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Abstract: Inflammatory Bowel Disease (IBD) is a chronic and frequently disabling inflammatory disorder of the intes-
tine. New developments in IBD therapy are primarily focused on biologic treatments; however, they are both expen-
sive and associated with significant side effects. Here, we provide the first preclinical evidence that YunNan BaiYao
(YNBY), a well-known traditional Chinese herbal remedy frequently used for treating hemorrhages and wounds, can
effectively alleviate experimental colitis. Oral administration of YNBY in drinking water significantly reduced the dis-
ease activities of both DSS- and TNBS-induced experimental colitis. Mechanistic studies revealed that the effective-
ness of YNBY was not due to an anti-bacterial function since YNBY had no effect on E. coli growth. Rather, it exhibited
an anti-inflammatory or immunosuppressive function: In the DSS colitis model, YNBY treatment decreased the levels
of several pro-inflammatory cytokines in colonic mucosa, including TNFa, IL-12p40, and IL-17. Similar cytokine
changes were also observed in mouse serum, suggesting that systemic changes in general reflect the changes in the
affected colon. Significant down-regulation of IL-12p40 and IL-17, in addition to IFNy, was also seen in TNBS-colitis
model. Another potential mechanism for the anti-inflammatory effects of YNBY involves the selective suppression of
pro-inflammatory immune cells: YNBY effectively suppressed the growth of multiple T- and B-lymphocytes, including
Molt-4, Jurkat, and EBV-transformed human B-lymphocytes, more potently than 6-mecaptopurine (6-MP) and 5-
aminosalicylic acid (5-ASA), two of the most commonly used first-line drugs in IBD therapy. In sharp contrast, YNBY
exhibited no cytotoxicity to colonic epithelial cells (Caco-2 cells), even at the concentration 10-fold higher than that
used in the lymphocyte model; and instead promoted cell spreading and wound healing. These results strongly sug-
gest that YNBY not only has effective anti-inflammatory properties through suppressing lymphocyte growth and pro-
inflammatory cytokine expression, but also can promote intestinal epithelial wound-healing and repair. Therefore,
YNBY demonstrates strong potential as an alternative herbal therapy for IBD.
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Introduction

Inflammatory bowel disease (IBD) is an idio-
pathic, chronic and frequently disabling inflam-
matory disorder of the intestine, characterized
by the infiltration of pro-inflammatory cells into
the intestinal mucosa [1-3]. IBD is generally
classified into two subtypes: Crohn’s disease
(CD) and ulcerative colitis (UC) [1, 2, 4]. In the
United States alone, there are more than one-
million diagnosed IBD patients [5], resulting in
enormous suffering and health-care costs. The
precise etiology of IBD is unknown, but it is in-
creasingly clear that IBD is a complex multifac-
torial disease with both genetic and environ-

mental contributions [1, 3, 4].

Although there is no cure for IBD, a host of cur-
rent therapeutics reduce the chronic inflamma-
tion in the intestinal mucosa, including amino-
salicylates, corticosteroids, thiopurines, meth-
otrexate, cyclosporine, and biologics such as
anti-TNFa therapies [6-8]. The specific therapy
or combination of therapies prescribed for a
patient depends on disease severity and activ-
ity, anatomical location, and the nature and
extent of inflammation [8, 9]. Despite increasing
therapeutic options available for disease man-
agement, current IBD therapies have significant
limitations with regards to safety, efficacy, and
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applicability [6, 10, 11]. First, only approxi-
mately 60% of IBD patients respond to a par-
ticular IBD therapy currently on the market, as
IBD manifests itself in a heterogenic myriad of
forms that can vary greatly from patient to pa-
tient [12, 13]. Secondly, the majority of current
IBD therapies are associated with severe side
effects - sometimes rendering the treatment
more deleterious than the disease itself. For
instance, thiopurine drugs have been associ-
ated in subpopulations of patients with nausea,
bone-marrow suppression, hepatitis, allergic
reactions, infections, and possibly malignancy
[14, 15]. Anti-TNF-a treatments have been dem-
onstrated to be associated with fatal blood dis-
orders, infections, liver injury, drug-induced lu-
pus, demyelinating central nervous system dis-
orders, allergic reactions, and lymphoma and
other tissue cancers [10, 11, 13, 16]. Finally,
the expenses of IBD therapy are exorbitantly
high, particularly that of biologic therapies. For
example, anti-TNF-a biologic treatments ranged
typically from $3,900 to $6,000 per year for
episodic therapy, accumulating up to $36,000
per year for systemic therapy [17]. Caps on
most medical insurance plans permit coverage
for an only a subset of treatments per year, con-
ferring the rest of the payment to the patients
themselves.

