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The use of bee venom (BV) to treat inﬂammation and pain in arthritis has become increasingly common.
This study aimed to compare the effects of BV and methotrexate (MTX), the most used disease-modifying
anti-rheumatic drug, in arthritic rats. Edema, erythema, cyanosis, hyperalgesia, reduction of the body
mass gain, high circulating tumor necrosis factor alpha (TNF-a) and anti-type II collagen antibodies
(AACII), and altered activity of basic (APB) and neutral (APN) aminopeptidases and dipeptidyl peptidase
IV (DPPIV) are present in arthritic rats. MTX and/or BV do not affect AACII in healthy or arthritic individuals, but restores TNF-a to normal levels in arthritic rats. BV restores body mass gain to normal
levels and MTX ameliorates body mass gain. BV contains DPPIV. BV restores APN in synovial ﬂuid (SF)
and in soluble fraction (S) from synovial tissue (ST), and DPPIV in solubilized membrane-bound fraction
(M) from peripheral blood mononuclear cells (PBMCs). MTX restores APN of SF, as well as ameliorates
APB of S-PBMCs, APN of S-ST and DPPIV of M-PBMCs. The combination therapy does not overcome the
effects of BV or MTX alone on the peptidase activities. Edema is ameliorated by MTX or BV alone. MTX,
but not BV, is effective in reducing hyperalgesia. Data show that anti-arthritic effects of BV at nonacupoints are not negligible when compared with MTX.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
The use of pharmacopuncture with bee venom (BV) to treat
various diseases has become increasingly common, especially in
many Asian countries and some underdeveloped ones. It is wellknown that the annual global trade of animal-based medicinal
products accounts for billions of dollars. The pharmacopuncture
preconizes that the injection of herbal extracts, or sublethal doses
of venoms from animal and plant origins, or subclinical doses of

Abbreviations: AACII, anti-type II collagen antibodies; ADA, adenosine deaminase; Ang, angiotensin; APB, basic aminopeptidase; APN, neutral aminopeptidase;
BM, body mass; BV, bee venom; CII, collagen type II; CIA, collagen-induced arthritis;
DMARD, disease-modifying anti-rheumatic drug; DPPIV, dipeptidyl peptidase IV;
LTA4H, leukotriene A4hydrolase; M, solubilized membrane-bound fraction; MTX,
methotrexate; NFkB, nuclear factor k-light chain-enhancer of activated B cells;
PBMCs, peripheral blood mononuclear cells; RA, rheumatoid arthritis; S, Soluble
fraction; SF, synovial ﬂuid; TNF-a, tumor necrosis factor alpha.
* Corresponding author.
E-mail address: paulo.silveira@butantan.gov.br (P.F. Silveira).
http://dx.doi.org/10.1016/j.toxicon.2015.02.016
0041-0101/© 2015 Elsevier Ltd. All rights reserved.

traditional drugs into acupoints are pharmacologically efﬁcient
and, in the case of traditional drugs, with fewer undesired side
effects than the traditional routes of administration. In fact,
nowadays acupuncture in general is much more than a cultural
practice, being used in many parts of the world by traditional
health-care professionals. However, the majority of studies does
not support its effectiveness and acupuncture remains under controversy. This is precisely the case for using BV to treat inﬂammation and pain in rheumatoid arthritis (RA).
RA is an inﬂammatory, chronic, systemic and autoimmune disease that is difﬁcult to treat and with unknown ethiology
(Upchurch and Kay, 2012). Methotrexate (MTX) is the conventional
standard and most used disease-modifying anti-rheumatic drug
(DMARD). However, the mechanisms of its action in RA have not yet
been completely understood (Abolmaali et al., 2013). In turn, BV
administered by acupuncture has become increasingly popular as
an alternative for pain relief in many diseases (Lee et al., 2005).
Possible anti-arthritic actions of BV administered subcutaneously
(Kang et al., 2002) or by acupuncture (Kwon et al., 2001; Baek et al.,
2006; Saad et al., 2010) in various kinds of animal arthritic models
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(Kwon et al., 2001; Kang et al., 2002; Baek et al., 2006; Saad et al.,
2010), or administered by acupuncture in clinical trials (Kwon et al.,
2001; Liu et al., 2008), have been reported, but the results are still
insufﬁcient for demonstrating the efﬁcacy of BV in arthritis.
Collagen type II (CII) is probably a primary antigen in RA, since it
is the major constituent of cartilage, and also because anti-CII antibodies (AACII) exist in RA patients, and CII-induced arthritis (CIA)
and RA have similar characteristics (Hietala et al., 2004). Furthermore, the transference of AACII can generate arthritis, due to the
activation of complement followed by binding of these antibodies
to normal cartilage (Hietala et al., 2004). The onset, development
and persistence of synovitis in RA are related to several cell types,
including peripheral blood mononuclear cells (PBMCs) (Hashimoto
et al., 2011; Li et al., 2011; Mendes et al., 2011; Meugnier et al., 2011;
Yamasaki et al., 2012; Mendes and Silveira, 2013). The tumor necrosis factor (TNF)-a is well-recognized as one major proinﬂammatory cytokines in RA (Doan and Massarotti, 2005).
Given that any recommendation for use in pharmacopuncture
should be preceded by exhaustive evaluation about the effects of
employed extracts or drugs through well-established pharmacological methods, the present study aimed to know more about the
mechanisms and targets of BV in RA, performing the comparison of
BV and MTX effects on key aspects of arthritis in CIA model, such as
edema, erythema, cyanosis, algesia, altered body mass (BM) gain,
TNF-a and AACII levels. The mechanism of anti-arthritic action of
MTX is not yet fully understood, and the activities of basic aminopeptidase (APB) (Mendes and Silveira, 2013), dipeptidyl peptidase
IV (DPPIV) (Yamasaki et al., 2012) and neutral aminopeptidase
(APN) (Mendes et al., 2011) emerged recently as potentially new
valuable targets that may lead to a better understanding of arthritic
processes and the development of novel treatments. In this way,
the effects of MTX and BV on these enzyme activities were also
checked in plasma, soluble (S) and solubilized membrane-bound
(M) fractions from PBMCs and from synovial tissue (ST), and in
synovial ﬂuid (SF) of the femoro-tibial-patellar joint (knee).

(Anasedan®) was from Sespo Ind. Co., Ltd., Vetbrands Division
(Brazil). All other chemicals and reagents were of analytical grade
and purchased from Merck KGaA (Germany). 96-well ﬂat bottom
microplates was from Corning Inc. (USA). Centrifuge model CR31
was from Joaun, Inc. (USA). Container for rodents was from Alesco
Ind. Co., Ltd. (Brazil). The digital analgesimeter (Von Frey) was from
Insight Equipamentos Cientiﬁcos Ltd. (Brazil). The homogenizer
model Polytron-Aggregate was from Kinematica (Switzerland). The
micrometer was from Mitutoyo do Brasil (Brazil). Microplate
Fluorescence/Absorbance Reader model FL600FA was from Bio-Tek
(USA). The ultracentrifuge model CP60E was from Hitachi one
(Japan).
2.3. Animals and induction of arthritis
Adult male Wistar rats, weighing 150e160 g, were kept in
polyethylene
cages
(interior
length  width  height ¼ 56  35  19 cm) with food and tap
water ad libitum, in a container with controlled temperature
(25  C), relative humidity (65.3 ± 0.9%) and 12 h: 12 h photoperiod
light:dark (lights on at 6:00 AM). The animals were anesthetized
with a solution of ketamine (3.75%) and xylazine (0.5%) at a dose of
0.2 mL/100 g, via intraperitoneal (i.p.). Baseline values were then
evaluated for BM and dorsal-plantar thickness in the region of the
metatarsus (both paws were measured by paquimeter and calculated the average thickness of each animal). Subsequently, two
animal groups with the same average BM and dorsal-plantar
thickness were formed, and each group was subjected to induction of arthritis or sham induction as previously described (Mendes
et al., 2011; Yamasaki et al., 2012). Brieﬂy, CII from chicken dissolved in 0.01 M acetic acid and emulsiﬁed in an equal volume of
Freund's incomplete adjuvant (prepared at 4  C just before use) was
administered via a single intradermal dose of 0.4 mg/0.2 mL/animal, into the proximal one-third of the tail (induced animals), or
with 0.9% saline at the same scheme of administration (sham
induced).

