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A B S T R A C T

Parkinson’s disease (PD) is the second most common neurodegenerative disease, characterized by
progressive loss of dopaminergic neurons in the substantia nigra pars compacta leading to depletion of
striatal dopamine and motor symptoms as bradykinesia, resting tremors, rigidity, and postural
instability. Current therapeutic strategies for PD are mainly symptomatic and may cause motor
complications, such as motor fluctuations and dyskinesia. Therefore, alternative medicine may offer an
effective adjuvant treatment for PD. Bee venom therapy (BVT) has long been used as a traditional therapy
for several conditions, such as rheumatoid arthritis, asthma, and skin diseases. Experimental and clinical
studies showed that BVT could be an effective adjuvant treatment for PD. Several mechanisms were
suggested for these findings including the ability of BVT to attenuate neuroinflammation, inhibit
apoptosis of dopaminergic neurons, protect against glutamate-induced neurotoxicity, and restore normal
dopamine levels in the nigrostriatal pathway. In this article, we reviewed and summarized the literature
regarding the potential of BVT for the treatment of PD.

© 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Parkinson’s disease (PD) is the second most common neurode-
generative disorder after Alzheimer’s disease (AD) [1–3], with a
growing prevalence that reaches up to 3% in the population over 80
years [4]. Clinically, PD is characterized by cardinal motor
symptoms, such as bradykinesia, resting tremors, rigidity, and
postural instability [5], in addition to non-motor symptoms that
include neuropsychiatric symptoms, sleep disorders, dysautono-
mia, gastrointestinal symptoms, and sensory complaints [6].

Pathologically, PD is characterized by degeneration of dopami-
nergic neurons in the substantia nigra pars compacta (SNpc) and
deposition of ubiquinated misfolded proteins, known as Lewy
bodies, in the cytoplasm of neurons [4,7–9]. The exact pathogenic
mechanisms that cause the selective damage of dopaminergic
neurons in PD patients are not completely understood. However,
the current literature suggests that oxidative stress, neuro-
inflammation, mitochondrial dysfunction, and altered protein
handling play a key role in the pathogenesis of PD [9–12].

Current treatment options for PD are mainly symptomatic and
remain focused on motor symptoms only [13,14]. PD treatment
targets normalizing the activity and chemical composition of the
basal ganglia by restoring striatal dopamine levels [13]. Currently,
L-dopa, a dopamine precursor, is one of the most effective drugs for
PD [13,15]. However, after five years of levodopa treatment, about
50% of PD patients develop treatment-related complications, such
as levodopa induced dyskinesia, motor fluctuations, hallucina-
tions, and somnia [15–20]. Due to these limitations, investigators
are searching for new therapeutic strategies for PD. There is an
unmet need to find neuroprotective agents to slow the progress of
PD and adjuvant drugs to decrease the need for levodopa and
overcome its treatment-related complications [21].

Bee venom therapy (BVT) is a widespread alternative therapy
that originated from the ancient China and Greece [22]. It contains
many active substances (e.g. peptides, enzymes, and biogenic
amines) with different pharmacological actions [22,23]. Although
BV can cause neurotoxic and nociceptive effects, it also has anti-
inflammatory [24,25], anti-nociceptive [26], radioprotective [27],
and anti-mutagenic [28,29] effects. Therefore, it has been used as a
traditional therapy for several diseases, such as rheumatoid
arthritis, asthma, cancer, and skin diseases [30–32]. There are
various methods to administer BVT: it can be applied as a cream,
ointment, liniment, injection, acupuncture, or directly through a
living bee [13,33]. However, bee venom acupuncture (BVA) is
considered the most common mode of administration [13]. In
terms of safety, no toxic effects of BV were noted when it was used
at supratherapeutic levels (100 to 200 folds) [13,34].

