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I. Introduction

The
transcription factor in

(NF)-kB, a
mnflammatory response,

nuclear factor pivotal
activation plays an important role in expression of
inflammatory factors such as inducible nitric oxide
synthase (iNOS), tumor necrosis factor (TNF)-a
and interleukin (IL)-1". The NF-kB is normally
inactive, bound by members of the inhibitory (I)-k
B family, including I-xBa, in the cytoplasm. NF—x
B is dissociated from I-kB and translocate into
the nucleus where it induces transcriptional up-
regulation of various proinflammatory mediators
Thus the
blocking of NF-¥B activation may be an effective
strategy in the treatment of inflammation-induced
organ injury.

Adjuvant arthritis develops inflammation in the
articular  tissue
synovitis and ultimately leads to erosive joint

that contribute to organ injuryz).

such as an inflammatory

and bone destruction”. The complete Freund’s
adjuvant (CFA)-induced arthritis
used for many vears for evaluation of anti-

in rat been

rheumatoid arthritic treatments as a reliable
arthritic  animal model”. With biochemical
studies, the analysis of the morphological and
immunohistochemical changes also constitutes an
important aspect of arthritis characterization.
Current treatment for arthritis is not largely
satisfied with glucocorticoids and non-steroidal
anti-inflammatory agents because of numerous
systemic side effects from long-term use”.

Electroacupuncture (EA) has been clinically
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used as a therapeutic means for the mitigation of
acute or chronic inflammatory diseases in oriental
that EA
stimulation has analgesic effects which induce
the enkephalins

dynorphins in various experimental pain model

medicine. Numerous studies show

and
6-7)
s .

selectively release  of

But EA may affect chronic systemic disease such
as arthritis by means of
towards the inflammatory process in the joints of

inhibitory  activity

animal model. Therefore, we investigated the
EA
arthritis

effects  of stimulation for treating

the
development of CFA-induced arthritis using

rheumatoid and suppressing

immunohistochemical methods.

II. Materials and Methods

1. Animals

Male Sprague-Dawley rats, weighing approx.
120 g, were obtained from Hyochang Science,
Daegu, Korea. Rats were housed under constant
environmental conditions at 22C and a 12-hour
dark-light cycle, and were fed a commercially
obtained diet and allowed tap water ad libitumn
starting 2 weeks before and throughout the study.
The experimental procedures were conducted
under the ethical guidelines for investigations of

. .. . . 8)
experimental pain in conscious animals™.

2. CFA Injection and EA Stimulation
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Rats were injected subcutaneously with 150
of CFA (1 mg Mpycobacterium tuberculosis per 1
m¢ Sigma, St. Louis, MO, USA) into the plantar
surface of the hindpaw. For EA stimulation at 2
Hz, 15 Hz and 120 Hz, rats were partially
restrained in a plastic holder. Two stainless-steel
needles with 025 mm diameter were inserted in
each hindleg at those acupoints corresponding to
Zusanli (ST36, 5 pr lateral to the anterior tubercle
of the tibia) and Sanyinjiao (SP6, 3 mr proximal
to the medial malleolus) in humans and were
connected to an electric stimulator (SM-60
Saechang, Seoul, Korea). The intensity was sef at
1 nA and was increased stepwise to 2 mA and 3 wA
and each step lasted 10 min. EA stimulation was
repeated with 3-day intervals for a total of 30
days after CFA-injection. Normal groups were
injected with 150 uf of phosphate buffered saline
(PBS, pH 74) only, and were not treated with
EA.

3. Measurement of Body Weight, Paw
Swelling and Tissue Preparation

Body weight was determined at the various
time points and paw edema also measured by a
water—displacement plethvsmometer (Ugo-Basile,
Comerio, Italy). Thirty days after CFA-injection,
the ankle joint of paw was obtained from the
normal, CFA-injected control and EA-treated
experimental rats and fixed @ 4%
paraformaldehyde in PBS for 24 hours.
Tissues were decalcified with 4% EDTA
solution and dehydrated in a graded ethanol
series and embedded in paraffin. Serial 5 um
thick sections were prepared.

