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Abstract. Colloidal bismuth subcitrate (CBS, De-Nol®) heals duodenal ulcers but with a 
lower relapse rate than cimetidine, perhaps due to inhibition of Campylobacter pyloridis 
(CP) organisms. To test this hypothesis we studied gastric mucosa! histology in three groups 
of ulcer patients treated with either cimetidine, CBS, or CBS in combination with an anti
biotic. 

Cimetidine had no effect on CP or gastric mucosa! histology but with CBS therapy there 
was a significant reduction in the number of bacteria (p < 0.0001). However, relapse of both 
CP infection and gastritis usually occurred once CBS was withdrawn. When CBS was com
bined with amoxycillin or tinidazole, long-term disappearance of both CP bacteria and gas
tritis was achieved (p < 0.0001). In ultrastructural studies 30-90 min after single oral doses 
of CBS or bismuth subsalicylate, CP had detached from the gastric epithelial cells and 
exhibited structural degradation associated with the selective deposition of a particulate 
bismuth complex within and upon the surface of the organisms. In vitro, CP and other 
campylobacters wer~ inhibited by bismuth compounds at 25 mg/I but they were resistant to 
cimetidine and ranitidine. CBS has a powerful antibacterial effect against CP but relapse of 
infection is common after CBS alone. In combination with an.tibioti cs however, eradication 
of CP and long-term healing of gastritis occurs. In such cases the gastroduodenal mucosa is 
intact, and less likely to ulcerate. 

In an attempt to explain the healing ac
tion of colloidal bismuth subcitrate (CBS, 
De-Nol®) in peptic ulceration, it has been 
suggested from animal ulcer model studies 
that CBS binds to the base of peptic ulcers 

[I] and impairs the progress of hydrogen 
ions through the mucus layer (2]. While this 
mechanism might lead to ulcer healing, it 
does not account for the lower relapse rates 
reported for duodenal ulce rs (DUs) healed 
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with CBS as compared with H 2-receptor an
tagonist therapy [3, 4]. 

Gregory et al. [5] studied the ultrastruc
ture of DU borders before and after treat
ment with CBS or cimetidine, and observed 
that healing was 'more complete' with CBS, 
perhaps explaining why relapse occurred less 
often. He was apparently unaware, however, 
that inhibition of so-called 'gastric spiro
chetes' by bismuth salts had previously been 
proposed to explain the healing of gastric 
ulcers by Freedberg and Barron [6] in 1940; 
indeed, Gregory's pretreatment micrographs 
featured adherent bacterial cells similar to 
the curved or spiral organisms now known as 
Campy/obacter pyloridis (CP). 

There is now substantial evidence that CP 
colonization of gastric mucosa is present in 
most DU patients [7-9], and that the organ
ism is also to be found in the duodenal cap 
[10], when gastric type epithelium extends 
beyond the pylorus [11]. If CP colonization 
is responsible for active chronic gastritis and 
is also etiologically relatec;l to peptic ulcer
ation as has been suggest~f{2], then appro
priate antibacterial therapy should emerge as 
the rational approach to treatment of both 
conditions. 

During l983 and 1984, preparatory to a 
larger clinical trial now in progress, we per
formed a pilot study based on analysis of 
seq~ential endoscopic biopsies. Initially, the 
Hi-receptor antagonist cimetidine and CBS 
were compared for their effects on CP and 
gastric histopathology. A further study fol
lowed, of patients receiving different forms 
of combination therapy aimed at achieving 
long-term, or permanent, eradication of the 
gastric organism. In parallel with the clinical 
studies, we observed the in vitro effect of bis
muth compounds on cultures of CP and 
other bacteria. Finally, evidence for direct 

effects of bismuth on CP organisms in vivo 
and on affected epithelial cells was sought by 
electron microscopy of biopsy specimens ob
tained shortly after the administration of 
oral bismuth medications. 

Because of the small number of patients 
there has been no attempt to analyze clinical 
data, ulcer healing rates or ulcer relapse rates 
in this paper. 

