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Abstract

During the onset of neuropathic pain from a variety of etiologies, nociceptors become 

hypersensitized, releasing neurotransmitters and other factors from centrally-projecting nerve 

terminals within the dorsal spinal cord. Consequently, glial cells (astrocytes and microglia) in the 

spinal cord are activated and mediate the release of proinflammatory cytokines that act to enhance 

pain transmission and sensitize mechanical non-nociceptive fibers which ultimately results in 

light touch hypersensitivity, clinically observed as allodynia. Pramipexole, a D2/D3 preferring 

agonist, is FDA-approved for the treatment of Parkinson’s disease and demonstrates efficacy in 

animal models of inflammatory pain. The clinically-approved R(+) enantiomer of pramipexole, 

dexpramipexole, has reduced D2/D3 agonist actions and is efficacious in animal models of 

inflammatory and neuropathic pain. The current experiments focus on the application of a mouse 

model of sciatic nerve neuropathy, chronic constriction injury (CCI), that leads to allodynia 
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and is previously characterized to generate spinal glial activation with consequent release 

IL-1β. We hypothesized that both pramipexole and dexpramipexole reverse CCI-induced chronic 

neuropathy in mice, and in human monocyte cell culture studies (THP-1 cells), pramipexole 

prevents IL-1β production. Additionally, we hypothesized that in rat primary splenocyte culture, 

dexpramixole increases mRNA for the anti-inflammatory and pleiotropic cytokine, interleukin-10 

(IL-10). Results show that following intravenous pramipexole or dexpramipexole, a profound 

decrease in allodynia was observed by 1 hr, with allodynia returning 24 hr post-injection. 

Pramipexole significantly blunted IL-1β protein production from stimulated human monocytes 

and dexpramipexole induced elevated IL-10 mRNA expression from rat splenocytes. The data 

support that clinically-approved compounds like pramipexole and dexpramipexole support their 

application as anti-inflammatory agents to mitigate chronic neuropathy, and provide a blueprint for 

future, multifaceted approaches for opioid-independent neuropathic pain treatment.
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Introduction.

Pramipexole, also known as (−)-pramipexole, is a compound that selectively agonizes the 

dopamine D2/D3 receptors in the central nervous system (CNS) (Wilson et al. 2020; Mierau 

et al. 1995) and is characterized with a good safety profile for the long-term treatment of 

Parkinson’s Disease (Edinoff et al. 2020; Hauser et al. 2014) and restless leg syndrome 

(Gossard et al. 2021; Liu et al. 2016). The therapeutic action of pramipexole extends to 

pain suppressive actions, as evidenced in human studies and animal models of Parkinson’s 

disease (Cao et al. 2016), fibromyalgia (Carville et al. 2008; Marcus 2009; Martins et 

al. 2022), inflammatory pain (Santamaria-Anzures et al. 2023; Edwards et al. 2022) and 

neuropathic pain (Rodgers et al. 2019). Interestingly, pramipexole inhibited the expression 

of the transcription factor for proinflammatory cytokines, nuclear factor-κB (NF-κB) in 

the dorsal spinal cord while dose-dependently suppressing mechanical hypersensitivity to 

non-noxious (i.e., mechanical allodynia) and noxious (mechanical hyperalgesia) touch in 

mice given hindpaw formalin (Bottero et al. 2003; Santamaria-Anzures et al. 2023).

The activation of the immune receptor, toll like receptor 4 (TLR4), on astrocytes and 

microglia is triggered by various endogenous cell-stress signaling factors from damaged 

neurons including nociceptors that leads to intracellular activation of the NF-κB (Andersson, 

Tracey, and Yang 2021; Kato, Agalave, and Svensson 2016; Donnelly, Chen, and Ji 2020). 

TLR4-NF-κB actions are responsible for the synthesis of precursor cytokines including 

pro-IL-1β. Thus, the TLR4-NF-κB-IL-1β pathway mediates immune responses (Ghosh et 

al. 2006; He, Franchi, and Nunez 2013; O’Neill and Bowie 2007) (Andersson, Tracey, and 

Yang 2021), including following sensory neuron damage (Donnelly, Chen, and Ji 2020; 

Kato, Agalave, and Svensson 2016).

Work in animal models of pathological pain from a wide range of etiologies demonstrate 

that chronic neuropathy develops from sensitized nociceptors and spinal pain projection 
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neurons due, in part, to activated astrocytes and microglia, the NF-κB - IL-1β signaling 

pathway in the dorsal horn of the spinal cord (Grace et al. 2021; Sideris-Lampretsas and 

Malcangio 2021; Kato, Agalave, and Svensson 2016). Recently, pramipexole demonstrated 

antiallodynic and antihyperalgesic actions in a rat model of peripheral inflammatory pain 

with concurrent suppression of protein NFκB and IL-1β in the dorsal horn of the spinal 

cord (Santamaria-Anzures et al. 2023). Pramipexole reduces several inflammatory factors 

that create edema in a model of local inflammation (Sadeghi et al. 2017), suppresses the 

TLR4-NFκB-NLRP3 inflammasome pathway in acute pancreatitis (Fawzy et al. 2022), and 

reduces brain IL-1β in a mouse model of inflammation-induced depression (Lieberknecht 

et al. 2017). Conversely, interleukin-10 (IL-10) is established to suppress CCI-induced 

allodynia and pleiotropically control the actions of TLR4-NF-κB as well as a variety of 

proinflammatory cytokines including IL-1β in immune cells and in the CNS (Donnelly, 

Dickensheets, and Finbloom 1999; Gonzalez et al. 2009; Greenhill et al. 2014; Moore et al. 

2001; Milligan et al. 2005; Milligan et al. 2012; Milligan et al. 2006; Sloane et al. 2004; 

Vanderwall et al. 2018)

Therefore, the current study explored whether pramipexole could reverse chronic allodynia 

in a mouse model of sciatic nerve neuropathy, referred to as chronic constriction injury 

(CCI), which has been well-established in the rat (Bennett and Xie 1988; Dowdall, 

Robinson, and Meert 2005). The CCI model induces intraneuronal inflammatory edema, 

focal sciatic nerve ischemia and some degree of Wallerian degeneration due to the 

loose ligation of absorbable chromic gut suture material; sequelae that result in chronic 

neuropathy in the rat similar to that observed in human pain patients (Robinson and Meert 

2005; Bennett and Xie 1988). The development of allodynia from sciatic CCI is among 

the observations that is in-common with other rodent models of peripheral neuropathy 

(Dowdall, Robinson, and Meert 2005). Given nearly 50% of chronic peripheral neuropathies 

involve inflammatory processes (Cohen, Vase, and Hooten 2021; Vellucci 2012), and the 

CCI model combines both direct nerve trauma and inflammation, the current study applied 

CCI in the mouse previously characterized in our laboratory to persist for many weeks (Noor 

et al. 2019; Wilkerson et al. 2020; Wilkerson et al. 2022).

