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INTRODUCTION

Evidence suggests that Helicobacter pylori causes chronic

active gastritis.1 Furthermore, a correlation between

H. pylori infection and intestinal metaplasia in the

stomach has been found,2±4 with recent studies show-

ing an estimated 4.5±9-fold increased risk of intestinal

metaplasia in patients with this bacterial infection.5±7

Moreover, the presence of chronic atrophic gastritis

together with intestinal metaplasia is widely recognized

as being the most prevalent precursor of intestinal type

gastric carcinoma.8

Three variants of intestinal metaplasia have been

identi®ed, namely `small intestinal' metaplasia (types I

and II) and `colonic' metaplasia (type III).9 In general, it

has been suggested that intestinal type metaplasia is the

result of a reaction to the in¯ammatory process which

tends to regress following healing of gastritis.10 Despite

this, other studies have reported no signi®cant change

in intestinal metaplasia presence at long-term follow-
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up,11±13 not even after H. pylori eradication,14±16 and

an increasing loss of differentiation over time from the

intestinal type towards colonic type metaplasia has also

been reported.7, 17

Ascorbic acid is the main antioxidant agent present

in gastric juice, where its concentration is normally

found to be fourfold higher than in the plasma.18, 19

Ascorbic acid demonstrates a protective effect against

gastric carcinogenesis, due to its ability to inactivate

oxygen free-radicals as well as its nitrite-scavenging

effects.20 Interestingly, both blood and gastric juice

ascorbic acid levels were found to be reduced in

patients with intestinal metaplasia compared to con-

trols.21, 22 Moreover, a higher dietary consumption of

ascorbic acid was seen to reduce the risk of intestinal

metaplasia appearance, even in patients with an

ongoing H. pylori infection.5 However, other studies

have reported that H. pylori causes a reduction in

ascorbic acid secretion from the blood to the gastric

juice, which is only recovered following bacterial

eradication.23, 24

The present prospective, randomized study aimed to

assess whether long-term ascorbic acid administration

following H. pylori eradication could affect the presence

of intestinal metaplasia in the stomach.

METHODS

All patients who had participated to our previous

studies, aiming to evaluate the ef®cacy of different

H. pylori eradication regimens,25±27 were invited to

participate in the present prospective study. The inclu-

sion criterion was the persistence of small intestinal type

metaplasia on the gastric mucosa (antrum, corpus or

both), after H. pylori eradication. Bacterial eradication

was assessed at endoscopy 4 weeks after eradication

therapy cessation. During endoscopy, three biopsies

were performed in the antrum, three in the gastric body,

and a further two biopsies were taken from the incisura

angularis, following guidelines recommended in the

updated Sydney System classi®cation of gastritis.28

Two biopsy specimens (one each from the antrum and

corpus) were utilized to perform a rapid urease test (CP-

test, Yamanouchi, Milan, Italy). All remaining biopsy

specimens were used to look for H. pylori (Giemsa

staining), and for histological assessment (haematoxylin

and eosin staining).

A total of 65 patients agreed to participate in the

study, and they were randomized to receive 500 mg

of ascorbic acid, o.d. after lunch (32 patients) for a

total period of 6 months or otherwise, to receive no

treatment (33 patients). The dose of ascorbic acid

chosen for the study was almost 10-fold greater than

the recommended daily amount and this pharmaco-

logical dose has been proven to not have any toxic

effects.29 All patients were asked to return for an

endoscopic control at the end of the 6 months, after

being thoroughly instructed to avoid proton pump

inhibitor use. No changes to dietary regimen were

suggested. Patient compliance and side-effects occur-

ring during the therapy were assessed by personal

interview at the end of treatment. At repeat endos-

copy, a further eight biopsies were performed and

utilized for H. pylori examination by histology (Giemsa

staining), rapid urease test, and histological assess-

ment (haematoxylin and eosin staining), as at entry.

All slides were reviewed by a single experienced

pathologist who was unaware of the clinical data and

rapid urease test results. The study was approved by

the local ethics committee, and all patients gave their

informed consent to participate.

For statistical analysis, histological data regarding

biopsies from the incisura angularis were grouped with

those from the antrum. Comparison between groups

was performed using t-test and two-tailed Fisher's exact

test, as appropriate, whilst modi®cations within the

each group were evaluated using the Wilcoxon rank

signed test. Differences were considered signi®cant at a

5% probability level.

