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The aim of the present study was to study the human pharmacology of ayahuasca in a 

controlled clinical trial. Working with the lyophilizate of the tea proved a convenient 

method for this purpose. However, the difficulties involved in the obtention, handling 

and storing of the freeze-dried material in order to administer accurate dosings in a 

standardized and stable pharmaceutical form, made this an achievement in itself. At the 

beginning of the research project, the option of studying combinations of pure DMT 

plus pure β-carbolines was considered. Although this approach would have simplified 

the matter enormously, it is our view that results from these preparations could not have 

been considered to fully reflect ayahuasca pharmacology. While some findings might 

not have changed much from one approach to the other, other aspects of the clinical 

picture certainly would have. A natural extract such as ayahuasca contains a myriad of 

substances. Some are pharmacologically active, but inert plant material is likely at least 

to influence the gastrointestinal tolerability of the tea. Although not ideal for the precise 

study of drug-drug interactions, ingestion of the natural tea may lead to a different 

experience in terms of unpleasant somatic effects, nausea or vomiting, compared with 

the simple combination of pure compounds in a capsule. The use of the lyophilizate thus 

appeared to be a reasonable compromise. 

 

The constellation of subjective effects elicited by ayahuasca could be effectively 

quantified by means of the battery of self-administered instruments used for this 

purpose, i.e., the HRS, the ARCI and the VAS. The HRS was sensitive to ayahuasca effects, 

as it has previously been shown to be sensitive to other psychedelics such as i.v. DMT 

and oral psilocybin (Gouzoulis-Mayfrank et al., 1999b; Strassman et al., 1994). VAS 

data indicated that ayahuasca shows a distinct duration of effects, longer than those of 

i.v. DMT, but shorter than those of mescaline or LSD (Strassman, 1994). Finally, ARCI 

results revealed that ayahuasca effects are not merely perceptual, but share common 

features with psychostimulants (Martin et al., 1971) and elicit marked somatic-

dysphoric symptoms. The coexistence of stimulation with modifications in the 

sensorium portrays ayahuasca as a psychedelic, and its subjective effects are dose-

dependent and can be evidenced by the instruments used. This information being 

established for ayahuasca, blockade studies can be proposed in order to better 

characterize the neurochemical mechanisms involved in its effects. Additionally, we 

may now be able to address the long neglected study of the individual β-carbolines in 

humans and examine which of these and at what doses they can elicit subjective effects 
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analogous to those of ayahuasca, if at all. If the β-carbolines prove devoid of 

psychedelic activity, the use of subjective-effect measures combined with the 

administration of pure compounds may alternatively help tease apart the contribution of 

each of the β-carbolines in the facilitation of DMT absorption per os. 

 

The EEG variables provided a quantitative and dose-dependent measure of ayahuasca 

effects on the CNS, which is totally objective and not easily influenced by the subject’s 

expectations or will. Although complex, ayahuasca effects on the EEG power spectrum 

are compatible with its proposed neurochemical mechanism of action. Decreases in 

slow activity, i.e., delta and theta power, are a general feature of psychedelics displaying 

5-HT2 agonist activity, but also of psychostimulants such as amphetamine and 

methylphenidate, and serotonin releasers such as fenfluramine, (Herrmann and 

Schaerer, 1986; Itil and Fink, 1966; Saletu et al., 1993). Delta activity has traditionally 

been thought to reflect inhibitory activity, and increases in theta have been observed in 

relaxed and meditative states. Results thus suggest an excitatory or arousing effect 

for ayahuasca. This assumption is further supported by the fact that major tranquilizers 

with D2 or mixed D2/5-HT2 antagonist activity, such as chlorpromazine and risperidone, 

are characterized by their delta and theta-promoting activity (Lee et al., 1999; Saletu et 

al., 1993). An important difference between ayahuasca and psychostimulants is the 

alpha-2 decreasing properties found in the present study. Early pharmaco-EEG research 

on LSD had also shown decreases in alpha activity after acute drug administration (Itil 

and Fink, 1966). Amphetamine, on the other hand, is known to enhance alpha in 

addition to its slow wave dampening effects, a feature not shared by ayahuasca. Future 

studies could benefit from comparing ayahuasca effects with those of more prototypical 

psychostimulants such as d-amphetamine. Besides, pretreatment with selective 5-HT2A 

antagonists would allow for the identification of individual EEG variables specifically 

modified by 5-HT2A activation. 

 

The LORETA results obtained in the present study should be regarded as exploratory. 

The technique is relatively recent and this is the first time it has been applied to study 

ayahuasca or any other psychedelic. Based on the cortical areas targeted, it could be 

hypothesized that drug-induced bioelectrical changes on unimodal sensory association 

cortex may have played a role in the modality-specific modifications in the visual, 

somatic and auditory perception reported by the volunteers. Additionally, it appears 
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reasonable to assume that effects on transmodal brain areas could account for more 

complex cognitive modifications which also characterize the subjective experience 

elicited by ayahuasca. In this respect, the temporo-parietal and frontomedial 

heteromodal association cortex, the cingulate and the temporomedial cortices play 

relevant roles in the neurobiology of attention, emotion, and memory (Devinsky et al., 

1995; Nyberg et al., 1996; Squire and Zola-Morgan, 1991). Clearly, additional studies 

of ayahuasca and other psychoactive drugs by means of LORETA are warranted. 

Comparison of the LORETA results with data from nuclear medicine techniques are 

also indicated. In contrast with the widespread power density decreases we observed for 

ayahuasca in posterior regions with LORETA, PET and SPECT studies of acute 

mescaline and psilocybin administration have shown blood flow and metabolic 

increases in the frontal cortex (Gouzoulis-Mayfrank et al., 1999a; Hermle et al., 1992; 

Vollenweider et al., 1997). 

 

At the doses administered, ayahuasca induced a different pattern of effects on PPI and 

P50. The results obtained seemingly indicate no effect, or at best, a mild enhancing 

effect of the drug on PPI, a measure of sensorimotor gating. In the only other human 

study performed to date involving serotonergic psychedelics, the administration of 

psilocybin provoked a significant increase of PPI at a prepulse-to-pulse interval of 100 

ms, with no significant effects on habituation (Gouzoulis et al., 1998). Interestingly, the 

pattern of effects exerted by serotonergic drugs on the human PPI in the limited number 

of studies conducted is opposed to that by dopaminergic/noradrenergic agonists. Thus, 

d-amphetamine and bromocriptine have been shown to impair PPI in healthy volunteers 

(Abduljawad et al., 1998; Abduljawad et al., 1999; Hutchison and Swift, 1999). On the 

contrary, the significant dose-dependent decreases in P50 suppression after ayahuasca 

suggest a suppressing effect of the drug on normal sensory gating in humans. To our 

knowledge, P50 suppression has not been assessed previously in humans following the 

administration of a 5-HT2A/2C agonist. The only studies that have evaluated the effects 

of pharmacological challenge on this measure in humans have concentrated mainly on 

cathecolaminergic drugs. Both d-amphetamine and the α2-adrenoceptor antagonist, 

yohimbine have thus been shown to impair P50 suppression in healthy volunteers 

(Adler et al., 1994a; Light et al., 1999). Furthermore, the dopamine agonist 

bromocriptine has also been found to disrupt P50 suppression (Adler et al., 1994b) in 

humans. The pharmacological characteristics of the beverage, which combines MAO-
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inhibitors and DMT, precludes the generalization of the present findings to all 5-HT2A/2C 

agonists. Results in the present study should therefore be regarded with caution and 

should be replicated using wider dose ranges. 

 

The time course of DMT plasma concentrations closely paralleled that of subjective 

effects, with peak DMT concentrations and peak effects obtained between 1.5 and 2 h. 

It is worth noting the small percentage of DMT which apparently reaches systemic 

circulation after ayahuasca administration. Based on Strassman’s i.v. data, our 

calculations yield a bioavailability of only 10-15% for DMT in ayahuasca. An 

analogous value is obtained performing the calculations with the apparent volume of 

distribution reported by Callaway and coworkers (1999). In fact, the above 

bioavailavility figure may be overestimated. In their study, Strassman et al. (1994) draw 

the first blood sample two min after the end of the DMT bolus. Thus, the maximum 

plasma concentration –which is obtained immediately after completion of the i.v. bolus- 

was missed. Greater DMT plasma levels after i.v. administration would have led to a 

smaller volume of distribution value and this in turn to a smaller bioavailability for 

DMT in ayahuasca. The role of the β-carbolines on DMT clearance deserves further 

analysis. The normalized AUC calculated for DMT in the present study showed a 

statistically significant increase between the low and the high ayahuasca doses. This is 

suggestive of a non-linear increment of DMT levels following the administration of 

increasing doses of ayahuasca and could be due to the action of the higher amounts of 

β-carbolines administered. In line with this possibility, while Callaway and coworkers 

found an apparent volume of distribution value for DMT similar to that in the present 

study, they reported higher half-life and lower clearance values. The role of the β-

carbolines in the possible non-linearity of DMT levels between ayahuasca doses could 

be addressed in a repeated administration study. 

