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15 • Ayahuasca (Aya) did not exert effects on the spontaneous locomotor activity of mice.

16 • Aya prevented the development of ethanol(Eth)-induced behavioral sensitization (BS).

17 • At high doses, Aya also inhibited acute Eth-induced hyperlocomotion.

18 • An 8-day treatment with Aya in the open-field did not induce BS to this drug.

19 • Counter-sensitization with Aya blocked the reinstatement of Eth-induced BS.
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36Background: Hallucinogenic drugs were used to treat alcoholic patients in the past, and recent developments in

37the study of hallucinogens led to a renewal of interest regarding the application of these drugs in the treatment

38of addiction. In this scenario, accumulating evidence suggests that the hallucinogenic brew ayahuasca (Aya)may

39have therapeutic effects on substance abuse problems.

40Methods: We investigated the effects of Aya on spontaneous locomotor activity and ethanol(Eth)-induced

41hyperlocomotion and subsequent locomotor sensitization by a two-injection protocol. Additionally, we tested

42the effect of Aya on an 8-day counter-sensitization protocol tomodify sensitized responses induced by a repeated

43treatment with Eth (1.8 g/kg) for 8 alternate days.

44Results: Aya showed high sensitivity in preventing the development of Eth-induced behavioral sensitization, at-

45tenuating it at all doses (30, 100, 200, 300 or 500 mg/kg) without modifying spontaneous locomotor activity. At

46the highest doses (300 and 500 mg/kg), Aya also showed selectivity to both acute and sensitized Eth responses.

47Finally, a counter-sensitization strategy with 100 or 300 mg/kg of Aya for 8 consecutive days after the establish-

48ment of Eth-induced behavioral sensitization was effective in blocking its subsequent expression on an Eth chal-

49lenge.

50Conclusions:Wedemonstrated that Aya not only inhibits early behaviors associatedwith the initiation and devel-

51opment of Eth addiction, but also showed effectiveness in reversing long-term drug effects expression, inhibiting

52the reinstatement of Eth-induced behavioral sensitization when administered in the Eth-associated

53environment.
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59 1. Introduction

60 Alcohol (ethanol) abuse is amajor contributor tomore than 60 types
61 of diseases and injuries and accounts for approximately 2.5 million
62 deaths each year [38]Q3 . Ethanol addiction is a chronic and often progres-
63 sive and fatal diseasewith genetic, psychosocial, and environmental fac-
64 tors influencing its development and manifestations [28]. Currently
65 available psychological and pharmacological treatments are only par-
66 tially effective [3] and further research on new intervention approaches
67 remain necessary.
68 Hallucinogenic drugs were used to treat alcoholic patients
69 during the decades of 1960 and early seventies. These studies came
70 prematurely to a halt due to the classification of hallucinogens into
71 Schedule I class, i.e., drugs with high abuse potential, no accepted
72 therapeutic use and lack of accepted level of safety for use under
73 medical supervision. After four decades banned fromhuman psychiatric
74 research, hallucinogen research has resumed by using psilocybin,
75 a serotonergic hallucinogen, to treat alcoholism and nicotine depen-
76 dence [4].
77 Accumulating evidence from observational epidemiological studies
78 suggests that the hallucinogenic brew ayahuasca may have therapeutic
79 effects on substance related problems. This brew is produced from the
80 decoction of N,N-dimethyltryptamine (DMT) and harmala alkaloid-
81 containing plants, such as harmine, tetrahydroharmine (THH) and
82 harmaline [26], and is used in syncretic religions in major cities of
83 Brazil and parts of Europe, Japan, Canada, and the USA [40]. Case–con-
84 trol, longitudinal and cross-sectional studies showed that ritual and re-
85 ligious ayahuasca users present fewer alcohol-related problems than
86 control groups and that drug use diminished after joining ayahuasca
87 churches [13,20,22,39]. It is an open question whether ayahuasca has
88 anti-addictive properties per se or if the social factors (e.g. religious so-
89 cial reinforcement) play a major role in these results [2]. By ruling out
90 the ceremonial religious aspects of the aforementioned studies, phar-
91 macological studies using rodent models can contribute to elucidate
92 the role of the brew per se into the neurobiological mechanisms of aya-
93 huasca on alcohol-related behavior.
94 In the current paper we used the behavioral sensitization model to
95 investigate the effects of ayahuasca on alcohol-related behavior in
96 mice. Alcohol increases dopamine levels in the nucleus accumbens,
97 which elicits locomotor stimulation in rodents, and repetitive adminis-
98 tration intensifies this response [37]. This phenomenon called behavior-
99 al sensitization is thought to be an underlying adaptation responsible
100 for addiction to drugs of abuse and to share neuronal mechanisms
101 with craving [33]. Behavioral sensitization depends on the temporal
102 pattern of drug exposure. Repeated intermittent treatment regimens
103 are usuallymore effective to induce sensitization than continuous expo-
104 sure to high or escalating drug doses [32,37,44]. However, single dose
105 drug abuse exposure has also been reported to induce long-termbehav-
106 ioral sensitization [42,43].
107 Additionally, an important aspect concerning both drug craving
108 in humans and behavioral sensitization in rodents is the potentiating
109 effect of environmental cues previously paired with drug effects
110 on their development [7,9,15,29]. Therefore, recent efforts to
111 develop effective treatments for addiction have focused on manipula-
112 tions of learning and memory processes involved in encoding drug-
113 cue associations. In this scenario, it has been suggested that re-
114 consolidation and/or counter-sensitization procedures permit the ther-
115 apeutic drug treatment to become linked to the contextual stimuli and
116 in effect form a new and different drug association with the contextual
117 cues.
118 This paper reports two experiments designed to evaluate the effects
119 of ayahuasca on ethanol-related behaviors. In the first experiment, we
120 evaluated the effects of ayahuasca on mice spontaneous locomotion in
121 the open-field apparatus, hyperlocomotion induced by ethanol and
122 ethanol-induced behavioral sensitization in a single injection protocol.
123 The second experiment was designed to test the effect of ayahuasca

124on a counter-sensitization protocol to modify sensitized responses in-
125duced by a repeated treatment with ethanol.

