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I. Introduction

Bee venom therapy has been used for many
years in traditional oriental medicine. In mod-
ern oriental medicine, bee venom therapy is
being widely used for acupuncture to cure
some immune-—related diseases, especially RA
and satisfactory results are obtained”. How—
ever, little is known about the mode of action
of bee venom therapy on RA.

Normal joint function depends upon the
structural integrity of the constituent cartilage
which in turn is
dependent upon an equilibrium between the

and bone components,

processes of tissue synthesis and degradation
during cartilage and bone remodelling. It is
generally accepted that proteolytic enzymes
are involved in the catabolic aspect of normal

tissue remodelling‘z'a)

, and that altered activity
of these enzymes is responsible for cartilage
destruction and bone erosion associated with
destructive disorders such as RA?. RA is
chronic inflammatory disease with progressive

articular damage and is often associated with
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systemic manifestations. It is characterized by
inflammatory cell infiltration of proliferated
synovial linings, and subsequent tissue erosion.
As a result, pathological destructions of bone
and cartilage in joint are followed., Although
increased protease activity has been implicated
in the pathogenesis of RA, differences in
mechanism associated with these disorders
remains to be elucidated. The potential role of
many other protease types (e.g. macropain,
alanyl—, arginyl—, leucyl-, pyroglutamyl ami-
nopeptidases) present in synovial fluid in the
pathogenesis of RA remains to be de-
termined”. Reactive oxygen free radical spe—
cies (ROS) have been implicated in the patho—
genesis of degenerative joint disease®. ROS
are highly reactive transient chemical species
with the potential to initiate cellular damage
(to proteins, lipids, etc.) in joint tissues”. ROS
are formed during normal aerobic metabolism
in all cells (e.g. via leakage from the mi-—
tochondrial electron transport chain), and fol—
lowing phagocyte activation during infection/
inflammation ; cells are normally protected from
ROS induced damage by a variety of endoge-
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nous ROS scavenging proteins, enzymes and
chemical compounds5).

The relative contribution of proteolytic en—
zymes (cytoplasmic/lysosomal/matrix) and ROS
to tissue damage in RA is currently unknown;
this in turn is of importance for the develop—
ment on a rational basis of novel pharmaco—
logical therapeutic strategies for patients with
RA based on administration of protease in—
hibitors and/or ROS scavenging agents.

Since CIA is clinically similar to human RA,
CIA in rats and mice has been frequently used
as experimental model for this disorder. In the
present investigation, we studied the inhibitory
effects of BVA on protease activity and free
radical damage from CIA rats. The objectives
were as follows : (i) to compare relative ac—
tivity levels of a comprehensive range of in—
dividual proteolytic enzyme types in synovial
fluid samples; and (i) to compare changes in
protease activities and determined correspon—
ding protein carbonyl ievels(a marker of free
radical induced tissue damage) in synovial
fluid, and hence to evaluate the effect of BVA
on proteolytic enzymes and ROS to the patho—
genesis of each disorder.

[I. Materials and methods

1. Materials

Lewis rats were purchased from Genetic
Resources Center, Korea Research Institute of
Bioscience and Biotechnology(Taejon, Korea).

They were allowed at least 1 week to adapt
to the environment(25£3°C, 55+5% humidity
and 12hrs light/dark cycle) and were used at
7 weeks of age.

Bee venom was obtained from Monmouth
Pain Institute, Inc.(New Jersey, USA) as an
1p injection grade for human, Each vial con-—
tained 10m¢ of bee venom. For ip. injection
into rats, randomly selected vials were sus—
pended in normal saline at a concentration of
5p4/1004L.

All reagents (including enzyme assay sub—
strates) were obtained from Sigma Co. or
Bachem(Bubendorf, Switzerland) and were of
analytical grade where available.

2. Methods

1) Arthritis induction

Type I collagen(Sigma, Co., St. Louis, MO,
USA) extracted from bovine articular cartilage
was dissolved overnight at 4T in 0.1ml/ ¢
acetic acid at 2.0mg/ml, after which the solution
was emulsified in an equal volume of complete
Freund's adjuvant (CFA) (Difco Laboratories,
Detroit, MI, USA) in an ice—~cold water bath.
Arthritis was induced by an intradermal in—
jection of 0.1mé of the cold emulsion into the
base of the tail.