Complementary and alternative medicine (CAM)
modalities have been categorized into several
classes, including herbal/nutritional, mind-body,
body-based, and energetic [18]. Once consid-
ered an ancient remedy exclusively used in the
“old world”, CAM is a rapidly growing area of
public interest in the Western countries [19]. In
the United States alone, out-of-pocket yearly
expenses on CAM were estimated to exceed
$34 billion in 2001 [20, 21] and growing.
Driven by increasing public interest, health care
practitioners and the medical research commu-
nity are also demonstrating great interest in
CAM, in search of not only more natural re-
sources for patient care, but also elucidating its
biology to justify its use in clinical applications,
or as a health-management alternative to im-
prove wellness [19]. Herbal medicine, constitut-
ing a major part of CAM [22], has attracted par-
ticular attention with its hypothesized ability to
modulate the immune system, for management
and prevention of various autoimmune diseases
[23]. A total of 11,146 different species of me-
dicinal plants have been recorded in CAM, span-
ning 383 families and 2309 genera [24]. Most
importantly, herbal therapeutics have tradition-
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ally been associated with minimal side effects,
as they usually are purely composed of natural
components [25-27].

Despite the great potential of these natural
remedies, there have been significant shortcom-
ings in herbal therapeutic research, including
inconsistent criteria in clinical application, insuf-
ficient preclinical studies using animal models,
ambiguous and often secretive bioactive ingre-
dients, and unclear pharmacological targets
[28, 29]. As a result, a large portion of available
clinical data involving herbal medicines is ques-
tionable, and their molecular mechanisms re-
main largely unknown, thereby significantly lim-
iting the clinical applications of CAM as medical
alternatives. Quite similarly, in terms of CAM
with regards to IBD, although widely used by
patients worldwide, there are to date limited
high quality research work at the levels of both
basic science and clinical application [30].

YunNan BaiYao (YNBY), also called Yunnan Pai-
yao in the past, formulated in either powder or
capsule forms, is an amalgamation of various
herbs and plants derived from southern China
[31]. It is considered “a must for first aid” low-
cost therapy in China for the treatment of both
internal and external hemorrhage and open and
closed wounds due to its well-known anti-
hemorrhagic haemostatic functions [32-34].
From a historical perspective, the Western world
was introduced to YNBY when the United States
military discovered North Vietnamese soldiers
carrying the drug for life-saving treatment of
wounds or bleeding in the Vietham War [31].
However, like many herbal medicines, the exact
ingredients of YNBY are not known, and pro-
tected as one of the major intellectual proper-
ties in medicine by the Chinese government.
Although there is a significant body of literature
(both preclinical and clinical study) on YNBY,
most of the studies were published in non-
English language journals that were not evalu-
ated by Thomson ISI, making it difficult to judge
their clinical or scientific merit. Here we report
for the first time that YNBY can effectively re-
duce the severity of murine experimental colitis
by both immune-suppressing and wound-
healing mechanisms.

