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Nicotine and Smoking Do Not Decrease
Basal Gastric Mucosal Blood Flow in
Anesthetized Rats

MARIE E. ROBERT, FELIX W. LEUNG, and PAUL H. GUTH

The literature regarding the effect of nicotine and cigarette smoke on gastric blood flow
is conflicting. The hydrogen gas clearance technique was used to measure the effects of
nicotine and cigarette smoke on basal gastric mucosal blood flow in anesthetized rats.
Blood flow was measured before, during, and after treatment with either intravenous
nicotine (4 or 40 pglkg/min) or inhaled cigarette smoke (nicotine or nicotine free). Neither
intravenous nicotine nor cigarette smoke significantly altered gastric mucosal blood flow.
On the other hand, hypotension produced by hemorrhage significantly decreased mucosal
blood flow (P < 0.05). Thus the technique used could detect a decrease in blood flow.
These findings indicate that in the anesthetized rats, hypotension but not intravenous
nicotine or cigarette smoke, in the doses given, reduce gastric mucosal blood flow.

The effect of nicotine and cigarette smoke on gas-
trointestinal physiology has been extensively stud-
ied. Smoking increases gastroduodenal reflux (1, 2).
Variable effects on acid secretion have been re-
ported (3-5). In addition, nicotine (6) and cigarette
smoke (7) potentiate the formation of secretagogue-
induced gastroduodenal lesions in experimental an-
imals.

In recent years interest has focused on the effect
of nicotine on gastric blood flow. Several investiga-
tors have examined this question with conflicting
results. Jacobson and Pawlik (4) reported that in
dogs nicotine increased total gastric blood flow as
measured by an electromagnetic flow probe. On the
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other hand, Konturek et al (3) found that nicotine
infusion in the dog produced no change in
pentagastrin- and histamine-stimulated gastric
mucosal blood flow as measured by the
aminopyrine clearance technique. Using the reflec-
tance spectrophotometry technique in man,
Kawano et al (8) reported an early reduction in
gastric mucosal hemoglobin concentration with cig-
arette smoke. In contrast, Sonnenberg and Husmert
(5) found in man that nicotine inhibited gastric acid
secretion more than gastric mucosal blood flow as
measured by neutral red clearance during
pentagastrin infusion. The discrepancy among the
existing data may be due to differences in experi-
mental design and in the methods used to measure
blood flow. '

Significant reductions in mucosal blood flow have
been shown to increase susceptibility of the gastric
mucosa to injury (9, 10). Nicotine (6) and cigarette
smoke (7) potentiated the formation of secreta-
gogue-induced gastric as well as duodenal ulcer-
ations. Hence we tested the hypothesis that nico-
tine and cigarette smoke may significantly reduce
gastric mucosal blood flow.
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MUCOSAL BLOOD FLOW AND SMOKING

We examined the effect of both nicotine and
cigarette smoke on gastric mucosal blood flow
(GMBF) in this study using the recently validated
hydrogen gas clearance technique (11-13). Despite
an isolated report (14) that hydrogen gas clearance
is unable to detect increases in gastric mucosal
blood flow, the ability of this technique to detect
decreases in gastric mucosal blood flow in the
presence of vasopressin (12-14), prostacyclin (14),
and hypotension (10) has been well demonstrated.

MATERIALS AND METHODS

Male Sprague-Dawley rats, 240-320 g, fasted overnight
in metal tubes without water, were anesthetized with 1.5
g/kg urethane subcutaneously. A tracheostomy was per-
formed and a PE 250 tube was inserted into the trachea to
facilitate the breathing of air, hydrogen gas, and/or ciga-
rette smoke. The right carotid artery was cannulated for
blood pressure monitoring using PE 90 tubing in the
hemorrhagic hypotension study and PE 50 tubing for all
other animals. The animal was then prepared for mea-
surement of GMBF by the hydrogen gas clearance tech-
nique as previously described (12).

Briefly, a midline incision was made and the stomach
exteriorized. Care was taken to minimize trauma to the
stomach during surgery. The forestomach was incised
and the stomach interior gently washed with saline at
room temperature. A tygon tubing with an attached soft
rubber balloon was inserted into the forestomach and
secured by a suture. Two contact platinum electrodes
were passed through the rubber tubing and placed gently
against the gastric mucosa, one in the corpus, the other in
the antrum. Two Ag-AgCl reference electrodes were
placed inside the peritoneal cavity. The stomach was then
replaced in the abdominal cavity and the incision closed
with a metal clip. The electrodes were connected to a
polarographic unit (Val Tech Electronics, Sherman Oaks,
California) and the electrode current was monitored on a
chart recorder (Gilson Medical Electronics, Inc.,
Middleton, Wisconsin). A 23-gauge needle attached to a
PE 50 tube was placed in the femoral vein for infusion of
Ringer’s lactate or nicotine. A rectal thermometer was
inserted and body temperature maintained at 35-37°C by
an external heat lamp.

