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Abstract

AIM: To determine if the fraction of Nardostachys jata-
mansi (NJ) has the potential to ameliorate the severity
of acute pancreatitis (AP).

METHODS: Mice were administered the biologically
active fraction of NJ, i.e., the 4th fraction (NJ4), intra-
peritoneally, and then injected with the stable chole-
cystokinin analogue cerulein hourly for 6 h. Six hours
after the last cerulein injection, the pancreas, lung, and
blood were harvested for morphological examination,
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measurement of cytokine expression, and examination
of neutrophil infiltration.

RESULTS: NJ4 administration attenuated the sever-
ity of AP and lung injury associated with AP. It also
reduced cytokine production and neutrophil infiltration
and resulted in the /7 vivo up-regulation of heme oxy-
genase-1 (HO-1). Furthermore, NJ4 and its biologically
active fraction, NJ4-2 inhibited the cerulein-induced
death of acinar cells by inducing HO-1 in isolated pan-
creatic acinar cells.

CONCLUSION: These results suggest that NJ4 may be
a candidate fraction offering protection in AP and NJ4
might ameliorate the severity of pancreatitis by induc-
ing HO-1 expression.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) refers to inflammation of the
pancreas and is caused by an imbalance in the factors that
maintain cellular homeostasis'. AP could lead to distant

July 7,2012 | Volume 18 | Issue 25 |



Bae GS et a/. Anti-inflammatory effects of NJ4

organ damage and multiple organ dysfunction, the prima-
ry cause of morbidity and mortality in this condition®.
The AP cascade is complex. An unknown trigger within
the pancreas converts digestive pro-enzymes into their
active form, initiating auto-digestion of the gland, caus-
ing necrosis, edema, and destruction of the pancreatic
parenchyma®.

Nardostachys jatamansi (N]) is widely used in several
Asian countties to treat mental disorders, insomnia, and
disorders of the circulatory system!. It has protective
effects against diabetes and sepsisH’SJ. We have previously
reported that NJ protects against cerulein-induced AP,
Further, several studies have reported on the protective
effects afforded by compounds from N]p’7J such as jata-
mansic acid and nardosinone. However, the compound
in NJ that protects against AP remains to be identified.

This study aimed to identify the candidate fraction of
NJ that protects against cerulein-induced AP in a mouse
model. To achieve this, we fractionated NJ by using RP
C-18 column chromatography and the 4th fraction (NJ4)
showed more potent effects than the aqueous extract of
NJ. Our results suggest that NJ4 may be a candidate frac-
tion for reducing the severity of AP.

MATERIALS AND METHODS

Materials

Avidin peroxidase and 3,3’,5,5’-tetramethylbenzidine
(TMB), cerulein, Tris-HCI, NaCl, Triton X-100, curcumin,
ZnPP, and hexadecyltrimethyl ammonium bromide were
purchased from Sigma-Aldrich (St. Louis, MO). Anti-
mouse interleukin (IL)-1pB, IL-6, and tumor necrosis fac-
tor (TNF)-a antibodies and recombinant IL-1f3, IL.-6,
and TNF-o were purchased from R and D Systems
(Minneapolis). Phosphospecific mitogen-activated protein
kinases (MAPKS), extracellular signal-regulated kinases
(ERK)1/2, c-Jun NHe-terminal kinases (JNK), and p38
were purchased from Cell Signaling Technology (Beverly,
MA). ERK1/2, JNK, p38, inhibitory kappa-Ba heme oxy-
genase-1 (HO-1), and B-actin were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA).

Plant materials

The roots of NJ were purchased from a standard com-
mercial source (Omni Herb, Seoul, South Korea). The
herb’s identity was confirmed at Wonkwang University.
Voucher specimens were deposited at the College of Ori-
ental Medicine Herbarium of Wonkwang University. The
NJ roots were prepared by decocting the dried prescrip-
tion of herbs (100 g) with boiling distilled water (1 L). The
decoction time was approximately 2 h. The water extract
was frozen at -80 ‘C and then freeze-dried to be powdered

(7.35 g, 7.35 w/w%0).

Preparation of NJ4 fraction

The water extract (3.8 g) was subjected to octadecyl
functionalized silica gel flash column (5 cm X 20 cm;
63-200 pum particle size) chromatography (Figure 1). The
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column was eluted with a stepwise gradient with 500 mL
aliquots of MeOH in H20 (starting from 10% and fol-
lowed by 20%, up to 100% at 20% increments), affording
6 fractions (NJ1: 1.24 g; NJ2: 79.1 mg; NJ3: 490.7 mg;
NJ4: 416.2 mg; NJ5: 273.1 mg; NJ6: 67.8 mg). NJ4 (60%
MeOH) in saline was used as the main fraction (Figure 1).

