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Abstract: An acute gout attack manifests in the joint as dramatic inflammation. To date, the
clinical use of medicinal agents has typically led to undesirable side effects. Numerous
efforts have failed to create an effective and safe agent for the treatment of gout.
Lemnalol—an extract from Formosan soft coral—has documented anti-inflammatory and
anti-nociceptive properties. In the present study, we attempt to examine the therapeutic
effects of lemnalol on intra-articular monosodium urate (MSU)-induced gouty arthritis in
rats. In the present study, we found that treatment with lemnalol (intramuscular [im]), but not
colchicine (oral [po]), significantly attenuated MUS-induced mechanical allodynia, paw
edema and knee swelling. Histomorphometric and immunohistochemistry analysis revealed
that MSU-induced inflammatory cell infiltration, as well as the elevated expression of c-Fos
and pro-inflammatory proteins (inducible nitric oxide synthase and cyclooxygenase-2)
observed in synovial tissue, were significantly inhibited by treatment with lemnalol. We
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conclude that lemnalol may be a promising candidate for the development of a new
treatment for gout and other acute neutrophil-driven inflammatory diseases.
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1. Introduction

The acute gout attack is a dramatic inflammatory response, often appearing in the joint. The
inflammatory process is initiated by the deposition of monosodium urate (MSU) crystals in the
surrounding tissue [1,2]. Therapeutic options for the management of acute gout include nonsteroidal
anti-inflammatory drugs (NSAIDs), colchicine (low dose), glucocorticoids and intra-articular steroids.
NSAIDs can also induce adverse gastrointestinal ulceration or bleeding and renal dysfunction. The use
of colchicine can also induce diarrhea. The adverse effects of steroid use include hyperglycemia, fluid
retention and mood alteration. A small, uncontrolled pilot study also reported that interleukin (IL)-1B
inhibitors improved acute gout symptoms [1].

Clinically, gout is associated with edema and erythema of the joints, as well as severe pain. Several
studies have indicated that the intra-articular (ia) injection of MSU elicited symptoms similar to those
observed in clinical gout [2—4]. The ia MSU induced joint swelling, limping and nociceptive behaviors,
including mechanical allodynia and thermal hyperalgesia, and Intense infiltration of neutrophils into the
joint space was also observed [2,3,5]. Neutrophils accumulate in both the joint fluid and the synovial
membrane, generating pro-inflammatory mediators that trigger membranolysis [6]. It has been know that
MSU can upregulate the expression of proinflammatory proteins, inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2) expression in monocytes/macrophages [7,8]. COX-2 and iNOS are
thought to be responsible for prostaglandin and nitric oxide expression, respectively, observed in gouty
arthritis [8]. Previous studies have reported the upregulation of c-Fos protein in the synovium and
chondrocytes of arthritic patients. Trabandt e al. (1992) found that the activation of c-Fos signaling
plays an important role in arthritic joint destruction [9]. In the previous study, a rat model of
MSU-induced joint arthritis was used to evaluate the efficacy of various analgesic and anti-arthritic
agents [2,10].

The marine organisms that inhabit soft coral produce a diverse group of biologically active
substances, including polypeptides and terpenoids [11]. These substances exhibit cytotoxic,
anti-inflammatory and antimicrobial properties [12]. Soft corals have been recognized as a rich
source of sesquiterpenoids, which exhibit cytotoxic, anti-inflammatory and antimicrobial
properties [12]. Lemnalol (8-isopropyl-5-methyl-4-methylene-decahydro-1,5-cyclo-naphthalen-3-ol) is
a ylangene-type sesquiterpenoid extracted from Japanese soft coral (Lemnalia tenuis), as well as
Verseveldt and Fosmasan soft corals (Lemnalia cervicorni) [13,14]. Our previous study had found that
lemnalol significantly inhibits the expression of iNOS and COX-2 in lipopolysaccharide
(LPS)-stimulated macrophages, with significant antinociceptive effects in carrageenan-induced
inflammation and chronic constriction injury-induced neuropathy in rats [13,15]. On the basis of these
results, we propose that lemnalol may help in the treatment of gouty arthritis.
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In the present study, we intended to evaluate the effect of lemnalol on painful-response testing and
histopathological changes, as well as elucidate the anti-inflammatory mechanisms underlying these
effects of lemnalol in MSU-challenged rats. As a positive control for these experiments, we used
colchicine, which can decrease leukocyte migration and phagocytosis and be effective in controlling
short-term episodes of human gouty arthritis [4].

2. Results
2.1. The Effects of Lemnalol on the Inflammation Induced by MSU

The ia injection of MSU crystals into the ankle joints of rats induced a significant decrease in the
paw-withdrawal threshold. The mechanical allodynia behavior, captured as paw-withdrawal threshold,
decreased progressively with time, reaching a maximum value from 3 to 9 h after MSU injection and
then increasing gradually 48—72 h after injection. The co-administration of a 30 mg/kg intramuscular
(im) dose of lemnalol significantly inhibited the MSU-induced decrease in paw-withdrawal threshold
during the period ranging from 6 to 168 h. Oral colchicine (1.5 mg/kg) significantly attenuated
MSU-induced nociception from 12 to 24 h. The anti-nociceptive activity of lemnalol was more potent
than that of colchicine (Figure 1).

