj.org.sa  Saudi Med J2004; Vol. 25 (10) 1359



