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Previous studies have shown that various short- and medium-chain free fatty acids (FFAs) and their
corresponding monoacylglycerol esters (MGs) have antibacterial activity in vitro against primarily gram-
positive bacteria. More recent studies have also shown that the growth of Helicobacter spp. is inhibited by
linoleic acid and arachidonic acid. The purpose of the present study was to evaluate the susceptibility of
Helicobacter pylori to the in vitro bactericidal properties of medium-chain MGs and FFAs. Incubation of H.
pylori with saturated MGs, ranging in carbon chain length from C10:0 to C14:0, at 1 mM caused a 4-log-unit or
greater reduction in the number of viable bacteria after exposure for 1 h. Lower levels of bactericidal activity
were observed with C9:0, C15:0, and C16:0 MGs. In contrast, lauric acid (C12:0) was the only medium-chain
saturated FFA with bactericidal activity against H. pylori. The MGs and FFAs were bactericidal after incuba-
tion for as little as 15 min at neutral or acidic pHs. Higher levels of MGs and FFAs were required for
bactericidal activity in the presence of higher amounts of protein in liquid diets. We also found that the
frequency of spontaneous development of resistance by H. pylori was higher for metronidazole and tetracycline
(1025 to 1026) than for C10:0 MG, C12:0 MG, and C12:0 FFA (<10

28). Collectively, our data demonstrate that
H. pylori is rapidly inactivated by medium-chain MGs and lauric acid and exhibits a relatively low frequency
of spontaneous development of resistance to the bactericidal activity of MGs. Further studies are needed to
establish whether MGs may be useful either alone or with other known therapeutic agents in the management
of H. pylori infections in humans.

A large body of evidence now exists to support the role of
Helicobacter pylori as the etiologic agent of active chronic gas-
tritis and peptic ulcer disease and as a risk factor for develop-
ment of gastric carcinoma. Treatment with single agents that
have in vitro activity against H. pylori appears to clear infection
in a large percentage of patients, but the rate of recurrent
infection is high (21, 25). Greater success has been achieved
with combination therapy, but recurrence of infection remains
a common problem. Other problems reported for current
eradication therapies include treatment side effects and non-
compliance (12, 24), uncertainty concerning eradication rates
(24), and development of resistance to antimicrobial agents by
H. pylori (11, 21). Such problems might explain why the use of
antimicrobial agents to eradicate H. pylori has not become a
more accepted practice in the routine management of ulcer
patients despite the strong evidence for the pathogenic role of
H. pylori in gastritis and peptic ulcer disease (1, 4, 22, 24).
A number of free fatty acids (FFAs) and their corresponding

esters are known to have potent antibacterial and antiviral
activities (2, 5, 10, 14–17, 19, 20, 23). Previous reports indicate
that such bactericidal activity is associated with FFAs and
monoacylglycerol esters (MGs) but not di- or triglycerides, is
greatest for compounds having 12 carbon atoms, and is typi-
cally greater for gram-positive bacteria than for gram-negative
bacteria (5, 15–17, 23). Although the mechanism by which
MGs and FFAs exert their antibacterial activity has not been
defined, disruption of the cell membrane permeability barrier
and inhibition of amino acid uptake have been suggested (18,
28). Preliminary observations in our laboratory showed that
certain medium-chain MGs and FFAs were bactericidal for H.

pylori and suggested that such compounds may be useful agents
for the treatment of H. pylori infections in patients with gas-
tritis and ulcer disease.
In the study presented in this report we evaluated the in vitro

bactericidal activity of a number of FFAs and MGs against
several strains of H. pylori under various experimental condi-
tions. We also compared the frequencies of spontaneous de-
velopment of resistance to several MGs and antibiotics among
different laboratory strains of H. pylori, since resistance to
antimicrobial agents remains an important problem for the
available H. pylori treatment strategies.

