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Unconjugated bilirubin ameliorates the inflammation and
digestive protease increase in TNBS-induced colitis
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Abstract. The authors previously demonstrated that uncon-
jugated bilirubin (UCB) may inhibit the activities of various
digestive proteases, including trypsin and chymotrypsin. The
digestive proteases in the lower gut are important in the patho-
genesis of inflammatory bowel diseases. The effects of UCB on
the inflammation and levels of digestive proteases in feces of rats
with colitis have not yet been revealed. The present study inves-
tigated the effect of UCB on the inflammatory status and levels
of trypsin and chymotrypsin in the feces of rats with trinitroben-
zenesulfonic acid (TNBS)-induced colitis. The data indicated
that treatment with TNBS resulted in a marked reduction in
weight gain, which was significantly alleviated in UCB-treated
rats. Furthermore, UCB treatment alleviated the inflamma-
tion induced by TNBS, detected via macroscopic damage
and microscopic inflammation scores, and pro-inflammatory
markers including myeloperoxidase (MPO), tumor necrosis
factor (TNF)-a and interleukin (IL)-1p. Furthermore, rats with
colitis demonstrated significant increases in fecal trypsin and
chymotrypsin levels, whereas UCB treatment significantly
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alleviated these increases. A significant positive correlation was
additionally revealed among the pro-inflammatory markers
(MPO, TNF-a and IL-1p) and fecal digestive proteases (trypsin
and chymotrypsin) in colitis. The results of the present study
demonstrated that UCB ameliorated the inflammation and
digestive protease increase in TNBS-induced colitis.

Introduction

Inflammatory bowel disease (IBD) is a group of immunologi-
cally and genetically mediated chronic inflammatory conditions
of gastrointestinal (GI) tract, including ulcerative colitis (UC)
and Crohn's disease (CD) (1,2). The incidence of IBD was
emerged and dramatically increased in the last century, with its
cause remained regarded by the mainstream as unknown (3.4).
Up to date, all the treatments are mainly targeting the inflam-
mation, using corticosteroids, immunosuppressive agents such
as azathioprine or 6-mercaptopurine, anti-inflammatory agents
such as 5-aminosalicates, or biologics such as anti-TNF-a anti-
bodies (5-7).

Multiple studies showed that patients or animals with IBD
have increased fecal digestive proteases such as trypsin and
chymotrypsin (8-10). Furthermore, the serine proteases inhibi-
tors (e.g., Bowman-Birk protease inhibitor, BBI) are important
anti-inflammatory agents for various inflammations (e.g., skin
rosacea, multiple sclerosis) and autoimmune diseases (11-13).
Especially, the therapeutic effect of BBI on IBD patients or
experimental animal colitis was confirmed (14,15). The diges-
tive enzymes located in the GI tract are the potential and vital
therapeutic targets for IBD treatment accordingly (16,17).

As an important endogenous substance largely distributed
in GI tract, the unconjugated bilirubin (UCB) from heme
metabolism by the heme oxygenase-1 (HO-1) is an effective
antioxidant (18). Our recent studies using bile duct ligated rats
confirmed the critical role of unconjugated bilirubin in inactiva-
tion of digestive proteases and gut protection (19,20). Whereas,
the specific effects of UCB on the inflammation in colitis, and
the modifications of digestive proteases levels are still unre-
vealed. Therefore, we designed a UCB treatment study on an
experimental colitis rats model to confirm the effect of UCB
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Table I. Criteria for the assessment of macroscopic colonic damage scores.

Criteria Score Appearance
Ulceration and inflammation 0 Normal, no damage
1 Focal hyperemia, no ulcers
2 Ulcer without significant inflammation
3 Ulcer with significant inflammation at one site
4-5 Two or more major sites of ulceration/inflammation, or major
sites extending >1 cm along the length of colon
6-10 Major damage extending >2 cm along the length of colon, and
the score is increased by one point for each additional
centimeter of damage
Adhesions 0 Absence
1 Minor adhesions, easily separable from other tissues
2 Sever adhesions

on colitis management and the levels of digestive proteases in
feces.

Materials and methods

Animals. Male Sprague-Dawley (SD) rats (weight ~180 g) were
purchased from the Experimental Animal Center of the Second
Affiliated Hospital of Harbin Medical University. The study was
approved by the Animal Care and Use Committee of the Harbin
Medical University.

Drugs and reagents. Trinitrobenzenesulfonic acid (TNBS)
and unconjugated bilirubin (UCB) were purchased from
Sigma-Aldrich (St. Louis, USA). ELISA kits for trypsin, chymo-
trypsin, TNF-a, IL-1p and MPO were obtained from Beijing
Propbs Biotechnology Co., Ltd. (Beijing, China).

