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Diallyl Trisulfide Inhibits Tumor Necrosis
Factor-α Expression in Inflammed Mucosa

of Ulcerative Colitis

AI-PING BAI, MD,* QIN OUYANG, MD,† and REN-WEI HU, MD†

The present study aimed to investigate the effect of diallyl trisulfide (DATS) on tumor necrosis
factor (TNF)-α expression in inflammed mucosa of ulcerative colitis and its possible mechanism.
Colonic biopsies from ulcerative colitis were treated with 0, 1, 5, and 10 µM DATS for 24 hr. Lactate
dehydrogenase (LDH) activities and concentrations of TNF-α in supernatants were measured. mRNA
expressions of TNF-α in biopsies were analyzed by RT-PCR. The expression of NF-κB P65 in tissues
was studied by immunohistochemistry. Concentrations of TNF-α in supernatants of biopsies treated
with 5 and 10 µM DATS were lower than those of untreated biopsies. There were fewer lamina
propria mononuclear cells whose NF-κB P65 expression in nuclei was positive, and less mRNA
expression of TNF-α in biopsies treated with 10 µM DATS than in untreated biopsies. There were
no differences in LDH activities in supernatants between tissues treated with DATS and untreated
tissues. DATS could downregulate TNF-α production and inhibit NF-κB activation in lamina propria
mononuclear cells of inflammed mucosa, without any effect on the viability of colonic tussue cells.
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Garlic is a popular foodstuff throughout the world. Garlic
extract has been used to treat some diseases such as fun-
gal and bacterial infection in China for a long time ago
(1, 2). The properties of garlic extract have been well re-
ported, including antioxidational, antiatherosclerotic, an-
timutagenic, and anticarcinogenic properties (3–7). For
example, garlic extract can ameliorate oxidative stress and
preserve the activity of antioxidant enzymes in the kidney,
which means that garlic extract has a renoprotective ef-
fect in gentamicin-induced acute renal failure in rats (3).
Other studies have reported that garlic extracts were potent
agents for protecting LDLs against oxidation and glyca-
tion, and could benefit patients with diabetes mellitus or
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cardiovascular diseases by preventing complications (4).
Some epidemiological investigations have demonstrated a
reverse correlation between gastric cancer incidence and
garlic consumption (5), and a double-blind trial in China
showed that garlic extract could prevent the progression
of precancerous gastric lesions (6). A previous study sug-
gested that treatment with garlic oil can induce antitumori-
genic gene expression in human coloretal cancer cells 97).
Garlic extract, identified by gas chromatography, has three
main components: diallyl sulfide (DAS), diallyl disulfide
(DADS), and diallyl trisulfide (DATS) (8). The three com-
ponents have similar structures and often share the same
biological functions. However, the components, contain-
ing different sulfur atoms as their names show, have differ-
ent biological effectivities: ranked in order, DATS, DADS,
DAS (9). DATS is commonly used in more research.

The etiology of ulcerative colitis (UC) is still unclear.
It is believed that altered immunological function, re-
sulting from interplay between genetic susceptibility and
certain environmental factors, contributes significantly to
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mucosal inflammation of the gastrointestinal tract (10).
During the process of UC, tumor necrosis factor-α (TNF-
α) plays a pivotal role in the pathogenesis of altered mu-
cosal immune function (11). Nuclear factor-κB (NF-κB)
is the downstream molecule in the TNF-αsignal pathway
(12). Activation of NF-κB which is triggered by TNF-α
stimulation can regulate expression of proinflammatory
cytokines including TNF-α, which forms positive feed-
back and aggravates the inflammatory response in intesti-
nal mucosa (12). Furthermore, failure of clinical treatment
of UC has been related to early reactivation of TNF-α se-
cretory capacity by immunocompetent cells (13). Inhibit-
ing TNF-α secretion in inflammed mucosa of UC is the
goal of treating the disease and preventing relapse.

Garlic has been used for treating chronic diarrhea,
recorded in ancient Chinese medicine. A similar use has
been practiced recently. Treatment with garlic extract and
other antiviral agents successfully cured cytomegalovirus
enteritis in recipients of allogeneic peripheral blood stem
cell transplantation (14). However, there have been no re-
ports on the potential effect of garlic extract on UC. The
present study investigated the effect of DATS on TNF-α
expression in inflammed mucosa of UC and its possible
mechanism.