Mellitin, a 26 aminoacid peptide, is the primary component of
BV (40% to 60%) [35]. At high doses, it causes severe local pain and
inflammation, while in lower doses, it can increase capillary
permeability, exert anti-inflammaory effects, and lower blood
pressure [36]. Since the early 1970s, studies have shown that
mellitin can disrupt the brain's bioelectrical activity and inhibit the
general behavior in animal models [22,37]. Moreover, it has been
proven to inhibit apoptosis in SH-SY5Y cells and mitigate the
inflammatory response of microglial cells [38].

Another component of BV is apamin (2% of BV content), an 18
aminoacid peptide, that is widely recognized as an irreversible
blocker of Ca+ activated K+ channels [35,39]. These channels are
responsible for neuronal hyperpolarization and are found mainly
in AMPA and NMDA glutamatergic synapses [40]. Therefore,
blocking these channels can reduce hyperpolarizing effects,
enhance synaptic plasticity and memory functions [41,42].
Moreover, BV contains phospholipase A2 (PLA2), an enzyme that
catalyzes the hydrolysis of membrane phospholipids, plays a vital
role in signal transduction and regulates inflammatory responses
[43].

Several studies showed the therapeutic potential of BV in
multiple neurological diseases. In rat and mice models of multiple
sclerosis, BV treatment was shown able to increase the count of T-
regulator cells and suppress pro-inflammatory cytokine produc-
tion; therefore, attenuating experimental autoimmune or allergic
encephalomyelitis [44]. Moreover, in mutant superoxide dismu-
tase-1 (hSOD1G93A) transgenic mice, serving as models for
amyotrophic lateral sclerosis (ALS), subcutaneous BV acupuncture
(at a dose of 0.1 mg/g—three times/week for two weeks) improved
the mice motor activity on the rotarod test and increased the
lifespan of treated mice [45,46]. In AD mice models, treatment by
BV-PLA2 improved cognitive functions and cerebral glucose
metabolism and reduced the levels of hippocampal amyloid-Beta
deposits [47].

Recently, multiple experimental studies have investigated the
anti-neuroinflammatory effects of BVT as a possible treatment for
PD, and interestingly, these studies showed promising results. In
this article, we aimed at summarizing and reviewing the literature
regarding the potential use of BVT for the treatment of PD.

2. Mechansims of action of bee venom in Parkinson’s disease

2.1. Attenuation of neuroinflammation and microglial activation

Abnormal microglial activation is a pathological hallmark in
neurodegenerative diseases, including PD and AD [48]. Experi-
mental activation of BV2 microglial cells (brain microglial cells
from C57BL/6 mice), using bacterial lipopolysaccharide (LPS),
increases the expression of tumor necrosis factor (TNF-a) and
inducible nitric oxide synthase (iNOS), promoting neuroinflam-
mation and nitric oxide (NO)-mediated neuronal death [49].
Moreover, activated microglia can generate superoxide free
radicals via activation of NADPH oxidase enzyme [50,51]. It is
also believed that activated microglia play a role in dopaminergic
terminal loss in early PD [52].

Several preclinical trials examined whether BV can attenuate
leukocyte migration or microglial activation in cellular and animal
models. Moon et al. reported the ability of BV and its peptide
(mellitin) to inhibit the expression of NO and iNOS in LPS-
stimulated BV2 microglia in a dose-dependent manner [53]. Yang
et al. showed that pretreatment of mutant hSOD1 transgenic mice
(serving as an animal model for ALS) suppressed the expression of
microglial markers in the brain stem and spinal cord [45].
Moreover, Jang et al. suggested that BV can prevent microglial
activation and leucocyte migration through its antibacterial effect,
removing a possible source of microglial stimulation [54]. In
another animal study by Chung et al., BV reduced brain tissue
infiltration with CD4T cells through increasing the proportion of
CD4+CD25+Foxp3+ regulatory T cells (Tregs), which play an
essential role in maintaining immune tolerance under physiologi-
cal conditions [55].