 

The absence of measurable levels of plasma harmine suggests efficacious metabolism of 

this alkaloid. The rapid turnover of harmine to harmol has been observed in vitro (Yu et 

al., 2003). Phenotyping or genotyping volunteers for the CYPs involved in harmine O-

demethylation could shed some light on the differences observed between our sample 

and that of Callaway and coworkers (1999), where measurable levels of harmine were 

found in plasma. 
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In the present investigation we could not demonstrate a clear-cut MAO inhibition by 

measuring urinary monoamine metabolite levels. This may have been related to the β-

carboline amounts administered with the ayahuasca doses. These were established in 

terms of administered DMT per kg body weight. At the 0.85 mg DMT/kg dose which 

was used in the final study as the high dose, volunteers received 1.45 mg/kg harmine. 

This value is slightly below the 1.5 mg/kg found by Ott (1999) to be the threshold dose 

necessary to render DMT orally active in self-experiments. Although 1.45 mg/kg may 

have been sufficient to allow sufficient DMT to reach undegraded systemic circulation 

and to elicit psychotropic effects, it may not have been enough to modify the profile of 

endogenous monoamine metabolites in urine. The assessment of the in vivo MAO 

inhibition effect with this methodology may render positive results employing 

ayahuasca batches with higher β-carboline amounts. Alternatively, a repeated dose 

administration study could possibly yield a greater degree of MAO inhibition.  

 

Increases in SBP, DBP and HR did not appear to be a robust effect of ayahuasca. While 

a tendency was found for SBP increases in the pilot study, this variable was not found to 

be affected in the final study. Instead, increments in DBP reached statistical 

significance, although the magnitude of the effect was only moderate. The small sample 

of the pilot study (only 5 volunteers) may have been insufficient to demonstrate the 

cardiovascular effects of ayahuasca. Both in the pilot and final studies, increases in 

SBP, DBP and HR were milder than those reported for other more prototypical 

sympathomimetics, such as amphetamine or MDMA, at doses showing psychotropic 

properties (de la Torre et al., 2000; Mas et al., 1999). The use of positive controls in 

future studies on the cardiovascular effects of ayahuasca is also indicated. 
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1. The psychotropic effects of ayahuasca vs. placebo were demonstrated by means 

of structured self-assessment instruments both in naive and in experienced 

ayahuasca users. The tea induces dose-dependent changes in the perceptual, 

affective, cognitive and somatic spheres, with a combination of stimulatory and 

psychedelic effects. The overall experience is of longer duration and milder 

intensity than that previously reported for intravenously administered DMT. 

 

2. The central effects of ayahuasca were objectively measured by means of q-EEG, 

showing a time pattern which closely paralleled that of subjective effects. Results 

in the individual q-EEG variables are in line with those previously described for 

other serotonergic psychedelics and share some features with the profile of effects 

shown by pro-serotonergic and pro-dopaminergic drugs. 

 

3. The use of the LORETA source location technique identified the EEG power 

decreases over somatosensory, auditory and visual association cortices, over 

temporo-parietal heteromodal association cortex and in paralimbic structures with 

relevant roles in emotion and memory processes. These areas may be involved in 

the psychological effects elicited by ayahuasca. 

 

4. Diverging effects are observed on each of the two gating measures evaluated. 

While a decremental effect of ayahuasca on sensory gating was found, no distinct 

effects were observed on sensorimotor gating. 

 

5. Following the oral administration of ayahuasca, measurable plasma levels were 

observed for DMT, harmaline and THH. Based on the calculated bioavailability, 

only a small percentage of the total DMT in ayahuasca appears to reach systemic 

circulation. The time course of DMT plasma concentrations parallels the 

evolution of subjective effects, with peak plasma concentrations and peak 

subjective effects attained at 1.5 h. While harmine was not found in plasma 

except for a few time points in four of eighteen volunteers, all volunteers showed 

measurable levels of harmol and harmalol, the O-demethylated analogues of 

harmine and harmaline. Results suggest an intense first-pass metabolism for 

harmine.  
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6. In vivo MAO inhibition following ayahuasca administration could not be firmly 

and definitely established measuring the excretion of urinary monoamine 

metabolites. While ayahuasca increased normetanefrine excretion in line with the 

hypothesis, the levels of the MAO-dependent metabolites did not show the 

decreases expected for a MAO inhibitor. 

 

7. Ayahuasca-induced increases in cardiovascular measures were moderate and 

statistical significance could only be demonstrated for DBP. The drug exerts a 

series of unpleasant somatic-dysphoric effects, the most common of which are 

altered physical sensations and nausea. However, in contrast with reports from 

field observations, ayahuasca-induced vomiting was infrequent. Transient 

disorientation and anxiety experienced by one volunteer was the most disturbing 

adverse event observed. 

 

 



 209

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

REFERENCES 



REFERENCES 
 

 211

Abduljawad KAJ, Langley RW, Bradshaw CM, Szabadi E (1998) Effects of 

bromocriptine and haloperidol on prepulse inhibition of the acoustic startle response 

in man. J Psychopharmacol 12:239-245. 

 

Abduljawad KAJ, Langley RW, Bradshaw CM, Szabadi E (1999) Effects of 

bromocriptine and haloperidol on prepulse inhibition: comparison of the acoustic 

startle eyeblink response and the N1/P2 auditory-evoked response in man. J 

Psychopharmacol 13:3-9.  

 

Adler LE, Pachtman E, Franks RD, Pecevich M, Waldo MC, Freedman R (1982) 

Neurophysiological evidence for a defect in neuronal mechanisms involved in 

sensory gating in schizophrenia. Biol Psychiatry 17:639-654. 

 

Adler LE, Hoffer L, Nagamoto HT, Waldo MC, Kisley MA, Giffith JM (1994a) 

Yohimbine impairs P50 auditory sensory gating in normal subjects. 

Neuropsychopharmacology 10:249-257.  

 

Adler LE, Hope C, Hoffer LD, Stephen C, Young D, Gerhardt G (1994b) 

Bromocriptine impairs P50 auditory sensory gating in normal control subjects. Biol 

Psychiatry 35:630. 

 

Adler LE, Olincy A, Waldo M, Harris JG, Griffith J, Stevens K, Flach K, Nagamoto H, 

Bickford P, Leonard S, Freedman R (1998) Schizophrenia, sensory gating, and 

nicotinic receptors. Schizophr Bull 24:189-202. 

 

Aghajanian GK (1994) LSD and phenethylamine hallucinogens: common sites of 

neuronal action In: Pletscher A, Ladewig D (eds.), 50 Years of LSD: current status 

and perspectives of hallucinogens. Parthenon, New York and London, pp 27-41.  

 

Aghajanian GK (1995) Electrophysiology of serotonin receptor subtypes and signal 

transduction pathways In: Bloom FE, Kupfer DJ (eds.), Psychopharmacology: the 

fourth generation of progress. Raven Press, New York, pp 451-460. 

 



REFERENCES 
 

 212

Aghajanian GK, Hailgler HJ (1975) Hallucinogenic indoleamines: preferential action 

upon presynaptic serotonin receptors. Psychopharmacol Commun 1:619-629.  

 

Aghajanian GK, Marek GJ (1997) Serotonin induces excitatory postsynaptic potentials 

in apical dendrites of neocortical pyramidal cells. Neuropharmacology 36:589-599. 

 

Aghajanian GK, Marek GJ (1999a) Serotonin and hallucinogens. 

Neuropsychopharmacology 21:16S-23S. 

 

Aghajanian GK, Marek GJ (1999b) Serotonin, via 5-HT2A receptors, increases EPSCs in 

layer V pyramidal cells of prefrontal cortex by an asynchronous mode of glutamate 

release. Brain Res 825:161-171. 

 

Aghajanian GK, Marek GJ (2000) Serotonin model of schizophrenia: emerging role of 

glutamate mechanisms. Brain Res Brain Res Rev 31:302-312.  

 

Aghajanian GK, Foote WE, Sheard MH (1968) Lysergic acid diethylamide: sensitive 

neuronal units in the midbrain raphe. Science 161:706-708.   

 

Aghajanian GK, Foote WE, Sheard MH (1970) Action of psychotogenic drugs on single 

midbrain raphe neurons. J Pharmacol Exp Ther 171:178-187.  