Patients and Methods 

The effect of therapy on active chronic gastritis 
was studied in consecutive patients presenting with 
gastric or duodenal ulceration and coexistent gastric 
CP colonization. Initially, 1 S patients were random
ized to therapy with either cimetidine or De-Nol® 
liquid. In the light of data obtained in that study a 
separate group of 11 patients received combination 
thera,py with-De-Nol~ tablets and an antibiotic, con
tinued until CP were no longer demonstrable. For 
ultrastructural studies, 9 more patients scheduled to 
receive bismuth therapy for CP-associated -gastritis 
were biopsied at time points between 30 and 95 min 
and at 24 h after taking oral bismuth medication . 
Three patients received De-Nol® liquid, 4 received 
De-Nol® tablets, I received bismuth subsalicylate 
tablets (Pepto-Bismol®) and 1 bismuth subsalicylate 
liquid. The trial was approved by the Fremantle Hos
pital Human Rights Committee, and no patient re
fused consent 

Endoscopy and Biopsy 
After an overnight fast the patients were given 

premedication with Valium, atropine and phenoper
idlne. The instrument used was a Fuji non GIFP fiber
optic gastroduodenoscopc. When the examination 
was complete and the usual biopsies thought neces
sary for diagnostic purposes had been taken , three 
extra biopsy specimens were taken from areas of the 
antrum apparently uninvolved by any local lesion 
such as an ulcer. Two ofthese were fixed in 10% buff
ered formalin for paraffin sectioning and histological 
examination, the third was placed in a drop of 10% 
glucose and transferred to the microbiology labora
tory immediately. For ultrastructural studies biopsy 
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spec imens fro m the antrum and duodenal cap were 
fhcd by immersion for at least 2 h in 2.5 % glutaral
dehyde in 0. 1 M cacodylate buffer, pH 7.2. 

Therapeutic Studies 
Cimetidine vs. CBS: 15 pat ients we re alloca ted 

alterna1ivcly to therapy wi th either cimctidi ne 
200 mg t.d.s. and 400 mg nocte, or liquid De-Nole 
5 ml q.i.d. Endoscopic biopsy was repeated after 6 
weeks, I day aft er fin ishing therapy. Patients then 
remained off ulcer medication and were re-exam ined 
by endosco py and biopsy at 12 weeks. For analysis we 
graded biopsy speci mens taken al basel ine, 6 weeks 
and 12 weeks. 

Marsha ll/Armstrong/Francis/ Nokes/Wee 

graded to indicate the severity of the gastritis. These 
were polymorphonudear leukocytes (PMNs), lym
phoctes and plasma cells (MONOs) and mucus deple
t ion (Mucus Depl). Each component was given a 
score of between 0 and 3. Intestinal metaplasia and 
CP orga nisms were similarly graded but were not 
included as indicators of gast ritis. For each parameter 

Table I. Criteria used for grading of gastritis and 

CP infection 

Score Histology 

CBS and antibiotic: When the outcome of the MONOs 
above study was known , 11 other pat ients were O Plasma cells and lymphocytes present in 
treated with combi ned therapy consisting of De-Nol® normal numbers 
tablets I q.i.d. for 4 weeks, with the addition of an Minor, equ ivocal increase of mononuclear 
antibiotic during the 3rd and 4th week of the course. cells 
Preferably, tinidazole was gi ven in a dose of 500 mg Moderate increase 
twice dai ly fro m day 18 to 28 . If the patient's CP iso- Maximal or submaximal numbers of cdls 
\a1e was found to be resistant to tinidazole, amoxicil
lin 500 mg q.i.d. was prescribed from day 14 to day 
28. All treatment ceased aft er 4 weeks and endoscopic 
antral biopsy was repeated 2 weeks later, i.e. at 6 
weeks. If CP was not detected, then no furt her ther
apy was gi ven. Once a CP-negative biopsy had been 
obtained no further therapy was prescribed, and the 
patient was rebiopsied 6 weeks later. For analysis in 
this group, we graded biopsies taken at baseline, 2 
weeks after clearance of CP ('6 weeks'), and 6 weeks 
later(' 12 weeks'). (Only 9 patients could be assessed; 
in 2 cases CP were not cleared.) 

