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The growing interest towards psychedelics such as lysergic acid diethylamide (LSD) in treating a plethora of 

psychiatric disorders has not overlooked the treatment of substance abuse disorders. Current data show 

preliminary positive results in using LSD in treating different types of substance abuse disorders, including 

cocaine, nicotine and alcohol addictions. Regarding alcoholism, LSD has been reported to produce 

abstinence from alcohol for up to 6-12 months following only one LSD session in some patients. 

Unfortunately, these results are complicated to decipher, and the underlying mechanisms are largely 

unknown.  

In our mouse model we studied how a single LSD injection affects binge drinking behavior. We used sucrose 

binge drinking to model reward-taking behavior, which is one of the hallmark behaviors related to addictions. 

Our research was conducted to see if LSD induces its previously observed effects on binge drinking by 

affecting reward-taking behavior and thus possibly inducing changes in the reward system. 

LSD treatment (0.05 and 0.1 mg/kg, i.p.) acutely reduced sucrose binge drinking behavior, but the behavior 

also returned to the prior levels within one week. Despite the apparent acute decrease in binge drinking 

behavior, the differences between the treatments were not statistically significant. Therefore, also gross 

changes in the reward system were considered unlikely. 

However, the mere i.p. injection (10 ml/kg) induced an unexpected effect on water intake. We observed a 

significant peak in water intake on the injection day, that then returned to previous levels by the following 

day. These results prompted our follow-up study, which showed that an injection, be it saline or LSD, caused 

this peak in water intake. These effects were diminished if injections were given on consecutive days, but 

even a day or two between was sufficient to re-induce an increase in water ingestion again.  

Since we were able to remove the aforementioned effects on water intake with repeated saline injections and 

they did not return when LSD was given, we concluded that they can be attributed to the injection procedure. 

Our main finding was that a single LSD injection does not have any significant acute effect on sucrose binge 

drinking behavior in this mouse model. 

 

 



 

 
Fin. 

Kiinnostus käyttää psykedeelejä, kuten lysergihapon dietyyliamidia (LSD) ja psilosybiiniä, erinäisten 

psykiatristen sairauksien hoidossa ei ole jättänyt huomiotta päihteiden väärinkäyttöä. Tutkimukset ovat 

osoittaneet alustavia positiivisia vaikutuksia LSD:n käyttämisessä erinäisten addiktioiden, kuten kokaiini-, 

nikotiini- ja alkoholiriippuvuuksien hoidossa. LSD:n on raportoitu auttaneen joitain alkoholismista kärsiviä 

pysymään raittiina jopa 6-12 kuukautta yksittäisen LSD annoksen jälkeen. Valitettavasti näitä tuloksia on 

hankala tulkita, ja vaikutusten taustalla olevat mekanismit tunnetaan huonosti. 

Tutkimme hiirimallimme avulla, kuinka yksittäinen LSD annos vaikuttaa ahmimiskäyttäytymiseen. Käytimme 

sukroosiliuosta ahmivaa eläinmallia palkkionottamiskäyttäytymisen mallintamiseen, mikä on yksi addiktioihin 

liittyvän käyttäytymisen tunnusmerkeistä. Tutkimuksemme tavoitteena oli selvittää vaikuttaako LSD 

palkkionottamiskäyttäytymiseen, ja siten mahdollisesti aivojen palkkiojärjestelmään.  

LSD -annostelu (0,05 ja 0,1 mg/kg, i.p.) vähensi akuutisti sukroosiliuoksen ahmimiskäyttäytymistä, mutta 

vaikutus loppui viikon kuluessa. Tästä havaitusta akuutista vaikutuksesta huolimatta erot ryhmien välillä eivät 

olleet tilastollisesti merkittäviä. Täten oletettiin, että nettovaikutukset aivojen palkkiojärjestelmään ovat 

epätodennäköisiä.  

Kuitenkin pelkän i.p. injektion (10 ml/kg) havaittiin vaikuttavan veden juomiseen. Havaitsimme merkittävän 

piikin veden juonnissa injektointipäivänä, mikä palautui normaalitasolle jo seuraavaan päivään mennessä. 

Nämä tulokset johtivat jatkotutkimukseemme, jossa osoitettiin injektion aiheuttavan piikin vedenjuontiin 

riippumatta siitä, injektoidaanko saliinia vai LSD:tä. Tätä vaikutusta ei enää havaittu, mikäli injektioita 

annettiin perättäisinä päivinä, mutta jopa yhden tai kahden päivän väli injektioiden välillä riitti palauttamaan 

injektion aiheuttaman piikin vedenjuontiin.  

Koska onnistuimme poistamaan vedenjuontiin aiheutuneen vaikutuksen toistetuilla saliini-injektioilla, eikä 

vaikutus palautunut injektoitaessa LSD:tä, voimme todeta, että vaikutus liittyi injektiotoimenpiteeseen. 

