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Abstract
Background and Objective: Animal venoms are rich sources of compounds targeting nociceptive pathways. The venom of the spider
Parawixia bistriata contains neuromodulatory compounds, but its analgesic potential is unknown. This study aimed to evaluate the
peripheral antinociceptive effects of Parawixia bistriata  venom and glutamatergic antagonists using the formalin test and to investigate
the possible involvement of a multi-target analgesic mechanism in modulating nociceptive responses. Materials and Methods: Thirty-two
adult male Wistar rats (.215 g) were used under approved ethical guidelines (CEUA No. 06.1.91.53.4). Crude Parawixia bistriata  venom
was prepared and compared with MK-801 and CNQX in a formalin-induced nociception model. Treatments were administered via plantar
injection using pre- and post-treatment protocols. Nociceptive behaviors were recorded and analyzed using non-parametric statistical
tests (p<0.05). Results: Venom of Parawixia bistriata  significantly reduced formalin-induced nociceptive behaviors in both phases of the
test. In the prophylactic protocol, it decreased licking/lifting by 56.6% and paw withdrawal by 44.8% (p<0.05). MK-801 reduced only
licking/lifting,  while  CNQX  showed  no  effect.  In  the  therapeutic  protocol,  venom  and  high-dose  CNQX  attenuated  late-phase 
licking/lifting,  with  venom  also  reducing  paw  withdrawal.  Overall,  the  venom  showed  broader  and  more  consistent 
antinociceptive  effects  than  selective  glutamatergic  antagonists.  Conclusion:  The  venom  of  P. bistriata  spider  is  a compelling source
for developing novel peripheral analgesic strategies.
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Graphical Abstract

INTRODUCTION

Pain, a crucial protective sensation, involves complex
peripheral   and   central   mechanisms.   Nociceptive   signals 
are  initiated  b y  the  activation  of  Aδ and C fiber nociceptors
and  are  modulated  at  the  spinal  level,  as  described  by  the
Gate Control Theory1. Glutamatergic neurotransmission,
mediated  primarily  through  AMPA  and  NMDA  receptors in
the dorsal horn, is fundamental for both immediate
nociceptive transmission and the central sensitization
underlying chronic pain states2,3, which involve functional and
structural plasticity in the dorsal horn4. The formalin test
effectively models this progression: Phase 1 (0-10 min) results
from direct chemical activation of nociceptors, while Phase 2
(15-60 min) reflects ensuing inflammatory and central
sensitization processes3,5.

Current analgesic pharmacotherapy, including NSAIDs,
opioids and anticonvulsants, is often limited by side effects,
tolerance or inadequate efficacy6,7. Natural products have
historically been invaluable, yielding drugs like morphine,
aspirin and the venom-derived peptide ziconotide, an N-type
calcium channel blocker for severe pain8,9, highlighting the
clinical value of toxins that target specific nociceptive
pathways10. Spider venoms, in particular, are rich in peptides
that modulate key ion channels (NaV, CaV, KV) involved in
nociception11,12, serving as tools for the development of new
peptide-based analgesics13.

The venom of the spider Parawixia bistriata is a source of
neuroactive compounds that bidirectionally modulate
synaptic transmission. Isolated acyl-polyamines from this
venom include Pwx1, which enhances glutamate uptake and
mitigates excitotoxicity14,15 and Pwx2, an inhibitor of GABA and
glycine uptake with anticonvulsant and neuroprotective
properties16,17. Other components, such as Pwx10 and Pwx11,
show neuroprotection against NMDA toxicity and
anticonvulsant effects, respectively, further implicating
glutamatergic pathway modulation18,19. Despite this well-
characterized neuromodulatory profile, the analgesic potential
of P. bistriata crude venom remains unexplored.

Given the central role of peripheral glutamatergic
signaling in nociceptive transduction and sensitization, we
employed a comparative pharmacological approach using the
selective NMDA receptor antagonist MK-801 and the
AMPA/kainate antagonist CNQX as positive controls. This
allows us to discern whether the venom's effects are mediated
primarily through localized glutamatergic blockade or arise
from a more complex, multi-component interaction with the
nociceptive system.

As the first study to investigate the analgesic potential,
the use of crude venom allows for a broad initial screening.
This approach is essential because the observed biological
activity may arise from synergistic interactions between
multiple components or from yet-unidentified molecules
present in the whole venom. By demonstrating an analgesic
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effect at this stage, the study establishes a foundation and
rationale for future, more targeted efforts to isolate and
characterize specific compounds responsible for the activity.