Preparation of NJ4 fraction

A portion (9.0 mg) of the fraction eluted with 60%
MeOH inH2O (NJ4-2) was then purified by semi-prepar-
ative reversed-phase high-performance liquid chroma-
tography (HPLC) [Shiseido Capcell Pak Cis column (10
mm X 250 mm; 5 pm particle size); 2 ml./min; detection
at 254 nm| eluting with a gradient from 40% to 70%
MeOH in H20 (0.1% formic acid) over 30 min to yield
NJ4-2 (3.0 mg, #& = 28.0 min) (Figure 1).

HPLC sample preparation and HPLC conditions

For HPLC analysis, the chromatographic system con-
sisted of a pump (3000 HPLC pump; Dionex Associa-
tion, United States), a ultraviolet detector (Photodiode
array detector; Dionex Association), and an autosampler
(Waters Association, United States). A hydrosphere Cis
column (4.6 mm X 250 mm, 5 um) was used. Water-
methanol glacial (50:50) was used as the mobile phase.
Detection of the peaks was made at 254 nm and the
sensitivity was set at 0.5 absorbance units full scales. The
injection volume was 10 pl. and the flow rate was 1.0
mL/min. A standard solution was prepared by dissolving
in distilled methanol (10 pg/10 mL). The solution was
filtered through a 0.45 pm membrane filter and applied
to HPLC (Figure 2).

Animals

Protocols approved by the Animal Care Committee of
Wonkwang University were used for all experiments.
Female 6- to 8-wk-old C57BL/6 mice weighing 15-20 ¢
were purchased from Orient Bio (Sungnam, KyungKiDo,
South Korea). All animals were bred and housed in stan-
dard shoebox cages in a climate-controlled room with an
ambient temperature of 23 = 2 °C under a 12-h light-dark
cycle for 7 d. The animals were fed standard laboratory
chow, allowed water ad /ibitum, and randomly assigned to

control or experimental groups. The mice were fasted for
18 h before AP was induced.

Experimental design

AP was induced by intrapetitoneal injections of supra-
maximal concentrations of the stable cholecystokinin
analogue cerulein (50 pg/kg) or saline, hourly for 6 h'.
Prior to injecting the NJ4 treatment group with cerulein,
NJ4 (1 pg/kg, 5 pg/kg, or 10 pg/kg, » = 6) or saline
(control group, 7 = 6) were intraperitoneally administered
(1 h before the first cerulein injection). Mice were killed 6 h
after the last cerulein injection was administered. Blood
samples were taken to determine serum amylase, lipase,
and cytokine levels. For histological examination and
scoring, the entire pancreas and lungs were rapidly re-
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RP C-18 column chromatography (5 cm x 20 cm)

NJ1 NJ2 NJ3 NJ4
10% MeOH 20% MeOH 40% MeOH 60% MeOH
500 mL 500 mL 500 mL 500 mL
1240 mg 79.1 mg 490.7 mg 416.2 mg

NJ5 NJ6
80% MeOH 100% MeOH
500 mL 500 mL
273.1 mg 67.8 mg

RP-HPLC (capcell 10 cm x 25 cm)

NJ4-2
3.0mg

Figure 1 Fractionation of the aqueous extract of Nardostachys jatamansi. NJ: Nardostachys jatamansi; HPLC: High-performance liquid chromatography.
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Figure 2 High-performance liquid chromatography findings of the aqueous extract of Nardostachys jatamansi (A) and the 4th fraction of Nardostachys

jatamansi (B).

moved from each mouse and fixed in formalin. To mea-
sure tissue myeloperoxidase (MPO) activity, an indicator
of neutrophil sequestration, and for real-time reverse
transcriptase polymerase chain reaction (RT-PCR) stud-
ies, the pancreas and lungs were stored at -80 C.

Histological analysis

The pancreases from each treatment group were ex-
amined and semi-quantitatively described in terms of
necrosis, vacuolization, inflammation, and edema. A tis-
sue section representing a minimum of 100 fields was
examined for each sample and scored on a scale of 0-3 (0
being normal and 3 being severe disease) on the basis of
the number of necrotic acinar cells and the presence of
interstitial edema and interstitial inflammation.