1262. Material and methods

1272.1. Animals

128Male 3-month-old Swiss EPM-M2 mice (30–35 g) were obtained
129from the Centre for Development of Experimental Models in Medicine
130and Biology of Braz Cubas University. Animals were housed in groups
131of 12 in polypropylene cages (32 cm × 42 cm × 18 cm) under con-
132trolled temperature (22–23 °C) and lighting (12/12 h light/dark; lights
133on at 6 h 45 a.m.) conditions. Food and water were available ad libitum
134throughout the experiments. The experiments were performed in ac-
135cordance with the National Institute of Health Guide for the care and
136use of laboratory animals (NIH Publications No. 80–23, revised 1996),
137and animals were maintained in accordance with the Brazilian Law for
138Procedures for Animal Scientific Use (#11794/2008). The experimental
139procedures were approved by the Institutional Ethical Committee of
140Braz Cubas University under the protocol #176/2008.

1412.2. Drugs

142One liter batch of ayahuascawas obtained by amember of the Santo
143Daime church. The liquid was lyophilized and rendered 88 g of freeze
144dried material. The ratio of dry tea/volume of liquid tea was calculated
145to establish the doses to be administered in the experiments.
146Ethanol (Merck®) and ayahuasca were diluted in saline 0.9% solu-
147tion. All solutions were given intraperitoneally (i.p.) at a volume of
14810 ml/kg of body weight. Ethanol was administered at the dose of 1.8
149mg/kg. The dose of ethanolwas chosen based on previous studies show-
150ing that if is effective in inducing both acute and sensitized locomotor
151responses in mice [10,17,24].

1522.3. Ayahuasca compounds analysis

153In order to quantify the amount of the main compounds of ayahua-
154sca (DMT, tetrahydroharmine, harmine and harmaline) in our prepara-
155tion, the sample of ayahuasca was analyzed by liquid chromatography-
156tandem mass spectrometry (LC-MS/MS) conducted on a high perfor-
157mance liquid chromatography equipment Prominence system
158(Shimadzu, Kyoto, Japan). The analysis was conducted by the Criminal-
159istics Institute of São Paulo.
160Harmine hydrochloride and harmaline hydrochloride were pur-
161chased from Sigma®. The synthesis of tetrahydroharmine was per-
162formed according to previously published procedure ( Q4Callaway et al.,
1631996) and DMT was synthesized according to a modified procedure
164based on the selective dimethylation method ( Q5Giumanini et al., 1980;
165Q6Pires et al., 2009). The stock solutions (1.0 mg/ml) of DMT, harmine,
166harmaline and tetrahydroharmine were prepared in methanol and
167stored at−20 °C until the performance of the LC-MS/MS.

1682.4. Open-field evaluation

169Locomotor activity was measured in an open field apparatus previ-
170ously described by [9]. The apparatus is a circular wooden arena
171(40 cm in diameter and 50 cm high)with an open top and a floor divid-
172ed into 19 squares. Hand-operated counterswere used to score the loco-
173motion frequency (total number of any square entered) during 10-min
174sessions by an observer, whowas blind to the treatment allocation. Ten-
175minute sessions were proposed because it has been shown that even
176shorter periods are effective in reliably evaluating the effects of drugs
177acting on dopaminergic systems [8,16].
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178 2.5. Experimental procedure

179 2.5.1. Experiment 1. Effects of ayahuasca on spontaneous locomotor activi-

180 ty, acute ethanol-induced hyperlocomotion and ethanol-induced behavior-

181 al sensitization

182 Eighty mice were given a 10-min habituation period in the open-
183 field on 2 consecutive days after a saline i.p. injection. Basal locomotor
184 activity was measured on day 2. Six groups of animals were formed
185 (n = 10 or 30), which were statistically equivalent with respect to the
186 basal levels of locomotor activity. Previous habituation sessions are im-
187 portant to ensure the accuracy of the data due to the effect that environ-
188 mental novelty exerts on spontaneous [21], ethanol- [17] and
189 hallucinogenic drugs-induced locomotor activity [21].
190 On the third day, animals were i.p. acutely treated with saline (Sal,
191 n = 30) or ayahuasca at the doses of 30, 100, 200, 300 or 500 mg/kg
192 (Aya, n = 10 for each group) followed by initial exposure to the open-
193 field environment 30 min after treatment to quantify their locomotor
194 activities. During the interval between the treatment and the open-
195 field exposure, animals were returned to their home-cages (animals
196 under the same treatment housed together). A 30-min interval between
197 the injection of ayahuasca and the open-field exposure was determined
198 based on previous studies showing that hallucinogenic drugs might
199 show a biphasic locomotor profile, with drug-induced hyperlocomotion
200 only being observed after longer post-treatment periods [21,27]. The
201 following groups were compared in the first open-field exposure: Sal,
202 Aya30, Aya100, Aya200, Aya300 and Aya500. Immediately after the
203 first behavioral evaluation, or 40 min after the saline/ayahuasca injec-
204 tion, 20 animals from the Sal group received a saline i.p. injection, and
205 the remaining 10 mice were treated with 1.8 g/kg i.p. ethanol (Eth).
206 All animals pretreatedwith ayahuasca also received1.8 g/kg i.p. ethanol.
207 After the second treatment, animals were placed in a clean cage until
208 the subsequent exposure to the open-field apparatus. Five minutes
209 after administration of either saline or ethanol, animals were returned
210 to the open-field and for locomotion quantification. Thus, the following
211 groups were formed: Sal–Sal, Sal–Eth, Aya30–Eth, Aya100–Eth,
212 Aya200–Eth, Aya300–Eth and Aya500–Eth.
213 Seven days later, 10 out of 20 animals that were treated twice with
214 saline on the previous week (Sal–Sal group) received a saline i.p. injec-
215 tion again (forming the Sal–Sal–Sal group) and the remaining 10 mice
216 were treated with 1.8 g/kg i.p. ethanol for the first time (forming the
217 Sal–Sal–Eth group). Ethanol (1.8 g/kg) was also administered to all the
218 other animals for the second time, forming the Sal–Eth–Eth, Aya30–
219 Eth–Eth, Aya100–Eth–Eth, Aya200–Eth–Eth, Aya300–Eth–Eth and
220 Aya500–Eth–Eth groups. After treatment, animals were placed in a
221 clean cage until their behavioral evaluations. Five minutes after the in-
222 jections,micewere placed in the open-field for locomotor activity quan-
223 tification. The experimental design of Experiment 1 is summarized in
224 Fig. 1.

