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Abstract
Background: Various analgesics adjuvants, including opioids, have been tested and demonstrated to be
clinically bene�cial when added to local anesthetics in an attempt to increase the duration of analgesia
with the risk of various adverse effects. This study was designed to test the hypothesis that scorpion
venom peptide, BmK AGAP as an adjuvant to lidocaine causes dose-dependent increase intensity of
sensory block and prolong duration of analgesia. 

Method: We performed partial sciatic nerve ligation on 60 rats to induce a rapid onset and long-lasting
mechanical allodynia. Equal volume (600µl) of preservative-free lidocaine (0.5%) and BmK AGAP (2 or 1
mg/kg) were prepared with saline (0.9%). The rats were randomly allocated into �ve groups. Group A
(n=12) received saline as the negative control; Group B (n=12) received equal volume of lidocaine and
saline; Group C (n=12) received lidocaine and BmK AGAP (1 mg/kg); Group D (n=12) received lidocaine
along with BmK AGAP (2 mg/kg) and Group E (n=12) sham. We operated on the rats representing the
sham group (n=12) and the sciatic nerve exposed but not ligated. The von Frey �laments were used to
assessed mechanical allodynia in rats. 

Results: The data showed that rats from the lidocaine group exhibited increased 12.51g of PWT. The rats
from the BmK AGAP (1 mg/kg) group exhibited increased 13.67g of PWT, whereas the rats from the BmK
AGAP (2mg/kg) group exhibited increased 14.78g of PWT compared with the baseline PWT. There was a
prolonged duration of increased paw withdrawal threshold in rats that were supplemented with BmK
AGAP compared with rats that received lidocaine injection alone. We realized a signi�cant (P< 0.0001)
prolonged duration of increased paw withdrawal threshold in rats that were supplemented with BmK
AGAP (2 mg/kg) compared with rats that received BmK AGAP (1 mg/kg).

Conclusion: This study �nding suggests scorpion venom peptide, BmK AGAP to be a potent analgesic
adjuvant. BmK AGAP as an adjuvant to lidocaine in sciatic nerve block increase the intensity of sensory
block and prolongs perioperative analgesia without signi�cant adverse effects. 
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Background
A nerve block is achieved by administering local anesthetics to a nerve to numb a particular region of the
body to facility surgery or manage pain. The bene�ts of a peripheral nerve block include adequate pain
control and less general anesthesia-related side effects. However, the fear of possible failed blocks and
undesirable effects still limits the acceptance of these techniques. For the past years, efforts have been
made to minimize these unwanted events and optimize the patient experience. The addition of analgesic
adjuvants to local anesthetic preparations to achieve adequate pain relief while reducing the total dose of
local anesthetic has been one of the options followed to realize these goals [1, 2].
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Numerous analgesics have been tested and demonstrated to be clinically bene�cial when added to local
anesthetics for peripheral nerve blocks or when used for local in�ltration. Analgesics such as morphine,
fentanyl, buprenorphine, and tramadol when added to local anesthetics reduce the total required dose of
the local anesthetic, prolong sensory block, minimize central nervous system effects, and enhance
postoperative analgesia [2]. However, study reports show that the use of these adjuncts is limited
because they cause dose-dependent pruritis, urinary retention, and nausea. These suggest the need for
new supplements that will provide faster recovery without compromising anesthetic reliability.

The scorpion Buthus martensii Karsch venom and its extracts are used to treat pain. In 1994, the �rst
BmK analgesic peptide was puri�ed from the toxin [3]. Since then, more analgesic peptides including
BmK AGAP (Buthus martensii Karsch Analgesic-Antitumor Peptide) are puri�ed for pain. Liu Y-F et al., in
2002 demonstrated the analgesic activity of BmK AGAP through the intraperitoneal injection in mice. It
was realized that BmK AGAP exhibits a strong analgesic activity compared with morphine [4]. Li et al. in
2014 demonstrated the antinociceptive effect of BmK AGAP through the tail vein injection and realized a
similar strong analgesic activity compared with morphine [5]. Ruan et al., in 2018 reported that intrathecal
injection of the Chinese scorpion venom peptide BmK AGAP inhibits neuropathic and in�ammation-
associated pain through a MARK-mediated mechanism [6]. Authors of this study hypothesized that BmK
AGAP as an analgesic adjuvant to lidocaine in sciatic nerve block causes dose-dependent increase
intensity of sensory block and prolong duration of perioperative analgesia. Hence, we aimed to
investigate the effects of BmK AGAP along with lidocaine in a rat model of sciatic nerve blockade.