2. Materials and methods
2.4. Treatments and evaluation of BM, edema and hyperalgesia
2.1. Ethics statement
The conducts and procedures involving animal experiments
were approved by the Butantan Institute Committee for Ethics in
Animal Experiments (License number CEUAIB 432/2007) in
compliance with the recommendations of the National Council for
the Control of Animal Experimentation of Brazil (CONCEA). All
invasive procedures were performed under anesthesia, and all efforts were made to minimize suffering.
2.2. Chemicals, reagents and equipment
Enzyme-linked immunosorbent assay (ELISA) kit for anti-type II
collagen antibodies was from Chondrex Inc. (USA). BV (Apis mellifera venom, code V3375; lot 092K 0693), the b-naphthylamine,
collagen type II from chicken, DL-dithiothreitol, Freund's incomplete adjuvant, L-alanine-b-naphthylamide, L-arginine-b-naphthylamide, methoxy-b-naphthylamine, and NaCl were from
SigmaeAldrich (USA). TNF-a ELISA kit was from Biosource (USA).
Acetic acid was from Labsynth Produtos para Laboratorio Ltd.
(Brazil). Bio-Rad Protein Assay reagent was made by BioRad Laboratories, Inc. (USA). H-Gly-Pro-4-methoxy-b-naphthylamide was
from Peninsula Laboratories, Inc. (USA). Ketamine 5% (Vetanarcol®)
€nig do Brasil (Brazil). MTX (Miantrex® 25 mg/mL) was
was from Ko
from Laboratorios Pﬁzer Ltd. (Brazil). Percoll (r ¼ 1.077 mg/mL) was
manufactured by GE-Healthcare (USA). Sodium heparin 25,000 UI/
5 mL (Liquemine®) was from Roche (Brazil). Xylazine 2.3%

On day 21 after induction/sham induction rats were classiﬁed by
macroscopic evaluation of the hind paws according to the following
score: 0- undetectable swelling without erythema and cyanosis;
with erythema and cyanosis and 1- detectable swelling in a joint, 2in two joints, 3- in three joints, 4- swelling throughout the paw. The
maximum possible score for each animal is 8 points. Animals
submitted to sham induction with score 0 were grouped as healthy
(100%), CII-treated animals with score 6e8 were grouped as
arthritic (60%) and both were selected to be used in this study;
those with score 1e5 (10%) were not included in the present study
and thus they were euthanized; and those with score 0 (30%, called
resistant) were included in another study on resistance to CIIinduced arthritis (Mendes and Silveira, 2013; Mendes and
Silveira, 2014). Dorsal-plantar thickness was then evaluated as
described in 2.3. Subsequently, the therapy with vehicle (0.9% saline) or MTX and/or BV was started in healthy and arthritic rats,
three times per week, on alternate days during 3 weeks, between
the fourth and sixth hour of the light period of the photoperiod as
speciﬁed. Sick animals formed the following groups: Arthritic,
administered with 0.9% saline, 50 mL subcutaneously (s.c.) dorsal
route and 300 mL, i.p.; Arthritic þ BV, administered with 0.25 mg
BV/kg (Roh et al., 2004; Baek et al., 2006) in a maximum volume of
50 mL s.c. dorsal route; Arthritic þ MTX, administered with 0.3 mg
MTX/kg (Mirshaﬁey et al., 2006) in a maximum volume of 300 mL,
i.p.; Arthritic þ BV þ MTX, administered with 0.25 mg BV/kg in a
maximum volume of 50 mL s.c. dorsal route and with 0.3 mg MTX/
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Fig. 1. Percentage change in body mass 41 days after induction/sham induction in
relation to baseline (immediately before the induction and considered as 100%).
BV ¼ bee venom, MTX ¼ methotrexate. Values are means ± S.E.M. Number of animals
in parenthesis over the bars. ANOVA Control vs Arthritic  Arthritic þ BV vs
Arthritic þ MTX vs Arthritic þ BV þ MTX (P < 0.003); post hoc Tukey's multiple
comparison test, different letters indicate signiﬁcant differences (P < 0.05).

Fig. 2. Percentage change in hind paw thickness 41 days after induction/sham induction in relation to baseline (immediately before the induction and considered as
100%). BV ¼ bee venom, MTX ¼ methotrexate. Values are means ± S.E.M. Number of
animals in parenthesis over the bars. ANOVA Control vs Arthritic  Arthritic þ BV vs
Arthritic þ MTX vs Arthritic þ BV þ MTX (P < 0.0002); post hoc Tukey's multiple
comparison test, different letters indicate signiﬁcant differences (P < 0.05).

kg in a maximum volume of 300 mL, i.p. Healthy animals formed the
following groups: Control, Control þ BV, Control þ MTX and
Control þ BV þ MTX, respectively treated as Arthritic,
Arthritic þ BV, Arthritic þ MTX and Arthritic þ BV þ MTX. BV was
dissolved in 0.9% saline at 4  C. MTX was diluted in 0.9% saline at
23  C.
On day 41 after induction/sham induction, the mechanical
hyperalgesia threshold was evaluated with a digital analgesimeter
as previously described (Guerrero et al., 2006). Brieﬂy, the animals
were kept in individual acrylic boxes with a metal grid ﬂoor for
15e30 min in a room without noise, for adaptation to the environment. Then, a perpendicular and growing force was applied by
the analgesimeter sensor in the center of the plantar surface of one
hind paw, inducing dorsal ﬂexion of the tibio-tarsal joint, until the
withdrawal of the paw. The test was repeated to obtain three
measures with a maximum variation lower than 2 g. Subsequently,
at the same day the animals were anesthetized, using the same
scheme speciﬁed above, and submitted again to the quantiﬁcation
of BM and dorsal-plantar thickness as described above and then for
obtainment of samples.

triplicates of 40 mL of MTX (0.3 mg/mL), BV (1.25 mg/mL), SF and S
(diluted 10-fold), and M (diluted 2-fold) from ST and PBMCs making
use of the Bradford method (1976). Protein contents were interpolated by comparison with standard curves of bovine serum albumin (BSA) in the same diluent. Peptidase activities were
measured as previously described by Gasparello-Clemente et al.
(2003), using 25 mL of MTX (without protein) and BV
(0.05e0.199 mg of protein/mL), both at concentrations of 50 mg,
500 mg and 5000 mg per mL, and 10e25 mL of SF (5e49 mg protein),
10e25 mL of S (1.3e20 mg) and 25 mL of M (2.6e15 mg protein) from
ST, 50 mL of S (22e72 mg protein) and 100 mL of M (13e44 mg protein) from PBMCs, and 25 mL of plasma (0.2e112 mg protein) according to the amount of b-naphthylamine released as a result of
the enzyme activities of samples incubated at 37  C for 30 min in
96-well ﬂat bottom microplates with prewarmed substrate solution of: 0.5 mM L-arginine b-naphthylamide in 0.05 M phosphate

2.5. Sample collection, fractionation of ST and PBMCs and
measurements of AACII and TNF-a
The blood was withdrawal from the left ventricle with heparinized and non-heparinized syringes. Heparinized blood was
centrifuged (at 200 g for 10 min at 25  C) to separate plasma from
the pellet containing PBMCs and other blood cells. The nonheparinized blood was left at 25  C for 10 min and then centrifuged under the same conditions to obtain serum. SF and ST were
subsequently removed from both knees of each animal as previously described (Mendes et al., 2011; Yamasaki et al., 2012). The
procedures for separation and counting of PBMCs, fractionation of
ST and PBMCs into S and M, and measurements of plasma AACII and
serum TNF-a were performed as previously described (Mendes
et al., 2011; Yamasaki et al., 2012).
2.6. Aminopeptidase activities and protein
Total protein was measured photometrically at 630 nm, in