Materials and methods
Experimental animals

Male and female C57BL/6 and BALB/c mice (6-
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8 wk, 18-22 g) (Jackson Laboratories, Bar Har-
bor, ME) were group-housed at the Johns Hop-
kKins Animal Facility under controlled tempera-
tures (25°C) and photoperiods (12:12-hour
light-dark cycle), and allowed unrestricted ac-
cess to a standard diet and tap water. For each
group of experiments, mice were matched by
age, sex, and body weight. Care and experimen-
tation of mice were performed in accordance
with institutional guidelines under protocols
approved by the Institutional Animal Care and
Use Committee at Johns Hopkins University.

Cell lines

Human T-lymphocytes, Molt-4 and Jurkat cells
were obtained from ATCC (Rockville, MD). EBV-
transformed human lymphocytes (B-
lymphocytes) were generated from a patient
with Crohn’s disease at Johns Hopkins Tissue
Culture Facility, under IRB protocols approved
by at the Johns Hopkins University. Caco-2/BBE
epithelial cells were described previously [35].

Antibodies

Primary antibodies used include goat anti-TNFx
and anti-IL-17 (Santa Cruz Biotechnology, Inc,
Santa Cruz, CA), rabbit anti-IFNy and anti-IL-12/
p40 (Biosource Intl, Camarillo, CA), and rabbit
anti-actin (Sigma-Aldrich, St. Louis, MO). Fluo-
rescently labeled secondary IRDye antibodies
were purchased from Rockland Immunochemi-
cals, Inc (Gilbertsville, PA).
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Figure 1. YNBY greatly improves the dis-
ease activity of DSS- induced UC-like colitis.
A. A schematic illustration of experimental
design: C57BL/6 mice (6-8 weeks old) were
given drinking water containing either DSS
alone or DSS and YNBY (1.5 mg/ml) at day
0. Clinical activity was scored daily. Mice
were sacrificed at day 8 for tissue collec-
tion. Mice that received neither DSS nor
YNBY were used as negative controls. B. A
representative view of the colon morphol-
ogy at the end of the YNBY treatment. With-
out YNBY, DSS induced severe colitis with
bloody stools (or no stool due to diarrhea)
- and colon-shortening. Both symptoms were
drastically improved by YNBY treatment,
and the colon exhibited some well-formed
stool pellets and no visible blood. C. Dis-
ease activity score of controls (green), DSS
alone (red), and DSS +YNBY (blue) mice. At
least 10 mice were used in each group.

SDS-PAGE and western blot analysis

Protein extraction and western blots were per-
formed as previously described [36]. Briefly,
total colonic mucosal proteins were extracted,
separated by SDS-PAGE, and transferred onto
nitrocellulose membrane. SDS-PAGE (using 10%
or 12.5 % SDS polyacrylamide gels) and protein
transfer were performed using Bio-Rad systems
(Bio-Rad, Hercules, CA). Western blot analyses
were performed using the Odyssey Infrared Im-
aging system (LI-COR, Lincoln, NE) as we de-
scribed previously [36, 37].

Induction and evaluation of experimental mur-
ine colitis

DSS- and TNBS-colitis models were established
in C57BL/6 and BALB/c mice, respectively, and
disease scores (disease activity index) were
evaluated as we previously described in details
[36].

Treatment of mice with DSS- and TNBS-colitis
using YNBY

In the treatment of both DSS- and TNBS colitis
mice, YNBY was dissolved in drinking water at a
final concentration of 1.5 mg/ml. For DSS-
colitis, YNBY was administered concurrently
with DSS at day 1 and disease activity was ob-
tained daily (Figure 1A). For TNBS-colitis mice,
YNBY was supplied after TNBS induction and
disease scores were calculated at day 8 (Figure
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2A). For each colitis model, one control group
was induced with colitis without YNBY admini-
stration, and another was neither induced with
colitis nor treated with YNBY. All mice were sac-
rificed at day 8, and the colon was isolated and
cleaned for histology and for mucosa protein
isolation and analyses by SDS-PAGE and West-
ern blot, as we previously described [36, 37].

