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Background. Cholestatic liver injury is a leading cause of chronic liver diseases involved with oxidative stress changes and
inflammation; thus, antioxidant and anti-inflammation compound-rich guava may play a pivotal role in protecting against the
cholestatic liver damages. Our aims for this study are to determine whether guava pulp (GP) has protective effects on cholestatic
liver injury-induced mouse model and on interleukin-6 (IL-6) mediated proliferation of QBC939 cholangiocarcinoma cell line.
Methods. Mice were induced to cholestatic liver damage by left and median bile duct ligation (LMBDL) surgery and then treated
with GP. Plasma and liver samples were collected for biochemical and pathological assays. 5-Bromo-2-deoxyuridine (BrdU) assay
and Western blots were used to detect proliferation and gene expression in QBC939 cells, respectively. Results. Compared with
LMBDL only group, in GP-treated mice, the levels of alanine aminotransferase (ALT) and bilirubin decreased, biliary epithelial cell
proliferation and liver fibrogenesis were suppressed, Src/MEK/ERK1/2/c-Myc pathway and expressions of transforming growth
factor 𝛽1(TGF-𝛽1), tissue inhibitor of metalloproteinases TIMP), and procollagen 1𝛼1(COL1𝛼1) were downregulated significantly.
Moreover, the GP extract reduced IL-6-enhanced QBC939 cell proliferation, p-ERK, and c-Myc expression as well. Conclusions.
GP may provide a new perspective for the treatment of cholestatic liver injury.

1. Introduction

Cholestasis, which is caused by acute or chronic interruption
in bile export, is a well-known risk factor for complications
after liver surgery [1]. Also, it is an important cause of liver
damages. Posthepatic (obstructive) cholestasis is character-
ized by portal tract expansion, leukocyte infiltration, bile duct
and septal proliferation, liver fibrosis, and eventually cirrhosis
in human [2]. Patients with cholestasis, such as extrahepatic
bile duct cancer, are at a greater risk for postoperative liver
failure, sepsis, and death [3]. Therefore, intensive researches
are required to find effective therapeutic agents for cholestatic
liver injury.

Common bile duct ligation (CBDL) is a well known
cholestatic model of extrahepatic biliary obstruction [4].

However, CBDL generally develops hepatic, intraperitoneal,
and pulmonary abscesses, and even sepsis which leads to
the early mortality of CBDL animals. To establish a model
that is closer to the human situation, we established a new,
reproducible model of chronic cholestatic liver injury [5].
In order to study chronic cholestatic liver injuries better, we
also provided a detailed protocol for LMBDL surgery in this
report, which might provide a patient-like environment of
cholestatic liver injuries.

Guava is a plant that grows in tropical and subtropical
countries. It is widely used for its multiple pharmacological
activities. For example, guava leaf extract exerts hepato-
protective effects [6]. Guava fruits, which are known to
contain very rich natural antioxidant compounds [7], may
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exert antidiabetic effect through their antioxidative and anti-
inflammatory properties [8, 9]. Inflammation is important
for pathologic changes that occur during LMBDL-induced
cholestasis [5]. However, effects of GP on cholestatic liver
injury are not widely studied.

Inflammation-related interleukin-6 (IL-6) has been iden-
tified as a contributing factor to hepatic epithelial changes
during hepatic inflammation. It is known that IL-6 exerts
pleiotropic effects with both cytoprotective and mitogenic
effects in biliary tract epithelia [10]; it is also known that IL-6
expression is increased in bile duct ligation model of rat [11],
mice [12], cholestatic patients [13], and neonatal cholestasis
[14]. Moreover, IL-6 enhanced c-Myc translation in multiple
myeloma cells [15], and promoted c-Myc expression and
proliferation of cultured vascular smooth muscle cells [16].
However, whether GP protects IL-6-mediated QBC939 cell
proliferation and c-Myc gene expression is not determined.
In this report, we examined hepatoprotective functions of GP
using in vivo and in vitro cholestatic liver injury models.

2. Materials and Methods

2.1. Reagents. All other reagents were of analytical grade and
obtained from commercial sources.

2.2. Left and Median Bile Duct Ligation (LMBDL). Male
C57BL/6 mice aged 12–14 weeks were housed in a 21 ±
2∘C room on a 12 : 12 h dark-light cycle with free access to
water and food. Experimental protocols were approved by
the Xiangya Hospital of Central South University, Central
South University, Changsha, China. We performed LMBDL
to block the fluxed passages of bile in median and left lobes
(approximately 70% of the liver) and removed the gallbladder
to avoid cholecystitis [5]. The LMBDL surgery procedure
was detailed in Supplementary Figure 1 (see Figure 1 in
Supplementary Material available online at http://dx.doi.org/
10.1155/2013/601071).