Fig. 3. Hyperalgesia in hind paws. BV ¼ bee venom, MTX ¼ methotrexate. Values are
means ± S.E.M. Number of animals in parenthesis over the bars. ANOVA Control vs
Arthritic  Arthritic þ BV vs Arthritic þ MTX vs Arthritic þ BV þ MTX (P < 0.0002);
post hoc Tukey's multiple comparison test, different letters indicate signiﬁcant differences (P < 0.05).
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Fig. 4. Basic aminopeptidase (APB) activity (pmoles hydrolyzed substrate/min/mg protein). Animals are treated with saline (control and arthritic), or bee venom (BV) and/or
methotrexate (MTX). Values are means ± S.E.M. Number of animals in parenthesis over the bars. ANOVA Control vs Control þ BV vs Control þ MTX vs Control þ BV þ MTX (left) and
Control vs Arthritic vs Arthritic þ BV vs Arthritic þ MTX vs Arthritic þ BV þ MTX (right): 4(A): left and right P < 0.0001; 4(B): left P < 0.0001, right P < 0.001; 4(C): left P < 0.0001,
right P < 0.02; 4(D): left P ¼ 0.07, right P < 0.01; 4(E): left and right P < 0.0001; 4(F): left P ¼ 0.93, right P < 0.0002; post hoc Tukey's multiple comparison test, different letters
indicate signiﬁcant differences among the bars in each graph (P < 0.05).
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Fig. 4. (continued).

buffer, pH 6.5, with 150 mM NaCl, 0.02 mM puromycin and 0.1 mg
BSA, for APB; 0.125 mM L-alanine b-naphthylamide in 0.05 M
phosphate buffer, pH 7.4, with 1 mM DL-dithiothreitol and 0.1 mg
BSA, for APN; and 0.2 mM H-Gly-Pro-4-metoxi b-naphthylamide in
0.05 M TriseHCl buffer, pH 8.3, with 0.1 mg BSA, for DPPIV. bnaphthylamine was estimated ﬂuorimetrically using the Bio-Tek

FL600FA Microplate Fluorescence/Absorbance Reader, at 460/
40 nm emission wavelength and 360/40 nm excitation wavelength.
The values of incubates at zero time (blank) was subtracted and the
relative ﬂuorescence was converted to picomoles of b-naphthylamine by comparison with a correspondent standard curve. Peptidases activities were expressed as picomoles of hydrolyzed
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Fig. 5. Neutral aminopeptidase (APN) activity (pmoles hydrolyzed substrate/min/mg protein). Animals are treated with saline (control and arthritic), or bee venom (BV) and/or
methotrexate (MTX). Values are means ± S.E.M. Number of animals in parenthesis over the bars. ANOVA Control vs Control þ BV vs Control þ MTX vs Control þ BV þ MTX (left) and
Control vs Arthritic vs Arthritic þ BV vs Arthritic þ MTX vs Arthritic þ BV þ MTX (right): 5(A): left P < 0.0003, right P < 0.0001; 5(B): left P < 0.0003, right P < 0.0001; 5(C): left
P < 0.1999, right P < 0.004; 5(D): left P ¼ 0.003, right P < 0.002; 4(E): left P < 0.0001, right P < 0.008; 4(F): left P < 0.008, right P < 0.0002. Post hoc Tukey's multiple comparison test,
different letters indicate signiﬁcant differences among the bars in each graph (P < 0.05).
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Fig. 5. (continued).

substrate min1 mg protein1.
2.7. Statistics
Data are presented as mean values ± standard error of the
means (S.E.M.) for n individual experiments or n animals, and were

analyzed statistically using the GraphPadPrismtm software package.
Regression analyses were performed to obtain standard curves.
One-way analysis of variance (ANOVA) followed, when differences
were detected, by the Tukey multiple comparison test to compare
values among three or more variables. In all the calculations, a
minimum critical level of P < 0.05 was set.
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Fig. 6. Dipeptidyl peptidase IV (DPPIV) activity (pmoles hydrolyzed substrate/min/mg protein). Animals are treated with saline (control and arthritic), or bee venom (BV) and/or
methotrexate (MTX). Values are means ± S.E.M. Number of animals in parenthesis over the bars. ANOVA Control vs Control þ BV vs Control þ MTX vs Control þ BV þ MTX (left) and
Control vs Arthritic vs Arthritic þ BV vs Arthritic þ MTX vs Arthritic þ BV þ MTX (right): 6(A): left and right P < 0.0001; 6(B): left P < 0.6326, right P < 0.009; 6(C): left P < 0.02, right
P < 0.004; 6(D): left P < 0.0001, right P < 0.003; 6(E): left P < 0.001, right P ¼ 0.431; 6(F): left P < 0.0007, right P < 0.0001. Post hoc Tukey's multiple comparison test, different letters
indicate signiﬁcant differences among the bars in each graph (P < 0.05).
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Fig. 6. (continued).

3. Results
3.1. BM gain
On day 41 after induction/sham induction, there were no signiﬁcant differences of BM values among healthy groups (ANOVA,

P ¼ 0.4403). The values are: 370 ± 11 (n ¼ 10) (control); 376 ± 10
(n ¼ 9) (control þ BV); 399 ± 8 (n ¼ 9) (control þ MTX); and
387 ± 18 (n ¼ 11) (control þ BV þ MTX). As shown in Fig. 1, on day
41 after induction/sham induction percent BM gain was about 33%
lower in arthritic individuals than in control ones. MTX ameliorates
and BV fully preserves BM gain at control levels in arthritic rats. The
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Table 1
Overall summary of alterations detected in all treatments compared with control treated with saline.
Parameter

Sample

Control

Arthritic

BV

MTX

BV þ MTX

Vehicle

BV

MTX

BV þ MTX

Plasma
Synovial ﬂuid
S-synovial tissue
M-synovial tissue
S-PBMCs
M-PBMCs

¼
¼
¼
¼
¼
Y
Y
Y
¼
Y
¼

¼
¼
¼
¼
¼
Y
Y
[
¼
Y
[

¼
¼
¼
¼
¼
Y
Y
¼
¼
Y
¼

Y
[
[
[
Y
¼
¼
¼
¼
Y
¼

¼
[
[
¼
¼
¼
¼
¼
¼
Y
¼

¼
[
[
¼
Y
¼
Y
¼
¼
Y
¼

¼
[
[
¼
Y
Y
¼
¼
¼
Y
¼

APN

Plasma
Synovial ﬂuid
S-synovial tissue
M-synovial tissue
S-PBMCs
M-PBMCs

¼
¼
¼
Y
Y
¼

¼
¼
¼
¼
Y
[

¼
Y
¼
Y
¼
¼

¼
[
[
¼
¼
¼

¼
¼
¼
Y
¼
¼

¼
¼
¼
¼
¼
Y

Y
¼
¼
¼
[
Y

DPPIV

Plasma
Synovial ﬂuid
S-synovial tissue
M-synovial tissue
S-PBMCs
M-PBMCs

[
¼
¼
¼
Y
¼

Y
¼
¼
¼
¼
[

Y
¼
¼
[
¼
[

¼
¼
¼
¼
¼
Y

[
[
¼
¼
¼
¼

Y
¼
¼
¼
¼
[

¼
¼
¼
[
¼
[

Body mass
Edema
AACII
TNF-a
Hyperalgesia
APB

(¼) equal; (Y) decrease; ([) increase.