Dexpramipexole, the R(+) enantiomer of pramipexole, is a weak dopamine D2/D3 receptor 

agonist (Gribkoff and Bozik 2008; Schneider and Mierau 1987). Given that dopamine 

itself can activate D2/D3 on normal human leukocytes triggering proinflammatory cytokine 

release (Besser, Ganor, and Levite 2005), dexpramipexole was chosen to compare against 

pramipexole’s anti-inflammatory actions as a therapeutic with reduced D2/D3 actions. 

Dexpramipexole is highly orally bioavailable, water-soluble, and rapidly achieves and 

maintains high CNS concentrations relative to plasma (Cudkowicz et al. 2011). In clinical 

development for the treatment of amyotrophic lateral sclerosis, dexpramipexole is well 

tolerated with a high safety profile demonstrated in a Phase 3 clinical trial (Cudkowicz et al. 

2013). Recently, dexpramipexole treatment resulted in anti-allodynic actions of CCI-nerve 

damage in mice and blocked TTX-resistant sodium conductances in cultured rat sensory 

neurons, with selectivity for the voltage-gated sodium channel (Nav) 1.8 (Urru et al. 2020). 

Together, these reports suggest dexpramipexole exerts pleiotropic pain-suppressive actions.
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Utilizing the neuropathic rodent model, CCI, the goals of the current study aimed to 

determine whether (−)-pramipexole and its enantiomer, dexpramipexole ((+)-pramipexole)) 

reverse sciatic nerve CCI-induced chronic allodynia in mice. Additionally, cell culture 

studies were performed to determine whether; (1) pramipexole prevents protein IL-1β 
production in TLR4-NFkB stimulated human leukocytes using cultured THP-1 cells, which 

are an ideal human monocyte cell line characterized with high TLR4 expression and 

activation with resultant IL-1β production (Jakopin and Corsini 2019; Lin et al. 2017), and 

(2) dexpramipexole increases transcriptional expression of the anti-inflammatory cytokine, 

IL-10, ex vivo in LPS stimulated rat leukocytes derived from the spleen.

Materials and Methods.

Animals

The current report utilized adult (10–16 wk) male (N=24 for pramipexole treatment) 

and female (N=20 for dexpramipexole treatment) C57BL/6 mice (wildtype; FFID: 

IMSR_JAX:000664) purchased from Jackson Laboratories (Bar Harbor, ME, USA), at 

~20 g and used for in vivo application of pramipexole and dexpramipexole, respectively. 

A total of 9 female ~500 g Long-Evans rats bred in-house with dams purchased from 

Harlan (Harlan Industries, Indianapolis, IN, USA) were used for the leukocyte cell culture 

experiment. Male mice were examined for pramipexole’s effects on allodynia to be 

consistent with prior work demonstrating pramipexole’s anti-inflammatory and anti-oxidant 

mechanisms in male inflammatory pain and pancreatitis models (Edwards et al. 2022; 

Fawzy et al. 2022; Sadeghi et al. 2017). Female mice were applied to examine the effects 

of dexpramipexole on allodynia to provide sex-complementary data to prior reports that 

demonstrate dexpramipexole’s actions in generating analgesia in male nociceptive and 

neuropathic pain mouse models (Urru et al. 2020), and its protective effects on neurons 

in a cell culture model of small fiber neuropathy (Lee et al. 2020). Given sex differences in 

neuroimmune mechanisms that underlie neuropathy have been reported (Sorge et al. 2015), 

examining the impact of dexpramipexole as a therapeutic to reverse allodynia in female mice 

would provide further insight into the potential clinical breadth of applying this compound 

for neuropathic pain states. All animals were maintained on a standard 12:12 light/dark cycle 

(lights on from 0600 hrs to 1800 hrs) in a temperature-controlled environment (23° ± 2°C) 

for the duration of the study. Additionally, mice were housed in groups of 4–5 mice/cage, 

and rats were housed 2–3/cage. All mice were routinely monitored by the animal care staff 

under the direction of the institutional veterinarian, fed standard rodent chow and water 

ad libitum, with cages and bedding changed every 7 days. All procedures were approved 

by the Institutional Animal Care and Use Committee (IACUC) of the University of New 

Mexico Health Sciences Center, conducted in accordance to the NIH Guidelines for the Care 

and Use of Laboratory Animals, and closely adhered to guidelines from the International 

Association for the Study of Pain for the use of animals in research (Foundation for 

Biomedical Research, The Biomedical Investigator’s Handbook for Researchers Using 

Animal Models. Washington, D.C.: FBR, 1987. WWW: http://www.fbresearch.org/).
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Chronic constriction injury (CCI)

This study utilized a modified version of a well-established rat peripheral nerve injury 

model in which pathological sensitivity to light touch, clinically termed allodynia, is induced 

through a chronic constriction injury (CCI) (Bennett and Xie 1988). Introducing minor 

modifications to the Bennett and Xie rat model of neuropathic pain has demonstrated the 

ability to replicate this model of neuropathic pain in mice (Liu et al. 2017; Martucci et 

al. 2008; Vanderwall et al. 2017; Wilkerson et al. 2020). Under isoflurane anesthesia (1.5–

2.0% volume in oxygen, 2.0 l/min), the dorsal left thigh was shaved and cleaned using 

70% Ethanol (EtOH) that was air dried prior to surgery. Utilizing a small incision over 

the posterior thigh, remaining 3 cm below the femur bone, from hip bone to the patella, 

the muscle fascia of the mouse was exposed. Using aseptic procedures, a blunt dissection 

was performed to carefully isolate the sciatic nerve by separating the overlying muscular 

fascia. Sterile plastic probes were then used to locate and lift the sciatic nerve from its 

pocket within the muscle tissue. Mice were then subjected to unilateral loose ligation of 

the sciatic nerve with three, 5–0 chromic gut sutures (Ethicon; Somerville, NJ, Cat#634G) 

performed identically as previously detailed (Noor et al. 2019). While sutures were snugly 

tied around the sciatic nerve proximal to the trifurcation, pinching was avoided. Throughout 

the duration of the surgery, sterile 0.9% isotonic saline (Hospira; Cat# NDC 0409-4888-03) 

was irrigated over the sciatic nerve to prevent dehydration. Sham surgery followed the 

same surgical procedure but without ligation. The sciatic nerve was gently placed back into 

position using sterile plastic probes, and the overlying muscle fascia was closed using one 

4–0 sterile silk suture (Ethicon; Somerville, NJ, Cat#83G). Wound clips (Kent Scientific 

Corp.; Cat#INS750344) were utilized to seal the incision closed. Mice fully recovered 

from anesthesia within approximately 10 min and were monitored daily for post-operative 

complications such as infection and/or irritation, additionally wound clips were removed 

approximately 5 days post-surgery. Body weight was monitored prior to and after surgery. 