Therefore, this study investigated the effects of local
peripheral administration of P. bistriata crude venom,
compared to these glutamatergic antagonists, on formalin-
induced nociceptive behaviors in rats during both acute and
inflammatory phases5.

MATERIALS AND METHODS

Animals and ethics: The experiments were conducted from
January to May 2020. The animals were housed at the Biology
Center of the USP- Ribeirão Preto (FFCLRP) and all behavioral
tests were performed at the Laboratory of Neurobiology and
Venoms, FFCLRP/USP. Thirty-two adult male Wistar rats
(approximately 215 g body weight) were obtained from the
central animal facility of the University of São Paulo. Animals
were  housed  under  standard  controlled  conditions  (25EC,
12-hrs light/dark cycle) with ad libitum access to food and
water. Before experimental procedures, all animals were
acclimated to the test apparatus for 30 minutes daily over
three consecutive days.

This study was conducted in strict accordance with the
ethical guidelines for animal research established by the
Brazilian Society for Neuroscience and Behavior (SBNeC),
which were reinforced at the time of the experiments and
incorporate the principles of the International Guiding
Principles for Biomedical Research Involving Animals (CIOMS).
All procedures were performed in compliance with Brazilian
federal law governing the use of animals in scientific research
(Law No. 11.794; CEUA protocol nr: 06.1.91.53.4). The
experimental design and all techniques were rigorously
planned to minimize animal suffering, with every effort made
to reduce potential pain, discomfort or distress.

Venom and drugs: The P. bistriata spiders were collected in
São Paulo State, Brazil. Crude venom was obtained from four
pooled glands from two female spiders, homogenized in
sterile   saline   and   centrifuged   to   yield   a  stock   solution 
of 20 mg/mL (protein concentration determined by the Lowry
method)20. The concentrations used were based on pilot
studies. Additionally, the following drugs were used: MK-801
(NMDA receptor antagonist, 1 µM, CNQX (AMPA/kainate
receptor antagonist, 1 µM and 10 µM), 5% formalin and
phosphate-buffered saline (PBS, pH 7.4, as control). All
reagents were from Sigma-Aldrich (USA).

Behavioral protocols and analysis: Local injections (30 µL for
drugs/PBS, 15 µL for venom or formalin) were administered
into the plantar surface of the right hind paw using a 50-µL
Hamilton syringe. Two protocols were employed: (1) Pre-
treatment: Injection of drug, venom or PBS, followed 10 min
later by formalin at the same site. (2) Post-treatment: Formalin
injection at time 0, followed by drug, venom or PBS at 8 min.
Behaviors were scored in 5-min intervals: The total duration
(seconds) of licking/lifting of the injected paw (a complex,
protective behavior) and the number of paw withdrawals (a
brief reflexive lift). Data from minutes 5-10 post-injection were
excluded to avoid confounding effects from the injection
procedure itself, with time measured from the moment of
formalin injection. Rat behavior was recorded in videotapes for
subsequent observation.

Statistical analysis: Data are presented as Mean±Standard
error of the mean (SEM). Inter-group comparisons across time
points were analyzed using the Kruskal-Wallis test. Multiple
comparisons across time intervals within groups were
evaluated with the Friedman test. The significance level was
set at p<0.05.

RESULTS

Intraplantar formalin injection (5%) in rats elicited
characteristic biphasic nociceptive behaviors, comprising both
supraspinally integrated responses (licking/lifting of the
injected paw) and spinal reflex behaviors (rapid paw
withdrawal).

Prophylactic (pre-treatment) effects: Control animals (PBS
pre-treatment+formalin) displayed a typical peak in
nociceptive behaviors immediately following formalin
injection. Pre-treatment with either dose of the AMPA/kainate
receptor antagonist CNQX (1 or 10 µM) did not induce
statistically significant changes in licking/lifting duration or
withdrawal reflex counts compared to the control group
(p>0.05) (Fig. 1(a-b)). In contrast, pre-treatment with the
NMDA receptor antagonist MK-801 (1 µM) produced a
significant 65.7% reduction in the duration of licking/lifting
behavior during the 5-10 min interval (Phase 1) compared to
control (p<0.05) (Fig. 1b), although it did not significantly alter
withdrawal counts (Fig. 1a).