Determination of anti-bacterial effect of YNBY

E. coli K12, a commensal bacterium in the
mammalian gut, was used as a model bacte-
rium in this study. E. coli K12 (50 ul; ODe00=0.6)
was plated evenly on LB agar plates, and incu-
bated overnight in the absence (negative con-
trol) or presence of various concentrations of
YNBY (0.0, 0.5, 5.0, 50, 500, and 5,000 pg/ml;
final concentration). Ampicillin (50 pg/ml) was
used as a positive control. Antibiotic activity was
judged by the growth of the bacteria on the LB
plates (the presence of bacterial colonies or
lawns). At least four independent experiments
were performed.

Assessment of killing of lymphocytes-killing or
suppressing by YNBY

Three different lymphocyte cell lines were
tested: EBV-immortalized B-lymphocytes and
two T-lymphocytes (Molt-4 and Jurkat cells).
Equal numbers of cells (1x108) were incubated
for 72 hours with various concentrations of
YNBY (0, 0.5, 1.0, 2.0, 4.0, and 10.0 ug/ml).
Lymphocytes were also incubated with various
concentrations of 6-mercaptopurine (6-MP) (O,

312

Figure 2. YNBY effectively suppress TNBS-induced
colitis. A. A schematic diagram to illustrate the
timing of each treatment. BALB/c mice (6-8 weeks
old) were induced for colitis using TNBS (0.5 mg in
0.1 ml 50% ethanol). Control (Ctrl) mice received
50% ethanol. Herbal formula YNBY (1.5 mg/ml)
was given to the treatment group in drinking water
1 day following TNBS treatment. Disease activities
were scored on day 8, immediately prior to sacri-
fice. B. A representative view of the colon morphol-
ogy at the end of the YNBY treatment. TNBS in-
duced severe colitis with bloody stools, and muco-
sal thickening and shortening, all of which were
markedly improved by YNBY treatment. No blood
was visible in the colon. C. Disease activity assess-
ment at day 8. Statistical analysis was done using
Origin software (*P< 0.01). At least 12 mice were
analyzed in each group.

0.1, 0.5, 1.0, 10.0, 100.0 pg/ml) and 5-
aminosalicylic acid (5-ASA) (0, 1.0, 10 pg/ml),
two of the most widely used first-line drugs in
current IBD therapy [6], for comparative pur-
poses. Cells were washed three times with PBS
buffer, and total lysates of each cell preparation
were extracted in equal volumes of lysis buffer.
Equal volumes of each lysate (~50 ug proteins
in the control cells) were separated by SDS-
PAGE and transferred onto nitrocellulose mem-
brane. Total proteins were stained with Ponceau
S for visualization. Between the treatment
groups, fewer proteins and lower staining inten-
sity reflect a decrease in cell numbers. At least
three independent experiments were performed
for each treatment.

Effects of YNBY on the growth of colonic epithe-
lial cells

To examine the specificity of YNBY’s cytotoxic
properties, cytotoxicity assays were preformed
on the colonic epithelial cell line Caco-2/ BBE,
one of the most commonly used intestinal
epithelial cell models. Caco-2/ BBE cells were
plated at 50% confluence in 6-well plates, and
incubated with various concentrations of YNBY
(0, 0.5, 1.0, 2.5, 5.0, 10.0 pyg/ml) for 96 hours.
Cells were harvested and total cellular proteins
were separated by SDS-PAGE. Proteins were
electrically transferred to nitrocellulose mem-
brane, and visualized by Ponceau-S staining.