2.3. Guava Fruit and Guava Pulp Extraction. Guavas were
sorted (Figures 1(a) and 1(b)), washed, and then crushed in a
blender. Fresh pureGP juice was stored in 10mL tubes, frozen
in −20∘C refrigerator, and thawed before gavage feeding.
After gavage feeding, remainder was thrown away.

For GP extraction, guava fruits were flushed by tap water
then washed in distilled water for three times, screw-capped,
and cut into small pieces before being dried in a hot air-
blowing oven at 50∘C. The GPs were ground to a very
fine powder in a blender and kept in refrigerator prior to
extraction and were extracted according to the method of
Bontempo et al. [17]. 10 g dry powder was extracted with
100mL of 70% alcohol in a screw-capped guava pulp and
shaken at room temperature for 24 h. The extracts were cen-
trifuged at 5000 g for 10min, and the residue was extracted
again under the same conditions twice and filtered with
filter paper (Whatman no. 1). The 70% alcohol extractions
were concentrated under low pressure, lyophilized to obtain
powders, and stored at 4∘C before assay.

2.4. Animal Groups, Diets, and Euthanasia. A standard chow
was fed to all mice throughout the study (3.79 kcal/g, with
24%energy derived fromprotein, 12% from fat, and 64% from
carbohydrate). To determine the dose-response protective
effects of GP on liver damage by LMBDL, we tested ALT
level at three doses of 10, 15, and 20mL/kg/BW GP juice.
Since 15mL/kg/BWGP juice had the best beneficial effect on
serum level of alanine aminotransferase (ALT) in the pilot
experiments (Figure 1(c)), the dose was applied for treatment
of LMBDL mice. For LMBDL, the mice were divided into
2 groups (8 per group) and given the following treatments:
group 1, LMBDL plus 0.9% saline solution gavage and group
2, LMBDL plus GP gavage. The mice from each group were
examined at day 0, 1, 7, and 28 after the start of the treatments.
All animals were checked for body weight, activity, and
jaundice daily from day 1 to day 7 after the LMBDL procedure
and every other day from week 2. Analyses were performed
on day 0, 1, 7 and 28 according to phase of LMBDL-induced
liver injury in the short (8–48 h), intermediate (3–7 days),
and long (14–45 days) term [18]. After treatments, mice were
deeply anesthetized by intraperitoneal sodium pentobarbital
(45mg/kg), and blood samples were quickly obtained by car-
diac puncture of the right atrium. Serum was then obtained
at speed of 120 g for 15min at room temperature and stored
individually at −80∘C before biochemical analyses.

2.5. Measurement of Alanine Aminotransferase and Bilirubin.
Bilirubin (Thermo Electron, WALTham, MA) and alanine
aminotransferase (ALT) (RAICHEM, SanMarcos, CA) levels
in serum and liver tissue were measured following the
manufacturers’ instruction.

2.6. Histology and Immunohistochemistry. Paraffin embed-
ded liver sections were stained with H&E or Sirius red
using standard histological techniques. Liver fibrogenesis was
analyzed by staining with 0.1% Sirius Red (Sigma, St. Louis,
MO), quantified using a computer-assisted image analysis
system (MetaMorph imaging system; Universal Imaging,
Downingtown, PA), and expressed as stained area per total
examined area as previously described [19]. In addition, sec-
tions were immunostained for c-Myc, Ki-67, and CK19 assays
(Abcam, Cambridge, MA). Proliferation of cholangiocytes
was assessed in liver sections from the treatment groups
by (1) immunohistochemical staining for CK19 (to assess
intrahepatic biliarymass) and (2) PCNA immunoreactivity as
a marker of proliferative capacity [20]. Ten small portal fields
were chosen per sample, and the number of bile ductules was
counted.

