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ABSTRACT

AIM: To study theanti-inflammatory effects of agqueousextract from Dichroa febrifuga root (AEDF) for suppres-
sion inthe process of lipopolysaccharide (L PS)-induced sepsisintherat liver. METHODS: Theinhibitory effect of
AEDF on thealteration of inflammatory proteinswasinvedigated by Western blot and immunohistochemical anayss.
RESULTS: Western blot analysis showed that the level of nuclear factor (NF)-kBp65 was markedly up-regulated
and (I)-kBa wasdown-regulated by LPS (8 mg/kg) chalenge. However, AEDF 100 mg/kg inhibited induction of
NF-kBp65 and degradation of I-kBa in the liver of LPS-chalenged rats. I mmunohistochemicd analys s showed
that while the expression of the NF-kBp65, tumor necrosis factor (TNF)-a, and inducible nitric oxide synthase
(iNOS) tended to increase, that of |-kBa was decreased in the hepatocytes of rats chalenged with LPS. A dight
decline of NF-kBp65, TNF-a, and iNOS, but an increase of 1-kBa were observed in the hepatocytes of the rats
pretreated with AEDF. CONCLUSION: AEDF may act asa therapeutic agent for inflammatory diseasethrough a
regulationof inflammation-related proteins.

INTRODUCTION Korea. Thisplant has awide application as a comple-

mentary therapeutic agent in Korea for thetreatment of
ungtable fever caused by infection. According to our
previous study, the aqueous extract from D febrifuga
root (AEDF) suppressed the lipopolysaccharide (L PS)-
induced inflammatory response through inhibiting the

Traditiondly, theroot of Dichroa febrifuga has
clinicaly been used as an anti-malarial drug and also
used in the treatment of productive cough in China and
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production of nitric oxide (NO) and tumor necross fac-
tor (TNF)-a inthe peritoneal macrophage of mice™.
Recently, nuclear factor kB (NF-kB) is known to
mediate multiple L PS-induced inflammatory responses.
The NF-kB is bound to inhibitory kB (I-kB), which is
phosphorylated by I-kB kinase (IKK) and degraded by
ubiquitin-mediated proteolysis under the activated
condition. Activated NF-kB is trandocated into the
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nucleus where it induces transcriptiona up-regul ation
of various proinflammatory mediatorsthat contribute
to the systemic inflammatory response, such as iNOS,
TNF-a, and interleukin (1L)-8%

Therefore, blocking NF-kB activation may be an
ef fective srategy in the treatment of sepsisinduced
multipleorgan injury. Inthis study, we investigated the
inhibitory effect of AEDF on the alteration of inflam-
matory proteinssuch as NF-kBp65, I-kBa, iNOS, and
TNF-a in the process of LPS-induced sepsis by West-
ern blot and immunohi sochemical anayss.

MATERIALS AND METHODS

Preparation of aqueous extract The roots of D
febrifuga Lour were purchased from alocal herb store,
Kwang Myung Dang (Pusan, Koreg) in September 1999.
The D febrifuga was confirmed and authenticated by
Prof KO Woo-Shin, College of Oriental Medicine, Dong-
Eui University. A voucher specimen (number: DF-98-
2) has been deposited at theCollege of Oriental Medicine,
Dong-Eui University, Busan, Korea. The D febrifuga
was extracted by the method of Kim et a/"l.

Reagents Anti-iNOS rabbit polyclonal antibody
was obtained from CALBIOCHEM (San Diego, CA).
Rabbit polyclonal antibodiesraised agai nst NF-kBp65,
I-kBa, and TNF-a and horseradish peroxidase-conju-
gated anti-rabbit antibody and ECL kit were purchased
from Santa Cruz Biotechnology (SantaCruz, CA). Avi-
din-biotin-peroxidase complex kit and substratekit for
peroxidase were purchased from Vector Lab
(Burlingame, CA) and LPS (phenol extracted Sa/mo-
nella enteritidis) and other all reagents from Sigma (St
Louis, MO).

