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National Board of Drugs 2006 

First grant approved 
to begin preclinical 

research (2007-2012) 

Background of CP 

2007 2012 2002 

A smokable form of 
cocaine, called Coca-Paste, 
was introduced in Uruguay* 
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Some reports 
showing CP is 

consumed in several 
South-American 

countries  



• What is Coca-Paste?  
 

• Is it a new drug of abuse in Latin America? 
 

• Is there any information about CP neurobiological 
actions? 
 

• Although it is a smokable form of cocaine, is it 
different to sniffed cocaine? 
 

• Can CP effects be explained only by the route of 
administration? 
 

Background of CP 

Initial questions … 



Background of CP: definition 

- cocaine base as main alkaloid (likewise crack);  

- adulterants: CP is sold adulterated (subtances deliberately added to improve or mimic 

the effect of the drug; diluents to increase volume). 

Castagno 2000; Lizasoain et al. 2002; López Hill et al. 2011  

- other chemical substances called impurities (substances present in the drug as a 

natural result of the manufacturing process); 

Low prevalence (1 %) respect to other legal or illicit drugs but increases in  
low income zones (8 %). Health and social public troubles. 

 

National Board of Drugs Survey 2012 

Erythroxylon 

coca bush 
Coca-Paste Cocaine 

hydrochloride 

Crack 

- earliest intermediate product obtained during any of the preliminary 
phases of cocaine alkaloid extraction; 



• Its consumption follows 4 steps: 

National Board of Drugs 2006 

1) EUPHORIA: very high and fast hyperstimulation, disinhibition, 
pleasure. 
 

2) DISPHORIA: depressed mood, unhappiness, apathy. High 
desire to continue smoking 
 

3) CONTINOUS CONSUMPTIONS: mainly to avoid disphoria 
 

4) PSYCHOSIS AND HALLUCINATIONS 

Background of CP: definition 



HYPERSTIMULATION 
HIGH DEPENDENCE 

ADDICTION 

ANATOMICAL and 
FUNCTIONAL 
ALTERATIONS 

AWAKE-SLEEP 
ALTERATIONS 

IMPULSIVITY/ 
AGGRESSIVENESS 

• Clinical Profile of CP consumers  

Background of CP: definition 

Ferrando et al. 2009: Triaca et al. 2009; Pascale et 
al. 2010; Castagno 2000; Lizasoain et al. 2002. 

COCA-PASTE 



Background of CP: is it different to sniffed cocaine? 

Although the biological and psychological effects of Coca-Paste 
and cocaine (hydrochloride) are similar… 

Route of administration 

Coca-Paste 
 

Cocaine 
hydrochloride 

vs. 

Cannot be smoked because it 
is decomposed at 

temperatures required to 
volatilization. 

Cocaine is sniffed or i.v 
injected 

 

Can be easily smoked, 
vaporizing at a lower 

temperature; is rapidly 
absorbed into the blood.  

Rapid absorption of cocaine 
through the lungs, because of 
the large surface area of the 

alveoli and small airways.  



The speed at which drug of abuse enter the brain has been 

recognized as a key parameter affecting its stimulant and 

reinforcing effects; increases the propensity to addiction 

 
Samaha and Robinson 2005; Volkow et al. PNAS, 2010 

Relevance of the route of administration 

Hatsukami and Fischman, 1996 

… “smoked cocaine (‘crack’) is thought to be more addictive 

than powdered cocaine taken by insufflation” 

Background of CP: is it different to sniffed cocaine? 