combined treatment is ineffective against reduction of the BM gain.
3.2. Hind paw thickness
Basal dorsal-plantar thickness (in mm) of hind paws was
4.26 ± 0.08 (n ¼ 39). On day 21 after sham induction healthy animals had thickness of 5.56 ± 0.1 (n ¼ 37) (control), while the animals submitted to CIA induction had thickness of 8.40 ± 0.40
(n ¼ 31). On day 41 after sham induction healthy animals untreated
or treated with MTX and/or BV had similar dorsal-plantar thickness
than untreated healthy animals on day 21 (ANOVA, P ¼ 0.4945). The
values were: 5.50 ± 0.04 (n ¼ 8) (untreated control); 5.59 ± 0.09
(n ¼ 9) (control þ BV); 5.69 ± 0.06 (n ¼ 9) (control þ MTX); and
5.54 ± 0.05 (n ¼ 11) (control þ BV þ MTX). As shown in Fig. 2, on
day 41 the presence of edema persisted in all sick groups, but its
level was ameliorated with MTX or BV treatment. The combined
treatment is ineffective against the edema.
3.3. AACII and TNF-a
AACII titer varies from 0.015 to 0.039 mg/mL among control
(n ¼ 8), control þ BV (n ¼ 8), control þ MTX (n ¼ 5) and
control þ BV þ MTX (n ¼ 7), and from 186 to 193 mg/mL among
arthritic (n ¼ 9), arthritic þ BV (n ¼ 6), arthritic þ MTX (n ¼ 5),
arthritic þ BV þ MTX (n ¼ 6). Grouping these animals to form only
two groups, control and arthritic ones, the intra-group changes
based on the applied treatments are not statistically signiﬁcant
(ANOVA, P > 0.05), and the comparison between control
(mean ± S.E.M., n ¼ 28, 0.04 ± 0.01) and arthritic (mean ± S.E.M.,
n ¼ 26, 186 ± 6) groups reveals a very signiﬁcant difference (unpaired two-side Student's t test, P < 0.0001). The presence of TNF-a
is found only in untreated arthritic (21.1 ± 1.2 pg/mL, n ¼ 4), being
below the threshold of detection (<4 pg/mL, n ¼ 17) in the other
groups under study (control, control þ BV, control þ MTX,
control þ BV þ MTX, arthritic þ BV, arthritic þ MTX and
arthritic þ BV þ MTX) (ANOVA, P < 0.0001).

3.4. Hyperalgesia
The values of the mechanical threshold of hyperalgesia among
healthy animals show no signiﬁcant differences (ANOVA,
P ¼ 0.7535). The values of this parameter (g) are: 46 ± 2 (n ¼ 4)
(control); 45 ± 3 (n ¼ 5) (control þ BV); 45 ± 1 (n ¼ 3)
(control þ MTX); and 45 ± 1 (n ¼ 3) (control þ BV þ MTX). Reduced
mechanical threshold of hyperalgesia persists in all arthritic groups,
but with amelioration in relation to untreated arthritic individuals
(11 ± 1.30, n ¼ 4), in Arthritic þ MTX (22 ± 1.70, n ¼ 3) and
Arthritic þ BV þ MTX (23.5 ± 2.20, n ¼ 6) (Fig. 3).
3.5. Peptidase activities
3.5.1. Screening of APB, APN and DPPIV activities in BV and MTX
MTX at used concentrations has no APN, APB and DPPIV activities, while BV has only DPPIV activity ranging between 1.1 and
2.8 pmoles of hydrolyzed substrate per min per mg of BV (containing
0.05e0.199 mg of protein/mL).
3.5.2. Changes in plasma, SF and S and M from ST and PBMCs
In healthy rats BV and MTX decrease APB in plasma (Fig. 4-A),
synovial ﬂuid (Fig. 4-B) and soluble fraction of PBMCs (Fig. 4-E). BV
decreases APN in solubilized membrane-bound fraction of synovial
tissue (Fig. 5-D). BV decreases and MTX increases APB in soluble
fraction of synovial tissue (Fig. 4-C). BV and MTX decrease APN in
soluble fraction of PBMCs (Fig. 5-E) and MTX increases APN in
solubilized membrane-bound fraction of PBMCs (Fig. 5-F). DPPIV is
increased in plasma (Fig. 6-A) and decreased in soluble fraction of
PBMCs (Fig. 6-E) by BV, while DPPIV is decreased in plasma (Fig. 6A) and increased in solubilized membrane-bound fraction of PBMCs
(Fig. 6-F) by MTX. Arthritic rats are characterized by decreased APB
in soluble fraction of PBMCs (Fig. 4-E), increased APN in synovial
ﬂuid (Fig. 4-B) and soluble fraction of synovial tissue (Fig. 4-C), and
decreased DPPIV in solubilized membrane-bound fraction of
PBMCs (Fig. 4-F). In arthritic rats BV restores APN in synovial ﬂuid
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Table 2
Overall summary of effects of BV and MTX on altered parameters in arthritic.
Parameter

body mass
edema
AACII
TNF-a
hyperalgesia
APB
APN
DPPIV

Sample

S-PBMCs
synovial ﬂuid
S-synovial tissue
M-PBMCs

Arthritic treated with
BV

MTX

BV þ MTX

R
A
U
R
U
U
R
R
R

A
A
U
R
A
A
R
A
A

U
U
U
R
A
U
R
A
A

R ¼ restore to values of control treated with saline.
A ¼ ameliorate in relation to control treated with saline.
U ¼ unaltered in relation to arthritic treated with saline.

(Fig. 5-B) and soluble fraction of synovial tissue (Fig. 5-C), and
DPPIV in solubilized membrane-bound fraction of PBMCs (Fig. 6-F).
MTX restores APN in synovial ﬂuid (Fig. 5-B), and ameliorates APB
in soluble fraction of PBMCs (Fig. 4-E), and DPPIV in solubilized
membrane-bound fraction of PBMCs (Fig. 6-F). Other changes or
the absence of those changes occur when certain groups are
compared, but besides the above mentioned, none of these changes
occurred in relation to control or arthritic groups (Figs. 4-D, 4-F, 5A, 5-C, 6-B, 6-C, 6-D).
4. Discussion
The comparison between BV and MTX effects on key aspects of
experimental arthritis, as well as the possibility that these effects
may be related with APB, APN and DPPIV have not been addressed
until now. We demonstrated that BV and MTX act similarly
ameliorating or restoring compartmentalized peptidase activities
(with exception of APB) that are altered in arthritis. Mainly, MTX
normalized TNF-a and ameliorated BM gain and attenuated
hyperalgesia and swelling. In addition, we provide evidence that BV
also attenuated swelling, restored BM gain, inhibited TNF-a, besides the fact that it possesses DPPIV activity. Acting on activity
levels of APN and DPPIV, MTX and BV downregulate some proinﬂammatory factors, thus inducing the anti-edematogenic and
anti reduction of BM gain responses. Furthermore, the antinociceptive effect and amelioration of activity levels of APB were
concomitantly induced by MTX. Therefore, the contribution of APB
to antinociceptive effect of MTX can be hypothesized. Since edema
and BM gain with combined treatment with MTX and BV did not
improve, their concomitant use cannot be recommended. These
ﬁndings contribute to novel insights to explain mechanisms and
targets of MTX and BV, administered by non-acupoint, in arthritis.
Data also show that MTX and BV, alone or associated, were not
innocuous on peptidases under study in healthy animals. The
deleterious or beneﬁcial impact of altered peptidase by BV and MTX
in healthy subjects is difﬁcult to deduce, since these peptidases play
multiple roles, such as regulation of hormones, cytokines and
peptides relevant to cell proliferation, adhesion, cell signaling, cell
activation, differentiation and cell communication. The results are
summarized in Tables 1 and 2.
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injuries in CIA rats (Mirshaﬁey et al., 2006). A dose of 0.33 mg MTX/
kg, with a two-day interval along four weeks, was also beneﬁcial
(Xinqiang et al., 2010), while 0.75 mg MTX/kg, administered daily
during one week, promoted defects on bone formation (Xian et al.,
2007). The rationality for using BV combined with MTX in this
study was to evaluate the possible synergism, potentiation or antagonisms given that a signiﬁcant number of patients treated with
BV are concomitantly treated with MTX.
4.2. MTX and BV on altered parameters of arthritic
4.2.1. BM gain
The cachexia is a common occurrence in RA and could be
symptomatic of an inability to eat due to pain (Hartog et al., 2009;
Roubenoff, 2009). In the arthritis model in rodents a loss of BM is
frequent (Simjee et al., 2007; Hartog et al., 2009), and we now
demonstrate the amelioration of BM gain by MTX and its restoration by BV. MTX diminishes TNF-a via cAMP (Wessels et al., 2008),
and the whole crude BV, or its isolated component, mellitin, inhibits nuclear factor k-light chain-enhancer of activated B cells
(NFkB) transcription (Park et al., 2004), which in turn is responsible
for TNF-a transcription. BV and MTX action on recovery of BM gain
is probably due to TNF-a and another unknown factor(s), since only
anti-TNF-a therapy was reported as insufﬁcient to promote this
effect (Roubenoff, 2009). Aminopeptidases related with energy
balance (Zambotti-Villela et al., 2008; Alponti and Silveira, 2010),
that are altered in arthritic individuals and ameliorated by MTX and
BV, could help to promote this beneﬁt. However, this effect against
reduction of BM gain disappears when using BV combined with
MTX. A tentative explanation of this ﬁnding is outlined below.
4.2.2. Edema, AACII, TNF-a and hyperalgesia
Anti-edematogenic effect of BV and MTX conﬁrmed literature
data (Cutolo et al., 2001; Saad et al., 2010). On the other hand,

