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Abstract

The synthetic cathinone α-pyrrolidinovalerophenone (α-PVP) continues to be abused despite 

being banned by regulatory agencies. The abused formulation of α-PVP is a racemic mixture 

consisting of two enantiomers, S-α-PVP and R-α-PVP. In this study, we investigated the 

neurochemical, behavioral and cardiovascular effects of racemic α-PVP and its enantiomers in 

male rats. Racemic α-PVP blocked the uptake of both dopamine and norephinephrine ex vivo, but 

did not block the uptake of serotonin (5-HT), at their respective transporters. S-α-PVP was 

slightly more potent than racemic α-PVP, while R-α-PVP was 10–20 times less potent at blocking 

dopamine and norepinephrine uptake. In microdialysis studies, racemic and S-α-PVP increased 

extracellular dopamine levels in the nucleus accumbens, but not levels of 5-HT. Racemic and S-α-

PVP also increased locomotor activity. When tested at the same doses, S-α-PVP produced larger 

effects than racemic α-PVP. R-α-PVP also increased extracellular dopamine levels and locomotor 

activity, but only at 30 times higher doses than S-α-PVP. Racemic and S-α-PVP were self-

administered by rats at 0.03 mg/kg/injection, whereas R-α-PVP was self-administered at a 10 

times higher dose. Dose-effect determinations following acquisition suggested that R-α-PVP was 

at least 30 times less potent than S-α-PVP. Finally, racemic and S-α-PVP increased blood pressure 

and heart rate at doses approximately 30 times less than was required for R-α-PVP to produce 

similar effects. These results show that the neurochemical, behavioral and cardiovascular effects of 

racemic α-PVP most likely reflect the actions of S isomer.
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1 INTRODUCTION

Synthetic cathinones are new psychoactive substances that have been used as recreational 

drugs (i.e., for non-medical purposes) in the United States (US) and elsewhere during the 

past decade.1,2 These drugs are structurally-related to cathinone, a naturally-occurring 

compound in the khat plant Catha edulis, whose leaves are chewed for their psychomotor 

stimulant effects. 3,4-Methylenedioxypyrovalerone (MDPV) was one of the first synthetic 

cathinones to gain widespread use and was subsequently classified as a Schedule I 

controlled substance by the US Drug Enforcement Administration.3 Like other psychomotor 

stimulant drugs of abuse, MDPV increases extracellular concentrations of dopamine in brain 

reward pathways, promotes locomotor activity, and supports self-administration behavior in 

laboratory animals.4,5 The mechanism of action for MDPV resembles that of cocaine since 

the drug potently blocks the uptake of dopamine and norepinephrine through their respective 

transporters (DAT and NET). In contrast to cocaine, MDPV has weak activity at serotonin 

(5-HT) transporters (SERT).6–8

α-Pyrrolidinovalerophenone (α-PVP) is a structural analog of MDPV which lacks the 3,4-

methylenedioxy ring substituent. α-PVP was part of the second generation of synthetic 

cathinones that saw widespread abuse and, like MDPV, was classified as a Schedule I 

controlled substance by the DEA.9 Despite this classification, α-PVP continues to be 

abused10, often with fatal consequences.11,12 Like MDPV, α-PVP is an uptake blocker at 

DAT and NET, with little effect at SERT13–16 and α-PVP does not act as a substrate at the 

transporters.17,18 The potent action of α-PVP at DAT leads to an increase in extracellular 

dopamine concentrations in the nucleus accumbens as measured by microdialysis.4,19,20 α-

PVP increases locomotor activity in mice and rats21–25, an effect blocked by dopamine 

antagonists.19,21,23 α-PVP has effects that are predictive of its abuse in humans. It produces 

place preference in mice and rats21,22,26, it reduces intracranial self-stimulation thresholds27 

and is self-administered by rats.20,24,28–33 α-PVP also generalizes to other psychomotor 

stimulants in drug discrimination procedures carried out in rodents and monkeys.22,34,35

MDPV has two enantiomers, R and S, based on absolute configuration. These two isomers 

show dramatic differences in potency. S-MDPV is 50–100 times more potent than R-MDPV 

in blocking uptake at DAT and NET.36 In mice trained to discriminate cocaine from saline, 

both isomers of MDPV fully substitute for cocaine, but the S-isomer is about 100 times 

more potent than the R-isomer.37 S-MDPV also produces clear increases in activity in mice, 

while the R-isomer does not. The S-isomer also produces robust increases in blood pressure 

and heart rate in rats, while the R-isomer fails to do so when administered over a similar 

dose range.38 In rats trained to self-administer racemic MDPV, the S-isomer is about 50 

times more potent than the R-isomer in tests of self-administration on a progressive ratio 

schedule.30 Because of the structural similarity between MDPV and α-PVP, it might be 

predicted that similar differences in potency between the isomers of α-PVP would be 

observed. In studies in rats, Gannon et al.30 showed that S-α-PVP is about 30 times more 

potent than R-α-PVP in supporting self-administration using procedures identical to those 

used for MDPV self-administration, although both isomers induced similar maximal effects. 