Pre-treatment with P. bistriata crude venom (0.3 mg)
resulted in a robust and broader antinociceptive profile. It
significantly reduced licking/lifting behavior, with an average
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Fig. 1(a-d): Behavioral  responses  in  Wistar  rats  after  formalin  injection,  (a)  Recoil  behavior  (pre-treatment): P. bistriata venom
(20 mg/mL) significantly reduced responses at 10-15 min vs. control, (b) Licking/lifting (pre-treatment): MK-801 (1 µM)
and venom reduced responses at 5-10 min; venom also reduced at 10-15 min vs. control, (c) Withdrawal behavior
(post treatment): Venom reduced responses at 0-5 min and 10-15 min vs. control (5-10 min interval not analyzed) and
(d) Licking/lifting (post-treatment): CNQX (10 µM) reduced responses at 0-5 min and from 25 min onward; venom
reduced at 20-25 min vs. control (5-10 min interval not analyzed)
All results were analyzed using Kruskal-Wallis and Friedman tests, p<0.05

reduction of 56.6% from 5 to 15 min post-formalin compared
to the control group (p<0.05) (Fig. 1b). Furthermore and
uniquely among the prophylactic treatments, venom
significantly attenuated the withdrawal reflex. Withdrawal
counts were reduced starting at 5 min, with a 44.8% decrease
becoming statistically significant during the 10-15 min interval
(p<0.05) (Fig. 1a).

Therapeutic (post-treatment) effects: In control animals,
nociceptive behaviors began to decline 25-30 min after
formalin   injection,   corresponding   to   the   late   phase   of 
the  formalin   model.   Post-treatment   with  CNQX  at  8   min 

produced a complex, dose-dependent effect. The high dose
(10 µM) initially increased licking/lifting (43.7% increase from
10-20 min) but subsequently caused a significant 55.1%
reduction from 25-45 min (late Phase 2) compared to control
(p<0.05) (Fig. 1d). Withdrawal behavior  was  not  significantly 
altered  by  CNQX  at either dose (Fig. 1c). Post-treatment with
MK-801 significantly reduced  licking/lifting  duration  in  the 
later phase  (Fig. 1d) but,  again,  did  not  affect  withdrawal 
counts  (Fig. 1c).

Post-treatment with P. bistriata venom also modulated
the response in a temporally complex manner. An initial
increase  in  licking/lifting  (27.3%,  15-20  min)  was  followed
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by  a  significant  44.4%  reduction  from  20-30  min  (p<0.05)
(Fig. 1d). Importantly, venom post-treatment significantly
reduced withdrawal behavior, specifically during the 10-15
min interval (p<0.05) (Fig. 1c), demonstrating a therapeutic
effect on the spinal reflex not observed with the selective
antagonists.

DISCUSSION

This study provides the first evidence for the peripheral
antinociceptive activity of P. bistriata spider venom. The
venom exhibited a distinct and broader pharmacological
profile than the selective glutamatergic antagonists MK-801
and CNQX, effectively attenuating both the complex
(licking/lifting) and reflexive (withdrawal) nociceptive
behaviors induced by formalin in both prophylactic and
therapeutic paradigms. The superior and consistent profile of
the crude venom likely stems from its complex composition,
which extends beyond simple glutamatergic modulation.

The selective reduction of supraspinally-mediated
behavior by MK-801 underscores the importance of peripheral
NMDA receptors and glutamatergic tone in the initial
nociceptive burst of Phase 121-23, suggesting that peripheral
NMDA receptor activation contributes specifically to the
conscious sensory-discriminative and affective components of
acute pain. While the site of injection in our model is
peripheral, the known Central Nervous System (CNS)
mechanisms of its isolated components inform a relevant
synergistic hypothesis for peripheral activity. The acyl-
polyamines Pwx1 and Pwx2, previously isolated from this
venom, exhibit complementary actions: Pwx1 enhances
glutamate clearance from the synaptic cleft14,15, which would
reduce excitatory tone, while Pwx2 is a potent inhibitor of
GABA and glycine uptake16,17, thereby potentiating inhibitory
neurotransmission. This dual action, simultaneously reducing
excitation and enhancing inhibition, illustrates a potent and
complementary strategy inherent to the venom’s cocktail that
single-receptor antagonists cannot replicate. Such synergy is
particularly relevant as impaired GABAergic inhibition is a
recognized factor in pain states24 and boosting inhibition via
uptake blockade offers a distinct therapeutic angle that could
operate at peripheral terminals or dorsal root ganglia, where
GABA receptors are also expressed.

