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ABSTRACT 

The radiopharmaceutical [
11

C]PK11195 has been used for Positron Emission Tomography (PET) imaging of 

neuroinflammatory diseases. PK11195 is a tracer that binds to the benzodiazepine peripheral receptor (PBR) 

currently known as membrane translocator protein (TSPO). [
11

C]PK11195 is differentially accumulated in 

tissues which have high TSPO expression, tipically microglia activation in brain tissue, which has normally low 

TSPO expression. The aim of this work was to synthesize and characterize [
11

C]PK11195 at the 

Radiopharmaceutical Production Unit of CDTN to make it available for future studies and applications in major 

brain inflammatory diseases. The [
11

C]PK11195 syntheses were performed using Tracerlab™ FXC PRO (GE) 

by [
11

C]methylation of the precursor (R)-[N-desmethyl] PK11195. Optimizations of the reaction conditions for 

the synthesis of [
11

C]PK11195 were: Anhydrous dimethylsulfoxide (DMSO) volume, mass of precursor, and 

potassium hydroxide (KOH), labelling reaction temperature and time. After comparison of the results obtained 

for each condition evaluated, the standard best reaction parameters were defined as: 1mg of the precursor 

dissolved in 300 μL of DMSO (anhydrous); 10-15mg of KOH; and labeling reaction temperature of 40°C during 

2 minutes. The total synthesis time was 40 minutes and the mean non-decay-corrected radiochemical yield was 

10.93 ± 3.44%. All quality control criteria were met according to previous specifications. 

 

 

1. INTRODUCTION 

 

[
11

C]-(R)PK11195 is a TSPO (18 kDa membrane translocating protein) ligand 

radiopharmaceutical. This biomarker is an isoquinoline carboxamide developed in the early 

1980s as the first tracer consistently used in Positron Emission Tomography (PET) imaging 

of neuroinflammation [1][2]. TSPO is a widely distributed transmembrane protein, located 

primarily in the outer mitochondrial membrane. It is lightly expressed in the healthy brain 

parenchyma while being drastically upregulated under neuroinflammatory conditions. This 

positive regulation correlates with the activation of microglial cells, or the infiltration of 

blood-borne macrophages. Microglia is the resident immune cell of the central nervous 

system and is only activated in response to stimuli, acting as the first sensor of cerebral 

pathology [3][4]. 
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TSPO was first described as a benzodiazepine peripheral receptor (PBR), a secondary 

binding site for diazepam, but was renamed to TSPO to reflect some of these cellular 

functions [5]. Therefore, TSPO-PET imaging has been used both to improve knowledge 

about the role of neuroinflammation in CNS (central nervous system) diseases and to 

evaluate the efficacy of novel anti-inflammatory therapeutic strategies. 

 

In many types of CNS pathologies such as stroke, multiple sclerosis, Alzheimer's disease, 

Parkinson's, amyotrophic lateral sclerosis and epilepsy, microglia has been shown to 

contribute to neuroinflammation. PET imaging using TSPO as a biomarker of inflammation 

has also been reported for atherosclerosis, with potential to quantify macrophages content in 

human atherosclerotic plaques and also for imaging of inflammation of the lung and liver [4]. 

 

The principle this synthesis is labeling the precursor N-Desmetil-(R)-PK11195 with 
11

C 

through methylation agent (
11

CH3I). The methylation agent is trapped in reactor, the nitrogen 

flow is stopped and the reaction is allowed to proceed for a few minutes. The reaction 

proceeds (Figure 1) by the N-methylation of N-Desmetil-(R)-PK11195 with a methyl group 

labeled with 
11

C via nucleophilic substitution [6][7]. 

 

 

 
 

Figure 1. Simplified chemical equation of radiosynthesis of [
11

C]-(R)-PK11195 

 

 

The present study reports an optimization of the reaction conditions for [
11

C]-(R)PK11195 

synthesis and the analytic methods used for evaluation of this radiopharmaceutical. 

 

 

2. EXPERIMENTAL 

 

2.1. Synthesis, purification and reformulation of [
11

C]PK11195 

 

The synthesis was optimized based on previous works [8, 9]. The production of 
11

C is made 

based on the “gas phase” method, using an automated module to produce it (TracerLab FX-

CPro – General Electric, USA). Briefly, it consists in the cyclotron (PET Trace 16 MeV, 