Using a taste avoidance procedure, Nelson et al.39 found that racemic and S-α-PVP support 

taste avoidance learning, while across a similar dose range, R-α-PVP does not. Previous 
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studies have uncovered potency differences between R and S enantiomers of α-PVP in 

behavioral assays, but no studies have examined neurochemical or adverse effects of the 

compounds. To this end, the purpose of this study was to carry out a comprehensive 

pharmacological characterization of α-PVP and its enantiomers in a variety of procedures 

examining neurochemical, behavioral and cardiovascular effects in male rats.

2 MATERIALS AND METHODS

2.1 Drugs and Reagents

Racemic α-PVP and its R and S enantiomers were synthesized as HCl salts. Chemical and 

structural analysis included proton nuclear magnetic resonance, gas chromatography/mass 

spectrometry, thin layer chromatography, and melting point determination.40 All data 

confirmed the expected structures. [3H]Transmitters (specific activity ranging from 30–50 

Ci/mmol) were purchased from Perkin Elmer (Shelton, CT, USA). All other chemicals and 

reagents used for the in vitro assays, microdialysis methods, and high-pressure liquid 

chromatography with electrochemical detection (HPLC-ECD) were acquired from Sigma-

Aldrich (St. Louis, MO, USA) unless otherwise noted.

2.2 Animals

Male Sprague-Dawley rats weighing 300–400 g were housed under conditions of controlled 

temperature (22±2 1C) and humidity (45±5%), with food and water freely available. Rats 

were maintained in facilities accredited by the Association for the Assessment and 

Accreditation of Laboratory Animal Care, and procedures were carried out in accordance 

with the Animal Care and Use Committee of the NIDA IRP. For rats used in uptake and 

microdialysis experiments, lights were on from 0700–1900 h and experiments were carried 

out between 0900–1500 h. For rats used in the telemetry and self-administration 

experiments, lights were on from 1900–0700 h (i.e., reverse light-dark phase) and 

experiments were carried out in the dark phase.

2.3 In Vitro Uptake Assays in Synaptosomes

Rats were euthanized by CO2 narcosis, and the brains were processed to yield synaptosomes 

as previously described.41,42 Synaptosomes were prepared from caudate tissue for DAT 

assays whereas synaptosomes were prepared from whole brain, minus caudate and 

cerebellum, for NET and SERT assays. For uptake inhibition assays, 5 nM [3H]dopamine, 

10 nM [3H]norepinephrine, and 5 nM [3H]5-HT were used to assess transport activity at 

DAT, NET and SERT, respectively. The selectivity of uptake assays was optimized for a 

single transporter by including unlabeled blockers to prevent the uptake of [3H]transmitter 

by competing transporters. Uptake inhibition assays were initiated by adding 100 ml of 

tissue suspension to 900 ml Krebs-phosphate buffer (126 mM NaCl, 2.4 mM KCl, 0.83 mM 

CaCl2, 0.8 mM MgCl2, 0.5 mM KH2PO4, 0.5 mM Na2SO4, 11.1mM glucose, 0.05mM 

pargyline, 1mg/ml bovine serum albumin, and 1 mg/ml ascorbic acid, pH 7.4) containing 

test drug and [3H]transmitter. Drug concentrations ranged from 0.1 nM to 10 μM. Uptake 

inhibition assays were terminated by rapid vacuum filtration through Whatman GF/B filters, 

and retained radioactivity was quantified by liquid scintillation counting.
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2.4 In Vivo Microdialysis in Rats

Microdialysis sampling was carried out as described.43 Twenty-seven rats were anesthetized 

with ketamine/xylazine (75/5 mg/kg, i.p.) and received a surgically implanted jugular 

catheter and an intracranial guide cannula aimed at the nucleus accumbens. Rats were 

allowed at least 1 week for recovery from surgery. On the evening before an experiment, a 2 

× 0.5-mm dialysis probe (CMA/12, Harvard Apparatus, Holliston, MA, USA) was inserted 

into the guide cannula, and an extension tube was attached to the jugular catheter. Each rat 

was placed into its own enclosure and connected to a tethering system. Enclosures were 

equipped with a row of photobeams to detect movements (TruScan, Harvard Apparatus). 

Probes were perfused overnight with Ringers’ salt solution pumped at a flow rate of 0.6 ml/

min. On the next morning, dialysate samples were collected at 20-min intervals. Samples 

were immediately assayed for dopamine and 5-HT by HPLC-ECD.44 Rats were randomly 

assigned to groups receiving either drug or saline (n = 6–7 / group) injections. Once three 

stable baseline samples were obtained, rats received two sequential intravenous (i.v.) 

injections of drug: one dose at time zero, followed by a threefold higher dose 60 min later 

(0.1 and 0.3 mg/kg for racemic and S-α-PVP and 1.0 and 3.0 mg/kg for R-α-PVP). Doses 

were chosen based on previous results with MDPV.6,45 Control rats received sequential i.v. 

injections of saline (1 ml/kg) according to the same schedule. Microdialysis samples were 

collected every 20 min throughout the post-injection period of 120 min. Ambulation and 

stereotypy were measured during microdialysis sampling via photobeam breaks. Ambulation 

was defined as forward movement in the horizontal plane, whereas stereotypy was defined 

as repetitive back-and-forth movement within a 2 sec window that did not exceed a 1.5 beam 

spaces. At the end of the experiments, rats were euthanized with CO2 and decapitated. The 

brain sections were examined to verify placement of microdialysis probe tips within the 

nucleus accumbens. Only those rats with correct placements were included in data analyses.

