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Several markers have been used to deter-
mine gastric mucosal blood flow by the
clearance technic. These include aminopyr-
ine (1), [**Claniline (2), and neutral red (3).
These dissimilar substances are lipid perme-
able at neutral pH with pK, values of 5 to
10, and they are transported irreversibly
across the gastric mucosa into acidic luminal
contents. Both aminopyrine and aniline are
toxic agents for human use, and the analytic
procedure for their quantification in body
fluids is time consuming. Determination of
neutral red requires a sophisticated spectro-
fluorometer which will accurately discrimi-
nate between 540 and 590 nm. Objections
to the use of ['*Claniline relate to its toxic-
ity, since the quantity of unlabeled carrier
aniline administered is sufficient to produce
methemoglobinemia and its clearance is sig-
nificantly less than that of aminopyrine.
Limitations of clearance technics in the
stomach have been reviewed extensively in
several reports (4-6).

The present study was designed to reduce
the assay time (a primary objection to the
aminopyrine clearance method as previ-
ously described) and evaluate the utility of
*C-labeled aminopyrine alone at very low
concentrations for determining mucosal
blood flow, thereby, eliminating its toxicity
for human subjects.

Methods. Dogs weighing 15-20 kg each
were fasted for 24 hr, anesthetized with
chloralose and urethane, and subjected to
laparotomy to expose the stomach. The gas-
tric fundus was incised and a flap of the wall
was mounted in a lucite chamber with its
blood supply intact (7). A femoral artery
and both femoral veins were cannulated for
measurement of systemic arterial blood
pressure, infusion of aminopyrine or drug
and withdrawal of blood. After an initial 10-
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ml blood sample was obtained and mixed
with heparin sodium (100 units), a bolus of
3 uCi of [“Claminopyrine (Amersham/
Searle, 52.8 uCi/mg) was injected intrave-
nously in 168 ml saline with or without 15
mg/kg unlabeled aminopyrine. Then a con-
tinuous infusion was started at a rate of
0.0125 uCi/min ["“Claminopyrine (with or
without 0.0625 mg/min unlabeled mate-
rial). Each animal was allowed to equili-
brate with aminoyprine for 1 hr prior to
starting the study. At hourly intervals 10-ml
blood samples were drawn in heparin and
centrifuged at 4° to obtain plasma. Every 15
min a fresh solution (10 ml 0.1 N HCl in
physiological saline) was placed on the mu-
cosa after removing the previous bathing
solution and measuring its volume. All sam-
ples were maintained on ice and evaluated
the same day or frozen and measured the
following. day.

Conscious animal studies were conducted
using a dog which had been provided with
both a gastric fistula and a Heidenhain
pouch. Only [**Claminopyrine was adminis-
tered in this study in which histamine was
employed to stimulate secretion and aug-
ment mucosal blood flow, and vasopressin
was used to depress both functions (1).
Pouch secretions were collected for quantifi-
cation of “C clearance.

The rate of infusion of histamine (base)
was 1.2 ug/kg-min and of vasopressin was
10 units/hr in both anesthetized and con-
scious dogs.

Aminopyrine clearance was measured by
both radiometric and spectrophotometric
methods. For spectrophotometric determi-
nations a modification of the method de-
scribed by Brodie and Axelrod was em-
ployed (8). One milliliter of plasma or gas-
tric bathing medium was pipetted into 50-ml
glass-stopped conical test tubes containing
0.5 ml 1 N NaOH and 5.0 ml dichlorometh-
ane (Matheson, Coleman, and Bell pesti-
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cide quality). The aminopyrine was ex-
tracted into the organic phase by gentle
shaking on a dry Dubnoff incubator shaker
at a rate of 100/min. The formation of an
emulsion was avoided. After shaking for 15
min the aqueous (top) phase was carefully
removed to minimize loss of dichlorometh-
ane. The organic phase was washed twice
with 2-ml aliquots of a saturated sodium
borate solution to remove color and protein.
Five milliliters of 0.1 N HCI was added, and
the aminopyrine was extracted into the
aqueous phase by gentle shaking for 15 min.
The absorbance of the aqueous (top) phase
was read at 260 nm using a spectrophotome-
ter (Gilford Model 240). An appropiate
blank (1.0 ml H,0) and standard (1.0 ml of
an 80-ug aminopyrine/ml solution) were
carried through the extraction procedure
and measured. Aminopyrine recoveries of
95-105% were obtained with this method.

For radiometric evaluation of gastric mu-
cosal clearance 1 ml of gastric bathing me-
dium was pipetted directly into scintillation
vials and mixed with 10 ml of PCS (Amer-
sham/Searle). Plasma samples were ex-
tracted as described for spectrophotometric
evaluation, and 4.0 ml of the final HCI
phase was mixed with 15 ml of PCS for
counting. Appropriate blanks were also
counted. Gastric samples were counted for
10 min and plasma samples for 20 min.
After subtraction of blanks, cpm/ml was de-
termined and the following equation used to
calculate clearance: .

Clearance (ml/min) = [(cpm/ml gastric
juice)/(cpm/ml Plasma)] X ml/min gastric
juice secreted plus bathing fluid. If gastric
juice samples had color contaminants, a
quench correction was necessary. Signifi-
cance of differences was evaluated using the
Student’s ¢ test with an acceptable probabil-
ity of < 0.05 (9).

