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Abstract 
 
Problem drinking that becomes severe is given the medical diagnosis of alcohol use disorder (AUD) and is 
a serious public health problem worldwide. It is unknown who will become diagnosed with AUD, but 
genes do play an important role. One of the genes linked to AUD is the serotonin transporter gene (5-
HTT). The 5-HTT protein is a key regulator of 5-HT tone (extracellular). Variation in the serotonin (5-HT) 
system may contribute to the risk of alcohol dependence. This polymorphism is characterized by a long 
(L) and short (S) allele. The short allele is linked to decreased pre-synaptic 5-HTT number and 
functionality. A recent meta-analysis in human populations showed a correlation between homozygous S 
allele carriers and AUD. There are several environmental factors which also contribute to the 
development of addictive behavior, including early life stress and social factors. Rodent studies showed 
that separations of intact litters increased ethanol consumption and/or preference in adult male rats 
compared to shorter periods of MS. In addition, rodents lacking the 5-HTT were more vulnerable for 
anxiety- and depression-related behaviors. However, little is known about the interaction of early life 
stress and serotonin transporter genotype.  
In this study the interactive effects of serotonin transporter deficiency, which mimics the less efficient 
human variant of the serotonin transport (S allele of the 5-HTTLPR polymorphism), and early life stress 
were studied on ethanol intake and social behavior, in rats.  
Serotonin transporter knockout rats (SERT -/-), serotonin transporter heterozygous (SERT +/-) and 
serotonin transporter wildtype rats (SERT +/+) were separated from their dams for 360 minutes once a 
day from postnatal day 2 till 16. To test their social behavior a three-chamber test was performed and  
social interaction was measured. Thereafter animals were presented with 20% ethanol in their home 
cages, on an intermittent-every-other day schedule. Volumes consumed were determined to assess the 
ethanol intake.  
On a social level, SERT -/- rats had significant lower preference for interaction with a novel rat compared 
to SERT +/+ rats and SERT +/- rats. In addition, early life stress increased ethanol intake in male SERT +/- and 
SERT -/- rats significantly. In Females, a trend toward an effect of genotype on ethanol intake was found. 
With SERT -/- rats drink more compared to SERT +/+ rats. Our data also revealed that females drank more 
ethanol compared to males, which may be due to hormones.  
In conclusion, our results show that male maternally separated SERT -/- rats drink more ethanol. This 
effect is not seen in females. This might suggest that SERT -/- genotype increases the vulnerability to 
stress stimuli in males. Suggesting that females are more resilient for early life stress than males. Future 
research must be done into the underlying mechanisms of the interaction between early life stress and 
SERT genotype, and the sex differences that are found.  
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1. Introduction 
 

Heavy alcohol (ethanol) consumption remains a serious public health problem worldwide. Problem 
drinking that becomes severe is given the medical diagnosis of alcohol use disorder (AUD). 
Approximately 14 percent or 32 million adults in the United States ages 18 and older had AUD in 2012 
(Grant et al, 2015). To be diagnosed with AUD, individuals must meet certain criteria outlined in DSM-V 
(The Diagnostic and Statistical Manual of Mental Disorders). There are 11 criteria mentioned in the DSM-
V, anyone meeting any two of the 11 during the same 12-month period receives a diagnosis of AUD. 
Although the severity of AUD (mild, moderate or severe) is based on the number of criteria met (Tuithof 
et al, 2013). For example AUD patients will drink more or longer than intended, experience withdrawal 
symptoms when not drinking (such as trouble sleeping, shakiness, anxiety, depression, restlessness) or 
give up on activities that were important or interesting to them in order to drink (Vonghia et al, 2014). 
 
In 10 to 20% of consumers, chronic alcohol use contributes to medical complications including damage 
to organs and immune functions. Despite the high prevalence and costs to society, treatment options for 
these disorders are limited in number and efficacy (Spanagel, 2009). In addition, factors that increase the 
risk of developing alcohol addiction include psychiatric disorders, such as anxiety and major depressive 
disorders (Spanagel, 2009). Furthermore, antisocial personality disorder is associated with a high degree 
of alcoholism (Schubert et al, 1988).  
 