4.1. Dosage and route of administration for BV and MTX
0.25 mg BV/kg by acupoint is known to promote a decrease in
hyperalgesia (Roh et al., 2004; Baek et al., 2006). It was administered here by s.c. dorsal route, since systemic effects can be evaluated through this route without interference of mapped acupoint.
MTX, at same dose and i.p. route ameliorated histopathological

Fig. 7. Schematic depicting proper and shared effects of BV and MTX on key aspects of
CIA model. MTX, associated or not with BV, normalizes TNF-a, and attenuates body
mass (BM) and hyperalgesia. MTX and BV alone attenuate the edema and normalize
APN of synovial ﬂuid (SF). MTX ameliorates APB of soluble fraction (S) from PBMCs.
MTX ameliorates and BV restores APN in S from synovial tissue (ST) and DPPIV in
solubilized membrane-bound fraction (M) from PBMCs. BV attenuates BM and normalizes TNF-a independently of MTX. BV is a source for obtaining DPPIV enzyme.
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regarding only BM gain, this effect disappears when BV combined
with MTX was used. To our knowledge there is no previous study
that supports the existence of anti-inﬂammatory or stabilizer of BM
gain effects caused by different agents that cease to exist by combined use of these same agents. However, desensitization and
interaction are relatively common pharmacological phenomena
that should be investigated in this case as possible causes. Painful
stress exists at the time of BV's administration (Stojanovich, 2010),
but it is difﬁcult to infer its involvement in this disruption cause.
The demonstration that the anti-edematogenic effect of MTX (and
BV) is unrelated to AACII titer in arthritic (Tables 1e2) was
remarkable. It reinforces the multifactorial ethiology of RA, as well
as the hypothesis that B cell response in CIA occurs against different
epitopes of the triple helix of CII (Nandakumar, 2010), and that CII is
immunoreactive to varying degrees of pathogenic and nonpathogenic antibodies (Mendes et al., 2011). The treatments of
arthritic with BV, MTX or a combination of the two were efﬁcient to
reduce TNF-a. Despite the well-known relationship of TNF-a with
the improvement of hyperalgesia and/or edema (Simjee et al.,
2007; Wood, 2009), an action upon TNF-a is not the sole responsible for the antinociceptive effect of MTX, since it was absent in BV.
Patients with RA often have a higher perception of pain (Wood,
2009). Arthritic CIA mice have higher level of nociception than
healthy mice, and treatment with MTX was previously reported to
cause slight yet signiﬁcant improvement (Al-Abd et al., 2010),
ﬁndings that were conﬁrmed here in CIA rats. While MTX alone or
in combination with BV signiﬁcantly reduced the arthritisassociated hyperalgesia, BV administered on its own did not
cause this effect, showing that it is only attributable to MTX. The
whole crude BV was reported to have analgesic properties at higher
doses, 1 mg/kg by acupoint (Kwon et al., 2001) or 0.8e1.2 mg/kg s.c.
(Chen et al., 2006). Unfortunately, there are still no uniform
guidelines for BV standardization. Furthermore, the dose control
and administration route present challenges to the experimental
and therapeutical use of a protein/peptide mixture as BV, given the
known heterogeneity in the crude venom's composition (Peiren
et al., 2005). Additionally, the most serious limitation for the
therapeutic use of whole BV seems to be that 20.7% of the overall
population develops a hypersensitivity reaction of type 1, which
may result in local skin edema, or in more severe cases, to life
threatening systemic anaphylactic shock (Peiren et al., 2005).
Furthermore, impaired anti-edematogenic and stabilizer of BM gain
responses of MTX and BV when administered in association are also
important restrictions to indicate the combined therapeutic use.
4.2.3. Peptidase activities
The present study highlights changes on peptidases that might
have major pathophysiological signiﬁcance. The existence of DPPIV
in BV (Lee et al., 2007) was conﬁrmed in the present study. Thus,
the increased DPPIV in plasma of control and arthritic individuals,
and in SF of arthritic rats could be explained by this fact. Considering this exception, BV and MTX had marked effects on altered
peptidases in arthritic rats. In general, the combination therapy of
MTX and BV does not overcome the effects of BV or MTX alone on
the peptidase activities. Altered APB could alter antigen processing
(Hattori and Tsujimoto, 2004) and formation of angiotensin (Ang)
IV (Martínez-Martos et al., 2011), a peptide related to renin-Ang
system (RAS) that causes upregulation of genes associated with
NFkB (Ruiz-Ortega et al., 2007). RAS is strongly involved in
increased vascular oxidative stress and endothelial dysfunction in
animal models of inﬂammatory and autoimmune diseases (Sakuta
et al., 2010). Furthermore, two zinc-dependent metallopeptidases
(Penning et al., 2002) are known to concomitantly exhibit APB and
leukotriene-A4 hydrolase (LTA4H) activities (Mantle et al., 1999;
Mendes and Silveira, 2013). Recently, APB was reported to

facilitate the resolution of inﬂammation by hydrolyzing neutrophil
chemoattractant Pro-Gly-Pro (PGP) (Snelgrove et al., 2010). Acting
on APB, MTX can upregulate NFkB and RAS, via Ang IV (Cutolo et al.,
2001), and LTA4H, via bifunctionality, can also downregulate
neutrophil chemoattraction, via PGP (Snelgrove et al., 2010). APN
hydrolyses Ang III, forming Ang IV (Ruiz-Ortega et al., 2007), but
altered levels of APN were restored by BV without concomitant
amelioration of pain. Thus, both effects of MTX, the antinociceptive
and APB enhancer in S-PBMCs, should be correlated only through
their indirect consequences on LTA4H and PGP. Thus, the amelioration of algesia caused by MTX might be partly attributed to its
anti-inﬂammatory effect, but both effects are not associated only
with the effects upon APN and DPPIV, which were shared with BV.
Immunohistochemical evidences have shown an increase of APN in
blood vessels of ST in RA patients (Haringman et al., 2006) and thus
they have started an intense search for inhibitors for APN and for
dual inhibitors for APN and DPPIV (Reinhold et al., 2007; Thanawala
et al., 2008) that have already been reported to be beneﬁcial for
treatment of autoimmune diseases (Reinhold et al., 2007; Ansorge
et al., 2009). A major constraint to interpret these data is that
aminopeptidases have many overlapping activities on synthetic
substrates and there may be differences in the level of enzymatic
activity according to the substrate used (Olivo et al., 2005). Another
obvious aggravating issue is that only the immunohistochemical
detection is not sufﬁciently indicative of the existence of enzymatic
activity. Regarding DPPIV activity, its increase in blood cells of
arthritic individuals has been reported (Sromova et al., 2010), but
little is known about its changes under treatment with MTX. Elicited peritoneal macrophages from healthy mice treated with MTX
have higher DPPIV than resident macrophages (Olivo et al., 2008).
In the present study, in arthritic and healthy individuals treated
with MTX, DPPIV increased in M-PBMCs and decreased in plasma.
The combined effects of BV on DPPIV and the impaired antiedematogenic and anti reduction of BM gain responses of MTX
and BV when those drugs are associated strongly suggest that
increased plasma cytokines and proinﬂammatory chemokines in
arthritis (Pavkova et al., 2012), which are reported to be substrates
of DPPIV (de Meester et al., 2003), might be regulated by MTX and
BV not only through DPPIV. Plasma levels of these cytokines and
chemokines, when kept under control by MTX or BV, might lead to
decreased cell proliferation (except PBMCs) that release DPPIV in
plasma. Increased number of peripheral blood T lymphocytes was
found in RA (Ospelt et al., 2010), and DPPIV was reported to be
secreted by these activated T cells after induction of arthritis
(Williams et al., 2003). MTX and BV might also have direct cytotoxic
effect on these cells. Another relationship among MTX and DPPIV,
that seems unlikely in this case, is via adenosine deaminase (ADA).
DPPIV of various mammalian species when coupled to the ADA
makes it more effective (Sedo et al., 2005) and MTX inhibits ADA
(Cutolo et al., 2001), but rat DPPIV does not exhibit this binding
ability (Iwaki-Egawa et al., 1997).
5. Concluding remarks
As illustrated in Fig. 7, many beneﬁcial effects of BV by nonacupoint in arthritic individuals are shared with MTX, but they
are insufﬁcient to relieve pain. Among examined peptidases, APN in
synovial ﬂuid and soluble fraction from synovial tissue and DPPIV
in membrane-bound-fraction from PBMCs could be related to antiedematogenic and anti reduction of BM gain effects of BV and MTX,
but only APB in soluble fraction from PBMCs could be a possible
target of MTX effects associated with pain relief. It is noteworthy
that BV by non-acupoint exhibits against reduction of BM gain, as
well as being anti-edematogenic and anti-TNF-a in arthritic, and a
source for obtaining DPPIV enzyme.