RESULTS

Sixty-four of the 65 patients completed the study, whilst

one patient was excluded from the control group since

proton pump inhibitor therapy was not discontinued

after H. pylori eradication due to persistent heartburn.

At entry, the two groups did not signi®cantly differ for

age, sex, frequency of peptic ulcer, or gastric intestinal

metaplasia distribution, as shown in Table 1. No patient

complained of side-effects during therapy. Indeed, the

overall compliance was good since consumption of

prescribed drugs was > 95% for all but two (6.2%) out

of 32 patients. In detail, one patient followed the

ascorbic acid therapy for a total period of 4 months and

a second patient for only 2 months, instead of the full

6 months.

At endoscopic control, a total of six (9.4%) patients

(three in the ascorbic acid group and three in control
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group) resulted H. pylori positive with histological signs

of active gastritis. These patients were consequently

excluded from further analysis. Modi®cations of the

histological features in treated patients and in nontrea-

ted controls are given in Table 2 and shown in

Figures 1 and 2. As demonstrated, we were unable to

®nd evidence of intestinal metaplasia in any biopsied site

of the gastric mucosa in 9/29 (31%) patients from the

ascorbic acid group and in 1/29 (3.4%) of the patients

from the control group (P � 0.006). Moreover, a

further 6 (20.7%) patients from the ascorbic acid group

presenting chronic inactive pangastritis with wide-

spread intestinal metaplasia (both in antrum and

corpus) at entry, showed less extensive antritis with

intestinal metaplasia at control, whilst a similar ®nding

was only seen in one patient from the control group

(P � 0.051). In the antral mucosa, the persistence of

intestinal metaplasia was always found on the incisura

angularis.

A repeat histological assessment in the six patients

with H. pylori recurrence found no intestinal metaplasia

regression, in neither the treated nor control groups.

DISCUSSION

It has been found that H. pylori infection may cause

intestinal metaplasia in the stomach2±7 and in addition,

it is known that intestinal metaplasia plays a role in

intestinal type gastric carcinoma development.8 There-

fore, any treatment that leads to intestinal metaplasia

regression in the gastric mucosa could result in

chemoprevention.19 There is evidence that H. pylori

eradication is associated with a signi®cant improvement

in gastritis, with a rapid disappearance of granulocytes

and a more gradual reduction of in®ltrated lymphocytes

at follow-up.30 It has also been suggested that intestinal

type metaplasia is an early event in the response to a

persistent irritant and that it may regress in some cases

after improvement of gastritis.10 However, no signi®-

cant regression of intestinal metaplasia was observed

after H. pylori eradication in some studies.11±16 On the

other hand, it has recently been found that higher

dietary consumption of ascorbic acid tends to reduce the

risk of intestinal metaplasia development in patients

with H. pylori infection.5, 18

In the present study, we have assessed the long-term

effect of ascorbic acid administration on intestinal

metaplasia in the gastric mucosa following H. pylori

eradication. Our data show that ascorbic acid signi®-

cantly improves gastric histological features with com-

plete intestinal metaplasia regression from all sites

tested in one third of cases and partial regression (from

corpus only) in a further one-®fth of patients treated.

Thus, our ®ndings show how intestinal metaplasia

regression in the gastric body occurs more readily than

in the antrum. This ®nding could depend on the likely

briefer duration of intestinal metaplasia in the gastric

body compared to that of the antral mucosa. In fact, it

has widely been reported that intestinal metaplasia ®rst

appears on the antral mucosa (with its origin on the

incisura angularis) and successively spreads to the gastric

body mucosa.8, 28 Intriguingly, this is analogous to the

development of H. pylori-associated gastritis.1

Our results are based on ®ndings obtained from

biopsied material. Consequently, a risk due to sampling

error could be associated with them. Indeed, it is true

that intestinal metaplasia may be patchily distributed in

the stomach, suggesting that certain biopsy samples

Table 1. Demographic and clinical characteristics of patients

before H. pylori eradication

Ascorbic

acid group

(n = 32)

Control

group

(n = 32) P-value

Age, mean (range), years 58 (40±77) 59 (41±72) N.S.

Male/female 15/17 11/21 N.S.