MATERIALS AND METHODS

Patients. Patients were seven women and five men, with age
range 21 to 65 years and median age 35 years. None of the
patients received corticosteroids, immunosuppressives, or cyto-
toxic drugs. The diagnosis of UC had been established by clini-
cal, endoscopic, histologic, and/or radiological criteria. The pres-
ence of infection or parasites was excluded by stool culture and
microscopic stool examination. Disease activity in UC patients
was determined using a grading scale including clinical and para-
clinical variables as described in detail (15). Among UC patients,
two had mild disease activity, six moderate disease activity, and
four severe disease activity. The study was approved by the local
Ethics Committee of the University of Sichuan Province.

Tissue Culture. Four to six mucosal biopsies within a 5-cm2

area of the colonic mucosa without macroscopic lesions were
taken from each UC patient by endoscopy. The biopsies were
weighed and washed in sterile PBS, pH 7.4, then incubated in
RPMI 1640 supplemented with 10% fetal calf serum, 250 U/ml
penicillin, 250 µg/ml streptomycin, 10 µg/ml gentamycin, and
0.625 µg/ml fungizone for 1 hr at 37◦C. After being washed in
sterile PBS, pH 7.4, three times, the specimens were cultured in
RPMI 1640 supplemented with 10% fetal calf serum, 100 U/ml
penicillin, 20 mM sodium bicarbonate. For 24 hr of culture, the
tissues were treated with 0, 1, 5, or 10 µM DATS (Shanghai
Hefeng Pharmacy Co., China; 97.98% purity). All tissues were
placed in a humidified 5% CO2 chamber at 37◦C. After 24 hr,
biopsies were collected and supernatants were stored at −70◦C
until analysis.

Enzyme-Linked Immunosorbent Assays (ELISAs) for
TNF-α. A TNF-α ELISA kit was supplied by Jingmei Biotech
Co. Ltd. (China). ELISAs were performed per the manufac-

turer’s instructions. In short, polyclonal goat anti-human TNF-α
antibodies were used as capturing antibodies, and biotinylated
polyclonal rabbit anti-human TNF-α antibodies as detecting an-
tibody. Streptavidin-HRP and TMBS were added as color indica-
tor. Plates were read at 450 nm right after the color reaction was
stopped with acid. All steps were performed at room temperature.

Measurement of LDH Concentration. A lactate dehydro-
genase (LDH) concentration measurement kit was purchased
from Nanjing Jianchen Biotechnology Inc. (China). LDH con-
centrations in supernatants were analyzed per the manufacturer’s
instructions using the spectrophotometric method (16). Tissue
viability was assessed based on release of LDH per milligram
tissue weight.

Reverse Transcription-Polymerase Chain Reaction (RT-
PCR). RNA from biopies was extracted using Trizol (Life
Technologies, Scotland) as described (17). Purified total RNA
was quantitated by absorbance at 260 nm. cDNA copy was
made from 1 µg of total RNA using a 5 mM concentration
of the appropriate antisense oligo(dT) primer for each cDNA
synthesis. Two different DNA fragments were amplified from
the cDNA generated. A 407-bp DNA fragment of TNF-α was
amplified using upstream primer TTAAGCTTTGGCTGAAC-
CGCCGGGCAATGCC and downstream primer CAGGATCCT-
CACAGGGGAATGATCCCAAAGTA, and a 194-bp fragment
of GAPDH as internal quality control using primers CCATGGA-
GAAGGCTGGGG and CAAAGTTGTCATGGATGACC. PCR
reaction was started with a denaturation step at 94◦C for 5 min,
proceeded with 30 cycles at 94◦C for 45 sec, 60◦C for 45 sec, and
72◦C for 1 min, and ended with a 10-min extension step. PCR
products were separated by 2% agarose gel electrophoresis, visu-
alized following ethidium bromide staining, and semiquantified
by comparing the products of TNF-α with that of GAPDH using
an imaging densitometer (GS-670; Bio-Rad).