Figure 1. The effect of lemnalol on monosodium urate (MSU)-induced nociception.
Paw-withdrawal thresholds to ankle pressure with von Frey hairs on ankles for ia
MSU-injected rats, either untreated or treated with therapeutic agents. Each rat in the MSU
experimental group received an ia MSU injection in the ankle. Each animal in the control
group received an ia injection of saline in the ankle. A time course showing the effect of
systemic lemnalol 30 mg/kg im or colchicine 1.5 mg/kg (po) on MSU-induced mechanical
allodynia in ankle joints. The paw-withdrawal threshold decreased progressively, reaching a
maximum value from 3 to 9 h after MSU injection. Lemnalol significantly attenuated
MSU-induced mechanical allodynia to a greater extent than achieved with colchicine (* p <0.05
as compared to the MSU group; # p <0.05 as compared to the MSU + colchicine group).
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Paw edema increased significantly from 3 to 72 h after the ia injection of MSU into the ankle joint.
Paw edema improved in the MSU + lemnalol group as compared with the MSU-ankle alone group.
Colchicine (1.5 mg/kg) attenuated nociception, but had no significant effect on paw edema after the
MSU injection (Figure 2A). As shown in Figure 2B, ia injections of MSU into knee joints induce a
significant increase in the width of the knee joint. There were no significant differences among the MSU,
MSU + lemnalol and MSU + colchicine groups. The results were calculated as AUCs (from 0 to 12 h
after the MSU injection) to simplify comparisons between groups. Lemnalol was more effective than
colchicine in attenuating MSU-induced knee joint swelling (Figure 2C).

Figure 2. The effect of lemnalol on MSU-induced ankle edema and knee swelling. Each rat
in the MSU experimental group received an ia MSU injection in the knee or ankle, while
each animal in the control group received an ia injection of saline in the knee or ankle. (A) A
time course showing the effect of systemic lemnalol 30 mg/kg (im) and colchicine 1.5 mg/kg
(po) on MSU-induced edema in ankle joints. Lemnalol, but not colchicine, significantly
inhibited MSU-induced paw edema; (B) A time course showing the effect of systemic
lemnalol and colchicine on MSU-induced swelling in the knee joint; (C) The area under the
effect-time curve for knee swelling in the first 24 h after MSU injection showed that the
lemnalol group had significantly less knee swelling as compared with the colchicine group
(* p <0.05 compared to the MSU group; # p <0.05 compared to the MSU + colchicine group).
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2.2. Histomorphometric Analysis of the Effect of Lemnalol on MSU-Induced Infiltration

Synovial specimens were obtained from the inflamed ankle joints in rats, 24 h after injection with
MSU crystals. These specimens were then stained with hematoxylin and eosin. The ia injections of MSU
elicited pronounced leukocyte infiltration (primarily neutrophils) of the superficial synovium
neutrophils (Figure 3A). Co-treatment with colchicine or lemnalol inhibited leukocyte infiltration
(Figure 3A). As shown in Figure 3B,C, the number of WBC (white blood cell) and neutrophils was
significantly increased in the control and MSU groups. In the MSU + colchicine group as compared with
the MSU group, the number of WBCs and neutrophils decreased significantly. The MSU + lemnalol
group exhibited decreased levels of WBCs and neutrophils as compared with the MSU + colchicine
group (Figure 3B,C).

Figure 3. Histomorphometric analysis of the effect of lemnalol on MSU-induced
infiltration. (A) Representative photographs of the synovial tissue from control, MSU,
MSU + colchicine and MSU + lemnalol groups after staining with hematoxylin and eosin.
24 h after the injection of MSU crystals, histologic analysis of infrapatellar synovium and
subsynovial tissue demonstrated a marked increase in the number of neutrophils. Lemnalol
and colchicine reduced the severity of the MSU crystal-induced neutrophil infiltration. There
was a marked reduction in neutrophil influx in the lemnalol group; (B) WBC (white blood
cell) count in the ankle-joint synovium (WBC cell per square millimeter) (C) Neutrophil
count in the ankle-joint synovium (neutrophils per square millimeter). WBC and neutrophil
counts were both elevated in the MSU-ankle group as compared to the control-ankle group.
The MSU-ankle + colchicine group exhibited significantly reduced WBC and neutrophil
counts compared with the MSU-ankle group. The MSU-ankle + lemnalol group exhibited
significantly lower WBC and neutrophil counts compared with the MSU-ankle + colchicine
group. Scale bars: 50 um for all images (* p < 0.05 compared to the MSU group; # p < 0.05
compared to the MSU + colchicine group).

'
i

J- .. 9g, BW
S 3
B
Ml FG ) e

MSU+colchicine MSU+lemnalol




Mar. Drugs 2013, 11 104

Figure 3. Cont.