Half of the mice were randomly assigned to either sham or CCI surgery. All mice in this 

study recovered completely from the surgery, without any abnormalities, and remained in the 

study.

Behavioral assessment of allodynia

Following a 14-day acclimation to the animal colony room, male, and separately, female 

mice were subjected to a habituation period. The testing environment is located in same 

mouse colony room at the opposite wall where to home cages are positioned. The 

habituation period included placing the mice atop a testing rack within the first 4 hrs of 

the light cycle (lights on from 0600 hrs to 1800 hrs) in a sound and temperature (23° ± 2°C) 

controlled environment, allowing full access to the plantar hindpaw. Mice were exposed 

to 4 separate habitation periods for approximately 45 min/day. Sensitivity to mechanical 

light touch, clinically termed allodynia, was assessed using the von Frey behavioral assay 

in which calibrated monofilaments (touch-test sensory evaluator: North Coast Medical; 

Cat# NC12775) were applied to the hindpaw to elicit a paw withdraw response. Hindpaw 

threshold responses to light mechanical stimuli were assessed by adopting principles of the 

von Frey fiber test originally developed for the rat (Bonin, Bories, and De Koninck 2014; 

Chaplan et al. 1994; Milligan et al. 2000; Sommer and Schafers 1998) and modified for the 

mouse, as previously described (Vanderwall et al. 2018; Wilkerson et al. 2020; Wilkerson 
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et al. 2022). Briefly, the von Frey behavioral assay using nine calibrated monofilaments 

(touch-test sensory evaluator: North Coast Medical; Cat#NC12775) were applied to the 

plantar surface of the left and right hindpaws with laterality applied in random order. A 

maximum of 3.0 seconds (s) touch stimuli was applied, with repeated stimulus presentations 

to a single animal using a minimum inter-trial stimulus interval of 30 s. The log intensity 

of the nine monofilaments used is defined as log10 (grams × 10,000) with the range of 

intensity being as follows reported in log (grams): 2.36 (0.022g), 2.44 (0.028g), 2.83 

(0.068g), 3.22 (0.166g), 3.61 (0.407g), 3.84 (0.692g), 4.08 (1.202g), 4.17 (1.479g), and 

4.31 (2.042g). Testing was initiated with fiber 3.22 (middle of the assay scale) with 

subsequent monofilaments used based on the response/non-response of the mouse to the 

previous monofilament tested. If no response was elicited by the stimulus presented from 

the 3.22 monofilament, the next “greater” monofilament was tested (e.g., 3.61). If a response 

was elicited by the stimulus presented from the 3.22 monofilament, the next “lighter” 

monofilament was tested (e.g., 2.83). A maximum total of six stimulus presentations 

were applied to each paw. The total number of positive and negative responses were then 

entered into the computer software program, PsychoFit (http://psych.colorado.edu/~lharvey: 

RRID: SCR_015381) to determine the absolute withdrawal threshold (50% paw withdrawal 

threshold), as previously described (Vanderwall et al. 2018). The PsychoFit program fits 

a Gaussian integral psychometric function to the observed withdrawal rates for each 

monofilament using a maximum-likelihood fitting method (Milligan et al. 2000), which 

calculates the 50% paw-withdraw threshold (absolute threshold) that is expressed as absolute 

log10 stimulus intensity in (mg × 10), or stimulus intensity (grams) on a linear scale. Data 

were plotted using GraphPad Prism. Hindpaw assessment of mice occurred in groups of 

4–6 per testing trial. Behavioral assessment was conducted at baseline (BL), at days 3, 7, 

and Day 10 post-surgery and immediately prior to either pramipexole or dexpramipexole 

treatment. After pramipexole injection, behavior was reassessed at 1–3, 24, 48, and 72 hrs. 

After dexpramipexole injection, behavior was reassessed at 1–2, 24–48 hrs post-injection. 

Time points were chosen to tease apart minimal differences between groups at key times 

while avoiding overstimulation.

Drug preparation

Pramipexole dihydrochloride (Px).—[(−)-2-amino-4,5,6,7-tetrahydro-6-D-

propylamino-benzothiazole dihydrochloride] (Sigma-Aldrich; CAS#:104632-25-9) was 

initially reconstituted in sterile 0.9% isotonic saline (Hospira; Cat#NDC 0409-4888-03) as 

a 1μg/μl stock solution, with 100 μl aliquots stored in sterile 0.5 ml Eppendorf tubes sealed 

with parafilm and frozen at −80°C for later use. To identify low but efficacious dose that 

could exert anti-allodynic efficacy relevant to immune cell activation, a small pilot study 

with mice (N=2–3) was conducted using a dose that was ten-fold greater from that used 

in a human monocyte-derived osteoclast cell culture (0.5 μg) study (Hanami et al. 2013). 

Using this dose as initial guidance was examined the lower dose of 0.5 μg in mice alongside 

the small pilot cohort. On the day of injection, aliquots were allowed to thaw at room 

temperature for 15 minutes, and diluted to 0.1 μg/μl or 0.01 μg/μl using sterile 0.9% isotonic 

saline and vortexed for approximately 15s. The volume of each intravenous (i.v.) injection 

was held constant at 50 μl. The vehicle (50 μl) for pramipexole consisted solely of sterile 

Sanchez et al. Page 6

Neurosci Lett. Author manuscript; available in PMC 2024 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://psych.colorado.edu/~lharvey


0.9% isotonic saline. Animals were injected within an hour of drug preparation. Half of the 

mice were randomly assigned to either vehicle or pramipexole.

Dexpramipexole (DPX).—The (+)-enantiomer of pramipexole ((R)-pramipexole), 

[ 4,5,6,7-tetrahydro-N6-propyl-2,6-benzothiazolediamine hydrochloride] (Caymen 

Chemical; Cat#18234) was reconstituted in dimethyl sulfoxide (DMSO) at 5 μg/μl, aliquoted 

at 10 μl in sterile 0.5 ml Eppendorf tubes sealed with parafilm and frozen at −80°C for 

later use. The selected dose of 0.5 μg was intended to make comparisons against an equal 

efficacious dose of pramipexole. On the day of the injection, aliquots were brought to room 

temperature for 15 minutes, and diluted to 0.5 μg/50 μl using sterile water and vortexed for 

approximately 15s. The volume of each i.v. injection was held constant at 50 μl containing 

10% DMSO. The vehicle consisted of 10% DMSO in sterile water; 50 μl, for DPX. Animals 

were injected within an hr of drug preparation. Half of the mice were randomly assigned to 

either vehicle or dexpramipexole.

Intravenous injection (i.v.)