2.5 Self-Administration in Rats

Twenty-seven rats were anesthetized with ketamine/xylazine (80/9.6 mg/kg, i.p.) and 

intravenous (i.v.) jugular catheters were implanted as previously described.45 Concentration 

of drug for self-administration was adjusted for rat body weight to give the desired dose. 

Catheters were flushed before and after each training session with 0.1 ml of a saline solution 

containing 1.25 units/ml heparin and 0.08 mg/ml gentamicin. If a catheter failed during the 

study, a second catheter was implanted on the opposite side. After the second catheter 

failure, the rat was removed from the study.

Ten training chambers were used (ENV-008CT, Med Associates, St. Albans, VT). Each 

chamber was enclosed in a sound-attenuation cubicle equipped with a fan to provide 

ventilation and stable background noise. Each chamber had a grid floor and two nose-poke 

response holes (ENV-114BM, Med Associates), one on each side of a food trough (not used 

in this study). The nose-poke holes could be illuminated from inside the hole by a dim 

yellow light. A houselight was situated above the nose-poke holes. Experimental events 

were controlled by a MED-PC computer system (Med Associates). Following surgery and at 

least 7 days of recovery, the catheters were connected to the extension tubing, and the rats 

were placed in the training chambers every weekday. Sessions began with the illumination 

of the houselight and the two nosepoke holes. A nose-poke in the active hole was reinforced 
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on a fixed-ratio 1 schedule with an infusion of drug, and the houselight and nose-poke hole 

lights were turned off and a 20-s timeout began. Nose-pokes in the inactive hole were 

recorded but had no scheduled consequence. During the timeout, responses were recorded, 

but not reinforced. Following the timeout, the houselight and nose-poke hole lights were 

turned on and active nose-pokes were again reinforced. Whether the right or left nose-poke 

was active was counterbalanced across subjects. Sessions lasted for 2 h. Initial acquisition 

doses were 0.03 mg/kg/inj R,S-α-PVP (n = 9), 0.03 mg/kg/inj S-α-PVP (n = 10), 0.03 

mg/kg/inj R-α-PVP (n = 8), and 0.3 mg/kg/inj R-α-PVP (n = 8). Doses were chosen based 

on previous results with MDPV.45

At least 20 injections/session and a clear separation of active/inactive responses was taken of 

evidence of acquisition, however, this clear evidence of acquisition was not required to 

advance to dose-effect testing. Rats were required to have at least 10 days of acquisition 

training. If day 10 fell at the end of the week, additional acquisition sessions may have been 

given prior to dose-effect testing. Only the first 10 days of acquisition training are reported.

Following acquisition training, dose-effect testing began for all groups except those 

originally trained on 0.03 mg/kg/inj R-α-PVP, since this dose did not support acquisition 

and were not tested further. The dose of each drug was varied to three additional doses. Each 

dose was available for self-administration for 2 hours/day for 3 days, with results for days 2 

and 3 averaged for analysis. Doses were presented in a non-systematic order. Following 

dose-effect testing, the rats were returned to the original training dose for at least 3 days. 

After responding stabilized, saline was substituted for each drug and training continued for 

10 days to evaluate extinction.

2.6 Telemetric Assessment of Cardiovascular Parameters in Rats

Twelve rats were used in the telemetry experiments. Rats implanted with HD-S10 

biotelemetry transmitters were purchased from Data Sciences International (DSI, St. Paul, 

MN). After surgical recovery at DSI, the rats were shipped to NIDA in Baltimore and 

underwent a 7-day quarantine. Following release from quarantine, food was restricted to 

maintain a constant or slowly increasing weight not to exceed 500 gms over the course of 

the experiment. This was done so the position of the pressure transducer within the aorta was 

not significantly changed over the course of the experiment.

The rats were subsequently adapted to the experimental chambers and injection procedure 

over a period of 3–4 weeks. Each weekday, the rats were transported to the procedure room 

where the food and water were removed from the home cage and the entire home cage was 

placed on top of a telemetry receiver (RPC-001, Data Sciences) inside a small acoustical 

chamber (BRS/LVE, Laurel, MD). Transmitters were turned on by placing a magnet near the 

abdomen of the rat. The chambers were then closed and experimental parameters were 

monitored for 3 hrs. Mean arterial blood pressure, heart rate and body temperature were 

sampled for 10 s every minute for 3 h. At the end of the session, the transmitters were turned 

off by again placing a magnet near the abdomen of the rats, water and food were returned to 

the home cage, and the rats were returned to the housing room. Once experimental 

parameters were stable during daily exposure to the chambers and injection (s.c.) 

procedures, seven rats were tested with R,S-α-PVP and S-α-PVP over a dose range of 0.3 – 
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3.0 mg/kg. Five additional rats were tested with R-α-PVP over a dose range of 3.0 – 30 

mg/kg. Doses were chosen based on previous results with MDPV.38

On any one day, all rats were tested at the same drug and dose, however, drug and dose order 

were non-systematic (i.e., not simply increasing or decreasing doses of the same drug). The 

rats were tested with drug or vehicle no more frequently than twice per week, typically on 

Tuesday and Friday.