, Neutrophil cell numbers
B WBC numbers C !
* £
2500 4 * 600 %
500
2000 4
400
(]
(o]
£ 1500 4 E
E = 300
W =8
= 1000 4 El
< © 200
500 4 100
0 - 0
MSU injection - + + + MSU injection - + + +
Treatment - - colchicine lemnalol Treatment - - colchicine lemnalol
(L5mg/kg) (30 mg/kg) (L5 mg/kg) (30 mg/kg)

2.3. Effects of Lemnalol on iNOS, COX-2 and c-Fos Protein Expression in Ankle Synovium

Figure 4 illustrates the levels of ankle synovium iNOS and COX-2 immunoreactivity in control
(Figure 4A,E), MSU (Figure 4B,F), MSU + colchicine (Figure 4C,G) and MSU + lemnalol rats
(Figure 5D,H). Fewer iNOS- and/or COX-2-expressing cells were observed in the synovium of control
rats. 24 h after the administration of MSU injections to the ankle joint, numerous iNOS- and/or
COX-2-immunoreactive cells were observed in the ankle joint synovium. The co-administration of
lemnalol markedly reduced the increase in iNOS- (Figure 4D) and COX-2-immunoreactive (Figure 4H)
cells in the ankle-joint synovium of MSU-injected rats as compared to those injected with
MSU + colchicine. Figure 5 shows the level of c-Fos immunoreactivity in ankle synovium in control
(Figure 5A), MSU (Figure 5B), MSU + colchicine (Figure 5C) and MSU + lemnalol rats (Figure 5D).
No c-Fos immunoreactivity was observed in the control group. The marked upregulation of
immunoreactive cells was apparent in synovial tissue from the MSU group. Both MSU + colchicine and
MSU + lemnalol reduced the number of c-Fos-immunoreactive cells. Lemnalol attenuated
MSU-induced c-Fos immunoreactivity. Colchicine only weakly inhibited the MSU-induced
upregulation of c-Fos immunoreactivity (Figure 5C).
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Figure 4. The effects of lemnalol on synovial iNOS and COX-2 protein expression in rats
with MSU-induced arthritis. iNOS staining of synovial sections at 24 h after normal saline
injection (A); MSU injection (B); MSU + colchicine injection (C); and MSU + lemnalol
injection (D); MSU-induced synovitis was associated with upregulated iNOS protein
expression. There were markedly fewer immunopositive cells in the lemnalol-treated group.
The upregulation of iNOS-immunoreactive cells was inhibited in the lemnalol-treated group.
Synovial sections obtained at 24 h after normal saline injection (E); MSU injection (F);
MSU + colchicine injection (G); and MSU + lemnalol injection (H) and subsequently
stained for COX-2. MSU-induced synovitis was associated with increased COX-2 protein
expression. There were markedly fewer inflammatory cells in the lemnalol-treated group.
The upregulation of COX-2-immunoreactive cells was inhibited in the lemnalol-treated
group. Scale bars: 50 um for all images.
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Figure 5. The effect of lemnalol on synovial c-Fos protein expression in a rat model of
MSU-induced arthritis. c-Fos staining in synovial sections obtained at 24 h after injection
with normal saline (A); MSU (B); MSU + colchicine (C); and MSU + lemnalol (D).
Intramuscular lemnalol inhibited the MSU-induced upregulation of c-Fos immunoreactivity
in synovial tissue. Colchicine exhibited weak inhibition of the MSU-induced upregulation of
c-Fos immunoreactivity. Scale bars: 100 um for all images.
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3. Discussion
3.1. Lemnalol Attenuates MSU-Induced Inflammation

The articular injection of MSU is thought to be painful for rats and rabbits. In such animal models, the
injection causes joint swelling and elicits limping, mechanical allodynia and thermal hyperalgesia;
further, foot-withdrawal thresholds decrease after MSU injection [2,3]. The injection of MSU to induce
joint arthritis has been studied in rats, rabbits, cats and dogs [2,16—18]. Several aspects of the
inflammatory response were altered, including neutrophil accumulation and joint size. Arthritis scores
increased and cytokine levels subsided by 48—72 h after MSU injection. Previous studies reported
neutrophil influx to joint fluid from 16 to 24 h after MSU injection (ia), as well as intense infiltration of
the superficial and subsynovial lining layer of the synovium by leukocytes (primarily neutrophils) at
12 h and 24 h [3,4]. MSU induced the infiltration of macrophage and mast cells, which release
mediators, including IL-1B and tryptase, which are in turn involved in MSU-induced pain [19-22].
Similarly, the present study found that ia MSU significantly increased the infiltration of WBC and
neutrophils in ankle tissue. This increase in WBC and neutrophil infiltration was accompanied by
inflammation, nociception and swelling. The intramuscular injection of lemnalol significantly reduced
the severity of mechanical allodynia and ankle/knee swelling. Lemnalol also significantly attenuated the
MSU-induced infiltration of neutrophils and WBC. Notably, colchicine did not diminish ankle and knee
joint swelling in MSU-induced arthritis. In comparison to lemnalol, colchicine weakly inhibited WBC
and neutrophil infiltration.

