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Technetlum-99mIs concentratedby the stomachfollowingIntravenousinjec
tion. ThIs prIncIpleallows the detectIonof ectoplc gastric mucosaand has been
used to develop a noninvasive test of gastric secretion. The cellular site of concen
tratloniscontroversIal,however,withevidenceImplIcatIngboththe acid-secreting
parietal cells, andthe mucussecretingepithellalcells of the gastrIcmucosa.This
evidence is reviewed and appraIsed. It Is suggested that the prImary mechanIsm
lIes In the mucouscell but that total gastrIc activfty followingpertechnetatere
flects the health, surface area, and blood flow of the mucous eplthellum.
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Recent articles by Sfakianakis and co-workers (1,2)
have highlighted the value and extensive clinical use of
abdominal imaging with pertechnetate in the diagnosis
of ectopic gastric mucosa, particularly in a Meckel's
diverticulum. In spite of this wide experience and eval
uation, however, there remains controversy as to the
cellular site of uptake of pertechnetate in the stomach.
The argument lies between the parietal cell, which is
confined to the gastric pits that line the body and fundus
of the stomach, and the mucus secreting epithelial cells
that line the whole of the mucosa of the stomach. Sfak
ianakis and colleagues have briefly summarized the cv
idence that the mucus secreting surface cells of the
gastric mucosa are responsible (1 ), but there remains a
good deal of evidence that the parietal cell is also sig
nificantlyinvolved.Thisevidenceishighlightedbythe
work of Taylor and his colleagues (3), who have devel
o_ a noninvasive pentagastrin test to measure gastric
uptake of pertechnetate (Tc-99m) by external counting,
a test that correlates well with acid output as measured
by the conventional pentagastrin test. The time seems
ripe for a reappraisal of the evidence available in this
controversy.

EVIDENCE FOR PARIETAL SECRETION

Technetium is a member of Group 7A of the periodic
table and it is reasonable to assume that gastric con
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centration of pertechnetate might be similar to that of
chloride (since chlorine is a member of Group 7B)
through the formation of pertechnic rather than hy
drochloric acid by the parietal cell (4). This assumption
is supported by the various studies that have shown a
correlation between acid output and pertechnetate
clearance (5â€”7)and the demonstration of good separa
tion between duodenal and gastric ulcer patients, both
on clearance (6) and on gastric uptake (3), when the
stomach is maximally stimulated by pentagastrin. In the
study of Wine and colleagues (7), denervated gastric
pouches (Heidenhain and antral) were fashioned in dogs,
and Tc-99m output was measured with histamine
stimulation. They found technetium output of a Heid
enhain pouch to be related to acid output and to volume
in a dose-related manner, but the antral pouch was Un
affected by histamine. Various workers have used
technetium clearance as a measure of gastric blood flow.
Bickel et al. (5) showed in man that for a given level of
stimulation with an histamine agent, good propor
tionality existed between gastric acid secretion and
gastric clearance of pertechnetate (infused to maintain
a constant blood level), aminopyrine, and iodide. The
relationship changed at different levels of stimulation,
but their calculations were based on the assumption that
pertechnetate secretion is predominantly parietal but
with a nonparietal contribution passively related to blood
level. Irvine and colleagues (8) found that the clearance
of pertechnetate correlated closely with the volume of
gastric secretion, and to a lesser extent with acid and
intrinsic-factor output, using histamine stimulation in
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patients with pernicious anemia, peptic ulcer, and normal
stomachs. Meredith and Khan (9) measured gastric
blood flow using an electromagnetic flowmeter in dogs
with surgically prepared stomachs having a single venous
drainage. Their preparation measures total rather than
mucosal gastric blood flow, and they found a correlation
between technetium clearance and blood flow in the
basal state; there was, however, great variability from
animal to animal, and the results were unaffected by
histamine infusion. Taylor et al. (6) showed that per
technetate clearance correlates well with clearance of
aminopyrine (C-14) and tritiated quinine in rats when
measured under basal conditions. In man they measured
technetium clearance and acid secretion simultaneously,
under basal conditions and with stimulation by penta
gastrin. They found that in all cases where there was a
rise in acid secretion there was a rise in pertechnetate
clearance, the increased clearance tending to precede the
rise in acid secretion.