2.7 Data Analysis and Statistics

All statistical analyses were carried out using GraphPad Prism (v. 5.0 or newer; GraphPad 

Scientific, San Diego, CA, USA), except for the self-administration data that were analyzed 

using R version 3.4.4. For synaptosome assays, IC50 values for inhibition of uptake were 

calculated based on non-linear regression analysis. Neurochemical data from microdialysis 

experiments were normalized to percentage of preinjection baseline (based on three pre-

injection samples) and evaluated using two-way analysis of variance (dose × time) followed 

by Bonferroni’s post hoc test. For self-administration studies, only responses during the 

reinforcement period were used for analysis. Timeout responses were not included but were 

generally very low following the first couple of days of training. Data from the self-

administration experiments were analyzed using a linear mixed-effects model. For the 

acquisition and extinction analysis, day and response (active/inactive) were treated as 

within-subject factors. For the dose-effect study, dose was treated as a within-subject factor. 

Dose/h was calculated by multiplying the total number of infusions by the dose/infusion and 

dividing by the 2 h session time. The telemetry data were collapsed across the 3-h sampling 

period to yield mean heart rate (beats/min), blood pressure (mm Hg) and temperature (°C) at 

each drug dose. These parameters were used to construct dose–effect curves, which were 

analyzed by one-factor analysis of variance (dose) followed by Dunnet’s post hoc test to 

determine differences from control. To calculate ED50 values for blood pressure and heart 

rate, the average values for saline and the average maximal effect at the highest dose tested 

were calculated. The halfway point between these two values was used to determine the 

ED50 (109.5 mm Hg for blood pressure and 315.4 beats/min for heart rate). P < 0.05 was the 

minimum criterion for statistical significance.

3 RESULTS

3.1 [H3]Neurotransmitter uptake

Fig. 1 depicts the effects of α-PVP and its enantiomers on inhibition of uptake at DAT, NET 

and SERT as compared to (−)-cocaine. Racemic α-PVP and its enantiomers blocked the 

uptake of [3H]dopamine and [3H]norepinephrine by their respective transporters, as did 

cocaine. Unlike cocaine, α-PVP and its enantiomers did not block the uptake of [3H]5-HT 

by SERT. Cocaine was non-selective, showing similar potency in blocking uptake at all three 

transporters. R-α-PVP was 20–40 times less potent than S-α-PVP at the NET and DAT 

respectively. S-α-PVP was about 2 times more potent than the racemate at DAT and NET 

(Table 1). The weaker R-isomer was nearly identical in potency to cocaine at DAT and NET 

suggesting potential in vivo activity similar to cocaine. Racemic α-PVP and S-α-PVP had 
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similar potency at DAT and NET, with R-α-PVP showing a slight preference for NET over 

DAT. All the drugs tested appear to be fully efficacious as uptake blockers at DAT and NET.

3.2 Microdialysis

Fig. 2 illustrates the effects of α-PVP and its enantiomers on neurochemistry and locomotor 

behavior in rats undergoing in vivo microdialysis in the nucleus accumbens. α-PVP 

produced increases in extracellular levels of dopamine (Fig. 2a, F24,207 = 11.8, p < 0.001), 

but no changes in extracellular levels of 5-HT (Fig. 2b, F24,207 = 1.0, p > 0.4). The increases 

in dopamine were most pronounced with S-α-PVP, (n = 7) with racemic α-PVP (n = 7) 

producing smaller increases over saline (n = 7) at the same doses (0.1 and 0.3 mg/kg). It 

required a dose of 3 mg/kg R-α-PVP (n = 6) to produce a significant increase in dopamine, 

and that effect was less than half that seen with 0.3 mg/kg S-α-PVP.

At the same time rats were undergoing the microdialysis testing, they were also monitored 

for locomotor activity. Overall activity (Fig. 2c, F24,207 = 20.6, p < 0.001) and stereotypy 

(Fig. 2d, F24,207 = 6.5, p < 0.001) were increased in parallel to the increases in dopamine in 

the nucleus accumbens. S-α-PVP increased overall activity and stereotypy at the lowest dose 

(0.1 mg/kg) tested with even larger increases seen at 0.3 mg/kg. Racemic α-PVP also 

increased activity and stereotypy at 0.3 mg/kg, but this increase was less than that seen with 

S-α-PVP. Finally, only at a higher dose of 3 mg/kg of R-α-PVP were significant increases in 

activity and stereotypy observed. These results suggest that in vivo, S-α-PVP is at least 30 

times more potent than R-α-PVP on these behavioral measures.