3.2. Effects of Lemnalol on iNOS and COX-2 in MSU-Induced Gouty Arthritis

The clinical hallmarks of joint inflammation include severe pain, edema and erythema. These effects
are mediated by prostanoids, such as PGE,. In vitro studies have shown that MSU stimulates COX-2
protein expression in human monocytes and triggers the production of PGE, [23]. Kant et al.
demonstrated that hyperuricemia results in the upregulation of COX-2 immunoreactivity in kidney
tissue [24]. Moreover, intra-articular MSU-induced synovial COX-2 gene expression [25]. This
evidence suggests that the upregulation of COX-2 expression plays an important role in the
inflammation associated with ia MSU-induced arthritis.

Nitric oxide mediates the body’s innate immune response. Extracellular stimuli can activate NO
signaling pathways to initiate iNOS expression [26]. Nitric oxide also mediates inflammation in the
context of arthritis [27]; mononuclear cells from rheumatoid arthritis patients exhibited higher iNOS
expression and activity [28]. Similarly, synovial tissue from gouty arthritis patients exhibits elevated
iINOS expression. iNOS protein and mRNA expression were also upregulated in response to in vitro
MSU stimulation of monocytes/macrophages [7]. The results of our study showed that lemnalol, but not
colchicine, significantly attenuated the MSU-induced upregulation of iNOS and COX-2 expression in
synovial tissue.
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3.3. The Effect of Lemnalol on c-Fos in MSU-Induced Gouty Arthritis

The AP-1 (activator protein 1) transcription factor is a dimeric complex that comprises members of
the JUN, FOS and ATF (activating transcription factor) families [29]. c-Fos protein expression is
upregulated in the synovial tissue of rheumatoid arthritis and osteoarthritis patients [30-32]. Increased
c-fos gene expression triggers the synthesis and secretion of matrix metalloproteinases, which destroy
arthritic joints [31-34]. Moreover, c-fos/c-jun heterodimers play important roles in regulating the
expression of IL-1pB, IL-6, TNF-a and collagenase [35-37]. However, to date, the role of c-Fos in gouty
arthritis is unclear. Figure 5 depicts the marked upregulation of ¢c-FOX immunoreactivity observed in
MSU synovial tissue. To our knowledge, this is the first study to report ia MSU-induced c-Fos protein
expression in synovium. Lemnalol significantly attenuated MSU-induced c-Fosregulation. We propose
that lemnalol might inhibit joint destruction by regulating synovial c-Fos expression.

3.4. Colchicine and Lemnalol Dosages in the Present Study

To calculate the human-equivalent doses based on body weight, we divided the rat dose by 6.2 [38].
Colchicine doses from 0.5 to 0.8 mg/kg may induce bone marrow failure and carry a 10% chance of
mortality in humans; the ingestion of >0.8 mg/kg is fatal [39]. In rats, a dose of 2 mg/kg carries a 75%
chance of mortality [40]. In the present study, we selected 1.5 mg/kg as the maximal dose of colchicine.
Colchicine exhibited only limited effects in terms of relieving pain, decreasing swelling and inhibiting
neutrophil infiltration and protein expression. As reported previously [13], lemnalol (15 mg/kg)
treatment achieved a slight, but not significant inhibition of the nociceptive response in ia
MSU-challenged rats. We therefore selected a lemnalol dose of 30 mg/kg for our experiments. The
results showed that the anti-inflammatory effects of lemnalol were more potent than that of colchicine.
As compared with lemnalol, colchicine exhibited only a weak capacity to reduce ankle and knee
swelling and block neutrophil infiltration. Lemnalol was more effective than colchicine in inhibiting the
upregulation of iINOS and COX-2 protein expression triggered by MSU-induced gouty arthritis.
Furthermore, we found that colchicine (1.5 mg/kg), but not lemnalol (30 mg/kg), induced loose stool in
rats (data not shown). Treatment with lemnalol alone did not cause any obvious external behavior
side effects, including diarrhea and locomotor dysfunction, which represents another advantage
over colchicine.

3.5. Summary

The present study shows that intra-articular MSU-induced nociception, neutrophil infiltration and the
expression of pro-inflammatory proteins iNOS and COX-2, as well as transcription factor c-Fos in
ankles. Both the nociceptive and swelling effects of MSU were inhibited by lemnalol. The
anti-inflammatory effects of lemnalol were also observed in rats with MSU-induced gouty arthritis in
which lemnalol suppressed MSU-induced inflammatory cell infiltration, as well as iNOS, COX-2 and
c-Fos protein expression in ankle synovial tissue. These inflammatory effects of MSU-induced gouty
arthritis were inhibited by lemnalol.
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4. Material and Methods
4.1. Animals

The male Wistar rats (250-300 g) used for the experiment were obtained from LASCO Inc., Taipei,
Taiwan. The rats were housed in a Plexiglass cage and monitored daily under a controlled temperature
(22 °C) with a 12-h light/dark cycle and freely available food and water. The use of rats conformed to the
Guiding Principles in the Care and Use of Animals as approved by the Council of the American
Physiology Society and approved by the National Sun Yat-Sen University Animal Care and Use
Committee. All possible efforts were made to minimize animal suffering and reduce the number of
animals used. Each rat was used only once during this study.