 

Agurell S, Holmstedt B, Lindgren JE (1968) Alkaloid content of Banisteriopsis 

rusbyana. Am J Pharm Sci Support Public Health 140:148-151.  

 

Aloyo VJ, Dave KD, Rahman T, Harvey JA (2001) Selective and divergent regulation 

of cortical 5-HT2A receptors in rabbit. J Pharmacol Exp Ther 299:1066-1072. 

 

American Psychiatric Association (1994) Diagnostic and Statistical Manual of 

Mental Disorders. Fourth Edition, American Psychiatric Association, Washington 

DC. 

 



REFERENCES 
 

 213

Anji A, Kumari M, Sullivan Hanley NR, Bryan GL, Hensler JG (2000) Regulation of 5-

HT2A receptor mRNA levels and binding sites in rat frontal cortex by the agonist DOI 

and the antagonist mianserin. Neuropharmacology 39:1996-2005. 

 

Anonymous (2000) L'Ayahuasca: de l'Amazonie à la Jungle Urbaine. In: La 

Géopolitique Mondiale des Drogues 1998/1999. Observatoire Géopolitique des 

Drogues, Paris, pp 102-106. 

 

Araneda R, Andrade R (1991) 5-Hydroxytryptamine2 and 5-hydroxytryptamine1A 

receptors mediate opposing responses on membrane excitability in rat association 

cortex. Neuroscience 40:399-412. 

 

Arnold OH, Hofmann G (1957) Zur Psychopathologie des Dimethyl-tryptamin. 

Wiener Z. f. Nervenheilkunde 13:438-445.  

 

Auta J, Winsauer PJ, Faust WB, Lambert P, Moerschbaecher JM (1997) Effects of 

negative allosteric modulators of γ-aminobutyric acidA receptors on complex 

behavioral processes in monkeys. J Pharmacol Exp Ther 280:316-325.  

 

Barker SA, Monti JA, Christian ST (1980) Metabolism of the hallucinogen N,N-

dimethyltryptamine in rat brain homogenates. Biochem Pharmacol 29:1049-1057. 

  

Barlow RB (1961) Effects on amine oxidase of substances which antagonize 5-

hydroxytryptamine more than tryptamine on the rat fundus strip. Br J Pharmacol 

16:153-162.     

 

Barriga Villalba AM (1925) Yajeine: a new alkaloid. Journal of the Society of 

Chemical Industry 205-207. 

 

Bickel P, Dittrich A, Schoepf J (1976) Eine experimentelle Untersuchung zur 

bewusstseinsverändernden Wirkung von N,N-Dimethyltryptamin (DMT). 

Pharmakopsychiatr Neuropsychopharmakol 9:220-225.   

 



REFERENCES 
 

 214

Blumenthal TD (1999) Short lead interval startle modification. In: Dawson ME, Schell 

AM, Böhmelt AH (eds.), Startle modification: implications for neuroscience, 

cognitive science and clinical science. Cambridge University Press, Cambridge, pp 

51-71. 

 

Böszörményi Z, Szára S (1958) Dimethyltryptamine experiments with psychotics. J 

Ment Sci 104:445-453. 

 

Braff DL, Geyer MA (1980) Acute and chronic LSD effects on rat startle: data 

supporting an LSD-rat model of schizophrenia. Biol Psychiatry 15:909-916. 

 

Buckholtz NS, Boggan WO (1977a) Monoamine oxidase inhibition in brain and liver 

produced by β-carbolines: structure-activity relationships and substrate specificity. 

Biochem Pharmacol 26:1991-1996. 

 

Buckholtz NS, Boggan WO (1977b) Inhibition by β-carbolines of monoamine uptake 

into a synaptosomal preparation: structure-activity relationships. Life Sci 20:2093-

2099.   

 

Buckholtz NS, Freedman DX, Middaugh LD (1985) Daily LSD administration 

selectively decreases serotonin2 receptor binding in rat brain. Eur J Pharmacol 

109:421-425.  

 

Buckholtz NS, Zhou DF, Freedman DX (1988) Serotonin2 agonist administration down-

regulates rat brain serotonin2 receptors. Life Sci 42:2439-2445. 

 

Buckholtz NS, Zhou DF, Freedman DX, Potter WZ (1990) Lysergic acid diethylamide 

(LSD) administration selectively downregulates serotonin2 receptors in rat brain. 

Neuropsychopharmacology 3:137-148.   

 

Callaway JC (1999) Phytochemistry and neuropharmacology of Ayahuasca. In: Metzner 

R (ed.), Ayahuasca: hallucinogens, consciousness, and the spirit of nature. 

Thunder’s Mouth Press, New York, pp 250-275. 

 



REFERENCES 
 

 215

Callaway JC, Grob CS (1998) Ayahuasca preparations and serotonin reuptake 

inhibitors: a potential combination for severe adverse interactions. J Psychoactive 

Drugs 30:367-369. 

 

Callaway JC, Airaksinen MM, McKenna DJ, Brito GS, Grob CS (1994) Platelet 

serotonin uptake sites increased in drinkers of ayahuasca. Psychopharmacology 

116:385-387.  

 

Callaway JC, McKenna DJ, Grob CS, Brito GS, Raymon LP, Poland RE, Andrade EN, 

Andrade EO, Mash DC (1999) Pharmacokinetics of Hoasca alkaloids in healthy 

humans. J Ethnopharmacol 65:243-256. 

 

Chen AL, Chen KK (1939) Harmine, the alkaloid of caapi. Quarterly Journal of 

Pharmacy and Pharmacology 12:30-38.   

 

Cohen I, Vogel WH. (1972) Determination and physiological disposition of 

dimethyltryptamine and diethyltryptamine in rat brain, liver and plasma. Biochem 

Pharmacol 21:1214-1216. 

 

Cole JM, Pieper WA (1973) The effects of N,N-dimethyltryptamine on operant 

behavior in squirrel monkeys. Psychopharmacologia 29:107-112. 

 

Cooper SG, Schiff SR, Bridger WH (1981) Tolerance to behavioral effects of N,N-

dimethyltryptamine in mice. Biol Psychiatry 16:861-867. 

 

Cory RN, Rouot B, Guillon G, Sladeczek F, Balestre MN, Bockaert J (1987) The 5-

hydroxytryptamine (5-HT2) receptor stimulates inositol phosphate formation in intact 

and broken WRK1 cells: determination of occupancy-response relationships for 5-

HT agonists. J Pharmacol Exp Ther 241:258-267.   

 

de la Torre R, Farré M, Roset PN, Hernández López C, Mas M, Ortuño J, Menoyo E, 

Pizarro N, Segura J, Camí J (2000) Pharmacology of MDMA in humans. Ann NY 

Acad Sci 914:225-237. 

 



REFERENCES 
 

 216

Deliganis AV, Pierce PA, Peroutka SJ (1991) Differential interactions of 

dimethyltryptamine (DMT) with 5-HT1A and 5-HT2 receptors. Biochem Pharmacol 

41:1739-1744. 

 

Der Marderosian AH, Pinkley HV, Dobbins MF (1968) Native use and occurence of 

N,N-dimethyltryptamine in the leaves of Banisteriopsis rusbyana. Am J Pharm Sci 

Support Public Health 140:137-147.  

 

Der Marderosian AH, Kensinger KM, Chao JM, Goldstein FJ (1970) The use of 

hallucinatory principles of a psychoactive beverage of the Cashinahua tribe (Amazon 

Basin). Drug Dependence 5:7-14. 

 

Devinsky O, Morrell MJ, Vogt BA (1995) Contributions of anterior cingulate cortex to 

behaviour. Brain 118:279-306. 

 

Dittrich A, Bickel P, Schöpf J, Zimmer D (1976) Vergleich veränderter 

bewusstseinszustände unter den Halluzinogenen (-)-∆9-trans-Tetrahydrocannabinol 

(∆9-THC) und N,N-Dimethyltryptamin (DMT). Arch Psychiat Nervenkr 223:77-

87. 

 

Dobkin de Rios M (1984) Visionary vine: hallucinogenic healing in the Peruvian 

Amazon.  Waveland Press, Prospect Heights, Illinois. 

 

Dobkin de Rios M (1996) Commentary on "Human pharmacology of Hoasca": a 

medical anthropology perspective. J Nerv Ment Dis 184:95-98. 

 

Du W, Harvey JA (1997) Harmaline-induced tremor and impairment of learning are 

both blocked by dizocilpine in the rabbit. Brain Res 745:183-188.  