Non-ulcer dyspepsia 23 19 N.S.

Duodenal ulcer 5 10 N.S.

Gastric ulcer 4 3 N.S.

Pangastritis with intestinal

type metaplasia

15 9 N.S.

Antritis with intestinal

type metaplasia

17 23 N.S.

Table 2. Histological features after 6 months in treated patients

and in controls

Ascorbic acid group

(n = 29)

Control group

(n = 29)

Histological feature Before After* Before After

Normal mucosa Ð 9 Ð 1

Antritis with intestinal

type metaplasia

15 17 21 21

Pangastrititis with intes-

tinal type metaplasia

14 3 8 7

* P = 0.0007 vs. before.
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could have given false negative results.31 Nevertheless,

we maintain that this possibility may be marginal for at

least two reasons. Firstly, in addition to other biopsies

from the antrum and corpus, we systematically per-

formed two separate biopsies along the incisura angularis

(i.e. one more than that suggested for intestinal

metaplasia assessment in the updated Sydney System

classi®cation of gastritis).28 It is widely reported that the

angulus is the principal gastric site of intestinal meta-

plasia presence, and often it is the only location.28

Therefore, it would appear that biopsy specimens taken

from the incisura angularis give the most representative

information regarding intestinal metaplasia presence or

absence in the entire stomach. Moreover, we recently

found that this sampling procedure is also adequate for

the histomorphometric analysis of gastritis.32 Secondly,

we also applied the same biopsy sampling procedures in

the control group, and were able to ®nd a persistence of

intestinal metaplasia in all but one case. This observa-

tion suggests that if intestinal metaplasia was present in

the stomach it would have been found with the

sampling procedure used in this study. Thus, despite

Figure 1. Histological modi®cations in pa-

tients (A and B), and in controls (C and D).
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the inevitable sampling error associated with this type of

study, due to the impossibility of examining the entire

gastric surface, the approach we adopted would seem to

have greatly reduced such risks.

Factors involved in pathogenesis of intestinal metapla-

sia in the gastric mucosa are still being de®ned,4, 5, 8

and it is not known why ascorbic acid administration

following H. pylori eradication should help to resolve

intestinal metaplasia in the stomach. Nevertheless,

some hypotheses could be put forward. There is

evidence that both blood and gastric ascorbic acid

levels are reduced in patients with intestinal metapla-

sia.21, 22 Moreover, it has been reported that gastric cell

proliferation is signi®cantly higher in the presence of

intestinal metaplasia than in chronic gastritis without

intestinal metaplasia,33 and that this is not affected by

H. pylori presence.34 Therefore, intestinal metaplasia in

itself is characterized by gastric cell hyperproliferation.

It is reported that ascorbic acid administration

signi®cantly reduces cell proliferation throughout the

gastrointestinal tract,35 and therefore may well affect

intestinal metaplasia persistence. Moreover, ascorbic

acid is the major powerful antioxidant agent present in

gastric juice,19 it is able to inactivate oxygen free-

radicals and it also has a nitrite-scavenging effect.18

Furthermore, the metabolism of ascorbic acid to dehy-

droascorbic acid produces local nitric oxide36Ða com-

pound that is implicated in gastric mucosal repair

phenomena.37 All these characteristics contribute a

protective action against gastric carcinogenesis.20

Therefore, the effect of ascorbic acid on intestinal

metaplasia could depend on several factors and other

studies are warranted to clarify this aspect.

The recurrence rate of H. pylori seen in the present

study (9.4%) agrees with that previously reported by

us and others.38, 39 In these patients, the administra-

tion of ascorbic acid failed to affect intestinal meta-

plasia regression and this would suggest that previous

bacterial eradication is a strongly recommended

criterion. It may be that in the presence of active

gastritis, the administered ascorbic acid is `consumed'

by the oxygen free-radicals produced by polymorpho-

nuclear cells.

In conclusion, we found that administration of ascor-

bic acid helps signi®cantly in resolving intestinal

metaplasia of the gastric mucosa following H. pylori

eradication. Since this therapy is safe, well tolerated and

inexpensive, its use as a chemoprevention treatment

should be considered. Long-term studies will be needed

to assess if this effect is maintained.

Figure 2. Flow chart presenting results for

the ascorbic acid (AA) and control (C)

groups.
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