Methods
Drugs

Preservative-free 2% lidocaine (31802232) was purchased from the northeast pharmaceutical group
(China).

Preparation of recombinant BmK AGAP

The recombinant BmK AGAP (rBmK AGAP) for this study was provided by the Shenyang Pharmaceutical
University School of Life Science and Bio-pharmaceutics (Shenyang, China). The process of obtaining the
rBmK AGAP was the same as previously described [7]. The activity of rBmK AGAP was the same as the
previous.

Animals

Adult (6 weeks) Sprague Dawley male rats weighing between 180 and 200g were purchased from the
animal facility of Dalian Medical University for this experiment. The rats were housed in standard
transparent plastic cages under 12-hours/12-hours light-dark cycle regime and were provided free access
to food and water. The Dalian Medical University, animal ethics committee, approved this prospective
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randomized, double-blind study and it was by the declaration of the national institutes of health guide for
the care and use of laboratory animals.

Partial sciatic nerve ligation (PSL)

The procedure used for the partial sciatic nerve ligation (PSL) model was mainly the same as that
reported by Seltzer and Bennett [8, 9]. The rats were anesthetized with sodium pentobarbital (40 mg/kg,
intraperitoneal injection) and a small incision made at the mid-thigh level to expose the right sciatic
nerve. A unilateral tight ligation of one-third of the sciatic nerve was induced with a single ligature (5 - 0
silk thread). We operated on the rats representing the sham group and the sciatic nerve exposed but not
ligated. The incision made was closed in layers and the surgical wound treated with antibiotics (Vetericyn
Plus antimicrobial hydrogel) daily. We con�rmed the presence of mechanical allodynia in rats, second
day after PSL. Rats were then randomly assigned to one of �ve groups using a computer-generated
random number table. The group allocation was concealed in a sealed opaque envelops which were
opened just before administration of the block. Group A (n=12) received 0.9% saline as the negative
control; Group B (n=12) received equal volume of 0.5% lidocaine (4 mg/kg) along with  0.9% saline; Group
C (n=12) received 0.5% lidocaine (4mg/kg) along with BmK AGAP 1 mg/kg; Group D (n=12) received 0.5%
lidocaine (4mg/kg) along with BmK AGAP 2 mg/kg, and Group E (n=12) the sham (rats were operated
and the sciatic nerve exposed but not ligated). 

Drugs Application.

The equal volume of drugs solutions (preservative-free 0.5% lidocaine (4 mg/kg) and BmK AGAP 2 or
1mg/kg) were prepared by an anesthesiologist not involved in the data collection and administered as a
single injection of 0.5µL/kg up to a maximum of 600µL. An independently specialized anesthesiologist in
regional anesthesia was assigned to perform the sciatic nerve block. Three independent researchers
specialized in pain assessment and were blinded to drugs administration were assigned to assess
sensory block, motor block, and mechanical allodynia after drugs administration. The doses of the drugs
were determined based on previous studies [4, 5, 10]. The sciatic nerve in the right hind was located in the
upper-thigh level using a nerve stimulator (Stimpod NMS450, Emergo Europe, and the Netherlands). A 22-
gauge short bevel electrically insulated electrode (AB-22025-SS) was advanced through the
gastrocnemius and biceps femoris muscles. The motor response elicited by 0.2 - 0.5 mA (�icking)
con�rmed the location of the sciatic nerve and the appropriate position of the electrically insulated
electrode. 0.5% lidocaine (4mg/kg) was then injected under the nerve simulator guidance. An equal
volume (600µl) of 0.9% saline or BmK, AGAP 2 or 1mg/kg was added to lidocaine injection. The block
performance time (time elapsed from electrically insulated electrode positioning to the end of local
anesthetic injection) and number of time attempts were recorded. Complications, including vascular
puncture, were noted. A successful block was de�ned as sensory blockade in all regions assessed within
30 minutes of local anesthetic injections. Duration of analgesia was de�ned as the time interval between
the administration of drugs solutions and complete resolution of anesthesia. Motor block (time since the
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administration of the block until the absence of movement in the right hind). Rats that exhibited complete
motor block were excluded from this study.