Histology 
The two antral biopsy specimens were processed 

in the same paraffin block and mounted on the same 

present in most of 1he sect ion 

Mucus depiction 
O No mucus depletion, 50% of the epithelial 

cell depth is intracellular mucus 

PMNs 

Mild mucus depletion, most evident in the 
superficial glands 
Obvious decrease in mucin content of 
epithelial cells 
Severe mucus depletion 

0 Polymorphs difficult to find 
Minor increase but cells not in groups or 
invad ing glands necks 
Cells defi nitely increased, in groups, and/or 
invading gland necks 

slide. Sections were stained with hematoxylin and 3 G roups of cells visible in nearly every field 
eosin to evaluate for gastri tis, with the periodic acid- _&_o_u _C-ul_tu_u_:/ f-h-,,o-/o_gy ____ _:_ _ _:___ 

Schiff stain to demonstrate mucinogcnesis of the epi- CP infect ion 

~~~~:~r:~: ;~':r~~~i:~~hi n-Starry silver stain to 0 No curved bacilli seen in histology sections 
or gram-stained smears; cultures also 

Grading of Gastritis and CP Bacteria (table I) 
The se<:t ions were graded blind and in random 

order. The gradi ng used was that described by Whi te
head et al. ( 13) as modified by Warren and Marshall 
(14), with the addition of an assessment ofmucino
gencsis of the epitheli um (J.R. Glancy, pers. com
mun.]. Three components of the epithelium were 

negative fo r CP 
Occasional curved bacilli seen after 
searching, or negative histology but 
positive microbiology 
Ma ny curved bacill i seen in mos! fields 
Large numbers of curved bacilli in every 
fi eld 
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increasing abnonnality was indicated by a higher 
score. Thus, by summing the values obtained for 
PMNs, MONOs and Mucus Depl, a total score of 
between 0 and 9 could be given to each biopsy. In this 
scheme, severe gastritis was reponed by a score of 
from 5 to 9, whereas scores less than 3 were of doubt
ful significance. 

Statistical Analysis 
Analysis of gastritis grades was perfonned using 

the SPSS-X statistical package. Patients were studied 
in three groups (cimetidine vs. CBS vs. CBS+ antibi
otic), at three times (baseline vs. 6 weeks ~'... 12 
weeks). 

Microbiology 
Gram staining of smears and culture of bacteria 

were performed routinely, as previously described 
{12]. Sensitivity testing was performed by agar plate 

(table Ir). Another 12 isolates of CP were then tested 
against De-Nol® liquid, bismuth subsalicylate liquid, 
cimetidine tablets, cimetidine intravenous solution 
and ranitidine tablets. 

Plates containing the test drug at concentrations 
ofbetween 6.25 and 400 mg/I were prepared. A heavy 
inoculum of each of the 12 CP isolates was streaked 
onto each plate and incuba1ed for 72 h. The minimal 
inhibitory concentration (MIC) was taken as that of 
the first plate on which no growth occurred. On each 
occasion, control plates of the test isolates were incu
bated with the test plates. 

Electron Microscopy 
For ultrastructural studies, and localization of bis

muth deposition sites, the glutaraldehyde-fixed 
biopsy specimens were embedded in epoxy resin, sec
tioned and stained with uranyl acetate and lead ci
trate essentiall~as described previously [16]. Addi-

dilution in brain-heart infusion blood agar. Initially, tionally, lead and uranyl acetate staining was omitted 
bismuth citrate solution, prepared as described by in some instances to facilitate the localization oftrace 
Wilson and Blair [15], was tested against 13 routine amounts of bismuth complex deposited within or 
isolates ofCP and a range of other enteric organisms adjacent to the bacterial cells. 

Table IL In vitro sensitivity of various microor
ganisms to bismuth citrate 

Organism 

Campylobacter pyloridis 
Campylobacter pyloridis 
Campylobacter jejuni 
Campylobacter coli 

Bacleroides fragilis 
Clostridium difficile 
Peptococcus magnus 
Vibrio parahaemolyticus 
Pseudomonas 
Vibrio cholera 
C/ostridium welchii 
Clostridium septicum 

Aeromonas hydrophila 
'Oxford' Staphylococcus aureus 
Shigella flexneri 
Salmonella adelaide 

( 

Isolates 
tested, n 

MIC 
mg/I 

10 
2 

12 
25 
25 
25 

128 
256 
256 

1,000 
1,000 
2,000 
2,000 
2,000 

4,000 
> 4,000 
> 4,000 
> 4,000 

Results 

Effects on Gastric Histology: Cimetidine 
vs. CBS vs. CBS +Antibiotic 
Baseline comparison of the three groups, 

histological grades for PMNs, MONOs, Mu