3.3 Self-administration

Fig. 3 panels a and b show 10 days of acquisition for rats trained with 0.03 mg/kg/injection 

of racemic and S-α-PVP. Rats trained with 0.03 mg/kg/injection R-α-PVP did not show 

evidence of acquisition (data not shown, F9,68 = 1.99). Rats trained at a 10-fold higher dose 

of R-α-PVP (0.3 mg/kg/injection) did show evidence of acquisition (Fig. 3c). All rats 

completed 10 days of acquisition with the exception of 2 rats trained with S-α-PVP. For 

those 2 rats, one completed 8 days of training and another completed 9 days prior to catheter 

loss. In general, rats responded in both the active and inactive nose-poke hole over the first 

few days of training of self-administration for racemic (Fig. 3a) and S-α-PVP (Fig. 3b), with 

a clear separation between active and inactive holes by the 6th day of training (racemic α-

PVP F9.80 = 2.2, p < 0.05, S-α-PVP F9,87 = 2.3, p < 0.05). The high number of inactive 

responses on day 1 for S-α-PVP was due to a high number of responses (891) for one rat. 

All 10 rats trained with S-α-PVP showed clear evidence of self-administration and 8 of the 9 

rats trained on the racemic showed clear evidence of acquisition. For the higher dose of R-α-

PVP, there was no clear evidence of a change in active/inactive responding over days, but 

there was a significant overall effect of response (F1,70 = 9.8, p < 0.01). Six of the 8 rats 

trained on 0.3 mg/kg injection R-α-PVP showed clear evidence of acquisition. In general, 

responding was more variable for R-α-PVP in comparison to the other two drugs.

Following acquisition, the rats were tested with a range of doses of the drug they were 

trained with, and the results are shown in Fig. 4 (responses Fig. 4a, intake Fig. 4b). Each 

dose was tested for 3 days, with the last 2 days averaged. Due to catheter loss, not all rats 
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received all doses. For racemic α-PVP, dose-effect data are from 7–9 rats, for S-α-PVP data 

are from 8 rats and for 3.0 mg/kg R-α-PVP data are from 6 rats. Results for saline are 

following 10 days of extinction with all rats completing dose-effect testing also completing 

extinction. Racemic α-PVP showed a typical inverted U-shaped dose-effect function with a 

peak of responding at 0.01 mg/kg/injection (F4,36 = 10.1, p < 0.001) that was significantly 

above saline control levels. Intake increased across all four doses of racemic α-PVP tested, 

with intake of the 3 higher doses being significantly above that of 0.003 mg/kg/injection 

(F3,30 = 33.8, p < 0.001). Responses for S-α-PVP were highest at the lowest dose tested 

(0.003 mg/kg/injection) and decreased in a dose-dependent manner at higher doses. Both of 

the lower doses tested were significantly above extinction levels (F4,35 = 33.6, p < 0.001) 

and both doses showed more responding than the highest dose tested. The 0.003 and 0.01 

mg/kg/injection doses did not differ significantly. Again, intake increased in a dose-

dependent manner across dose of S-α-PVP. Intake for the 0.003 mg/kg/injection dose was 

significantly lower than for the other 3 doses. Intake for 0.01 mg/kg/injection was lower than 

0.1 mg/kg/injection. The dose-effect function for R-α-PVP was also an inverted U-shape but 

was shifted to the right when compared to the other two drugs, indicating R-α-PVP was 

around 30-fold less potent than racemic α-PVP. Responses were increased over saline 

extinction levels at 0.3 mg/kg/injection R-α-PVP (F4,25 = 13.2, p < 0.001). Responding at 

0.3 mg/kg/injection was also higher than the other 3 doses tested. Like with the other two 

drugs tested, intake increased in a dose-dependent manner (F3,20 = 46.9, p < 0.001). Intake 

at the 0.3 and 1.0 mg/kg/injection doses were not significantly different. All other dose 

comparison showed a significant difference.

Following dose-effect testing, saline was substituted for drug and the rats were trained for 10 

additional days (Fig. 3, lower panels). For both racemic (Fig. 3d) and S-α-PVP (Fig. 3e), 

responding in the active nose-poke hole decreased over the 10 days of extinction (racemic 

F9,108 = 3.7, p < 0.001, S-α-PVP F9,126 = 5.0, p < 0.001) although active hole responding 

was still significantly higher than inactive hole responding on some days toward the end of 

extinction. Responding for R-α-PVP (Fig. 3f) did not decrease significantly over days of 

extinction (F9,90 = 0.8), although responding in the first 3 days of extinction was slightly 

higher than the last 3 days.

3.4 Telemetry

Fig. 5 shows the effects of the drugs on blood pressure and heart rate. Racemic α-PVP and 

its two enantiomers increased blood pressure (Fig. 5a). Both racemic α-PVP (F3.23 = 14.6, p 

< 0/001) and S-α-PVP (F3,24 = 32.1, p < 0.001) significantly increased blood pressure (Fig. 

5a) over saline control at 1 and 3 mg/kg, although S-α-PVP appeared to be more potent. R-

α-PVP, over a higher dose range, also significantly increased blood pressure (F3.16 = 18.3, p 

< 0.001). Significant increases over saline were seen at both 10 and 30 mg/kg, suggesting 

that R-α-PVP was approximately 10 times less potent than racemic α-PVP. An almost 

identical pattern of results was seen with heart rate (Fig. 5b). Dose-dependent increases in 

heart rate were seen with all three drugs. Racemic α-PVP (F3.23 = 11.2, p < 0/001) and S-α-

PVP (F3,24 = 13.3, p < 0.001) significantly increased heart rate over saline at 1 and 3 mg/kg. 