Measurement of mechanical allodynia

The von Frey �laments (North Coast Medical, Inc., San Jose, CA) was used to assess the mechanical
allodynia after the drugs were injected. The starting point of the �laments used was from 2g and ended
with 0.16g or 15g �laments as the cutoff values (“up-and-down” method). The rats were placed in a
plastic box (20 × 25 × 15 cm) on a metal mesh �oor and allowed for 20-minutes adaptation. The
�laments were then presented, in ascending order of strength (0.16, 0.4, 0.6, 1, 1.4, 2, 4, 6, 8, and 15g), and
held for 6-8s perpendicular to the plantar surface with su�cient force to cause slight bending against the
paw. Paw �inching or quick withdrawal were considered positive responses to pain. The paw-withdrawal
threshold (PWT) was determined by consecutively increasing and decreasing the magnitude of the
stimulus (“up-and-down” method). The nonparametric method of Dixon as previously described [11] was
used to analyze the data. In the PSL model, withdrawal thresholds were measured in the animal using
only the ipsilateral (ligated) paw. Mechanical allodynia and the effects of the drugs were assessed
through the paw withdrawal threshold every 48 hours for 14 days after the partial sciatic nerve ligation. At
the end of the experiment, rats were euthanized and excised sciatic nerve collected from the right hind
limb located at the upper-thigh level and snap-frozen in liquid nitrogen for further investigation.

Statistical Analysis

All statistical analyses were carried out using the GraphPad Prism version 5.01 (GraphPad Software, La
Jolla, CA, US).  All values are depicted as a mean ± SD and considered signi�cant if P < 0.05. Two-tailed
Student's t-test was used to make statistical comparisons between two groups and two-way ANOVA used
for comparisons of three or more groups.

Results
BmK AGAP added to lidocaine in sciatic nerve block increases the intensity of sensory block.

To investigate the analgesic effects of scorpion venom peptide, BmK AGAP as an adjuvant to lidocaine in
sciatic nerve block, we performed partial sciatic nerve ligation (PSL) in the right hind limb of rats to
induce a rapid onset and long-lasting mechanical allodynia. We �rst con�rmed the presence of
mechanical allodynia in all rats from the control group (received 0.9% saline), lidocaine group (received
lidocaine and saline), and BmK AGAP groups (received lidocaine and BmK AGAP 2 or 1 mg/kg) on the
day 2 after the PSL procedure. No mechanical allodynia was recorded in the sham group (operated).  An
equal volume of 0.9% saline, lidocaine + saline, lidocaine + BmK AGAP (1 mg/kg) or lidocaine + BmK
AGAP (2 mg/kg) was injected into the upper thigh of the ligated right hind to cause sensory block. The
von Frey �laments were then used to assess mechanical allodynia 30 minutes after the drugs solutions
were injected. Two rats from the lidocaine group and three from the BmK AGAP groups exhibited
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complete motor blockade and were excluded from the analysis. Data from 10 rats from each group were
analyzed.