The venom’s distinct ability to suppress both behaviors,
unlike the selective glutamatergic antagonists, suggests a
more comprehensive inhibitory action on the nociceptive
pathway. This likely involves disruption of signal transmission
not only at peripheral terminals but also within spinal circuits
required for the reflex arc, potentially through simultaneous
modulation of excitatory and inhibitory neurotransmission.
The paradoxical biphasic effect of CNQX (initial pronociception

followed by delayed analgesia) may reflect differential roles of
AMPA/kainate receptors at different stages of peripheral
sensitization or dose-dependent recruitment of modulatory
circuits. Phase 2 of the formalin model involves peripheral
inflammation and central sensitization maintained by ongoing
peripheral input3,5. The venom’s efficacy during this phase
suggests it can dampen this sustaining drive, possibly by
interfering with the inflammatory cascade or the sensitized
state of peripheral nociceptors. While CNQX showed only late-
phase effects limited to licking/lifting and MK-801 affected
only the supraspinal component, the venom uniquely reduced
both behaviors during Phase 2, further highlighting its multi-
target therapeutic potential.

Our findings align with the historical success of multi-
component natural products in pain management and the
emerging paradigm of multi-target analgesics11,25. While
selective antagonists are invaluable tools for dissecting
mechanism, their therapeutic window can be narrow due to
compensatory mechanisms or receptor subtype complexities.
The P. bistriata venom, as a natural “cocktail”, appears to
engage multiple complementary pathways, potentially
leading to greater efficacy and a wider safety margin, a
hypothesis supported by the lack of motor impairment
observed in previous central studies with its isolated acyl-
polyamines19.

CONCLUSION

This study provides the first evidence that peripheral
administration of P. bistriata crude venom produces
significant antinociceptive effects in both prophylactic and
therapeutic paradigms of the formalin model. Unlike the
selective glutamatergic antagonists MK-801 and CNQX, the
venom uniquely attenuated both supraspinally-integrated
pain behaviors (licking/lifting) and spinal reflex responses
(withdrawal), suggesting a broader, multi-target mechanism
of action. These findings support the therapeutic potential of
this venom's complex pharmacological cocktail for pain
management. Future studies should investigate isolated
venom components in this peripheral model and explore their
specific mechanisms on primary afferent neurons and local
inflammatory mediators.

SIGNIFICANCE STATEMENT

This study provides the first evidence that Parawixia
bistriata crude venom exerts peripheral antinociceptive effects
in the formalin model, demonstrating broader analgesic
activity   than   selective   glutamatergic    antagonists.    These
findings highlight the venom as a promising source of multi-
target analgesic compounds and provide a foundation for the
development of novel non-opioid pain therapeutics.

20



J. Pharmacol. Toxicol., 21 (1): 16-21, 2026

ACKNOWLEDGMENT

We are grateful to Mr. Antônio José Colusso (in
memoriam) for his valuable technical support.

REFERENCES

1. Melzack, R. and P.D. Wall, 1965. Pain mechanisms: A new
theory: A gate control system modulates sensory input from
the skin before it evokes pain perception and response.
Science, 19: 971-979.

2. Woolf, C.J. and M.W. Salter, 2000. Neuronal plasticity:
Increasing the gain in pain. Science, 288: 1765-1769.

3. Latremoliere, A. and C.J. Woolf, 2009. Central sensitization: A
generator of pain hypersensitivity by central neural plasticity.
J. Pain, 10: 895-926.

4. Kuner, R. and H. Flor, 2016. Structural plasticity and
reorganisation in chronic pain. Nat. Rev. Neurosci., 18: 20-30.

5. Tjølsen, A., O.G. Berge, S. Hunskaar, J.H. Rosland and K. Hole,
1992. The formalin test: An evaluation of the method. Pain,
51: 5-17.

6. Ferdousi, M. and D.P. Finn, 2018. Stress-Induced Modulation
of Pain: Role of the Endogenous Opioid System. In: Progress
in Brain Research, O’Mara, S. (Ed.), Elsevier, Amsterdam,
Netherlands, ISBN: 978-0-12-817240-7 pp: 121-177.

7. Deer, T.R., J.E. Pope, S.M. Hayek, A. Bux and E. Buchser et al.,
2017. The polyanalgesic consensus conference (PACC):
Recommendations on intrathecal drug infusion systems best
practices and guidelines. Neuromodulation: Technol. Neural
Interface, 20: 96-132.

8. Davidson, E.M., R.E. Coggeshall and S.M. Carlton, 1997.
Peripheral NMDA and non-NMDA glutamate receptors
contribute to nociceptive behaviors in the rat formalin test.
NeuroReport, 8: 941-946.

9. Eisenberg, E., B.P. Vos and A.M. Strassman, 1993. The NMDA
antagonist memantine blocks pain behavior in a rat model of
formalin-induced facial pain. Pain, 54: 301-307.

10. Safavi-Hemami, H., S.E. Brogan and B.M. Olivera 2019. Pain
therapeutics from cone snail venoms: From Ziconotide to
novel non-opioid pathways. J. Proteomics, 190: 12-20.