cus De pl and CP, were the same for the three 
treatment groups at the baseline biopsy. As 
shown in table III and figures 1-3, all groups 
had moderate to severe active chronic gastri
tis prior to therapy (i.e. grade ~ 5). The 
group treated with CBS + antibiotic was sig
nificantly younger than the other two groups 
(p - 0.03). 

Effect of Therapy 
Cimetidine (7 patients): At 6 weeks there 

was no discernible change in the number of 
demonstrable CP or in any of the other 
parameters tested (fig. 1 ). The overall gastri-
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Tabll' Ill. Baseline comparison or the three 1rcatmcnt groups 

Group Ago 

Cimetidinc 50 

CBS 57 

C BS+ an tibiotic 37 

tis score in this group was 6.0 (SD 1.5) at 
baseline, 6.8 (1. 8) at 6 weeks , and 7.3 (1.4) 
at 12 weeks. These differences were not sta
ti sticall y significant. It was concluded that 
cimetidine had no demonstrable effect on 
CP organisms, and did not heal gastritis. 

CBS alone (8 patients): At 6 weeks (i.e. 
24 h after ceasing CBS therapy) numbers of 
demonstrable CP organisms had decreased 
in 7 patients (fig. 2). Three of these patients 
were negative for CP on histology and on 
culture, 2 were CP negati ve on histology but 
had remained Positive on culture, and 2 pa
tients had low numbers of bacteria detect
able by both tests (the remaining pat ient, in 
whom CP were not reduced, is discussed 
below). The highly significant reduction in 
CP (p < 0.000 I) was accompanied by sig
nificant reductions in PMNs (p < 0.0001) 
and in Mucus Dcpl (p < 0.05). MONOs 
were unchanged. The gastritis score for 
the group declined from 5.75 (SD 1.4) at 
baseline to 2.9 (1.2) at 6 weeks (p < 0.001). 
The histological improvement seen at 6 
weeks disappeared after CBS therapy was 
discontinued. At 12 weeks, 7 of the 8 pa
tients were rebiopsied and scores for PMNs 
and Mucus Depl had risen in 6 of these, giv
ing a mean gastritis score for the group of 
5.6 (SD 1.8). which was not significantly 
different from the baseline score. In these 

Males DU GU Baseline grade 
or gastrit is (SD) 

6.0 (1.53) 

5.8 ( 1.39) 

6.6 (1.24) 

6 patients, CP were once more present in 
large numbers. 

There were 2 pati ents treated with CBS 
alone in whom the gastritis did not follow 
the trend for the rest of the group. One 
patient , a 44-year-old woman, ran out of 
CBS after 5 weeks so had been off the drug 
for I week when the second biopsy was tak
en. She was the only patient in whom mod
erate numbers of CP organisms could be 
found at the 6 weeks' biopsy. She was also 
the only patient in whom gast ritis had not 
improved at 6 weeks. Her scores were 4.0, 
4.0 and 5.0 (fig. 4, noncompliant). The other 
case of interest was an 84-year-old man in 
whom CBS therapy alone cleared the bacte
ria. He had improved histologically by the 
6th week and was the only case in this group 
to maintain the improvement after CBS 
treatment was ceased. His scores were 8.0, 
4.0 and 2.0 (fig. 4, CP negati ve). 

CBS plus antibiotic (9 patien ts): In these 
patients eradication of CP was accompanied 
by a striking histological improvement in the 
gastritis in the biopsy at 6 weeks (fig. 3). Sig
nificant reductions in PMNs (p < 0.0001). 
MONOs (p < 0.0 1) and Mucus Dept (p < 
0.001) had occurred as compared with the 
baseline biopsy. In the 7 patients who were 
rebiopsied at 12 weeks the histological im
provement was maintained. Reduction in 



Fig. I. Gastrit is score (mean ± 
SD) for cimetidine-trcated group 
(n - 7). No significant change in any 
of the parameters tested. 

Fig. 2. Gastritis score (mean ± 
SD) for CBS-treated group (n • 8). 
Significant change in CP (p < 
0.000 1), Mucus Depl (p < O.OS) 
and PMN s (p < 0.000 1) at 6 
weeks. 

Fig. 3. Gastri tis score (mean ± 
SD) fo r CBS + antibio1ic-1rcated 
group (n - 9). Significant changes 
both at 6 and 12 weeks in CP (p < 
0.000 1 resp. p < 0.0 1), Mucus Depl 
{p .. 0.0 1 resp. p < 0.0 1), PMNs 
(p < 0.000 I both) and MON Os 
(p < 0.0 1 resp.p • 0.0 1). 

- CP D Mucus Qepl mm PMN5 mm MONOs 
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j o-l-~~~~~~~~~~~~~~ 
Fig. 4. Gastritis score of special Base\ one 6 weelcs 

PMNs(p < 0.0001), MONOs (p • 0.01) and 
Mucus Depl (p < 0.0001) was still present. 
Scores in this group at baseline, 6 and 12 
weeks were 6.6 (1.2), 1.9 (0.78) and 1.6 
(l.34), respectively. 