The studies of Taylor and co-workers (3) showed that
external counting of gastric pertechnetate activity cor
relates well with acid output in normal people and pa
tients with peptic ulcer; they also found a distribution of
uptake between normals and patients with duodenal
ulcer comparable to that found with the conventional
pentagastrin test. More recently Keane and co-workers
(10) have confirmed a good separation between duo
denal-ulcer patients and normals when rate of techne
tium uptake by the stomach following pentagastrin is
measured, but these workers have been unable to confirm
any correlation with acid output as measured by the
conventional pentagastrin test.

The effect of cimetidine (a potent inhibitor of acid
secretion) on gastric mucosal uptake is controversial,
being reported variously either to inhibit pentagastrin
stimulated uptake in man (10) but to have no effect on
basal secretion in man (11), or to enhance it in dogs (12)
and possibly man (13).

A single autoradiographic study from Germany in
1967 has demonstrated concentration of Tc-99m in the
parietal cells in cats and man (14). Both pertechnetate
and iodine-i 31 were studied, and it was concluded that
technetium is selectively secreted by the parietal cells,
whereas by contrast iodine is secreted by the chief and
mucosal cells. Antral mucosal activity was dismissed as
due to contamination with fundal secretion, but graph
ically there was as much activity in the antrum as in the
fundus with both radionuclides.

EVIDENCE FOR NONPARIETAL SECRETION

Many animal studies have shown that antral tissue,
although devoid of parietal cells, concentrates pertech
netate (15â€”17).In man this evidence is supported by the
ability to visualize gastric mucosa in the absence of pa
rietal cells: in pernicious anemia (18,19), in the retained

gastric-antrum syndrome (17,20), and in Barrett's
esophagus (21).

A large number of autoradiographic studies have been
performed with pertechnetate in animals. Activity has
been shown in the columnar mucous epithelium of the
stomach in rats (18,22), dogs (18,23,24), and mice and
cats (18), with no activity in the parietal or chief cells.
It has also been shown that regenerating gastric mucosa
in the dog concentrates pertechnetate avidly in the al
most complete absence of parietal cells (25).

In man it has been shown that an increased gastric
uptake of pertechnetate occurs in patients with gastric
ulcer following treatment with carbenoxolone (11). This
drug restores normal epithelial-cell function and mucus
secretion in such patients (26). In pernicious anemia,
time-activity curves following intravenous pertechnetate
show similar uptake in the fundus and antrum, whereas
in normal stomachs fundal uptake is markedly greater
than antral uptake (27).

DISCUSSION

The evidence, therefore, shows that pertechnetate is
concentrated with avidity by the whole stomach in the
presence or absence of parietal cells, yet with a correla
tion with acid output when this is present. At a cellular
level this uptake must either (a) occur in the mucus
secreting epithelium, or (b) two different cell types must
be responsibleâ€”the mucous epithelial cell and the pa
rietal cell. There is autoradiographic evidence for both
of these, although the only study performed in man
showing uptake in the parietal cell (14) has not yet been
repeated and confirmed. If the mucous epithelial cell is
primarily or even solely responsible, pertechnetate would
be secreted as a nonparietal component of gastric se
cretion. The established correlation with acid secretion
would then be explicable as a reflection of blood flow
rather than parietal cell activity.

Pentagastrin increases gastric mucosal blood flow (28)
as well as the volume and acidity of gastric secretion,
with the peak in volume preceding that of acid (29). The
studies of Taylor et al. (6), measuring acid output and
technetium clearance in response to pentagastrin,
showed remarkably similar responses, with technetium
clearance peaking before acid output.

Cimetidine decreases pentagastrin-stimulated blood
flow (28), which is compatible with the inhibition of
pentagastrin-stimulated pertechnetate secretion shown
by Keane and colleagues (10). The enhancement of
mucosal accumulation of pertechnetate by cimetidine
without pentagastrin stimulation (12,13) is more diffi
cult to explain. Cimetidine has no effect on basal gastric
mucosal blood flow (28) in spite of profound inhibition
of acid secretion, whereas under pentagastrin stimulation
cimetidine administration results in parallel decreases
ofacid output and blood flow (30). Under basal condi
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90% of the total iodide clearance, which could be 95%
suppressed by perchiorate, and a nonspecific mechanism,
shared with chloride but unaffected by perchlorate, re
sponsible for the remainder.