Pramipexole (Px) [(−)-pramipexole], dexpramipexole (DPX) [(+)-pramipexole], or 

equivolume vehicle was injected into mouse tail veins on Day 10 post-surgery within 2.5 

hours of the initiation of the light cycle. The sham- or CCI-operated mice were given either 

vehicle or drug (either pramipexole or dexpramipexole). Thus, the experimental design for 

each drug separately (either pramipexole or dexpramipexole) was a 2 (sham vs. CCI) × 2 

(vehicle vs. drug) with N=5–6 in each experimental condition. Intravenous administration 

was chosen to optimize time of drug uptake and distribution for CNS penetration, which 

is the site of desired action of these drugs. Sham-operated mice received drug to ensure 

that the drug itself does not exert effects on hindpaw sensitivity, thereby confounding the 

interpretation of the effects of either drug. Using aseptic procedures, 50 μl of pramipexole, 

dexpramipexole or vehicle was collected into individual 1 cc, 27G5/8 insulin syringes 

(Becton Dickinson; Cat# 329412). Weights of the mice were recorded prior to injection 

(~20g), followed by placing mouse tails under a heat lamp to dilate the lateral tail vein, 

providing easier access to the vein. To safely heat the mouse tail without excessively heating 

the body, the tail was held firmly in place while a soft cloth was placed over the mouse body, 

leaving the tail exposed and the body shielded from heat. The mouse was then immediately 

moved to a plastic restraint which contained a slit through the middle, in which the tail is 

carefully moved through, allowing isolation and proper positioning of the tail for injection. 

With the tail held firmly in place the needle was then inserted into the lateral tail vein, 

followed by a small amount of blood efflux into the syringe with a subsequent 10s injection. 

Following injection, sterile gauze was placed over the point of puncture utilizing a small 

amount of pressure to prevent excess bleeding. The mouse was then placed back in its home 

cage and for the following 5–10 min was monitored for any abnormal behavior or adverse 

side effects of injection. The total time required for handing and injection was approximately 

2–3 min, with no need for anesthetics.

THP-1 cell culture and differentiation

To induce TLR4-NLRP3 inflammasome activation and subsequent IL-1β production, the 

human monocytic leukemia cell line, THP-1 cells, were primed with lipopolysaccharide 
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(LPS) (Lin et al. 2017). LPS is made up of cell wall particles from gram-negative bacteria 

that is highly immunogenic to a variety of immune cells such as monocytes that express 

TLR4. LPS is a widely used immune activator (Aurell, Hawley, and Wistrom 1999; Hitchins 

and Merritt 1999; Wei et al. 2007). THP-1 human acute monocytic leukemia cells were 

obtained from American Type Culture Collection (Manassas, VA, USA). THP-1 cells were 

grown in complete RPMI (ATCC modified RPMI and supplemented with 10% fetal calf 

serum and 1% antibiotics). Cells were maintained at 0.5–1×106 cells/ml in a humidified 

chamber at 37°C, in a mixture of 95% air and 5% CO2. RPMI/ATCC modified media was 

purchased from ThermoFisher Scientific, MA, USA (catalog# A1049101). Fetal calf serum 

(#97068-085) and Pen/Strep antibiotics (#450000-652) were purchased from VWR, PA, 

USA.

On the day of the experiment for detection of IL-1β protein levels, cells were collected 

by centrifugation and suspended at 2.5×106 cells/ml; 20 μl of cells were plated in sets of 

three into individual wells, with each set consisting of biological triplicates, using a 384 

well tissue culture plate (Greiner, catalog #781280). Conditions were represented in sets of 3 

units (wells), with each unit consisting of an average of biological triplicates (thus, 9 wells/

condition). Stock solution of LPS (Millipore Sigma, catalog #L2630, 5 mg/ml) was diluted 

in complete medium to prepare a 200 ng/ml solution (2x solution). Control (complete RPMI 

media only) or LPS in 25 μl volumes was added to respective wells containing 20 μl of 

complete RPMI media resulting in a 45 μl well volume to allow for the addition of 5 μl 

stock pramipexole in the subsequent step. Pramipexole stock solution (1 μg/μl) was thawed 

on ice and was first diluted to 10x concentrations (5 ng/ml or 50 pg/ml). A total of 5 

μl of the stock pramipexole was added to the wells containing 45 μl of the previously 

prepared RPMI media (with or without LPS), resulting in a further 1:10 dilution with a final 

pramipexole concentration in each well of 500 pg/ml or 5 pg/ml. We chose lower doses 

than that examined in vivo to account for the lack of drug metabolism occurring in a highly 

controlled cell culture system with the goal of identifying efficacy at low doses and to avoid 

spurious effects at exceptionally high doses. 5 μl of pramipexole or complete medium was 

added to respective wells. The plate was placed on a plate shaker for 60 sec for mixing. Cells 

were then incubated overnight (20 hrs) and cell supernatant samples were used for detecting 

IL-1β protein levels, detailed below.

IL-1β detection from THP-1 cells

Culture supernatants from THP-1 cells were assayed for the presence of IL-1β using the 

MultiCyt® QBeads® Human PlexScreen Secreted Protein Assay Kit (Intellicyte, NM, USA). 

The assay was performed according to the manufacturer’s instructions. Using a similar 

principle as sandwich ELISA, QBeads® technology allowed faster quantitative measurement 

of IL-1β levels from fresh supernatant samples. Briefly, following LPS and pramipexole 

treatments, supernatants were harvested from individual wells and placed in 384 well assay 

plates (Eppendorf twin.tec PCR plates) and analyzed immediately. Samples were added 

to wells containing the IL-1β capture beads (beads coated with antibodies against IL-1β) 

in appropriate buffer provided with the kit and were incubated at room temperature with 

rotation. Fluorescent detection antibodies were then added and the assay plate was incubated 

for an additional 2 hr at room temperature, protected from light with rotation. This allows 
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the fluorescent signal to be associated with the “capture antibody-IL-1β complex”, with the 

intensity of the fluorescence directly correlating to the quantity of bound IL-1β. A blank 

control (media only) and different dilutions of IL-1β standards (lyophilized standards were 

provided by the kit) were run in parallel to ensure the detection parameters for the unknown 

samples falls within the range of the standards. A plate shaker was used in each step to 

ensure thorough mixing. After the incubation steps were completed, plates were sampled 

using the HyperCyt™ high throughput flow cytometry platform.

The HyperCyt™ instrument consists of an autosampler (e.g., Gilson Gx-274), a peristaltic 

pump (Gilson Minipuls 3), tubing, and an inlet probe that connects to a compatible flow 

cytometer. These studies used an Accuri C6. The associated software includes HyperSip™ 

which controls the autosampler and is used to compose microtiter plate templates, and 

HyperView™ which is used to bin the time-resolved data files stored in flow cytometry 

standard 2.0 or 3.0 formats. The platform is set up as described (Edwards et al. 2006).