Histological improvemc:nt had not oc
curred in 2 patients of the original 11, in 
whom CP eradication was not achieved. 

In vitro Studies 
Bismuth sensitivities (table II, IV): The 

species of bacteria tested and the MIC for 
each is given in table II. CP was the organ
ism most sensitive to bismuth compounds, 
its growth was inhibited by bismuth citrate, 
De-Nol® and Pepto-Bismol® at concentra
tions of 25 mg/I or less (table IV). Other 
campylobacters were also very sensitive to 
bismuth compounds. Moderate sensitivity 
was exhibited by bacteroides and Clostri
dium difficile (table II). 

Fecal bismuth was measured by atomic 
absorption spectrophotometry in 2 patients 
taking standard CBS therapy of I tablet 
q.i .d. (108 mg elemental bismuth/tablet). In 

both cases the concentration of elemental 
bismuth was greater than 4 mglg of feces. 

Cimetidine and ranitidine sensitivities (ta
ble IV): All CP isolates tested were compara
tively resistant to cimetidine, inhibition be
ing noted only at concentrations of 400 mgll 
and above. There was no difference between 
the tablet and the intravenous preparation of 
cimetidine. Ranitidine showed no inhibitory 
activity for any of the isolates at the concen-
trations tested. 

'Bismuth mirrors': This interesting inci
dental phenomenon was noted during pre
liminary studies when discs containing 
0.25 mg of bismuth citrate were placed on 
plates inoculated with CP or other organ
isms. In most cases, reflective mirrors, pre
sumably of metallic bismuth, developed in a 
10-mm radius circle around the disc. Direct 
contact with the bacteria was not necessary 
for this phenomenon to occur. If a bismuth 
citrate disc was placed on a sterile plate of 
bacteriological agar and this plate was incu
bated upside down over a bacterial culture, 
the mirror still developed on the sterile plate. 
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Table IV. Sensitivity of 12 CP isolates to CBS, bismuth subsalicylate, ci mctidi ne and ra nitid ine 

Number of isolates inhibited by Drug concentration, mg/I 

6.5 12 25 200 400 > 400 

CBS 

Bismuth subsalicylate 

Cimetidine tablets 

Cimetidine liquid 

Ranitidine liquid 12 

Table V. Ultrastructural localization of bismuth 

Drug Time Detachment Sub. memb. CP lysis and 
min from Bi deposits large Bi 

epithelial cells in er granules 

CBS liquid 5 ml 30 + 
CBS liquid 5 ml 60 ++ +-
CBS liquid 10 ml 70 ++ ++ +++ 
CBS liquid I 0 ml 95 +++ ++ +++ 
CBS tablet 40 + 
CBS tablet 70 + ++ ++ 
CBS tablets I q.i.d. 24 h, no intact bacteria, subcellular fragments only 
CBS tablets I q.i.d. 24 h, no intact bacteria, subcellular fragments only 
Bismuth subsalicylate 30 ml 80 
Bismuth subsalicylate tablets X 4 150 

The best mirrors were produced by Aero

monas hydrophila. Mirrors did not develop on 
plates which were not in connection with a 
bacterial culture. We invite comment on the 
origin and significance of this phenomenon. 

Ultrastructural Localization of Bismuth 
(table V) 
lo all biopsy specimens for electron mi

croscopy taken prior to administration of 
bismuth compounds, moderate to large 

( 

+ ++ ++ 
+ + + 

numbers of flagellate CP organisms were 
present (fig. Sa). They were located deep to 
the mucus layer, in intimate relation to the 
luminal surfaces of the antral epi thelium. 
Where bacterial colonization was heavy the 
related epithelium invariably showed irregu
lar flap- like or smooth bulging protrusions, 
and partial to complete loss of the surface 
microvilli. 

The sectioned bacteria (fig. Sb, c) ap
peared as curved rod-like or spiral profiles 
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Fig. 5. Baseline pretreatment appearanee!i of CP 
bacteria on the gastric antral mucosa . .a Numerous 
curved and rod-like bacterial profiles (arrows) in close 
relation to bulging epithelial cell surfaces depicted 
of microvilli. X 5,400. b Detail view of a typical 
intact CP o rganism; note the close-fitting cell wall , 

Marshall/Arrnstrong!Francis!Nokes/Wee 

rounded ends, and two sectioned sheathed flagella 
(arrow). X 30,000. c. Bac1eriophage-like particles (ar· 
rowheads} within a CP organism, as found in antral 
tissue from 2 cases. Also note the point of intimate 
bacterial adherence to epithelium at upper left (ar· 
row). X 40,000. 
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with bluntly rounded ends; some dividing 