4. Immunohistochemistry

After deparaffinized in 58C xylene, the sections
were exposed for 30 minutes to 0.3% methanolic
hydrogen peroxide, followed by washing with

PBS. Tissues were then treated with goat normal
serum at room temperature for 30 minutes
followed by treatment with anti-NF-xBp65, 1-xBa,
TNF-q, iNOS and IL-1B (Santa Cruz, CA) diluted
for 1:500 in moisture chamber for 16 hours at 4.
After washed by PBS, tissues were incubated
with the secondary antisera, biotinylated anti-
rabbit Ig G for 30 minutes, followed by washing
with PBS. These sections were further incubated
in avidin-biotin-peroxidase complex kit (Vector,
Burlingame, CA, USA) for 60 minutes at room
temperature. Diaminobenzidine substrate kit (Vector)
for peroxidase was applied. For the controls,
treatment with primary and secondary antibodies
was omitted.

5. Data analysis

Data were expressed as meantSEM. Calculations
of means, standard errors and Student's {-test
were made using SigmaPlot version 6.0 software
(SPSS, Chicago, IL, USA). P<0.05 was considered
statically significant.

[I. Results

1. The Body Weight and Paw Swelling

The significant difference showed between
normal and CFA-injected rats with or without EA
stimulation. But there was no difference between
control and EA-treated rats except 3 and 12 day
after CFA-injection as shown in Fig. 1. Paw
swelling of ipsilateral hindpaw of CFA-injected
rats was larger than the size of the pre-injection
baseline value throughout the 30 days after
CFA-injection. However, as illustrated in Fig. 2,
EA stimulation at 2 Hz, 15 Hz and 120 Hz
produced significant anti~edema effects compared
to the CFA-Injected control rats.
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Fig. 1. The whole body weight in the normal
(@), CFA-injected control (O) and EA-treated
rats (A, 2 Hz; [, 15 Hz; W, 120 Hz). Each
point indicates the meanszSEM (n=8)

* P<005 and #** P<0.005 indicate significant
differences from control group.

2. Immunohistochemical Analysis

To investigate the expression of inflammation-
related protein in the ankle joints after induction
of inflammation with or without EA stimulation,
we determined NF-kBp65, I-kBa, TNEF-q, iNOS
and IL-1p immunoreaction. The results of the
immunohistochemical study on the inflammation-
related proteiri are outlined in Table 1 and Figs.
3-4. The immunohistochemical analysis showed
that while weak or absent immunoreaction showed
in the matrix of articular cartilage, more intensive
for NF-kBp65, I-xBa, iNOS were observed in
chondrocytes of articular cartilage, especially in
the zone of hyaline cartilage. But there were no
significant difference between CFA-injected
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Fig. 2. Anti-edematous effects of EA at different
frequencies (O, control; A, 2 Hz [J, 15 Hz I,
120 Hz) in CFA-injected rats. Each point
indicates the meanstSEM (n=8). EA treatment
induced a significant inhibiton of CFA-induced
edema compared with controls
* P<005 and ** P<0.005 indicate significant

differences from control group (Cited from reference
9.

rats and EA-treated rats.

While [-kBa immunoreaction in the synovial
lining cells was decreased in rats challenged
with CFA, the immunoreaction for iNOS and
IL-1B tended to increase compared to normal
rats. But the iNOS expression significantly
decreased in the EA-treated rats compared to
CFA-injected rats. All immunoreaction for
inflammation-related protein examined in the
subsynovial tissue tended to increase in
CFA-injected rats compared to normal rats.
Much more intensive expression of NF-kBp65,
I-xBa and iNOS were detected in subsynovial
tissue of CFA-injected rats. However, a
significant decline of these immunoreaction
was detectable in the EA-treated rats.
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Table 1. Inflammation—related protein expression in the ankle joints of the rats with CFA-induced arthritis