Keskeisin havaintomme tässä tutkimuksessa oli, ettei LSD:llä ole merkittävää akuuttia vaikutusta 

sukroosiliuoksen ahmimiskäyttäytymiseen tässä hiirimallissa. 



1 
 

A single LSD injection has a negligible effect on sucrose binge 

drinking behavior in mice 

Abstract 

The growing interest towards psychedelics such as lysergic acid diethylamide (LSD) in treating a 

plethora of psychiatric disorders has not overlooked the treatment of substance abuse disorders. 

Current data show preliminary positive results in using LSD in treating different types of substance 

abuse disorders, including cocaine, nicotine and alcohol addictions. Regarding alcoholism, LSD has 

been reported to produce abstinence from alcohol for up to 6-12 months following only one LSD 

session in some patients. Unfortunately, these results are complicated to decipher, and the 

underlying mechanisms are largely unknown.  

In our mouse model we studied how a single LSD injection affects binge drinking behavior. We 

used sucrose binge drinking to model reward-taking behavior, which is one of the hallmark 

behaviors related to addictions. Our research was conducted to see if LSD induces its previously 

observed effects on binge drinking by affecting reward-taking behavior and thus possibly inducing 

changes in the reward system. 

LSD treatment (0.05 and 0.1 mg/kg, i.p.) acutely reduced sucrose binge drinking behavior, but the 

behavior also returned to the prior levels within one week. Despite the apparent acute decrease in 

binge drinking behavior, the differences between the treatments were not statistically significant. 

Therefore, also gross changes in the reward system were considered unlikely. 

However, the mere i.p. injection (10 ml/kg) induced an unexpected effect on water intake. We 

observed a significant peak in water intake on the injection day, that then returned to previous levels 

by the following day. These results prompted our follow-up study, which showed that an injection, 

be it saline or LSD, caused this peak in water intake. These effects were diminished if injections 

were given on consecutive days, but even a day or two between was sufficient to re-induce an 

increase in water ingestion again.  

Since we were able to remove the aforementioned effects on water intake with repeated saline 

injections and they did not return when LSD was given, we concluded that they can be attributed to 

the injection procedure. Our main finding was that a single LSD injection does not have any 

significant acute effect on sucrose binge drinking behavior in this mouse model. 
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Abbreviations 

 

5-HT2A receptor 5-hydroxytryptamine 2A receptor; a serotonin receptor subtype 

DID    Drinking in the dark, a binge-like drinking paradigm in mice 

i.p.    Intraperitoneal 

LSD    Lysergic acid diethylamide 

  



4 
 

Introduction 

Psychedelics have been reported to induce “mystical experiences”, mood and feelings changes, 

thoughts, and altered perception, and “altering the mind”, as Nichols (2016) summarized in his 

review article. These arguably vague claims do not exactly demystify these complex compounds, 

some of which have had a long history from ancient traditions to modern research.  

Psychedelic plants and fungi have been used in indigenous medicinal traditions stretching back 

millennia (Carhart-Harris & Goodwin, 2017; Doblin et al., 2019). Modern research into 

psychedelics and the soon-to-follow turmoil in their use began after Albert Hofmann had 

discovered lysergic acid diethylamide (LSD) and its psychoactive properties in 1938 (Carhart-

Harris & Goodwin, 2017; Doblin et al., 2019; Nichols 2016). After a few decades of promising 

research, the US classified psychedelics as Schedule 1 drugs in 1970 (Carhart-Harris & Goodwin, 

2017; Nichols, 2016). The United States Drug Enforcement Administration has defined Schedule 1 

drugs to have no recognized medical use, to be unsafe for physicians to use, and to have a high 

potential for abuse. This decision ended psychedelic research for decades, but since the start of the 

20th century psychedelics have again gained interest and the research into their potential has 

resumed (Carhart-Harris & Goodwin, 2017; Doblin et al., 2019; Nichols 2016). 

Current clinical psychedelic research is largely focused on using psychedelics in the treatment of 

different mental disorders, as psychedelics have shown interesting preliminary results in the 

treatment of for example obsessive-compulsive disorder (Moreno et al., 2006), post-traumatic stress 

disorder (Mithoefer et al., 2010), depression (Osório et al., 2015; Carhart-Harris et al., 2016; 

Sanches et al., 2016), end-of-life psychological distress (Grob et al., 2011; Gasser et al., 2014; 

Gasser et al., 2015; Griffiths et al., 2016), and substance abuse disorders (for example Krebs & 

Johansen, 2012; Bogenschutz et al., 2014; Johnson et al., 2014; Johnson et al., 2016; Hendricks et 

al., 2014). Addiction is of particular interest, because psychedelics have not shown to be addictive, 

and have shown encouraging results in several human studies of different substances of abuse, such 

as nicotine, alcohol, and opioid addictions, albeit many of these studies had small sample sizes, 

which makes the results prone to error and thus should be interpreted with caution (Bogenschutz & 

Johnson 2016; Carhart-Harris & Goodwin, 2017; Gardner, 2011; Nichols, 2016). 