2.7. Gene Expression Assays. Mouse liver samples were
homogenized in Trizol (Invitrogen, Carlsbad CA) to
extract total RNA, which was then purified using RNA
easy minicolumn and on-column, digested with DNase
I (Qiagen, Valencia CA), and reverse-transcribed into
cDNA using SuperScript II RNase H Reverse Transcriptase
(Invitrogen, Carlsbad, CA). Quantitative real-time PCR
was performed in duplicate. 9𝜇L cDNA was mixed with
10 𝜇L 2 × TaqMan universal master mix and 1 𝜇L custom
20 × TaqMan primer and probe mix (Applied Biosystems,
Foster City, CA) for mouse procollagen 1𝛼1 (assay ID
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Figure 1: Effect of guava pulp on bilirubin and alanine aminotransferase (ALT) levels. (a) The guava tree. The guava tree is the apple guava
(Psidium guajava) tree. It is native to Mexico. (b) Guava fruit. Guava fruit is oval, with a soft and sweet taste. As guava becomes mature, the
skin changes into yellow from green, with deep pink fresh (“red” guavas) and the seeds in the central pulp of variable number and hardness.
(c) Dose response of GP on serum ALT level in the LMBDL. The mean ± standard errors are 37.5 ± 5.4, 644.2 ± 27.6, 418.6 ± 31.5, and
407.1 ± 30.2 in the groups of 0, 10, 15, and 20 (mL/kg/per each feeding). ∗𝑃 < 0.01 10mL/kg/per each feeding versus 15 and 20mL/kg/per
each feeding, respectively. (d) Bilirubin levels in the ligated and unligated lobes. Liver homogenate was extracted from the ligated (left and
median) and unligated (right and caudate) lobes to assess changes of bilirubin level. ∗𝑃 < 0.01, the ligated lobes at day 1, 7 and 28 versus the
unligated lobes at days 1, 7, and 28, respectively. (e) Serum bilirubin level. ∗𝑃 < 0.05, the LMBDL+GP groups at days 1, 7, and 28 versus the
LMBDL groups at 1, 7, and 28, respectively. (f) Serum alanine aminotransferase (ALT) levels. ∗𝑃 < 0.01, ∗𝑃 < 0.05 the LMBDL+GP groups
at days 1, 7, and 28 versus the LMBDL groups at 1, 7, and 28, respectively.

Mm00801666 g1), tissue inhibitor of metalloproteinase 1
(assay ID Mm00446231 m1), transforming growth factor 𝛽1
mRNA (assay ID Mm00441818 m1), and glyceraldehyde-
3-phosphate dehydrogenase (assay ID Mm99999915). The
following PCR conditions were used: 50∘C for 2min, 95∘C
for 10min, followed by 39 additional cycles at 95∘C for 15 s,
and 60∘C for 1min. The expression level of each target gene
was normalized with GAPDH.

2.8. Effect of Guava Pulp Extraction on QBC939 Cell Prolifer-
ation. We have created animal model with human-like envi-
ronment for systematic research, and for microenvironment

research, the human cholangiocarcinoma cell line QBC939
was purchased from ATCC. The cell was cultured under the
following condition: RPMI 1640 containing 10% FBS, 37∘C,
and 5% CO

2
. To determine the effect of GP extraction on

QBC939 cell proliferation, 2× 104 cells were plated on a 24-
well plate. After 48 h, themediumwas changed to serum-free
RPMI 1640medium, and the cells were incubated for an addi-
tional 24 h to deplete endogenous steroid hormones prior to
experiments. Cells were then treated with GP extraction of
different concentrations (0, 0.1, 0.2, 0.4, 0.8, and 1.6mg/mL)
and cultured for another 48 h. Bromodeoxyuridine (BrdU)
was added to each well for 4 hours and measured using the
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BrdU Cell Proliferation Assay Kit (CalBiochem, San Diego,
CA).

2.9. Proteome Profiler and Western Blot. The phosphor-
receptor tyrosine kinase (phosphor-RTK) array was pur-
chased fromR&D Systems (Cat# ARY001,Minneapolis, MN)
and performed following the kit instructions. Cytoplasmic
protein was isolated from the liver tissues and cell cul-
ture as previously described [5]. Western blot analysis was
done using antibodies to phosphor-ERK1/2, phosphor-JNK,
phosphor-MEK1/2, phosphor-Src, and c-Myc (Cell Signaling,
Danvers, MA).

2.10. Data Analysis. Data were given as mean ± standard
error. Statistical analysis was performed using analysis of
variance followed by Fisher’s test for multiple comparisons.
Statistic significance was defined as 𝑃 ≤ 0.05.

3. Results

3.1. Effect of Guava Pulp on Cholestatic Liver Damage. To bet-
ter determine the effects of GP on cholestatic liver injury, we
performed LMBDL to create cholestatic liver injury model
[5] and described it in Supplementary Figures 1(a)–1(i).
Animals treated with LMBDL and LMBDL+GP showed a
sharp increase in bilirubin levels of the ligated lobes at day
1, remained at high levels for up to day 7, and then decreased
at day 28. Even on day 28, the bilirubin in the ligated lobes
of LMBDL or LMBDL+GP groups was 10.7- and 5.5-fold
higher than day 0, respectively (Figure 1(d)). The bilirubin in
the unligated lobes of LMBDL and LMBDL+GP groups on
day 28 was 8.4- and 3.4-fold higher than day 0, respectively
(Figure 1(d)). Even though GP feeding could not recover
bilirubin levels of the ligated lobes to normal, it significantly
decreased bilirubin levels in the ligated lobes.