Antral and corpus mucosal blood flow were measured
using the hydrogen gas clearance technique with contact
platinum electrode and 3% hydrogen in air (10, 12).
Hydrogen gas at this concentration is nonflammable and
does not produce hypoxia. The hydrogen clearance tech-
nique makes use of the dissociation of molecular hydro-
gen into hydrogen ions and electrons which occurs on the
surface of the platinum electrode: H, 25 2H™" + 2¢~. With
a completed circuit, the current is recorded on the chart
recorder. The reported (15) linearity of the electrode
current in the presence of hydrogen concentration in the
range of 0—6% in an in vitro system at pH 7.4 was
similarly confirmed in our preliminary experiments for
hydrogen concentrations in the range of 0.75-3% at pH 2
and 7.2. The magnitude of the current is proportional to
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the concentration of molecular hydrogen in the tissue
surrounding the electrode, in this case the gastric
mucosa.

Three percent hydrogen gas in air is breathed by the
animal until the current tracing rises to a plateau. The
plateau indicates that the tissue is saturated with hydro-
gen gas. When the external hydrogen gas is turned off, the
current gradually returns to its baseline value. For base-
line gastric mucosal blood flow measurements, the satu-
ration curves take about 15 min to reach plateau, and the
desaturation curves take 15 min to return to baseline. For
blood flows that are reduced, eg, under conditions of
hypotension, the rise and fall of the tracing may each take
up to 30 min. In the studies reported in the present paper,
the saturation and desaturation curves were each moni-
tored throughout their entire time course. Since blood
flow is the only route for removal of the hydrogen gas
from the tissue, the rate of fall off of the current indicates
the rate of blood flow through the mucosa.

Fourteen points (at 50 second intervals apart) along the
desaturation curve, starting at time zero, ie, time when
the desaturation curve begins to fall, were plotted on
semi-logarithmic paper. The semi-logarithmic plot was
monoexponential. The best monoexponential fit was car-
ried out by visual inspection. The half-time in minutes,
T4, was determined. Mucosal blood flow in milliliters per
minute per 100 grams gastric mucosal tissue is related to
the half-time, 7' in minutes, by the equation (0.693/T%)
x 100. A more detailed discussion of this technique may
be found in references 11, 12, and 13.

Cigarette smoke was administered through a glass
cylinder 20 cm long and 2.5 c¢m in cross-sectional diame-
ter. The open end of the cylinder was placed over the
rat’s snout and tracheostomy tubing. A Y tube was
connected to the cylinder at a side hole near the
tracheostomy. One limb of the Y tube was connected to a
6-ml syringe and the other to a lighted cigarette. Cigarette
smoke was aspirated into the syringe and then delivered
into the glass cylinder near the nose and tracheostomy
opening. Three percent hydrogen in air was administered
at a second side hole during the saturation phase of the
hydrogen clearance curve. During the desaturation
phase, hydrogen gas was discontinued and air was passed
through the smoke filled cylinder at a similar rate.

In all blood flow studies, corpus and antral mucosal
blood flows were measured before, during, and after
either hypotension, intravenous nicotine, or inhaled
smoke administration. In addition, carotid artery blood
pressure and rectal temperature were monitored through-
out the experiment.

Study I: Positive Control. Effect of Treatment Known to
Decrease Gastric Mucosal Blood Flow. Hypotension, pro-
duced by hemorrhage, was carried out in order to show
that a decrease in gastric mucosal blood flow from base-
line values could be demonstrated with the preparation
and technique used in this study. Approximately 2-3 ml
of blood were removed from six animals by bleeding into
a heparinized syringe from the carotid cannula so as to
reduce blood pressure 40-50%, and this level of hypoten-
sion was maintained for 30 min. The blood was reinfused
for the posttreatment measurement.

Study II (a and b): Intravenous Nicotine Study. Nicotine
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was infused at two doses. Group Ila (N = 6) received 4
pg/kg/min of nicotine, and group IIb (N = 7) received 40
prg/kg/min. These doses were chosen because they signif-
icantly potentiated the formation of duodenal and gastric
ulcerations induced by secretagogues infused subcutane-
ously for 24 hr in the conscious rat (6). Nicotine was
infused for 1 hr in all animals, hydrogen gas was admin-
istered during the first 30 min, and mucosal blood flow
was measured during the last 30 min. Lactated Ringer
solution was infused at a rate of 1.5 ml/hr in control
animals and during the baseline periods in the experimen-
tal animals.