LPS and AEDF administration and rat treat-
ment Male Sprague-Dawley rats, weighing about
120 g on average, were aobtained from Taconic &
SamYuk Co in Korea. Ratsof the LPS 8 mg/kg aone
and L PS plus AEDF 100 mg/kg group were adminis-
trated intraperitoneally 3 times, 24, 8, and 3 h before
the LPS chalenge, with either phosphate buffered sa
line (PBS) or AEDF at a concentration of 100 mg/kg.
After pretreatment, ratswere chalenged intravenoudy
with 8 mg/kg of LPS and control one with the same
volume of PBS. Ratswere sacrificed a interval 4, 8,
and 24 h after the LPS challenge.

Western blot analysis Rat livers were obtai ned
from thecontrd, LPSaone, andL PS plusAEDF groups
and homogenized in 9 volumes of potass um HEPES

buffer (pH 7.4) 20 mmol/L, containing 0.5 % Triton X-100,
DTT 1 mmol/L, and proteaseinhibitor cocktal solution.
The homogenates were centrifuged at 25000 * g for 30
minat 4°C, and the supernaantsserved asliver protein
extracts. The 30 nyg of protein extracts were subjected
to SDS-PAGE, and proteins were transferred to nitro-
cellulose membranes. For immunodetection, we used
the ECL kit.

Histopathology Thelivers werefixed in4 %
paraformaldehyde in PBSfor 18 h and dehydrated in a
graded ethanol series. After embedment in paraffin,
serid 5-mm thick sections were prepared. For histo-
pathological examinations, hematoxylin-eosn stain and
periodic acid Schiff’ sreaction were used.

Immunohistochemistry After deparaffinized in
58 ©C xylene, the sections were exposed to 0.3 %
methanolic hydrogen peroxide for 30 min, and washed
with PBS. Tissues were then treated with goat normal
serum at room temperature for 30 min followed by treat-
ment with anti-NF-kBp65, [kBa, TNF-a, and iNOS di-
luted for 1:500 in moisture chamber at 4 °C for 16 h.
After being washed by PBS, tissueswere incubated with
the secondary antisera, biotinylated anti-rabbit 1gG for
30 min and washed with PBS. T hese sections were
further incubated in avidin-bioti n-peroxidase complex
kit at room temperature for 60 min. Diaminoben-zidine
substrate kit for peroxidase was applied. For the
controls, treatment with primary and secondary anti-
bodies was omi tted.

RESULTS

Effect of AEDF on NF-k Bp65 induction NF-
kBp65 increased about 6-11 fold in the livers of LPS-
treated rats compared to the controls (Fig 1A).
However, inthe ratspretreated with AEDF, thelevel of
NF-kBp65 was reduced at 8 and 24 h after the LPS
challenge compared to the LPS-treated rats. This re-
ault indicated that AEDF inhibited the induction of NF-
kBp65in theliver of L PS-treated rat.

Inhibitory effect of AEDF on the degradation
of I-k Ba Since LPS-induced activation of NF-kB is
accompanied by the rapid degradation of the inhibitory
protein |-kBa , we examined whether AEDF would in-
hibit the degradation of I-kBa intheliversof L PS-treaed
rats. While |-kBa rapidly degraded at 4 h inthe LPS-
treated rats, the degradation wasinhibited a 4 h in the
AEDF-pretreated rats. However AEDF showed partial
inhibition on degradation of |-kBaat 8 and 24 h &fter the
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Fig 1. Inhibitory effect of aqueous extract from Dichroa
febrifuga root (AEDF) on the induction of NF-k Bp65 (A) and
the degradation of I-k Ba (B) in rat livers. Rats were pre-
treated with AEDF (100 mg/kg) or PBS for 3 times at 24, 8,
and 3 h before LPS challenge, and then administered with
LPS (8 mg/kg). Liver samples were taken from the rats at
indicated times after the LPS challenge. Samples were
subjected to SDS-PAGE followed by the Western blot analy-
sis using an NF-k Bp65 and I-k Ba antibody. Results repre-
sent two independent experiments.

LPSchalenge (Fig 1B).