Wound healing assays

YNBY was further tested for its ability to pro-
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mote intestinal mucosal healing - another po-
tential independent mechanism for its thera-
peutic effects. Caco-2/BBE cells were incubated
on 6-well plates in the presence of 1 ug/mL
YNBY (with no YNBY as control). The cells were
allowed to form a monolayer (3 days post-
confluence). The wound healing assay was per-
formed as described by Seltana et al, 2009
[38]. Briefly, wounds (scratches) were then gen-
tly created in the monolayer using a 200 ul pi-
pette tip (~0.6 mm in diameter), and subse-
quent wound healing (restitution of the denuded
epithelial cell areas) was monitored and photo-
graphed every 12 hours for 72 hours using a
Zeiss Axio Inverted Microscope (Zeiss, Thorn-
wood, NY) equipped with an Olympus DP72 Digj-
tal Camera (Olympus America Inc., Center Val-
ley, PA). The percentage of wound healing was
calculated using the MetaMorph imaging sys-
tem (Molecular Devices, Sunnyvale, CA) as pre-
viously described [38].

Analysis of major pro-inflammatory cytokines in
the colon or serum

Colonic mucosa was isolated from DSS- and
TNBS-colitis mice treated or not with YNBY, and
total mucosal proteins were extracted for cyto-
kine expression analyses by SDS-PAGE and
Western blot, as described previously [36]. The
protein levels of four major pro-inflammatory
cytokines, TNFa, IFNy, IL-12/p40, and IL-17,
were analyzed using corresponding antibodies
described in Antibody section above. Actin was
used as a loading control.

Serum level cytokines were measured by multi-
plex ELISA as we previously described [36] (See
details in Supplement Data).

Results

YNBY significantly reduced disease activity of
DSS- and TNBS-colitis mice

YNBY exhibited potent inhibition of both DSS-
induced (Figure 1) and TNBS-induced (Figure 2)
colitis. DSS alone induced severe colitis in con-
trol mice, with a time-dependent increase of
clinical disease activity, including bloody stools,
diarrhea (resulting in little stool left in the co-
lon), colon-shortening, and loss of body weight
[36]. YNBY treatment resulted in drastically de-
creased disease activity, and healthier colon
appearance (more stool and less shortening)
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(Figure 1B and 1C). By day 8, average disease
activity index for YNBY-treated DSS-colitis mice
maintained at ~1.0, comparable to that for the
healthy control mice without DSS induction (0.5)
(Figure 1C).

Similar beneficial effects of YNBY were also ob-
served in the TNBS-colitis model (Figure 2), al-
though less potently compared to the DSS
model. YNBY treatment resulted in ~50% reduc-
tion of disease activity in TNBS colitis (Figure
2C). These data provided the impetus to search
for a mechanistic basis of YNBY therapy in mur-
ine models of colitis.

YNBY is not anti-bacterial

Antibiotics have been known to be therapeutic
in IBD due to the involvement of gut commensal
bacteria in IBD pathogenesis [1, 6, 12, 39, 40].
Since topical application of YNBY alone (without
any antibiotic) is known to be effective in con-
trolling infections from open wounds and hem-
orrhages, it was conceivable that YNBY may
possess antibiotic properties that account for its
therapeutic efficacy in the murine colitis we ob-
served. Therefore, we first tested a potential
anti-bacterial mechanism for YNBY. As shown
in Figure 3, when equal numbers of E. coli K12
bacteria were incubated with either ampicillin
(A; positive control), or various concentrations
(B-F) of YNBY, there was no bacterial growth in
the positive control, (Figure 3A, as indicated by
translucence of the LB plate). On the other
hand, bacteria lawns were formed in all plates
containing YNBY, irrespective of YNBY concen-
tration (Figure 3B-F), even at a concentration of
5 mg/ml, which is >1,000-fold higher than the
concentration that potently suppresses lympho-
cytes (see Figure 4). This suggests that YNBY
has no anti-bacterial function, and that the
therapeutic effect of YNBY on DSS- and TNBS-
colitis is not due to its influence on commensal
bacteria.