LSD was one of the psychedelics that garnered early interest in treatment of substance abuse 

disorders, such as alcoholism (Dyck, 2016; Nichols, 2018). Unfortunately, the early studies on LSD 

were poorly planned, some lacked controls or proper follow-up, and this led to the assumption that 

using LSD for the treatment of alcoholism was ineffective (Nichols, 2018). However, Krebs and 
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Johansen (2012) concluded in their meta-analysis of clinical trials that a single dose of LSD was 

sufficient to show “significant beneficial effect” on alcohol misuse in short- (2-3 months post-

treatment) and medium-term (6 months post-treatment), but the effect was negligible by 12 months 

post-treatment. 

Johnson and colleagues (2016) found in their pilot report paper that two to three moderate to high 

doses of psilocybin, a classical psychedelic, induced significant smoking cessation in the long-term 

(mean of 30 months between participants). They had 15 participants, of which 67% were reported 

as smoking abstinent at 12 months post-treatment (Johnson et al., 2016). Twelve participants 

returned for the long-term follow-up – the 3 that did not return were deemed to have smoked – and 

60% were confirmed to be smoking abstinent (Johnson et al., 2016). 

Bogenschutz and colleagues (2015) conducted a proof-of-concept study to assess psilocybin’s 

efficacy in treating alcohol abuse disorder. Ten participants with alcohol dependence were enrolled 

in the study, and 9 of them were included in the final analysis (Bogenschutz et al., 2015). The 

results showed significant reduction in drinking and physiological measures relevant to drinking, 

which emphasized clear large pre-post effect sizes (Bogenschutz et al., 2015). 

Bogenschutz and Johnson (2016) have reviewed several substance abuse disorders in which 

psychedelics have shown intriguing results. Besides alcohol (Krebs & Johansen, 2012) and nicotine 

addictions (Johnson et al., 2014; Johnson et al., 2016), psychedelics have shown some 

improvements in opioid addictions as well (Savage & McCabe, 1973). However, many of these 

studies have been conducted with a relatively low number participants and some of the study 

settings were not properly controlled (Bogenschutz & Johnson 2016). However, together these 

results provide basis to further investigate psychedelics in the treatment of substance abuse 

disorders. 

Addictive drugs are rewarding, reinforcing and pleasure producing, and they all seem to activate the 

brain’s reward system (Gardner, 2011). It is understood that dysregulation of the reward system is a 

crucial component of addiction, which is not apparently induced by psychedelics (Gardner, 2011). 

Drug-induced changes in the reward system are reflected in behavior, as substances of abuse firstly 

induce reward-driven and then habit-driven drug-seeking behavior (Gardner, 2011). However, the 

core reward circuitry includes areas such as the ventral tegmental area that psychedelics have been 

shown to modulate (Gardner, 2011; Vollenweider et al., 1999; De Gregorio et al., 2016). However, 

the mechanisms that would explain the seemingly successful effects of psychedelics in the 

treatment of substance abuse disorders are largely unknown.  
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One of the emerging hypotheses for the possible therapeutic function of psychedelics in facilitating 

these long-lasting changes is the neuroplasticity hypothesis (Vollenweider & Kometer, 2010). It has 

been shown that psychedelics, such as psilocybin and LSD, increase extracellular glutamate levels 

(Vollenweider & Kometer, 2010). It has been proposed by Vollenweider and Kometer (2010) that 

psychedelics enhance neuroplasticity by affecting glutamate signaling, AMPA-type glutamate 

receptor trafficking and activation, and by increasing brain-derived neurotrophic factor levels in 

prefrontal-limbic circuitries. They also speculate that the mystical experiences might have a crucial 

role in this process (Vollenweider & Kometer, 2010). More recently, Olson (2020) has 

hypothesized that the neuroplastic changes are independent of the peak psychedelic experiences 

often associated with improved clinical outcome. 

Regarding the plausibility of using psychedelics in treatments of psychiatric disorders, psychedelics 

are considered as generally physiologically safe, and there are no reported overdose cases or deaths 

related to LSD toxicity (Bogenschutz & Johnson, 2016; Nichols & Grob, 2018). The few somatic 

effects that there are, are usually considered insignificant (Nichols, 2016). However, a possible 

physiological risk might arise due to the user’s impaired judgement, especially if the substances are 

used without supervision (Nichols, 2016; Nichols & Grob, 2018). 