General Electric, USA) irradiation of a nitrogen gaseous target with 1.0% of oxygen gas with 

protons according to the nuclear reaction 
14

N(p,α)
11

C,obtaining [
11

C]CO2. This gas is 

converted to [
11

C]CH4 through nickel catalysis in the presence of hydrogen at 360°C. The 

[
11

C]CH4 produced reacts with iodine vapours at 740°C in a recirculation system, resulting in 

gaseous [
11

C]CH3I, which is bubbled into anhydrous DMSO (Sigma Aldrich, USA), 

containing 1 mg of (R)-[N-desmethyl] PK11195 (precursor - ABX, Germany) and 10-15 mg 

of potassium hydroxide (KOH) finely powdered kept in dessicator (Merck, Germany). The 

optimization of labeling step proceeds during 1 or 2 minutes  in 600 or 300 µL of DMSO at 
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40 or 90°C. After that, the reactor crude mixture was neutralized with 200 µL of 1 M 

hydrochloric acid (Sigma Aldrich, USA) and diluted with 800 µL of mobile phase 

(acetonitrile/ water 70/30) (Sigma Aldrich, USA) and injected into a reverse phase semi-

preparative column (Nautilus C18 250 x 4.6 mm, 5 µm, Macherey Nagel, Germany) with UV 

detector at 254 nm for purification, 5.0 mL/min of the same mobile phase. The [
11

C]-(R)-

PK11195 was collected and reformulated using a tC18 cartridge (Waters, USA). After 

loading the cartridge, it was washed with 10 mL of deionized water, eluted with 1 mL of 

absolute ethanol and rinsed with 9 mL of sodium chloride 0.9% w/v. 

 

2.2. Quality control 

 

The quality control (QC) of radiotracer synthesized during this work was performed to verify 

its purity and safety for injection. [11C]-(R)-PK11195 was characterized by radiochemistry 

purity (Radio/HPLC), radionuclidic purity and Identity, visual inspection, pH, residual 

solvents and specific activity. The specifications were defined according to pharmacopoeias 

limits, Brazilian Pharmacopoeia (FARMACOPEIA, 2010) and the American Pharmacopoeia 

(USP, 2015), and based on scientific publications. 

The pH value of [
11

C]-(R)-PK11195 was measured using a micro pHmeter (Mettler 

Toledo,USA) calibrated with standard pH buffer solutions (Merck, Germany). 

Radionuclidic purity was evaluated by gamma-ray spectrometry (Canberra , USA). 

Radionuclidic identity was performed by registering activity measurements during 5 minutes 

in a dose calibrator (Capintec CRC-25R, USA), according to the equation 1: 

(1) 

Where: A0= initial activity; A = activity measured after t minutes; t = time interval (in 

minutes) between the two measurements (tA-tAo); t½ = half-life, which for carbon 11 is 20.4 

minutes. 

Radiochemical identity and purity were done using high performance liquid chromatography 

connected with a gamma and ultraviolet detectors (Agilent 1200 series, USA/ Gina Star, 

Raytest, Germany). The HPLC mobile phaseacetonitrile/water(60/40; v/v) was used with a 

flow rate of 1 mL/min on a reverse phase Luna C18(2)250x4.6 mm 100A(Phenomenex, 

USA) analytical column at 254nm.Compound identity and specific activity (activity per 

quantity of a radiopharmaceutical) was proven by comparing the retention times and peak 

areas obtained for the standard solution of (R)PK11195 (10µg/mL) with that obtained for a 

sample of [
11

C]-(R)PK11195. 

 

Analysis of residual acetonitrile and ethanol concentration, was performed using gas 

chromatograph equipped with a split/splitless automatic injector and a flame-ionization 

detector (Clarus 580, Perkin Elmer, USA).The CG ultrapure helium carrier gas was used with 

a flow rate of 2 mL/min on DB WAX 30 m x 0.25 mm (Agilent J&W) analytical column, 

split injection mode (20:1), range of 400C at 100°C  (40°C/min) using 250°C injector 

temperature and 300°C detector temperature. Sterility and bacterial endotoxins tests were not 

included in this initial phase of synthesis. 
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3. RESULTS AND DISCUTION 

 

3.1. Synthesis and quality control of [
11

 C]-(R)-PK11195 

 

In the labeling step the yields of 
11

C incorporation into the precursor obtained in the different 

synthesis conditions tested and subsequent optimization step are described in Table 1. 

 

 

Table 1. Tests for standardization of the labeling reaction 

 

  

 

 

 

 

 

 
 

 

*Radiochemical yield based on the trapped 
11

CH3I in the final step of gas recirculating system. 

 

 

After the optimization tests, the synthesis C was the standardized final condition. According 

to table 1, the best results were obtained with labeling reaction time of 2 minutes at 40°C, 

with 1.0 mg of precursor ([N-Desmethyl]PK11195) dissolved in 300 µL of dimethylsulfoxide 

(DMSO) in a suspension with 10-15 mg of KOH placed at least 30 minutes in an oven at 

100°C, finely powdered just before the synthesis start. Purification of [
11

 C]-(R)-PK11195 is 

easily separated from precursor, solvents and other products by the semi-preparative HPLC. 

The elution time of [
11

C]-(R)-PK11195 is about 6.5 minutes. 