The clinical implications for the detection of ectopic
(2,34) and particularly nonparietal (20) gastric mucosa
have already been well documented. The noninvasive
pentagastrin test developed by Taylor and his colleagues
(3) is not necessarily invalidated if parietal secretion per
se is not being measured, since the correlation with blood
flow, in spite of this, provides a useful noninvasive
measure of acid secretion, except in patients who have
atrophic gastritis, where the impairment ofacid secretion
is significantly greater than the impairment of mu
cous-cell function.
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tions cimetidine administration will therefore decrease
the acidity of the gastric contents without altering mu
cosal blood flow. If intragastric acidity enhances the
transfer of pertechnetate from cell to lumen (perhaps by
promoting stable complex formation in the lumen and
preventing back diffusion into the mucosa), this might
explain the accumulation in cells rather than lumen when
acid secretion is inhibited by cimetidine. Comparison
with perrhenate is relevant here. Perrhenate (Re-i 88)
is more difficult to reduce than pertechnetate ion and,
although concentrated in the gastric mucosa, is not lost
into the gastric lumen in any great quantity (31).

In pernicious anemia gastric secretion of pertechnetate
is seen throughout the stomach, but uptake values are
less than in the normal subject or one with duodenal ulcer
(3). In this condition the gastric contents are also neutral

but the health of the mucosa is impaired with rapid
turnover and loss of mucosal cells (32) and impairment
of mucus secretion. A similar gastritis is seen in gas
tric-ulcer patients, in whom the restoration of normal
mucous-cell function by carbenoxolone (11) will increase
pertechnetate uptake.

It is likely that the surface area of the stomach also
influences pertechnetate uptake. In pernicious anemia,
where there is a loss of the normal rugal folds in the body
and fundus, uptake by the stomach is reduced but is
uniform overall (27). Back-diffusion of pertechnetate
into the gastric mucosa should also be considered, since
absorption of pertechnetate from the stomach by simple
diffusion in the presence of a concentration gradient has
been claimed (4). Further work is required to establish
whether this varies with the health of the gastric mucosal
barrier.

It seemspossible,therefore,that pertechnetateis
concentrated specifically by the mucous epithelial cells
of the stomach but that the scale of this concentration
is influenced by the surface area, blood flow, and the
health of the mucous epithelium. It is also possible that
the pH of the gastric contents will influence the degree
of secretion or mucosal retention of pertechnetate. None
of the evidence previously interpreted as suggesting that
parietal cell secretion of pertechnetate occurs is in
compatible with such a concept, with the exception of the
autoradiographic evidence of Meier-Ruge and Fridrich
(14). Further such studies in man are clearly necessary.
Even this study is not incompatible with a .two-compo

nent hypothesis for the secretion of pertechnetate, where
most of the ion is handled by a specific nonparietal
mechanism with a small nonspecific mechanism shared
with chloride through the parietal cell. This would be
similar to the handling of iodide by the stomach. Howell
and van Middlesworth (33) measured gastric iodide and
chloride clearance in dogs with and without histamine
stimulation and perchlorate inhibition; they concluded
that there could be two mechanisms for the gastric se
cretion of iodide: a specific system responsible for up to

Volume 24, Number 7 635



WILLIAMS

15. SAFAIE-SHIRAZI 5, CHAUDHURITK, CHAUDHURITK,
et al: Visualisation of isolated retained antrum by using
technetium-99m. Surgery i3:2i8â€”283,1973

16. KERAMIDASDC, CORANAG, ZALESKARW: An experi
mental model for assessingthe radiopertechnetate diagnosis
ofgastric mucousin Meckel's diverticulum. J Pediatric Surg
9:879â€”883,1974

17. CHAUDHURITK, CHAUDHURITK, SHIR@zI55, Ctal:
Radioisotopescanâ€”apossibleaid in differentiating retained
gastric antrum from Zollinger-Ellison syndrome in patients
with recurrent peptic ulcer. Gastroenterology 65:697â€”698,
l9i3