Peripheral immune cell stimulation

To complement existing reports examining the effect of dexpramipexole on sensory neuron 

cultures from the rat (Urru et al. 2020), splenocytes from the rat were collected and these 

leukocytes, that readily express TLR4-NFkB pathway factors, were stimulated in vitro 
as previously described (Noor et al. 2017; Sanchez et al. 2017). Because D2 receptors 

expressed on leukocytes are activated by pramipexole, and transcriptionally upregulate IL-10 

(Besser, Ganor, and Levite 2005), dexpramipexole was examined in the current experiment 

to address the possibility that D2-independent actions can enhance IL-10 mRNA following 

immunological priming. Following deep isoflurane (10 min in 5% isoflurane and in oxygen 

at 2 L/min) anesthesia and rapid transcardial perfusion with ice cold 0.1 M phosphate 

buffered saline (PBS; pH = 7.4; flow rate 10 mL/min) the spleen was collected, and 

hand homogenized using a sterilized glass tissue homogenizer. Splenocytes were isolated 

and resuspended in RPMI 1640 complete medium supplemented with 10% (v/v) fetal 

bovine serum (FBS) (Sigma-Aldrich), 2.0 mM L-glutamine (Thermos Fisher Scientific, 

PA, USA), 50 μM 2-mercaptoethanol (Sigma-Aldrich), 100 U/ml penicillin and 100 μg/ml 

streptomycin (Thermos Fisher Scientific, PA, USA) to a cell density of 0.4 million cells/well 

in a 24-well culture plate (Corning Costar, Sigma-Aldrich). Each condition is conducted 

in triplicate. Resting cultured splenic leukocytes typically require immunological priming 

to observe cytokine production, including IL-10 (Kakugawa et al. 2000; Fiorentino et al. 

1991). Cells were either unstimulated, or to induce immunological priming, stimulated 

with 1 μg/ml lipopolysaccharide (LPS; diluted in RPMI; Sigma-Aldrich, St. Louis, MO, 

USA). Stimulated cells were treated with or without 2 μg/ml dexpramipexole at 37 °C. As 

guidance, we followed a dose used in a human monocyte-derived osteoclast cell culture 

(0.5ug) study (Hanami et al. 2013), and included a 100-fold lower dose. Following a 24-h 

stimulation with LPS, cells were collected and stored in Qiazol Lysis Reagent (Qiazol; 

Qiagen; Cat#79306), at −80 °C for RNA extraction. Longer LPS duration incubation times 

under these conditions can generate spurious cellular responses unrelated to the treatment 

conditions.
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RNA extraction and quantitative real-time PCR for IL-10 detection

Total RNA was extracted as described previously (Noor et al. 2019; Vanderwall et al. 2017). 

Briefly, extraction was performed using the miRNeasy Micro Kit (Qiagen; Cat#217084) 

per manufacturer’s instructions except where noted. Homogenization was performed using 

a motorized VWR disposable pellet mixer and cordless mortar pestle system (VWR; 

cordless pestle motor: Cat#47747-370; 1.5 mL microtubes: Cat#47747-362; 1.5 mL pestle: 

Cat#47747-358 followed by addition of Qiazol Lysis Reagent. See Noor et al., (Noor et al. 

2019) for further details.

Once collected, total RNA samples were diluted to a standardized RNA concentration. 

Total RNA (0.9–1.2 μg) was used to synthesize cDNA. For reverse transcription (cDNA), 

SuperScript™ IV VILO™ cDNA Synthesis Kit (Invitrogen) was used per manufacturer’s 

instructions. The levels of mRNA transcripts were measured and analyzed, as previously 

described (Noor et al. 2019). The 1:200 dilutions of cDNA were used for assessment of the 

normalizer transcripts (18s RNA) for each of the tissue samples. Levels of IL-10 mRNA 

as well as 18s rRNA (Rn18s) were assayed in triplicate via quantitative real-time PCR 

(qRT-PCR) with Taqman Gene Expression Assays (cat# 4351370, ThermoFisher Scientific). 

In cases of triplicates with standard deviation of more than 0.1, the average value of the 

two closest replicates were included. All selected gene expression assays were identified 

by the manufacturer to be the “best coverage” assays, and designed to exclude detection of 

genomic DNA. Relative mRNA levels were analyzed with the formula: C = 2CTNormalizer/
2CTTarget, as previously described (Livak and Schmittgen 2001).

Statistical analysis

Behavioral statistical analyses for i.v. pramipexole and dexpramipexole were performed 

using GraphPad Prism version 9.4.0. The assumption of sphericity was assessed using 

Mauchly’s Test of Sphericity (α = 0.05) and if the assumption of sphericity was violated 

(p < 0.05), the reported degrees of freedom and p-values were adjusted using the applicable 

Greenhouse-Geisser correction to protect against Type-I errors. Analyses of ipsilateral 

hindpaw behavioral thresholds were conducted separately from contralateral hindpaw 

thresholds. A one-way analysis of variance (ANOVA) was performed to assess differences in 

hindpaw sensitivity between groups at BL, and a two-way repeated measures ANOVA was 

conducted after sciatic nerve manipulation, at Days 3, 7 & 10 post-surgery. Additionally, to 

detect main effects of sciatic nerve manipulation and drug treatment, a two-way repeated 

measures ANOVA was conducted at 0 (day 10 prior to drug injection), 1, 2, 3, 24, 48 & 

72 hrs (pramipexole) or at 0, 1, 2, 24 and 48 hrs (dexpramipexole) after injection. Tukey’s 

multiple comparison’s test was performed for all post hoc analyses at each timepoint to 

make comparisons between each treatment group. All hindpaw sensitivity data was graphed 

using GraphPad Prism version 9.4.0 (GraphPad Software Inc.; RRID:SCR_002798) and 

presented as the mean ± standard error of the mean (SEM). Analyses of IL-1β protein 

production from THP-1 cell culture was conducted applying a 2-way ANOVA. Analyses of 

IL-10 mRNA cytokine levels from rat splenocyte cell culture were performed applying a 

one-way ANOVA using GraphPad Prism version 9.4.0. All graphics data are represented as 

mean ± standard error of the mean (SEM).
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Results.

Pramipexole (Px) fully reverses CCI allodynia in mice.