Measurement of serum amylase and lipase

Blood samples to determine serum amylase and lipase
were obtained 6 h after inducing pancreatitis. Mice were
anesthetized with an intraperitoneal injection of ketamine
(80 mg/kg) and xylazine (4 mg/kg). After anesthetiza-
tion, blood was withdrawn from the heart of each mouse
into a syringe. Serum amylase and lipase were measured
using an assay kit from BioAssay Systems (CA).
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Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) for IL-1f3,
IL-6, and TNF-a were carried out in duplicate in 96-well
plates coated with 100 pL aliquots of anti-mouse IL-1§,
IL-6, and TNF-o monoclonal antibodies in phosphate
buffered saline (PBS) at pH 7.4 during an overnight incu-
bation at 4 'C. The plates were washed in PBS containing
0.05% Tween-20 and blocked with PBS containing 10%
FBS for 2 h. After additional washes, standards and sam-
ples were added and incubated at room temperature for 2
h. Subsequently, the wells were washed, and biotinylated
anti-mouse 1L-13, IL-6, and TNF-q, were added and incu-
bated at room temperature for 1 h. The wells were washed,
avidin-peroxidase was added, and the plates were incubated
for 30 min at room temperature before washing again and
adding the TMB substrate. Color development was mea-
sured at 450 nm by using an automated microplate ELISA
reader. Standard samples were run on each assay plate using
serial dilutions of recombinant IL.-1f, IL-6, and TNF-a..

Messenger RNA expression

Transcription of target cytokines in mouse pancreatic tis-
sues and acini was analyzed using RT-PCR. Total RNA
was isolated from the mouse pancreas using TriZol (In-
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vitrogen, Carlsbad, CA) and subjected to reverse tran-
scription using SuperScript II RT (Invitrogen). TagMan
quantitative RT-PCR using the LightCycler 2.0 detection
system was performed according to the manufacturet’s
instructions (Roche, Basel, Switzerland). For each sample,
triplicate test reactions and a control reaction lacking
reverse transcriptase were analyzed for the expression
of the gene of interest, and the results were normal-
ized to those of “housekeeping” hypoxanthine-guanine
phosphoribosyltransferase (HPRT) mRNA. Arbitrary
expression units were calculated by dividing the expres-
sion of the gene of interest by ribosomal protein HPRT
mRNA expression. The sequences of forward, reverse,
and probe oligonucleotide primers for multiplex real-time
TagMan PCR were as follows: for mouse 1L-1f (for-
ward, 5-TTG ACG GAC CCC AAA AGA T-3’; reverse,
5-GAA GCT GGA TGC TCT CAT CTG-3’; universal
probe, M15131.1, Roche Applied Science), for mouse
IL-6 (forward, 5-TTC ATT CTC TTT GCT CTT GAA
TTA GA-3%; reverse, 5-GTC TGA CCT TTA GCT TCA
AAT CCT-3’; universal probe, M20572.1, Roche Applied
Science), and for mouse TNF-q, (forward, 5-TCT CTT
CAA GGG ACA AGG CTG-3’; reverse, 5-ATA GCA
AAT CGG CTG ACG GT-3’ probe, 5-CCC GAC TAC
GTG CTC CTC ACC CA-3’). For mouse HO-1, we put-
chased a custom primer from Applied Biosystems (CA).

MPO estimation

Neutrophil sequestration in the pancreas was quantified
by measuring tissue MPO activity. Tissue samples were
thawed, homogenized in 20 mmol/L phosphate buffer
(pH 7.4), and centrifuged (13 000 rpm, 10 min, 4 °C). The
pellet was resuspended in 50 mmol/L phosphate buffer
(pH 6.0) containing 0.5% hexadecyltrimethylammonium
bromide (Sigma-Aldrich). The suspension was subjected
to 4 cycles of freezing and thawing and further disrupted
by sonication for 40 s. The sample was then centrifuged
(13 000 rpm, 5 min, 4 'C), and the supernatant was used
for the MPO assay. The reaction mixture consisted of
the supernatant, 1.6 mmol/L TMB, 80 mmol/L sodium
phosphate buffer (pH 5.4), and 0.3 mmol/L hydrogen
peroxide. This mixture was incubated at 37 'C for 110 s,
the reaction was terminated with 2 mol/L. H2SOs, and
the absorbance was measured at 450 nm.

Western blotting

Pancreatic tissues and pancreatic acini were homogenized,
following which the lysates were boiled in a sample buf-
fer (62.5 mmol/L Tris-HCl, pH 6.8, 2% sodium dodecyl
sulfate (SDS), 20% glycerol, and 10% 2-mercaptoethanol).
Proteins in the cell lysates were then separated using 10%
SDS-polyacrylamide gel electrophoresis and transferred
to a nitrocellulose membrane. Then, the membrane was
blocked with 5% skim milk in PBS-Tween-20 for 2 h at
RT and then incubated with primary antibodies over-
night. After washing 3 times, each blot was incubated
with peroxidase-conjugated secondary antibody for 1 h,
and antibody-specific proteins were visualized using an
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enhanced chemiluminesence detection system (Amer-
sham, Piscataway, NJ) according to the manufacturet’s
recommended protocol.