Even though psychedelics have been shown to modulate dopamine release in the VTA, they are 

non-addictive (Vollenweider et al., 1999; Gardner, 2011; De Gregorio et al., 2016; Nichols, 2016). 

LSD is a classic serotonergic hallucinogen, meaning it primarily affects through agonistic 

interactions with the 5-hydroxytryptamine 2A (5-HT2A) receptor (Nichols, 2016). The highest 

density of 5-HT2A receptors is in the neocortex, but there is also significant 5-HT2A receptor 

expression in some nuclei of the midbrain, some regions of the hypothalamus and the hippocampus 

(Quednow et al., 2011; López-Giménez, & González-Maeso 2018). 

Despite the 5-HT2A receptor not being the only receptor LSD has interactions with, it is the most 

relevant according to the current understanding of psychedelics’ function, as 5-HT2A receptor 

activation has been shown to be central for producing hallucinogenesis in both humans and 

laboratory animals (Quednow et al., 2011; López-Giménez, & González-Maeso, 2018). In 

Quednow and colleagues (2011) paper, they found that by blocking 5-HT2A receptor function with 

the 5-HT2A receptor antagonist ketanserin prior to psilocybin administration they were able to 

neutralize most of the hallucinogenic effects of psilocybin. These results support the idea that 

hallucinogenic substances such as psilocybin and LSD primarily mediate their hallucinogenic 

effects via agonistic 5-HT2A receptor interactions (Quednow et al., 2011). 
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These fascinating results (Krebs & Johansen, 2012; Bogenschutz et al., 2015; Bogenschutz & 

Johnson, 2016; Johnson et al., 2016) described earlier in using LSD for treating substance abuse 

disorders, the low level of physiological risks, and non-addictive nature make LSD an interesting 

candidate for further research. The methods by which LSD affects substance abuse are widely 

unknown. We hypothesize that LSD induces changes in the malfunctioning reward system, since it 

has been implicated as a central component in substance abuse disorders. 

 

Aims of the study 

Ethanol and sucrose can both be positive reinforcers and self-administered by rodents. Elsilä and 

Martti (unpublished data) showed an acute decrease in ethanol binge drinking behavior following 

LSD administration. In this work we studied whether LSD induces behavioral changes in sucrose 

binge drinking mice, and if so, are the previously seen LSD-induced reductions in ethanol binge 

drinking generalizable to other, more naturalistic positive reinforcers. 

 

Materials and methods 

Mice, housing, and termination 

Total of 60 C57BL/6JRj male mice (Janvier Laboratories, Le Genest-Saint-Isle, France) were used 

in the experiments, 30 mice in each of the two rounds of experiments (E1 and E2). The mice were 8 

weeks old upon arrival. They were housed in a cleanroom setting in individually ventilated GR900 

cages (Tecniplast, Buguggiate, Italy). Each cage had wooden chip bedding, two wooden blocks, a 

plastic tube, food and two water bottles. The mice were in a reversed light-dark cycle, where the 

lights were turned off at 6 am and on at 6 pm. A dim red light was on during the dark periods. The 

mice were terminated at the end of the study by using CO2 gas. The same mice from the second 

round of the experiment (E2) were used for the follow-up study. 

Handling procedure 

Mice were trained for handling a week before the experiments started. The handling procedure 

lasted 5 days (Table 1). On each day the handling lasted for approximately 2-4 minutes per mouse, 

and the previous steps were repeated each day before adding a new element to the handling. The 

systematical execution of this procedure resulted in the same minimum level of habituation for all 

mice.  
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During the experiments, mice were handled once a week for weighing. During the second round of 

experiments the handling procedure was updated to include the restrain posture and light touch to 

their stomach to get them used to handling required for giving the intraperitoneal injections. This 

was incorporated during the experiment’s drinking phase. 

 

Table 1: Summary of the timetable of the handling procedure. The table depicts the days of the handling 

procedure and the objective of each day. Before the new objective was implemented the previous days’ steps 

were repeated. 

Drinking in the dark binge drinking mouse model 

We used a drinking in the dark (DID) mouse model described by Todd E. Thiele and Montserrat 

Navarro (2014) and Thiele et al. (2014) for modeling binge drinking behavior. We conducted two 

sucrose binge drinking studies – Experiment 1 (E1) and Experiment 2 (E2) (Table 2) – and a 

follow-up study (Table 3). 

 

Table 2: Summary of the timetable of the experiments E1 and E2. The table shows the 6 weeks of the 

experiment, the treatments given each week, and the days the treatments were given. The days the handling 
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procedure was conducted are marked with a hand icon, the LSD treatment is marked with a syringe, and the 

days sucrose was given are marked with ‘S’. 