The recent literature suggests that oxidative stress plays a
central role in the pathogenesis of PD [56]. Neuroinflammation
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generates reactive oxygen species (ROS) that cause oxidative
damage, especially in dopaminergic neurons due to their high
content of dopamine and lipids [57,58]. Another study showed that
paraoxonase (PON-1), an HDL-associated enzyme that protects
membranes against lipid peroxidation [59], is deficient in PD
patients and rotenone-induced PD models [60]. In a preclinical
trial by Khalil et al., BVA protected against oxidative damage in
MPTP and rotenone-induced PD mouse models through reduction
of lipid peroxides brain levels and normalizing the antioxidant
activities of glutathione (GSH) and PON-1 enzyme [61]. Another
anti-inflammatory mechanism of BV is inhibiting cyclooxygenase-
II enzyme activity, reducing the production of pro-inflammatory
cytokines [54]. Moreover, mellitin was shown able to reduce tissue
degradation [62] through inhibition of Phospholipase A1 enzyme
[63]. These effects are further augmented by BV-induced
transcriptional downregulation of nuclear factor kappa B (NF-
kB) [53], which is involved in a pro-inflammatory signaling
pathway that promotes the expression of inflammatory cytokines
[64].

2.2. Inhibition of apoptosis in dopaminergic neurons

Several studies suggested that apoptosis plays a role in neuronal
cell death in neurodegenerative diseases, including PD [65,66].
Increased levels of key apoptotic regulator and effector factors,
such as Bax and caspase-3 have been consistently reported in PD
models [67]. Preclinical studies revealed that BV components are
able to maintain the survival of dopaminergic neurons and
improve locomotor behavior in PD animal models through
enhancing the prosurvival pathways or inhibition of the proa-
poptotic pathways. Khalil et al. showed that treatment with BVA
suppressed the expression of caspase-3 and Bax apoptotic genes in
rotenone-induced PD models [61]. Poly ADP-ribose polymerase-1
(PARP-1) is an abundant nuclear enzyme that is physiologically
involved in DNA repair. However, overactivation of PARP-1 upon
Fig. 1. Shows possible mechanisms of action of bee ven
cleavage by caspase-3 can promote cell death [68]. Doo et al.
showed that BV treatment inhibited PARP cleavage in MPP+-
intoxicated SH-SY5Y cells [69].

On the other hand, the activation of phosphatidylinositol 3-
kinase (PI3K) promotes cell survival through its downstream target
(Akt), which inhibits gene expression of Bax/Bcl-2 apoptosis
mediators [70]. Two studies by Doo et al. reported that BV
treatment in MPP+-intoxicated SH-SY5Y cells and MPTP-induced
mouse PD model enhanced the PI3K/Akt prosurvival pathway,
rescuing dopaminergic cells from apoptosis [69,71].

2.3. Protection against glutamate-induced neurotoxicity

Being an excitatory neurotransmitter, glutamate is involved in
physiologic basal ganglia circuitry (17). However, with dopamine
depletion, glutamatergic signals from the subthalamic nucleus
become hyperactive, impairing the extrapyramidal motor control
(18). Moreover, glutamate can act as a neurotoxin if the
mitochondrial energy metabolism is impaired (19). Alterations
in glutamate release and uptake, as well as overstimulation of
NMDA receptors, is a part of the pathogenesis of several
neurodegenerative diseases, such as PD, AD and ALS [72]. It may
also explain the neurodegenerative changes, observed following
hypoglycemia, hypoxia, or seizures [73]. Several signaling path-
ways are involved in glutamate-mediated neurotoxicity, such as
extracellular signal-regulated kinase (ERK), alpha serine/threo-
nine-protein kinase 1 (AKT), p38, and c-Jun N-terminal kinase
(JNK) [74,75].

Lee et al. conducted an in-vitro study to investigate if
pretreatment with BV can protect against glutamate-mediated
neurotoxicity in N2a neuroblastoma and BV2 microglial cells. They
observed a dose-dependent glutamate-mediated neurotoxicity in
cultured cells, which was primarily induced by activation of
protein kinase C (PKC) enzyme, leading to phosphorylation and
activation of ERK, p38, and JNK. The authors also reported that
om as a therapeutic agent for Parkinson's disease.
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pretreatment of these cells with BV inhibited phosphorylation of
these proteins and subsequent cell death. Moreover, BV at a
concentration of 2.5 mg/mL increased phospho-AKT expression, a
signaling pathway that enhances cellular survival [76].