Acinar cell isolation

Pancreatic acini were isolated from C57BL/6 mice using
collagenase digestion. All experiments were performed
according to protocols approved by the Animal Care
Committee of Wonkwang University. Briefly, pancreatic
tissue was minced with scissors and digested for 15 min
in solution Q (120 mmol/L NaCl, 20 mmol/L. HEPES,
5 mmol/L KCl, 1 mmol/L MgCl, 1 mmol/L CaClz, 10
mmol/L sodium pyruvate, 10 mmol/L ascorbate, 10
mmol/L glucose, 0.1% BSA, 0.01% soybean trypsino-
gen inhibitor, and 150 units of collagenase/mL). Cells
were continuously shaken and gassed with 100% Oz in a
37 °‘C water bath and subsequently washed in fresh isola-
tion medium. After collagenase digestion, the tissue was
gently pipetted. Dispersed acini were filtered through a
150-um nylon mesh, centrifuged 3 times (each for 90 s
at 720 rpm), resuspended in Waymouth medium (Invit-
rogen, Gibco, CA) and incubated with 95% Oz and 5%
CO: for 4 h.

Cell viability assay

Cell viability was assayed using a modified colorimetric
technique that is based on the ability of live cells to con-
vert the tetrazolium compound 3-(4,5-dimethylthiazol)-
2,5-diphenyltetrazolium bromide (MTT) into purple
formazan crystals. MTT (5 mg/mL) was dissolved in
Kreb’s-Henseleit buffer (115 mmol/L NaCl, 3.6 mmol/L
KCl, 1.3 mmol/L KH2POs4, 25 mmol/L NaHCOs, 1
mol/L CaCl, and 1 mol/L MgCl), and 50 pL was added
to each well. After incubating for 30 min at 37 ‘C, the sus-
pension was removed, and the formazan crystals formed
were dissolved in 200 pl. dimethyl sulfoxide. Aliquots
from each well were seeded in the wells of a 96-well plate
in duplicate and assayed at 540 nm using a microplate
ELISA reader. The number of viable cells was expressed
as a percentage of the control.

Statistical analysis

Results were expressed as means + SE. The significance
of differences was evaluated using a two-way analysis of
variance (ANOVA) with time and dose parameters. Dif-
ferences between the experimental groups were evaluated
using ANOVA. P values < 0.05 were considered statisti-
cally significant.

RESULTS
Effect of NJ4 on cerulein-induced AP

To examine the effect of NJ4 on the development and
severity of AP, mice pretreated with saline or NJ4 were
injected intraperitoneally with a supramaximal dose (50
ug/ kg) of cerulein. Intraperitoneal injection of cerulein
resulted in significant pancreatic parenchyma destruction,
inflammation, edema, and necrosis. However, NJ4-treated
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Table 1 Semi-quantitative analysis of pancreas in acute
pancreatitis

Severity score Inflammation Edema Necrosis
Saline 05+02 05+0.2 05+0.2
Saline + AP 25405 25405 25405
NJ41+ AP 15+0.3* 20403 2.0+03°
NJ45 + AP 15+0.2* 15+0.3* 1.5+0.2*
NJ410 + AP 1.1+0.1% 1.0+0.2* 1.2+0.15™

Histological sections of the pancreas were scored from 0 (normal) to 3
(severe) for inflammation, edema, and necrosis. °P < 0.05 vs the saline
treatment; ‘P < 0.05 vs cerulein treatment alone. AP: Acute pancreatitis; NJ:
Nardostachys jatamansi.

Table 2 Semi-quantitative analysis of lung in acute

pancreatitis

Severity score Inflammation Edema
Saline 05+0.2 05+0.2
Saline + AP 25+05° 25+0.5°
NJ41+ AP 1.3+04™ 1.8+0.3"
NJ45 + AP 1.3+0.3" 1.6 £0.3"
NJ4 10 + AP 11+0.2* 1.2+0.1*

Histological sections of the lung were scored from 0 (normal) to 3 (severe)
for inflammation, and edema. °P < 0.05 vs the saline treatment; ‘P < 0.05
vs cerulein treatment alone. AP: Acute pancreatitis; NJ: Nardostachys
jatamansi.

mice showed reductions in damage of the pancreas and
severity of AP (Table 1 and Figure 3A). As an additional
assessment of the severity of the inflammatory response,
we measured MPO activity, which is an indicator of
neutrophil infiltration in the pancreas. Cerulein-induced
MPO activity in the pancreas of NJ-treated mice was
lower than that in the pancreas of saline-injected mice

(Figure 3B).