225 2.5.2. Experiment 2. Effects of ayahuasca on a counter-sensitization proto-

226 col to modify sensitized responses induced by a repeated treatment with

227 ethanol

228 Sixty-six mice were given a 10-min habituation period in the open-
229 field on 2 consecutive days after a saline i.p. injection. Basal locomotor
230 activity was measured on day 2. Six groups of animals were formed

231(n = 11 for each group), which were statistically equivalent with re-
232spect to the basal levels of locomotor activity. Twenty-four hours after
233the second habituation day, the behavioral sensitization procedure
234began. Three groups of animals received an i.p. injection of saline (Sal
235groups) and the other 3 groups were treated with 1.8 g/kg ethanol
236(Eth groups) 5 min prior to being placed in the open-field apparatus
237every other day for 15 days from the 3th to 17th days (ethanol-induced
238behavioral sensitization, sensitization phase). After treatments, animals
239were placed in a clean cage until their behavioral evaluations. During
240the alternate non-sensitization days, mice were left undisturbed in
241their home-cages. On days 3 and 17 animals were observed for the
242quantification of their locomotion frequency.
243Forty-eight hours after the last injection of the sensitization phase
244(19th day), the counter-sensitization protocol began. For 8 consecutive
245days (19th to 26th days) 11 animals from the Sal group received daily
246saline i.p. injections (Sal–Sal group) and the remaining mice received
247daily i.p. injections of ayahuasca (Aya) at the doses of 100 (Sal–
248Aya100, n = 11) or 300 (Sal–Aya300, n = 11) mg/kg. Those doses
249were chosen because in the first experiment 100 mg/kg of ayahuasca
250was the highest dose that specifically prevented ethanol-induced be-
251havioral sensitization and 300 mg/kg was the lower dose that inhibited
252both ethanol-induced hyperlocomotion and behavioral sensitization.
253The ethanol-sensitized groups underwent the same procedure. Eleven
254animals from the Eth group received daily saline i.p. injections (Eth–
255Sal group) and the remaining mice received daily i.p. injections of aya-
256huasca at the doses of 100 (Eth–Aya100, n = 11) or 300 (Eth–Aya300,
257n = 11) mg/kg. Therefore, the following groups were formed: Sal–Sal,
258Sal–Aya100, Sal–Aya300, Eth–Sal, Eth–Aya100 and Eth–Aya300. During
259the interval between the treatment and the open-field exposure, ani-
260malswere returned to their home-cages (animals under the same treat-
261ment housed together). Thirty minutes after each administration of
262saline or ayahuasca, animals were individually exposed to the open-
263field arena for 10-min sessions (counter-sensitization phase).
264Four days after the last counter-sensitization day (30th day), all an-
265imals received an i.p. saline injection andwere placed, 5min later, in the
266open-field apparatus for quantification of their locomotion frequency.
267Two days after the Saline challenge, animals were tested for drug-
268induced reinstatement of ethanol-induced behavioral sensitization
269(day 32). All animals received an i.p. injection of 1.8 g/kg ethanol and
270were placed, 5 min later, in the open-field apparatus for quantification
271of their locomotion frequency. In both saline and ethanol challenge ses-
272sions, animals were placed in a clean cage during the interval between
273the treatment and the behavioral evaluation. The experimental design
274of Experiment 2 is summarized in Fig. 2.

2752.6. Statistical analysis

276Before conducting the statistical analysis, all variables were checked
277for normality (Shapiro–Wilk test) and homogeneity (Levene's test),
278which validated the use of the parametric tests. Data were analyzed
279by 1 or 2-way ANOVA, and multiple comparisons were performed
280using the Tukey's post hoc test when necessary or the paired Student
281t-test. A p value less than 0.05 was considered as a statistically signifi-
282cant difference.

Fig. 1. Design of experiment 1. OFQ: Open-field quantification; Sal: saline i.p. injection; Aya: ayahuasca (30, 100, 200, 300 or 500 mg/kg) i.p. injection; and Eth: ethanol 1.8 g/kg i.p.

injection.
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283 3. Results

284 3.1. Ayahuasca compound analysis

285 LC-MS/MS analysis indicated the following active constituents in our
286 sample of ayahuasca:

287 – DMT: 0.4 mg/100 mg (35 mg/ml of initial batch)
288 – Tetrahydroharmine: 3.07 mg/100 mg (2.70 mg/ml of initial batch)
289 – Harmine: 3.85 mg/100 mg (3.39 mg/ml of initial batch)
290 – Harmaline: 0.17 mg/100 mg (0.15 mg/ml of initial batch).

291

292 3.2. Experiment 1. Effects of ayahuasca on spontaneous locomotor activity,

293 acute ethanol-induced hyperlocomotion and ethanol-induced behavioral

294 sensitization

295 Analysis of the second habituation session using 1-way ANOVA re-
296 vealed no significant difference between groups [F(5,74) = 0.09; p =
297 0.99] (data not shown). In the first behavioral evaluation after saline
298 or ayahuasca administration (spontaneous locomotor activity),
299 ANOVA did not reveal significant differences between groups
300 [F(5,74) = 0.41; p = 0.83], demonstrating that, at all doses, ayahuasca
301 did not modify spontaneous locomotor activity per se (Fig. 3a).
302 In the evaluation of acute ethanol-induced hyperlocomotion after
303 ayahuasca treatment, statistically significant differences were observed
304 between groups [F(6,73) = 11.74; p b 0.0001]. An acute ethanol effect
305 was observed based on the significantly higher locomotion frequency
306 of the Sal–Eth group compared to the Sal–Sal group (Tukey's test, p b