2.4. Restoration of normal brain neurochemistry

The major pathological hallmark of PD is deficiency of
dopamine in the SN and associated neuronal circuitry. Khalil
et al. showed that BVA reversed the depletion of dopamine,
serotonin, and noradrenaline after rotenone intoxication in mice
Table 1
summarizes the design of preclinical

Author,
Year

Animal model Dosage Experimental des

Doo et al.
2010
[71]

MPTP induced-mouse model of PD
(Male C57BL/6 mice)

Bee venom
(BV) (0.02 ml)

Mice were divided
group receiving 

group, and (3
pretreated with b

for two weeks
immunohistoche

loss of dopamine

Kim et al.
2011
[83]

MPTP induced-mouse model of PD
(Male C57BL/6 mice)

0.6 mg/kg of
BV in 20 mL of
normal saline

Mice were divide
intoxicated mice
treated with su

MPTP-intoxicated
(4) Normal mic
Dopaminergic n
evaluated by TH

microglial activati
nitric oxide synt

antigen
immu

Chung
et al.
2012
[55]

MPTP induced-mouse model of PD
(Male C57BL/6 mice)

BV (1 mg/kg) Mice were divided
received BV or v
groups receive

injections of MPTP
hours later, mice 

phosphate-buffer
da

Alvarez-
Fischer
et al.
2013
[80]

MPTP/Probenecid induced-mouse
model of PD (Male C57BL/6 mice)

BV (12–120
mg/kg) or
apamin (0.5-1
mg/kg)

Mice were divided
group receivin

Probenecid group 

five weeks, (3) MP
BV at low/high do

mice receiving
Maurice
et al.
2015
[81]

Pharmacological (i.p. haloperidol) and
lesional (unilateral intranigral 6-
hydroxydopamine injection) PD
models (Male Wistar rats).

BV (1 or 3 mg/
kg) or apamin
(0.1, 0.2, or 0.4
mg/kg)

Rats received i.p. h
by injections of B

[2-(3, 5-dimet
pyrimidin-4-yl]-a
cortical stimula

evaluated
Another group

intranigral 6-hyd
15 to 21 days post
injections of BV

underwent behavi
test and modulat

beh
Khalil
et al.
2015
[61]

Rotenone induced PD model (Male
Swiss mice)

BV (0.02 ml
once every
three days for
two weeks)

Mice were divided
(1) normal saline, 

L-dopa (25 mg/kg,
rote

Abbreviations: BV: Bee venom, BVA: Bee venom acupuncture, CyPPA: (cyclohexyl-[2-
phenyl-1, 2, 3, 6-tetrahydropyridine, PD: Parkinson's disease, SN: Substantia nigra, TH:
[61]. These findings cannot be attributed to acupuncture itself
because other studies reported that pure acupuncture could not
increase the brain dopamine levels [77,78]. Thomas et al. showed
that BV can also increase noradrenaline levels, which is associated
with improved motor functions. This elevation of noradrenaline
brain levels may be a secondary effect of increasing brain
dopamine levels, which is the main precursor for noradrenaline
synthesis [79].

There is evidence that BV components can affect the transduc-
tion of electrical signals between neurons through modulating the
activity of ion pumps and channels. Alvarez-Fischer et al. reported
ign Outcomes and possible mechanisms

 into three groups: (1) control
saline, (2) MPTP-intoxicated
) MPTP-intoxicated group,
ee venom acupuncture (BVA)
. Tyrosine hydroxylase (TH)
mistry was used to evaluate
rgic neurons in the substantia
nigra (SN).