Cocaine + impurities + adulterants 

HYPOTHESIS 

It would be relevant to consider the CP  
chemical composition to explain its 

neurobiological actions 



HYPERSTIMULATION 
HIGH DEPENDENCE 

ADDICTION 

ANATOMICAL and 
FUNCTIONAL 
ALTERATIONS 

AWAKE-SLEEP 
ALTERATIONS 

IMPULSIVITY/ 
AGGRESSIVENESS 

COCA-PASTE 
Chemical composition 

Route of administration 

MAIN GOAL: To study the role of CP chemical composition and 

route of administration in the clinical profile of consumers 



1.  To perform a chemical analysis of CP samples  
 

2. To study the role of cocaine + impurities + 
adulterants in the CP-induced behavioral response 
(stimulant effect) 

 

3.  To study CP-induced behavioral response 
(stimulant effect) reproducing the route of 
administration of CP-users. 

 

SPECIFIC AIMS 



1.  To perform a chemical analysis of CP samples  
 

2. To study the role of cocaine + impurities + 
adulterants in the CP-induced behavioral response 
(stimulant effect) 

 

3.  To study CP-induced behavioral response 
(stimulant effect) reproducing the route of 
administration of CP-users. 

 

SPECIFIC AIMS 



CP seized samples 

Legal mechanism:Technical Forensic Institute (Montevideo-Uruguay) 

 and National Drugs Board permissions.  

CP samples 

Are samples that could be possibly consumed by drug users  



nd: non determined 

Alkaloids 
MAIN 

adulterant* 

Samples  
COCAINE 

(base) 
TRANS-CINAMOIL 

Cocaine  
CIS-CINAMOIL 

Cocaine 
CAFFEINE 

CP 1 67.8 ± 3.6 1.8 ± 0.2 0.6 ± 0.2 15.0 ± 0.3 

CP 2 67.4 ± 1.2 4.2 ± 0.2 1.9 ± 0.2 14.0 ± 0.2 

CP 3  59.3 ± 0.6 0.9 ± 0.2 0.4 ± 0.2 14.0 ± 0.1  

CP 4 59.9 ± 4.5 1.0 ± 0.2 1.4 ± 0.2 13.0 ± 0.5 

CP 5 50.2 ± 1.0 nd nd   1.0 ± 0.5 

CP 6 68.2 ± 2.0 nd nd   1.0 ± 0.1 

CP 7 20.7 ± 1.0 nd nd 10.0 ± 0.2 

Cocaine 89.6 ± 0.0 - - - 

Caffeine  - - 100 ± 0.0 

RESULTS I: chemical composition of CP samples from Uruguay 

*Anfetamine; lidocaine; xilasine 
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RESULTS I: chemical composition of CP samples from Uruguay: three categories 