forms were often noted. With rare excep
tions, the individual organisms were struc
turally intact, with smooth cell walls closely 
adhering to the cytoplasmic membrane, and 
enclosing a relatively homogeneous cyto
plasm comprising dispersed bacterial ribo
somes together with focal pale areas contain
ing sheaves of nuclear fibrils. 

An incidental but interesting finding, in 2 
cases only, was the presence in some intact 
bacteria of intracellular bacterophage-like 
particles, about 40 nm in diameter (fig. Sc}. 
Remnants of very occasional lysed organ
isms adjacent to apparently released phage 
particles were also found. 

In the two biopsy specimens obtained at 
30 and 40 min after oral CBS was taken, no 
obvious changes in the appearance, location, 
or numbers of bacteria were detected 

In the 4 patients biopsied between 60 and 
95 min after ingestion of liquid or tablet 
CBS, marked changes were evident in the 
organisms and thei r relationships to the epi
thelium. Firstly, they were now mostly 
within the gastric mucus layer, rather than 
beneath it, having evidently lost ahderence 
to the antral epithelium. Secondly, a major
ity of the bacterial profiles were irregular or 
fragmenting; showing degrees of structural 
degradation ranging from focal vacuolation 
beneath the cell wall, to gross vacuolation 
with retraction and condensation of the bac
terial contents (fig. 6a, b). Smaller lysed rem
nants were also present as coi led cell-wall 
and flagellar fragments. Thirdly, deposits of 
extraneous electron-dense material, ranging 
from minute particles less than 6 nm, in 
diameter to large irregular aggregates of 
more than 250 nm, were present on the 
external surfaces and to a lesser extent 
within the damaged bacteria (fig. 6a, b). No 

such deposi ts were visible on nearby gastric 
epithelial cell membranes or their microvilli. 
Identical dense particles, and aggregates, 
have previously been reported ultrastructur
ally and characterized as 'bismuth com
plexes', demonstrable in the gastrointestinal 
tract (but, interestingly, not in the stomach) 
of rodents and human subjects after oral dos
age with CBS preparations [ 17]. 

In our 2 patients receiving bismuth sub
salicylate, biopsied 80 and 150 min later, 
similar changes in bacterial location and 
morphology were present, accompanied by 
bismuth complex deposition; but the propor
tion of degraded organisms appeared rather 
less than in the CBS-treated cases. 

Later inspection of unstained thin sec
tions (omitting lead and uran yl acetate en
hancement) disclosed traces of small particu
late bismuth complex inside many of the still 
intact bacterial cells (fig. 6c): it was revealed 
as rows or clusters, in the intermembranous 
plane between the cell wall and the cytoplas
mic membrane. The same feature was de
monstrable in unstained sections of biopsy 
specimens taken at the earliest time point 
(30 min after CBS dosage) and in which the 
routinely stained sections had revealed no 
gross signs of bacterial injury or change. No 
similar particulate deposits, or aggregates, 
were demonstrable in biopsy specimens 
taken prior to medication with the bismuth 
compounds. 

In the specimens obtained 24 h after com
mencing CBS therapy, CP and deposits of 
bismuth complexes were no longer found, 
apart from possible fragments of bacterial 
debris in the mucus layer. The antral epithe
lium was still irregular, and depleted of mu
cin granules and microvilli. On further 
biopsy of I of these cases, obtained 4 weeks 
later, there was evident restorat ion of nor-
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Fig. 6. Appearance ofCP bacteria as found in biopsy min after commencing De-Nol• treatment. Note irreg-
spccimens between 30 and I SO min after oral De-Nol•. ular retraction of bacteria) contents, surrounding ca vi-
a Deformed and vacuolated CP with opaque agg.rega1es tation, and external bismuth deposits. Compare with 
of bismuth complex deposited on the cell walls (arrows): figure 5b. X 40,000. c Focal penetration of paniculate 
biopsy 70 min after a single dose of liquid De-Nol•. bismuth complex (arrows) under the cell wa11 ofa resid-
X 24,000. b Typical longi1udinal profile of structurally ual (still intact) organism 60 min after De-Nol• liquid 
degraded organism, free in the gastric mucus 95 ingestion. Section is unstained. x 75,000. 