 

Du W, Aloyo VJ, Harvey JA (1997) Harmaline competitively inhibits [3H]MK-801 

binding to the NMDA receptor in rabbit brain. Brain Res 770:26-29. 

 



REFERENCES 
 

 217

Edwards E, Ashby CR, Wang RY (1992) ±-1-(2,5-Dimethoxy-4-iodophenyl)-2-

aminopropane (DOI) and α-methyl-5-HT: 5-HT2 receptor agonistic action on 

phosphatidylinositol metabolism in the rat fronto-cingulate and entorhinal cortex. 

Neuropharmacology 31:615-621. 

 

Egan C, Grinde E, Dupre A, Roth BL, Hake M, Teitler M, Herrick-Davis K (2000) 

Agonist high and low affinity state ratios predict drug intrinsic activity and a revised 

ternary complex mechanism at serotonin 5-HT2A and 5-HT2C receptors. Synapse 

35:144-150.  

 

Elger F (1928) Über das Vorkommen von Harmin in einer südamerikanischen Liane 

(Yagé). Helv Chim Acta 11:162-166. 

 

Ersparmer V (1955) Observations on the fate of indolalkylamines in the organism. J 

Physiol 127:118-133. 
 
Fericgla JM (1994) Los Jíbaros, cazadores de sueños. Integral-Oasis, Barcelona.  
 

Fiorella D, Rabin RA, Winter JC (1995) The role of the 5-HT2A and 5-HT2C receptors in 

the stimulus effects of hallucinogenic drugs. I: Antagonist correlation analysis. 

Psychopharmacology 121:347-356.     

 

Fish MS, Johnson NM, Horning EC (1955a) Piptadenia alkaloids. Indole bases of P. 

peregrina (L.)Benth. and related species. J Am Chem Soc 77:5892-5895. 

 

Fish MS, Johnson NM, Lawrence EP, Horning EC (1955b) Oxidative N-dealkylation. 

Biochem Biophys Acta 18:564-565. 

 

Frankel PS, Cunningham KA (2002) The hallucinogen d-lysergic acid diethylamide (d-

LSD) induces the immediate-early gene c-Fos in rat forebrain. Brain Res 958:251-

260.  

 



REFERENCES 
 

 218

Freedman R, Adler LE, Waldo MC, Pachtman E, Franks RD (1983) Neurophysiological 

evidence for a defect in inhibitory pathways in schizophrenia: comparison of 

medicated and drug-free patients. Biol Psychiatry 18:537-551. 

 

Freter K, Weissbach H, Redfield B, Undenfriend S, Witkop B (1958) Oxindole analogs 

of (5-hydroxy)-tryptamine and –tryptophan, as inhibitors of the biosynthesis and 

breakdown of serotonin. J Am Chem Soc 80:983-987.  

 
 
Fróes V (1986) História do povo Juramidam: a cultura do Santo Daime. Suframa, 

Manaus. 

 

Fuentes JA, Longo VC (1971) An investigation on the central effects of harmine, 

harmaline and related β-carbolines. Neuropharmacology 10:15-23. 

 

Fuller RW (1972) Selective inhibition of monoamine oxidase. Adv Biochem 

Psychopharmacol 5:339-354.   

 

Gaddum JH (1953) Antagonism between lysergic acid diethylamide and 5-

hydroxytryptamine. J Physiol 121:15P.        

 

Gillin JC, Cannon E, Magyar R, Schwartz M, Wyatt RJ (1973) Failure of N,N-

dimethyltryptamine to evoke tolerance in cats. Biol Psychiatry 7:213-220. 

 

Gillin JC, Kaplan J, Stillman R, Wyatt RJ (1976) The psychedelic model of 

schizophrenia: the case of N,N-dimethyltryptamine. Am J Psychiatry 133:203-208. 

  

Glennon RA (1990) Do classical hallucinogens act as 5-HT2 agonists or antagonists? 

Neuropsychopharmacology 3:509-517.  

 

Glennon RA (1999) Arylalkylamine drugs of abuse: an overview of drug discrimination 

studies. Pharmacol Biochem Behav 64:251-256.  

 



REFERENCES 
 

 219

Glennon RA, Dukat M (1995) Serotonin receptor subtypes. In: Bloom FE, Kupfer DJ 

(eds.), Psychopharmacology: the fourth generation of progress. Raven Press, 

New York, pp 415-429. 

 

Glennon RA, Rosecrans JA, Young R (1983a) Drug-induced discrimination: a 

description of the paradigm and a review of its specific application to the study of 

hallucinogenic agents. Med Res Rev 3:289-340.   

 

Glennon RA, Young R, Jacyno JM, Slusher M, Rosecrans JA (1983b) DOM-stimulus 

generalization to LSD and other hallucinogenic indolealkylamines. Eur J 

Pharmacol 86:453-459.       

 

Glennon RA, Young R, Rosecrans JA (1983c) Antagonism of the effects of the 

hallucinogen DOM and the purported 5-HT agonist quipazine by 5-HT2 antagonists. 

Eur J Pharmacol 91:189-196. 

 

Glennon RA, Titeler M, McKenney JD (1984) Evidence for 5-HT2 involvement in the 

mechanism of action of hallucinogenic agents. Life Sci 35:2505-2511. 

 

Glennon RA, Titeler M, Young R (1986) Structure-activity relationships and 

mechanism of action of hallucinogenic agents based on drug discrimination and 

radioligand binding studies. Psychopharmacol Bull 22:953-958.   

  

Glennon RA, Raghupathi R, Bartyzel P, Teitler M, Leonhardt S (1992) Binding of 

phenylalkylamine derivatives at 5-HT1C and 5-HT2 serotonin receptors: evidence 

for a lack of selectivity. J Med Chem 35:734-740. 

 

Glennon RA, Dukat M, Grella B, Hong S, Costantino L, Teitler M, Smith C, Egan C, 

Davis K, Mattson MV (2000) Binding of β-carbolines and related agents at serotonin 

(5-HT2 and 5-HT1A), dopamine (D2) and benzodiazepine receptors. Drug Alcohol 

Depend 60:121-132.  

  



REFERENCES 
 

 220

Gouzoulis-Mayfrank E, Heekeren K, Thelen B, Lindenblatt H, Kovar KA, Sass H, 

Geyer MA, (1998) Effects of the hallucinogen psilocybin on habituation and 

prepulse inhibition of the startle reflex in humans. Behav Pharmacol 9:561-566. 

 

Gouzoulis-Mayfrank E, Schreckenberger M, Sabri O, Arning C, Thelen B, Spitzer M, 

Kovar KA, Hermle L, Büll U, Sass H (1999a) Neurometabolic effects of psilocybin, 

3,4-methylenedioxyethylamphetamine (MDE) and d-methamphetamine in healthy 

volunteers. A double-blind, placebo-controlled PET study with [18F]FDG. 

Neuropsychopharmacology 20:565-581. 

 

Gouzoulis-Mayfrank E, Thelen B, Habermeyer E, Kunert HJ, Kovar KA, Lindenblatt H, 

Hermle L, Spitzer M, Sass H (1999b) Psychopathological, neuroendocrine and 

autonomic effects of 3,4-methylenedioxyethylamphetamine (MDE), psilocybin and 

d-methamphetamine in healthy volunteers. Psychopharmacology 142:41-50. 

 

Grella B, Dukat M, Young R, Teitler M, Herrick-Davis K, Gauthier CB, Glennon RA 

(1998) Investigation of hallucinogenic and related β-carbolines. Drug Alcohol 

Depend 50:99-107.  

 

Gresch PJ, Strickland LV, Sanders-Bush E (2002) Lysergic acid diethylamide-induced 

Fos expression in rat brain: role of serotonin-2A receptors. Neuroscience 114:707-

713. 

 

Grob CS, McKenna DJ, Callaway JC, Brito GS, Neves ES, Oberlaender G, Saide OL, 

Labigalini E, Tacla C, Miranda CT, Strassman RJ and Boone KB (1996) Human 

psychopharmacology of Hoasca, a plant hallucinogen used in ritual context in Brazil. 

J Nerv Ment Dis 184:86-94. 

 
Haigler HJ, Aghajanian GK (1973) Mescaline and LSD: direct and indirect effects on 

serotonin-containing neurons in brain. Eur J Pharmacol 21:53-60.  

 

Halpern JH, Pope HG (1999) Do hallucinogens cause residual neuropsychological 

toxicity? Drug Alcohol Depend 53:247-256. 

 



REFERENCES 
 

 221

Halpern JH, Pope HG (2003) Hallucinogen persisting perception disorder: what do we 

know after 50 years? Drug Alcohol Depend 69:109-119. 

 

Harner MJ (1972) The Jívaro, people of the sacred waterfalls. University of 

California Press, Berkeley.  