Histopathological analysis Very severe epithe-
lial changes such as cloudy swelling, hydropic
degeneration, and Kupffer cell reaction were observed
in the ratschallenged with LPS. Stromatic changes
including passive congestion and inflammatory cell in-
filtration were also demonstrated and the score of in-
flammation loci was markedly increased. Even though
epithelial changesin ratspretreated with AEDF showed
admilar histopathological pattern, dight differencesauch
as fewer scoresof inflammation loci were observed

(Tab 1).

Immunohistochemical analysis In the hepato-
cytes of rats challenged with LPS, the immunoreaction
of the NF-kBp65, TNF-a, and iNOS tended to increase
compared with normal rats. Much more intensve ex-
presson of NF-kBp65 and iNOS was detected in the
hepatocytes of centrolobular zone and TNF-a in the
surfaceof hepatocytes. The numbe of nucleus of hepa
tocytes showing iNOS immunoreaction also increased
in the LPS-treated rats. However, a dight decline of
NF-kBp65, TNF-a, and iNOS expresson was det ect-
able in the AEDF-pretreated rats. In contrast, 1-kBa
expresson decreased, especialy in the hepatocytes lo-
cated around necrotic loci, inrats chalenged with L PS.
But the expression of I-kBa partly reincreased in the
AEDF pretreated rats. Especidly, the number of hepa-
tocytes showing immunoreaction in the nucleus in-
creased in the AEDF-pretreated rats (Tab 2, Fig 2).

DISCUSSION

Endotoxin induces a release of various cytokines
from macrophages and T-cells, which induce expres-
son of INOS mRNA or TNF-a through the activation
of transariptional factor NF-kB!., LPSgtimulationdidts
an increase of NF-kB activation with a corresponding
degradation of itsinhibitor I-kBa'®®. The prevention
of NF-kB activation may be useful in the therapy of
sepssinduced disorders associated with locd or sys
temicinflammation'®.

L PS-induced NF-kB activation is closely rel ated
to I1-kB degradation. In the recent reports, the compo-
nents of a specific signal transduction cascade activated
in response to the proinflammatory cytokines, TNF-a
or IL-1b, wereeucidated. These cytokinesinitiate a

Tab 1. Effect of aqueous extract from Dichroa febrifuga root (AEDF) 100 mg/kg on the histological findings in theliver of rats

challenged with LPS 8 mg/kg. n=S5.

LPS-treated group +AED F-pretreated group
HC Control 4h 8h 24h ah 8h 24h
(o3 +-++ ++++ ++++ +++ +++ +++ +++
HD 0 ++ ++ ++ ++ ++ ++
KC 0-+ +++ +++ +++ +++ +++ +++
FN 0 ++ ++-+++ ++++ ++ ++ +++

HC, histologica changes; CS, cloudy swdling; HD, hydropic degeneration; KC, Kupffer cdl reaction; FN, focal necrosis.
0-++++ indicates the relative changes of the histologicd finding: 0, faint and negligible; +, week; ++, moderate; +++, severe; ++++, very

severe.
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Tab 2. Immunohistochemistry for inflammation-related proteins in the liver of rats. n=5.

Stain Region Control LPS treated group +AEDF pretreated group
4h 8h 24h 4h 8h 24 h
I-kBa HCY ++-++ O-+/+ O-+/+ O-+/+ 0-+/0 +-+/++ ++/++
KC 0 0 0 0 0 0 0
IFC 0 ++ ottt ottt ++ ++ ++
NF-kBp65 HC? 0-+/+ O-+/++ O-+/++ O-+/++ O-+/+ O-+/++ 0-+/+
KC 0 0 0 0 0 0 0
IFC 0 + + + + + +
TNF-a HCY 0 0+ O/++ O/+++ 0+ 0+ 0/+
KC 0 0 0 0 0 0 0
IFC 0 ++ ++ ++ ++ ++ ++
iNOS HC? 0+ +++ ++[+++ ++[++ +/+ ++[++ ++/++
KC 0-+ + ++ ot + ot o+t
IFC 0 ++ ++ ++ ++ ++ ++