S.C. Yamasaki et al. / Toxicon 98 (2015) 75e88

Ethical statement
We declare that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or academic thesis), that it is not under consideration
for publication elsewhere, that the animal protocols have been
reviewed and approved by the appropriate ethics committees, that
its publication is approved by all authors and tacitly or explicitly by
the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere including
electronically in the same form, in English or in any other language,
without the written consent of the copyright-holder.
Acknowledgments
This work was supported by a Research Grant 2007/08311-4
from FAPESP (Sao Paulo Research Foundation, Brazil). P.F.S. was
recipient of a CNPq (National Council for Scientiﬁc and Technological Development, Brazil) productivity grant (PQ-302533/20117). R.F.A. and M.T.M were recipientes of FAPESP fellowships. The
funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. We thank all
the staff at the Unit of Translational Endocrine Pharmacology and
Physiology at Laboratory of Pharmacology for technical support,
and at Laboratory of Pain Physiology for kindly arranging the space
and equipment for the assessment of hyperalgesia. We also thank
the agency GLMS Scientiﬁc Language Services for having revised
manuscript.
Transparency document
Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.toxicon.2015.02.016.
References
Abolmaali, S.S., Tamaddon, A.M., Dinarvand, R., 2013. A review of therapeutic
challenges and achievements of methotrexate delivery systems for treatment of
cancer and rheumatoid arthritis. Cancer Chemother. Pharmacol. 71 (5),
1115e1130. http://dx.doi.org/10.1007/s00280-012-2062-0. PMid:2329211.
Al-Abd, A.M., Inglis, J.J., Nofal, S.M., Khalifa, A.E., Williams, R.O., El-Eraky, W.I.,
Abdel-Naim, A.B., 2010. Nimesulide improves the disease modifying antirheumatic proﬁle of methotrexate in mice with collagen-induced arthritis.
Eur. J. Pharmacol. 644 (1e3), 245e250. http://dx.doi.org/10.1016/j.ejphar.2010.
07.006. PMid:20643120.
Alponti, R.F., Silveira, P.F., 2010. Neutral aminopeptidase and dipeptidyl peptidase IV
activities in plasma of monosodium glutamate obese and food-deprived rats.
Obesity 18 (7), 1312e1317. http://dx.doi.org/10.1038/oby.2009.378. PMid:
19876009.
Ansorge, S., Bank, U., Heimburg, A., Helmuth, M., Koch, G., Tadje, J., Lendeckel, U.,
Wolke, C., Neubert, K., Faust, J., Fuchs, P., Reinhold, D., Thielitz, A., T€
ager, M.,
2009. Recent insights into the role of dipeptidylaminopeptidase IV (DPIV) and
aminopeptidase N (APN) families in immune functions. Clin. Chem. Lab. Med.
47 (3), 253e261. http://dx.doi.org/10.1515/CCLM.2009.063. PMid:19327105.
Baek, Y.H., Huh, J.E., Lee, J.D., Choi do, Y., Park, D.S., 2006. Antinociceptive effect and
the mechanism of bee venom acupuncture (Apipuncture) on inﬂammatory pain
in the rat model of collagen-induced arthritis: mediation by alpha2Adrenoceptors. Brain Res. 1073e1074, 305e310. http://dx.doi.org/10.1016/j.
brainres.2005.12.086. PMid:16457792.
Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72, 248e254. http://dx.doi.org/10.1016/0003-2697(76) 90527e3.
PMid: 942051.
Chen, H.S., Lei, J., He, X., Wang, Y., Wen, W.W., Wei, X.Z., Graven-Nielsen, T., You, H.J.,
Arendt-Nielsen, L., 2006. Pivotal involvement of neurogenic mechanism in
subcutaneous bee venom-induced inﬂammation and allodynia in unanesthetized conscious rats. Exp. Neurol. 200 (2), 386e391. http://dx.doi.org/10.1016/j.
expneurol.2006.02.118. PMid:16624301.
Cutolo, M., Sulli, A., Pizzorni, C., Seriolo, B., Straub, R.H., 2001. Anti-inﬂammatory
mechanisms of methotrexate in rheumatoid arthritis. Ann. Rheum. Dis. 60 (8),
729e735. http://dx.doi.org/10.1136/ard.60.8.729. PMid:11454634 PMCid:
PMC1753808.
, S., 2003. Dipeptidyl peptidase IV
de Meester, I., Lambeir, A.M., Proost, P., Scharpe
substrates, an update on in vitro peptide hydrolysis by human DPPIV. Adv. Exp.