Effect of NJ4 on lung injury associated with AP

Acute lung injury in AP still represents a substantial prob-
lem, with a mortality rate in the range of 30%-40%"". The
cytokines and inflammatory mediators from pancreatic
acini regulate the migration and pulmonary infiltration of
neutrophils to the interstitial tissue, where they cause inju-
ry and breakdown of pulmonary parenchyma’. As shown
in Figure 4, cerulein injection resulted in lung injury, which
is characterized by destruction of the lung parenchyma,
edema, and inflammatory cell infiltration. However, NJ4
treatment reduced lung damage, inflammation, and edema
and inhibited MPO activity in the lung in cerulein-induced
AP (Table 2 and Figure 4A and B).

Effect of NJ4 on pancreatic weight/body weight ratio

and serum digestive enzymes in cerulein-induced AP

In order to assess the effect of NJ4 on pancreatic edema,
the pancteatic weight/body weight (PW/BW) was mea-
sured. As shown in Figure 5A, NJ4 administration inhib-
ited the PW/BW ratio in a dose-dependent manner dut-
ing cerulein-induced AP. When acinar cells are challenged
with inflammatory responses, pro-enzymes in the pan-
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Figure 3 Effects of the 4th fraction of Nardostachys jatamansi on inflamma-
tory events in the pancreas after pancreatitis. A: Representative hematoxylin-
eosin stained sections of the pancreas in the control mice not administered
cerulein, in mice given cerulein, and in mice given Nardostachys jatamansi (NJ) (1
mglkg, 5 mglkg, or 10 mg/kg) 1 h before the first cerulein injection; B: Neutrophil
infiltration was assessed on the basis of myeloperoxidase activity. This figure
shows representative images of 1 experiment that involved 6 mice. The results
were similar in 3 additional experiments. °P < 0.05 vs the saline treatment; °P < 0.05
vs cerulein treatment alone. Original magnification: x 100. AP: Acute pancreatitis.
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Figure 4 Effects of the 4th fraction of Nardostachys jatamansi on acute
pancreatitis-associated lung injury. A: Representative hematoxylin-eosin
stained sections of the lung in the control mice not given cerulein, in mice given
cerulein, and in mice given Nardostachys jatamansi (NJ) (1 mg/kg, 5 mg/kg,
or 10 mg/kg) 1 h before the first cerulein injection; B: Neutrophil infiltration was
assessed on the basis of myeloperoxidase activity. This figure shows represen-
tative images from 1 experiment that involved 6 mice. The results were similar
in 3 additional experiments. °P < 0.05 vs the saline treatment; °P < 0.05 vs
cerulein treatment alone. Original magnification: x 100. AP: Acute pancreatitis.
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Figure 5 Effects of the 4th fraction of Nardostachys jatamansi pretreat-
ment on pancreatic weight/body weight (A), serum amylase activity (B),
and serum lipase activity (C) during cerulein-induced acute pancreatitis.
Mice pretreated with Nardostachys jatamansi (NJ) were challenged with intra-
peritoneal injections of cerulein (50 pg/kg). Mice were killed 6 h after the last
cerulein injection. Their serum and pancreas were harvested and (A) pancreatic
weight (PW)/body weight (BW) ratio and the levels of digestive enzymes such
as (B) amylase and (C) lipase were measured as indicated in the experimental
protocol. Data show the mean + SE for 6 mice in 1 group. The results were
similar in 3 additional experiments. *P < 0.05 vs the saline treatment; °P < 0.05
vs cerulein treatment alone. AP: Acute pancreatitis.

creatic zymogen are converted to active enzymes such as
amylase and lipase. Therefore, serum amylase and lipase
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Figure 6 Effects of the 4th fraction of Nardostachys jatamansi on interleukin 1, interleukin 6, and tumor necrosis factor during cerulein-induced pancreati-
tis. Mice pretreated with Nardostachys jatamansi (NJ) were challenged with intraperitoneal injections of cerulein at a supramaximal dose (50 pg/kg). Mice were killed
at 6 h after the last cerulein injection. Levels of serum cytokines were measured by enzyme-linked immunosorbent assay (A). Levels of pancreatic mRNA for interleu-
kin (IL)-1, IL-6, and tumor necrosis factor (TNF)-a were quantified using real-time reverse transcriptase polymerase chain reaction (B). Data show the mean + SE for
6 mice in 1 group. The results were similar in 3 additional experiments. °P < 0.05 vs the saline treatment; °P < 0.05 vs cerulein treatment alone. AP: Acute pancreatitis.

activity were used to assess the severity of AP. The activi-
ties of amylase and lipase were up-regulated by cerulein
injection. However, these activities were inhibited by NJ4
treatment (Figure 5B and C).