At baseline (BL), mice displayed no significant differences in hindpaw sensitivity 

(ipsilateral: F3,20 = 1.628, p = 0.215; contralateral: F3,20 = 0.158, p = 0.924) (Fig. 1A & 

B), in support of our prior reports. Following surgical manipulation, CCI mice displayed an 

increase in hindpaw sensitivity during a 10-day timecourse (Fig. 1A & B), with a main effect 

of time (ipsilateral: F1.7,34.6 = 27.91, p < 0.0001; contralateral: F1.8,35.3 = 27.75, p < 0.0001), 

surgery (ipsilateral: F3,20 = 139.8, p < 0.0001; contralateral: F3,20 = 134.4, p < 0.0001), and 

an interaction between time and surgery (ipsilateral: F6,40 = 9.29, p < 0.0001; contralateral: 

F6,40 = 10.63, p < 0.0001). Sham-operated mice revealed hindpaw responses similar to BL 

levels throughout the timecourse. Following hindpaw assessment, mice received i.v. Px on 

Day 10 and revealed a complete reversal from allodynia within 1 hr that persisted through 3 

hrs, with allodynia returning by 24 hrs and remaining stable through 72 hrs, as demonstrated 

by a main effect of CCI surgery (ipsilateral: F1,70 = 1059, p < 0.0001; contralateral: F1,70 = 

893.8, p < 0.0001), Px treatment (ipsilateral: F1,70 = 135.4, p < 0.0001; contralateral: F1,70 

=113.0, p < 0.0001), and interactions between CCI surgery and Px treatment (ipsilateral: 

F1,70 = 92.34, p < 0.0001; contralateral: F1,70 = 102.7, P = < 0.0001), and time (ipsilateral: 

F6,70 = 26.89, p < 0.0001; contralateral: F6,70 = 16.94, p < 0.0001), was observed (Fig. 1A & 

B).

Dexpramipexole (DPX) fully reverses CCI allodynia in mice.

At baseline (BL), mice did not display significant differences in hindpaw sensitivity 

(ipsilateral: F3,16 = 0.561, p = 0.6486; contralateral: F3,16 = 0.1454, p = 0.9312) (Fig. 

2A & B). However, following CCI manipulation, mice displayed an increase in hindpaw 

sensitivity over a 10-day timecourse relative BL thresholds (Fig 2A & B), with a main effect 

of time (ipsilateral: F2.3,30.0 = 28.47, p < 0.0001; contralateral: F2.6,42.2 = 8.73, p < 0.001), 

surgery (ipsilateral: F1,16 = 68.12, p < 0.0001; contralateral: F1,16 = 28.16, p < 0.001), and 

an interaction between time and surgery (ipsilateral: F3,48 = 17.70, p < 0.0001; contralateral: 

F3,48 = 11.00, p < 0.0001). Sham-operated mice revealed hindpaw responses similar to BL 

levels throughout the timecourse.

By Day 10, CCI-treated mice were fully allodynic bilaterally relative to sham treated 

mice (Fig. 2A & B) (ipsilateral: F3,16 = 55.06, p < 0.0001; contralateral: F3,16 = 11, p 

< 0.0005). Following hindpaw assessment, mice received i.v. DPX (0.5 μg), a dose that 

revealed efficacy from Px treatment. Thus, analyses supported a main effect of sciatic 

nerve manipulation (Sham vs. CCI) on hindpaw thresholds (ipsilateral: F0.68,5.4 = 704.2, 

p < 0.0001; contralateral: F0.51,4.9 = 688.7, p < 0.0001), a main effect of DPX treatment 

(ipsilateral: F1,8 = 43.77, p < 0.0005; contralateral: F1,8 = 20.37, p < 0.005), an interaction 

between time and DPX treatment (ipsilateral: F3,24 = 22.22, p < 0.0001; contralateral F3,24 

= 6.07, p < 0.005), and an interaction of CCI, DPX treatment and time (ipsilateral: F2,24 

= 7.946, p < 0.001; contralateral: F2,24 = 7.33, p < 0.005) impacting hindpaw thresholds. 

Notably, compared to vehicle-treated allodynic mice, a complete reversal from allodynia was 

observed within 1 hr that persisted through 2 hrs, with allodynia returning by 24 hrs and 

remaining stable at the last time point assessed, 48 hrs (p < 0.0001).
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Pramipexole (Px) treatment suppresses IL-1β release in activated human monocytes.

Pramipexole suppresses the pro-nociceptive cytokine, interleukin-1beta (IL-1β) from being 

released from human monocytes after classic TLR-4 immune cell stimulation with LPS 

(Fig. 3A). While Px (5 pg and 500 pg) does not significantly alter basal cellular levels 

of IL-1β protein, LPS in the absence of Px significantly elevates IL-1β protein (F1,17 = 

40.56, p < 0.001). However, both 5 pg and 500 pg of Px in the presence of LPS stimulation 

significantly blunts IL-1β release (F2,17 = 5.158, p < 0.02). These doses given to isolated 

human monocyte cells in culture are 10,000 and 1000-fold lower than doses given to mice 

for in vivo application to reverse allodynia (Fig. 1A & B).

Dexpramipexole (DPX) treatment increases IL-10 production in TLR4-activated 
splenocytes.

Providing evidence for direct anti-inflammatory actions of DPX, splenocytes produce 

enhanced anti-inflammatory IL-10 cytokine levels in the presence of DPX (Fig. 3B). 

Compared to untreated isolated splenocytes, LPS induces a predictable and robust increase 

in IL-10 mRNA levels, with DPX inducing further IL-10 mRNA production despite the 

continuous challenge of LPS. A one-way ANOVA revealed DPX generated a significant 

increase in IL-10 mRNA (F2,6 = 16.37, p < 0.005). The additional elevation of IL-10 

production in response to DPX with LPS is a compensatory endogenous response to mitigate 

the impact of powerful proinflammatory actions stimulated from the activation of the TLR-4 

receptor.

Discussion

The current report demonstrates that FDA-approved pramipexole ((−)-pramipexole)), a D2/

D3-preferring agonist, transiently reverses chronic bilateral allodynia induced by sciatic 

nerve damage using the well-characterized CCI model (Bennett and Xie 1988) (Fig. 1). The 

observed bilateral allodynia is supported by previous reports utilizing the CCI model in the 

rat and the mouse (Noor et al. 2020; Noor S 2018; Wilkerson et al. 2020; Wilkerson et 

al. 2022; Dubovy et al. 2007; Hatashita et al. 2008; Kleinschnitz et al. 2005; Ruohonen 

et al. 2002; Schreiber, Beitz, and Wilcox 2008). Additionally, these published reports 

show concurrent spinal cord NF-κB and cytokine alterations and bilateral glial activation 

following CCI (Noor et al. 2019; Vanderwall et al. 2017; Wilkerson et al. 2020; Wilkerson 

et al. 2022). NF-κB is a transcription factor important in the production of proinflammatory 

cytokines including IL-1β (Niederberger and Geisslinger 2008; Molina-Holgado et al. 

2003; Ozaktay et al. 2006; Samad et al. 2004; Viviani et al. 2003; Wieseler-Frank et al. 

2004), and other rodent models of pathological pain have demonstrated involvement of 

the TLR4-NFkB-inflammatory cytokine cascade (Grace et al. 2021; Woller et al. 2016). 

The neuroimmune contribution to pathological pain is speculated to occur when damaged 

axons of nociceptors release several endogenous cell-stress signaling molecules within the 

dorsal horn of the spinal cord and activate locally expressed TLR4 innate immune receptors 

expressed mostly on surrounding glial cells (astrocytes and microglia). TLR4-induced 

glial activation results in proinflammatory cytokine release, including IL-1β, acting on 

post-synaptic neurons as well as perisynaptic glia. Thus, the TLR4-mediated neuroimmune 

process has been characterized to play a key role in pathological pain induced in a wide 
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range of animal models (Grace et al. 2018; Hutchinson et al. 2008; Watkins et al. 2009). 