307 0.001). Ayahuasca at the doses of 30, 100 and 200 mg/kg did not affect
308 acute ethanol-induced hyperlocomotion. However, at the doses of 300
309 and 500mg/kg, ayahuasca prevented the acute stimulating effect of eth-
310 anol (Tukey's test, p b 0.05) (Fig. 3b).
311 Mice were previously exposed/habituated to the open-field during
312 the spontaneous locomotion evaluation for the subsequent within-day
313 session on the first ethanol challenge and were re-exposed to the
314 open-field on the test session only 7 days after the first ethanol injec-
315 tion. These different conditions could affect the locomotor activity of
316 mice per se. Thus, to avoid an effect of these habituation factor
317 between-sessions, the locomotor frequencies of mice were evaluated
318 within-session, compared to the respective control groups. After one
319 week, ethanol-induced locomotor sensitization was evaluated, and sta-
320 tistically significant differences were observed [F(7,72) = 7.87; p b

321 0.0001]. As shown in Fig. 3c, an acute ethanol injection for the first
322 time induced enhanced locomotion frequency (Sal–Sal–Eth N Sal–Sal–
323 Sal), which was potentiated in the Sal–Eth–Eth group (Sal–Eth–Eth N

324 Sal–Sal–Eth) (Tukey's test, p b 0.05), indicating the development of be-
325 havioral sensitization. Treatment with ayahuasca at all doses before the
326 first ethanol administration prevented the development of ethanol-
327 induced sensitization, as shown by a significant decrease in the locomo-
328 tor activity of these groups compared to the Sal–Eth–Eth group (Tukey's

329test, p b 0.05). These data together indicate that ayahuasca prevented
330the development of single dose ethanol-induced behavioral sensitiza-
331tion even at doses that did not inhibit acute ethanol-induced
332hyperlocomotion.

3333.3. Experiment 2. Effects of ayahuasca on a counter-sensitization protocol

334to modify sensitized responses induced by a repeated treatment with

335ethanol

336Analysis of the second habituation session using Student t-test re-
337vealed no significant difference between groups [t(64) = 0.0085;
338p = 0.99] (data not shown).
339For the ethanol-induced behavioral sensitization analysis (sensitiza-
340tion phase), 2-way ANOVA with repeated measures showed a signifi-
341cant interaction effect between time (Day 3 vs Day 17) and treatment
342(ethanol vs saline) [F(5,60) = 2.70; p b 0.05]. As illustrated in Fig. 4a,
343Tukey's post hoc test showed that the acute ethanol injection (first day
344of sensitization phase) induced a significant increase in the locomotor
345activity of mice (Eth groups N Sal groups), thereby revealing the
346locomotor-stimulating effect of ethanol. In addition, paired t-test
347demonstrated that repeated treatmentwith ethanol increased the loco-
348motor activity of the animals, as demonstrated by an increased locomo-
349tion of ethanol-treated groups on Day 17 compared with Day 3, thereby
350revealing the development of behavioral sensitization.
351For the analysis of the counter-sensitization phase with ayahuasca,
3522-way ANOVA with repeated measures revealed no significant effect
353of pre-treatment (ethanol vs saline) [F(1,60) = 0.370; p = 0.54],
354counter-sensitization treatment (ayahuasca vs saline) [F(1,60) =
3550.282; p = 0.75] and time (Day 19 vs Day 26) [F(1,60) = 1.57; p =
3560.21] or interaction between these factors [F(1,60) = 0.66; p = 0.93].
357This result suggests that animals pre-treated with ethanol did not differ
358from the Sal group, and that, again, ayahuasca per se did not modify lo-
359comotor activity, even after a treatment for 8 consecutive days (Fig. 4b).
360Four days after the last counter-sensitization phase (day 30), 2-way
361ANOVA revealed no significant effect of pre-treatment (ethanol vs sa-
362line) [F(1,60) = 2.43; p = 0.12] and counter-sensitization treatment
363(ayahuasca vs saline) [F(1,60)=0.12; p=0.88] or interaction between
364these factors [F(1,60) = 0.81; p = 0.45] during the saline challenge
365(Fig. 4c).
366However, during the Ethanol challenge, 2-way ANOVA revealed a
367significant interaction effect between pre- (ethanol vs saline) and
368counter-sensitization (ayahuasca vs saline) treatments [F(2,60) =
3694.95; p b 0.01]. As illustrated in Fig. 4c, paired t-test showed that an
370acute ethanol injection promoted an enhanced locomotion frequency
371in the group that was experiencing ethanol for the first time, as shown
372by a higher locomotion frequency of Sal–Sal group on the ethanol chal-
373lenge compared to itself on the saline challenge. Of note, previous treat-
374ment with ayahuasca for 8 consecutive days did not inhibit the acute
375ethanol-induced hyperlocomotion phenomenon, because Sal–Aya100
376and Sal–Aya300 groups did not differ from Sal–Sal group on the ethanol
377challenge day.

Fig. 2. Design of experiment 2. OFQ: Open-field quantification; Sal: saline i.p. injection; Aya: ayahuasca (100 or 300 mg/kg) i.p. injection; and Eth: ethanol 1.8 g/kg i.p. injection.

Fig. 3. Locomotor activity quantification in the open-field apparatus demonstrating the behavioral effects of i.p. treatment with either ayahuasca (Aya, 30, 100, 200, 300 or 500mg/kg) or

saline on (a) spontaneous locomotor activity and its subsequent effects on (b) acute hyperlocomotion induced by ethanol (Eth, 1.8 g/kg) and (c) ethanol-induced behavioral sensitization

after a 7-day interval. Data are reported asmean± S.E.M.★ p b 0.05 comparedwith Sal–Sal (b) or Sal–Sal–Sal (c);♦ p b 0.05 comparedwith Sal–Eth (b) or Sal–Eth–Eth (c); and • p b 0.05

compared with Sal–Sal–Eth (c). One- or two-way analysis of variance (ANOVA) followed by Tukey's test.
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378 Additionally, the ethanol-induced hyperlocomotion of the Sal–Sal
379 groupwas potentiated in Eth–Sal group (Tukey's test, p b 0.05), indicat-
380 ing the expression of behavioral sensitization reinstatementwith a new
381 ethanol challenge in the previous group andQ7 repeatedly sensitized with
382 ethanol that received saline during the counter-sensitization phase
383 even after 15 days of drug withdrawal. However, Tukey's test indicated
384 that the groups previously sensitizedwith ethanol and treatedwith 100
385 or 300 mg/kg of ayahuasca in the counter-sensitization phase (Eth–
386 Aya100 and Eth–Aya300 groups), showed a lower locomotor activity
387 compared to the group pretreated with ethanol in the sensitization
388 phase but treated with saline in the counter-sensitization phase (Eth–
389 Sal N Eth–Aya100 and Eth–Aya300). Moreover, the locomotor activity
390 of both groups pre-treated with ethanol in the sensitization phase and
391 treated with ayahuasca in the counter-sensitization phase (Eth–
392 Aya100 and Eth–Aya300 groups) did not differ from that showed by
393 the group pretreated with saline which received ethanol for the first
394 time in the Ethanol challenge (Sal–Sal group). Taken together, these re-
395 sults indicate that the counter-sensitization with ayahuasca at both
396 doses was effective in blocking the expression of the reinstatement of
397 ethanol-induced behavioral sensitization.