MATERIALS AND METHODS
Bacterial strains.Human isolates ofH. pylori (ATCC 43629, 43579, 49503, and

43526) were obtained from the American Type Culture Collection (Rockville,
Md.). Stock cultures of H. pylori were grown for 3 to 5 days on horse blood agar
plates with gonococcus heart infusion enrichment (Remel, Lenexa, Kans.) at
378C under microaerophilic conditions (GasPak jars; BBL Microbiology Sys-
tems). Broth cultures of H. pylori were prepared by subculturing colonies from
fresh agar plates into 2% (wt/vol) brucella broth (Difco Laboratories, Detroit,
Mich.) containing 5% fetal bovine serum and incubating the broth cultures for
about 24 h at 378C in shake flasks (100 rpm) under microaerophilic conditions.
Two of the four strains of H. pylori (ATCC 49503 and 43526) were grown under
similar conditions in brucella broth supplemented with 5% fetal bovine serum
and either 1% IsoVitaleX (Difco) or 0.25% yeast extract. These growth condi-
tions provided the most consistent yields of viable cells from logarithmic-phase
cultures for each of the four test strains of H. pylori used in these studies. Broth
cultures showing inadequate or excessive growth of H. pylori after the 24-h
incubation period were not used in killing studies. Frozen cultures of H. pylori
were maintained at 2708C in brucella broth containing 20% (vol/vol) glycerol
and 20% (vol/vol) fetal bovine serum. The absence of bacterial contaminants in
H. pylori cultures was confirmed by subculture of broth cultures on blood agar
plates and by monitoring the urease, oxidase, and catalase activities of the
isolated colonies.
Materials. Monocaprylin (C8:0 MG), monocaprin (C10:0 MG), monolaurin

(C12:0 MG), caprylic acid (C8:0 FFA), capric acid (C10:0 FFA), and lauric acid
(C12:0 FFA) were obtained from Sigma Chemical Co. (St. Louis, Mo.). Other
FFAs and MGs were purchased from Nu-Chek-Prep, Inc. (Elysian, Minn.).
Metronidazole and tetracycline were obtained from Sigma.
Evaluation of bactericidal activity. Individual MGs and FFAs were evaluated
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for in vitro bactericidal activity against H. pylori by monitoring the viability of test
bacteria after a 1-h incubation in brucella broth containing a test MG or FFA.
Briefly, approximately 5 3 105 washed bacterial cells were suspended in 1-ml
aliquots of 2% brucella broth containing test MG or FFA samples and incubated
for 1 h at 378C under stationary conditions. The change in the number of viable
bacterial cells was determined by standard plate counting procedures with either
normal or chocolatized horse blood agar plates incubated for 3 to 5 days.
Dilutions of test cultures for quantitative bacterial counts ranged from 1021 to
1024, depending on the test MG or FFA, with a plating aliquot of 0.1 ml. The
lower limit of detection was considered 100 CFU/ml. Carryover of MGs and
FFAs could not be avoided by separation of MGs from cells via centrifugation
prior to plating procedures for technical reasons relating to the pelleting of
certain MGs with cells (possibly because of complexing with proteins, etc.) or
‘‘creaming’’ of other MGs to the top of the culture, which may have interfered
with cell quantitation. Instead, carryover of test MGs was avoided by using
dilutions of cultures for plating that would result in carryover levels below MIC
ranges (e.g., dilutions of active MGs at the 1 mM level typically were 1022 or
greater, resulting in a carryover level of 10-fold or more below the MIC [0.01
mM]). Control tubes consisting of test bacterial cells incubated without MG or
FFA were included in all experiments. Data were expressed as the log change in
the number of viable cells (log10 CFU per milliliter) recovered after a 1-h
incubation relative to the initial inoculum.
In certain assays the bactericidal activity of test MGs and FFAs was evaluated

in nutritionally complete, liquid formula diets (Sustacal, Nutrament, and Ultra-
cal; Mead Johnson and Company, Evansville, Ind.) diluted to half strength. MICs
were determined by the standard agar dilution method (22a) with Mueller-
Hinton agar supplemented with 5% horse blood.
Determination of frequency of resistance development. The frequency of in