Together, these prior reports and the current data strongly suggest that the anti-allodynic 

effects of both pramipexole and dexpramipexole examined in the chronic CCI model may 

likely extend to a variety of these other widely-used neuropathic pain models.

The anti-inflammatory actions of pramipexole were demonstrated in mouse models of 

hindpaw inflammation (e.g., carrageenan, formalin or 12-O-tetradecanoylphorbol-13-acetate 

(TPA), whereby, a substantial reduction in local neutrophil infiltration and subcutaneous 

edema following pramipexole treatment was observed. These observations established 

that pramipexole acted independently of antioxidant mechanisms in the anti-inflammatory 

response (Sadeghi et al. 2017). The pain-suppressive effects of pramipexole acting via 

anti-inflammatory mechanisms was demonstrated when pramipexole reduced spinal levels 

of NF-kB and IL-1β in rats with mechanical allodynia caused by subcutaneous formalin in 

the dorsal surface of the hind paw, an established model of inflammatory pain (Santamaria-

Anzures et al. 2023).

However, it is not well-understood how pramipexole may act to reduce NF-kB activation 

and subsequent and IL-1β. One possibility may through pramipexole’s action on D2. Indeed, 

D2 is expressed on pathologically activated resident microglia, and on peripherally derived 

macrophages, (Huck et al. 2015), as well as on astrocytes, with D2 generally characterized 

to couple to inhibitory Gαi protein (Rangel-Barajas, Coronel, and Floran 2015; Sibley, 

Monsma, and Shen 1993). Upon D2-specific agonist activation, stimulated astrocytes reduce 

IL-1β production (Zhu et al. 2018). Thus, while speculative, it is possible that pramipexole 

may act to reduce TLR4-mediated spinal glial activation and consequent NF-kB-IL-1β 
induction through activation of spinal D2. In support of pramipexole’s anti-inflammatory 

actions, data from the current studies using THP-1 immune-stimulated cultured cells that 

express high levels of TLR4 revealed suppressed IL-1β protein levels when treated with 

pramipexole (Fig. 3A). Notably, immune cells like THP-1 cells express D2 receptors 

suggesting the possible involvement of D2 actions. It is important to point out that receptors 

for dopamine (D2/D3) are distributed throughout the spinal cord dorsoventral axis (Zhu et 

al. 2007), and dopamine plays key regulatory roles in spinal cord pain modulation through 

inhibition of nociceptive relays at the level of the dorsal horn spinal cord (Garcia-Ramirez 

et al. 2014; Tamae et al. 2005). It is an intriguing possibility that pramipexole impacts the 

neuroimmune-D2 interface to treat in chronic pain; however, more work is needed to explore 

this possibility.

While pramipexole may be a promising therapeutic for off-label application of treating 

pathological pain, a drawback is the widespread D2/D3 expression throughout the CNS 

resulting in non-specific side-effects. The current report utilized the clinically-approved 

dexpramipexole ((+)-pramipexole)) to analyze its anti-allodynic effects with minimal D2/D3 

action. The data show a similar pattern of transient anti-allodynia by dexpramipexole that 

is similar to that observed with pramipexole. That is, dexpramipexole transiently reversed 

CCI-induced bilateral allodynia within 1 hr of administration with allodynia returning 

by 24 hours and remaining stably allodynic thereafter (Fig. 2). These data support the 

prior work showing the anti-allodynic actions of CCI-nerve damage (Urru et al. 2020). 

In work by Urru and colleagues, dexpramipexole binds the specific voltage-gated sodium 
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channel (Nav) 1.8, (Urru et al. 2020), which is present within peripheral and spinal central 

terminals of primary nociceptors (Waxman and Zamponi 2014). Peripheral administration of 

dexpramipexole demonstrates activity as a neuronal Nav1.8 antagonist and acutely reduces 

the nociceptive behavior induced by inflammatory pain from hindpaw formalin injection or 

induction of ankle arthritis, or in the mouse neuropathic pain models such as sciatic nerve 

damage, chemotherapy- and diabetic-induced neuropathy (Urru et al. 2020). The current 

report adminstered dexpramipexole peripherally, and therefore, it is entirely possible that 

the anti-allodynic effects of dexpramipexole are via its action at Nav1.8. However, it is 

additionally possible that the actions of dexpramipexole as a potential pain therapeutic may 

also involve reduced levels of IL-1β at the level of the spinal cord.

The current report adds to prior reports demonstrating the observed bilateral of allodynia 

induced by unilateral CCI, which reflects pathological nociceptive signaling at the level 

of the spinal cord (Noor et al. 2020; Noor S 2018; Wilkerson et al. 2020; Wilkerson et 

al. 2022; Dubovy et al. 2007; Hatashita et al. 2008; Kleinschnitz et al. 2005; Ruohonen 

et al. 2002; Schreiber, Beitz, and Wilcox 2008). Spinal cords of animals with bilateral 

allodynia were characterized with bilateral glial activation and a variety of proinflammatory 

factors (Noor et al. 2019; Vanderwall et al. 2017; Wilkerson et al. 2020; Wilkerson et al. 

2022). The observed bilateral allodynia in mice from the current report and bilateral reversal 

from allodynia from i.v. pramipexole and, separately, dexpramipexole, suggests that their 

anti-allodynic actions occur not only at Nav1.8 channels on nociceptive fibers, but also at 

the level of the spinal cord. The current report utilized rat splenocytes to complement Urru 
and colleagues (Urru et al. 2020) who demonstrated that dexpramipexole impacts sodium 

currents in rat sensory ganglion cells. Results from the cultured splenocytes treated with 

dexpramipexole revealed significantly elevated mRNA expression levels of the potent anti-

inflammatory cytokine IL-10 (Fig. 3B). However, these data do not test the possibility that 

dexpramipexole may induce IL-10 production without requiring splenocyte stimulation; that 

dexpramipexole may raise basal levels of IL-10 production. Despite this drawback, these 

results are complementary to existing reports, as a number of studies have examined the 

impact of dexpramipexole on rat neurons (Alavian et al. 2012; Cao et al. 2016; Coppi et al. 

2021; Coppi et al. 2018; Gribkoff and Bozik 2008; Urru et al. 2020), and rat immune cells 

utilized in the current report provides additional information on the neuroimmune-specific 

actions of dexpramipexole. Given that dexpramipexole has significantly reduced D2/D3 

activity (Gribkoff and Bozik 2008), the anti-inflammatory actions of dexpramipexole likely 

occur through D2/D3-independent mechanisms, which is worthy of further investigation. 