The serum bilirubin levels in LMBDL and LMBDL+GP
groups were increased from day 1 to 7. It was 5.8- and 3.6-fold
higher in day 28 than day 0 (Figure 1(e)). For the LMBDL
or LMBDL+GP mice, there was an acute increase in ALT
levels of serum at day 1 but steadily decreased thereafter
(Figure 1(f)). At day 28, the ALT levels in the LMBDL and
LMBDL+GP were 15.1- and 6.3-fold higher than day 0,
respectively.The levels of serumbilirubin andALT inLMBDL
groups were decreased significantly by the addition of GP
feeding (Figures 1(d)–1(f)).

3.2. Effect of Guava Pulp on Cholestatic Liver Injury and Bil-
iary Epithelial Cell Proliferation. We examined the changes
of the hepatobiliary system after day 1, 7, and 28 after surgery.
Animals treated with LMBDL showed more progressive liver
injury thanmice treatedwith LMBDL+GP (Figure 2(a)). One
of the characteristic changes in LMBDL was conspicuous
BEC proliferation in the ligated lobes (Figure 2(b)), while
GP feeding reduced the BEC proliferation (Figure 2(c)).
Moreover, there was a slight increase in BEC proliferation at
the unligated lobes (Figure 2(d)), while GP administration
reduced the BEC proliferation (Figure 2(e)). Ki-67 positive

BECs were shown in Figures 2(f) and 2(g) and expressed as
a percentage of all BECs. For the LMBDL and LMBDL+GP
mice, there was an increase of Ki-67 positive cells after day
1 but maintained at high levels thereafter. At day 28, the
Ki-67 positive cells in the LMBDL and LMBDL+GP groups
were 38.2- and 22.5-fold higher than day 0, respectively
(Figure 2(g)). Bile duct mass was steadily increased from day
1 to 28 after LMBDL and was reduced by GP, as demonstrated
by CK-19 immunoreactivity (Figure 2(h)). Thus, GP can
reduce LMBDL-induced BECs proliferation.

Mechanisms regulating BECs proliferation in cholestatic
liver diseases are poorly understood. To further elucidate
this important issue, we examined relative levels of phospho-
rylation of 46 kinase phosphorylation sites using Phospho-
Kinase Array. At day 28, animals treated with LMBDL+GP
resulted in a 3.1-, 4.8-, 4.0-, 6.3-, 5.0-, and 5.6-fold falls in
ratios of phosphor-p38𝛼, phosphor-ERK1/2, phosphor-JNK,
phosphor-MEK1/2, phosphor-𝛽 catenin, and phosphor-Src
compared with the LMBDL, respectively (Figures 3(a) and
3(b)). One of the candidate mechanisms is that phospho-
rylation of ERK is involved in BECs proliferation [21]. The
Src/ERK pathway plays an important role in the regulation
of BECs growth and secretion in cholestatic liver diseases
[22]. So, we focused on the changes of phosphor-ERK,
phosphor-Src and phosphor-MEK. Western blot confirmed
that phosphor-ERK1/2, phosphor-Src, and phosphor-MEK
expressions in the LMBDL+GP group accounted for 32%,
27%, and 39% of the total ERK, Src, and MEK expressions,
respectively, which were 2.1-, 2.7-, and 1.6-fold lower than the
LMBDL group, respectively (Figures 3(c) and 3(d)).

We have already reported that aberrant c-Myc expression
is associated with BECs proliferation [5]. ERK is implicated
in the regulation of c-Myc expression [23]. c-Myc positive
cell staining was shown in Figures 3(e) and 3(f). We found
that c-Myc expression increased at day 1, peaked at day
7, and maintained high level at day 28 in LMBDL groups
(Figures 3(e) and 3(f)). Animal treated with LMBDL+GP
could reduce the expression of c-Myc from day 1 to day
28 (Figure 3(f)). Our results indicated that activation of
Src/MEK/ERK1/2/c-Myc pathway was consistent with BECs
proliferation in LMBDL groups, while LMBDL+GP reduced
activation of Src/MEK/ERK1/3/c-Myc pathway and inhibited
BECs growth.

3.3. Effect of Guava Pulp on Liver Fibrogenesis. Biliary epithe-
lial cells (BECs) provide the first line of defense against
lumenal microbes in the biliary system, and it might play
a key role in the progression of cholangiofibrosis during
cholestatic liver diseases, such as primary biliary cirrhosis
(PBC) and primary sclerosing cholangitis (PSC) [24]. Inter-
estingly, we found that BEC proliferation was consistent
with liver fibrogenesis caused by cholestatic liver injury
(Figure 4(a)). To determine whether GP has protective effects
against liver fibrogenesis, we performed quantification of
the Sirius red-positive liver surface with or without GP
treatment. Mice subjected to LMBDL showed that collagen
accumulation appeared at day 1, further increased at day 7,
and severe accumulation of collagen was observed until day