vitro resistance development was determined by the method described by Fer-
nandes et al. (7, 13). Appropriate dilutions of overnight cultures of H. pylori were
plated on horse blood agar plates containing from 2 to 10 times the estimated
MIC of various MGs, FFAs, and antibiotics. Plates were incubated for 5 days at
378C under microaerophilic conditions and then assessed for resistant colonies.
The numbers of viable cells in the initial bacterial preparations were determined
on blood agar plates without antimicrobial agents.
Statistical methods. Treatment effects on bacterial viability were analyzed by

one-way analysis of variance and Tukey’s multiple comparison procedure with
log-transformed data (SAS/LAB, PC version 6.08). Levels of effectiveness
against individual bacterial strains and in various diets were compared for each
treatment by using multiple regression and analysis of variance. Differences were
deemed statistically significant when the probability value was ,0.05.

RESULTS

Inhibition of H. pylori by MGs and FFAs. The initial studies
evaluated the in vitro bactericidal activity of various even-chain
FFAs and MGs for several strains of H. pylori in a nutrient
broth medium. Medium-chain MGs (C8:0, C10:0, and C12:0)
were consistently more bactericidal for H. pylori than medium-
chain FFAs (Table 1). Four strains of H. pylori were found to
be uniformly susceptible to 1 mM C10:0 MG (monocaprin), 1
mM C12:0 MG (monolaurin), and 1 mM C12:0 FFA (lauric
acid), showing 4-log-unit or greater reductions in numbers of
viable cells (P , 0.05) after a 1-h incubation. Viable-cell num-
bers did not change in control cultures incubated without MG
or FFA for 1 h under similar conditions. None of the H. pylori
strains were affected by C8:0 FFA (caprylic acid) or C10:0 FFA
(capric acid) at concentrations as high as 5 mM. Monocaprylin
(C8:0 MG) was less bactericidal for strains of H. pylori, showing
no killing at 1 mM and approximately 3-log-unit reductions in
viable-cell numbers at 5 mM (P , 0.05).
Comparison of saturated MGs and FFAs of various chain

lengths for bactericidal activity against H. pylori showed 2-log-
unit or greater reductions in the viability of H. pylori (P, 0.05)
with MGs having carbon chain lengths ranging from C9 to C14
(C9:0, C10:0, C11:0, C12:0, C13:0, and C14:0) (Table 2). Lower
levels of bactericidal activity were observed with C15:0 and C16:0
MGs. The bactericidal activity of a C12:1 MG containing a
single double bond in the 1 position was several thousandfold
lower (P , 0.05) than that of the saturated form (C12:0 MG),
suggesting that the degree of saturation is important for bac-
tericidal activity. In contrast to the bactericidal activity of MGs,
lauric acid (C12:0) was the only FFA among those tested (C4
through C17) that showed bactericidal activity against H. pylori
(P, 0.05). Both C10:0 MG and C12:0 FFA were bactericidal for
H. pylori under neutral pH and acidic conditions (Table 3).
Incubation of control cultures at pH 4 or 5 showed no killing of

TABLE 1. Bactericidal activity of medium-chain MGs and FFAs for H. pylori

Test MG or FFA Concn (mM)
Change in no. (log10 CFU/ml) of viable H. pylori cellsa

ATCC 43579 ATCC 43629 ATCC 49503 ATCC 43504

None (control) 20.57 6 0.92 20.70 6 0.69 0.15 6 0.17 20.05 6 0.06

C8:0 MG (monocaprylin) 1 20.90 6 1.23 20.68 6 0.97 0.01 6 0.01 20.04 6 0.06
5 24.25 6 0.21b 24.15 6 1.21b 24.62 6 0.41b 25.11 6 0.25b