4.2. MSU Preparation and the Gout Animal Model

The method for crystal preparation proposed by Coderre et al., 1987 [2], and Getting et al., 2002, with
slight modifications, was used for this study [4]. Briefly, 1 g of uric acid (catalog No. 1198772, Sigma,
St. Louis, MO, USA) was dissolved in 200 mL of boiling water containing 6 mL of 1 N NaOH. The pH
value of the final solution was adjusted to 7.2 through the addition of HCI. The solution was cooled and
stirred at room temperature, then stored overnight at 5 °C. The precipitate was filtered from the solution,
dried under low heat and sifted through a 250-pm wire mesh. The urate crystals were then mixed in an
injection solution of 10% Tween 80 in 0.9% saline. Gout was induced with an ia injection of the
prepared MSU (1 mg/0.1 mL) into the right knee or ankle joint, after each animal was anesthetized with
2.5% isoflurane in an air/O, mixture.

4.3. Experimental Design

Rats were allocated randomly to 8 groups: a control-knee group (n = 7), control-ankle group (n = 7),
MSU-knee group (n = 7), MSU-ankle group (n = 7), MSU-knee + colchicine group (n = 6),
MSU-ankle + colchicine group (n = 6), MSU-knee + lemnalol group (n = 7) and MSU-ankle + lemnalol
group (n = 7). Each rat in the MSU experimental groups received an ia MSU injection in the knee or
ankle, while each animal in the control group received an ia injection of 0.1 mL saline in the knee or
ankle. Immediately after administration of the MSU injection, each rat in the MSU experimental group
received colchicine 1.5 mg/kg (po) and lemnalol 30 mg/kg (im). The behavior of each rat included in the
study was observed from 0 h (baseline, before the ia injection) to 168 h. The animals were then
sacrificed. For the statistical analysis, the area under the curve (AUC) in the plot of paw edema (0—12 h)
versus time was calculated using the trapezoidal method [41].

4.4. Measurement of Nociceptive Behavior (Mechanical Allodynia)

In order to assess mechanical allodynia, the hindpaw withdrawal thresholds (PWT; in g) were
measured using calibrated von Frey filaments (North Coast Medical, Inc., Morgan Hill, CA, USA). The
diameters of the filaments corresponded to a logarithmic scale of the force exerted, which allowed the
perceived intensity to be measured on a linear and interval scale. The rat cages were placed in a rack on
an elevated metal mesh floor, which permitted easy access to their paws. A series of von Frey filaments
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of logarithmically incremental stiffness (0.2—-10.0 g) were applied to the mid-plantar region of the
hindpaw. Chaplan’s “up-down” method, which involves the use of alternate large and small fibers, was
used to determine the 50% withdrawal threshold [42]. Each filament was placed in contact with the paw
surface for 5 s, 5 times at approximately 3-min intervals. Any sign of discomfort (vocalization,
flinching) or attempt of the animal to withdraw the paw was considered as a positive response [15,42].

4.5. Measurement of Knee Width and Ankle Edema

Knee width was measured to determine the amount of tissue swelling as an index of inflammation.
Rats were anesthetized briefly with 2% isoflurane and then the width of the knee joint was measured
using calipers (series No. 560, Mitytoyo, Kanagawa, Japan) after the injection of MSU. After the
injection of MSU, paw volume was measured using a paw volume meter (plethysmometer, Singa Inc.,
Taipei, Taiwan). The change in paw volume was calculated by subtracting the initial paw volume (basal)
from the paw volume measured at each time-point [13].

4.6. Histopathological Examination

Rats were sacrificed by inducing deep anesthesia with 2% isoflurane at 168 h after the induction of
gout. Each rat was then perfused intracardially with 400 mL of ice-cold phosphate-buffered saline
containing 1% sodium nitrite and heparin (0.2 U/mL), followed by freshly prepared 4%
paraformaldehyde in 0.1 M phosphate-buffered saline (pH 7.4). The knee- and ankle-joint samples were
sectioned 0.5 cm above and below the joint line, fixed in 10% neutral buffered formalin for 3 days and
then decalcified for 2 weeks in buffered 12.5% ethylenediaminetetraacetic acid (EDTA) with 10%
neutral buffered formalin. The specimens were dehydrated in a graded series of alcohol (Tissue-Tek,
Sakura Finetek Japan Co., Ltd., Tokyo, Japan) and embedded in paraffin. Next, 2-um sections
(HM340E, Microm, Biotechnical Services, Inc., San Diego, CA, USA) were prepared for hematoxylin
and eosin staining. Additional 1-pm sections were prepared for immunohistochemistry to assess
morphological joint changes. Each section was examined under an upright microscope (DM 6000B,
Leica Inc., Wetzlar, Germany) and digital-image output system (idea SPOT, Diagnostic instruments
Inc., Sterling Heights, M1, USA). Histopathological examination was used to determine the number of
infiltrating cells and to characterize the neutrophil and WBC populations present [43—45].