*Anfetamine; lidocaine; xilasine 



Alkaloids 
MAIN 

adulterant* 

Samples  
COCAINE 

(base) 
TRANS-CINAMOIL 

Cocaine  
CIS-CINAMOIL 

Cocaine 
CAFFEINE 

CP 1 67.8 ± 3.6 1.8 ± 0.2 0.6 ± 0.2 15.0 ± 0.3 

CP 2 67.4 ± 1.2 4.2 ± 0.2 1.9 ± 0.2 14.0 ± 0.2 

CP 3  59.3 ± 0.6 0.9 ± 0.2 0.4 ± 0.2 14.0 ± 0.1  

CP 4 59.9 ± 4.5 1.0 ± 0.2 1.4 ± 0.2 13.0 ± 0.5 

CP 5 50.2 ± 1.0 nd nd   1.0 ± 0.5 

CP 6 68.2 ± 2.0 nd nd   1.0 ± 0.1 

CP 7 20.7 ± 1.0 nd nd 10.0 ± 0.2 

Cocaine 89.6 ± 0.0 - - - 

Caffeine  - - 100 ± 0.0 

*Anfetamine; lidocaine; xilasine 

RESULTS I: chemical composition of CP samples from Uruguay: three categories 



Alkaloids 
MAIN 

adulterant* 

Samples  
COCAINE 

(base) 
TRANS-CINAMOIL 

Cocaine  
CIS-CINAMOIL 

Cocaine 
CAFFEINE 

CP 1 67.8 ± 3.6 1.8 ± 0.2 0.6 ± 0.2 15.0 ± 0.3 

CP 2 67.4 ± 1.2 4.2 ± 0.2 1.9 ± 0.2 14.0 ± 0.2 

CP 3  59.3 ± 0.6 0.9 ± 0.2 0.4 ± 0.2 14.0 ± 0.1  

CP 4 59.9 ± 4.5 1.0 ± 0.2 1.4 ± 0.2 13.0 ± 0.5 

CP 5 50.2 ± 1.0 nd nd   1.0 ± 0.5 

CP 6 68.2 ± 2.0 nd nd   1.0 ± 0.1 

CP 7 20.7 ± 1.0 nd nd 10.0 ± 0.2 

Cocaine 89.6 ± 0.0 - - - 

Caffeine  - - 100 ± 0.0 

*Anfetamine; lidocaine; xilasine 

RESULTS I: chemical composition of CP samples from Uruguay: three categories 



Coca-Paste 

COCAINE 

OTHER COMPOUNDS 



• ACUTE STIMULANT EFFECT 

Open field Paradigm 
+ Ethovision XP 7.0 

  

Distance moved 
(60 min) 

CP or Cocaine 
(equivalents doses of 

cocaine base i.p.) 

0 5 

Time (min) 

65 

Sample Cocaine Caffeine 

CP 1 68.9 15.0 

CP 5 68.2   1.0 

CP 7 20.7 10.3 

tracking 

Pattern of movement  

and distance moved (m) 

To measured the 

stimulant effect 

3 categories: 



 DIFFERENTIAL PATTERN of MOVEMENT 

RESULTS II: Stimulant effect induced by CP1, CP 5, CP 7 and Cocaine (acute) 

control Cocaine (5) CP 1 (5) CP 5 (5) CP 7 (5) 

Similar effect but different from CP 7 

Sample Cocaine Caffeine 

CP 1 68.9 15.0 

CP 5 68.2   1.0 

CP 7 20.7 10.3 



  

RESULTS II: Stimulant effect induced by CP1, CP 5, CP 7 and Cocaine (acute) 



DIFFERENTIAL PATTERN of MOVEMENT 

RESULTS II: Stimulant effect induced by CP1, CP 5 and Cocaine (acute) 

control Cocaine (20) CP 5 (20) CP 1 (20) 

Similar effect but different from CP 1 

Sample Cocaine Caffeine 

CP 1 68.9 15.0 

CP 5 68.2   1.0 

CP 7 20.7 10.3 



RESULTS II: Stimulant effect induced by CP1, CP 5 and Cocaine (acute) 



López-Hill y col. 2010 

1.1 

4.5 

0.07 

0.3 

2.5 



  

RESULTS II: Surrogates of CP 1 and CP 7 

Simile to CP 7 (5) 

CP 7 (5)= 198.9 ± 16.4 

Simile to CP 1 (20) 

CP 1 (20)= 425.2 ± 22.2 



Coca-Paste  

COCAINE 

OTHER COMPOUNDS 

It is one of the responsible 
compounds for the CP-
stimulant effect, but caffeine 
also contributes; 

… they act in an additive 
fashion when achieved 
specific proportions;  
 

… impurities do not 
participate 

Caffeine was not detected in all analyzed CP samples 





1.  To perform a chemical analysis of CP samples  
 

2. To study the role of cocaine + impurities + 
adulterants in the CP-induced behavioral response 
(stimulant effect) 

 

3. To study the CP-induced behavioral response 
(stimulant effect) reproducing the route of 
administration of CP-users. 

 

SPECIFIC AIMS 



• ACUTE STIMULANT EFFECT BY VOLATILIZATION 

Distance  
moved  

(30 min) 
10 

Time (min) 

35 0 

Open field paradigm 
+  Ethovision XP 

tracking 

Pattern of movement  

and distance moved (m) 



 RESULTS: Caffeine volatilized (acute)  
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 Stimulant effect induced by volatilized caffeine 
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Galvalisi, Prieto et al. in progress 
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 RESULTS III: volatilized CP + caffeine (acute) 

CP 5 

Galvalisi, Prieto et al. in progress 
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 RESULTS III: volatilized CP + caffeine (acute) 