2) Experimental groups and bee ve-
nom treatments

Experimental rats were divided into three
groups. (1) In BVA group, bee venom was
subcutaneously acupunctured on Shinsu(B23)
and both knee joints at dosages of 5ul/ke,
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daily for 14 days(7 days before the initiation
of the arthritis and 7 days after the initiation
of the arthritis). (2) CIA group was given the
injection of saline and phosphate—buffered
saline on the same regions at dosages of Sut/
kg for the 14 days. (3) In normal group, sal—
ine and phosphate—buffered saline was also
injected on same regions at dosages of Sub/kg
for the 14 days without induction arthritis.

3) Sample collection

Synovial fluid samples were obtained from
rats. The diagnosis of CIA was based on clin—
ical criteria described previously®. Samples
were obtained from knee joints by arthrocent—
esis in rats presenting with symptomatic joint
effusion (and hence by definition in the active
phase of disease), centrifuged (5000xg 10
min) and stored at —40C prior to laboratory
analysis.

4) Proteolytic enzyme assays

Enzyme (0.05m¢ synovial fluid/plasma) was
incubated with the appropriate assay medium
(total volume 0.3mf) at 37C(10-120min), and
the reaction terminated by addition of 0.6mé of
The liberated
aminoacyl 7—amino—4—methylcoumarin (AMC)

ethanol. fluorescence of the
was measured by reference to a tetraphe—
nylbutadiene fluorescence standard block( A e
380nm, Aem440nm). Assay blanks were run in
which the enzyme was added to the medium
immediately before ethanol addition. Assay
conditions were modified for samples with high

enzyme activity such that the extent of sub—

164

strate -utilization never exceeded 15%. Stock
substrate solutions (2.5 mmi/ £) were prepared
in 10% ethanol. Using the assay procedures
described above, it is possible to accurately
quantitate the activity levels of specific in—
dividual cytoplasmic, lysosomal or matrix pro—
tease types in synovial fluid/plasma samples,
without significant cross—assay interference.
Assay of cathepsin D activity was based on
the spectrophotometric procedure of Pen—
nington”. The reaction was terminated by
addition of 0.5ml 10% PCA, the samples
centrifuged at 2000xg for 10min, and the
absorbency of acid soluble peptides de-—
termined at 280nm. Assay blanks were run
as above,

5) Protein carbonyl assay and levels
of free radical-induced protein damage
(determined as protein carbonyl deri-
vative) in synovial fluid from CIA and
BVA rats.

The protein carbony! assay used was based
on the method of Levine et al®. Streptomycin
sulphate (10%, w/v, in 50mmo/ ¢ Hepes buffer,
pH 7.5) was added to synovial fluid samples
equivalent to a final concentration of 1% (w/v)
to precipitate any nucleic acids present. The
samples were allowed to stand at room tem-—
perature for 15 min and then centrifuged at
11000x g for 15 min. The pellet was dis—
carded and the supernatant retained. For each
sample, the supernatant was divided into two
aliquots, an equal volume of 20% (w/v) tri—
chioroacetic acid (TCA) added to each, fol—
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lowed by centrifugation at 3000X g for 15 min.
The supernatants were discarded, and the
pellet from one sample aliquot reconstituted in
0.5mf of 10mmo/ ¢ 2,4—dinitrophenylhydrazine
in 2m0/ £ hydrochloric acid, and the pellet from
the second aliquot in 0.5ml of 2ml/ ¢ HCl (for
the assay reagent blank). The samples were
stood at room temperature for 1 h, 0.5ml of
20% TCA added, followed by centrifugation at
3000 g for 5 min (the supernatants are dis—
carded). The pellets were then washed three
times with 1 ml of ethanol/ethyl acetate (1:1,
v/v) to remove unbound reagent, standing the
samples for 10 min before centrifugation and
discarding the supernatant each time. The
protein pellet was redissolved in 1mé of 6mol/ 2
guanidine solution in 2mmol/ ¢ potassium phos—
phate adjusted to pH 2.3 with trifluoroacetatic
acid and incubated at 37C for 15 min. For
each sample the spectrum was read between
360 and 400nm using a Pye—Unicam SP8—-100
spectrophotometer (lem pathlength cell), and
the carbonyl concentration calculated from the
maximum absorption (relative to the reagent
blank) using a value for the extinction co—
efficient of 22000 M™' cm™.
content is expressed as nmoles of carbonyl

The carbonyl

per mg of synovial fluid protein.