4.7. Immunohistochemistry for iNOS, COX-2 and c-Fos

The joint samples were processed for immunochemical staining as described in previous
studies [13,15]. Each I-pm section from a paraffin-embedded sample was mounted on a slide,
deparaffinized with xylene and dehydrated using a graded ethanol series. Next, endogenous peroxidase
was quenched with 3% H,0O, for 8 min. The antigen was retrieved by enzymatic digestion with
proteinase K (20 mM; Sigma, St Louis, MO, USA) in PBS for 45 min and then washed with
Tris-buffered saline. Non-specific adsorption was minimized by incubating the sections in 5% normal
horse serum in PBS for 30 min. The sections were incubated overnight at 4 °C with anti-iNOS (1:300
dilution; BD Pharmingen, San Diego, CA, USA; catalog No. 6103322; polyclonal antibody),
anti-COX-2 (1:300, Cayman Chemical, Ann Arbor, MI, USA; catalog No. 160106; polyclonal antibody)
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and anti-c-Fos (1:300 dilution; Calbiochem, La Jolla, CA, USA) antibodies. Specific labeling was
detected with a biotin-conjugated anti-rabbit IgG (Vector Laboratories, Burlingame, CA, USA) and
avidin-biotin peroxidase in combination with an ABC kit (Vectastain ABC kit; Vector Labs,
Burlingame, CA, USA). Finally, the sections were reacted with 3,3’-diaminobenzidine
tetrahydrochloride (DAB) for 1-2 min. All slides for immunochemical staining were analyzed using an
upright microscope (DM 6000B, Leica Inc., Wetzlar, Germany) in combination with a digital image
output system (idea SPOT, Diagnostic instruments Inc., Sterling Heights, MI, USA).

4.8. Statistical Analysis

All data are presented as the mean + standard error of the mean (SEM). The AUCs for the
time-response curves were calculated for individual animals using sigmaPlot software, with time on the
X-axis and response on the Y-axis. For statistical analysis, all of the data were analyzed using a one-way
analysis of variance, followed by the Student-Newman-Keuls post-hoc test for multiple comparisons.
A significant difference was defined as p < 0.05.

5. Conclusions

In the present study, lemnalol exerted anti-inflammatory and analgesic effects that included the
inhibition of neutrophil infiltration and the attenuation of knee and ankle joint swelling in MSU-induced
gouty arthritis. Markedly fewer inflammatory cells were observed in the lemnalol-treated group.
Immunohistochemistry studies demonstrated that lemnalol inhibited upregulation of iNOS, COX-2 and
c-Fos protein expression triggered by the MSU challenge. We conclude that lemnalol represents a
potential candidate for the treatment of gout and other acute neutrophil-driven inflammatory disease. It
may also have therapeutic potential for patients with inflammatory arthritis.

Acknowledgments

We are grateful for the financial support received from the National Science Council of Taiwan
(NSC100-2325-B-110-001; 99-2313-B-110-003-MY03) and partly from National Sun Yat-sen with
Kaohsiumg Medical University cooperation grant (NSYSUKMU 101-007).

References

1. Neogi, T. Clinical practice. Gout. N. Engl. J. Med. 2011, 364, 443—-452.

2. Coderre, T.J.; Wall, P.D. Ankle joint urate arthritis (AJUA) in rats: An alternative animal model of
arthritis to that produced by Freund’s adjuvant. Pain 1987, 28, 379-393.

3. Nishimura, A.; Akahoshi, T.; Takahashi, M.; Takagishi, K.; Itoman, M.; Kondo, H.; Takahashi, Y.;
Yokoi, K.; Mukaida, N.; Matsushima, K. Attenuation of monosodium urate crystal-induced arthritis
in rabbits by a neutralizing antibody against interleukin-8. J. Leukoc. Biol. 1997, 62, 444—449.

4. Getting, S.J.; Christian, H.C.; Flower, R.J.; Perretti, M. Activation of melanocortin type 3 receptor
as a molecular mechanism for adrenocorticotropic hormone efficacy in gouty arthritis. Arthritis
Rheum. 2002, 46, 2765-2775.



Mar. Drugs 2013, 11 111

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Martin, W.J.; Herst, P.M.; Chia, E.W.; Harper, J.L. Sesquiterpene dialdehydes inhibit MSU
crystal-induced superoxide production by infiltrating neutrophils in an in vivo model of gouty
inflammation. Free Radic. Biol. Med. 2009, 47, 616-621.

Terkeltaub, R.A.; Ginsberg, M.H. The inflammatory reaction to crystals. Rheum. Dis. Clin. North.
Am. 1988, 14, 353-364.

Chen, L.; Hsieh, M.S.; Ho, H.C.; Liu, Y.H.; Chou, D.T.; Tsai, S.H. Stimulation of inducible nitric
oxide synthase by monosodium urate crystals in macrophages and expression of iNOS in gouty
arthritis. Nitric Oxide 2004, 11, 228-236.