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mally-aligned epithelium with well-devel
oped microvilli . 

In each patient a duodenal cap biopsy 
specimen was examined for presence of CP 
and bismuth complex deposition. The bacte
ria were not seen unless gastric rather than 
duodenal epithelium was present. In such 
cases the appearances paralleled those in the 
accompanying antral specimen. On true du
odenal epithelium no CP were seen. In some 
cases small particulate deposits of bismuth 
complex were detected within the glycocalyx 
or between the long intestinal-type microvil
li, as previously reported by Coghill et al. 
[17}; but there were no large deposits as 
noted in apparently selective association 
with the CP in the stomach. 

Discussion 

Our in vitro studies demonstrate that bis
muth subcitrate is highly active in inhibiting 
growth of Campylobacters, particularly CP. 
As shown in table II , bismuth subcitrate 
could also perhaps be used in the treatment 
of C. difficile infection and cholera. The fecal 
bismuth concentration found in patients tak
ing regular doses of CBS indicates that any 
gut organism with an MIC Jess than 4,000 
mg/I could be vulnerable to the drug. 

Although we used different CP isolates 
for the bismuth citrate MIC studies, very 
similar MICs were obtained for CBS liquid 
and bismuth subsalicylate liquid, all being 
inhibitory to CP organisms at a concentra
tion of 25 mg/I or less. Disc tests ( 121 have 
shown that bismuth subnitrate (Roter®) tab
lets are similarly active. It is possible there
fore that all soluble bismuth compounds 
are effective in inhibiting Carnpylobacter 
growth. 

The 'bismuth mirrors' observed during 
our in vitro studies led us to suspect that bis
muth might similarly precipitate in the hu
man stomach colonized with CP organisms. 
In rat studies, bismuth concent rations are 
higher where epithelium is colonized by other 
types of spiral bacteria , e.g. the cecum [l 8, 
19]. In our ultrastructural stud ies, both CBS 
and bismuth subsalicylate appea red to exert a 
rapid antimicrobial effect against CP. In the 
first hour after ingest ion, small amounts of 
bismuth complex. had evidently entered the 
bacteria and were demonstrable beneath the 
bacterial cell wall . At 70 min many organisms 
had lysed and the remaining organisms 
mostly showed degenerative changes with 
ballooning of the cell wal l. At this time also, 
larger deposits of a bismuth complex were 
present adhering selectively to the bacterial 
cell walls and to subcellular bacterial debris in 
the gastric mucus. Such deposits were not 
seen in duodenal mucus, or in gastric mucus 
in the absence of CP organisms. 

ln vivo as well as in vitro therefore, CP 
bacteria seem to be associated with precipi· 
tat ion of a soluble bismuth complex. from the 
surrounding mucinous environment. The 
apparent concentration of bismuth com
plexes in the vicinity of the organisms might 
be explained by an altered pH immediately 
adjacent to the bacteria. CP are powerful 
urease producers and in the presence of ex.· 
tracellular urea can be expected to generate 
ammonium ions [20]. CBS is more soluble in 
an alkaline medium (21] and precipitates in 
acid. Sudden reversion to a lower pH after 
CP organisms become metabolically inactive 
could explain the selecti ve precipitation of 
bismuth complex we have described. 

The mechanisms underlying the observed 
antibacterial effects of CBS and other bis
muth compounds, in vitro and in vivo, have 
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yet to be clarifi ed . After oral administrat ion 
of CBS the rapid onset of lytic changes 
amongst bacteria on the gastri c mucosa and 
their subsequent disappearance within 24 h, 
suggests a direct bacteri cidal action. How
ever, bismuth is in the same chemical group 
as arsenic in the table of clements and, like 
the tri valent arsenicals {22], CBS could per
haps inactivate bacterial enzymes. Thus, the 
blocking of some vital metabolic fu nctions 
(even temporary impairment of which might 
render the organisms more sucept ible to 
other more lethal influences in the gastric 
environment), might equally account for the 
observed clearance of CP from the stomach. 
Indirect support for such a concept comes 
from in vitro studies in progress showing 
that CP organisms inactivated by exposure 
to growth-inhibiting concentrations of CBS 