Detection of Nuclear NF-κB P65 by Immunohistochem-
istry. The biopsies were fixed in 10% buffered formalin and
embedded in paraffin; sections of 4 µm were cut. After blocking
inner peroxidase, they were sequentially incubated with rabbit
anti-human NF-κB P65 (C20; Santa Cruz Biotechnology Inc.,
USA) at a dilution of 1:500, followed by three washes in PBS,
pH 7.4. The sections were then incubated in goat anti-rabbit
IgG conjugated to peroxidase-labeled polymer, colored by di-
aminobenzidine reaction, and counterstained with hematoxylin.
Sections were evaluated by light microscopy, and 100 lamina
propria mononuclear cells (LPMC) per high-power field (mag-
nification, ×704) were determined for statistical analysis. Cells
staining positive for anti-NF-κB (P65) antibody in the cytoplasm
and nucleus were counted as NF-κB-positive cells; those with
negative staining for anti-NF-κB (P65) antibody in the nucleus
were regarded as NF-κB negative cells in biopies. Negative con-
trols were established by omitting the primary antibodies.

RESULTS

LDH Activity. LDH activity in the supernatant of each
group after 24-hr culture is shown in Figure 1. There was
no difference in LDH activity in supernatants between
tissues without DATS treatment and those treated with 1,
5, or 10 µM DATS for 24 hr (P > 0.05).

TNF-α Concentration. The TNF-α concentration in
the supernatant of each group after 24-hr culture is shown
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Fig 1. LDH activity in the supernatant of each group. There was no
difference in LDH activity in supernatants between tissues without DATS
treatment and those treated with 1, 5, or 10 µM DATS for 24 hr (P >

0.05).

in Figure 2. The concentration of TNF-α in supernatant of
tissues treated with 1 µM DATS was a little lower than that
in control tissues, but there was no significant difference
between the two group’s tissues (P > 0.05). However,
tissues treated with 5 or 10 µM DATS for 24 hr produced
less TNF-α than untreated (P < 0.05) vs tissues without
DATS treatment.

RT-PCR Analysis. RNA from biopies was extracted
and mRNA products were analyzed by RT-PCR. Ampli-
fied products were separated on a 2% agarose gel and vi-
sualized by ethidium bromide staining. GAPDH was used
in the reaction as an internal standard. mRNA expressions
of TNF-α and GAPDH in untreated biopsies and those
treated with 10 µM DATS are shown in Figure 3. TNF-α
product of tissue treated with 10 µM DATS was less than
that of tissue without DATS treatment.

Immunuohistochemistry. An immunohistochemical
analysis was performed to identify cells with positive
staining for anti-NF-κB (P65) antibody in the cytoplasm
and the nucleus in biopies without DATS treatment or
treated with 10 µM DATS for 24 hr. Cells with positive
staining for anti-NF-κB (P65) antibody in the cytoplasm

Fig 2. TNF-α concentration in the supernatant of each group after 24-hr
culture. There was no difference in TNF-α concentration in supernatant
between tissues treated with 1 µM DATS and tissues without DATS
treatment, but tissues treated with 5 or 10µM DATS for 24 hr produced
less TNF-α than tissues without DATS treatment (P < 0.05).

Fig 3. mRNA expression of TNF-α and GAPDH in biopsies without
DATS treatment (lane 1) and treated with 10 µM DATS (lane 2). RNA
were extracted from biopsies and mRNA products were analyzed by
RT-PCR. Amplified products were separated on a 2% agarose gel and
visualized by ethidium bromide staining. GAPDH was used in the reac-
tion as an internal standard.

and the nucleus were counted as NF-κB-positive cells;
those with negative staining of the anti-NF-κB (P65) an-
tibody in the nucleus were regarded as NF-κB-negative
cells in biopies. There were 58.6 ± 7.3% NF-κB-positive
cells in lamina propria of biopsies without DATS treat-
ment (Figure 4A). Treatment with 10 µM DATS resulted
in a significant reduction (P < 0.01) vs tissues without
DATS treatment in NF-κB-positive cells in lamina propria
of biopsies: nuclear staining of anti-P65-antibody was ob-
served in only 42.6 ± 8.5% of cells in the lamina propria
(Figure 4B). However, there was no difference in epithe-
lia with nuclear NF-κB detected between biopsies without
DATS treatment and those treated with DATS.