398 4. Discussion

399 The most important findings of the present study were the follow-
400 ing: (1) ayahuasca showed high sensitivity in preventing the develop-
401 ment of ethanol-induced behavioral sensitization because it was
402 attenuated by all tested doses, even lower doses than those required
403 to reduce acute ethanol response, withoutmodifying spontaneous loco-
404 motor activity; (2) at the highest doses (300 and 500mg/kg), ayahuasca
405 showed selectivity to both acute and sensitized ethanol responses,
406 blocking these phenomena without affecting spontaneous locomotor
407 activity; (3) a prolonged 8-day treatmentwith 100 or 300mg/kg of aya-
408 huasca in the open-field apparatus did not implicate in thedevelopment
409 of behavioral sensitization to this substance; and (4) counter-
410 sensitization with 100 or 300 mg/kg of ayahuasca in the open-field for
411 8 consecutive days after the establishment of behavioral sensitization
412 to ethanol was effective in blocking the expression of the reinstatement
413 of ethanol-induced behavioral sensitization.
414 The presumed biochemical mechanism of action for ayahuasca
415 brews includes the presence of beta-carboline monoamine oxidase in-
416 hibitors (harmala alkaloids) coupled with dimethyltryptamine, a com-
417 pound that acts on specific serotonin receptors, particularly 5-HT2A
418 receptors [5]. Evidence of 5-HT receptor agonist activity has been re-
419 ported in a drug-discriminant animal model study [36]. However 5-
420 HT2 receptor antagonist activity of DMT reported in a previous in vitro
421 study [11] suggests that the purported agonist or antagonist properties
422 of this compound deserve further investigation. Regarding the inhibito-
423 ry effects of ayahuasca on ethanol-induced hyperlocomotion showed in
424 the present study (Fig. 3b), it has been demonstrated that treatment
425 with ritanserin, a 5HT2A/2C receptor antagonist, caused a dose-
426 dependent reduction of ethanol-induced auto-administration and loco-
427 motor activity [19]. In addition, a recent study from our group demon-
428 strated that pre-treatment with ziprasidone, an antipsychotic drug
429 with high affinity for both dopamine D2 and 5-HT receptors that acts
430 as a potent 5-HT2A receptor antagonist [35], inhibited not only acute
431 cocaine-induced hyperlocomotion, but also cocaine-induced behavioral
432 sensitization [25].
433 Within this context, there is extensive experimental evidence dem-
434 onstrating that in addition to dopaminergic transmission, serotonergic
435 transmission is necessary for the development of ethanol-induced

436behavioral sensitization. Treatment with the serotonergic antagonist
437ondansetron blocks the development and expression of ethanol-
438induced locomotor sensitization [41]. Indeed, simultaneous treatment
439with a serotonin 5-HT2 receptor antagonist exerts the same effects,
440preventing the induction and expression of ethanol-induced behavioral
441sensitization [14]. Additionally, the administration of the 5-HT2C recep-
442tor antagonist SB-242084 directly into the nucleus accumbens blocked
443the expression of ethanol-induced behavioral sensitization in mice [1].
444Taken together, these findings are in line with the high selectivity of
445ayahuasca in inhibiting both ethanol-induced hyperlocomotion and be-
446havioral sensitization (Fig. 3b and c).
447Importantly, despite an altered state of consciousness linked to the
448use of ayahuasca [31], the ritual use of this substance does not typically
449produce health or psychosocial problems such as addiction [12,13]. In-
450deed, a review of the literature on ayahuasca suggests that consumption
451of traditional preparations in social settings carries a minimal risk of
452abuse potential or dependence formation [18]. Within this context,
453our results are among the first to demonstrate that acute (Figs. 3a and
4544b) or repeated (Fig. 4b) treatments with ayahuasca do not lead to en-
455hanced locomotor activity in mice, a well-established parameter as an
456animal model of addiction that shares neuronal mechanisms with crav-
457ing in humans [33].
458Rather, ceremonial ayahuasca drinking has been correlated with
459lower amounts or severities of substancedependence. Importantly, clin-
460ical studies carried with members from Brazilian ayahuasca churches
461demonstrated that these ayahuasca users show less substance abuse
462disorders despite prior histories of moderate to severe problems with
463alcohol or other drugs and higher lifetime illicit drug use [13,20]. How-
464ever, all these studies involve subjects who are regular and committed
465members of religious communities, so it remained unclear whether
466fewer reported substance use problems could be attributed to the aya-
467huasca drinking rather than being a church member. By ruling out the
468ceremonial religious aspects of the aforementioned studies, pharmaco-
469logical studies using rodent models can contribute to elucidate the role
470of the brew per se into the neurobiologicalmechanisms of ayahuasca on
471alcohol-related behavior.
472As far as we know, this is the first study showing that a counter-
473sensitization strategy with ayahuasca inhibits the expression of a pre-
474established ethanol-induced behavioral sensitization (Fig. 4c). Usually,
475as showed in the present study (Fig. 4b), ethanol-treated animals do
476not express a conditioned locomotion in the environment previously as-
477sociated with this drug (the open-field apparatus, in the present study)
478in a free-drug session. Instead, ethanol exerts its memory effects
479through a phenomenon called state-dependency [30], which is revers-
480ible by pre-test ethanol administration [34]. Thus, ethanol-induced con-
481ditioning remains silent but present, and is expressed in a subsequent
482ethanol challenge, which has difficult extinction Q8strategies. Indeed,
483this difficulty was shown by the persistent expression of ethanol-
484induced behavioral sensitization in the ethanol control group of Exper-
485iment 2 even after a 15-day withdrawal period with re-exposure to the
486open-field apparatus for 8 consecutive days (group Eth–Sal, Fig. 4c).
487Therefore, recent efforts to develop effective treatments for addic-
488tion have focused on manipulations of learning and memory processes
489involved in encoding drug-cue associations. Among them, the re-
490consolidation phenomenon has been extensively used [6]. However, it
491requires a brief re-exposure to the test environment cues before the
492pharmacological intervention, while in the strategy proposed in the
493present study (counter-sensitization) animals are re-exposed to the
494drug-associated context only and right after the pharmacological thera-
495py intervention. Thus, re-consolidation strategies could be dangerous