Induction of colitis and treatment with UCB. TNBS-induced
colitis was established as described previously (21). SD rats
were randomly divided into three groups: The normal control
group (Control group), the TNBS model group (TNBS group)
and TNBS model rats treated with UCB group (TNBS + UCB
group). After a 24 h fasting, the animals were slightly anes-
thetized with amobarbital sodium (25 mg/K, i.p.), and then a
medical-grade polyurethane cannula was inserted into the anus
with the tip positioned about 8 cm proximally to the anus. TNBS
group received colonic instillation of 1 ml of 50% ethanol in
saline containing 25 mg TNBS, while the control group received
1 ml saline (22,23). After colonic instillation, the UCB treatment
group received an intra-gastric gavages of 3.5 ml UCB (40 uM,
UCB is dissolved in 0.4% dimethyl sulfoxide at concentrations
up to 40 uM) (19,23), while the Control and TNBS groups
received equal volume of saline solution. All animals were
recorded daily for body weight and total feces were collected
daily and stored at -4°C (24). On day 1, 3 and 7 after UCB treat-
ment, rats were sacrificed and colon about 8 cm above the anus
was harvested and stored for further analysis (19,22-24).

Assessment of colonic damage. Colonic damage was assessed
by both Macroscopic Damage Scores (MDS) as shown in

Table II. Criteria for the assessment of microscopic colonic
inflammation scores.

Criteria Score
Inflammatory cell infiltrate 0-3
Gut wall layers infiltrated 0-3
Loss of mucosal architecture 0-3
Edema 0-1
Max score 10

Table I (25,26), and histological inflammation scores using
Hematoxylin and eosin (H&E) staining (19), based on the
following parameters (Table II): Inflammatory cell infiltrate,
loss of mucosal architecture, gut wall layers infiltrated, and
edema (19,27).

Assay of trypsin and chymotrypsin in feces, and TNF-a, IL-15
and myeloperoxidase (MPO) in colonic tissue. The concentra-
tions of trypsin and chymotrypsin in feces, TNF-a, IL-1p and
myeloperoxidase (MPO) in colon tissue, were assessed by
ELISA kits, based on the manufacturer's instructions. Results
of trypsin, TNF-a, IL-13 were expressed as pg/mg, and chymo-
trypsin and MPO were expressed as U/g.

Statistical analysis. Results were expressed as mean + SEM.
Differences between groups were determined by one-way
ANOVA with LSD or Tamhane multiple comparisons post hoc
tests, using SPSS version 19.0 (IBM SPSS, Armonk, NY, USA).
The correlations were assessed using linear fit in Origin-Pro8
(OriginLab Corporation, Northampton, MA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results
UCB alleviates loss of body weight in TNBS-treated rats. The

body weight of rats was measured once daily for 7 days, and
the body weight change relative to pre-treatment of rats was
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Table III. Correlation analysis of digestive proteases and inflammatory markers.
Digestive enzymes

Statistics of linear fit Chymotrypsin (U/g) Trypsin (pg/mg)
Inflammatory markers Slope R-Square P-value Slope R-Square P-value
MPO (U/g) 1.704 0.775 0016 0.604 0.839 3.241E4
TNF-a (pg/mg) 0.455 0.749 0.007 0.212 0.916 3.276E-5
IL-1P (pg/mg) 0.112 0.750 0.007 0.033 0.823 0.001

Pearson's correlation coefficient was used to correlate the digestive enzymes and inflammatory markers. The correlation significance was

considered when P values were lower than 0.05.
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Figure 1. Change of body weight. The body weight change relative to
pre-treatment was plotted and the data was expressed as mean + SEM (n=5 in
each group). "'P<0.05, ""P<0.001 vs. TNBS group.

calculated. From our data (Fig. 1), TNBS caused dramatic reduc-
tion in body weight gain, while UCB treatment significantly
alleviated this body weight loss from day 1 to day 3 (P<0.05).

Effects of UCB on macroscopic and histological pathological
changes of rats with TNBS-induced colitis. Meanwhile, TNBS
caused momentous damage of colonic tissues (Fig. 2A).
Furthermore, the MDS of TNBS-treated rats were significant
higher than control rats (P<0.001 from day 1 to day 7), whereas
the MDS of UCB treated rats was significantly lower compared
to TNBS alone (P<0.01 at day 3 and 7) (Fig. 2B and Table I).
While there was no significant difference at day 1 and day 7,
our data demonstrated significant ameliorating effect by UCB
treatment at day 3 with histological staining (Fig. 3A) and
microscopic colonic inflammation scores (Fig. 3B, P<0.001).