Again, S-α-PVP appeared to be more potent than racemic α-PVP. At the higher dose range, 

R-α-PVP increased heart rate (F3,24 = 12.1, p < 0.001) at the 10 and 30 mg/kg dose over 
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saline control. Calculated ED50 values supported these conclusions. For blood pressure S-α-

PVP was approximately 2 times more potent than racemic (ED50 = 0.29 mg/kg, 95% CI 0.1 

– 0.49 for S-α-PVP; 0.69 mg/kg, 95% CI 0.39 – 1.06 for racemic) while R-α-PVP was 

much less potent (ED50 = 5.85 mg/kg, 95% CI 2.83 – 9.10). Similar patterns were seen for 

heart rate (ED50 = 0.25 mg/kg, 95% CI 0.02 – 0.51 for S-α-PVP; 0.72 mg/kg, 95% CI 0.38 

– 1.16 for racemic; ED50 = 9.85 mg/kg, 95% CI 5.63 – 17.5 for R-α-PVP). Time course data 

for saline and the highest dose of each drug are shown in the bottom panels of Fig. 5. The 

time course for the 3 saline determinations were clearly overlapping and the maximal effect 

of all three drugs was similar. In general, the effect of the highest doses of the α-PVP drugs 

persisted across the 3 hr session.

Only small changes in body temperature (data not shown) were observed, with increases of 

less than 1 °C. Significant changes in temperature were only seen with S-α-PVP (F3,24 = 

5.1, p < 0.01), with an increase seen at 0.3 mg/kg, and at the higher dose range for R-α-PVP 

(F3,24 = 4.5, p < 0.05), with an increase in body temperature seen at the 10 mg/kg dose.

4 DISCUSSION

The major purpose of this study was to characterize the neurochemical, behavioral and 

cardiovascular effects of the abused synthetic cathinone compound α-PVP and determine 

the contribution of its two enantiomers to those effects. Since α-PVP is structurally related 

to MDPV, we hypothesized that the two drugs would display comparable pharmacological 

effects. This notion was supported across all assays for racemic α-PVP. α-PVP blocked 

uptake at DAT and NET with low nM potency, similar to the effects of MDPV.6 The 

presence of the 3,4-methylenedioxy ring substituent of MDPV confers somewhat greater 

potency at SERT when compared to α-PVP.15,17,18,31 Nevertheless, both MDPV and α-PVP 

are highly selective for DAT and NET over SERT. While not tested here, previous studies 

have shown that α-PVP does not serve as a substrate for DAT, NET or SERT.17,18 In vivo, 

α-PVP increases dopamine in the nucleus accumbens as measured by microdialysis at doses 

similar to MDPV.4,6 As expected from its weak effects on SERT uptake, α-PVP did not 

increase levels of 5-HT in the nucleus accumbens. Like MDPV, α-PVP increased distance 

travelled and stereotypy in the rats undergoing microdialysis sampling in the nucleus 

accumbens.

MDPV produces clear increases in blood pressure and heart rate, which may be responsible 

for some of the mortality seen with MDPV misuse in humans. In rats implanted with 

telemetry transmitters, α-PVP produced increases in blood pressure and heart rate similar to 

other psychomotor stimulants, including MDPV.38 MDPV and α-PVP were tested over an 

identical dose range suggesting a similar potency. The effects of α-PVP on temperature were 

small and failed to reach significance, though racemic α-PVP tended to increase body 

temperature. Our results agree with the findings of Nelson et al.26 who found no change in 

body temperature after α-PVP administration (0.3 – 3.0 mg/kg) in Sprague-Dawley rats 

bearing s.c. implanted temperature probes. By contrast, Aarde et al.24 found decreases in 

body temperature after α-PVP injection in Wistar rats bearing surgically-implanted 

telemetry transponders similar to those used here. In addition to using a different strain of 
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rats, Aarde et al.24 also tested α-PVP over a higher (1–10 mg/kg) but overlapping dose 

range.

The presence of the 3,4-methylenedioxy moiety does not seem to alter pharmacokinetics of 

pyrrolidine-containing cathinones since α-PVP and MDPV have a similar time-course of 

action after i.v. administration.4 Additionally, the time course of cardiovascular effects 

produced by α-PVP shown here is similar to that of MDPV shown previously, which 

suggests these two agents display similar pharmacokinetics after s.c. administration. By 

contrast, the presence of the 3,4-methylenedioxy group markedly affects metabolism of 

pyrrolidine-containing cathinones.46 More specifically, the major pathway for MDPV 

metabolism involves demethylenation of the phenyl ring to form hydroxylated metabolites, 

whereas the major pathway for metabolism of α-PVP involves formation of a lactam on the 

pyrrolidine ring. Future studies are warranted to compare the metabolism of α-PVP and 

MDPV in rodent models

Finally, confirming what others have shown for racemic α-PVP20,24,28–33, rats self-

administered α-PVP at doses similar to racemic MDPV.45 Self-administration was acquired 

rapidly with α-PVP, and the drug produced a typical inverted U-shaped dose-effect function 

comparable to other psychomotor stimulants.