 

Hashimoto Y, Kawanishi K (1975) New organic bases from Amazonian Banisteriopsis 

caapi. Phytochemistry 14:1633-1635.      

 

Hashimoto Y, Kawanishi K (1976) New alkaloids from Banisteriopsis caapi. 

Phytochemistry 15:1559-1560. 

   

Helsley S, Fiorella D, Rabin RA, Winter JC (1998a) A comparison of N,N-

dimethyltryptamine, harmaline, and selected congeners in rats trained with LSD as a 

discriminative stimulus. Prog Neuropsychopharmacol Biol Psychiatry 22:649-

663. 

 

Helsley S, Fiorella D, Rabin RA, Winter JC (1998b) Behavioral and biochemical 

evidence for a nonessential 5-HT2A component of the ibogaine-induced 

discriminative stimulus. Pharmacol Biochem Behav 59:419-425. 

 

Hermle L, Fünfgeld M, Oepen G, Botsch H, Borchardt D, Gouzoulis E, Fehrenbach 

RA, Spitzer M (1992) Mescaline-induced psychopathological, neuropsychological, 

and neurometabolic effects in normal subjects: experimental psychosis as a tool for 

psychiatric research. Biol Psychiatry 32:976-991. 

 

Herrera DG, Robertson HA (1996) Activation of c-fos in the brain. Prog Neurobiol 

50:83-107.   

 



REFERENCES 
 

 222

Herrmann WM, Schaerer E (1986) Pharmaco-EEG: computer EEG analysis to describe 

the projection of drug effects on a functional cerebral level in humans. In: Lopes da 

Silva FH, Storm van Leeuwen W, Rémond A. (eds.), Handbook of 

electroencephalography and clinical neurophysiology, Vol 2, Clinical 

application of computer analysis of EEG and other neurophysiological signals. 

Elsevier, Amsterdam, pp 385-445. 

 

Ho BT, McIsaac WN, An R, Harris RT, Walker KE, Kralik PM (1970) Biological 

activities of some 5-substituted N,N-dimethyltryptamines, α-methyltryptamines, and 

gramines. Psychopharmacologia 16:385-394.  

 

Hochstein FA, Paradies AM (1957) Alkaloids of Banisteria caapi and Prestonia 

amazonicum. J Am Chem Soc 79:5735-5736. 

 
Hollister LE (1968) Chemical Psychoses. Charles C. Thomas, Springfield, Illinois. 
 

Husbands SM, Glennon RA, Gorgerat S, Gough R, Tyacke R, Crosby J, Nutt DJ, Lewis 

JW, Hudson AL (2001) β-carboline binding to imidazoline receptors. Drug Alcohol 

Depend 64:203-208. 

 

Hutchison KE, Swift R (1999) Effect of d-amphetamine on prepulse inhibition of the 

startle reflex in humans. Psychopharmacology 143:394-400. 

 

Inoue H, Castagnoli K, Van Der Schyf C, Mabic S, Igarashi K, Castagnoli N (1999) 

Species-dependent differences in monoamine oxidase A and B-catalyzed oxidation 

of various C4 substituted 1-methyl-4-phenyl-1,2,3, 6-tetrahydropyridinyl derivatives. 

J Pharmacol Exp Ther 291:856-864.  

 

Itil T, Fink M (1966) Klinische Untersuchungen und quantitative EEG-Daten bei 

experimentellen Psychosen. Arzneimittelforschung 16:237-239. 

 



REFERENCES 
 

 223

Iurlo M, Leone MG, Schilström B, Linnér L, Nomikos GG, Hertel P, Silvestrini B, 

Svensson TH (2001) Effects of harmine on dopamine output and metabolism in rat 

striatum: role of monoamine oxidase-A inhibition. Psychopharmacology 159:98-

104.   

 

Jakab RL, Goldman-Rakic PS (1998) 5-Hydroxytryptamine2A serotonin receptors in the 

primate cerebral cortex: possible site of action of hallucinogenic and antipsychotic 

drugs in pyramidal cell apical dendrites. Proc Natl Acad Sci USA 95:735-740. 

 

Johnson RG, Stevens KE, Rose GM (1998) 5-Hydroxytryptamine2 receptors modulate 

auditory filtering in the rat. J Pharmacol Exp Ther 285:643-650. 

 

Kaplan J, Mandel LR, Stillman R, Walker RW, VandenHeuvel WJA, Gillin JC, Wyatt 

RJ (1974) Blood and urine levels of N,N-dimethyltryptamine following 

administration of psychoactive dosages to human subjects. Psychopharmacologia 

38:239-245.     

 

Kawanishi K, Uhara Y, Hasimoto Y (1982) Shinunine and dihydroshinunine from 

Banisteriopsis caapi. J Nat Prod 45:637-639. 

 

Kawanishi K, Eguchi N, Hayashi T, Hashimoto Y (1994) Relationship between 

occurrence of tremor/convulsion and level of β-carbolines in the brain after 

administration of beta-carbolines into mice. Pharmacol Biochem Behav 47:689-

699.  

 

Kim H, Sablin SO, Ramsay RR (1997) Inhibition of monoamine oxidase A by β-

carboline derivatives. Arch Biochem Biophys 337:137-142.  

    

Klodzinska A, Bijak M, Tokarski K, Pilc A (2002) Group II mGlu receptor agonists 

inhibit behavioural and electrophysiological effects of DOI in mice. Pharmacol 

Biochem Behav 73:327-332. 

 



REFERENCES 
 

 224

Kovacic B, Domino EF (1976) Tolerance and limited cross-tolerance to the effects of N, 

N-dimethyltryptamine (DMT) and lysergic acid diethylamide-25 (LSD) on food-

rewarded bar pressing in the rat. J Pharmacol Exp Ther 197:495-502.   

 

Labate BC, Araújo WS (2002) O Uso ritual da Ayahuasca. Mercado de Letras, São 

Paulo. 

 

Lee DY, Lee KU, Kwon JS, Jang IJ, Cho MJ, Shin SG, Woo JI (1999) 

Pharmacokinetic-pharmacodynamic modeling of risperidone effects on 

electroencephalography in healthy volunteers. Psychopharmacology 144:272-278. 

 

Lewin L (1928) Untersuchungen über Banisteria caapi Spr. Arch Exp Path Pharmacol 

129:133-149. 

 

Leysen JE, Janssen PFM, Niemegeers CJE (1989) Rapid desensitization and down-

regulation of 5-HT2 receptors by DOM treatment. Eur J Pharmacol 163:145-149. 

 

Light GA, Malaspina D, Geyer MA, Luber BM, Coleman EA, Sackeim HA, Braff DL 

(1999) Amphetamine disrupts P50 suppression in normal subjects. Biol Psychiatry 

46:990-996. 

    

Lippke KP, Schunack WG, Wenning W, Müller WE (1983) β-Carbolines as 

benzodiazepine receptor ligands. 1. Synthesis and benzodiazepine receptor 

interaction of esters of β-carboline-3-carboxylic acid. J Med Chem 26:499-503. 

 

Liwszyc GE, Vuori E, Rasanen I, Issakainen J (1992) Daime - a ritual herbal potion. J 

Ethnopharmacol 36:91-92.   

 

Luna LE (1984a) The healing practices of a Peruvian shaman. J Ethnopharmacol 

11:123-133. 

 

Luna LE (1984b) The concept of plants as teachers among four mestizo shamans of 

Iquitos, northeastern Perú. J Ethnopharmacol 11:135-156. 

 



REFERENCES 
 

 225

Luna LE (1986) Apéndices. América Indígena 46:247-251. 

 

Lyon RA, Titeler M, Seggel MR, Glennon RA (1988) Indolealkylamine analogs share 

5-HT2 binding characteristics with phenylalkylamine hallucinogens. Eur J 

Pharmacol 145:291-297.  

  

Mandel LR, Prasad R, Lopez-Ramos B, Walker RW (1977) The biosynthesis of 

dimethyltryptamine in vivo. Res Commun Chem Pathol Pharmacol 16:47-58.  

 

Manske RHF (1931) A synthesis of the methyltryptamines and some derivatives. Can J 

Res 5:592-600.  

 

Marek GJ, Aghajanian GK (1994) Excitation of interneurons in piriform cortex by 5-

hydroxytryptamine: blockade by MDL 100,907, a highly selective 5-HT2A receptor 

antagonist. Eur J Pharmacol 259:137-141. 

 

Marek GJ, Aghajanian GK (1996) LSD and the phenethylamine hallucinogen DOI are 

potent partial agonists at 5-HT2A receptors on interneurons in rat piriform cortex. J 

Pharmacol Exp Ther 278:1373-1382. 