Results. No significant differences were
found between mucosal blood flows esti-
mated simultaneously by ['*C]aminopyrine
clearance and by unlabeled aminopyrine in
anesthetized dogs during manipulation of
the flows with histamine and vasopressin
(Fig. 1). Both ["*CJaminopyrine and the un-
labeled base were combined and adminis-
tered intravenously; after basal clearance
had been measured for an hr, histamine was
infused for 1 hr to increase mucosal blood
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Fic. 1. The effects of histamine and histamine plus
vasopressin on gastric mucosal blood flow as measured
spectrophotometrically and radiometrically (N = 12).

*

= significant difference from control values.

flow, and then histamine and vasopressin
were infused for 1 hr to decrease mucosal
blood flow. In Fig. 2, the two methods of
blood flow estimation are compared in a
scattergram and linear regression analysis
over a flow range of 1 to 15 ml/min. The
coefficient of correlation was 0.87.

The data shown in Fig. 3 demonstrate
that ['*C]aminopyrine may be used alone
without protection against metabolic degra-
dation afforded by unlabeled aminopyrine.
The magnitude of mucosal flow changes
with histamine and histamine plus vasopres-
sin are the same as shown in Fig. 1 where
both labeled and unlabeled aminopyrine
were present.

Aminopyrine extraction across the gastric
mucosa is neither ‘“‘carrier” limited nor ac-
tively transported (4). A large bolus of unla-
beled aminopyrine was injected intrave-
nously during radiometric measurement of
histamine stimulated mucosal blood flow
with [**CJaminopyrine alone and there was
no significant change in mucosal clearance
of the labeled marker (Fig. 4).

['"*C]Aminopyrine was employed as the
sole marker in chronic animal studies, and
its clearance was measured across a Heiden-
hain pouch during histamine-induced aug-
mentation of blood flow and during inhibi-
tion of histamine stimulation with vasopres-
sin (Fig. 5). Disappearance of residual "“C-
label from the dog was complete within 36
hr. This was determined by monitoring
blood levels and excretion.

Discussion. The aminopyrine clearance
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Fic. 2. A linear regression of radiometric clearance vs. spectrophotometric clearance (r = 0.87, b = 0.97,

N = 36).
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Fic. 3. Measurement of mucosal blood flow
changes stimulated by histamine and histamine plus
vasopressin with ["*Claminopyrine alone (N = 4). * =
significant difference from control values.

technic for estimation of gastric mucosal
blood flow is widely used and is the refer-
ence method for other markers in animal
studies (2-6). The method has two draw-
backs. The extraction and reading of sam-
ples spectrophotometrically is time-consum-
ing and limits the total number of samples
which can be handled each day. In addition,
repeated use of relatively large amounts of
unlabeled aminopyrine over a period of
months leads to depression of hemato-
poietic activity and agranulocytosis in
chronic animal experiments.
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Fic. 4. The effects of an unlabeled aminopyrine
bolus on the determination of [**Claminopyrine clear-

ance during histamine stimulation (N = 4). * =
nificant difference from control values.

sig-

Eliminating the need for extraction of
gastric juice samples reduces the number of
extractions by 80% and saves an equal pro-
portion of time. Using [“*Claminopyrine
alone reduced the total dose of aminopyrine
administered during a 4-hr experiment to
less than 0.01% of the amount of unlabeled
material that would have been necessary to
estimate the same number of mucosal blood
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Fic. 5. The effects of histamine and histamine plus
vasopressin on Heidenhain pouch clearance of
[**Claminopyrine in a conscious dog.

flows spectrophotometrically. This reduc-
tion in total dose should eliminate toxicity
and make the marker suitable for human
use.

A question raised in the past about the
gastric clearance of aminopyrine has been
the possibility of active transport limitation
within the stomach. This possibility is sug-
gested by observations showing seemingly
parallel increases in H* ion secretion and
aminopyrine clearance (1, 4, 10). Indirect
evidence that there is no active transport of
aminopyrine includes these findings (4): (i)
aminopyrine clearance can be increased
with vasodilator drugs without altering se-
cretion, (ii) chemically dissimilar agents are
cleared by the stomach as readily as amino-
pyrine, and (iii) increased concentration of
H* ion in secreted gastric juice does not
cause an increased ratio of juice/plasma
concentrations of aminopyrine. In the pres-
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ent study more direct evidence on this ques-
tion was obtained (Fig. 4). If active trans-
port of ['“C]aminopyrine played a signifi-
cant role in its clearance, the addition of a
large unlabeled pool would (by competitive
inhibition) have decreased clearance of the
labeled aminopyrine. Injection of an unla-
beled bolus containing 2000 times more ab-
solute aminopyrine than the total labeled
dose did not inhibit clearance of the latter.

Conclusion. This study has demonstrated
high correlation between the radiometric
and spectrophotometric determinations of
gastric mucosal aminopyrine clearance. The
radiometric method is technically easier, al-
lows a larger number of samples to be deter-
mined and is safer to the subject. The clear-
ance of small amounts of [**CJaminopyrine
was unaffected by large doses of unlabeled
aminopyrine showing that mucosal extrac-
tion is not concentration limited. Small
amounts of [**C]aminopyrine may provide
an excellent tool for examining the role of
mucosal blood flow in the pathogenesis of
gastric disease in man.
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