can remain viable for several hours and are 
capable of resuming normal growth on trans
fer to a CBS-free medium [Armstrong et al. , 
unpubl.]. 

Our in vitro findings are paralleled by 
clinical experience. Jn patients treated with 
CBS alone, less CP bacteria were demonstra
ble on histology or by culture. In these pa
tients the gastritis improved suggesting that 
CP organisms were responsible for the epi
thelial cell changes and inflammatory infil
trate, as proposed in recent reviews [23, 24]. 
An alternative hypothesis that bismuth com
pounds are anti-inflammatory has little evi
dence to support it at this stage. When ther
apy ceased the bacteria usually returned and 
the gastritis worsened. An exception was the 
80-year-old man in whom CP was effectively 
eradicated by CBS therapy alone (fig. 4). In 
this patient the mucosal histology continued 
to improve even after CBS therapy ceased. 
In contrast, patients treated with cimetidine 
showed no detectable change in the numbers 
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of CP present, or in the severity of the histo
logical lesions. 

On CBS therapy, mucus production in
creases and the gastritis resolves during 
treatment. After a pept ic ulcer has been 
healed with CBS therefore the gastric or duo
de nal ep ithelium in its vicinity can be ex
pected to revert to normal levels of mucino
genesis, with reduced inflammation. In most 
cases, however, the bacteria will soon return 
when the CBS is discontinued. The histolog
ical appearance will again deteriorate, muci
nogenesis will be reduced, and the mucosa 
become once more suceptible to the erosive 
effects of acid. By the same token, if CBS 
therapy has completely eradicated CP and 
the epithelium remains histologically within 
normal limits, ulcer relapse would not of 
course be expected . 

This proposed sequence may explain the 
difference in relapse rates observed between 
CBS and the H 2 receptor antagonists (3, 4}. 
Duodenal ulcer disease has a relapse rate of 
80 % per annum as seen in , for example, a 
cimetidine-treated group [25}. In most pa
tients treated with CBS alone the bacteria 
are suppressed, but not eradicated complete
ly, so relapse stil l occurs. However, relapse is 
slightly delayed due to the temporary im
provement in tbe histology. In addition, a 
few patients taking CBS are indeed cleared 
of the bacteria and do not relapse. In this 
model, if 20% of the patients treated with 
CBS alone are permanently cleared of CP, 
the 12-month relapse rate for DUs so treated 
would be 50-60 % [3, 4] . 

We naturally were disappointed to find 
that CBS alone usually did not eradicate CP. 
Other investigators have also reported diffi
culty in eliminating the organism. In a study 
of a similar group of patients, Langen berg et 
al. [26] observed that long-term clearance of 
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CP was uncommon with either CBS alone or 
amoxycillin 500 mg t.d.s. for 21 days. As our 
study involved patients with ulcer disease we 
chose to use CBS as the ulcer-healing agent, 
in combination with the antibiotic. In this 
way, patients received effective ulcer ther
apy and were taking two drugs which were 
both inhibitory to CP. By using tinidazole 
and CBS as the first-line therapy, and treat
ing failures or resistant organisms with CBS 
plus amoxycillin, we were able, seemingly, to 
eradicate the organisms from the stomach in 
9 of 11 patients (two treatment failures were 
excluded from analysis, their histology did 
not change). As expected, healing of gastritis 
was long-lasting once CP had been eradi
cated. Five of the patients have been rebiop
sied 12 months after treatment and no re
lapse of CP infection or of histological gastri
tis has yet occurred. 

We have demonstrated that it is possible 
with combination therapy to eradicate CP 
infection and heal gastritis. It will now be 
possible to test the hypothesis we have ad
vanced, that CP-associated gastroduodenitis 
is the mucosal defect underlying peptic ulcer 
disease. Whether CBS alone, antibiotics 

, ~ alone, or combinations of the two are used is 
largely irrelevant to this hypothesis. We pre
dict that any ulcer drug which fails to elimi
nate CP colonization of the gastric mucosa 
will be ineffective in preventing ulcer relapse 
when the medication is discontinued. 
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