 

Marek GJ, Aghajanian GK (1998a) Indoleamine and the phenethylamine hallucinogens: 

mechanisms of psychotomimetic action. Drug Alcohol Depend 51:189-198.  

 

Marek GJ, Aghajanian GK (1998b) 5-Hydroxytryptamine-induced excitatory 

postsynaptic currents in neocortical layer V pyramidal cells: suppression by µ-opiate 

receptor activation. Neuroscience 86:485-497. 

 

Marek GJ, Aghajanian GK (1998c) The electrophysiology of prefrontal serotonin 

systems: therapeutic implications for mood and psychosis. Biol Psychiatry 44:1118-

1127. 

 

Marek GJ, Wright RA, Gewirtz JC, Schoepp DD (2001) A major role for 

thalamocortical afferents in serotonergic hallucinogen receptor function in the rat 

neocortex. Neuroscience 105:379-392. 



REFERENCES 
 

 226

Martin WR, Sloan JW, Sapira JD, Jasinski DR (1971) Physiologic, subjective, and 

behavioral effects of amphetamine, methamphetamine, ephedrine, phenmetrazine, 

and methylphenidate in man. Clin Pharmacol Ther 12:245-258. 

 

Mas M, Farré M, de la Torre R, Roset PN, Ortuño J, Segura J, Camí J (1999) 

Cardiovascular and neuroendocrine effects and pharmacokinetics of 3,4-

methylenedioxymethamphetamine in humans.  J Pharmacol Exp Ther 290:136-

145. 

 

McIsaac WM, Estevez V (1966) Structure-action relationship of β-carbolines as 

monoamine oxidase inhibitors. Biochem Pharmacol 26:1625-1627.   

 

McKenna DJ, Saavedra JM (1987) Autoradiography of LSD and 2,5-

dimethoxyphenylisopropylamine psychotomimetics demonstrates regional, specific 

cross-displacement in the rat brain. Eur J Pharmacol 142:313-315. 

 

McKenna DJ, Towers GHN, Abbott F (1984) Monoamine oxidase inhibitors in South 

American hallucinogenic plants: tryptamine and β-carboline constituents of 

ayahuasca. J Ethnopharmacol 10:195-223. 

 

McKenna DJ, Mathis CA, Shulgin AT, Sargent T, Saavedra JM (1987) 

Autoradiographic localization of binding sites for 125I-DOI, a new psychotomimetic 

radioligand, in the rat brain. Eur J Pharmacol 137:289-290.   
 
McKenna DJ, Nazarali AJ, Himeno A, Saavedra JM (1989) Chronic treatment with  

(±)-DOI, a psychotomimetic 5-HT2 agonist, downregulates 5-HT2 receptors in rat 

brain. Neuropsychopharmacology 2:81-87. 

 

McKenna DJ, Repke DB, Lo L, Peroutka SJ (1990) Differential interactions of 

indolealkylamines with 5-hydroxytryptamine receptor sybtypes. 

Neuropharmacology 29:193-198. 

 



REFERENCES 
 

 227

McKenna DJ, Callaway JC, Grob CS (1998) The scientific investigation of Ayahuasca: 

a review of past and current research. The Heffter Review of Psychedelic Research 

1:65-76. 

   

McRae E (1998) Guiado por la luna: shamanismo y uso ritual de la ayahuasca en el 

culto de Santo Daime. Ediciones Abya-Yala, Quito. 

 

Meltzer HY, Wiita B, Tricou BJ, Simonovic M, Fang V, Manov G (1982) Effect of 

serotonin precursors and serotonin agonists on plasma hormone levels. In: Ho BT, 

Schoolar JC, Usdin E (eds.), Serotonin in biological psychiatry. Raven Press, New 

York, pp 117-139. 

    

Moore RH, Demetriou SK, Domino EF (1975) Effects of iproniazid, chlorpromazine 

and methiothepin on DMT-induced changes in body temperature, pupillary 

dilatation, blood pressure and EEG in the rabbit. Arch Int Pharmacodyn Ther 

213:64-72.  

 

Müller WE, Fehske KJ, Borbe HO, Wollert U, Nanz C, Rommelspacher H (1981) On 

the neuropharmacology of harmane and other β-carbolines. Pharmacol Biochem 

Behav 14:693-699. 

 

Nakada MT, Wieczorek CM, Rainbow TC (1984) Localization and characterization by 

quantitative autoradiography of [125I]LSD binding sites in rat brain. Neurosci Lett 

49:13-18. 

 

Naranjo C (1967) Psychotropic properties of the harmala alkaloids. In: Efron DH, 

Holmstedt B, Kline NS (eds.), Ethnopharmacologic search for psychoactive 

drugs. US Gov Printing Office, Washington DC, pp 385-391.  

 

Naranjo P (1986) El ayahuasca en la arqueología ecuatoriana. America Indígena 

46:117-127.   

 



REFERENCES 
 

 228

Newton RA, Phipps SL, Flanigan TP, Newberry NR, Carey JE, Kumar C, McDonald B, 

Chen C, Elliott JM (1996) Characterisation of human 5-hydroxytryptamine2A and 5-

hydroxytryptamine2C receptors expressed in the human neuroblastoma cell line SH-

SY5Y: comparative stimulation by hallucinogenic drugs. J Neurochem 67:2521-

2531. 

 

Nielsen EB, White FJ, Holohean AM, Callahan PM, Appel JB (1982) Behavioral and 

biochemical evidence for serotonergic actions of tetrahydro-β-carbolines. Life Sci 

31:2433-2439. 

 

Nyberg L, McIntosh AR, Cabeza R, Habib R, Houle S, Tulving E (1996) General and 

specific brain regions involved in encoding and retrieval of events: what, where, and 

when. Proc Natl Acad Sci USA 93:11280-11285. 

 

O'Hearn E, Molliver ME (1993) Degeneration of Purkinje cells in parasagittal zones of 

the cerebellar vermis after treatment with ibogaine or harmaline. Neuroscience 

55:303-310.  

 

Ott J (1993) Pharmacotheon: Entheogenic drugs, their plant sources and history. 

Natural Products Co, Kennewick, Washington. 

 

Ott J (1994) Ayahuasca analogues: pangaean entheogens. Natural Products Co, 

Kennewick, Washington. 

 

 

Ott J (1999) Pharmahuasca: human pharmacology of oral DMT plus harmine. J 

Psychoactive Drugs 31:171-177.  

  
Ott J (2001) Pharmepéna-Psychonautics: human intranasal, sublingual and oral 

pharmacology of 5-methoxy-N,N-dimethyl-tryptamine. J Psychoactive Drugs 

33:403-407.  

 



REFERENCES 
 

 229

Ouagazzal AM, Grottick AJ, Moureau JL, Higgins GA (2001) Effect of LSD on 

prepulse inhibition and spontaneous behaviour in the rat: a pharmacological analysis 

and comparison between two rat strains. Neuropsychopharmacology 25:565-575. 

 

Padich RA, McCloskey TC, Kehne JH (1996) 5-HT modulation of auditory and visual 

sensorimotor gating: II. Effects of  the 5-HT2A antagonist MDL 100,907 on 

disruption of sound and light prepulse inhibition produced by 5-HT agonists in 

Wistar rats. Psychopharmacology 124:107-116. 

 

Pazos A, Hoyer D, Palacios JM (1984) The binding of serotonergic ligands to the 

porcine choroid plexus: characterization of a new type of serotonin recognition site. 

Eur J Pharmacol 106:539-546.  

 

Pennes HH, Hoch PH (1957) Psychotomimetics, clinical and theoretical considerations: 

harmine, WIN-299 and nalline. Am J Psychiatry 113:887-892. 

 

Perrot E, Raymond-Hamet (1927a) Yagé, Ayahuasca, Caapi et leur alcaloïde: 

télépatheine ou yagéine. Bulletin des Sciences Pharmacologiques 34:337-347; 417-

426; 500-514. 

 

Perrot E, Raymond-Hamet (1927b) Le yagé, plante sensorielle des Indiens de la région 

amazonique de l’Équateur et de la Colombie. Comptes Rendus Hebdomadaires des 

Séances de l’Académie des Sciences 184:1266-1268. 

 

Picton TW, Hillyard SA, Krausz HI, Galambos R (1974) Human auditory evoked 

potentials. I: Evaluation of components. Electroencephalogr Clin Neurophysiol 

36:179-190. 

 

Pierce PA, Peroutka SJ (1988) Antagonism of 5-hydroxytryptamine2 receptor-mediated 

phosphatidylinositol turnover by d-lysergic acid diethylamide. J Pharmacol Exp 

Ther 247:918-925.  