87

Med. Biol. 524, 3e17. PMid:12675218.
Doan, T., Massarotti, E., 2005. Rheumatoid arthritis: an overview of new and
emerging therapies. J. Clin. Pharmacol. 45 (7), 751e762. http://dx.doi.org/10.
1177/0091270005277938. PMid:15951465.
Gasparello-Clemente, E., Casis, L., Varona, A., Gil, J., Irazusta, J., Silveira, P.F., 2003.
Aminopeptidases in visceral organs during alterations in body ﬂuid volume and
osmolality. Peptides 24, 1367e1372. http://dx.doi.org/10.1016/j.peptides.2003.
08.006. PMid:14706551.
Guerrero, A.T., Verri Jr., W.A., Cunha, T.M., Silva, T.A., Rocha, F.A., Ferreira, S.H.,
Cunha, F.Q., Parada, C.A., 2006. Hypernociception elicited by tibio-tarsal joint
ﬂexion in mice: a novel experimental arthritis model for pharmacological
screening. Pharmacol. Biochem. Behav. 84 (2), 244e251. http://dx.doi.org/10.
1016/j.pbb.2006.05.008. PMid:16797062.
Haringman, J.J., Smeets, T.J., Reinders-Blankert, P., Tak, P.P., 2006. Chemokine and
chemokine receptor expression in paired peripheral blood mononuclear cells
and synovial tissue of patients with rheumatoid arthritis, osteoarthritis, and
reactive arthritis. Ann. Rheum. Dis. 65 (3), 294e300. http://dx.doi.org/10.1136/
ard.2005.037176. PMid:16107514 PMCid:PMC1798063.
Hartog, A., Hulsman, J., Garssen, J., 2009. Locomotion and muscle mass measures in
a murine model of collagen-induced arthritis. BMC Musculoskelet. Disord. 10,
59e65. http://dx.doi.org/10.1186/1471-2474-10-59. PMid:19493332 PMCid:
PMC2700074.
Hashimoto, T., Yasuda, S., Koide, H., Kataoka, H., Horita, T., Atsumi, T., Koike, T., 2011.
Aberrant splicing of the hRasGRP4 transcript and decreased levels of this
signaling protein in the peripheral blood mononuclear cells in a subset of patients with rheumatoid arthritis. Arthritis Res. Ther. 13 (5), R154. http://dx.doi.
org/10.1186/ar3470. PMid:21933395 PMCid:PMC3308084.
Hattori, A., Tsujimoto, M., 2004. Processing of antigenic peptides by aminopeptidases. Biol. Pharm. Bull. 27 (6), 777e780. http://dx.doi.org/10.1248/bpb.27.777.
PMid:15187416.
n, S., Holmdahl, R., Pekna, M.,
Hietala, M.A., Nandakumar, K.S., Persson, L., Fahle
2004. Complement activation by both classical and alternative pathways is
critical for the effector phase of arthritis. Eur. J. Immunol. 34 (4), 1208e1216.
http://dx.doi.org/10.1002/eji.200424895. PMid:15048732.
Iwaki-Egawa, S., Watanabe, Y., Fujimoto, Y., 1997. CD26/dipeptidyl peptidase IV does
not work as an adenosine deaminase-binding protein in rat cells. Cell. Immunol.
178 (2), 180e186. http://dx.doi.org/10.1006/cimm.1997.1123. PMid:9225009.
Kang, S.S., Pak, S.C., Choi, S.H., 2002. The effect of whole bee venom on arthritis. Am.
J. Chin. Med. 30 (1), 73e80. http://dx.doi.org/10.1142/S0192415X02000089.
PMid:12067099.
Kwon, Y.B., Kang, M.S., Kim, H.W., Ham, T.W., Yim, Y.K., Jeong, S.H., Park, D.S.,
Choi, D.Y., Han, H.J., Beitz, A.J., Lee, J.H., 2001. Antinociceptive effects of bee
venom acupuncture (apipuncture) in rodent animal models: a comparative
study of acupoint versus non-acupoint stimulation. Acupunct. Electrother. Res.
26 (1e2), 59e68. PMid:11394494.
Lee, J.D., Park, H.J., Chae, Y., Lim, S., 2005. An overview of bee venom acupuncture in
the treatment of arthritis. Evid. Based Complement. Alter. Nat. Med. 2 (1),
79e84. http://dx.doi.org/10.1093/ecam/neh070. PMid:15841281 PMCid:
PMC1062163.
Lee, V.S., Tu, W.C., Jinn, T.R., Peng, C.C., Lin, L.J., Tzen, J.T., 2007. Molecular cloning of
the precursor polypeptide of mastoparan B and its putative processing enzyme,
dipeptidyl peptidase IV, from the black-bellied hornet, Vespa basalis. Insect.
Mol. Biol. 16 (2), 231e237. http://dx.doi.org/10.1111/j.1365-2583.2006.00718.x.
PMid:17298553.
Li, Y., Jiang, L., Zhang, S., Yin, L., Ma, L., He, D., Shen, J., 2011. Methotrexate attenuates
the Th17/IL-17 levels in peripheral blood mononuclear cells from healthy individuals and RA patients. Rheumatol. Int. 32 (8), 2415e2422. http://dx.doi.org/
10.1007/s00296-011-1867-1. PMid:21691744.
Liu, X.D., Zhang, J.L., Zheng, H.G., Liu, F.Y., Chen, Y., 2008. Clinical randomized study
of bee-sting therapy for rheumatoid arthritis. Zhen Ci Yan Jiu 33 (3), 197e200.
PMid:18807725.
Mantle, D., Falkous, G., Walker, D., 1999. Quantiﬁcation of protease activities in
synovial ﬂuid from rheumatoid and osteoarthritis cases: comparison with
antioxidant and free radical damage markers. Clin. Chim. Acta 284 (1), 45e58.
http://dx.doi.org/10.1016/S0009-8981(99)00055-8.
Martínez-Martos, J.M., Carrera-Gonz
alez, M.D., Due-as, B., Mayas, M.D., García, M.J.,
sito, M.J., 2011. Renin angiotensin system-regulating aminopepRamírez-Expo
tidase activities in serum of pre- and postmenopausal women with breast
cancer. Breast 20 (5), 444e447. http://dx.doi.org/10.1016/j.breast.2011.04.008.
PMid:21596565.
Mendes, M.T., Silveira, P.F., 2013. Leukotriene-A4-hydrolase and basic aminopeptidase activities are related with collagen-induced arthritis in a compartmentdependent manner. OJRA 3 (4), 255e262. http://dx.doi.org/10.4236/ojra.2013.
34040.
Mendes, M.T., Silveira, P.F., 2014. The interrelationship between leukotriene B4 and
leukotriene-A4-hydrolase in collagen/adjuvant-induced arthritis in rats. BioMed. Res. Int. 2014. Article ID 730421. http://dx.doi.org/10.1155/2014/730421.
Mendes, M.T., Murari-do-Nascimento, S., Torrigo, I.R., Alponti, R.F., Yamasaki, S.C.,
Silveira, P.F., 2011. Basic aminopeptidase activity is an emerging biomarker in
collagen-induced rheumatoid arthritis. Regul. Pept. 167 (2e3), 215e221. http://
dx.doi.org/10.1016/j.regpep.2011.02.012. PMid:21324345.
Meugnier, E., Coury, F., Tebib, J., Ferraro-Peyret, C., Rome, S., Bienvenu, J., Vidal, H.,
Sibilia, J., Fabien, N., 2011. Gene expression proﬁling in peripheral blood cells of
patients with rheumatoid arthritis in response to anti-TNF-alpha treatments.
Physiol. Genomics 43 (7), 365e371. http://dx.doi.org/10.1152/physiolgenomics.

88

S.C. Yamasaki et al. / Toxicon 98 (2015) 75e88

00127.2010. PMid:21266503.
Mirshaﬁey, A., Saadat, F., Attar, M., Di Paola, R., Sedaghat, R., Cuzzocrea, S., 2006.
Design of a new line in treatment of experimental rheumatoid arthritis by
artesunate. Immunopharmacol. Immunotoxicol. 28 (3), 397e410.
Nandakumar, K.S., 2010. Pathogenic antibody recognition of cartilage. Cell Tissue
Res. 339 (1), 213e220. http://dx.doi.org/10.1007/s00441-009-0816-8. PMid:
19506910.
Olivo, R.A., Teixeira, C.F., Silveira, P.F., 2005. Representative aminopeptidases and
prolylendopeptidase from murine macrophages: comparative activity levels in
resident and elicited cells. Biochem. Pharmacol. 69, 1441e1450. http://dx.doi.
org/10.1016/j.bcp.2005.03.002. PMid:15857608.
Olivo, R.A., Nascimento, N.G., Teixeira, C.F., Silveira, P.F., 2008. Methotrexate and
cyclosporine treatments modify the activities of dipeptidyl peptidase IV and
prolyloligopeptidase in murine macrophages. Clin. Dev. Immunol. 2008,
794050. http://dx.doi.org/10.1155/2008/794050. PMid:18354729 PMCid:
PMC2266974.
Ospelt, C., Mertens, J.C., Jungel, A., Brentano, F., Maciejewska-Rodriguez, H.,
Huber, L.C., Hemmatazad, H., Wuest, T., Knuth, A., Gay, R.E., Michel, B.A., Gay, S.,
Renner, C., Bauer, S., 2010. Inhibition of ﬁbroblast activation protein and
Dipeptidylpeptidase 4 increases cartilage invasion by rheumatoid arthritis synovial ﬁbroblasts. Arthritis Rheum. 62 (5), 1224e1235. http://dx.doi.org/10.
1002/art.27395. PMid:20155839.
Park, H.J., Lee, S.H., Son, D.J., Oh, K.W., Kim, K.H., Song, H.S., Kim, G.J., Oh, G.T.,
Yoon, D.Y., Hong, J.T., 2004. Antiarthritic effect of bee venom: inhibition of
inﬂammation mediator generation by suppression of NF-kappaB through
interaction with the p50 subunit. Arthritis Rheum. 50 (11), 3504e3515. http://
dx.doi.org/10.1002/art.20626. PMid:15529353.
Pavkova, G.M., Lipkova, J., Pavek, N., Gatterova, J., Vasku, A., Soucek, M., Nemec, P.,
2012. RANTES, MCP-1 chemokines and factors describing rheumatoid arthritis.
Mol. Immunol. 52 (3e4), 273e278. http://dx.doi.org/10.1016/j.molimm.2012.06.
006. PMid:22750227.
Peiren, N., Vanrobaeys, F., de Graaf, D.C., Devreese, B., Van Beeumen, J., Jacobs, F.J.,
2005. The protein composition of honeybee venom reconsidered by a proteomic approach. Biochim. Biophys. Acta 1752 (1), 1e5. http://dx.doi.org/10.1016/j.
bbapap.2005.07.017. PMid:16112630.
Penning, T.D., Russell, M.A., Chen, B.B., Chen, H.Y., Liang, C.D., Mahoney, M.W.,
Malecha, J.W., Miyashiro, J.M., Yu, S.S., Askonas, L.J., Gierse, J.K., Harding, E.I.,
Highkin, M.K., Kachur, J.F., Kim, S.H., Villani-Price, D., Pyla, E.Y., GhoreishiHaack, N.S., Smith, W.G., 2002. Synthesis of potent leukotriene A(4) hydrolase
inhibitors. Identiﬁcation of 3-[methyl[3-[4- (phenylmethyl)phenoxy]propyl]
amino]propanoic acid. J. Med. Chem. 45 (16), 3482e3490. http://dx.doi.org/10.
1021/jm0200916. PMid:12139459.
Reinhold, D., Biton, A., Goihl, A., Pieper, S., Lendeckel, U., Faust, J., Neubert, K.,
€ger, M., Ansorge, S., Brocke, S., 2007. Dual inhibition of dipeptidyl
Bank, U., Ta
peptidase IV and aminopeptidase N suppresses inﬂammatory immune responses. Ann. N. Y. Acad. Sci. 1110, 402e409. http://dx.doi.org/10.1196/annals.
1423.042. PMid:17911455.
Roh, D.H., Kwon, Y.B., Kim, H.W., Ham, T.W., Yoon, S.Y., Kang, S.Y., Han, H.J., Lee, H.J.,
Beitz, A.J., Lee, J.H., 2004. Acupoint stimulation with diluted bee venom (apipuncture) alleviates thermal hyperalgesia in a rodent neuropathic pain model:
involvement of spinal alpha 2-adrenoceptors. J. Pain 5 (6), 297e303. http://dx.
doi.org/10.1016/j.jpain.2004.05.003. PMid:15336634.
Roubenoff, R., 2009. Rheumatoid cachexia: a complication of rheumatoid arthritis
moves into the 21st century. Arthritis Res. Ther. 11 (2), 108. http://dx.doi.org/10.
1186/ar2658. PMid:19439037 PMCid:PMC2688195.
Ruiz-Ortega, M., Esteban, V., Egido, J., 2007. The regulation of the inﬂammatory
response through nuclear factor-kappab pathway by angiotensin IV extends the
role of the renin angiotensin system in cardiovascular diseases. Trends Cardiovasc. Med. 17 (1), 19e25. http://dx.doi.org/10.1016/j.tcm.2006.10.003. PMid:
17210474.
Saad, R.I.C., Castro, F.M., Guzzo, M.L., de Mello, S.B., 2010. Anti-inﬂammatory effect
of bee venom on antigen-induced arthritis in rabbits: inﬂuence of endogenous