In E1 the mice had access to 10% (w/v) sucrose solution 3 h into their dark cycle for 2 h on 4 

consecutive days a week. They had both sucrose and water available. The sucrose solution was 

offered from a sipper tube that was constructed from a 10-ml plastic pipette and a double-ball 

bearing metal sipper, and water was offered from a bottle. The intake of both liquids was measured; 

water intake by weighing the water bottle before and after the 2 h with the accuracy of 0.1 g, and 

the sucrose intake using the pipette scale with 0.1-ml accuracy. An empty control cage was used to 

track the average leakage and evaporation of the two liquids. E1 lasted for 6 weeks, where the mice 

drank sucrose for 4 weeks with no injections to stabilize the drinking behavior, got sucrose and the 

LSD injections on the 5th week (see Pharmacological treatment for further information on dosage 

and group divisions), and the 6th week was a follow-up week when no injections were given. 

E2 was conducted similarly to E1. E2 lasted for 6 weeks as well, however the experiment was 

paused for 1 week after the first sucrose drinking week (excluded from Table 2 for simplicity), so in 

total E2 lasted for 7 weeks. In E2 one of the mice had to be terminated prematurely due to welfare 

problems, and therefore there were only 29 mice in the final analysis.  

The 29 mice from E2 continued to the follow-up experiment, which lasted for 3 weeks (Table 3). 

The follow-up experiment was conducted to study and diminish the injection-induced effects on the 

drinking behavior. During the 1st week the mice were injected with saline every other drinking day 

(twice in total). During the 2nd week they were injected daily, thrice with saline and on the 4th day 

with LSD (see Pharmacological treatment for further information on dosage and group divisions). 

The 3rd week was a follow-up week where no injections were given. 

 

Table 3: Summary of the timetable of the follow-up experiment. The table shows the 3 weeks of the 

experiment, the treatments given each week, and the days the treatments were given. Saline treatments are 

marked with a blue syringe and the LSD treatment with a black syringe. The days sucrose was given are 

marked with ‘S’. 
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Pharmacological treatment 

LSD (Sigma-Aldrich, St. Louis, MO, USA) solutions were prepared by diluting LSD to sterile 

saline.  

The mice were randomly divided into 3 groups, and the groups received different treatments; 0.05 

or 0.1 mg/kg LSD, or saline as a negative control. These doses were chosen to maintain consistency 

between this data and Martti and Elsilä’s (unpublished data) research. The people involved in 

giving the injections and analyzing the data were blinded until the analysis was completed.  

The injection volume was 10 ml/kg. Immediately following the injections, the mice had the sucrose 

solution and water available for 2 h. In E1 and E2 the injections were given on the 4th day of week 5 

(Table 2). In the follow-up study the mice received 2 saline injections during the first week, and 3 

saline and 1 LSD injection on the second week (Table 3).  

Data analysis 

We measured the consumptions of 10% sucrose solution and water. These raw values were 

corrected for leakage and evaporation, which were then used to calculate the individual intake of 

each mouse for each solution as g/kg and as ml. These control-modified values were obtained by 

deducting the average leakage from the raw intake values for both sucrose and water. This resulted 

in water intake values to go below 0 at times, since the leakage of the water bottle in the control 

cage was sometimes greater than that consumed by some mice.  

The figures were drawn and the data analyzed using Prism version 8.1.0 (GraphPad Software, San 

Diego, California, USA).  One-way ANOVA analysis was used to see if the groups differed 

significantly from each other. The groups were then compared using single-step Tukey posthoc 

analysis. The results were deemed significant if the p-value was less than 0.05. Sucrose preference 

(Figure 2) was calculated with the following formula 
10% 𝑆𝑢𝑐𝑟𝑜𝑠𝑒 (

𝑔

𝑘𝑔
)

10% 𝑆𝑢𝑐𝑟𝑜𝑠𝑒 (
𝑔

𝑘𝑔
)+𝑊𝑎𝑡𝑒𝑟 (

𝑔

𝑘𝑔
)
 . The values used 

were control modified, and therefore the sucrose preference might cross 1.0 on the graph.  

Unpaired t-tests were conducted to compare within-group differences in the follow-up study (Figure 

4). The results were deemed significant if the p-value was less than 0.05.  

  



11 
 

Results 

E1 and E2  

Sucrose drinking did not seem to balance to a certain level on a day-to-day basis during the whole 

experiment, however it did show the same pattern on a week-to-week basis: sucrose intake was 

lowest on the first day of the week and highest on the final experiment day of the week, as shown in 

Figure 1 A and C.  

 

 

Figure 1: All figures present either sucrose or water intake starting with the final day of the previous 

drinking week (day 4), the week injections were given (days 5 to 8) and one follow-up week (days 9 to 12). 