by immunohistochemistry

EA-treated rat
Stains Region Normal rat Control rat
2 Hz 15 Hz 120 Hz
MAC 0 0 0 0 0
CHC 0,++ 0,++ 0,++ 0,++ 0,++
NF-kBp65 ccC 0 0 0 0 0
SLC 0 0 0 0 0
SST 0 —+++ 0 0 0
MAC —+ —+ —+ 0-+ —+
CHC ++++ ++++ +H++ 4+ +++
I-xBa CCC 4t e . e+ e+
SIC —++ —++ —++ 0-++ —++
SST 0 e+t 0 0 0
MAC 0 0 0 0 0
CHC 0 0 0 0 0
TNF-a ccC 0 0 0 0 0
SLC 0+ -+ 0—+ 0-+ 0-+
SST 0 —++ 0 0 0
MAC 0 0 0 0 0
CHC 4+ et 4+ +++ s
iNOS CCC +—++ -+t +—++ et ++
SLC + e bt et t
SST 0 O—+++ O—++ —++ —tt
MAC 0-+ -+ -+ —+ —+
CHC 0 0 0 0 0
IL-1B CCC 0 0 0 0 0
SLC 0 0+ 0+ 0-+ 0-+
SST 0 0-+ 0-+ 0-+ 0-+

0-++++ indicate the relative intensity of the reaction: ++++, very intense; +++, intense; ++, moderate; +, weak; 0,
absent. MAC, matrix of articular cartilage; CHC, chondrocyte in the zone of hyaline cartilage CCC, chondrocyte
in the zone of calcified cartilage; SLC, synovial lining cell; SST, subsynovial tissue.
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Fig. 3. Photomicrographs showing the articular capsule of the ankle joint in the normal (A), CFA-injected
control (B) and EA-treated experimental rats (C) on day 30 post arthritis onset. Note marked NF-kBp65
immunoreaction in the subsynovial tissue of CFA-injected rats compared to other rats. Scale bar = 50 um

Fig. 4. INOS immunoreaction in the normal (A), CFA-injected control (B) and EA-treated experimental
rats (C) on day 30 post arthritis onset. Note marked iINOS  immunoreactionin in the synovial lining cells of
CFA-injected rats compared to other rats. Scale bar = 50 um

IV. Discussion

The transcription factor NF-kKB serve as critical
regulators of the inducible expression of many
inflammatory genesm . I-XB degradation is closely
related to NF-KB activation. The proinflammatory
cytokines initiate a signaling cascade leading to
the activation of I-kB kinase, which phosphorylates
I-xB at specific N-terminal serine residues'”. The
phosphorylated I-kB is selectively degraded by
the 26S proteasome. The activation of NF-KB is
associated with the production of inflammatory
enzymes such as iNOS and COX-2'%.
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NF-kB plays also a pivotal role in
pathogenesis in general arthritis. The NF-kB
immunoreaction is increased in  synovial  intimal
lining of arthritic joint'®. NF-B immunoreaction is
found ‘mainly in the cytoplasm, not the nucleus, of
the synovial lining cells of induced-synovitis'.
Intra-articular injection of lipid A induced
NF-kB expression in cartilage and synovium
and quantitative analysis in cartilage may be
useful to evaluate cartilage degeneration®.
Blocking NF-kB is a potential strategy for
preventing chronic inflammatory disease and
selective inhibition of its activation offers an
effective therapeutic approach'®.
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As for the immunohistochemical studies in the
present, intensive I-kBa immunoreaction were
observed on the chondrocytes of articular cartilage.
But different immuncreaction of NF-kBp65 and I-
kBa between normal and CFA-injected rats were
merely observed in the subsynovial tissue and
decline of these reaction were detected in the
EA-treated groups. There were no exact
evidence for translocation of NF-kBp65 into
the nucleus by immunohistochemical analysis.
However, these obtained  from
showed a different
expression of NF-kB and I-kB in the
subsynovial tissue by EA stimulation.