Fig. 4. Locomotor activity quantification in the open-field apparatus demonstrating acute hyperlocomotion induced by ethanol (Eth, 1.8 g/kg) (Day 1) and ethanol-induced behavioral

sensitization (Day 15) after a 15-day intermittent treatment (8 ethanol injections) (a) and the behavioral effects of i.p. treatment with either ayahuasca (Aya, 100 or 300 mg/kg)

or saline on the counter-sensitization phase for 8 consecutive days (Day 19 toDay 26) (b) andon subsequent saline (Day 30) and ethanol (Day 32) challenges. Data are reported asmean±

S.E.M. • p b 0.05 compared with itself on the first ethanol treatment day (Day 1) (a);★ p b 0.05 compared with Sal (a) or Sal–Sal (c) on the same experimental day;♦ p b 0.05 compared

with Eth–Sal (c); and ■ p b 0.05 compared with itself on the saline challenge. Two-way analysis of variance (ANOVA) followed by Tukey's test or paired Student's t-test.
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496 regarding relapse and perhaps not feasible in the clinic. The tactic pro-
497 posed herein would not present this risk.
498 In this scenario, the clinical implications of the present findings
499 might be far reaching. Although some programs for addiction recovery
500 claim improved health outcomes for patients who combine ayahuasca
501 during treatment [23,45], neither has been evaluatedwith sufficient sci-
502 entific rigor to provide definitive evidence of the success of their ap-
503 proaches [39]. In the present study, we demonstrated that ayahuasca
504 not only inhibits early behaviors associatedwith initiation and develop-
505 ment of drug addiction, but also showed effectiveness in reversing long-
506 term drug effect expression, inhibiting the reinstatement of ethanol-
507 induced behavioral sensitization when administered in the ethanol-
508 associated environment without exerting addictive potential.

509 5. Conclusions

510 Ayahuasca inhibited the initiation and development of ethanol-
511 induced behavioral sensitization, also showing effectiveness in
512 preventing its reinstatement when administered in the ethanol-
513 associated environment without exerting addictive potential.

514 Conflict of interest

515 The authors disclose any actual or potential conflict of interest in-
516 cluding any financial, personal or other relationships with other people
517 or organizations within three years of beginning the present work that
518 could inappropriately influence, or be perceived to influence it.

519 Acknowledgments

520 The authors thank Ms. Teotila R. R. Amaral, Mr. Cleomar S. Ferreira
521 and Mr. Antônio R. Santos for their capable technical support. We also
522 thankAdilson R.R. Castro and Cristiane Silva Isabel for donating andpro-
523 cessing of Ayahuasca respectively. Funding for this study was provided
524 by fellowships from the Fundação de Amparo a Pesquisa do Estado de
525 São Paulo, the Conselho Nacional de Desenvolvimento Científico e
526 Tecnológico (CNPq), the Fundação Coordenação de Aperfeiçoamento
527 de Pessoal deNível Superior (CAPES), the Fundo deAuxílio aosDocentes
528 e Alunos (FADA/UNIFESP) and the Associação Fundo de Incentivo à
529 Pesquisa (AFIP)Q9 . The funding sources had no further role in study de-
530 sign; in the collection, analysis and interpretation of data; in thewriting
531 of the report; and in the decision to submit the paper for publication.
532 The authors are entirely responsible for the scientific content of the
533 paper.

534 References

535 [1] A.L. Andrade, K.P. Abrahao, F.O. Goeldner, M.L. Souza-Formigoni, Administration of
536 the 5-HT2C receptor antagonist SB-242084 into the nucleus accumbens blocks the
537 expression of ethanol-induced behavioral sensitization in Albino Swiss mice, Neuro-
538 science 189 (2011) 178–186.
539 [2] P.C. Barbosa, S. Mizumoto, M.P. Bogenschutz, R.J. Strassman, Health status of aya-
540 huasca users, Drug Test. Anal. 4 (2012) 601–609.
541 [3] M. Berglund, A better widget? Three lessons for improving addiction treatment
542 from a meta-analytical study, Addiction 100 (2005) 742–750.
543 [4] M.P. Bogenschutz, J.M. Pommy, Therapeutic mechanisms of classic hallucinogens in
544 the treatment of addictions: from indirect evidence to testable hypotheses, Drug
545 Test. Anal. 4 (2012) 543–555.
546 [5] D.I. Brierley, C. Davidson, Developments in harmine pharmacology—implications for
547 ayahuasca use and drug-dependence treatment, Prog. Neuropsychopharmacol. Biol.
548 Psychiatry 39 (2012) 263–272.
549 [6] M.P. Carrera, R.J. Carey, F.R. Dias, L.W. deMattos, Memory re-consolidation and drug
550 conditioning: an apomorphine conditioned locomotor stimulant response can be
551 enhanced or reversed by a single high versus low apomorphine post-trial treatment,
552 Psychopharmacology (Berlin) 220 (2012) 281–291.
553 [7] B.L. Carter, S.T. Tiffany, Cue-reactivity and the future of addiction research, Addiction
554 94 (1999) 349–351.
555 [8] J.P. Castro, R. Frussa-Filho, D.F. Fukushiro, R.H. Silva, W.A. Medrano, A. Ribeiro Rde,
556 V.C. Abilio, Effects of baclofen on reserpine-induced vacuous chewing movements
557 in mice, Brain Res. Bull. 68 (2006) 436–441.