Miyasaka, N.; Hirata, Y. Nitric oxide and inflammatory arthritides. Life Sci. 1997, 61, 2073-2081.
Trabandt, A.; Gay, R.E.; Birkedal-Hansen, H.; Gay, S. Expression of collagenase and potential
transcriptional factors in the MRL/l mouse arthropathy. Semin. Arthritis Rheum. 1992, 21,
246-251.

Woolf, A.D.; Dieppe, P.A. Mediators of crystal-induced inflammation in the joint. Br. Med. Bull.
1987, 43, 429444,

Suput, D. In vivo effects of cnidarian toxins and venoms. Toxicon 2009, 54, 1190-1200.

Blunt, J.W.; Copp, B.R.; Keyzers, R.A.; Munro, M.H.; Prinsep, M.R. Marine natural products. Nat.
Prod. Rep. 2012, 29, 144-222.

Jean, Y.H.; Chen, W.F.; Duh, C.Y.; Huang, S.Y.; Hsu, C.H.; Lin, C.S.; Sung, C.S.; Chen, LM.;
Wen, Z.H. Inducible nitric oxide synthase and cyclooxygenase-2 participate in anti-inflammatory
and analgesic effects of the natural marine compound lemnalol from Formosan soft coral
Lemnalia cervicorni. Eur. J. Pharmacol. 2008, 578, 323-331.

Kikuchi, H.; Manda, T.; Kobayashi, K.; Yamada, Y.; Iguchi, K. Antitumor activity of lemnalol
isolated from the soft coral Lemnalia tenuis Verseveldt. Chem. Pharm. Bull. 1983, 31, 1086—1088.
Lin, Y.C.; Huang, S.Y; Jean, Y.H.; Chen, W.F.; Sung, C.S.; Kao, E.S.; Wang, H.M.; Chakraborty, C.;
Duh, C.Y.; Wen, Z.H. Intrathecal lemnalol, a natural marine compound obtained from Formosan
soft coral, attenuates nociceptive responses and the activity of spinal glial cells in neuropathic rats.
Behav. Pharmacol. 2011, 22, 739-750.

Okuda, K.; Nakahama, H.; Miyakawa, H.; Shima, K. Arthritis induced in cat by sodium urate: A
possible animal model for tonic pain. Pain 1984, 18, 287-297.

Coderre, T.J.; Wall, P.D. Ankle joint urate arthritis in rats provides a useful tool for the evaluation
of analgesic and anti-arthritic agents. Pharmacol. Biochem. Behav. 1988, 29, 461-466.

Miguelez, R.; Palacios, I.; Navarro, F.; Gutierrez, S.; Sanchez-Pernaute, O.; Egido, J.; Gonzalez, E.;
Herrero-Beaumont, G. Anti-inflammatory effect of a PAF receptor antagonist and a new molecule
with antiproteinase activity in an experimental model of acute urate crystal arthritis. J. Lipid
Mediat. Cell Signal. 1996, 13, 35-49.

Hoffmeister, C.; Trevisan, G.; Rossato, M.F.; de Oliveira, S.M.; Gomez, M.V _; Ferreira, J. Role of
TRPV1 in nociception and edema induced by monosodium urate crystals in rats. Pain 2011, 152,
1777-1788.

Busso, N.; So, A. Mechanisms of inflammation in gout. Arthritis Res. Ther. 2010, 12, 206.
Dalbeth, N.; Haskard, D.O. Mechanisms of inflammation in gout. Rheumatology 2005, 44,
1090-1096.



Mar. Drugs 2013, 11 112

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

Funez, M.1.; Ferrari, L.F.; Duarte, D.B.; Sachs, D.; Cunha, F.Q.; Lorenzetti, B.B.; Parada, C.A_;
Ferreira, S.H. Teleantagonism: A pharmacodynamic property of the primary nociceptive neuron.
Proc. Natl. Acad. Sci. USA 2008, 105, 19038—19043.

Pouliot, M.; James, M.J.; McColl, S.R.; Naccache, P.H.; Cleland, L.G. Monosodium urate
microcrystals induce cyclooxygenase-2 in human monocytes. Blood 1998, 91, 1769-1776.

Kang, D.H.; Nakagawa, T.; Feng, L.; Watanabe, S.; Han, L.; Mazzali, M.; Truong, L.; Harris, R.;
Johnson, R.J. A role for uric acid in the progression of renal disease. J. Am. Soc. Nephrol. 2002, 13,
2888-2897.

Lee, H.S.; Lee, C.H.; Tsai, H.C.; Salter, D.M. Inhibition of cyclooxygenase 2 expression by diallyl
sulfide on joint inflammation induced by urate crystal and IL-1B. Osteoarthr. Cartil. 2009, 17,
91-99.

Lowenstein, C.J.; Padalko, E. iNOS (NOS2) at a glance. J. Cell Sci. 2004, 117, 2865-2867.
Farrell, A.J.; Blake, D.R.; Palmer, R.M.; Moncada, S. Increased concentrations of nitrite in synovial
fluid and serum samples suggest increased nitric oxide synthesis in rheumatic diseases. Ann.
Rheum. Dis. 1992, 51, 1219-1222.