ISRN Hepatology 5

Day 1 Day 28Day 7
LMBDL LMBDL LMBDLLMBDL+GP LMBDL+GP LMBDL+GP

(a)

Day 0 Day 28Day 7Day 1
LM

BD
L

Le
ft 

an
d 

m
ed

ia
n 

lo
be

s 

(b)

LM
BD

L+
G

P

Le
ft 

an
d 

m
ed

ia
n 

lo
be

s 

(c)

LM
BD

L

Ri
gh

t a
nd

 
ca

ud
at

e l
ob

es
 

(d)

LM
BD

L+
G

P

Ri
gh

t a
nd

 
ca

ud
at

e l
ob

es
 

(e) (f)

0

10

20

30

40

50

60

70

80

Ki
-6

7 
po

sit
iv

e c
ho

la
ng

io
cy

te
s (

%
) 

LMBDL LMBD+guavaL

†∗
†∗

∗

D
ay

 0

D
ay

 1

D
ay

 7

D
ay

 2
8

(g)

0
2
4
6
8

10
12
14
16
18
20

Bi
le

 d
uc

t m
as

s (
%

 v
ol

um
e)

†∗
†∗

∗

LMBDL LMBDL+guava

D
ay

 0

D
ay

 1

D
ay

 7

D
ay

 2
8

(h)

Figure 2: Effect of guava pulp on hepatobiliary system and biliary epithelial cell proliferation. (a) The hepatobiliary system at days 1, 7, and
28. Progressive liver injury appeared at LMBDL groups from days 1 to 28. Representative H&E (×200) results of the ligated livers from the
LMBDL group (b), the ligated livers from the LMBDL+GP group (c), the unligated livers from the LMBDL (d), and the unligated livers from
LMBDL+GP (e), respectively. Arrow (↑) = biliary epithelial cell proliferation. (f) Representative Ki-67 immunohistochemical results of the
proliferative ductules in the LMBDL group at day 28. Arrow = Ki-67 positive biliary epithelial cells. ((g)-(h)) Quantification of Ki-67 positive
biliary epithelial cells and bile duct mass. Ki-67 and CK-19 results of biliary epithelial cells in the left and median lobes were evaluated for
proliferation. ∗𝑃 < 0.01, the liver tissues from the sham operation versus the ligated lobes in LMBDL and LMBDL+GP groups. †𝑃 < 0.01,
the ligated lobes of LMBDL at day 1 versus the ligated lobes at days 7 and 28.



6 ISRN Hepatology

LM
BD

L

1 3

4

6

2

LM
BD

L+
G

P
5

(a)

0

20

40

60

80

100

120

Pr
ot

eo
m

e (
%

) 

LM
BD

L

LM
BD

L

LM
BD

L

LM
BD

L

LM
BD

L

LM
BD

L

LM
BD

L+
G

P

LM
BD

L+
G

P

LM
BD

L+
G

P

LM
BD

L+
G

P

LM
BD

L+
G

P

LM
BD

L+
G

P

p-
p3

8𝛼

p-
ER

K1
/2

p-
JN

K

p-
M

EK
1/
2

p-
𝛽

-c
at

an
in

p-
SR

C

(b)

LMBDL

p-ERK

Total ERK

p-SRC

SRC

p-MEK

Total MEK

𝛽-Actin

LMBDL+GP

(c)

0

5

10

15

20

25

30

35

40

45

pERK pSRC p-MEK

Re
lat

ed
 p

ro
te

in
 ex

pr
es

sio
ns

 o
ve

r c
on

tro
l 

†

‡

∗

(d)

(e)

0

5

10

15

20

25

Day 0 Day 1 Day 7 Day 28

c-
M

yc
 p

os
iti

ve
 ch

ol
an

gi
oc

yt
es

 (%
) 

LMBDL
LMBDL+GP

∗

∗
∗

(f)
Figure 3: Effect of guava pulp on gene expression. (a) The phosphor-receptor tyrosine kinase (Phosphor-RTK) array. Cytoplasmic proteins
from the ligated lobes in LMBDL and LMBDL+ guava groups. Arrow no. 1, no. 2, no. 3, no. 4, no. 5, and no. 6 represented phosphor-p38𝛼,
phosphor-ERK1/2, phosphor-JNK, phosphor-𝛽-catenin and phosphor-Src, respectively. (b) Densitometric analysis of p-p38𝛼, pERK, pMEK,
pJNK, p-𝛽-catenin, and pSrc in the ligated lobes of LMBDL and LMBDL+ guava. (c) Representative Western blots for the expression level
of pERK, total ERK, pMEK, total MEK, pSrc, and total Src in the ligated lobes in LMBDL and LMBDL+GP groups. (d) Quantitative assays
of densitometric changes expressed as percentage of phosphorylation over total protein. A total of 24 animals (6 per group) were studied at
day 28. ∗𝑃 < 0.01, percentage of pERK/total ERK in LMBDL+GP group versus percentage of pERK/total ERK in LMBDL group, †𝑃 < 0.01,
percentage of pSrc/total Src in LMBDL+GP group versus percentage of pSrc/total Src in LMBDL group, ‡𝑃 < 0.01, percentage of pMEK/total
MEK in LMBDL+GP group versus percentage of pMEK/total MEK in LMBDL group. (e) Determination and quantification of c-Myc positive
biliary epithelial cells. ∗𝑃 < 0.01 the ligated lobes of LMBDL+GP groups at days 1, 7, and 28 versus the ligated lobes of LMBDL groups at 1, 7,
and 28, respectively.
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28, while LMBDLwith GP treatment significantly suppressed
the liver fibrogenesis from day 1 to 28 (Figures 4(a) and 4(b)).