Study III: Smoke Inhalation. Mucosal blood flow was
determined before, during, and after each of two smoke
inhalation periods. Each type of smoke was administered
evenly (60 six-ml puffs per 15 min) over a half-hour
period. Six animals received the smoke from two tobacco
cigarettes first (1.1 mg nicotine/cigarette) followed by the
smoke from two nontobacco (nicotine free) cigarettes
(Free, G.T.G., Inc., Los Gatos, California). The other six
animals received the smoke treatment in the reverse
order. The smoke was delivered through the glass cylin-
der covering the snout and tracheostomy tubing.

Statistical Analysis. A paired ¢ test was used to compare
blood flow during the experimental period with that of the
baseline period. )

RESULTS

Antral mucosal blood flow was greater than cor-
pus mucosal blood flow (Tables 1 and 2), a finding
that is consistent with those of previous studies
using hydrogen gas clearance for mucosal blood
flow measurement in anesthetized animals (10-12).
Baseline flow rates in all experimental groups were
similar to those of control animals (Table 2). In the
hemorrhagic hypotension group, significant (P <
0.05) reductions in mucosal blood flow in the
antrum (24 + 7%) and in the corpus (33 = 8%), and
in mean arterial blood pressure (42 = 5%) were
demonstrated (Table 1). Such a correlation has been
reported previously (10). This result thus indicates
that the technique used is able to detect decreases
in mucosal blood flow.

Study II (a and b): Intravenous Nicotine. Nicotine
had no significant effect on either corpus or antral
mucosal blood flow at the doses given (Table 2).
Although blood flow tended to decrease at the
higher dose of nicotine (40 pg/kg/min), none of the
differences between treatment and pre- or posttreat-
ment periods were statistically significant.

Mean blood pressure was constant throughout
the measurement periods. Animals receiving 40
weg/kg/min of nicotine exhibited a transient increase
in blood pressure within 1 min followed by a gradual
return to baseline 5-10 min after onset of the
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TABLE 1. EFFECT OF HEMORRHAGIC HYPOTENSION AND
RETRANSFUSION OF SHED BLOOD ON GASTRIC MUCOSAL
Broop FLow

Hypo- Retrans-

Study N Baseline  tension* fusion

I 6  Antral MBF} 313 23 +£2 27+ 1
% change 247

Corpus MBF 23+1 16 £2 18 3
% change (33 = 38)

MBP 107 =2 636 99 + 11
% change 42 +5)

*Values during hypotension were significantly different from
baseline value, P < 0.05, paired ¢ test.

tMBF; mucosal blood flow in ml/min/100 g (mean * seM); MBP;
mean carotid arterial blood pressure in mm Hg (mean * SEM).

nicotine infusion. Blood pressure during the actual
flow measurement, however, was not different from
baseline in these animals.

Study III: Smoke Inhalation. Although half the
animals received both types of cigarette smoke in a
different order than the other half, no order effect
was observed in the measurements of gastric
mucosal blood flow. Therefore, for each type of
cigarette smoke, data from all 12 animals were
combined for analysis. Cigarette smoke, either con-
taining nicotine, or nicotine-free, had no significant
effect on either corpus or antral mucosal blood flow
(Table 2).

DISCUSSION

Smokers have a higher incidence of ulcers (16), a
slower healing rate of ulcers (17), and an increased
mortality rate due to ulcers (18) than nonsmokers.
While nicotine by itself does not cause experimental
ulcers, it potentiates the formation of secretagogue-
induced duodenal as well as gastric ulcers in the rat
(6). Pathophysiologic studies have indicated that
nicotine increases duodenogastric reflux (1, 2). Gas-
tric acid secretion was reported to either increase
4), decrease (5), or remain unchanged (3) upon
nicotine infusion.

Reduced gastric blood flow brought about by
hemorrhage renders the mucosa more susceptible
to injury (9, 10). Conversely, increasing mucosal
blood flow by isoproterenol infusion protects
against gastric mucosal injury (19). Based on ana-
tomical studies, Piasecki (20) postulated an ische-
mic basis for the pathogenesis of peptic ulcer dis-
ease.

The hydrogen gas clearance technique, as used in
this study, yielded data consistent with previous
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TABLE 2. EFFECT OF NICOTINE AND CIGARETTE SMOKE ON GASTRIC MUCOSAL

BLooD FLow

Mucosal blood flow*
Study N Drug Baseline  Treatment?  Baseline
Ila 6 Ringers Antrum 28 =3 26 £2 263
(1.5 ml/hr) Corpus 201 192 181
6 Nicotine Antrum 27 %1 25 %3 25 +2
{4 ng/kg/min) Corpus 18+ 1 18 +1 19=+1
b 7 Ringers Antrum 25 %t 25%1 261
(1.5 ml/br) Corpus 201 201 19 %1
7 Nicotine Antrum 291 25+ 1 21 +2
(40 pg/kg/min)  Corpus 23+ 1 201 201
III 12 Nicotine-free Antrum 31 x2 27 =1 281
smoke Corpus 24+ 1 23+ 1 201
12 Nicotine Antrum 29 = | 29 £ 1 29 =1
smoke Corpus 22+ 1 2+1 22 =1