C10:0 MG (monocaprin) 1 25.59 6 0.78b 25.68 6 0.72b 24.59 6 0.42b 25.11 6 0.24b

5 NTc NT NT NT

C12:0 MG (monolaurin) 1 25.59 6 0.78b 25.42 6 0.78b 24.59 6 0.41b 25.14 6 0.25b

5 NT NT NT NT

C8:0 FFA (caprylic acid) 1 20.66 6 1.08 20.89 6 0.90 20.05 6 0.05 20.08 6 0.04
5 20.73 6 1.23 20.77 6 1.10 20.13 6 0.18 20.14 6 0.04

C10:0 FFA (capric acid) 1 20.01 6 0.01 20.56 6 0.74 20.40 6 0.56 20.06 6 0.02
5 20.56 6 0.96 20.53 6 0.79 20.08 6 0.11 20.04 6 0.06

C12:0 FFA (lauric acid) 1 25.59 6 0.78b 25.42 6 0.78b 24.07 6 1.24b 25.11 6 0.25b

5 NT NT NT NT

aMean change (6 standard deviation) in number of viable cells following a 1-h incubation of H. pylori with the indicated MG or FFA (pH 7). The initial inoculum
for test bacteria was approximately 5 3 105 CFU/ml. Results of at least duplicate determinations are shown.
b Significantly different from control (P , 0.05).
c NT, not tested.
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H. pylori, while incubation at pH 3 caused a significant reduc-
tion in the number of viable H. pylori cells. The presence of 1
mM C10:0 MG or C12:0 FFA at pH 4, 5, or 7 led to 4-log-unit
or greater reductions in the number of viable H. pylori cells
compared with either a control culture at pH 7 without test
MG or FFA or control cultures at the matched pH. While the
viability of H. pylori in control cultures was reduced following
incubation at pH 3, even greater killing of H. pylori was ob-
served following incubation with C10:0 MG or C12:0 FFA at pH
3 (Table 3).

Evaluation of the bactericidal activity in high-protein liquid
diets also showed greater reductions in H. pylori cell numbers
after incubation with medium-chain MGs than after incubation
with FFAs (Table 4). C8:0, C10:0, and C12:0 MGs were bacteri-
cidal for H. pylori in liquid diets at 5 mM (P , 0.05). The
activity of C12:0 FFA, however, was considerably lower in liquid
diets than in nutrient broth, requiring 20-fold-higher levels (20
mM) for 3-log-unit reductions in numbers of H. pylori cells.
Neither C8:0 FFA nor C10:0 FFA was bactericidal for H. pylori
at 20 mM in liquid diets. Interaction effects were also found for
bactericidal activity by treatment and diet. C8:0 MG was bac-
tericidal for H. pylori at 5 mM in Nutrament (P, 0.05) but not
in Sustacal or Ultracal. Conversely, C12:0 FFA was bactericidal
at 20 mM in Sustacal and Ultracal (P , 0.05) but not in
Nutrament.
Development of resistance to MG or FFA. The relative fre-

quency of spontaneous development of resistance to various
MGs, C12:0 FFA, tetracycline, and metronidazole among H.
pylori strains was evaluated at 2, 5, and 10 times the MIC of
each agent (Table 5). Preliminary studies found that the MICs
of C10:0 MG, C12:0 MG, and C12:0 FFA for H. pylori ranged
from 0.12 to 0.25 mM. The MICs of tetracycline and metroni-
dazole for the three test strains of H. pylori were approximately
0.0002 and 0.01 mM, respectively. These MICs are similar to
those reported by Rubinstein et al. (26). In general, the fre-
quency of spontaneous development of resistance among three
strains of H. pylori was consistently higher for metronidazole
and tetracycline than for MGs and lauric acid. While the pat-
tern of susceptibility to metronidazole and tetracycline varied
among the three test strains ofH. pylori, the number of variants
resistant to either metronidazole or tetracycline when tested at
five times the MIC ranged from about 50 to .1,000/108 cells
for each strain (frequency of resistance, 1025 to 1027). As
expected, the frequencies of spontaneous resistance mutations
decreased with increasing concentrations of the test antibiotics.
In contrast, no resistant variants of H. pylori were found when
108 cells were plated on media containing C10:0 MG, C12:0 MG,
or C12:0 FFA at concentrations as low as two times the MIC
(frequency, ,1028).