Procollagen 1𝛼1 (COL1𝛼1), tissue inhibitor of metallo-
proteinase-1 (TIMP-1), and transforming growth factor 𝛽1
(TGF-𝛽1) are markers for liver fibrogenesis [18]. Quantitative
RT-PCR was used to determine the time course of the
three genes expression. As shown in Figure 4(d), the COL1𝛼1
mRNA level in LMBDL and LMBDL+GP on day 1 was
11.5- and 6.8-fold higher compared with day 0, respectively.
COL1𝛼1 mRNA level peaked in day 7, which were 31.4-
and 22.6-fold higher in LMBDL and LMBDL+GP groups
comparedwith day 0, respectively. At day 28, theCOL1𝛼1 level
in the LMBDL and LMBDL+GP groups was 28- and 22-fold
higher compared with the day 0, respectively.

The TIMP-1 mRNA level in LMBDL and LMBDL+GP
on day 1 was 6.5- and 4-fold higher compared with day 0,
respectively. TIMP-1 mRNA level peaked in day 7, and it
showed 14- and 8.7-fold higher in LMBDL and LMBDL+GP
groups compared with day 0, respectively. At day 28, the
TIMP1 level in the LMBDL and LMBDL+GP groups was 7.9-
and 4.8-fold higher compared with the day 0, respectively
(Figure 4(d)).

The TGF-𝛽1 mRNA level in LMBDL and LMBDL+GP
on day 1 was 5.3- and 2.6-fold higher compared with day 0,
respectively. TGF-𝛽1 mRNA level peaked in day 7, and it was
8.1- and 4.1-fold higher in LMBDL and LMBDL+GP groups
comparedwith day 0, respectively. At day 28, the TGF-𝛽1 level
in the LMBDL and LMBDL+GP groups was 6.3- and 2.8-fold
higher compared with the day 0, respectively (Figure 4(e)).
Therefore, GP treatment could effectively reduce COL1𝛼1,
TIMP-1, and TGF-𝛽1 mRNA expression compared with
LMBDL alone.

3.4. Effect of Guava Pulp on IL-6-Mediated QBC939 Cell Pro-
liferation and Relative Gene Expression. Bontempo et al.
reported that GP extract exerted antineoplastic effects
through induction of apoptosis and cell differentiation in
acute promyelocytic leukemia cell line NB4 [17]. Our data
have shown that LMBDL induces with BECs proliferation
[5], while GP can lower LMBDL-induced BECs proliferation
(Figures 2(b) and 2(c)). IL-6 is an important proinflammatory
cytokine during cholestatic liver injury. To assess the role of
GP in IL-6-mediated QBC939 cells in vitro, BrdU was used
to determine the cell proliferation. GP treatment decreased
IL-6-mediated QBC939 proliferation (Figures 5(a) and 5(b)).
What is more, compared with control group, p-ERK expres-
sions in IL-6-mediated group and IL-6-mediated + GP group
were increased to 3.68- and 2.15-fold, respectively, and c-Myc
expressionswere increased to 2.15- and 1.68-fold, respectively.
The results indicate that GP can downregulate p-ERK and c-
Myc expressions, and the reduction of QBC939 proliferation
in the GP treatment was consistent with downregulation of
p-ERK and c-Myc expression (Figure 5(c)).

4. Discussion

Chronic cholestatic liver diseases are a leading indication
of liver transplantation in adults and children [25, 26], and

genetic defects, mechanical aberrations, toxins, and/or dys-
regulations in the immune system cause the bile duct damage
and accumulation of bile [27]. Then, the accumulation of
potentially toxic bile acids (BAs) leads to hepatocellular
damage followed by inflammation and fibrosis and, finally,
depending on the disease severity and duration, may culmi-
nate in liver cirrhosis and hepatocellular or cholangiocellular
cancer requiring liver transplantation. Great progress has
been made in the last decade in our understanding of the
molecular basis of bile formation and the pathobiology of
cholestasis [28, 29]. However, there is no medical treatment
with proven efficacy for patients with cholestasis [30].Thus, it
is necessary to find novel therapeutic agents for chronic cho-
lestatic liver diseases.