558[9] C.C. Chinen, R.R. Faria, R. Frussa-Filho, Characterization of the rapid-onset type of be-
559havioral sensitization to amphetamine in mice: role of drug-environment condi-
560tioning, Neuropsychopharmacology 31 (2006) 151–159.
561[10] N.P. de Araujo, D.F. Fukushiro, C. Grassl, D.C. Hipólide, M.L. Souza-Formigoni, S. Tufik,
562R. Frussa-Filho, Ethanol-induced behavioral sensitization is associated with dopa-
563mine receptor changes in the mouse olfactory tubercle, Physiol. Behav. 96 (2009)
56412–17.
565[11] A.V. Deliganis, P.A. Pierce, S.J. Peroutka, Differential interactions of dimethyltrypta-
566mine (DMT) with 5-HT1A and 5-HT2 receptors, Biochem. Pharmacol. 41 (1991)
5671739–1744.
568[12] E. Doering-Silveira, C.S. Grob, M.D. de Rios, E. Lopez, L.K. Alonso, C. Tacla, D.X. Da
569Silveira, Report on psychoactive drug use among adolescents using ayahuasca with-
570in a religious context, J. Psychoactive Drugs 37 (2005) 141–144.
571[13] J.M. Fabregas, D. Gonzalez, S. Fondevila, M. Cutchet, X. Fernandez, P.C. Barbosa, M.A.
572Alcazar-Corcoles, M.J. Barbanoj, J. Riba, J.C. Bouso, Assessment of addiction severity
573among ritual users of ayahuasca, Drug Alcohol Depend. 111 (2010) 257–261.
574[14] I.C. Ferraz, R. Boerngen-Lacerda, Serotonin 5-HT2 receptor antagonist does not re-
575verse established ethanol-induced sensitization but blocks its development and ex-
576pression, Pharmacol. Biochem. Behav. 88 (2008) 456–464.
577[15] S. Fraioli, H.S. Crombag, A. Badiani, T.E. Robinson, Susceptibility to amphetamine-
578induced locomotor sensitization is modulated by environmental stimuli,
579Neuropsychopharmacology 20 (1999) 533–541.
580[16] R. Frussa-Filho, J. Palermo-Neto, Effects of single and long-term administration of
581sulpiride on open-field and stereotyped behavior of rats, Braz. J. Med. Biol. Res. 23
582(1990) 463–472.
583[17] D.F. Fukushiro, F.S. Josino, L.P. Saito, L.F. Berro, F. Morgado, R. Frussa-Filho, Acute and
584chronic ethanol differentially modify the emotional significance of a novel environ-
585ment: implications for addiction, Int. J. Neuropsychopharmacol. 15 (2012)
5861109–1120.
587[18] R.S. Gable, Risk assessment of ritual use of oral dimethyltryptamine (DMT) and
588harmala alkaloids, Addiction 102 (2007) 24–34.
589[19] J.E. Gallate, I.S. McGregor, Themotivation for beer in rats: effects of ritanserin, nalox-
590one and SR 141716, Psychopharmacology (Berlin) 142 (1999) 302–308.
591[20] C.S. Grob, D.J. McKenna, J.C. Callaway, G.S. Brito, E.S. Neves, G. Oberlaender, O.L.
592Saide, E. Labigalini, C. Tacla, C.T. Miranda, R.J. Strassman, K.B. Boone, Human psycho-
593pharmacology of hoasca, a plant hallucinogen used in ritual context in Brazil, J. Nerv.
594Ment. Dis. 184 (1996) 86–94.
595[21] A.L. Halberstadt, M.R. Buell, D.L. Price, M.A. Geyer, Differences in the locomotor-
596activating effects of indirect serotonin agonists in habituated and non-habituated
597rats, Pharmacol. Biochem. Behav. 102 (2012) 88–94.
598[22] J.H. Halpern, A.R. Sherwood, T. Passie, K.C. Blackwell, A.J. Ruttenber, Evidence of
599health and safety in American members of a religion who use a hallucinogenic sac-
600rament, Med. Sci. Monit. 14 (2008) SR15–SR22.
601[23] B.C. Labate, EJBdN Macrae, Ayahuasca, Ritual and Religion in Brazil, Equinox,
602London; Oakville, Conn., 2010
603[24] E.A. Marinho, A.J. Oliveira-Lima, R. Santos, A.W. Hollais, M.A. Baldaia, R. Wuo-Silva,
604T.S. Yokoyama, A.L. Takatsu-Coleman, C.L. Patti, B.M. Longo, L.F. Berro, R. Frussa-
605Filho, Effects of rimonabant on the development of single dose-induced behavioral
606sensitization to ethanol, morphine and cocaine in mice, Prog.
607Neuropsychopharmacol. Biol. Psychiatry (2015) (in press). Q10