BmK AGAP as an adjuvant to lidocaine increased the PWT in mechanical allodynia. We observed a
signi�cant increase in PWT in rats that were injected with BmK AGAP compared with rats that received
lidocaine alone. The data showed that rats from the lidocaine group exhibited an increased PWT of
12.51g compared with the baseline PWT of 0.90g. The rats from BmK AGAP (1 mg/kg) group exhibited
an increased PWT of 13.67g compared with the baseline PWT of 1.04g, whereas the rats from BmK
AGAP (2mg/kg) group exhibited an increased PWT of 14.78g compared with baseline PWT of 1.00g
(Figure 1, Table 1). The data showed a signi�cant (P< 0.0001) increase PWT of rats from BmK AGAP (1
mg/kg) group compared with rats from the lidocaine alone group.  Similarly, rats that were injected with
BmK AGAP (2 mg/kg) showed a signi�cant (P< 0.001) increase in PWT compared with rats from the
lidocaine alone group (Figure 1, Table 1). When we compared the PWT by the two different
concentrations of BmK AGAP injected, we realized a signi�cant (P < 0.0001) increased PWT in rats that
were injected with BmK AGAP (2 mg/kg) compared with rats that received BmK AGAP (1 mg/kg). This
evidence, therefore, suggests for the �rst time that BmK AGAP as an adjuvant to lidocaine in sciatic nerve
block causes dose-dependent increase intensity of sensory block.

BmK AGAP as an adjuvant to lidocaine causes dose-dependent increase duration of analgesia.

To examine the effects of BmK AGAP added to lidocaine on the duration of analgesia, we injected saline,
lidocaine, lidocaine + BmK AGAP (1 mg/kg), or lidocaine + BmK AGAP (2 mg/kg) into the upper-thigh
level of the ligated right hind to induce sensory blockade. The von Frey �laments were used to assess
mechanical allodynia in the rats every 30 minutes interval until complete resolution of anesthesia
(mechanical allodynia return to baseline). The total time (minutes) interval between the administration of
drugs solutions and complete resolution of anesthesia was recorded as the duration of analgesia.

There was a prolonged duration of increased paw withdrawal threshold in rats that were supplemented
with BmK AGAP compared with rats that received lidocaine injection alone (Figure 2; Figure 3 A, B). When
we compared the effects of the two different concentrations of BmK AGAP, we realized a signi�cantly
prolonged duration of increased paw withdrawal threshold in rats that were supplemented with BmK
AGAP (2 mg/kg) compared with rats that received BmK AGAP (1 mg/kg) (Figure 3 C).

We observed for signs of adverse effects and realized that there were no episodes of any adverse effect
during 24 hours of post-treatment period. These �ndings, therefore, suggest that scorpion venom peptide,
BmK AGAP as an adjuvant to lidocaine in sciatic nerve block causes dose-dependent increase duration of
analgesia without signi�cant side effect.

Discussion
The current study was designed to test the hypothesis that scorpion venom peptide, BmK AGAP as an
adjuvant to lidocaine in sciatic nerve block prolong the duration of analgesia. At the end of the study, two
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important observations emerged; �rst, the study results indicated that BmK AGAP as an adjuvant to
lidocaine caused a dose-dependent increase intensity of sensory block (Figure 1, Table 1), and second,
BmK AGAP as an adjuvant to lidocaine increased the duration of analgesia without signi�cant adverse
effects (Figure 2; Figure 3) .

In clinical practice, the choice of local anesthetic solution for peripheral nerve blocks depends on the
speed of onset, the duration of action, the ability to induce a differential sensory nerve block and the
potential for systemic toxicity [1, 2]. The potency of local anesthetics nerve blocking increase with
increasing molecular weight and lipid solubility [12]. Lidocaine is the most used local anesthetic for nerve
blocks in the clinical setting due to its rapid onset, potency and tissues penetration. Lidocaine with
epinephrine is the gold standard against which other local anesthetics are judged. A small volume of
more concentrated local anesthetics increases the intensity and duration of nerve block compared with
the more considerable amount of less concentrated local anesthetics. During a peripheral nerve block, a
reasonably large quantity of local anesthetics is classically injected to generate a concentration gradient
of local anesthetic into the nerve. This local anesthetic end up in the systemic circulation, and the free
share, not bound to proteins or red blood cells, determine whether there will be systemic toxicity or not
[13].  Adjuvants such as epinephrine, morphine, and fentanyl have long been added to local anesthetic to
decrease systemic absorption and to prolong perioperative analgesia. With the introduction of several
adjuvants, local anesthetic systemic toxicity has become rarer. However, reports indicate that some of
these adjuvants prolong motor and sensory blocks, induce dose-dependent purities, urinary retentions
and nausea [14]. The �ndings of this study showed BmK AGAP as an adjuvant to lidocaine in sciatic
nerve block to increase and prolong the duration of analgesia without signi�cant adverse effects. This
evidence suggests BmK AGAP to be a potent analgesic adjuvant and its used in anesthesia may optimize
perioperative analgesia without compromising anesthetic reliability.