Guavas (PsidiumguajavaL.) have been long recognized as
an important economical fruit. Several studies have proved
that GP extract from the fruit, leaf, bark, or roots of psidium
guajava had potential pharmacological activities manifested
as antioxidant, hepatoprotective, and anti-inflammatory
properties [31]. Psidium guajava fruit peel aqueous extract
at dose of 400mg/kg produced significant hepatoprotection
to rat liver damage induced by carbon tetrachloride [6]. The
guava fruit is a very good source of flavonoids such as 𝛽-
carotene, lycopene, lutein and cryptoxanthin, and vitamins
A and C. These compounds are known to have antioxidant
properties and are essential for appropriate heALTh. We
proposed the possibility of the protective activity of GP
against cholestatic liver damage. Based on these findings of
multiple effects of GP, our present study aimed to examine
the protective activity of GP against cholestatic liver damages.
We applied LMBDLmodel of mice to induce cholestatic liver
damage (Supplementary Figures 1(a)–1(i)) and assessed the
potential protective activity of GP. We found that LMBDL
resulted in elevation of bilirubin and ALT (Figures 1(c) and
1(d)), which can cause toxicity to cholangiocytes and other
hepatic cells. Interestingly, there were the effects of guavas
for anticholestasis and antiliver injury (Figures 1(c), 1(d), and
2(a)–2(e)).

BECs proliferation is observed in all human cholestatic
liver diseases. In the LMBDL and LMBDL+GP mice, there
was an increase of BECs proliferation at day 1 but maintained
high levels thereafter. GP can effectively reduce LMBDL-
induced BECs proliferation (Figures 2(a)–2(e)). What are
the mechanisms regulating BECs proliferation in cholestatic
liver diseases? It has been reported that phosphorylation
of ERK is related to BECs proliferation [21]. We analyzed
phosphorylation patterns in LMBDL and LMBDL+GP.
Results showed that animal treated with LMBDL increased
expression in p-ERK1/2, p-MEK1/2, and p-Src comparedwith
the LMBDL+GP (Figures 3(a)–3(d)). The Src/MEK/ERK1/2
pathway plays an important role in the regulation of BECs
growth observed in cholestatic liver diseases [21]. The
MEK/ERK pathway is involved in the regulation of prote-
olytic degradation and stability of c-Myc [23]. We found
that animal treated with GP can reduce the expression of
c-Myc, and that GP-reduced cholestatic liver injury might
be relative to downregulation of Src/MEK/ERK1/2/c-Myc
pathway (Figures 3(c)–3(f)).
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Figure 4: Effects of guava pulp on liver fibrogenesis, relative gene expression. (a) Representative pictures of liver fibrogenesis at days 1, 7, and 28
following LMBDL (top row) and LMBDL+GP (bottom row) by Sirius Red stain (200x). (b) Percentage of liver surface stained with Sirius red.
Values were mean (s.e.m.) for five to six individual animals per time point. ∗𝑃 < 0.01, the ligated lobes of LMBDL versus LMBDL+GP at days
1, 7, and 28, respectively. ((c)–(e)) Levels of procollagen 1𝛼1, metalloproteinases 1 and transforming growth factor 𝛽1mRNA are determined
by reverse transcriptase-polymerase chain reaction and expressed as fold induction in comparison to sham-operated controls. Values were
mean (s.e.m.) for five to six individual animals per time point. (c) Expression of procollagen 1𝛼1. ∗𝑃 < 0.01, the ligated lobes of LMBDL+GP
groups at days 1, 7, and 28 versus the ligated lobes of LMBDL groups at days 1, 7, and 28, respectively. (d) Expression of metalloproteinases
1. ∗𝑃 < 0.01 the ligated lobes of LMBDL groups at days 1, 7, and 28 versus the ligated lobes of LMBDL+GP groups at days 1, 7, and 28,
respectively. (e) Expression of TGF-𝛽1. ∗𝑃 < 0.01, the ligated lobes of LMBDL at days 1, 7, and 28 versus the ligated lobes of LMBDL+GP at
days 1, 7, and 28, respectively.
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Figure 5: Effect of guava pulp on QBC939 cell growth, p-ERK, and c-Myc gene expression. (a) BrdU assay of QBC939 cells after treatment
with P. guajava L. pulp extract for 24 h. ∗𝑃 < 0.01, the groups at concentration of 0.4mg/mL, 0.8mg/mL and 1.6mg/mL versus control.
Con = control (0mg/mL). (b) QBC939 cells treated with IL-6 and GP. QBC939 cells were treated with IL-6 at concentration of 0.5, 5, 10, 20
and 40 (ng/mL) for 24 h. ∗𝑃 < 0.05, control (Con) versus groups of 2.5, 5, 10, and 20 IL-6 (ng/mL) treatment, respectively. GP treatment
significantly reduced IL-6-induced QBC939 cell proliferation. †𝑃 < 0.05, IL-6 treatments versus IL-6+GP treatment. Proliferation was
assessed using BrdU cell proliferation assay. (c) Representative Western blots for the expression level of pERK and c-Myc at 24 h with or
without treatment with GP extract and IL-6. Quantitative assays of densitometric changes expressed as percentage of phosphorylation over
total protein QBC939 cells at 24 h after treatment with GP extract (0.8mg/mL). ∗𝑃 < 0.01, control versus IL-6 or IL-6+GP treatment,
†