Caffeine potentiated the CP stimulant effect 

CP 5 + Caf 25 CP 5 

Galvalisi, Prieto et al. in progress 



 RESULTS III: volatilized CP samples (acute)  

Stimulant effect induced by four different CP volatilized samples  
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Galvalisi, Prieto et al. in progress 



Pyrolysis 
products 

CP 

Volatilization of 

Cocaine + caffeine 

Depending of the volatilization 
temperature some products appear 

AEME= metilecgonidina 
(metil éster anhidroecgonina)  
only appears when coceaine is smoked 

Chemical 
 content  

determined 

temperature to be volatilized? 



Coca-Paste (volatilization) 

COCAINE 

CAFFEINE 

1) Volatilized caffeine elicited a dose-
dependent stimulant effect;  

2) Caf was able to potentiate the CP 5-
induced stimulant effect suggesting that 
the adulteration of CP samples with Caf 
may contribute to explain the high 
stimulation observed in CP users; 

TEMPERATURE 

OTHER COMPOUNDS 

 
3) impurities cannot be excluded under this 

route of administration; 
4) factors other than cocaine or caffeine 

should be taken into account since each 
CP samples induced a different behavioral 
response even under the same quantity of 
cocaine. Temperature of volatilization 
could be one important factor to explain 
these differences. 



• What is Coca-Paste?  
 

• Is it a new drug of abuse in Latin America?  
 

• Is there any information about CP neurobiological 
actions?  
 

• Although it is a smokable form of cocaine, is it 
different to sniffed cocaine?  
 

• Can CP effects be explained only by the route of 
administration?  
 

Initial questions … 
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Repeated exposure to psychomotor stimulant drugs produces 

behavioral sensitization, a progressive and enduring 

augmentation of locomotor responses to the drug after a 

withdrawal period and the re-exposure to the drug.  

This phenomenon has been proposed to underlie rewarding 

drug effect, craving and relapse induced by 

pychostimulants.  

BEHAVIORAL SENSITIZATION 

Pierce C and Kalivas PA. Brain Research Reviews ,1997 



Behavioral sensitization 

Experimental Protocol I 



Prieto et al. in preparation 2012 

Sample Cocaine Caffeine 

CP 1 68.9 15.0 

RESULTS: locomotor sensitization induced by CP1 and Cocaine (repeated) 
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A HIGH EXPRESSION OF SENSITIZATION WAS ELICITED BY 

COCA-PASTE  COMPARED TO COCAINE 

Cocaine is partially responsible since caffeine seems  

to collaborate in it  

CP 1 (5 x eq. 10 mg/kg; 

Cocaine (5 x 10 mg/kg 



Sample 
PBC 

Equivalent dose to     
cocaine base (mg/kg) 

Dose of  
Caffeine (mg/kg) 

CP 1 5 1.1 

10 2.2 

20 4.5 

Experimental Protocol II 
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CAFFEINE ACCELERATES THE EXPRESSION OF THE  COCAINE-

INDUCED SENSITIZATION 

RESULTS: locomotor sensitization induced by surrogate of CP 1 (repeated) 

Prieto et al. in preparation 2012 

 After 3 days of cocaine + caffeine co-administration, animals 

become sensitized. Caffeine seems to facilitate this 

phenomenon 

Cocaine + Caffeine [3 x Coc (10 mg/kg)  

+ Caf (2.2 mg/kg)] 



Prieto et al. in preparation 2012 
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RESULTS: locomotor sensitization induced by surrogate of CP 7 (repeated) 

Cocaine + Caffeine 

[(3 x Coc (5 mg/kg) + 

Caf (2.5 mg/kg)] 

Cocaine + Caffeine 

[(3 x Coc (5 mg/kg) + 

Caf (1.1 mg/kg)] 
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CAFFEINE POTENTIATES THE SENSITIZATION INDUCED BY 