Treatment with BVA protected dopaminergic
neurons from MPTP neurotoxicity and
attenuated MPTP induced phospho-Jun

immunoreactivity in the SN.

d into four groups: (1) MPTP-
, (2) MPTP-intoxicated mice,
bcutaneous BV injection, (3)
 mice, treated with saline, and
e treated with BV injection.
euronal loss in the SN was

 immunohistochemistry and
on was measured by inducible
hase (iNOS) and macrophage

 complex-1 (MAC-1)
nohistochemistry.

Treatment with BV injection improved survival
rates of dopaminergic neurons in the SN and

attenuated microglial activation and expression
of inflammatory markers, such as iNOS and MAC-
1 and proinflammatory enzymes, such as cyclo-

oxygenase-2 and phospholipase A1.

 into four groups. Two groups
ehicle alone. The other two
d four intraperitoneal (i.p)

 at two hours interval. Twelve
received i.p injections of BV or
ed saline (PBS) injection, once
ily for six days.

Treatment with BV treatment prevented MPTP-
induced neuronal loss in the SN. It also inhibited
microglial activation and CD–4 T cell infiltration,
which are underlying mechanisms for MPTP

neurotoxicity. This occurred through increasing
the proportion of CD4+CD25+Foxp3+ regulatory T

cells (Tregs), which play a vital role in
maintaining normal immune tolerance.

 into four groups: (1) Control
g vehicle only, (2) MPTP/
receiving 10 i.p injections over
TP-intoxicated mice receiving
ses, and (4) MPTP-intoxicated

 apamin at low/high doses.

Treatment with BV prevented MPTP-induced loss
of dopaminergic neurons and increased striatal
dopamine levels in a dose-dependent manner.
Apamin reproduced these effects partially,

indicating the presence of other neuroprotective
compounds in BV.

aloperidol injections, followed
V, apamin, CyPPA (cyclohexyl-
hylpyrazol-1-yl)-6-methyl-
mine), or BV with CyPPA. Then,
tion-evoked responses were

 by electrophysiology.
 of mice received unilateral
roxydopamine injection. After
-surgery, animals received i.p.

 or saline. Then, both groups
oral analysis using the cylinder
ion of apomorphine-induced
avioral changes.

In hemi-parkinsonian, 6-hydroxydopamine-
indeced, rat model, BV or apamin treatment

reduced contralateral forelimb akinesia.
Moreover, it reversed haloperidol-induced
catalepsy, a model of parkinsonian akinetic
deficit. The antiparkinsonian effect of BV is

partially mediated by blocking (small
conductance Ca+2 activated) K+ channels and

preventing abnormal firing in the direct
inhibitory and indirect excitatory nigrostriatal
pathways. These effects were blocked by CyPPA,
an activator of small conductance Ca+2 activated

K+ channels.
 into four groups that received:
(2) rotenone, (3) rotenone plus
 daily, orally for six days), or (4)
none plus BVA.

Treatment with BVA reversed the rotenone-
induced depletion of dopamine, serotonin, and
noradrenaline. It also improved the antioxidant
pool of the brain tissue and suppressed the

expression of proapoptotic caspase-3 and Bcl-2
genes.

(3, 5-dimethylpyrazol-1-yl)-6-methyl-pyrimidin-4-yl]-amine), MPTP: 1-methyl-4-
 Tyrosine hydroxylase.
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that apamin can block small-conductance (Ca+2activated) K+

channels, reserving dopaminergic neurons in MPTP/probenecid-
intoxicated mice [80,81]. In another in-vitro study by Salthun-
Lassalle et al., mellitin was shown able to inhibit the activity of Na/
K-ATPase pump, increasing neuronal excitability and adding
protection to dopaminergic neurons by a mechanism involving
T-type calcium channel activation [82]. Possible mechanisms of
action of BV in PD are illustrated in Fig. 1.

3. Evidence from experimental studies

Many experimental studies [55,61,71,80,81,83] investigated the
efficacy of BVT for PD. Khalil et al. [61] performed an experimental
study on rotenone-induced PD model (Male Swiss mice) using BV
in a dose of 0.02 ml once every three days for two weeks. Treatment
with BVA reversed the rotenone-induced depletion of dopamine,
norepinephrine, and serotonin. It also enhanced the antioxidant
pool of the brain tissue and suppressed the expression of
proapoptotic caspase-3 and Bcl-2 genes. Similar positive findings
were achieved on other animal models of PD, such as MPTP mice
[55,71,80,83] and 6-hydroxydopamine-indeced rat model [81]. A
summary of the dosage, experimental design, and key findings of
these studies is shown in Table 1.