 

Pierce PA, Peroutka SJ (1989) Hallucinogenic drug interactions with neurotransmitter 

receptor binding sites in human cortex. Psychopharmacology 97:118-122. 



REFERENCES 
 

 230

Poisson J (1965) Note sur le “Natem”, boisson toxique péruvienne et ses alcaloïdes. 

Ann Pharm Fr 23:241-244. 

 

Pompeiano M, Palacios JM, Mengod G (1994) Distribution of the serotonin 5-HT2 

receptor family mRNAs: comparison between 5-HT2A and 5-HT2C receptors. Brain 

Res Mol Brain Res 23:163-178.  

  
Rabin RA, Regina M, Doat M, Winter JC (2002) 5-HT2A receptor-stimulated 

phosphoinositide hydrolysis in the stimulus effects of hallucinogens. Pharmacol 

Biochem Behav 72:29-37.  

 

Reichel-Dolmatoff G (1990) The cultural context of an aboriginal hallucinogen: 

Banisteriopsis caapi. In: Furst PT (ed.), Flesh of the Gods: the ritual use of 

hallucinogens. Waveland Press, Prospect Heights, Illinois, pp 84-113. 

 

Riba J, Rodríguez-Fornells A, Urbano G, Morte A, Antonijoan R, Montero M, 

Callaway JC, Barbanoj MJ (2001) Subjective effects and tolerability of the South 

American psychoactive beverage Ayahuasca in healthy volunteers. 

Psychopharmacology 154:85-95. 

 

Rivier L, Lindgren JE (1972) “Ayahuasca”, the South American hallucinogenic drink: 

an ethnobotanical and chemical investigation. Econ Bot 26:101-129. 

 

Rogawski MA, Aghajanian GK (1981) Serotonin autoreceptors on dorsal raphe 

neurons: structure-activity relationships of tryptamine analogs. J Neurosci 1:1148-

1154.  

 

Rommelspacher H, Nanz C, Borbe HO, Fehske KJ, Müller WE, Wollert U (1981) 

Benzodiazepine antagonism by harmane and other β-carbolines in vitro and in vivo. 

Eur J Pharmacol 70:409-416.     

 

Rosenberg DE, Isbell H, Miner EJ (1963) Comparison of a placebo, N-

dimethyltryptamine and 6-hydroxy-N-dimethyltryptamine in man. 

Psychopharmacologia 4:39-42. 



REFERENCES 
 

 231

Rosenberg DE, Isbell H, Miner EJ, Logan CR (1964) The effect of N,N-

dimethyltryptamine in human subjects tolerant to lysergic acid diethylamide. 

Psychopharmacologia 5:217-227. 

 

Sadzot B, Baraban JM, Glennon RA, Lyon RA, Leonhardt S, Jan CR, Titeler M (1989) 

Hallucinogenic drug interactions at human brain 5-HT2 receptors: implications for 

treating LSD-induced hallucinogenesis. Psychopharmacology 98:495-499.  

 

Sahagún B. de (2001) Historia general de las cosas de Nueva España, Vol. 2. Dastin, 

Madrid.     

 

Sai-Halász A (1962) The effect of antiserotonin on the experimental psychosis induced 

by Dimethyltryptamine. Experientia 18:137-138.     

  

Sai-Halász A (1963) The effect of MAO inhibition on the experimental psychosis 

induced by dimethyltryptamine. Psychopharmacologia 4:385-388.    

   

Sai-Halász A, Brunecker G, Szára S (1958) Dimethyltryptamin: ein neues Psychoticum. 

Psychiatr Neurol 135:285-301. 

 

Saletu B, Barbanoj MJ, Anderer P, Sieghart W, Grünberger J (1993) Clinical-

pharmacological study with the two isomers (d-, l-) of fenfluramine and its 

comparison with chlorpromazine and d-amphetamine: blood levels, EEG mapping 

and safety evaluation. Methods Find Exp Clin Pharmacol 15:291-312. 

 

Sanders-Bush E (1994) Neurochemical evidence that hallucinogenic drugs are 5-HT1C 

receptor agonists: what next?. In: Lin GC, Glennon RA (eds.), Hallucinogens: an 

update. NIDA Res Mon 146, pp 203-213. 

 

Sanders-Bush E, Canton H (1995) Serotonin receptors: signal transduction pathways. 

In: Bloom FE, Kupfer DJ (eds.), Psychopharmacology: the fourth generation of 

progress. Raven Press, New York, pp 431-441. 

 



REFERENCES 
 

 232

Sanders-Bush E, Burris KD, Knoth K (1988) Lysergic acid diethylamide and 2,5-

dimethoxy-4-methylamphetamine are partial agonists at serotonin receptors linked to 

phosphoinositide hydrolysis. J Pharmacol Exp Ther 246:924-928. 

 

Saura J, Nadal E, van den Berg B, Vila M, Bombí JA, Mahy N (1996) Localization of 

monoamine oxidases in human peripheral tissues. Life Sci 59:1341-1349. 

 

Schreiber R, Brocco M, Millan MJ (1994) Blockade of the discriminative stimulus 

effects of DOI by MDL 100,907 and the 'atypical' antipsychotics, clozapine and 

risperidone. Eur J Pharmacol 264:99-102.  

 

Schultes RE, Hofmann A (1980) The botany and chemistry of hallucinogens. Charles 

C. Thomas, Springfield, Illinois. 

 

Schultes RE, Raffauf RF (1992) Vine of the Soul: medicine men, their plants and 

rituals in the Colombian Amazonia. Synergistic Press, Oracle, Arizona. 

 

Scruggs JL, Patel S, Bubser M, Deutch AY (2000) DOI-Induced activation of the 

cortex: dependence on 5-HT2A heteroceptors on thalamocortical glutamatergic 

neurons. J Neurosci 20:8846-8852.  

 

Shah NS, Hedden MP (1978) Behavioral effects and metabolic fate of N,N-

dimethyltryptamine in mice pretreated with β-diethylaminoethyl-

diphenylpropylacetate (SKF 525-A), iproniazid and chlorpromazine. Pharmacol 

Biochem Behav 8:351-356.  

 

Shaw E, Woolley DW (1956) Some serotoninlike activities of lysergic acid 

diethylamide. Science 124:121.         

 

Sheldon PW, Aghajanian GK (1990) Serotonin (5-HT) induces IPSPs in pyramidal 

layer cells of rat piriform cortex: evidence for the involvement of a 5-HT2-activated 

interneuron. Brain Res 506:62-69. 

 



REFERENCES 
 

 233

Sheldon PW, Aghajanian GK (1991) Excitatory responses to serotonin (5-HT) in 

neurons of the rat piriform cortex: evidence for mediation by 5-HT1C receptors in 

pyramidal cells and 5-HT2 receptors in interneurons. Synapse 9:208-218.  

  

Shulgin A, Shulgin A (1997) TIHKAL: the continuation. Transform Press, Berkeley, 

California. 

  

Sipes TA, Geyer MA (1994) Multiple serotonin receptor subtypes modulate prepulse 

inhibition of the startle response in rats. Neuropharmacology 33:441-448.  

 

Sipes TE, Geyer MA (1995) DOI disruption of prepulse inhibition of startle in the rat is 

mediated by 5-HT2A and not by 5-HT2C receptors. Behav pharmacol 6:839-842.  

 

Sitaram BR, McLeod WR (1990) Observations on the metabolism of the 

psychotomimetic indolealkylamines: implications for future clinical studies. Biol 

Psychiatry 28:841-848.  

 

Sitaram BR, Lockett L, Blackman GL, McLeod WR (1987a) Urinary excretion of 5-

methoxy-N,N-dimethyltryptamine, N,N-dimethyltryptamine and their N-oxides in the 

rat. Biochem Pharmacol 36:2235-2237. 

 

Sitaram BR, Lockett L, Talomsin R, Blackman GL, McLeod WR (1987b) In vivo 

metabolism of 5-methoxy-N,N-dimethyltryptamine and N,N-dimethyltryptamine in 

the rat. Biochem Pharmacol 36:1509-1512.  

 

Sitaram BR, Talomsin R, Blackman GL, McLeod WR (1987c) Study of metabolism of 

psychotomimetic indolealkylamines by rat tissue extracts using liquid 

chromatography. Biochem Pharmacol 36:1503-1508.     

 

Slotkin TA, DiStefano V, Au WYW (1970) Blood levels and urinary excretion of 

harmine and its metabolites in man an rats. J Pharmacol Exp Ther 173:26-30. 
 