NF-kB-induced gene expression contributes
significantly to the pathogenesis of inflammatory
diseases such as arthritis!”. Inhibition of NF-kB
activation with an inhibitor of I-kB degradation
eliminate iINOS expression and TNF-a synthesis.
NO is relevant to the pathogenesis of joint
swelling in the inflammatory arthritis™. Several
immunohistochemical studies reported that iNOS is
most strongly expressed in the synovial lining
layer, subsynovium, vascular smooth muscle and
chondrocytes and in additional expression in the
endothelial cells and synovial fibroblast with
rheumatoid arthritis™ .

Inflammatory  subsynovium and chondrocytes
are major source of increased NO production and
INOS  expression in patient with inflammatory
arthritis®. In the present study, iINOS expression
was. detected mainly in the chondrocytes of the
articular cartilage. But significant increase of this
reaction in CFA-injected rats were observed in
the synovial lining cell and subsynovial tissue and
tended to decreased in the EA-treated rats.

TNF-a is a principal regulator of inflammation
and mediates induction of other cytokines, COX~2,
prostaglandins and metalloproteinases, which leads
to cartilage degradation in arthritis. TNF-q,
COX-2, and prostaglandin E; play a critical role
in the pathophysiology of arthritis, TNF-a is
mainly expressed in the region with a marked
infiltration of inflammatory cells in the arthritic

results
immunohistochemistry

joint™.

Other cytokines such as IL-18 and IL-6 play
distinct roles in the pathological mechanisms of
synovial tissue proliferation and joint destruction
in arthritic joint. The immunoreaction for TNF-a
and IL-1p were mainly observed in the
articular capsule, immunoreaction for TNF-a
in the synovial lining cells and IL-1B in
articular capsule slightly increased in CFA-
injected rats compared to normal rats. The
different expression for TNF-a between CFA-
injected rats and EA-treated rats showed only
in the synovial lining cells of articular capsule.

The body weight, paw volume of the joint are
exploited as an assessment method addressing
arthritic symptoms. Although there was no
difference in the whole body weight between
CFA-injected rats and EA-treated rats, different
immunoreactions were detected in the EA-treated
rats compared to CFA-injected rats with significant
decline of paw swelling. The results obtained
from immunohistochemistry showed a different
induction of inflammation-related protein in
the ankle joint, especially in articular capsules.
These observations are consistent with a critical
role of NF-XB activation and other enzyme and
cytokines participating process of inflammation. In
conclusion, the results reported here suggest that
EA stimulation intubits expression of inflammatory
regulators. Thus EA treatment may be useful in
the therapeutic menas for chronic inflammatory
disease.

V. References

1. Vanden-Berghe W, De-Bosscher K, Vermeulen
L, De-Wilde G, Haegeman G. Induction and
repression of NF-kappa B-driven inflammatory
genes. Emst Schering Res Found Workshop.
2002 ;40 : 233-78.

2. Kramer AA, Salhab KF, Shafii AE, Norman J,

61



The Journal of Korean Acupuncture & Moxibustion Society Vol. Z2. No. 4. August 2006

10.

11.

12.

62

Carey LC, Mendez C. Induction of tolerance to
hermorrhagic or endotoxic shock involves activation
of NF-B. J Surg Res. 1999 ; 83 : 85-%4.

. Beckmann N, Bruttel K, Schuurman H, Mir A.

Effects of sandimmune neoral on collagen-
induced arthritis in DA rats: Characterization
by high resolution three-dimensional magnetic
resonance imaging and by histology. ] Magn
Reson. 1998 ; 131 : 8-16.

. Horsfall AC, Butler DM, Marinova L, Warden

PJ, Wililams RO, Maini RN, Feldmann M.
Suppression of collagen-induced arthritis by
continuous administration of IL-4. J Immunol.
1997 ; 159 : 5687-9%.

. Comnor JR, Manning PT, Settle SL, Moore

WM, Jerome GM, Webber RK, Tjoeng FS,
Currie GM. Suppression of adjuvant-induced
arthritis by selective inhibition of inducible
nitric oxide synthase. Eur J Pharmacol. 1995 ;
213 1 1524,

Ulett GA, Han S, Han JS. Electroacupuncture:
mechanisms and clinical application. Biological
Psychiatry. 1998 ; 44 : 129-38.