The ability of the assay procedure de—
scribed above to determine levels of free rad—
carbonyl in synovial

samples from OA/RA cases was validated as

ical~induced protein
follows. Samples of synovial fluid obtained
from a control subject without degenerative
joint disease were gassed to saturation with

either NoO for subsequent generation of hy—
droxyl (OH™) radicals, or with O: (following
addition of 20mmol/l sodium formate as a
scavenger of OH™ radicals) for subsequent
generation of superoxide (0 )
Generation of OH™ or Op  radicals in vitro via
%Co gamma radiolysis of synovial fluid sam-
ples was based on the method of Davies®.
Quantification of free radical dosage rate
(equivalent to 99krad/h) was determined by
standard dosimetric techniques'”.

radicals.

Samples
were irradiated for time periods between 2
and 20h, with subsequent. analysis of free
radical—induced protein carbonyl group for—
mation determined as described above(relative
to corresponding non—irradiated samples).

6) Protein determination

Synovial fluid protein levels, for calculation
of specific protelytic enzyme activity meas—
urements and specific protein carbonyl meas—
urements above, were determined by the
method of Lowry et al.'” using bovine serum

albumin as standard.

7) Analytical methods

Protein contents were determined by a pro—
tein assay kit of Bio—Rad Laboratories(Richmo
nd, CA, USA).

8) Statistical analysis

Results were expressed as means T SD.
Statistical analysis was performed by Student's
T—test with P<0.05 for significance.
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II. Results

1. Effect of BVA on cytoplasmic pro-
tease activity in synovial fluid

In terms of absolute activity level compar—
ison, the activity of arginyl aminopeptidase,
leucyl aminopeptidase, pyroglutamy! amino—
peptidase, dipeptidyl aminopeptidase III was
significantly increased in CIA samples com-—
pared with normal samples. However, BVA(5u/
/kg) significantly reduced these enzyme activ—
ities to about 1/10 each <Table 1>.

2. Effect of BVA on lysosomal pro-
tease activity in synovial fluid

For the lysosomal proteases, synovial fluid
samples from CIA rats, the relative levels of
activity were cathepsin H, cathepsin L, di—
peptidyl aminopeptidase II, dipeptidyl amino—
peptidase 1 and cathepsin B. It is apparent
from this data that the relative activity levels
for corresponding enzyme types in RA sam-—
ples is broadly similar. In terms of comparison
of absolute levels of enzyme activity, all of
the lysosomal proteases, were significantly in—
creased in CIA samples, compared with normal
rats: cathepsin L, cathepsin B, dipeptidyl ami—
nopeptidase I, dipeptidyl
cathepsin H. BVA(S5ub/kg) significantly de-
creased these enzyme activities of dipeptidyl
aminopeptidase I, dipeptidyl aminopeptidase II,
cathepsin B, cathepsin L in CIA<Table 01>,

aminopeptidase I,

Table 1. Comparison of Cytoplasmic Protease Activity in Synovial Fiuid from CIA, Normal and BVA Group®

Enzyme activity (nmol/h per mg protein)

Protease type
BVAGut/ke) Normal CIA

Alanyl aminopeptidase 1.310.06+ 1.2x0.1 12.2£05
Arginyl aminopeptidase 1.41:0,09+ 0.80.05 15.1%15
Leucyl aminopeptidase 0.3%0.02+ 0.08+0.01 2.89+0,1
Pyroglutamyl aminopeptidase 0.11£0.01 0.007 £0.001 0.13%0.01
a —Glutamyl aminopeptidase 0.8+0.05 0.07£0.01 0.8810.10
Dipeptidyl aminopeptidase I 0.01+0.001+* 0.009£0.001 0.16%0.01
Dipeptidyl aminopeptidase IV 0.8£0.06+ 0.8%0,] 6.9+0.9
Tripeptidyl aminopeptidase 0.2£0.02+ 0.2£0.03 2.4%0.1
Proline endopeptidase 0.4£0.04~ 0.2£0.02 3.8%0.2
Macropain 0.007£0.00]+ 0.03£0.002 0.07+0.02

*Details of protease assays in synovial fluid from CIA, normal and BVA rats are given under Materials and
Methods. Enzyme activities are expressed as nmol substrate hydrolysed/h per mg soluble protein. Values given

are mean*SD(n=12).