DISCUSSION

The principal objective of this study was to deter-
mine whether garlic extract could modulate production of
TNF-α in colonic biopsies from patients with active UC.
TNF-α plays a pivotal role in the pathogenesis of altered
mucosal immune function during the process of UC (11,
18). Failure of clinical treatment of UC has been related
to early reactivation of TNF-α secretory capacity by im-
munocompetent cells (13). Inhibiting TNF-α expression
in inflammed mucosa of UC is the way to treat the disease
and prevent relapse. However, conventional drugs includ-
ing glucocorticoids, aminosalicyclic acids, and immuno-
suppressives, are not as effective in curing the disease, as
only some patients achieve remission. Some research has
explored new drugs to treat the disease, including butyrate
(19) and anti-TNF-α antibody (infliximab) (18). In this
study, we demonstrated for the first time that 5 or 10 µM
DATS can inhibit TNF-α production in colonic biopsies
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Fig 4. Immunohistochemical staining of sections from colonic biopsies without DATS treatment (A) and treated
with 10 µM DATS for 24 hr (B). An anti-NF-κB (P65) antibody was used to detect P65 in the cytoplasm and the
nucleus of cells in biopsies. Cells with positive staining for anti-NF-κB (P65) antibody in the cytoplasm and the
nucleus were counted as NF-κB-positive cells; those with negative staining for anti-NF-κB (P65) antibody in
the nucleus were regarded as NF-κB-negative cells in biopsies. (Original magnification, ×704.)
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of UC, 10 µM DATS more effectively. DATS may be a
potential drug for treatment of UC.

NF-κB activation plays an important role in the regula-
tion of proinflammatory cytokines in IBD (12), including
TNF-α, IL-8, and IL-6. In unstimulated immunocompe-
tent cells, NF-κB is confined to the cytoplasm as a homo-
or heterodimer bound to a member of the IκB family of
inhibitory protein. The majority of NF-κB dimer is com-
posed of the P65 and P50 subunits. When cells receive a
stimulus such as TNF-α or IL-1, IκB is phosphorylated
and released from the complex, followed by ubiquina-
tion and subsequent proteasomal degradation (20). NF-
κB then becomes activated, translocates to the nucleus,
and binds to the related gene promoter including TNF-α,
which forms a positive autoregulatory loop (21). Inhibiting
NF-κB activation is the very way to ameliorate the related
disease (18). Many effective drugs including glucocorti-
coids, aminosalicyclic acids, and butyrate can downreg-
ulate the inflammatory response in UC by inhibiting the
nuclear translocation and the activation of NF-κB. After
incubation in 10 µM DATS for 24 hr in the study, biopies
show fewer cells with nuclear NF-κB P65 positivity in the
lamina propria than without DATS treatment. This means
that DATS can successfully inhibit NF-κB activation in
lamina propria nuclear cells and downregulate the inflam-
matory response in mucosa of UC.

Garlic extract has many biological functions which can
benefit humans, including antioxidational, antiatheroscle-
rotic, antimutagenic, and anticarcinogenic properties.
However, some experimental studies have found that gar-
lic extract showed cytotoxicity. Sundaram et al. (22)
showed that 100 mM DADS was cytostatic to human tu-
mor cell lines such as HCT-15 (colon), A549 (lung), and
SK MEL-2 (skin), and inhibited growth of these cells.
Other research demonstrated that apoptosis of tumor cells
could be induced by garlic extract (23). When the toxic-
ity of garlic extracts to many nomal cells was discovered,
the cytotoxicity and genotoxicity of garlic extract toward
normal cells became the focus of investigations. Wu (24)
recently demonstrated that a high concentration of DATS
(0.05 or 0.25 mM) could affect the viability of rat primary
hepatocytes when exposed to different concentrations of
DATS for 24 hr, whereas a low concentration of DATS
(0.025 mM) did not show any cytotoxicity. In the present
study, LDH activity was evaluated as a potential marker of
intestinal damage to investigate the toxic effect of DATS
on inflammed mucosal tissues by LDH leakage assay (25).
There was no difference in LDH leakage between tissues
without DATS treatment and those treated with 1, 5, or 10
µM DATS for 24 hr, which means that treatment with a
low concentration of DATS did not affect the viability of
colonic tissue cells.

In conclusion, DATS can downregulate TNF-α pro-
duction and inhibit NF-κB activation of lamina propria
mononuclear cells in inflammed mucosa of UC, without
side effects on the viability of colonic tissue cells. DATS
may be a potential drug for treatment of UC.
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