St. Clair, E.W.; Wilkinson, W.E.; Lang, T.; Sanders, L.; Misukonis, M.A.; Gilkeson, G.S.;
Pisetsky, D.S.; Granger, D.I.; Weinberg, J.B. Increased expression of blood mononuclear cell nitric
oxide synthase type 2 in theumatoid arthritis patients. J. Exp. Med. 1996, 184, 1173-1178.

Eferl, R.; Wagner, E.F. AP-1: A double-edged sword in tumorigenesis. Nat. Rev. Cancer 2003, 3,
859-868.

Trabandt, A.; Aicher, W.K.; Gay, R.E.; Sukhatme, V.P.; Fassbender, H.G.; Gay, S. Spontaneous
expression of immediately-early response genes c-fos and egr-1 in collagenase-producing
rheumatoid synovial fibroblasts. Rheum. Int. 1992, 12, 53-59.

Cheung, H.S. Crystal/cell interactions in osteoarthritis. Curr. Opin. Orthop. 2006, 17, 424-428.
McCarthy, G.M.; Augustine, J.A.; Baldwin, A.S.; Christopherson, P.A.; Cheung, H.S.; Westfall,
P.R.; Scheinman, R.I. Molecular mechanism of basic calcium phosphate crystal-induced activation
of human fibroblasts—Role of nuclear factor kB, activator protein 1 and protein kinase C. J. Biol.
Chem. 1998, 273, 35161-35169.

Chu, S.C.; Yang, S.F.; Lue, K.H.; Hsieh, Y.S.; Hsiao, T.Y.; Lu, K.H. The clinical significance of
gelatinase B in gouty arthritis of the knee. Clin. Chim. Acta 2004, 339, 77-83.

Aikawa, Y.; Morimoto, K.; Yamamoto, T.; Chaki, H.; Hashiramoto, A.; Narita, H.; Hirono, S.;
Shiozawa, S. Treatment of arthritis with a selective inhibitor of c-Fos/activator protein-1. Nat.
Biotechnol. 2008, 26, 817-823.

Shiozawa, S.; Shimizu, K.; Tanaka, K.; Hino, K. Studies on the contribution of c-fos/AP-1 to
arthritic joint destruction. J. Clin. Invest. 1997, 99, 1210-1216.

Schonthal, A.; Herrlich, P.; Rahmsdorf, H.J.; Ponta, H. Requirement for fos gene expression in the
transcriptional activation of collagenase by other oncogenes and phorbol esters. Cell 1988, 54,
325-334,

Closs, E.I.; Murray, A.B.; Schmidt, J.; Schon, A.; Erfle, V.; Strauss, P.G. c-fos expression precedes
osteogenic differentiation of cartilage cells in vitro. J. Cell Biol. 1990, 111, 1313-1323.



Mar. Drugs 2013, 11 113

38.

39.

40.

41.

42.

43.

44,

45.

U.S. Department of Health and Human Services; Food and Drug Administration (FDA); Center for
Drug Evaluation and Research (CDER). Guidance for Industry: Estimating the Maximum Safe
Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers; FDA:
Rockville, MD, USA, 2005; pp. 6-8.

Cocco, G.; Chu, D.C.; Pandolfi, S. Colchicine in clinical medicine. A guide for internists. Eur. J.
Intern. Med. 2010, 21, 503-508.

Zweig, M.H.; Maling, H.M.; Webster, M.E. Inhibition of sodium urate-induced rat hindpaw edema
by colchicine derivatives: Correlation with antimitotic activity. J. Pharmacol. Exp. Ther. 1972, 182,
344-350.

Malcolm Rowland, T.N.T. Clinical Pharmacokinetics and Pharmacodynamics, 4th ed.; Lippincott
Williams & Wilkins: Philadelphia, PA, USA, 1995; pp. 687—690.

Chaplan, S.R.; Bach, F.W.; Pogrel, J.W.; Chung, J.M.; Yaksh, T.L. Quantitative assessment of
tactile allodynia in the rat paw. J. Neurosci. Methods 1994, 53, 55-63.

Niki, Y.; Yamada, H.; Seki, S.; Kikuchi, T.; Takaishi, H.; Toyama, Y.; Fujikawa, K.; Tada, N.
Macrophage- and neutrophil-dominant arthritis in human IL-1a transgenic mice. J. Clin. Investig.
2001, /07, 1127-1135.

Ross, M.H.; Pawlina, W. Histology: A Text and Atlas with Correlated Cell and Molecular Biology,
5th ed.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2005; pp. 146—181.

Fujita, K.; Akasaka, Y.; Kuwabara, T.; Wang, B.; Tanaka, K.; Kamata, I.; Yokoo, T.; Kinoshita, T;
Iuchi, A.; Akishima-Fukasawa, Y.; ef al. Pathogenesis of lupus-like nephritis through autoimmune
antibody produced by CD180-negative B lymphocytes in NZBWF1 mouse. Immunol. Lett. 2012,
144, 1-6.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).


http://www.amazon.cn/s?ie=UTF8&field-author=Wojciech%20Pawlina&search-alias=books