COCAINE 

Comparison between animals repeatedly treated with Cocaine + Caffeine [3 x Coc (5 

mg/kg) + Caf (1.1 mg/kg)]; Cocaine + Caffeine [3 x Coc (5 mg/kg) + Caf (2.5 mg/kg)] and 

Cocaine + Caffeine [3 x Coc (10 mg/kg) + Caf (2.2 mg/kg)] Although a dose-dependence 

could be noticed, caffeine contributed to the expression of sensitization induced by 

cocaine. *= vs. Coc (5) + Caf (1.1); = Coc (10) + Caf (2.2) vs. Coc (5) + Caf (2.5). *** = P 

< 0.001; *,  = P < 0.05.  





  

Caffeina: 

 

• Caffeine is the most consumed psychoactive drug in the world.  

 

• Caffeine, amphetamine and lidocaine are very common active adulterants found 

in illicit drugs, including cocaine. 

 

• In human, low non-toxic doses of caffeine produce positive effects on arousal, 

vigilance and attention whereas higher doses cause anxiety, nervousness, 

impaired thinking, sleep disturbance, heart palpitations and stomach irritation; 

toxic doses provoke seizures.  

 

• acute systemic administration of caffeine can increase the cocaine induced 

locomotor stimulant activity indicating an additive action of both drugs. 

 

• Mechanism of action: non selective antagonist of adenosine A2 and A1 

receptors. Modulates DA neurotransmission, facilitating the DA release. Effect 

related with drugs of abuse dependence. 

 

• "black magic" - crude freebase caffeine. Smoking caffeine, a rapid rash like 

freebase cocaine. http://boingboing.net/2009/01/19/how-to-make-smokable.html 
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Lizasoain  y col.  Adicciones 1999. 

Cocaína: diferentes rutas de administración  







  



Antoniou et al. Neuroscience and Biobehavioral Reviews,1998. 



  



Sistema DAérgico y ganglios basales 
Sistema DAérgico 

Glu Glu 

Glu 

GABA 

GABA GABA 

GABA 

Glu 

DA DA 
- + 



A high performance liquid chromatography with Diode Array 

Detector (HPLC-DAD) was performed to quantify the percentage 

of cocaine and caffeine in each CP samples. 

CHEMICAL ANALYSIS 

A first step of identification of cis- and trans-cinnamoylcocaine, 

metilecgonine, cocaine and adulterants in CP samples was 

performed using a Gas Chromatograph with a Mass selective 

detector. 



Few evidences about the chemical composition of CP samples 

ElSohly et al. “Coca-Paste: chemical analysis and smoking experiments” 
(J. of Forensic Sciences, 1991). CP from Perú and Colombia 

• Cocaine (80 -90 %) 
• manganese/plumb, cis-cinamoylcocaine; trans-cinamoylcocaine 
• authors do not report if CP contained adulerants 

Eleuterio Umpiérrez. Laboratorio de Análisis Orgánico-Facultad de 
Química-Polo Tecnológico de Pando- UdelaR (2005-2006) 

• Cocaína (30-70 %) 
• benzoato de metilo, Benzilecgonine, ecgonine, Nor-cocaine;  
•  cis-cinamoylcocaine, trans-cinamoylcocaína, truxilinas, tropocaína. 
• authorsdo not report if CP contained adulerants  

Chemical composition can vary according to the samples origin 



Caffeine 25 mg (n=5) 

Caffeine 50 mg (n=6) 

Caffeine 75 mg (n=6) 

Caffeine 25 mg (n=5) 

Caffeine 50 mg (n=6) 

Caffeine 75 mg (n=6) 

RESULTS: Neurochemical effect induced by Caffeine on DA levels in NAcc 



CP (n=5) 

CP + Caf 25 mg (n=6) 

CP (n=5) 

CP + Caf 25 mg (n=6) 

RESULTS: Neurochemical effect induced by a CP sample plus caffeine  on DA levels in NAcc 

Galvalisi, Prieto et al. no published, 2012 



Schwarzkopf, Igarzabal y cols.  Datos no publicados, 2012 
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