𝑃 < 0.01, IL-6 treatment versus IL-6+GP treatment.

Liver fibrogenesis begins with an early proliferation of
BECs and portal periductular fibroblasts [32]. TGF-𝛽1 plays
an important role in liver fibrogenesis through acting on
matrix-producing cells [33] its during progress it stimulates
procollagen 1𝛼1, which is the most common fibrous form
[34]. TGF-𝛽1 also enhanced the expression and secretion of
TIMP-1 [35], which is a fibrogenesis marker. The increased
synchronization of all indices with cellular proliferation in
our study has demonstrated the tight correlation between
ductular proliferation, liver fibrogenesis, and aberrant expres-
sion of TGF-𝛽1, TIMP-1, and COL1𝛼1 (Figures 4(a)–4(e)).

Oxidative stress occurs in the cholestatic liver injury [19,
36]. Chronic inflammation via pro-inflammatory cytokines
(i.e., IL-6) and transcription factor NF-𝜅B controls oxidative
stress response of the enzymes cyclooxygenase 2 (COX-
2) and inducible nitric oxide synthase (iNOS) to generate
reactive oxygen species (ROS) and reactive nitrogen species
(RNS) which disturb homeostasis of many adaptive response
systems such as oxidant/antioxidant ratio, DNA repair
enzymes including many ALTered candidate genes involve-
ment in cell proliferation, apoptosis, and fibrogenesis [37].
Overproduction of ROS and RNS results in genotoxic DNA

damage in the opisthorchiasis-induced cholangiocarcinoma
(CCA) [37]. Moreover, excess ROS and RNS can increase
endogenous nitrosation reactions to yield carcinogenic N-
nitrosamines. Both IL-6 and N-nitrosamines lead to c-Myc
expression. Guava is rich in polyphenolic antioxidative and
anti-inflammatory compounds such as tannins, phenolics,
and flavonoids [38]. Polyphenolic compounds have been
shown to downregulate c-Myc gene expression in Caco-2
cell [39], ovarian cancer cells [40], and human embryonal
kidney cells [41]. So far, the hepatoprotecting benefits of
guava have been limited. Studies show that guava extract
reduces cancer risk through its antioxidant activities and by
inducing apoptosis in prostate cancer cell line LNCaP [42],
and it has also been shown to be highly reactive toward
oxygen free radicals [43]. Our preliminary data demonstrated
that GP on IL-6-mediated growth inhibition of CCA cell line
QBC939 is correlated with downregulation of c-Myc (Figures
5(a)–5(c)). We found that GP could reduce IL-6-mediated p-
ERK expression (Figure 5(c)).

Psidium guajava is a plant belonging to the family
Myrtaceae. At present, many previous studies focused on
the effects of guava leaf, which was not edible for most
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consumers. However, the guava fruit and its products such
as juice are extensively consumed; thus, future research in
the fruit, rather than the leaves, would be helpful. The
fruits, leaves, and bark of guava have been used in herbal
medicines, and they exhibit many therapeutic effects includ-
ing anti-inflammation. Some investigators suggested that
the active components in guava fruits are oleanolic acid,
ursolic acid, glucuronic acid and arjunolic acid, flavonoids:
guaijavarin and quercetin, and saponin combined with
oleanolic acid: morin-3-O-𝛼-L-lyxopyranoside andmorin-3-
O-𝛼-larabinopyranoside and pentane-2-thiol [44]. Thus, it is
clear that P. guajava contains many components reported to
display efficacy against aberrant proliferation. Antiprolifera-
tion of guava has been investigated in our study. Even though
a variety of constituents is present in the fruit pulp extracts,
the main ones are bioflavonoids. Crude acetone extract was
able to reduce BECs growth in vivo and proliferation in
QBC939 cells. This confirmed our hypothesis that guava
would have protective roles in cholestatic liver injury and
cholangiocarcinoma cell proliferation.
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