DISCUSSION

The in vitro antimicrobial properties of FFAs and fatty acid
ester derivatives have been known for many years (2, 20, 23).
The antibacterial activity associated with these compounds has
been found with FFAs and MG derivatives of FFAs but not
with di- or triacylglycerides (16). The results from our studies
show for the first time that a variety of medium-chain MGs are
bactericidal for H. pylori, the gram-negative bacterium associ-
ated with chronic superficial gastritis and peptic ulcer disease
in humans. In contrast, other investigators have reported that
a variety of gram-negative bacteria, including Escherichia coli,
Salmonella spp., and Proteus spp., are not inhibited by FFAs or
MGs (5, 15, 19). Our results indicate that the in vitro inhibitory
activity of MGs against H. pylori is associated with both even-
and odd-chain MG forms ranging in chain length from C10 to
C14, with MICs of C10:0 MG and C12:0 FFA, for example,
ranging from 0.12 to 0.25 mM. Monolaurin, a saturated C12
MG, exhibited greater bactericidal activity than a C12:1 MG
containing a single double bond, indicating that saturation is
important for bactericidal activity by medium-chain MGs. We
also compared the antibacterial activities of odd- and even-
chain FFAs ranging from C4:0 to C16:0 and found that lauric
acid (C12:0) was the only FFA that showed bactericidal activity
against H. pylori. This finding is in contrast to results reported
by others showing inhibition of gram-negative bacteria by a

TABLE 2. Association of MG or FFA chain length with
bactericidal activity for H. pylori ATCC 43629

MG or
FFA
chain
length

Change in no. (log10 CFU/ml) of viable H. pylori cells after
exposure toa:

FFA MG

1 mM 5 mM 1 mM 5 mM

Control 20.18 6 0.17 20.18 6 0.17 20.11 6 0.11 20.11 6 0.11
C4:0 20.19 6 0.23 20.30 6 0.20 NAb NA
C5:0 20.21 6 0.19 20.23 6 0.10 NA NA
C6:0 20.17 6 0.14 20.19 6 0.21 NA NA
C7:0 20.16 6 0.09 20.19 6 0.09 NA NA
C8:0 20.89 6 0.90 20.77 6 1.09 20.68 6 0.96 24.15 6 1.21c

C9:0 20.21 6 0.11 20.23 6 0.11 22.49 6 0.64c 24.74 6 0.36c

C10:0 20.56 6 0.74 20.53 6 0.79 25.68 6 0.72c NTd

C11:0 20.43 6 0.13 20.48 6 0.01 24.78 6 0.29c 24.78 6 0.29c

C12:0 25.42 6 0.78c NT 25.42 6 0.78c NT
C13:0 20.50 6 0.12 20.60 6 0.10 24.78 6 0.29c 24.78 6 0.30c

C14:0 20.20 6 0.08 20.71 6 0.21 24.07 6 0.59c 24.66 6 0.25c

C15:0 20.43 6 0.68 20.54 6 0.61 21.91 6 0.08c 22.47 6 0.78c

C16:0 20.34 6 0.72 20.36 6 0.67 21.41 6 0.39 21.48 6 0.13
C17:0 20.43 6 0.74 20.45 6 0.82 20.28 6 0.13 20.18 6 0.19
C12:1 NA NA 21.69 6 0.54 22.54 6 0.39c

aMean change (6 standard deviation) in number of viable cells following a 1-h
incubation of H. pylori with the indicated MG or FFA (pH 7). The initial
inoculum for test bacteria was approximately 5 3 105 CFU/mL. Results from
duplicate determinations are shown.
b NA, not available.
c Significantly different from control (P , 0.05).
d NT, not tested.