The significance of differences in activity of individual protease types in CIA and BVAGSut/ke) group was

assessed via one way student's T—test (+P<0.05).
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Table II. Comparison of Lysosomal Protease Activity in Synovial Fluid from CIA, Normal and BVA Group?

Enzyme activity (nmol/h per mg protein)

Protease type BVAGu/ko Normal CIA
Dipeptidyl aminopeptidase | 0.24£0.01+ 0,03 £0.001 1.16+0.2
Dipeptidyl aminopeptidase I1 0.31£0.01+* 0.04+0.01 1.3210.2
Cathepsin B 0.12£0.0]+ 0.02+0.01 0.74 0.1
Cathepsin H 1.61+0.2 0.31£0.02 2.83£03
Cathepsin L 0.31+0.02# 0.07 £0.01 2.21+0.22

Details of protease assays in synovial fluid from CIA, normal and BVA rats are given under Materials and
Methods. Enzyme activities are expressed as nmol substrate hydrolysed/h per mg soluble protein. Values given

are mean*SD (n=12).

The significance of differences in activity of individual protease types in CIA and BVA(Sul/kg) group was

assessed via one way student's T—test (xP<0.05).

3. Effect of BVA on matrix protease
activity in synovial fluid

In this regard, it is of note that extracellul—
ar matrix degrading (e.g. collagenase, tissue
elastase) and leukocyte associated proteases
(leukocyte elastase, cathepsin G) showed sig—
nificantly increased levels in CIA versus nor—
mal synovial fluid (in agreement with pre—
viously reported studies'). Synovial fluid is

thought to be produced via dialysis of plasma
across the synovial membrane. The activity
levels for some proteases in normal/CIA
synovial fluid reported above are broadly
comparable with those for corresponding en—
zymes in plasma. Also, BVA(5u8/kg) decreased
these enzyme activities of collagenase, tissue
elastase and leukocyte associated elastase,
cathepsin G in CIA <Table III>.

Table IMI. Comparison of Matrix Protease Activity in Synovial Fluid from CIA, Normal and BVA Group®

Enzyme activity (nmol/h per mg protein)

Protease type BVAGut/ko) Normal CIA
Collagenase 1.54 0.3« 0.13%+0,02 3.32%04
Elastase (tissue) 0.071£0.01+ 0.004 £0.001 0.15£0,02
Flastase (leukocyte) 0.005£0.001+ 0.014£0.001 0.08£0.001
Cathepsin G 042104+ 0.01%0.002 0.71x0.1

"Details of protease assays in synovial fluid from CIA, normal and BVA rats are given under Materials and
Methods. Enzyme activities are expressed as nmol substrate hydrolysed/h per mg soluble protein. Values given

are meanSD (n=12).

The significance of differences in activity of individual protease types in CIA and BVA(Sué/ke) group was
assessed via one way student's T—test (»P<0.05).
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4. Effect of BVA on cytoplasmic and
lysosomal protease activity in plas—
ma

Other protease types (e.g. leucyl amino—
peptidase, proline endopeptidase) showed sub—~
stantially higher levels of activity in synovial
fluid compared with plasma<Table IV,V>. Com-~
parison of the levels of plasma proteases in
CIA, BVA(5ut/kg) and normal cases is of in—
terest, since some protease types {(particularly
dipeptidyl aminopeptidase IV, proline endo—
peptidase) may be involved in antigen pro—

13,14) Com_

cessing and the immune response
parison of plasma protease activities in CIA,
BVA(5ut/kg) and normal cases is shown in
<Table IV,V>. Levels of plasma proteases
(including dipeptidyl aminopeptidase IV and
proline endopeptidase) in CIA, BVA(5u/kg)
and normal plasma samples were not sig—
These data,

nificantly different. therefore,

-
suggest that altered activity of plasma pro-—
teases (particularly those enzymes putatively
involved in the immune response) is not a
confributory factor in the pathogenesis of
CIAIn the work described above, proteolytic
enzyme activities are determined using various
fluorogenic aminoacyl—7-amido—4—methyl—cou
~marin derivatives(i.e. non—physiological sub—
strates), It is, therefore, of interest to com—
pare the relative levels of endogenous proteins
(presumably the physiological targets of sy-—
novial fluid proteases in vivo) in synovial fluid
samples.