Effects of UCB on TNBS-induced increases of pro-inflammatory
cytokines in the colon tissue. Same as reported by others (28),
the results of our experiment showed TNBS caused significant
increases in TNF-a, IL-1 and MPO in the colon, while treat-
ment with UCB alleviates these changes (Fig. 4A-C).

Changes of fecal digestive proteases. As previous studies showed
that the fecal digestive proteases (trypsin and chymotrypsin)
were increased in IBD (8,10,29). Therefore, we measured the
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Figure 2. Macroscopic Damage of the colon. (A) Representative images of
macroscopic damage of the colon. Scale bars, 2 cm, n=4-6 in each group.
(B) Macroscopic Damage Scores (MDS). Data are expressed as mean + SEM
and results were analyzed using Student's t-test, n=4-6 in each group.
“P<0.01, ""P<0.001.

fecal trypsin and chymotrypsin levels of the different groups
of rats. Our results demonstrated that both trypsin and chymo-
trypsin were significant increased from day 1 to 7 after TNBS
treatment (Fig. 5), however, the UCB treatment significantly
reduced the levels of trypsin and chymotrypsin (P<0.01 on
day 3). To explore the relationship among changes of digestive
proteases in gut lumen and pro-inflammatory cytokines in colon
tissue, we further conducted a correlation analysis among these
parameters using the data collected on day 3. It showed positive
significant correlations (Pearson's correlation coefficient, slop
>0, P<0.05) among these parameters (Table III).

Discussion

UCB is previously known as a toxic endogenous substance
on nervous system in high concentrations, but also a pivotal
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Figure 3. Representative images of histological changes of the colon (A) H&E staining (magnification, x40). (B) Microscopic colonic inflammation scores. Data
are expressed as mean = SEM and results were analyzed using Student's t-test, n=3-6 in each group. ““P<0.001.
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Figure 4. Changes of (A) TNF-a, (B) IL-1f3 and (C) MPO in colonic tissues. Data points are expressed as mean = SEM (n=5 in each group). "P<0.05, “P<0.01

as analyzed by the Student's t-test.

antioxidant in low concentrations (18), that plays an important
potential protection role in vascular endothelial function, exper-
imental murine colitis (30-32), and other disorders including

non-alcoholic steatohepatitis and advanced fibrosis (30).
Moreover, as a key upstream modulator for endogenous bili-
verdin generation, HO-1 has been proved with various protective
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Figure 5. Changes of (A) trypsin and (B) chymotrypsin. Data are expressed as mean + SEM (n=5 in each group). 'P<0.05, “P<0.01, ““P<0.001 as analyzed by

Student's t-test.

effects on atherosclerosis (30,33), immuno-related inflamma-
tion (33), and also experimental murine colitis mediated by
UCB (31,34). However, the anti-inflammatory mechanism
of HO-1/UCB axis are still unclear, and the role of UCB on
inflammatory bowel diseases with anti-inflammatory property
is attractive.

In our previous studies, we have observed increased activi-
ties of fecal trypsin and chymotrypsin in animals with bile
duct ligation (BDL) (19,20). From results above, UCB admin-
istrated ameliorates the tissue damage and inflammation in the
gastrointestinal tract of TNBS-induced colitis. Interestingly,
the levels of trypsin and chymotrypsin in feces of TNBS
group were both significantly increased, and ameliorated under
the UCB treatment, while did not change after administration
in normal control rats (data not shown). Moreover, significant
positive correlations were identified by the linear fitting analysis
results of digestive enzymes (trypsin and chymotrypsin) and
inflammatory markers levels (MPO, TNF-a and IL-1B). In
addition, proteases are important in inflammation process via
protease activated receptors in various tissues (11,12,29), and
the anti-inflammatory roles of digestive enzymes inhibitors or
serine protease inhibitors for trypsin and chymotrypsin has been
reported (17). Therefore, the digestive proteases could be the key
mediators and targets for the anti-inflammatory effects of UCB,
and the proteases reduction by UCB would be one of the impor-
tant therapeutic pathway for the treatment of inflammatory
diseases like colitis. Notably, the limitations of this study are
that the detail mechanisms for direct anti-inflammatory effects
or digestive proteases inactivation dependent anti-inflammatory
effects of UCB on colitis are still unrevealed, while our results
in this study have demonstrated that the UCB treatment amelio-
rates the inflammation and digestive proteases increase in the
gastrointestinal tract of TNBS-induced colitis.
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