Injections were given on day 8 (marked as LSD on the figure). Dots present the mean of the dataset for each 

day and the error bars are the standard deviation (SD). A: 10% sucrose solution intake (ml) during the first 

experiment (E1). B: Water intake (ml) during the first experiment (E1). C: 10% sucrose solution intake (ml) 

during the second experiment (E2). D: Water intake (ml) during the second experiment (E2). 
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Figure 2: 10% sucrose solution preference (%) during the second experiment (E2), starting with the first day 

of the previous drinking week (day 1), the week injections were given (days 5 to 8) and one follow-up week 

(days 9 to 12). Injections were given on day 8 (marked as LSD on the figure). The preference was calculated 

as the relation between sucrose solution intake and the total liquid intake. The values used were control 

modified, and therefore the sucrose preference might cross 1.0 on the graph. Dots present the mean of the 

dataset for each day and the error bars are the standard deviation (SD). 

Mice acutely reduced sucrose intake when given LSD, but the binge drinking behavior returned to 

the pre-injection levels during the following week (Figure 1 A and C). The reduction in this 

behavior was the most noticeable in the group that got 0.1 mg/kg LSD when compared to the 

group’s baseline, and the least noticeable in the group that got a saline injection. The group that 

received a 0.05 mg/kg LSD injection landed between these two other groups (Figure 1 A and C). 

However, the results were not statistically significant in either E1 or E2 (E1: F(2,25)= 0.91, p= 

0.37; Tukey: Saline vs. 0.05 mg/kg LSD p= 0.94; Saline vs. 0.1 mg/kg LSD p= 0.37. E2: F(2,26)= 

1.281, p= 0.55; Tukey: Saline vs. 0.05 mg/kg LSD p= 0.75, Saline vs. 0.1 mg/kg LSD p= 0.54).  

Changes in water intake were observed on the day the initial injections were given (Figure 1 B and 

D). All three groups increased their water intake significantly when compared to the group’s 

baseline – before the injections the mice did not drink water at all or only very little, but on the 

injection day they all increased their water intake to over 40 g/kg, or approximately by 1ml (Figure 
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1 B and D). These results were also seen in sucrose preference, which decreased slightly when 

injections were given (Figure 2).  

The follow-up experiment 

The follow-up study lasted for 3 weeks (Table 3), and it was conducted to study and diminish the 

effects induced by the injection procedure.  

The follow-up experiment showed results indicating that an i.p. saline injection was sufficient to 

cause a peak in water intake in this research setting, but the effect was diminished if the injections 

were repeated daily (Figure 3B).  

 

 

 

Figure 3: Changes in sucrose (A) and water (B) intake in ml during the follow-up experiment. Injections are 

marked as either saline (all groups received saline) or LSD (division into 3 groups, of which 2 received LSD 

and one saline). Dots present the mean of the dataset for each day and the error bars are the standard 

deviation (SD). 

 

Giving a saline injection did not seem to affect sucrose intake (Figure 3A). The LSD injections 

produced a minor drop in sucrose solution intake, but the effects were deemed insignificant by 

statistical analysis (F(2,26)= 1.281, p= 0.55; Tukey: Saline vs. 0.05mg/kg LSD p= 0.75, Saline vs. 

0.1mg/kg LSD p= 0.54). Initially the saline injections decreased sucrose preference, but the effect 
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diminished after repeated injections (Figure 5). The LSD injection did not affect sucrose preference 

during the follow-up experiment (Figure 5). 

Within-group comparisons between the day of the LSD injection and the day prior showed no 

significant changes in any of the treatment groups (Figure 4: A: The group that received saline on 

the first (M=16.08) and the second day (M= 17.24). F(9,9)= 1.412, p= 0.47, t(18)= 0.73. B: The 

group that received saline on the first day (M=16.39) and 0.05 mg/kg LSD on the second day (M= 

16.05). F(8,8)= 2.598, p= 0.79, t(16)= 0.27. C: The group that received saline on the first day (M= 

17.42) and 0.1 mg/kg LSD on the second day (M= 15.51). F(9,9)= 2.759, p= 0.25, t(18)= 1.). 

Each of the groups started from the same point the following week, showing an almost identical rise 

in sucrose intake. Thus, no long-term effects of an LSD injection on sucrose binge drinking 

behavior were observed (Figure 3A). 