Existing new developments to minimize local anesthetic systemic toxicity while optimizing perioperative
analgesia include; the novel sustained release formulations, targeting of nociceptive-speci�c ion channels
and targeting of nerve �bers subtypes [15]. BmK AGAP belongs to the group of long-chain scorpion toxin
and has a molecular mass of 7142.6Da and 66 amino acids residues [4]. Animal studies have
demonstrated that the scorpion venom peptide BmK AGAP exhibit strong analgesic activity with
minimum advert effects compared with morphine [4, 5, 6]. However, it is not clear the mechanisms of the
BmK AGAP analgesic activities, as well as the structure-function relationship of voltage-gated sodium
channels. Evidence shows that it is a sodium channel-speci�c neurotoxin. It blocks neuron transmission
by binding to voltage-independently at site-3 of sodium channels and inactivate the activated sodium
channels to elicit potent analgesic activity [4, 5]. Local anesthetics such as lidocaine is indicated to
mediate the analgesic activities of Nav 1.3, Nav 1.7, Nav 1.8, and Nav 1.9 subunits by non-selectively
blocking the voltage-gated sodium channels [16]. Neurotoxins have high a�nity and more speci�city for
voltage-gated sodium channel, including Nav 1.7 and lower a�nity for the cardiac voltage-gated sodium
channel, Nav 1.5. This evidence endows neurotoxins with high potency for nerve block and no
cardiotoxicity [15, 17]. Study reports show that BmK AGAP modulates the inactivation behavior of Nav
1.7 when binding to the voltage-gated sodium channel [18]. Hence, addition of BmK AGAP to lidocaine in
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sciatic nerve blockade in this study caused dose-dependent increased intensity of sensory block and
prolonged duration of analgesia.

As a preliminary investigation of BmK AGAP added to lidocaine in sciatic nerve block, the study presented
some limitations. These limitations were related to the small sample size and the short term of the
experiment. Further investigations should be performed on a longer period of treatment involving a larger
sample size of rats.

Conclusion
In conclusion, BmK AGAP as an adjuvant to lidocaine enhances sensory block and prolong the duration
of analgesia without signi�cant adverse effects. The �ndings of this study suggest for the �rst time the
use of scorpion venom peptide, BmK AGAP as an analgesic adjuvant in anesthesia to optimize
perioperative analgesia.
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BmK AGAP- Buthus martensii Kasch Analgesic-Antitumor Peptide
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Figure 1

BmK AGAP as an adjuvant to lidocaine causes a dose-dependent increase in PWT when compared to
lidocaine administered alone. The graph indicates the PWT values of the baseline taken two days after
PSL and every 48 hours’ time-points after sciatic nerve block. PWT = paw withdrawal threshold; PSL =
partial sciatic nerve ligation.
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Figure 2

Duration of analgesia in a rat model of sciatic nerve block. BmK AGAP as an adjuvant to lidocaine in
sciatic nerve block prolonged the duration of increased paw withdrawal threshold in dose-dependent
manner.



Page 13/13

Figure 3

Increasing concentrations of BmK AGAP supplemented to lidocaine in sciatic nerve block prolonged the
duration of increased paw withdrawal threshold to mechanical allodynia when compared with lidocaine
alone. A, B, and C. Between-group comparisons from 60-240 minutes found multiple signi�cant
differences at separate time points.
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