Like MDPV, α-PVP has two enantiomers, R and S based on absolute configuration, and it 

was expected that these enantiomers would show potency differences to the comparable 

enantiomers of MDPV. For MDPV, the S-enantiomer is 50–100 times more potent than the 

R-enantiomer. In general, both enantiomers of MDPV produce similar maximal effects, with 

the primary difference being potency. Here we show that S-α-PVP is about 30 times more 

potent than R-α-PVP in blocking uptake at DAT, and these findings agree with the earlier 

findings of Meltzer and colleagues.13 S-α-PVP was also about 30 times more potent than 

cocaine in blocking uptake at DAT. R-α-PVP was slightly more potent at NET than DAT, 

with S-α-PVP showing similar potency at DAT and NET. Like the racemate, neither of the 

enantiomers displayed substantial inhibition of SERT, at doses up to 10 μM. Given that the 

racemate is half as potent as S-α-PVP at catecholamine uptake sites, and given that the 

racemate contains equal amounts of each enantiomer, it is likely that S-α-PVP constitutes 

the primary effect of the racemate.

The robust stereoselective effects α-PVP and other pyrrolidine-containing cathinones on 

inhibition of dopamine uptake differs from the relative lack of stereoselectivity for 

stimulation of dopamine release induced by simple ring-substituted cathinones, which act as 

transporter substrates. As a specific example, R and S isomers of 4-methyl-N-

methylcathinone (mephedrone) have nearly equal potency to induce release at DAT but 

differ in their potency to induce release at SERT.47 Likewise, Mayer et al.48 demonstrated 

that R and S stereoisomers of mephedrone metabolites, including 4-hydroxytolyl-

mephedrone and nor-mephedrone, display equivalent potency at DAT but differential 

potency at SERT. Thus, it appears that stereoselectivity at DAT is more prominent for 

transporter inhibitors than for substrates, at least for the cathinone-related compounds 

examined thus far.
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The potent uptake inhibition at DAT would be expected to produce increases in extracellular 

dopamine in the nucleus accumbens, and also increases in locomotor activity, with S-α-PVP 

being approximately 30 times more potent than R-α-PVP. The results of the microdialysis 

experiments confirmed this prediction with an i.v. dose of 0.1 mg/kg S-α-PVP producing 

significant increases in dopamine and locomotor activity, while it required an i.v. dose of 3.0 

mg/kg R-α-PVP to produce comparable effects. The results of the uptake assays would also 

predict that neither enantiomer would produce changes in 5-HT in the nucleus accumbens 

and in fact that is what was observed.

In comparison to the other measures described here, the enantiomers of α-PVP have been 

tested in a self-administration model in rats. Gannon et al.30 reported that S-α-PVP was 

about 40 times more potent than R-α-PVP when tested on a progressive ratio (PR) schedule 

in rats originally trained with racemic α-PVP. The results of the current study support that 

finding. In dose-effect testing following training on the specific enantiomer being tested, the 

i.v. dose of R-α-PVP supporting peak responding was 0.3 mg/kg/inj, while the peak i.v. dose 

of S-α-PVP supporting the most responding was ≤ 0.003 mg/kg/inj. Acquisition of 

responding for S-α-PVP followed a course that was very similar to the racemic mixture. By 

contrast, for R-α-PVP, rats appeared to respond at a high rate from the beginning of training, 

with much larger variability in responding on the active lever. This situation may reflect the 

fact that 2 of the 8 rats trained with R-α-PVP showed only minimal evidence (at least 10 

active lever responses and a clear preference for the active vs inactive response) of self-

administration. In contrast, all of the rats trained with S-α-PVP showed clear evidence of 

self-administration by the end of training. Given that none of the rats trained on a lower dose 

(0.03 mg/kg/inj) of R-α-PVP showed evidence of self-administration and the 0.3 mg/kg/inj 

dose was the peak of the dose-effect function, it appears that an appropriate dose range of R-

α-PVP was tested. Whether the differences in the acquisition curves between the 

enantiomers of α-PVP represents any fundamental difference between the drugs in not clear.

The dose-intake function for many psychomotor stimulants flatten out at higher doses as 

animals appear to regulate their intake to maintain a constant blood level of drug).49 While 

maybe not as clear for α-PVP, it appears that some degree of regulation was evident at doses 

above 0.01 mg/kg/inj for the racemic and S-α-PVP as the dose-effect functions appear to 

flatten out at these doses. For R-α-PVP the function appears to plateau above 0.3 mg/kg/inj. 

Thus, with both response rate and drug intake, α-PVP appears to function like a typical 

psychomotor stimulant, although it is clearly more potent than typical psychomotor 

stimulants such as cocaine.