5. Effect of BVA on protein carbonyl
levels in synovial fluid and plasma

The potential role of ROS in joint (particu—
larly inflammatory) disease has been discussed
previously” ; increased levels of ROS and
increased levels of lipid peroxidation in syno-

Table IV. Comparison of Cytoplasmic Protease Activity in Plasma from CIA, Normal and BVA Group®

Enzyme activity (nmol/h per mg protein)

Protease type BVA (Sut/ke) Normal CIA
Alanyl aminopeptidase 89107 89038 9.0+0.8
Arginyl aminopeptidase 42105 35204 45%0.5
Leucyl aminopeptidase 0.1£0.02 0.0910.01 0.2%0.01
Pyroglutamyl aminopeptidase Nil Nil Nil
Dipeptidyl aminopeptidase 111 0.4+0.03 0.5%0,04 0.04%0.01
Dipeptidyl aminopeptidase 1V 8.1+0.7 78106 8.7£0.6
Tripeptidyl aminopeptidase 0.910.06 1.2£0.06 0.7£0.1
Proline endopeptidase 0.3£0.04 0.2%0.01 0.2+0.01

*Details of protease assays in synovial fluid from CIA, normal and BVA rats are given under Materials and
Methods. Enzyme activities are expressed as nmol substrate hydrolysed/h per mg soluble protein. Values given

are mean*SD (n=12).

The significance of differences in activity of individual protease types in CIA and BVA(Sui/ke) group was

assessed via one way student's T—test (+P<0.05).
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Table V. Comparison of Lysosomal Protease Activity in Plasma from CIA, Normal and BVA Group®

Enzyme activity (nmol/h per mg protein)

Protease type BVAG ke Normal CIA
Dipeptidyl aminopeptidase | 0.420.04 0.34£0.04 0.43£0.05
Dipeptidyl aminopeptidase 11 0.3810.04 0.45+0.04 0.42%0.02
Cathepsin B 0.18+0.02 0.21£0.01 0.12x0.1
Cathepsin H 0.80£0.7 0.76 £0.06 0.84+0.08
Cathepsin L 0.56%=0.04 0.47£0.03 0.54%0.05
Cathepsin D+ 0.42£0.03 0.3210.04 0.4210.04

*Details of protease assays in synovial fluid from CIA, normal and BVA rats are given under Materials and
Methods. Enzyme activities are expressed as nmol substrate hydrolysed/h per mg soluble protein, with the
exception of cathepsin D+ which is expressed in enzyme units/mg protein (where | unit=increase in
absorbance of 0.001/h at 280 nm, with 1 em pathlength cell at 37C). Values given are meantSD (n=12).

The significance of differences in activity of individual protease types in CIA and BVA(Sul/ke) groups

was assessed via one way student's T—test (*P<0.05).

Table VI. Comparison of Protein. Carbonyl
Levels in Synovial Fluid and Piasma from CIA,
Normal and BVA Group?

Protein carbonyl content

Tissue (nmol/ mg protein)

Synovial fluid

Normal 1.2+0.2

CIA 34304

BVA(Sb/ke) 0.5+0.05+
Plasma

Normal 0.5£0.05

ClA 1.23+0.2

BVA(5 ud/ke) 0.67£0.07+

*Details for the determination of protein carbonyl
levels in synovial fluid and plasma from normal, CIA
and BVA rats are given under Materials and
Methods. Values given are mean*SD (n=14).