*Mucosal blood flow in mi/min/100 g (mean = SEM).
tValues during treatment were not significantly different from baseline values.

baseline blood flow measurements by hydrogen gas
clearance in the anesthetized rats (10-12). Blood
flow to the antral mucosa was consistently higher
than that to the corpus mucosa, and both remained
stable in control animals (Tables 1 and 2). The
ability of the hydrogen gas clearance technique to
detect decreases in gastric mucosal blood flow in
the presence of vasopressin (12-14), prostacyclin
(14), and hemorrhagic hypotension (10) has been
reported. In the present study a significant (P <
0.05) decrease in mucosal blood flow following
hemorrhagic hypotension was also adequately dem-
onstrated (Table 1). In contrast, nicotine, at doses
known to potentiate the formation of secretagogue-
induced gastric and duodenal lesions, and cigarette
smoke had no significant effect on basal antral or
corpus mucosal blood flow.

As mentioned previously, the relationship be-
tween smoking and nicotine, and gastric blood flow
has been studied with mixed results. Using the
neutral red clearance technique in man, nicotine
(2-10 pg/kg/min) decreased pentagastrin-stimulated
neutral red clearance in a dose-dependent manner
(5). However, since gastric acid secretion de-
creased more than neutral red clearance, the con-
clusion was that gastric mucosal blood flow mea-
sured by neutral red clearance increased relative to
the reduced gastric acid secretion. A study in dogs
reported that nicotine (25 and 50 pg/kg/min for 10
min) increased total gastric blood flow as measured
by an electromagnetic flow probe (4). Kawano et al
(8), using the reflectance spectrophotometry tech-
nique, found that in man the inhalation of three
puffs of cigarette smoke resulted in an immediate
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decrease in gastric mucosal hemoglobin concentra-
tion with rapid recovery upon cessation of smoking.
Using the aminopyrine clearance technique in dogs,
Konturek et al (3) found that nicotine infusion had
no effect on gastric mucosal blood flow during
pentagastrin or histamine stimulation.

In comparing findings from previous studies to
those of the present one, there are several differ-
ences in experimental design that may account for
some of the discrepancies. First, the time course of
drug administration and subsequent blood flow
measurement was variable. Jacobson and Pawlik
(4), infused nicotine (25 and 50 wg/kg/min) for only
10 min, during which time blood flow was continu-
ously measured. This was done in dogs, not in rats.
Kawano et al (8) measured mucosal hemoglobin
concentration in man following inhalation of three
puffs of cigarette smoke. In the present study, flow
was measured during the last 30 min of a 1-hr
nicotine infusion period. The difference in the
amount or timing of nicotine administration prior to
flow measurement may account for the difference in
response.

The techniques used to measure gastric blood
flow also varied. The techniques include neutral red
clearance, aminopyrine clearance, electromagnetic
flow probe, reflectance spectrophotometry, and hy-
drogen gas clearance. Each of these techniques are
based on different assumptions and measure dif-
ferent circulatory phenomena—the clearance tech-
nique measures mucosal blood flow, the electro-
magnetic flow probe measures total flow, and re-
flectance spectrophotometry measures mucosal he-
moglobin concentration. Additionally, species dif-
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ferences may be responsible for some of the vari-
ability between results.

As mentioned previously, although blood flow
exhibited a tendency to decrease in animals infused
with nicotine at 40 pg/kg/min (15% drop from base-
line), the decrease was not statistically significant.
It is possible that a real type II error might be made
because the number of animals examined was small
(N = 7). To show that a 15% drop from baseline is
truly present, at least 40 animals would have to be
examined. Furthermore, using the hemorrhagic
hypotension model, a 60% drop in gastric mucosal
blood flow from baseline was required before a
significant increase in susceptibility to acid induced
mucosal injury was observed (10). Thus a 15%
decrease in gastric blood flow alone may be of only
minimal importance in disrupting the integrity of the
gastric mucosa.

In summary, a possible reduction in gastric
mucosal blood flow by nicotine and cigarette smoke
was examined in rats as a mechanism by which
smoking might render the gastric mucosa more
susceptible to injury. The results show that in the
anesthetized rats hypotension but not intravenous
nicotine or cigarette smoke, in the doses given,
reduce gastric mucosal blood flow measured by
hydrogen gas clearance. It is conceivable that an
effect of nicotine and smoking at different doses and
for different time intervals for the application of
these substances may be present in either anesthe-
tized or conscious animals. Further studies in man
are needed to directly test the hypothesis that the
injurious effect of smoking on the gastric mucosa is

“mediated by a reduction in basal gastric mucosal
blood fiow.
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