REFERENCES 
 

 234

Smith RL, Canton H, Barrett RJ, Sanders-Bush E (1998) Agonist properties of N,N-

dimethyltryptamine at serotonin5-HT2A and 5-HT2C receptors. Pharmacol Biochem 

Behav 61:323-330. 

 

Smith RL, Barrett RJ, Sanders-Bush E (1999) Mechanism of tolerance development to 

2,5-dimethoxy-4-iodoamphetamine in rats: down-regulation of the 5-HT2A, but not 5-

HT2C, receptor. Psychopharmacology 144:248-254. 

 

Spruce R (1908) Notes of a botanist on the Amazon and Andes, Vol 2. Macmillan, 

London. 

 

Squire LR, Zola-Morgan S (1991) The medial temporal lobe memory system. Science 

253:1380-1386. 

 

Stoff DM, Jeste DV, Moja EA, Stauderman KA, Wyatt RJ (1982) Interaction of 

monoamine blocking agents with behavioral effects of N,N-dimethyltryptamine. 

Psychopharmacol Bull 3:173-175. 

 

Strassman RJ (1984) Adverse reactions to psychedelic drugs: a review of the literature. 

J Nerv Ment Dis 172:577-595.  

 

Strassman RJ (1994) Human hallucinogenic drug research: regulatory, clinical, and 

scientific issues. In: Lin GC, Glennon RA (eds.), Hallucinogens: an update. NIDA 

Res Mon 146, pp 92-123. 

 

Strassman RJ (1995) Hallucinogenic drugs in psychiatric research and treatment. J 

Nerv Ment Dis 183:127-138. 

 

Strassman RJ (1996) Human psychopharmacology of N,N-dimethyltryptamine. Behav 

Brain Res 73:121-124. 

 

Strassman RJ, Qualls CR (1994) Dose-response study of N,N-dimethyltryptamine in 

humans, I. Neuroendocrine, autonomic and cardiovascular effects. Arch Gen 

Psychiatry 51:85-97. 



REFERENCES 
 

 235

Strassman RJ, Qualls CR, Uhlenhuth EH, Kellner R (1994) Dose-response study of 

N,N-dimethyltryptamine in humans, II. Subjective effects and preliminary results of 

a new rating scale. Arch Gen Psychiatry 51:98-108.  

 

Strassman RJ, Qualls CR, Berg LM (1996) Differential tolerance to biological and 

subjective effects of four closely spaced doses of N,N-dimethyltryptamine in 

humans. Biol Psychiatry 39:784-795. 

 

Suzuki O, Katsumata Y, Oya M (1981) Characterization of eight biogenic indoleamines 

as substrates for type A and type B monoamine oxidase. Biochem Pharmacol 30: 

1353−1358. 

 

Swerdlow NR, Geyer MA, Braff DL (2001) Neural circuit regulation of prepulse 

inhibition of startle in the rat: current knowledge and future challenges. 

Psychopharmacology 156:194-215. 

 

Szára S (1956) Dimethyltryptamin: its metabolism in man; the relation of its psychotic 

effect to the serotonin metabolism. Experientia 12:441-442. 

 

Szára S (1957) The comparison of the psychotic effect of tryptamine derivatives with 

the effects of mescaline and LSD-25 in self-experiments. In: Garattini S, Ghetti V 

(eds.), Psychotropic Drugs. Amsterdam, Elsevier, pp 460-467. 

 

Szára S (1961) Hallucinogenic effects and metabolism of tryptamine derivatives in man. 

Federation Proc 20:885-888.   

 

Szára S, Axelrod J (1959) Hydroxylation and N-demethylation of N,N-

dimethyltryptamine. Experientia 15:216-217.      

   



REFERENCES 
 

 236

Szára S, Hearst E (1962) The 6-hydroxylation of tryptamine derivatives: A way of 

producing psychoactive metabolites. Ann NY Acad Sci 96:134-141.   

  

Titeler M, Lyon RA, Glennon RA (1988) Radioligand binding evidence implicates the 

brain 5-HT2 receptor as a site of action for LSD and phenylisopropylamine 

hallucinogens. Psychopharmacology 94:213-216.   

 

Turner WJ, Merlis S (1959) Effect of some indolealkylamines on man. Arch Neurol 

Psychiatry 81:121-129.    

 

Undenfriend S, Witkop B, Redfield BG, Weissbach H (1958) Studies with reversible 

inhibitors of monoamine oxidase: harmaline and related compounds. Biochem 

Pharmacol 1:160-165 

 

Villavicencio M (1858) Geografía de la República del Ecuador. R. Craigshead, New 

York. 

 

Vollenweider FX (1994) Evidence for a cortical-subcortical imbalance of sensory 

information processing during altered states of consciousness using positron 

emission tomography and [18F]fluorodeoxyglucose. In: Pletscher A, Ladewig D 

(eds.), 50 Years of LSD: current status and perspectives of hallucinogens. 

Parthenon, New York and London, pp 67-86. 

 

Vollenweider FX, Leenders KL, Scharfetter C, Maguire P, Stadelmann O, Angst J 

(1997) Positron emission tomography and fluorodeoxyglucose studies of metabolic 

hyperfrontality and psychopathology in the psilocybin model of psychosis. 

Neuropsychopharmacology 16:357-372. 

 

Wang Lu LJ, Domino EF (1976) Effects of iproniazid and tranylcypromine on the half-

life of N,N-dimethyltryptamine in rat brain and liver. Biochem Pharmacol 25:1521-

1527.   

 



REFERENCES 
 

 237

Wang Lu LJ, Demetriou SK, Domino EF (1978) Effects of various neuroleptics, 

phenobarbital and SKF 525-A on dimethyltryptamine content in rat brain and liver. 

Arch Int Pharmacodyn Ther 232:117-133. 

 

Wassen SH (1967) Anthropological survey of the use of South American snuffs. In: 

Efron DH, Holmstedt B, Kline NS (eds.), Ethnopharmacologic search for 

psychoactive drugs. US Gov Printing Office, Washington DC, pp 233-289.  

 

Wolfes O, Rumpf K (1928) Über die Gewinnung von Harmin aus einer 

südamerikanischen Liane. Archiv der Pharmazie und Berichte der Deutschen 

Pharmazeutischen Gesellschaft 266:188-189. 

 

Woolley DW, Shaw E (1954) A biochemical and pharmacological suggestion about 

certain mental disorders. Proc Nat Acad Sci 40:228.       

 

Wyatt RJ, Cannon EH, Stoff DM, Gillin JC (1976) Interactions of hallucinogens at the 

clinical level. Ann NY Acad Sci 281:456-486.  

 

Yasuhara H (1974) Studies on monoamine oxidase (report XXIV). Effect of harmine on 

monoamine oxidase. Jpn J Pharmacol 24:523-533.   

 

Yasuhara H, Sho S, Kamijo K (1972) Difference in actions of harmine on the oxidations 

of serotonin and tyramine by beef  brain mitochondrial MAO. Jpn J Pharmacol 

22:439-441. 

 

Yu A, Idle JR,  Krausz KW, Küpfer A,  Gonzalez FJ (2003) Contribution of individual 

cytochrome P450 isozymes to the O-demethylation of the psychotropic β-carboline 

alkaloids harmaline and harmine. J Pharmacol Exp Ther 305:315-322. 

 

Zhai Y, George CA, Zhai J, Nisenbaum ES, Johnson MP, Nisenbaum LK (2003) Group 

II metabotropic glutamate receptor modulation of DOI-induced c-fos mRNA and 

excitatory responses in the cerebral cortex. Neuropsychopharmacology 28:45-52. 

  


	ARTICULOS COMPLETOS.pdf
	Analitical_Aya_2002.pdf
	Determination of N,N-dimethyltryptamine and  beta -carboline alkaloids in human plasma follo
	Introduction
	Experimental
	DMT
	Chemicals and reagents
	Instrumentation
	Working standards
	Preparation of calibration curve and quality control samples
	Sample preparation

	 beta -Carbolines
	Chemicals and reagents
	Instrumentation
	Working standards
	Preparation of calibration curves and quality control samples
	Sample preparation

	Results
	DMT
	Recovery
	Linearity
	Precision, accuracy and robustness
	Estimation of limits of detection and quantification

	 beta -Carbolines
	Recovery
	Linearity
	Precision, accuracy and robustness
	Estimation of limits of detection and quantification
	Stability study

	Pharmacokinetic results
	Discussion and conclusions
	Acknowledgements
	References





	Sin título
	Ott J (1994) Ayahuasca analogues: pangaean entheogens. Natural Products Co, Kennewick, Washington. Ott J (1999) Pharmahuasca: human pharmacology of oral DMT plus harmine. J Psychoactive Drugs 31:171-177.