Effect of NJ4 on pro-inflammatory cytokine production

Several inflammatory mediators such as ILs and TNFs
have been shown to increase in AP"". Therefore, the
levels of cytokines were examined in the serum and pan-
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creas. Substantial increases in IL-1p, IL-6, and TNF-q,
wete found in the serum and pancreas at 6 h after the final
administration of cerulein. However, the levels of IL-13,
IL-6, and TNF-q in the serum and pancreas were signifi-
cantly reduced with NJ4 treatment (Figure 6A and B).

Effect of NJ4 on in vivo HO-1 induction

To evaluate the protective mechanisms of NJ4, we de-
termined the levels of HO-1, which exhibits certain bio-

July 7, 2012 | Volume 18 | Issue 25 |



Bae GS et a/. Anti-inflammatory effects of NJ4

T ———

— — — R <— [3-3tin

Time (h) - 1 3 6
NJ4

B 91

a a

e

£ 6 F

€

in a

o

I

2

®

g 3

0

Time (h) - 1 3 6

NJ4

c -~ B p—
-— ﬂ‘-.HHoq

[
|

NJ4 (mg/kg) - 1 5 10 cCur
D 8
7F a
-
< 6 a
=
[24
E 5L a
- -
2 4l
2 a
™ 3
&
2 -
1L
0
NJ4 (mg/kg) - 1 5 10 Cur

Figure 7 Effects of the 4th fraction of Nardostachys jatamansi on heme oxygenase-1 expression in the pancreas. Mice were treated with saline, or
Nardostachys jatamansi (NJ) (10 mg/kg). Then, the pancreas was harvested at the indicated time. A: The protein level of heme oxygenase-1 (HO-1) in the pancreas
was measured using Western blotting. B-actin was used as the loading control; B: The mRNA expression of HO-1 was measured using real-time reverse transcriptase
polymerase chain reaction (RT-PCR). Mice were treated with the indicated dose of NJ4. At 6 h after NJ4 injection, the pancreas was harvested; C: The protein level
of HO-1 in the pancreas was measured using Western blotting. 3-actin was used as the loading control; D: The mRNA expression of HO-1 was measured using real-
time RT-PCR. The results were similar in 3 additional experiments. *P < 0.05 vs the saline treatment. Cur: Curcumin.

logical properties, including anti—inﬂarnrnatory[“’lzl and
antioxidant" ™" properties. Therefore, NJ4 (10 mg/kg)
was administered intraperitoneally at the indicated time
point. Administration of NJ4 was followed by significant
up-regulation of pancreatic HO-1 after 1 h (Figure 7A
and B). Pancreatic HO-1 induction also occutred in a
dose-dependent manner at 6 h after the injection of NJ4
(Figure 7C). Curcumin, an HO-1 inducer, was loaded
as the positive control. The pancreatic mRNA levels of
HO-1 were correlated with the pancreatic protein levels

of HO-1 (Figure 7D).

Effect of NJ4 on in vitro HO-1 induction and acinar cell
death

To examine the effect of NJ4 on HO-1 expression in
1solated pancreatic acinar cells, HO-1 expression was
measured. As shown in Figure 8A and B, NJ4 treatment
increased the HO-1 expression after 1 h, but significantly
at 3 h. The expression was increased in time dependant
manner. HO-1 induction in pancreatic acinar cells oc-
curred in a dose-dependent manner at 6 h after NJ4 treat-
ment (Figure 8C and D).

AP is characterized by acinar cell death in the pancre-
as. Therefore, we examined the effect of NJ4 on pancre-
atic acinar cell death. The cells were pretreated with NJ4
for 1 h and then stimulated with cerulein for 6 h. NJ4 sig-
nificantly increased the viability of pancreatic acinar cells
in a dose-dependent manner (Figure 8E). We also investi-
gated whether NJ4 could regulate cerulein-induced acinar
cell death through the induction of HO-1. The HO-1
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inhibitor ZnPP inhibited the effect of NJ4 on cerulein-
induced acinar cells (Figure 8F). Furthermore, the HO-1
inducer curcumin also inhibited cerulein-induced acinar

cell death (Figure 8F).