HC, hepatocyte; KC, Kupffer cdl; IFC, inflammatory cdl in necrosis lodi; /, two distinct reaction are observed in the same cell;
1) cytoplasm/nucleus; 2) most hepatocyte'hepatocytes located around the centrol obular vein; 3) cytoplasm/cell surface.
O0-+++ indi cate the relative intensity of thereection : 0, faint and negligible; +, weak; ++, moderate; +++, intense.

sgnaling cascade leading to the activation of 1-kB ki-
nase (IKK). Phosphorylated |-kB is then selectively
ubiquitinated by an E3 ubiquitin ligasd”®. In the last
dep of thissignaling cascade, phosphorylated and
ubiquitinated 1-kB is sl ectively degraded by the 26S
proteasome’”!.

Inhibition of NF-kB activation with an inhibitor
of 1-kB degradati on eliminated TNF-a synthess and
the expresson of iINOS in the LPS-gtimulated hepato-
cytes®®* Up-regulation of INOS mRNA level by LPS
can be explained by observed activation of NF-kB and
thisshowsan important degradation of I-kB in the pres-
enceof LPSwhichresultsinNF-kB activaionand iNOS
transcriptiont™.

Inthisreport, AEDF inhibited theindudion of NF-
kB and the degradation of 1-kBa intheliver of LPS-
treated rats. Negative regulation of NF-kB activity is
very complex in that severa mechanisms are i nvolved
in the termination of NF-kB activation or itsdown-regu-
lation in response to specific signals. The critical in-
hibitory step is thought to be the binding of newly syn-
thesized I-kBa to NF-kB in the nucdleus™. Asshown
in the results, up-regulation of 1-kBa was observed in
the AEDF-pretreated rats as compared with L PS-treated
rats through the experiment. Thisresult suggeststwo
possibilities 1)AEDF may affect regulatory machinery
of IKK involving ubiquitin or proteasome system, 2)
AEDF may enhance the transcriptional activation sys-

tem of 1-kBa.

Asfor theimmunohistochemica studies, a more
intensive immunoreaction of NF-kBp65, TNF-a, and
iINOS and awegker oneof |-kBa were merely observed
in the hepatocytes of rats challenged with L PS. Some
dif ferences between AEDF-pretreated rats and LPS-
treated ones, such as a decline of NF-kBp65, TNF-a ,
and iINOS and an increase of |-kBa, were detected in
the hepatocytes. There was no exact evidence for the
trand ocati on of NF-kBp65 into the nucleus by i mmu-
nohisochemica analyss. However, the above results
obtained from immunohigtochemistry showed a differ-
ent induction of inflanmation-rel ated protein in the
hepatocytes.

In the present sudy, promi nent immunoreaction
of 1-kBa was detected in the nucleus of the AEDF-
pretreated rats. This may be due to the postive regula-
tion of the I-kBa geneby NF-kB. Therapid reappear-
ance of |-kBa following its degradation is theresult of
the activation of |-kBa gene by NF-kB and this
reaccumulation correlateswith the inhibition of NF-kB
activity in the nucleus because I -kBa can enter the
nucleus as previously observed™. As stated above,
AEDF may act asan inhibitor of NF-kB activation and
I-kBa degradation and then have inhibitory ef fects on
the expression of iINOS and TNF-a production. There-
fore it may be concluded that AEDF would be useful as
atherapeuti c agent for inflammatory disease.
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Fig 2. Immunohistochemical localization of I-k Ba , NF-k Bp65, and iNOS in the liver of normal (A), LPS (8 mg/kg alon e)-
treated (B), and AEDF (100 mg/kg)-pretreated rats (C) at 8 h after LPS challenge. Normal liver showed moderate
immunoreaction of I-k Ba in the cytoplasm and nucleus of hepatocytes, but these decreased in the LPS-treated rats. Note
immunoreaction of I-k Ba in the nucleus of the AEDF-pretreated rats. Although the NF-k Bp65 translocation into the
nucleus was not detected in the LPS-administered rats, an increase of inmunoreaction of NF-k Bp65 with iNOS was
observed. A slight decline of NF-k Bp65 and iNOS was observed in the AEDF pretreated rats. 7k, central vein.
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