YNBY exhibits dose-dependent suppression of
lymphocytes

Given that the purported anti-bacterial mecha-
nism was not responsible for the efficacy of
YNBY in treating murine colitis, we hypothesized
that YNBY may exert an anti-inflammatory func-
tion through potential cytoxicity to lymphocytes,
a bioactive property we observed in IBD drug 6-
MP (azathioprine). As shown in Figure 4A, YNBY
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Figure 3. YNBY does not have anti-bacterial capabilities against E. coli K12. 50 uL of E. coli K12 culture (OD=0.6) was
incubated on plates with various concentrations of YNBY (B-F) overnight, at 37°C on LB agar plates. E. coli was also
incubated with 50 pug/ml of antibiotic ampicillin (Amp) as a positive control (A), in which no bacteria grew (indicated
by translucence). In contrast, bacterial lawns formed at all doses of YNBY (B-F). The hand-written indication at the top
of each plate denotes the concentrations of the original YNBY stocks for our reference during the experiments. This
suggests that YNBY is not anti-bacterial. At least five independent experiments were performed.
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Figure 4. YNBY exhibits dose-dependent cytotoxic-
ity to both T- and B- lymphocytes, more potently
than 6-mercaptopurine (6-MP) and 5-
aminosalicylic acid (5-ASA), two of the most com-
monly used IBD medications. Total protein expres-
sion in cell lysates was used as an indicator of
change in cell numbers, as analyzed by SDS-PAGE.
A. As the concentration of YNBY treatment in-
creased, the total proteins reflected on the gel
decreased dramatically for both B-cells and T-cells
(Molt4 and Jurkat), indicating a drastic decrease in

exhibited potent dose-dependent suppressive
effects on all three lines of lymphocytes. As the
concentration of YNBY increased, total proteins
decreased (first gradually up to 1.0 yg/ml, then
dramatically afterward). At YNBY concentrations
of 2 ug/ml, essentially all lymphocytes tested
were suppressed, as indicated by the lack of
visible proteins. Surprisingly, YNBY suppressed
Molt4 cells more potently than the current IBD
drugs 6-MP (Figure 4B) and 5-ASA (Figure 4C). 5
-ASA was far less potent than either YNBY or 6-
MP, as it took as it took 4 times longer than
YNBY and 6-MP (12 days instead of 3 days) to
achieve similar cell-suppressing effects (Figure
4, compare C with A and B). These data suggest
that YNBY exhibits dose-dependent cytotoxicity
to lymphocytes, more potently than current IBD
drugs 6-MP or 5-ASA.
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YNBY exhibits no cytotoxicity to intestinal
epithelial cells

Although YNBY exhibited potent lymphocyte
suppression, its viability as an IBD drug is heav-
ily contingent upon its nontoxicity to non-
inflammatory cells, such as those in the intesti-
nal epithelium. As shown in Figure 5A, YNBY has
no influence on Caco-2/BBE cell growth, as evi-
denced by the constant total cellular proteins at
every concentration of YNBY. In comparison to
Figure 4, in which YNBY dose-dependently sup-
pressed lymphocytes, little or no change in total
protein concentration was observed in Caco-2/
BBE cells, even with longer incubation times (96
vs 72 hours) and higher concentrations of YNBY
(10 pg/ml). Thus, the lack of intestinal epithelial
cell suppression suggests that YNBY’s cytotoxic
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Figure 5. YNBY shows no cytotoxicity to Caco-2/BBE cells and promotes
cell spreading. A. Caco-2/BBE cells were plated at 50% confluence in 6-
well plates and incubated with various concentrations of YNBY for 72 hrs.
Cells were harvested and total proteins were analyzed by SDS-PAGE and
visualized by Ponceau S staining. No change in protein profiles suggests
no cytotoxicity of the drug to intestinal epithelial cells. B. YNBY promotes
formation of lamellipodia and wound healing of Caco-2/BBE cells. Com-
pared with the control (B-a; no YNBY), wounds on the cell layer closed
more rapidly in cells incubated with YNBY at 1 ug/ml (B-b). Cells incubated
with YNBY exhibited larger and more extensive lamellipodia (edges
marked by arrows) protruding from the wounded edges (marked by red
dotted lines) compared to these of untreated cells (B-a). Cells images
were taken with an Olympus DP72 Digital Camera on a Zeiss Axio Inverted
Microscope. C. The rate of wound healing is almost doubled in Caco-/BBE
cells treated with YNBY when compared to those untreated. At least five