TABLE 3. Effect of pH on in vitro bactericidal activity of MG and
FFA for H. pylori ATCC 43629

MG or FFA pH
Change in no.
(log10 CFU/ml)

of viable H. pylori cellsa

None (control) 7.0 5.65 6 0.04
5.0 0.21 6 0.10
4.0 20.34 6 0.51
3.0 22.64 6 0.04b

C10:0 MG (monocaprin) 7.0 24.64 6 0.04b

5.0 24.64 6 0.04b

4.0 24.64 6 0.04b

3.0 24.64 6 0.04b

C12:0 FFA (lauric acid) 7.0 24.64 6 0.04b

5.0 24.64 6 0.04b

4.0 24.64 6 0.04b

3.0 24.64 6 0.04b

aMean change (6 standard deviation) in number of viable cells versus control
at pH 7 following a 1-h incubation with 1 mM C10:0 MG or C12:0 FFA at the
indicated pH. The initial inoculum for test bacteria was approximately 5 3 105

CFU/ml. Results from duplicate determinations are shown.
b Significantly different from pH 7 control (P , 0.05).
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primarily short-chain FFA (27). While the test strains of H.
pylori employed in our study exhibited similar levels of suscep-
tibility to the antibacterial properties of MGs and FFAs, it
should be recognized that our results were obtained with four
laboratory strains of H. pylori as opposed to fresh clinical
isolates.
Criteria to be considered during the evaluation of the anti-

microbial activity of an agent against H. pylori should include
not only the in vivo efficacy but also the ability of H. pylori
strains to develop resistance to the agent. We evaluated the
frequency of spontaneous emergence of resistance to MGs
among strains of H. pylori for comparison with the develop-

ment of resistance to metronidazole and tetracycline, two an-
timicrobial agents which are commonly included in current
triple-therapy regimens used to treat H. pylori infections. Our
results showed a much lower frequency of development of
spontaneous resistance to C10:0 MG, C12:0 MG, and C12:0 FFA
than to metronidazole and tetracycline. The mechanism by
which FFAs or MGs exert bacterial killing is thought to involve
damage to the bacterial outer membrane leading to increased
membrane fluidity and permeability (8, 9). Thompson et al.
(29) found that the inhibitory effects of long-chain polyunsat-
urated fatty acids for H. pylori were associated with the incor-
poration of the unsaturated fatty acid into bacterial mem-

TABLE 4. Bactericidal activity of MG and FFA for H. pylori ATCC 43629 in high-protein nutritional diets

Test MG or FFA Concn
(mM)

Change in no. (log10 CFU/ml) of viable H. pylori cells in liquid dieta

Sustacal Nutrament Ultracal

None (control) 20.29 6 0.11 0.02 6 0.06 20.18 6 0.14

C8:0 MG (monocaprylin) 5 20.37 6 0.51 24.29 6 0.08b 0.22 6 1.55
10 23.66 6 0.93b 23.94 6 0.41b 23.64 6 1.15b

C10:0 MG (monocaprin) 5 23.78 6 0.41b 24.00 6 0.32b 24.40 6 0.07b

10 23.91 6 0.45b 24.14 6 0.90b 24.40 6 0.07b

C12:0 MG (monolaurin) 5 23.41 6 1.04b 24.14 6 0.52b 23.04 6 1.38b

10 23.77 6 0.43b 23.87 6 0.12b 24.40 6 0.07b

C8:0 FFA (caprylic acid) 10 0.51 6 0.16 NTc 20.20 6 0.27
20 0.19 6 0.29 20.15 6 0.06 20.36 6 0.63

C10:0 FFA (capric acid) 10 0.29 6 0.12 NT 20.05 6 0.21
20 0.29 6 0.28 20.07 6 0.01 20.06 6 0.23

C12:0 FFA (lauric acid) 10 20.05 6 0.49 NT 21.05 6 0.34
20 22.98 6 0.50b 20.05 6 0.67 24.01 6 0.62b

aMean change (6 standard deviation) in number of viable cells following a 1-h incubation of H. pylori with MG or FFA in the indicated liquid diet. The initial
inoculum for test bacteria was approximately 5 3 105 CFU/ml. Results of at least triplicate determinations are shown.
b Significantly different from control (P , 0.05).
c NT, not tested.