The R-enantiomer of α-PVP showed slightly increased potency on the uptake assays at NET 

in comparison to DAT, suggesting that R-α-PVP might show increased potency on 

cardiovascular function as opposed to the behavioral effects of the drug thought to be 

mediated by dopamine. Despite this, it appeared that the same potency relationship held for 

the cardiovascular effects as seen with microdialysis and locomotor activity. It took a s.c. 

dose of 30 mg/kg R-α-PVP to produce effects comparable to a s.c. dose of 1 mg/kg S-α-

PVP on blood pressure and heart rate. The calculated ED50 values suggested a 20 – 40-fold 

difference in potency. It is possible that the small changes in potency at NET are not readily 

observable in the in vivo models used in this study, or more likely, the changes observed on 
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the uptake assays do not fully reflect the full nature of the role of norepinephrine in the 

cardiovascular effects of α-PVP. With the small changes observed in body temperature, it is 

impossible to observe any clear potency relationship between the enantiomers.

In conclusion, α-PVP produces pharmacological effects that are very similar to those 

produced by MDPV, blocking uptake at DAT and NET with minimal activity at SERT. These 

effects produce a spectrum of in vivo effects that are typical of psychomotor stimulants. α-

PVP increases extracellular dopamine concentrations in the nucleus accumbens, increases 

locomotor activity, increases blood pressure and heart rate, and is self-administered by rats. 

The enantiomers of α-PVP also mimic the effects of the MDPV enantiomers, with S-α-PVP 

being about 30-fold more potent than R-α-PVP. Given that potency difference, it is likely 

that S-α-PVP is the main compound responsible for pharmacological effects of the 

racemate.
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Fig.. 1. 
Effects of racemic α-PVP and its enantiomers in comparison to cocaine on uptake at DAT 

(a), NET (b) and SERT (c) in rat brain synaptosomes. Synaptosomes were incubated with 

different concentrations of α-PVP or its enantiomers or cocaine in the presence of 5 

nM[3H]dopamine for DAT, 10 nM [3H]norepinephrine for NET or 5 nM [3H]5-HT for 

SERT. Data are percentage of [3H]neurotransmitter uptake expressed as mean ± SEM for n = 

3 experiments performed in triplicate.
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Fig.. 2. 
Effects of racemic α-PVP and its enantiomers in comparison to saline on extracellular 

dopamine (DA) (a) and 5-HT (b) in the nucleus accumbens, and on horizontal ambulation 

(Amb) (c) and stereotypy (stereo) (d) over the same time period in the same rats. Rats 

received an i.v. injection of drug at time zero followed by a 3-fold higher dose 60 min later 

(arrows). Vehicle controls received i.v. saline on the same time schedule. Data are expressed 

as a percentage of basal ± SEM for n = 6–7 rats/group. Solid symbols represent significant 

difference from saline at the specified time point (p < 0.05).
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Fig.. 3. 
Acquisition of nose-poke responding for 0.03 mg/kg/inj racemic (a, n = 9) and S-α-PVP (b, 

n = 10) and 0.3 mg/kg/inj R-α-PVP (c, n = 8). Lines with symbols are active responses. 

Lines without symbols are inactive responses. Solid symbols are for days during which 

active responses were significantly different (p < 0.05) from inactive responses on that day. 

For R-α-PVP the main effect of response was significant, but not the response x day 

interaction. The bottom panels show extinction for those rats who maintained catheters 

through acquisition and dose-effect (Fig. 4) testing (d racemic n = 7, e S-α-PVP n = 8, f R-

α-PVP n = 6). Symbol designations are the same as for acquisition. Each point is the mean ± 

SEM.
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Fig.. 4. 
Dose-effect functions for active responses (a) and mg/kg/hr intake (b) for racemic α-PVP 

and the enantiomers. Each rat was tested for 3 days at each dose with the final 2 days 

averaged for presentation and analysis. The point above S is the average for the last 2 days 

of extinction. Solid symbols for the response function are significantly different from the 

respective saline (p < 0.05). See text for description of statistics for intake. Each point is the 

mean ± SEM of 6–8 rats/group.
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Fig.. 5. 
Effects of racemic α-PVP and its enantiomers on dose-effect functions for blood pressure (a) 

and heart rate (b). Rats were implanted with telemetry transmitters that sampled blood 

pressure and heart rate every 1 min for 3 hr. Data are expressed as mean ± SEM or sum (for 

activity counts) for n = 5–7 rats/group for the entire 3 hr sampling period. Solid symbols 

represent significant difference from respective saline (p < 0.05). The bottom panels present 

time-course for blood pressure (c) and heart rate (d) with the 1-min samples averaged over 

10-min periods for the entire 3-hr session. Data are presented for saline sessions and the 

highest dose of each drug tested.
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Table 1.

Effects of α-PVP and its enantiomers in comparison to cocaine on transporter-mediated inhibition of 

[3H]transmitter uptake in rat brain synaptosomes
a

R,S-α-PVP S-α-PVP R-α-PVP Cocaine

DAT 15 ± 1.0 7 ± 0.5 307 ± 41.8 256 ± 12.5

NET 19 ± 2.4 10 ± 1.0 181 ± 15.3 247 ± 20.7

SERT >10,000 >10,000 >10,000 318 ± 7.2

a
Data are IC50 values (nM) expressed as mean ± SEM for n = 3 separate experiments performed in triplicate.
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