 

 

Figure 4: Mean values of changes in sucrose binge-drinking behavior as within-group comparisons in the 

follow-up experiment pre- and post-treatment. The data show mean values, the standard deviation (SD) as 

the error bars, and individual values as dots. A: The group that received saline on the first (M=16.08) and 

the second day (M= 17.24). B: The group that received saline on the first day (M=16.39) and 0.05 mg/kg 

LSD on the second day (M= 16.05). C: The group that received saline on the first day (M= 17.42) and 0.1 

mg/kg LSD on the second day (M= 15.51). 
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Figure 5: 10% sucrose solution preference (%) during the follow-up experiment, starting with the week 

where 2 saline injections were given (days F1 to F4), the week daily saline injections and the LSD injections 

were given (days F5 to F8), and one follow-up week with no injections (days F9 to F12). Injections were 

given on day 8 (marked as LSD on the figure). The preference was calculated as the relation between 

sucrose solution intake and the total liquid intake. The values used were control modified, and therefore the 

sucrose preference might cross 1.0 on the graph. Dots present the mean of the dataset for each day and the 

error bars are the standard deviation (SD). 
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Discussion 

The minor effect on sucrose binge drinking behavior was somewhat unexpected, since LSD 

injections have shown to induce a decrease in ethanol binge drinking behavior in the same DID 

model, as demonstrated in our laboratory’s unpublished results (Martti & Elsilä, unpublished data). 

However, since sucrose binge drinking primarily models reward-taking behavior, it seems our 

results support the idea that LSD does not mediate its effects on substance abuse disorders by 

affecting reward-taking behavior and thus the reward system, but perhaps another aspect of 

addiction related behavior not seen in the sucrose binge drinking mouse model.  

Sucrose binge drinking behavior seems to differ from ethanol binge drinking behavior in also the 

way the drinking pattern progresses; ethanol drinking seems to reach a stable level with little 

variability in day-to-day intake (Martti & Elsilä, unpublished data), whilst sucrose binge drinking 

shows a vague pattern on a week-to-week basis with noticeable variability, primarily increase, on a 

day-to-day basis. 

Another difference between sucrose and ethanol intake were the amounts of water the mice drank. 

When mice have ethanol available, they also reliably consume water (Martti & Elsilä, unpublished 

data). Interestingly, our research showed that mice drink sucrose almost exclusively, even if water 

is also available. These results are supported by the findings of Holgate et al. (2017).  

Holgate et al. (2017) demonstrated that environmental enrichment provided a decrease in ethanol 

intake in both naïve and ethanol-experienced C57BL/6J mice, but provided no effect on 5% (w/v) 

sucrose solution intake in sucrose-experienced mice and even increased sucrose solution intake in 

naïve mice in a DID setting. It seems that methods shown to decrease ethanol intake in mice, be it 

an LSD injection (Martti & Elsilä, unpublished data) or enrichment in housing (Holgate et al., 

2017), have provided no use in decreasing sucrose intake. Perhaps, as Holgate et al. (2017) 

speculated, sucrose might be a stronger positive reinforcer than ethanol, and thus interventions for 

alcohol abuse disorders might not be sufficient for sucrose consumption related disorders. The 

results of Cameron and colleagues (2021) support this idea, as they showed that tabernanthalog, a 

non-hallucinogenic analogue of ibogaine, decreased ethanol- and heroin-seeking behavior, but did 

not affect sucrose preference.  

The exception to the absence of water intake in sucrose binge drinking mice was observed when 

mice were injected with either saline or LSD, unless the injections were administered on 

consecutive days. Our hypothesis is that the injection procedure induced stress, which in turn 

affected the drinking behavior of the mice. Interestingly, stress has been shown to have a stronger 
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effect on ethanol intake than on sucrose intake (Holgate et al., 2017). Certainly, the injections did 

not seem to affect sucrose intake per se, only the preference. Decreased sucrose preference is 

explained by the increase in water intake since no effect on the volume of sucrose intake was 

observed after the injections.  

Additionally, the addictive properties of sucrose have been argued in scientific literature. Westwater 

and colleagues (2016) concluded in their meta-analysis of the addictive potential of sugar that 

despite sucrose inducing some addiction-related behaviors, namely reward-taking, it does not seem 

to mediate neurochemical effects similar to drug addictions. Westwater et al. (2016) continued to 

hypothesize, that instead the observed behaviors might arise from the intermittent access to sucrose. 

This indicates to possible differences between the mechanisms by which substances of abuse, such 

as alcohol, and other positive reinforcers, such as sucrose, function. 

As discussed above, sucrose might be a stronger reinforcer than ethanol (Holgate et al., 2017), and 

that might be one of the reasons the methods used to alleviate ethanol binge-like drinking behavior 

might not work for sucrose bingeing. It is also possible that sucrose does not affect the brain in a 

similar manner as drugs of abuse do (Westwater et al., 2016), thus rendering interventions that work 

for drug addictions futile for sucrose bingeing.  

There are results supporting the idea that psychedelics do not affect reward-driven behavior, such as 

those of Elsilä et al. (2020). They found that an acute LSD dose did not alter reward-driven decision 

making in the Iowa Gambling Task, as the LSD administration did not significantly alter option 

selection or general function during the task, as opposed to amphetamine that significantly 

decreased correct responses (Elsilä et al., 2020). 