11. Cardoso, F.C. and R.J. Lewis, 2019. Structure-function and
therapeutic potential of spider venom-derived cysteine knot
peptides  targeting  sodium  channels.  Front.  Pharmacol.,
Vol. 10. 10.3389/fphar.2019.00366.

12. Herzig,  V.,  Ben  Cristofori-Armstrong, M.R. Israel, S.A. Nixon,
I. Vetter and G.F. King, 2020. Animal toxins - Nature’s 
evolutionary-refined    toolkit    for    basic    research   and 
drug   discovery.   Biochem.   Pharmacol.,   Vol.  181.
10.1016/j.bcp.2020.114096.

13. Smallwood, T.B. and R.J. Clark, 2021. Advances in venom
peptide drug discovery: Where are we at and where are we
heading? Expert Opin. Drug Discovery, 16: 1163-1173.

14. Fontana,    A.C.K.,    R.    Guizzo,    R.    de    Oliveira   Beleboni, 
A.R. Meirelles e Silva and N.C. Coimbra et al., 2003. Purification
of a neuroprotective component of Parawixia bistriata spider
venom that enhances glutamate uptake. Br. J. Pharmacol.,
139: 1297-1309.

15. Fontana, A.C.K., R. de Oliveira Beleboni, M.W. Wojewodzic,
W.F. dos Santos and J. Coutinho-Netto et al., 2007. Enhancing
glutamate transport: Mechanism of action of parawixin1, a
neuroprotective compound from Parawixia bistriata spider
venom. Mol. Pharmacol., 72: 1228-1237.

16. Beleboni,  R.O.,  R.  Guizzo,  A.C.K.  Fontana,  A.B.  Pizzo and
R.O.G. Carolino et al., 2006. Neurochemical characterization of
a neuroprotective compound from Parawixia bistriata spider
venom that inhibits synaptosomal uptake of GABA and
glycine. Mol. Pharmacol., 69: 1998-2006.

17. Fachim, H.A., M.R. Mortari, L. Gobbo-Netto and W.F. dos
Santos, 2015. Neuroprotective activity of parawixin 10, a
compound isolated from Parawixia bistriata spider venom
(Araneidae: Araneae) in rats undergoing intrahippocampal
NMDA microinjection. Pharmacogn. Mag., 11: 579-585.

18. Fachim,  H.A.,  A.O.S.  Cunha,  A.C.  Pereira,  R.O.  Beleboni  and
L. Gobbo-Neto et al., 2011. Neurobiological activity of
Parawixin 10, a novel anticonvulsant compound isolated 
from Parawixia bistriata spider venom (Araneidae: Araneae).
Epilepsy Behav., 22: 158-164.

19. Pereira,   A.C.,   A.O.S.   Cunha,   M.R.   Mortari,   H.A.  Fachim,
G.A.A. Campos, N.P. Lopes and W.F. dos Santos, 2025.
Antiepileptic profile of Parawixin-11, purified from Parawixia
bistriata spider venom (Araneae, Araneidae), in Wistar rats.
Naunyn-Schmiedeberg's Arch. Pharmacol., 398: 629-639.

20. Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951.
Protein    measurement    with    the    folin    phenol    reagent.
J. Biol. Chem., 193: 265-275.

21. Brennan, T.J., E.P. Vandermeulen and G.F. Gebhart, 1996.
Characterization  of   a   rat   model   of   incisional   pain.  Pain,
64: 493-502.

22. Miller, K.E., E.M. Hoffman, M. Sutharshan and R. Schechter,
2011. Glutamate pharmacology and metabolism in peripheral
primary afferents: Physiological and pathophysiological
mechanisms. Pharmacol. Ther., 130: 283-309.

23. Browne,   T.J.,  D.I.  Hughes,  C.V.   Dayas,   R.J.   Callister  and
B.A.   Graham,   2020.   Projection   neuron   axon   collaterals 
in  the  dorsal  horn:  Placing  a  new  player  in  spinal   cord 
pain   processing.   Front.   Physiol.,   Vol.  11.
10.3389/fphys.2020.560802.

24. Yadav, R., X. Yan, D.W. Maixner, M. Gao and H.R. Weng, 2015.
Blocking the GABA transporter GAT-1 ameliorates spinal
GABA ergic disinhibition and neuropathic pain induced by
paclitaxel. J. Neurochem., 133: 857-869.

25. Ciotu, C.I. and M.J.M. Fischer, 2020. Novel analgesics with
peripheral targets. Neurotherapeutics, 17: 784-825.

21


	jpt.pdf
	Page 1