 

After the labeling reaction the crude mixture is sent to an HPLC loop and inserted in a semi-

preparative column. Figure 2 shows the chromatogram for the purification step of the 

synthesis of [
11

C]-(R)-PK11195. As can be seen, the HPLC system coupled to the module 

provided a good separation of the peaks, allowing it to be collect [
11

 C]-(R)-PK11195 peak 

separately. 

Synthesis 
Temperature 

 (
0
C) 

Time 

(min) 

DMSO 

(µL) 

*Yield/
11

CH3I 

(%)  

A (n=4) 90 1 300 3.87 + 2.68 

B (n=4) 40 1 300 8.42 + 2.60 

C (n=6) 40 2 300 10.93 + 3.44 

D (n=2) 40 2 600 4.40 + 0.14 
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Figure 2: Chromatogram of the purification step of [

11
C]-(R)-PK11195 synthesis. The 

upper chromatogram is the UV signal, while lower is the radioactive signal. The peak 

“A” is the collected singly product (retention time of 6.5 minutes) to be reformulated. 

The peak B is the unreacted precursor. Conditions:column Nautilus C18 250 x 4.,6 mm, 

5 µm, UV detector at 254 nm, 5.0 mL/min of the mobile phase acetonitrile: water 70:30.  

 

 

The final product is obtained in a 10% ethanol in sodium chloride 0.9% solution after 

reformulation and submitted to quality control tests. Radiochemical yields were 10.93±3.44% 

(non-decay corrected). Approximate values were found by Alba, 2016 (15.5±2.4%) [11]. 

 

Figure 3A shows the chromatogram for determining the radiochemical purity of [
11

C]-(R)-

PK11195. It is found that the sample was free of any radiochemical impurity. The 

radiochemical identity (Figure 3A and 3B) was confirmed by comparing the chromatogram 

retention times of the finished product with the (R)-PK11195 standard solution 

chromatogram. The whole HPLC analysis was completed within 14 min. 
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Figure 3: A) Chromatogram of [
11

C]-(R)-PK11195 final product for identification and 

determination of radiochemical purity (retention time= 7.25min) with UV (upper 

chromatogram) and radioactivity (lower) detectors. B) Chromatogram of the (R)-

PK11195 standard 10µg/mL for identification and determination of radiochemical 

purity (retention time=7.20min) with UV (upper chromatogram) and radioactivity 

(lower) detectors. Conditions:mobile phase acetonitrile:water 60:40, flow 1.0mL/min, 

254nm, column Luna C18(2) 150x4250x4.56 mm 100A. 

 

 

A 

B 
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The physico-chemical tests for [
11

C]-(R)-PK11195 quality control have met the 

specifications. Table 2 shows the variation range of the results obtained for the eighteen 

syntheses performed. 

 

 

Table 2 - Quality control of 
11

C-PK11195 

 

Parameter 

 

Specifications* Results 

Visual inspection 

 

Clear, colorless and particle free 

 

Clear, colorless and 

particle free 

 

pH Between 4.5 e 8.5 5.41 to 6.82 

Radionuclide 

identification 

 

Between 19.9 e 20.9 min 19.92 to 20.78 

Radionuclide purity 

 
>99.5% 99.81% to 100 %. 

Radiochemical 

identity 

 

Rt (standard) 

= 7.29min 
Rt(product)= 7.25min 

Specific activity 

 

>12GBq/µmol 10 min before 

injection 

 

8.20 to 12.81 

GBq/µmol(0.6 Ci) 

39.63 GBq/µmol(3Ci) 

64.76 GBq/µmol(5Ci) 

Radiochemical purity 

 
>90,0% 98 to 100% 

Residual Solvents 

 

Ethanol <10%w/v (7.357 to 8.230)% 

Acetonitrile <0.04% w/v (0.003 to 0.008)% 

**DMSO <0.50% w/v - 

**Acetone <0.50% w/v - 

    
* Specifications: Brazilian Pharmacopoeia (FARMACOPEIA, 2010), American Pharmacopoeia (USP, 2015) 

and scientific publications. 

** No determinate 

 

 

Residual solvents percentage as determinate by GC for ethanol and acetonitrile are consistent 

with limits on United States Pharmacopoeia (USP, 2012)[10]. Analytical validation is in 

process and a full method for analysis of residual solvents adding acetone and 

dimetilsulfoxide is in developement. Specific activity of [
11

C]-(R)-PK11195 was highly 

dependent of the initial activity of 
11

CO2 produced, reaching 39.63 and 64.76GBq/µmol when 

3 and 5Ci of 
11

CO2 was produced, respectively.   
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3. CONCLUSIONS  

 

The radiopharmaceutical [
11

C]-(R)PK11195 was successfully synthesized in 40 minutes and 

the mean non-decay-corrected radiochemical yield was 10.93±3.44%, characterized and able 

to meet the main quality control requirements established on CDTN to make it available for 

pre clinical studies and several applications in major inflammatory diseases. 
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