Effect of NJ4-2 on in vitro acinar cell death

To examine the effect of NJ4-2 on HO-1 expression
in isolated pancreatic acinar cells, HO-1 expression was
measured. As shown in Figure 9A and B, NJ4-2 treat-
ment increased the HO-1 expression after 1 h. The ex-
pression was increased in time dependant manner. HO-1
induction in pancreatic acinar cells occurred in a dose-
dependent manner at 6 h after NJ4-2 treatment (Figure
9C and D).

The cells were pretreated with NJ4-2 for 1 h and then
stimulated with cerulein for 6 h. NJ4-2 significantly in-
creased the viability of pancreatic acinar cells in a dose-
dependent manner (Figure 9E).

DISCUSSION

Various studies have investigated candidates that could
treat AP However, specific and effective candi-
dates to treat AP remain unknown. Our previous report
showed that the total extract of NJ reduces the severity
of mild acute pancreatitis[(’]. In this study, we report that
the biological main fraction of NJ, i.e., NJ4, has a protec-
tive effect against cerulein-induced AP. To identify the
fraction responsible for the main effect of NJ, we frac-
tionated NJ and obtained 6 fractions. The effects of the 6
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Figure 8 Effects of the 4th fraction of Nardostachys jatamansi on heme oxygenase-1 expression in acinar cells and cerulein-induced acinar cell death. Pan-
creatic acinar cells were pretreated with Nardostachys jatamansi (NJ) (20 ug/mL), and then the cells were harvested at the indicated time. A, B: The protein level (A)
and mRNA level (B) of heme oxygenase-1 (HO-1) in pancreatic acini were measured. Pancreatic acinar cells were pretreated with the indicated dose of NJ4. Then, the
cells were harvested at 6 h; C, D: The protein level (C) and mRNA level (D) of HO-1 in the pancreatic acini were detected. The pancreatic acinar cells were pretreated
with the indicated dose of NJ4 and then stimulated with cerulein (10 nmol/L); E: After 6 h of cerulein stimulation, cell viability was measured as described in the experi-
mental protocol. Pancreatic acinar cells were pretreated with ZnPP (10 umol/L), an HO-1 inhibitor, for 1 h and then treated with NJ4 (20 pg/mL), curcumin (10 umollL); F:
At 1 h after treatment, cerulein (10 nmol/L) was added; After 6 h of cerulein stimulation, cell viability was measured. The results were similar in 3 additional experiments.

°P < 0.05 vs the saline treatment; °P < 0.05 vs cerulein treatment alone. Cur: Curcumin.

fractions on lipopolysaccharide (LPS)-induced inflamma-
tory responses wetre examined in peritoneal macrophages.
NJ4 significantly inhibited the LPS-induced production
of inflammatory mediators such as nitric oxide (NO),
IL-1, IL-6, and TNF-q, (unpublished data). Therefore,
NJ4 was chosen to examine its effect on pancreatitis.
Also among the 3 fractions from NJ4, NJ4-2 inhibited
the inflammatory mediators significantly. Thus, we also
choose NJ4-2 as NJ4’s candidate. NJ4 ameliorated the
severity of AP and AP associated with lung injury and
inhibited neutrophil infiltration, digestive enzymes, and
cytokines. NJ4 also increased cell viability against cerulein
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challenge. In the present study, we showed that the effect
of NJ4 on pancreatitis was comparable with the effect of
the total aqueous extract of NJ.

AP remains a challenging clinical problem in which
mortality is significantly increased depending on its sever-
ity“()]. Despite a few clinical trials with pharmacological
agents, no effective treatment exists for AP. AP is com-
monly caused by excessive alcohol consumption, bili-
ary tract disease, hereditary factors, certain medications,
and invasive procedures of the biliary and pancreatic
ducts® . In this experiment, we used a well-established
murine model. Mice with AP showed destruction in acinar
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Figure 9 Effects of Nardostachys jatamansi-2 on heme oxygenase-1 expression in acinar cells and cerulein-induced acinar cell death. Pancreatic acinar
cells were pretreated with Nardostachys jatamansi (NJ4)-2 (10 png/mL), and then the cells were harvested at the indicated time. A, B: The protein level (A) and mRNA
level (B) of heme oxygenase-1 (HO-1) in pancreatic acini were measured. Pancreatic acinar cells were pretreated with the indicated dose of NJ4-2; C, D: Then, the
cells were harvested at 6 h, the protein level (C) and mRNA level (D) of HO-1 in the pancreatic acini were detected. The pancreatic acinar cells were pretreated with
the indicated dose of NJ4 and then stimulated with cerulein (10 nmol/L); E: After 6 h of cerulein stimulation, cell viability was measured as described in the experimen-

tal protocol. The results were similar in 3 additional experiments. °P < 0.05 vs the saline treatment; °P < 0.05 vs cerulein treatment alone.

cell structure and increased neutrophil infiltration. The
NJ4-pretreated mice with AP showed reduced acinar cell
destruction and neutrophil infiltration (Figure 3).