18. CHAUDHURITK, POLAKii: Autoradiographicstudiesof
distribution in the stomachof@â€•Tc-pertechnetate.Radiology
123:223â€”224,l9ii

19. CHAUDHURITK: Can @â€˜Tc-pertechnetatebeusedtoassess
thesecretionofgastricacidinperniciousanemia?JNuclMed
18:121â€”122,1977

20. SCIARRmA A, MALAGUTI P, TURBA E, et al: Retained
gastricantrumsyndromediagnosedby [@â€œTc]pertechnetate
scintiphotography in man: Hormonal and radioisotopic study
oftwocases.JNuclMedl9:3iiâ€”380,1978

21. SAILER iF, JANEWAY CM: Pertechnetatedemonstration
of a Barrett's esophagusinvolving the length of the esophagus.
JNuclMed 19:1366â€”1367,1978

22. BARTELINKA, SMEETSEHJ,HOEDEMAEKERPHJ,et al:
@â€œTcin the examination of the stomach. In ProceedingsIX

International Congressof Internal Medicine. Excerpta
Medica Congressseries137,Amsterdam,1966,pp 381-
387

23. PRIEBECi, MARSDENDS, LAZAREVICB: The use of
99mtechnetiumpertechnetate to detect transplanted gastric
mucousin the dog. J Pediatric Surg 9:605â€”613,1974

24. MARSDENDS, ALEXANDERC, YEUNGP, et al: Autora
diographic explanation for the usesof @mTcin gastric scm
tiphotography. J Nucl Med 14: 1973,P632 (abet)

25. Ps@co@ DV, SAGAR V, PICCONE J: Technetium-99m
pertechnetateasan indicator ofgastric mucosalproliferation.
AmJRoentgenol 131:1041â€”1042,1978

26. DOMSCHKEW, DOMSCHKE5, HAGELJ,etal:Gastricep
ithelial cell turnover, mucusproduction and healingof gastric
ulcers with carbenoxolone. GUT l8:8li-820, 1977

27. WILLIAMS JG, TONGEC, PAGEC, et al:Gastric uptake of
pertechnetateâ€”areflection ofparietal or mucuscell function?
Eur J Nucl Med S:A12, 1980(abet)

28. FIELDINGLP,KNIGHTSE,McISAiic RL: Studiesofgastric
mucosalblood flow in man. In Cimetidineâ€”TheWestminster
Hospital Symposium.WastellC, LanceP.Eds.Edinburgh
1978,Churchill Livingstone, Chap. 20, pp 220â€”229

29. WORMSLEYKG, MAHONEYMP, KAYG:Gastricresponse
to subcutaneousinjection ofa gastrin-like pentapeptide. Gut
8:475â€”481,196i

30. DOMSCHKEW, DOMSCHKE5, REIME,etal: Humangas
tric mucosal blood flow during cimetidine inhibition of acid
secretion.In Proceedingsofan International Symposium on
Histamine H2 ReceptorAntagonists.Creutzfeldt W, Ed.
Gottingen, November 1977. Excerpts Medica, Amsterdam
andOxford,1978,pp81-86

31. HAYES RL: Chemistry and radiochemistryof metal-ion
nucidescommonlyemployedinradiopharmaceuticals.In The
ChemistryofRadiopharmaceuticals.HeindelND, etal.,Eds.
New York 1978, Masson Publishing, Chap. 9, pp 1Si-i 58

32. CRorr DN, COI-I'ONPB:Gastrointestinalcell lossin man.
Digestion8:144â€”160,1973

33. HOWELLGL, VANMIDDLESWORTHL: Gastriciodideand
chlorideclearancein dogs.ProcSocExptl Biol Med93:
602-605, 1956

34. BERQUISTTH, NOLANNG, STEPHENSDH, et al: Speci
ficity of 99mTc@pertechnetatein scintigraphic diagnosis of
Meckel'sdiverticulum:Reviewof 100cases.J Nuc!Med
17:465â€”469,1976

636 THE JOURNAL OF NUCLEAR MEDICINE