While a great majority of the people worldwide uses alcohol, only a few develop alcohol use disorder. 
Twin and adoption studies implicate the importance of genetic influences on the development of alcohol 
use disorder (Mcgue, 1999). Genetic differences do likely play a role. One of the genetic differences 
which is studied in humans is a polymorphism in the serotonin transporter gene (5-HTT). Variation in the 
serotonin (5-HT) system may contribute to the risk of alcohol dependence. The 5-HTT protein is a key 
regulator of 5-HT tone as it re-uptakes 5-HT from the synaptic cleft back into the presynaptic neuron 
where it can be degraded or retained for future release. The 5-HT transporter thereby controls the 
extracellular concentration of  5-HT (Murphy et al, 1998).  
A functional polymorphism is identified in the promotor region of the 5-HTT gene (5-HTTLPR) which is 
characterized by a long (L) and a short (S) allele. The short allele is linked to decreased pre-synaptic 5-
HTT number and functionality, resulting in less efficient serotonin reuptake and increases in synaptic 5-
HT levels (extracellular), as compared to the long allele (Lesch, 2007; Nordquist et al, 2010; Canli and 
Lesch, 2007). Recent meta-analysis done in human populations showed a correlation between the 
homozygous S allele polymorphism and AUD (Oo et al, 2016). Previous research has also shown that the 
concentrations of 5-hydroxyindoleactic acid (5-HIAA), the first serotonin degradation product, were 
lower in the cerebrospinal fluid of alcoholics than in non-alcoholics. This is in line with animal models of 
alcohol abuse. For example, rats bred for alcohol preference had lower levels of serotonin and its 
metabolites in various brain regions compared to nonpreference rats (Lovinger, 1997). However, results 
of research done on the interaction of 5-HTTLPR and alcohol use or misuse are so far contradictory.  
A study done in hundred ten human males with alcohol dependence concluded that the short allele of 
the 5-HTTLPR was unrelated to alcohol dependence (Gorwood et al, 2000).  On the other hand, a single 
photon emission computed tomography of alcohol dependent patients showed reduced levels of the 
serotonin transporter in the brain. The reduction in availability of brainstem serotonin transporters was 
significantly correlated with lifetime alcohol consumption (Heinz et al, 1998).  
Serotonin plays a role in the positive reinforcement of alcohol abuse (Lovinger, 1997). Serotonin alters 
the dopaminergic system because it stimulates the activity of dopaminergic neurons in the ventral 
tegmental area (VTA), this causes an increased dopamine release. The dopaminergic neurons in the VTA 
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are connected with brain areas which mediate rewarding effects. So serotonin activates these neurons 
and therefore it can reinforce alcohol-drinking behavior (Lovinger, 1997).  
 
However, alcohol use disorder is not only the result of an individual’s genetic make-up. In fact, there are 
several environmental factors which contribute to the development of addictive behavior. Prenatal 
alcohol exposure, prenatal stress and severe stressful life events all play a role in the vulnerability to 
AUD. A prenatal stress experiment often used in rodents is maternal separation (MS). Results from 
currently used MS protocols are not uniform, this is also due to differences in the protocols. However, 
studies consistently show that longer separations of intact litters increase ethanol consumption and/or 
preference in adult male rats compared to shorter periods of MS. Research of Palm et al (2013) showed 
that a separation of 360 minutes increases total ethanol intake and preference over time in adult male 
rats compared to control (MS of 15 minutes). A study of Barr et al (2003) studied Rhesus Macaques that 
were peer-reared (PR) and as a control mother-reared (MR) macaques. The peer-reared monkeys were 
separated from their mothers at birth and hand reared in a neonatal nursery for the first 30 days of life 
(early life stress). This study investigated the relationship between early-life stress, serotonin transporter 
genotype and sensitivity to ethanol. They found that monkeys heterozygous for the serotonin 
transporter polymorphism (l/s) had an increased ethanol sensitivity compared to monkeys with the l/l 
genotype (wildtype). Being peer-reared increased the sensitivity to ethanol but only among the l/s 
monkeys. These results were consistent with findings in human studies where human subjects with the 
l/l genotype were associated with a low level of response to alcohol and alcohol consumption (Barr et al, 
2003).  
So early life stress is a major environmental risk factor for alcohol use disorder. A biological explanation 
for this can be that prenatal and postnatal stress can alter the activity of the hypothalamic-pituitary axis 
(HPA) (Schepis et al, 2011). Long-lasting changes in glucocorticoid levels may occur that influence 
mesolimbic dopaminergic activity and reinforcement processes.  
 