TABLE 5. Frequency of spontaneous development of resistance to MG, FFA, or antibiotics by H. pylori

Test agent ATCC
strain

MIC
(mM)

Frequency of resistant mutants at concn ofa:

23 MIC 53 MIC 103 MIC

C10:0 MG (monocaprin) 43579 0.20 ,1028 ,1028 ,1028

43629 0.24 ,1028 ,1028 ,1028

49503 0.24 ,1028 ,1028 ,1028

C12:0 MG (monolaurin) 43579 0.18 ,1028 ,1028 ,1028

43629 0.18 ,1028 ,1028 ,1028

49503 0.18 ,1028 ,1028 ,1028

C12:0 FFA (lauric acid) 43579 0.12 ,1028 ,1028 ,1028

43629 0.25 ,1028 ,1028 ,1028

49503 0.12 ,1028 ,1028 ,1028

Tetracycline 43579 0.0002 .1 3 1025 .1 3 1025 ,1028

43629 0.0002 .1 3 1025 2.4 3 1026 ,1028

49503 0.0002 1.5 3 1026 ,1028 ,1028

Metronidazole 43579 0.02 .1 3 1025 8.6 3 1026 5.1 3 1026

43629 0.01 7.9 3 1026 ,1028 ,1028

49503 0.01 .1 3 1025 4.8 3 1027 ,1028

a Number of spontaneous mutants found after incubation of H. pylori (;108 CFU) on horse blood agar media containing the indicated concentration of MG, FFA,
or antibiotic. Results are representative of data obtained from at least two individual experiments with each strain of H. pylori.
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branes followed by development of abnormal cell forms and
cell lysis. It is possible that medium-chain MGs or FFAs utilize
a similar mechanism to inactivate bacteria, which might explain
the low frequency of development of resistance to MGs in our
study. Others have suggested that the bactericidal effects of
polyunsaturated fatty acids are caused by toxic lipid peroxides
generated from an oxidative process involving H2O2 and iron
(19).
While numerous studies have confirmed the antibacterial

activities of FFAs and MGs in vitro, evidence of in vivo ben-
efits is still lacking. Several important questions regarding the
efficacy of FFAs and MGs against Helicobacter infection of
gastric tissues in vivo remain. Because FFAs and MGs are
rapidly absorbed in the upper bowel (3), oral administration of
MGs or FFAs may not be effective against enteric pathogens
that inhabit the lower small intestine or colon. The amount of
digestion and absorption of FFAs and MGs that occurs in the
stomach, however, appears to be minimal (3, 6), suggesting
that oral MGs may be effective against gastric infection with H.
pylori in patients with gastritis or ulcer disease. It is not known
whether orally administered MGs or FFAs will retain bacteri-
cidal activity against H. pylori in the presence of food and acid
secretions in the lumen of the stomach. Previous studies have
shown that the bactericidal activity of surface-active agents like
MGs is markedly reduced in the presence of proteins, presum-
ably because of the formation of lipid-protein complexes (10).
Our results show that various medium-chain MGs and C12:0
FFA (lauric acid) maintain bactericidal activity in the presence
of high levels of protein in dietary supplements. However,
higher levels of MGs, and especially of lauric acid, were
needed to achieve the same level of bacterial killing. The effect
of gastric secretions on the bactericidal activity of MGs and
FFAs against H. pylori is also unknown. Our results further
demonstrate that C10:0 MG and C12:0 FFA are bactericidal for
H. pylori in vitro at both neutral and acidic pHs (4 to 7). The
impact of the possible absorption of MGs by gastric tissues and
gastric lipase activity on the availability of MGs or FFAs for
inactivation of H. pylori is not known. Finally, it is not known
whether FFAs or MGs are capable of penetrating the mucus
layer to gain access and exert bactericidal effects on H. pylori
that may be present either on epithelial surfaces or deep within
gastric pits. These questions can be addressed only through
careful evaluation of the effectiveness of MGs and FFAs
against Helicobacter infections in either animal studies or hu-
man clinical trials.
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