tic effect of YNBY may be par-
tially attributed to its ability to
suppress the expression of pro-
inflammatory cytokines devel-
oped during the induction of
colitis. To test this hypothesis,
we analyzed, by SDS-PAGE and
Western blot, the colonic ex-
pression of multiple proinflam-
matory cytokines that are
known to be involved in the
pathogenesis of IBD, including
TNFa, IFNy, IL-17, and IL-
12p40. Consistent with our pre-

independent experiments were performed.

effects are specific to lymphocytes.

YNBY promotes promotes wound healing
through cell spreading

Not only did YNBY exhibit no cytotoxicity to Caco
-2/BBE cells, the drug enhanced wound healing
(faster closing of wounds) by promoting forma-
tion of lamellipodia (indicated by arrows) and
cell spreading and growth, as shown in Figure
5B. Specifically, in cells treated with YNBY
(Figure 5B-b), larger and more extensive lamelli-
podia (edges indicated by black arrows) are visi-
bly protruding from the wounded edges
(compared to those of the untreated cells, Fig-
ure 5B-a). More extensive lamellipodia protru-
sions signify more rapid cell spreading across
the wound compared to non-treated control
cells. We therefore performed wound-healing

315

vious report [36], DSS induced
a dramatic elevation of TNFa, IL
-17, and IL-12p40 in the colonic
mucosa compared to control
(Figure BA; lane 1 vs lane 3).
YNBY effectively reduced the expression of all
three pro-inflammatory cytokines, and IL-17
levels were essentially reduced to the control
levels (Figure 6A; comparing lanes 1, 2 and 3).
Interestingly, systemic (serum) levels of these
cytokines (TNFa, IFNy, IL-17, and IL-12) were
similarly down-regulated after YNBY treatment
(see Supplement Data), indicating that systemic
levels of cytokines generally correlate well with
those in the colonic mucosa where disease oc-
curs.

Similarly, in the TNBS model, YNBY also greatly
suppressed the expression of IFNy, IL-17, and IL
-12p40, which were heavily upregulated by
TNBS compared to controls (Figure 6B; compar-
ing lanes 1, 2, and 3). Thus, YNBY treatment of
both DSS- or TNBS-induced mice effectively de-
creased the colonic expression of all four proin-
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Figure 6. YNBY significantly decreases the TNFa and
IL-12p40 in mice with DSS-induced colitis. Colonic
mucosa was isolated from DSS-induced (A) or TNBS-
induced (B) mice. Total mucosal proteins were ex-
tracted and analyzed with SDS-PAGE Western-blots
using primary antibodies for TNF«, IFNy, IL-17, IL-
12p40, and actin (as a protein loading control). While
DSS- and TNBS-colitis both had significantly higher IL-
12p40 and IL-17 expression in the colon with addi-
tional elevations of TNFa in DSS-colitis and IFNy in
TNBS-colitis, YNBY treatment significantly decreased
all four proinflammatory cytokines examined. At least
3 mice were analyzed in each group.

flammatory cytokines examined, suggesting
another potential therapeutic mechanism for
YNBY.

Discussions

We present the first preclinical evidence that
YNBY has potent suppressive functions in mur-
ine models of experimental colitis, modulated
by several independent molecular and cellular
mechanisms of action. Our data suggest at least
three distinct yet functionally relevant mecha-
nisms that could potentially contribute to the
therapeutic effects of YNBY on colitis.