4. Evidence from clinical studies

In 2012, Cho et al. [84] conducted a pilot randomized controlled
trial (RCT) in which 43 adults with idiopathic PD were divided into
three groups: (I) acupuncture, (II) BVA, and (III) control groups. All
subjects have been on a stable anti-parkinsonian drug for at least
Table 2
shows a summary of human trials that investigated the safety and efficacy of bee veno

Study Country Design Interventions Frequency of treatm
Duration

Cho et al.
2012
[84]

Korea Randomized
controlled
trial

Acupuncture versus BVA
versus control

Twice a week for eig

Doo et al.
2015
[85]

Korea Prospective
open-label
clinical study

Conventional treatment
versus conventional

treatment + acupuncture
and BVA as an adjunctive

treatment

Conventional treatm
weeks. Subsequen

received additional 

with acupuncture 

twice weekly for twe

Hartmann
et al.
2016
[86]

France Randomized
controlled
trial

BV injections versus
equivalent volumes of

saline

once a month over an
periods

Abbreviations: BVA = bee venom acupuncture; PD = Parkinson‘s disease UPDRS = Unite
Disease Quality of Life Questionnaire. All values are median (lower quartile, upper qua

{ Indicates a statistical difference between treatment group and the control group (p
z Data are presented with estimates of monthly variation and (its standard error).
y Indicates a non-significant difference between treatment group and the control gro
one month, and they received the treatments two times weekly for
eight weeks. The results showed significant improvements in the
BVA group on the total Unified Parkinson’s Disease Rating Scale
(UPDRS), UPDRS part II, UPDRS part III, the Berg Balance Scale
(BBS), and the 30 m walking time in comparison to the control
group. Also, significant improvements were shown in the
acupuncture group on the total UPDRS, UPDRS III, and Beck
Depression Inventory (BDI). No significant changes were seen in
the control group.

In another trial [85], 11 patients with idiopathic PD received a
conventional anti-parkinsonian treatment for 12 weeks then,
received acupuncture combined with BV as an adjuvant therapy to
the conventional treatment twice a week for another 12 weeks. In
comparison to the conventional treatment, significant improve-
ments were seen after adding adjuvant therapies on UPDRS II,
UPDRS III, gait speed, and Parkinson’s disease Quality of Life
Questionnaire (PDQL). In addition, the combination therapy was
safe and well-tolerated.

In a recent RCT, Hartmann et al. [86] investigated the potential
therapeutic and neuroprotective effects of BV injections, in
comparison to placebo, in patients with PD at Hoehn & Yahr
stages 1.5 to 3. Forty patients were randomized to receive either (1)
BV injection [100 mg] or (2) an equivalent volume of saline
(placebo) once monthly for 11 months. No significant effects of BV
were seen on the UPDRS III scores in the “off” condition or on
nuclear imaging. Compared to the previous trials, the lack of
clinical benefit in this study might be explained by: (1) The small
individual doses and low administration frequency of BVT, (2) In
the above two studies, BV was applied at acupuncture points;
therefore, the clinical effect may be due to the combination of
m therapy in PD patients.

ent and Patients Outcome
measure

Baseline Endpoint

ht weeks. Forty-three adults with idiopathic
PD who had been on a stable dose
of antiparkinsonian medication for

at least one month

Total
UPDRS

32.0
(21.5,
51.0)

24.0
(17.5,
35.0){

UPDRS II 9.0 (6.0,
17.0)

7.0 (5.0,
11.5){

UPDRS III 15.0
(10.0,
18.5)

10.0 (6.5,
10.0){

BBS 55.0
(52.0,
56.0)