. Han JS. Acupuncture: neuropeptide release produced

by electrical stimulation of different frequencies.
Trends Neurosci. 2003 ; 26 @ 17-22.
Zimmermann M BEthical guidelines for investigations
of experimental pain in conscious animals. Pain.
1983 ; 16 : 109-10.

Choi BT, Kang J, Jo UB. Effects of
electroacupuncture with different frequencies on
the spinal ionotropic glutamate receptors expression
in complete Freund’'s adjuvant-injected rat.
Acta Histochemica. 2005 (in press).

Rothwarf DM, Karin M. The NF-kB activation
pathway: A paradigm in information transfer
form membrane to
http://www.stke.org).
Regnier CH, Song HY, Gao X, Goeddel DV,
Cao Z, Rothe M. Identification and characterization
of an IkappaB kinase. Cell. 1997 ; 90 : 373-
83.

Chen Z, Hagler ], Palombella V], Melandri F,
Scherer D, Ballard D, Maniatis T. Signal-

nucleus(available at

13.

14

16.

17.

18

19.

induced site-specific phosphorylation targets 1
kappa B alpha to the ubiquitin-proteasome
pathway. Genes Dev. 1995 ; 9 : 1586-97.

Han Z, Boyle DL, Manning AM, Firestein GS.
AP-1 and NF-kappaB regulation in rheumatoid
arthritis and murine collagen-induced arthritis.
Autoimmunity. 1998 ; 28 : 197-208.

Yamaza T, Masuda KF, Tsukiyama Y, Nishijima
K, Murakami R, Kido MA, Koyano K, Tanaka
T. NF-kappaB activation and iNOS expression

_inﬂlesynovialnmiraneofrattmmorrﬂrdblﬂar

joints after induced synovitis. J Dent Res.
2003 ; 82 : 183-8.

Tanimoto M, Koshino T, Takagi T, Hayashi
T, Saito T. Quantitative analysis of NF-kappabB-
expression in cartilage and synovium of rat
knee induced by intra-articular injection of
synthetic lipid A. Inflamm Res. 2002 ; 51 :
357-62.

Jimi E, Aoki K, Saito H, D’'Acquisto F, May
MJ, Nakamura I, Sudo T, Kojima T, Okamoto
F, Fukushima H, Okabe K, Ohya K, Ghosh S.
Selective inhibition of NF-kappa B blocks
osteoclastogenesis and prevents inflammatory
bone destruction in vivo. Nat Med. 2004 ; 10 :
617-24.

Kishore N, Sommers C, Mathialagan S, Guzova
J, Yao M, Hauser S, Huynh K, Bonar S,
Mielke C, Albee L, Weier R, Graneto M,
Hanau C, Perry T, Tripp CS. A selective
IKK-2 inhibitor blocks NF-kappa B-dependent
gene expression in interleukin-1 beta-stimulated
synovial fibroblasts. J Biol Chem. 2003 ; 278 :
32861-71.

Clair EW. Nitric oxide-friend or foe in arthritis?
J Rheumatol. 1998 ; 25 : 1451-3.

Grabowski PS, Wright PK, Hof RJV, Helfrich
MH, Ohshima H, Ralston SH. Immunolocalization
of inducible nitric oxide synthase in synovium
and cartilage in rheumatoid arthritis and
osteoarthritis. Br ] Rheumatol. 1977 ; 36 :
651-5.

Miyasaka N, Hirata Y. Nitric oxide and
inflammatory arthritides. Life Sci. 1997 ; 61 :



Immunchistochemical Study on the Inflammation-related Proteins in the Ankle Joint of Complete Freund's -

2073-81.
21. Magari K, Nishigaki F, Sasakawa T, Ogawa
T, Miyata S, Ohkubo Y, Mutoh S, Goto T.

Anti-arthritic properties of FK&06 on collagen-
induced arthritis in rats. Inflamm Res. 2003 ;
52 1 524-9.

63