While dexpramipexole is a promising pain therapeutic, additional studies are needed to 

examine its IL-10 enhancing effects in peripheral neuroimmune and CNS neuroimmune 

actions.

Due to the anti-inflammatory properties of dexpramipexole, its application may extend 

beyond solely treating neuropathic pain. Indeed, high comorbidity rates for chronic pain, 

sleep disorders, and depression exists, and treating pain may also benefit the treatment for 

depression (Cohen and Mao 2014). For example, patients with neuropathic pain caused 

by nerve injury usually present with co-morbid affective changes including depression. 

Reports show that neuroglia may play a role in the development of depression, just as 

they do in the development of neuropathic pain. As such, it has been suggested that 
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neuroglia in neuropathic pain also play a key role with the development of depression in 

pain patients (Liu et al. 2021). There is a strong link between brain glial inflammatory 

cytokines and depression (Jeon and Kim 2017), thus, implicating the local actions 

of proinflammatory cytokines and the possible benefit of elevated expression of the 

endogenous anti-inflammatory cytokine, IL-10. While pramipexole has been reported to 

induce promising responses in chronic and severe treatment-resistant depressed patients, 

including bipolar disorder (Fawcett et al. 2016), and the potential anti-inflammatory 

actions of pramipexole have been hypothesized to facilitate the anti-depressive efficacy in 

preclinical models (Lieberknecht et al. 2017) and clinically (Escalona and Fawcett 2017), 

it is possible that dexpramipexole may be a better target and could provide a blueprint 

for future therapeutics aimed at controlling neuropathic pain and depression co-morbidities 

without the possible unintended side effects of acting at D2/D3 throughout the brain.

In summary, the data reported herein confirm and extend prior reports that FDA-approved 

((−)-pramipexole)), and its enantiomer, dexpramipexole ((+)-pramipexole)) that is clinically 

approved, both with good safety profiles, are therapeutically viable agents for treating 

chronic neuropathic pain, and may provide a blueprint for next-generation pain therapeutics. 

While more work is needed to better understand the pleiotropic mechanisms of pramipexole 

and dexpramipexole, the low doses utilized in the current report that produced robust 

anti-allodynia support their therapeutic promise as compounds capable of pain control 

without creating analgesia. Moreover, multifaceted approaches for pain treatment have been 

emerging, and pramipexole and dexpramipexole may fulfill the necessity to target more 

than one underlying mechanism in the etiological development of pathological pain such as 

targeting D2/D3 actions, anti-inflammatory pathways, and/or inhibiting Nav1.8 signaling.
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Highlights

• Pramipexole and dexpramipexole are anti-inflammatory agents and induce 

anti-allodynia

• Pramipexole directly blunts IL-1β protein levels in human stimulated 

monocytes

• Dexpramipexole increases IL-10 production in stimulated peripheral 

leukocytes
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Figure 1: Injection of pramipexole (Px) fully reverses CCI-induced hindpaw allodynia in mice.
Behavioral responses to light touch stimuli applied to the plantar surface of the hindpaw 

ipsilateral (A) and contralateral (B) to sciatic nerve chronic constriction injury (CCI) reveal 

that stimulus thresholds of mice at baseline (BL) are similar between all groups. Following 

sciatic nerve manipulation, sham treatment results in bilaterally stable non-sensitized 

hindpaw responses, while CCI induces robust development of bilateral allodynia that peaks 

by Day 10. After behavioral assessment of all mice on Day 10, mice received intravenous 

(i.v.) 0.5 ug pramipexole (Px), or equivolume vehicle. Px given to sham-treated mice does 

not alter hindpaw thresholds throughout the remainder of the timecourse, demonstrating that 

Px, per se, does not impact normal sensory thresholds under non-pathological conditions. 

Px transiently reverses bilateral allodynia compared to vehicle-injected CCI-treated mice. 

Maximal bilateral reversal from allodynia is observed from 1–3 hrs, with bilateral allodynia 

returning by 24 hrs and remaining stable through 72 hrs after injection. Each timepoint 

marked with * indicates post-hoc analysis confirming that mice with CCI and treated with 

vehicle of Px remained robustly allodynic compared to sham given vehicle or Px, and CCI 

mice treated with Px. * = p < 0.0001
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Figure 2: Injection of dexpramipexole (DPX) fully reverses CCI-induced hindpaw allodynia in 
mice.
Dexpramipexole (DPX) is the stereoisomer of Px, and is functionally distinguishable from 

Px due to DPX’s weak action at dopamine D2/D3 receptors. Behavioral responses to light 

touch stimuli applied to the plantar surface of the hindpaw ipsilateral (A) and contralateral 

(B) to sham or sciatic nerve chronic constriction injury (CCI) reveal that hindpaw responses 

of mice at BL are similar between all groups. Following sciatic nerve manipulation, sham-

treated mice reveal bilaterally stable non-sensitized hindpaw responses, while unilateral CCI 

induces robust development of bilateral allodynia, again peaking by Day 10 after CCI. 

After behavioral assessment of all mice on Day 10, hindpaw thresholds of sham-treated 

mice given either i.v. 0.5 ug DPX or equivolume vehicle remained stable and bilaterally 

responsive but non-allodynic throughout the remainder of the timecourse. However, mice 

treated with i.v. 0.5 ug DPX revealed a complete reversal of allodynia, with maximal 

effects again observed at 1 and 2 hrs after injection, with allodynia returning 24 hrs later 

and remaining stable through 48 hrs. Mice receiving intravenous (i.v.) equivolume vehicle 

remained bilaterally stably allodynic throughout the timecourse. Each timepoint marked 

with * indicates posthoc analysis confirming that mice with CCI and treated with vehicle 

of DPX remained robustly allodynic compared to sham given vehicle or Px, and CCI mice 

treated with DPX. * = p < 0.0001
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Figure 3: Pramipexole (Px) treatment suppresses IL-1β release and dexpramipexole (DPX) 
enhances IL-10 mRNA transcription in LPS stimulated human monocytes and peripheral 
immune cells.
(A) Under cell culture conditions using an undifferentiated human monocyte cell line, 

THP-1 cells, pramipexole is capable of suppressing protein levels of the pro-nociceptive 

cytokine, interleukin-1beta (IL-1β), from being released after classic immune cell 

stimulation with the gram-negative bacteria cell wall particles, lipopolysaccharide (LPS). 

Pramipexole (5 pg and 500 pg) does not significantly alter basal cellular levels of IL-1β. 

However, both 5 pg and 500 pg of pramipexole in the presence of LPS stimulation 

significantly blunts IL-1β protein release. (B) DPX significantly increased mRNA levels 

of the anti-inflammatory cytokine, IL-10. Under cell culture conditions of isolated peripheral 

immune splenocytes, LPS significantly elevated IL-10 mRNA compared to untreated cells. 

LPS + DPX treatment further elevated IL-10 mRNA compared to LPS only treatment. For 

panels A and B, * = P < 0.001.
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