The significance of differences in measured
parameter in CIA and BVAGpui/kg) group was
assessed via one way student's T—test (*P<0.05).

vial tissues, and decreased levels of antioxi—
dants in synovial fluid (and plasma) have been
described in RA'™. In the present study, the
level of ROS induced oxidative damage to

synovial fluid proteins(quantified asprotein
carbonyl derivative) in CIA cases was appro—
ximately three times than in normal cases.
However, BVA(5ud/kg) significantly decreased
level of ROS induced oxidative damage to
synovial fluid proteins(quantified as protein

carbony! derivative) as shown in Table VI

V. Summary

We have compared the levels of proteolytic
enzyme activities and free radical-induced
protein damage in synovial fluid from CIA,
normal and BVA cases. Many protease types
showed significantly increased activity in CIA,
compared with normal rats,

However, BVA significantly reduced the cy—
toplasmic enzyme activities of alanyl amino—
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peptidase, arginyl aminopeptidase, leucyl ami—
nopeptidase, dipeptidyl aminopeptidase HI, di—
peptidy! aminopeptidase IV, tripeptidyl amino—
peptidase, and proline endopeptidase, macro-—
pain to almost about 1/10 each. For the lyso—
somal proteases, synovial fluid samples from
CIA rats, BVA significantly reduced the en—
zyme activities of dipeptidyl aminopeptidase I,
dipeptidyl aminopeptidase II, cathepsin B and
cathepsin L. In extracellular matrix degrading
(collagenase, tissue elastase) and leukocyte
associated proteases (leukocyte elastase,
cathepsin G), BVA decreased these enzyme
activities of collagenase, tissue elastase, leu—
kocyte associated elastase and cathepsin G in
CIA. In cytoplasmic and lysosomal protease
activities in plasma from CIA, BVA and normal
plasma samples were not significantly differ—
ent, suggesting that altered activity of plasma
proteases ({particularly those enzymes puta—
tively involved in the immune response) is not
a contributory factor in the pathogenesis of
CIA.

In addition, the level of free radical induced
damage to synovial fluid proteins in CIA cases
was approximately three fold higher, compared
with normal BVA significantly de-—

creased the level of ROS induced oxidative

cases.

damage to synovial fluid proteins (quantified
as protein carbonyl derivative). When levels of
proteolytic enzyme activities and free radi—
cal—induced protein damage in synovial fluid
from CIA and BVA cases were compared,
many types of proteases showed significantly
decreased activity in BVA rats, compared with

170

CIA rats.

Also, the level of free radical induced dam-
age to synovial fluid proteins was approx—
imately one—sixth over of that in BVA, com—
pared with CIA group., Therefore, it was con—
cluded that BVA inhibited production of the
proteolytic enzyme and the level of free radi—
cal induced damage to synovial fluid proteins
was significantly reduced in BVA rats. Also,
both proteolytic enzymes and free radicals are
likely to be of equal potential importance as
damaging agents in the pathogenesis of in—
flammatory joint disease, and that the design
of novel therapeutic strategies for patients
with the latter disorder should include both
protease inhibitory and free radical scavenging
elements.

In addition, the protease inhibitory element
shouid be designed to inhibit the action of a
broad range of protease mechanistic types(.e.
metallo—
and peptidases).

cysteine—, and serine—proteinases

VI. Discussion

Bee venom therapy has been used in ori—
ental medicine to relieve pain and to treat in—
flammatory diseases such as RA. However,
the mechanism by which the BVA modify the
clinical status of RA are not well understood.
In previous other reports, individual compo—
nents of bee venom have only been tested to
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verify the anti~inflammatory effect of bee
venom treatment on RA. For example,
Adolapin(20ug/kg) and purified MCD peptide(1
ng/kg)have anti-inflammatory activity'® al—
though these substances are present in very
small quantities in whole bee venom. Saini et
al'” reported that melittin is a major compo—
nent of bee venom and that it binds to secre—
tory phospholipase A2(PLA») and inhibits its
enzymatic activity. Because PLA: is a major
inflammatory contact—detonating factor that
causes arachidonic acid release, whose activity
is enhanced in RA. Besides, in some inves—
tigation on the effect of whole bee venom ad—
ministration, it was reported that whole bee
venom successfully suppressed induction of

1820 Also, in

arthritis, in animal experiments
clinical reports, some investigators reported
that whole bee venom administration was ef—
fective treatment to relieve symptoms of RA
or osteoarthritis???. In previous our serial
papers, BVA inhibited production of IL—14
and TNF— e« from macrophages in response to
with
opolysaccharides when BVA was administered

in—vivo  stimulation bacterial lip—
into mice once a day for 7 days, suggesting
that bee venom administered by ip injection
into the patients inhibit cytokine production
from both T cells and macrophages and potent
effects on RA. Also, we examined the influ—
ence of BVA on cellular immune responses by
using rat CIA(collagen induced arthritis), an
experimental model for RA. It was clearly
that BVA strongly inhibits