The mortality rate in AP is approximately 20%0-30%,
and the major cause of AP-induced death is acute lung
injury, referred to as acute respiratory distress syndrome.
After cytokines, or the digestive enzymes from the pan-
creas, attack the lung alveolar cells, inflammation and vas-
cular injury occurs in the lung'™. Cells that have infiltrated
the pulmonary tissues cause breakdown of the pulmo-
nary parenchyma. This lung attack is particularly dam-
aging in the eldetly, and if they survive an attack, their
quality of life is impaired®”". Therefore, it is important
to protect against lung injury caused by AP. In the pres-
ent study, we showed that NJ4 treatment reduces lung
injury and inflammation in AP (Figure 4).
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Experimental pancreatitis models and pancreatitis pa-
tients showed increased I and TNF-q, levels™ . TL-1p,
IL-6, and TNF-o play a pivotal role in AP, acting eatly in
the disease course in addition to transitioning the acute
inflammatory response to a chronic response” . We
have previously reported that the total aqueous extract
of NJ could inhibit cytokine production in mice with AP
and LPS-induced cytokine production in macrophages™.
Similar to the total aqueous extract of NJ, NJ4 inhibited
serum and pancreatic cytokine production in mice with
AP.

HO-1 is a stress-inducible enzyme, wheteas its isoform
HO-2 is constitutively expressed””. HO-1 catabolizes
heme into a free iron, carbon monoxide, and bilirubin/
biliverdin®, Studies have shown that HO-1 has protective
and anti-inflammatory effects on AP, In the above
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experiment, the administration of HO-1 inducers resulted
in significant induction of HO-1 in a specific target organ,
the pancreas, and reduction in pro-inflammatory cyto-
kines, a major factor in AP regulation. We have already
reported that the protective mechanism of the total water
extract of NJ on AP involves the inhibition of MAPKSs.
Similatly, NJ4 inhibited the activation of MAPKSs, but the
inhibition was not significant (data not shown). Therefore,
we hypothesize that the main protective mechanism of
NJ4 is via HO-1 upregulation. HO-1 was up-regulated 1 h
after NJ4 injection, and the upregulation was dose-depen-
dent. The HO-1 up-regulation by NJ4 was comparable
with that observed with curcumin. Furthermore, NJ4
induced expression of HO-1 in isolated pancreatic acinar
cells at 3 h significantly; this finding is different from that
of the i vivo experiment. In the 7z vivo experiment, NJ4
induced pancreatic HO-1 expression at 1 h significantly;
however, in the i vitro experiment, NJ4 treatment led to
the significant up-regulation of HO-1 at 3 h. We speculate
that differences in metabolism between tissues and cells
might be the reason for the difference in the expression
time of HO-1 in the # vivo and in vitro expetriments.

In this study, we suggest and evaluate the possible
protective effect of NJ4 against AP. NJ4 treatment at-
tenuated the severity of AP and lung injury associated
with AP iz the up-regulation of HO-1. The biological
fraction of the total aqueous extract of NJ (NJ4) showed
similar effects to those obtained with the total extract,
which means that NJ4 might contain a compound useful
for treating AP. Further fractionation and analyses are
needed to identify this novel compound from NJ4.

COMMENTS

Background

Acute pancreatitis (AP) is a serious, unpredictable clinical problem, whose
pathophysiology remains poorly understood. Therefore, drugs and therapies
need to be developed.

Research frontiers

The paper previously reported that the total water extract of Nardostachys
jatamansi (NJ) could protect against AP. This study aimed to determine if the
fraction of NJ has the potential to ameliorate the severity of AP.

Innovations and breakthroughs

Nowadays, the treatment of acute pancreatitis is limited to protease inhibitors,
and the pathogenesis is not well-understood. In this paper, the authors studied
a possible candidate to develop as drug treatment for acute pancreatitis, in line
with the previous report. Also the authors provided the regulating mechanisms
in AP. This finding could strengthen up further studies of acute pancreatitis.
Applications

The papers, here, firstly provided the possible candidate of NJ. These results
could provide the clinical basis for development of a drug or compound to treat
acute pancreatitis.

Terminology

Acute pancreatitis: a sudden inflammation of the pancreas. It can have severe
complications and high mortality despite treatment. While mild cases are often
successfully treated with conservative measures and aggressive intravenous
fluid rehydration, severe cases may require admission to the intensive care unit
or even surgery to deal with complications of the disease process.

Peer review

This submission shows interesting results.
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