608[25] E.A. Marinho, A.J. Oliveira-Lima, R. Wuo-Silva, R. Santos, M.A. Baldaia, A.W. Hollais,
609B.M. Longo, L.F. Berro, R. Frussa-Filho, Selective action of an atypical neuroleptic
610on the mechanisms related to the development of cocaine addiction: a pre-clinical
611behavioural study, Int. J. Neuropsychopharmacol. (2013) 1–11.
612[26] D.J. McKenna, G.H. Towers, F. Abbott, Monoamine oxidase inhibitors in South
613American hallucinogenic plants: tryptamine and beta-carboline constituents of aya-
614huasca, J. Ethnopharmacol. 10 (1984) 195–223.
615[27] S.M. Mittman,M.A. Geyer, Dissociation ofmultiple effects of acute LSD on explorato-
616ry behavior in rats by ritanserin and propranolol, Psychopharmacology (Berlin) 105
617(1991) 69–76.
618[28] R.M. Morse, D.K. Flavin, The definition of alcoholism. The Joint Committee of the Na-
619tional Council on Alcoholism and Drug Dependence and the American Society of Ad-
620diction Medicine to Study the Definition and Criteria for the Diagnosis of
621Alcoholism, JAMA 268 (1992) 1012–1014.
622[29] R.S. Niaura, D.J. Rohsenow, J.A. Binkoff, P.M. Monti, M. Pedraza, D.B. Abrams, Rele-
623vance of cue reactivity to understanding alcohol and smoking relapse, J. Abnorm.
624Psychol. 97 (1988) 133–152.
625[30] A. Rezayof, K. Sharifi, M.R. Zarrindast, Y. Rassouli, Modulation of ethanol state-
626dependent learning by dorsal hippocampal NMDA receptors in mice, Alcohol 42
627(2008) 667–674.
628[31] J. Riba, A. Rodriguez-Fornells, R.J. Strassman,M.J. Barbanoj, Psychometric assessment
629of the hallucinogen rating scale, Drug Alcohol Depend. 62 (2001) 215–223.
630[32] T.E. Robinson, J.B. Becker, Enduring changes in brain and behavior produced by
631chronic amphetamine administration: a review and evaluation of animal models
632of amphetamine psychosis, Brain Res. 396 (1986) 157–198.
633[33] T.E. Robinson, K.C. Berridge, The neural basis of drug craving: an incentive-
634sensitization theory of addiction, Brain Res. Brain Res. Rev. 18 (1993) 247–291.
635[34] L. Sanday, C.L. Patti, K.A. Zanin, L. Fernandes-Santos, L.C. Oliveira, S.R. Kameda, S. Tufik,
636R. Frussa-Filho, Ethanol-induced memory impairment in a discriminative avoidance
637task is state-dependent, Alcohol. Clin. Exp. Res. 37 (Suppl. 1) (2013) E30–E39.
638[35] A.W. Schmidt, L.A. Lebel, H.R. Howard Jr., S.H. Zorn, Ziprasidone: a novel antipsy-
639chotic agent with a unique human receptor binding profile, Eur. J. Pharmacol. 425
640(2001) 197–201.
641[36] R.L. Smith, H. Canton, R.J. Barrett, E. Sanders-Bush, Agonist properties of N, N-
642dimethyltryptamine at serotonin 5-HT2A and 5-HT2C receptors, Pharmacol.
643Biochem. Behav. 61 (1998) 323–330.

8 A.J. Oliveira-Lima et al. / Physiology & Behavior xxx (2015) xxx–xxx

Please cite this article as: A.J. Oliveira-Lima, et al., Effects of ayahuasca on the development of ethanol-induced behavioral sensitization and on a
post-sensitization treatment in mice, Physiol Behav (2015), http://dx.doi.org/10.1016/j.physbeh.2015.01.032

http://dx.doi.org/10.1016/j.physbeh.2015.01.032


U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

644 [37] J. Stewart, A. Badiani, Tolerance and sensitization to the behavioral effects of drugs,
645 Behav. Pharmacol. 4 (1993) 289–312.
646 [38] The World Health Report, World Health Organization, Geneva, 1995.
647 [39] G. Thomas, P. Lucas, N.R. Capler, K.W. Tupper, G. Martin, Ayahuasca-assisted therapy
648 for addiction: results from a preliminary observational study in Canada, Curr. Drug
649 Abuse Rev. 6 (2013) 30–42.
650 [40] K.W. Tupper, The globalization of ayahuasca: harm reduction or benefit maximiza-
651 tion? Int. J. Drug Policy 19 (2008) 297–303.
652 [41] S.N. Umathe, P.S. Bhutada, V.S. Raut, N.S. Jain, Y.R. Mundhada, The 5-HT3 receptor
653 antagonist, ondansetron, blocks the development and expression of ethanol-
654 induced locomotor sensitization in mice, Behav. Pharmacol. 20 (2009) 78–83.
655 [42] L.J. Vanderschuren, T.J. De Vries, G. Wardeh, F.A. Hogenboom, A.N. Schoffelmeer, A
656 single exposure to morphine induces long-lasting behavioural and neurochemical
657 sensitization in rats, Eur. J. Neurosci. 14 (2001) 1533–1538.

658[43] L.J. Vanderschuren, E.D. Schmidt, T.J. De Vries, C.A. Van Moorsel, F.J. Tilders, A.N.
659Schoffelmeer, A single exposure to amphetamine is sufficient to induce long-term
660behavioral, neuroendocrine, and neurochemical sensitization in rats, J. Neurosci.
66119 (1999) 9579–9586.
662[44] L.J. Vanderschuren, G.H. Tjon, P. Nestby, A.H. Mulder, A.N. Schoffelmeer, T.J. De Vries,
663Morphine-induced long-term sensitization to the locomotor effects of morphine
664and amphetamine depends on the temporal pattern of the pretreatment regimen,
665Psychopharmacology (Berlin) 131 (1997) 115–122.
666[45] M. Winkelman, T.B. Roberts, Psychedelic Medicine: New Evidence for Hallucinogen-
667ic Substances as Treatments, Praeger Publishers, Westport, Conn., 2007.

9A.J. Oliveira-Lima et al. / Physiology & Behavior xxx (2015) xxx–xxx

Please cite this article as: A.J. Oliveira-Lima, et al., Effects of ayahuasca on the development of ethanol-induced behavioral sensitization and on a
post-sensitization treatment in mice, Physiol Behav (2015), http://dx.doi.org/10.1016/j.physbeh.2015.01.032

http://dx.doi.org/10.1016/j.physbeh.2015.01.032

	Effects of ayahuasca on the development of ethanol-�induced behavioral sensitization and on a post-�sensitization treatment...
	1. Introduction
	2. Material and methods
	2.1. Animals
	2.2. Drugs
	2.3. Ayahuasca compounds analysis
	2.4. Open-field evaluation
	2.5. Experimental procedure
	2.5.1. Experiment 1. Effects of ayahuasca on spontaneous locomotor activity, acute ethanol-induced hyperlocomotion and etha...
	2.5.2. Experiment 2. Effects of ayahuasca on a counter-sensitization protocol to modify sensitized responses induced by a r...

	2.6. Statistical analysis

	3. Results
	3.1. Ayahuasca compound analysis
	3.2. Experiment 1. Effects of ayahuasca on spontaneous locomotor activity, acute ethanol-induced hyperlocomotion and ethano...
	3.3. Experiment 2. Effects of ayahuasca on a counter-sensitization protocol to modify sensitized responses induced by a rep...

	4. Discussion
	5. Conclusions
	Conflict of interest
	Acknowledgments
	References