glucocorticoids. J. Ethnopharmacol. 130 (1), 175e178. http://dx.doi.org/10.1016/
j.jep.2010.04.015. PMid:20457243.
Sakuta, T., Morita, Y., Satoh, M., Fox, D.A., Kashihara, N., 2010. Involvement of the
renin- angiotensin system in the development of vascular damage in a rat
model of arthritis. Arthritis Rheum. 62 (5), 1319e1328. http://dx.doi.org/10.
1002/art.27384. PMid:20213806.
Sedo, A., Duke-Cohan, J.S., Balaziova, E., Sedova, L.R., 2005. Dipeptidyl peptidase IV
activity and/or structure homologs: contributing factors in the pathogenesis of
rheumatoid arthritis? Arthritis Res. Ther. 7 (6), 253e269. http://dx.doi.org/10.
1186/ar1852. PMid:16277701 PMCid:PMC1297595.
Simjee, S.U., Jawed, H., Quadri, J., Saeed, S.A., 2007. Quantitative gait analysis as a
method to assess mechanical hyperalgesia modulated by disease-modifying
antirheumatoid drugs in the adjuvant-induced arthritic rat. Arthritis Res.
Ther. 9 (5), R91eR97. http://dx.doi.org/10.1186/ar2290. PMid:17848187 PMCid:
PMC2212551.
Snelgrove, R.J., Jackson, P.L., Hardison, M.T., Noerager, B.D., Kinloch, A., Gaggar, A.,
Shastry, S., Rowe, S.M., Shim, Y.M., Hussell, T., Blalock, J.E., 2010. A critical role
for LTA4H in limiting chronic pulmonary neutrophilic inﬂammation. Science
330 (6000), 90e94. http://dx.doi.org/10.1126/science.1190594. PMid:20813919
PMCid:PMC3072752.
Sromova, L., Mareckova, H., Sedova, L., Balaziova, E., Sedo, A., 2010. Dipeptidyl
peptidase-IV in synovial ﬂuid and in synovial ﬂuid mononuclear cells of patients with rheumatoid arthritis. Clin. Chim. Acta 411 (15e16), 1046e1050.
http://dx.doi.org/10.1016/j.cca.2010.03.034. PMid:20361950.
Stojanovich, L., 2010. Stress and autoimmunity. Autoimmun. Rev. 9 (5), A271eA276.
http://dx.doi.org/10.1016/j.autrev.2009.11.014. PMid:19931651.
Thanawala, V., Kadam, V.J., Ghosh, R., 2008. Enkephalinase inhibitors: potential
agents for the management of pain. Curr. Drug Targets 9 (10), 887e894. http://
dx.doi.org/10.2174/138945008785909356. PMid:18855623.
Upchurch, K.S., Kay, J., 2012. Evolution of treatment for rheumatoid arthritis.
Rheumatology 51 (Suppl. 6), vi28e36. http://dx.doi.org/10.1093/rheumatology/
kes278. PMid:23221584.
Wessels, J.A., Huizinga, T.W., Guchelaar, H.J., 2008. Recent insights in the pharmacological actions of methotrexate in the treatment of rheumatoid arthritis.
Rheumatology 47 (3), 249e255. http://dx.doi.org/10.1093/rheumatology/
kem279. PMid:18045808.
Williams, Y.N., Baba, H., Hayashi, S., Ikai, H., Sugita, T., Tanaka, S., Miyasaka, N.,
Kubota, T., 2003. Dipeptidyl peptidase IV on activated T cells as a target
molecule for therapy of rheumatoid arthritis. Clin. Exp. Immunol. 131 (1),
68e74. http://dx.doi.org/10.1046/j.1365-2249.2003.02020.x. PMid:12519388
PMCid:PMC1808610.
Wood, P.B., 2009. Enhanced pain perception in rheumatoid arthritis: novel considerations. Curr. Pain Headache Rep. 13 (6), 434e439. http://dx.doi.org/10.
1007/s11916-009-0071-4. PMid:19889284.
Xian, C.J., Cool, J.C., Scherer, M.A., Macsai, C.E., Fan, C., Covino, M., Foster, B.K., 2007.
Cellular mechanisms for methotrexate chemotherapy-induced bone growth
defects. Bone 41 (5), 842e850. http://dx.doi.org/10.1016/j.bone.2007.07.021.
PMid:17884747.
Xinqiang, S., Fei, L., Nan, L., Yuan, L., Fang, Y., Hong, X., Lixin, T., Juan, L., Xiao, Z.,
Yuying, S., Yonqzhi, X., 2010. Therapeutic efﬁcacy of experimental rheumatoid
arthritis with low-dose methotrexate by increasing partially CD4þCD25þ Treg
cells and inducing Th1 to Th2 shift in both cells and cytokines. Biomed. Pharmacother. 64 (7), 463e471. http://dx.doi.org/10.1016/j.biopha.2010.01.007.
PMid:20359858.
Yamasaki, S.C., Murari-do-Nascimento, S., Silveira, P.F., 2012. Neutral aminopeptidase and dipeptidyl peptidase IV in the development of collagen II-induced
arthritis. RegulPept 173 (1e3), 47e54. http://dx.doi.org/10.1016/j.regpep.2011.
09.004. PMid:21982785.
Zambotti-Villela, L., Yamasaki, S.C., Villarroel, J.S., Alponti, R.F., Silveira, P.F., 2008.
Prospective evaluation of aminopeptidase activities in plasma and peripheral
organs of streptozotocininduced diabetic rats. J. Endocrinol. Invest 31 (6),
492e498. PMid:18591879.