First, YNBY exhibits cytotoxicity to both B—and T
- lymphocytes in a dose-dependent manner,
with potency greater than the well-established
IBD drugs 6-MP and 5-ASA. Thus, potent cytoxic-
ity to lymphocytes suggest a potential mecha-
nism of 6-MP functioning as an immunomodula-
tor in IBD therapy. The cytotoxicity of YNBY is
highly selective toward lymphocytes, exhibiting
no detectable toxic effect on epithelial cells,
including intestinal epithelial cells (Caco-2; Fig-
ure 5) and kidney proximal tubule epithelial
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cells (OK-cells; data not shown). Thus, our data
suggest a strong and specific immunomodula-
tory function of YNBY that may be potentially
exploited for treatment of not only IBD, but also
other chronic inflammatory conditions.

Second, we demonstrated that YNBY could ef-
fectively promote cell spreading and wound
healing of Caco-2/BBE cells, as evidenced by
more extensive lamellipodia at the leading
edges of the wounds and faster wound closing
compared to the control. Inflammatory bowel
disease is commonly characterized by mucosal
damages such as lesions and ulcers, with alter-
nating periods of remission and exacerbation
[4, 2]. Thus mucosal healing is one of the most
significant parameters that defines and/or pre-
dicts clinical remission, and remains as an im-
portant goal of IBD management [43-45]. This
unique functional effect of YNBY on intestinal
epithelial cells suggests that YNBY could accel-
erate mucosal healing, thus shortening exacer-
bation periods and prolonging remission. It is
necessary to note that a recent study identified
unique nanofibers in YNBY [46], leading to the
speculation that these nanofibers may play an
important role in blood-clotting (cessation of
bleeding) and wound-sealing, the best-known
effects of YNBY. Therefore, further investigation
into the bio-properties of these nanofibers could
provide insight into the wound-healing mecha-
nism of YNBY in IBD therapy.

Finally, the immunomodulatory properties of
YNBY were demonstrated in vivo in colonic mu-
cosa of DSS- and TNBS-colitis mice. Administra-
tion of YNBY effectively suppressed the expres-
sion of four major pro-inflammatory cytokines:
TNFa, IFNy, IL-17, and IL-12p40 (Figure 5).
These cytokines are among the most studied
and characterized cytokines in IBD and have
been shown in both animal models and humans
to play a major role in IBD pathogenesis [2, 42,
47]. They are also among the most targeted
proinflammatory cytokines in the development
of biologic therapies for IBD [48, 49]. Currently,
the most effective and extensively evaluated
biologic drugs in treatment of IBD are TNFo-
neutralizing agents, including infliximab,
adalinumab and cetolizumab pegol [48, 50].
Furthermore, Ustekinumab, a humanized mono-
clonal 1IgG1 antibody against IL-12/p40 subunit,
which is shared by both IL-12 and IL-23 signal-
ing, simultaneously targets two major disease-
causing inflammatory pathways, Thl and Th17
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[51]. Therefore, YNBY’s ability to inhibit major
pro-inflammatory cytokines, including TNF-a and
IL-12/p40, provides another mechanistic expla-
nation for its anti-inflammatory function in treat-
ing experimental murine colitis, and further sug-
gests its significant therapeutic potential in the
safe and effective management of IBD.

In summary, we present both in vitro and in vivo
evidence to demonstrate that herbal medicine
YNBY has promising potential for future devel-
opment into an IBD treatment. The therapeutic
effects of YNBY can be attributed to its “triple
action”, including 1) selective cytotoxicity to-
ward lymphocytes, 2) promotion of wound heal-
ing in of colonic epithelial cells, and 3) immuno-
modulation through effective inhibition of pro-
inflammatory cytokines. This synergistic immu-
nomodulatory and wound-healing effects render
YNBY more unique than any other known drug
in IBD therapy.
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