T—cell activation including blastogenesis and

demonstrated

cytokine production in response to antigenic
stimulation in vitro. Furthermore, macrophage
activation was also suppressed by the BVA.
RA is characterized by cartilage destruction
and bone erosion, resulting from mechanical
wear or following joint tissue inflammation,
respectively. Although the precise mechanisms
responsible for the differential pathogenesis of
RA remain unknown, the action of proteolytic
enzymes (from joint tissues and inflammatory
cells) has been implicated in joint tissue de—
struction, based on the following experimental
evidence: (i) in vitro, degradation of major
(collagen, proteoglycan) and minor components
of the extracellular matrix of cartilage and
bone by individual proteases™®”; (i) in—
creased activity of proteolytic enzymes in joint
tissues  (synovial lining/cartilage/bone) or
synovial fluid samples (the mechanical prop—
erties of which are known to degenerate in
joint disease®® from patients with RA); (i) a
beneficial effect on the course of disease of
experimentally induced joint degeneration in
animal model systems following administration
of protease inhibitors®®. Much of the previous
research into the role of proteases in degen—
erative joint disease has focused on individual
enzymes or small groups of related enzymes
(particularly collagenase type; metalloproteases
and cysteine type; cathepsins® "), It is diffi—
cult to determine the relative contribution of
different protease types to the overall process
of degeneration, because of the different ex—
perimental approach used by different research

groups; in addition, the potential role of some
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protease types in the pathogenesis of degen—
erative joint disease remains to be determined.
It has been well-known that oxygen radicals
and their derivatives from inflammatory cells
are implicated in the tissue damage occurring
during inflammation. Somerfield et al” inves—
tigated the effect of melittin and other BV
peptides on O  production by human periph—
eral blood leukocytes. The result was that
melittin inhibited Oz production both pre— and
poststimulation in contrast to other BV frac—
tions which were without effect. So, in the
present investigation, we have undertaken the
systematic investigation, using the same rats
series and assay methodoiogy, of a wide range
of protease types in synovial fluid samples
from CIA cases, in an attempt to determine
the relative contribution of these enzymes to
the degeneration process characteristic of each
disorder and to evaluate inhibitory effect of
BVA on other proteolytic enzymes activity and
free radical—induced protein damage(deter—
The
results were that BVA significantly inhibited
production of the proteolytic enzyme<Table
[ ~I>, and the level of free radical induced

mined as protein carbonyl derivative).

damage to synovial fluid proteins was sig—
nificantly reduced in BVA rats<Table VI>. In
BVA
treatment inhibiting protease activities and re—

conclusion, i1s estimated as effective
moving ROS. Since activation of proteolytic
enzymes and free radicals are likely to be of
equal potential importance as protein damaging
agents in the pathogenesis of RA, the devel—
opment of novel therapeutic strategies for the
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latter disorder should include both protease
inhibitory and free radical scavenging ele—
ments. In this point, BVA might be a useful
tool for the treatment of RA.

One of the inevitable side effects of bee
venom therapy is a potential allergic reaction
that has an incidence of about 3% in the gen—
eral population®”. But it has also been dem-
onstrated that long—term bee venom treatment
induces T—cell hypo—responsiveness to the
allergen and modulation of cytokine secretion

in humans®”,

Thus hyposensitization induced
by bee venom treatment is currently recog-
nized as a successful long—term therapy for
bee venom allergy in humans®®. Since the side
effects of long—term bee venom therapy are
negligible, it may be one of the safer ther—
aputic approachs for the treatment of arthritis.
However, It would be incredible if the treat—
ment as powerful as this did not have serious
toxicity, but further studies will be necessary
to answer precisely this question. To develop
novel strategies for treatment of CIA rats
based on administration of protease inhibitors
on a rational basis, it is necessary to know
the relative contribution of protease types
present in joint tissues to the degeneration
process. However, biochemical and metabolic
analysis of the constituents of bee venom
have to be performed in further delineating its
mechanisms of action in arthritis,
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