56.0
(55.5,
56.0){

30-m
walking
time (sec)

27.69
(26.53,
29.98)

26.13
(24.65,
28.47){

ent for 12
tly, they
treatment
and BVA
lve weeks

Eleven patients (seven men and
four women) with idiopathic PD
who had been receiving a stable

dose of anti-parkinsonian
medication for at least four weeks

UPDRS II 14 (11,
17)

12 (10,
14){

UPDRS III 17 (13,
20)

15 (12,
16){

PDQL
score

122
(105,
132)

147 (144,
160){

Gait
speed

21 (19,
25)

19 (17,
23){

 11 month Forty PD patients at Hoehn & Yahr
stages 1.5 to 3

UPDRS II �0.03 (0.08)z,y

UPDRS III 0.013 (0.04)zy

d Parkinson’s Disease Rating Scale; BBS = Berg Balance Scale; PDQL = Parkinson’s
rtile).

 value < 0.05).

up (p value > 0.05).



Fig. 2. Shows the frequency of SCOPUS indexed publications on bee venom therapeutic use in Parkinson's disease.
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acupuncture with BV, and (3) Difference in the severity of PD
between BV and control groups: patients in the BV group were
more affected than those in the control group. A summary of the
design and key findings of these trials is shown in Table 2.

5. Future research on bee venom for Parkinson’s disease

This review shows that BV should be further investigated as a
possible adjuvant treatment for PD. Despite the positive findings of
the experimental and early clinical studies, there are only few
published data regarding the efficacy of BV for PD. Our systematic
search on PubMed retrieved 35 records. Another search on SCOPUS
using the term (Bee venom AND Parkinson's disease) yielded 323
documents. The frequency of publications in this area since 1991 to
date is shown in Fig. 2.

Interestingly, the figure shows an increasing publication
frequency in this area; the number of recorded publications has
doubled since 2010 (n = 23) till 2016 (n = 53). However, based on
our review of the literature, current evidence is not sufficient to
confirm the efficacy of this treatment strategy. Moreover, we could
not employ the methods of evidence synthesis in health research
(systematic review and meta-analysis) because the number of
available clinical trials was limited, giving insufficient basis to
conduct such analysis.

As we mentioned earlier, there is an unmet clinical need to
develop adjuvant treatments to improve patients' response to the
antiparkinsonian medications and to reduce the levodopa-related
complications. Therefore, we believe that BV is a good candidate
for future clinical evaluations.

Further well designed, large RCTs are recommended to: (1)
define the minimal required and the most effective doses and
administration frequencies of BVT; (2) investigate its long-term
effects on the progression of PD because most published studies
reported short term outcomes only; (3) compare its effects when
combined with conventional treatments against the conventional
treatments alone in different stages of PD; and (4) define the most
effective mode of administration. The promising effects of
complementary medicine therapeutics should be further advocat-
ed and communicated to practicing neurologists and other
healthcare professionals [87,88].
6. Authors’ conclusions

Based on the available experimental and clinical studies on BVT
for PD, we conclude that BVT has a favorable safety profile and
might be a promising adjuvant treatment for PD. Future RCTs are
warranted with a larger sample size and higher dose and frequency
of administration.
IDENTIFICATION OF STUDIES FOR THIS REVIEW
We searched PubMed from inception till November, 2016 using the following
combination of keywords and MESH terms (“bee venoms”[MeSH Terms] OR
(“bee”[All Fields] AND “venoms”[All Fields]) OR “bee venoms”[All Fields] OR
(“bee”[All Fields] AND “venom”[All Fields]) OR “bee venom”[All Fields]) AND
(“parkinson disease”[MeSH Terms] OR (“parkinson”[All Fields] AND
“disease”[All Fields]) OR “parkinson disease”[All Fields] OR (“Parkinson's”[All
Fields] AND “disease”[All Fields]) OR “Parkinson's disease”[All Fields]).
Studies were screened for relevance to the concept of our review. Relevant
studies were divided intro preclinical and clinical studies as described in
Tables 1 and 2; respectively.
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