Our results together with Elsilä and colleagues’ (2020) results offer a possible explanation by 

suggesting that an LSD intervention does not affect reward-taking behavior, nor the reward system 

directly, and thus do not induce significant changes in behaviors related to sucrose consumption. 

Thus, LSD effects did not substitute the effects of sucrose. 

However, since a decrease in ethanol (Elsilä & Martti, unpublished data) and in sucrose intake was 

observed following LSD administration, albeit statistically not significant for sucrose, it could be 

that LSD acutely affects ingestive behaviors. Hamilton and Wilpizeski (1961) found that LSD 

acutely depresses food intake in rats as a function of the LSD dosage given. Additionally, they 

found that with daily LSD injections the depressive effect on food intake decreases between the first 

and the second day, with no further changes within the 10 days (Hamilton & Wilpizeski, 1961). 
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An important difference between rodents and humans when it comes to the efficacy of psychedelics 

in treating different disorders is the ability to have a meaningful experience. It seems that there is 

correlation between the intensity of the psychedelic experience and the following drug abstinence in 

humans (Bogenschutz et al. 2015; Johnson et al., 2017). As Bogenschutz and colleagues (2015) 

reported, the intensity of the psilocybin session strongly predicted the change in alcohol intake in 

the following weeks. Johnson and colleagues (2017) reported that most of the participants had rated 

the psilocybin experience as one of the five most personally meaningful experiences of their lives. 

These reports raise a question of how relevant the meaningfulness of the experience is for it to 

cause long-lasting changes in behavior, and if mice are able to have any corresponding meaningful 

experiences on psychedelics to begin with.  

In humans, it has been indicated that the ‘set and setting’ – or the state of mind and the therapeutic 

environment, respectively – is of great significance for the nature of the psychedelic experience 

(Garcia-Romeu & Richards, 2018). Garcia-Romeu and Richards (2018) have reported that the 

research setting has been shown to affect anxiety levels of the participants, for example when 

comparing a highly clinical setting to an aesthetically furnished room. This underlines an interesting 

distinction between psychedelics and other pharmaceutical compounds, such as sedatives, of which 

efficacy is not related to the set and setting the drug is administered at (Garcia-Romeu & Richards, 

2018). A related point that Garcia-Romeu and Richards (2018) bring up in their paper is the 

expectancy effect, which is the effect induced by the psychological component (expectancy) on the 

treatment’s efficacy, could be a key factor in the efficacy of the psychedelic treatment in humans.  

Comparing the set and setting theory of psychedelic function to the research settings in animal 

studies raises a question of whether the efficacy of the psychedelic treatment is also set and setting- 

dependent in rodents. If so, it is quite apparent that the animal is presumably stressed when they are 

being injected with the substance, since the administration procedure is at minimum unpleasant to 

the animal. In our research setting the mice are individually housed, which is atypical when 

considering mice that are social-pack animals. It is also notable that the mice probably have no 

knowledge of the upcoming procedure and thus have no expectations for the treatment’s efficacy. 

This is all speculative, of course, as it is difficult to determine whether mice are able to have a 

meaningful experience in the first place. 

Additionally, when comparing the psychedelic treatment humans receive and the research setting 

where rodents receive the psychedelics at, it is apparent that the rodents have a very short period of 

time before they are offered the rewarding substance again after the psychedelic experience – in our 

research setting sucrose is offered immediately after LSD has been administered. Humans are rarely 
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offered their preferred substance of abuse immediately after a treatment session, and especially not 

during the session. If LSD induces neuroplasticity, and the set and setting are relevant to the 

treatment efficacy, it seems counterintuitive to offer the substance of abuse during the psychedelic 

experience. Therefore, our research setting might not be suitable to observe the clinical 

improvement in binge drinking behavior related to neuroplastic changes. 

The potential of psychedelics in the treatment of addictions and mental disorders is still being 

uncovered. Despite the interesting results in using LSD for treatments of alcohol and other 

substance abuse disorders, our results show there might be addiction-related behaviors, such as 

reward-taking, that a single LSD injection does not alter. There needs to be further research into 

psychedelics, how they induce the observed effects, and how they affect the brain networks in 

addiction. Additionally, further studies on how sucrose induces the reward-taking and binge 

drinking behaviors are needed. Our results together with the discussion in the papers by Westwater 

et al. (2016) and by Holgate et al. (2017) might suggest that reward-taking might not be a relevant 

target for treatments of substance abuse disorders. It could also be, that the current treatments used 

for substance abuse disorders do not target the reward system or affect reward-taking behavior, 

even if they were relevant targets. Thus, further research into the mechanisms of addictions and 

their recovery are needed to improve the treatments currently available. 
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