5-HT is a key modulatory neurotransmitter and has been implicated in the pathophysiology and 
treatment of anxiety and mood disorders (Olivier et al, 2008). Previous research of Olivier and colleagues 
showed that rats lacking the SERT are more vulnerable for anxiety- and depression-related behaviors. For 
instance, SERT -/- rats spend significantly less time in the center of an open-field test. In addition, SERT -/- 

rats spend significantly less time on the open arms in an elevated plus maze. Both test results indicate 
more anxiety-like behavior in SERT -/- rats compared to SERT +/+ rats. Further, SERT -/- rats drink 
significantly less sucrose compared to SERT +/+ rats. This is being indicative for anhedionia, a core 
symptom of depression. Besides effects on anxiety- and depression-related behaviors a study of 
Homberg et al (2008a) showed that SERT -/- rats display lower social play behavior compared to SERT +/+ 
rats. These results are in line with meta-analysis done in humans (Sharpley et al, 2014; Manufo et al, 
2009).  
Not only serotonin transporter genotype has an effect on behavior. Research of Gianchino and 
colleagues shows that maternal separation reduces emotionality, assed by a social interaction test, in 
mice (Gianchino et al, 2007).  
 
In the present study we investigated the interactive effects of serotonin transporter deficiency, which 
mimics the less efficient human variant of the serotonin transport (S allele of the 5-HTTLPR 
polymorphism), and early life stress on ethanol intake and social behavior, in rats.  
We first investigated the effects of early life stress and serotonin transporter variability (SERT +/+, SERT +/-, 
SERT -/-) on sociability?  
Next we investigated the effects of early life stress and serotonin transporter variability on ethanol 
intake.  
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We hypothesized the serotonin transporter knockout rats (SERT -/-) to be the least social, compared to 
serotonin transporter heterozygous (SERT +/-) and serotonin transporter wildtype rats (SERT  +/+). In 
addition, we expect that MS will further reduce social behavior in SERT -/- and SERT +/- rats, while SERT +/+ 
rats may be resilient to the effect of MS.  
With regard to ethanol intake, we hypothesized that MS will increase ethanol intake and that ethanol 
intake will be strongest in SERT -/- and SERT +/- rats. In addition, we expect SERT -/- and SERT +/- rats to 
drink more ethanol compared to SERT +/+ rats, with a genotype-dose dependent pattern.   
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2. Material and Methods 

2.1 Animals 
Subjects were 69 Wistar rats, serotonin transporter +/+ (SERT +/+), serotonin transporter +/- (SERT +/-) and 
serotonin transporter -/- (SERT -/-). This experiment was done in male and female rats. Table 1 shows all 
experimental groups and the number of animals per group. This study was carried out in batches with 
the aim of eventually having 12 animals per group. This report discusses the results of batch 1 and 2 
(together).   
Rats were bred in the department of behavioral neuroscience at the University of Groningen. Rats were 
weaned on postnatal day 21 (PND21). They were socially housed in cages with 3 or 4 rats per cage in our 
vivarium (± 21ᵒC, 40-60% humidity). They were kept on a 12 hour light/dark cycle (lights off: 10:00 A.M ). 
After the sociability test rats were individually housed with a 12 hour light/dark cycle (lights off: 7:00 
A.M). Cage bedding was refreshed weekly and water and standard pelleted RHMB chow were freely 
available in the home cages. Body weights were recorded 3 times a week throughout the study. All 
experiments were performed in accordance with the Dutch Laws on Animal Welfare and European 
regulations and were approved and checked by the Animal Experimentation Committee of the University 
of Groningen. 
 

Genotype Treatment Sex # animals 

SERT +/+ MS Male  10 

Female  9 

Control Male  1 

Female 7 

SERT +/- MS Male 11 

Control  Male  10 

SERT -/- MS Male  7 

Female 4 

Control  Male 4 

Female  6 

Total   69 
Table 1. Experimental groups and number of animals. During the 3-chamber test there were 10 groups, as listed above. During 
the ethanol experiment all groups were divided into water (control) and ethanol groups. This led to 20 groups. 

2.2 Maternal separation  
In the maternally separated group, the pups were separated from their dams for 360 minutes once a day 
from postnatal day 2 (separations cycles were performed between 9:00 and 15:00 pm) and continued for 
14 days. Pups were removed as complete litters from the nest, placed into a cage with heating pads in an 
adjacent room to prevent mothers from hearing ultra-sound vocalizations.  The temperature of their 
cages was maintained at 32 ± 1  ͦC during the first week (PND2-8) and 28 ± 1  ͦC during the second week 
(PND9-15). In the control group, pups were removed as a litter to cages and handled for 15 minutes. 
After 15 minutes the pups were reunited with their dam. On PND 7, 14 and 21 all pups were weighted 
and sexed on PND7. Weaning took place on PND 21 and animals were housed by sex and treatment 
group.  
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2.3 Three chamber test 
A three-chamber social apparatus (3 times 40 cm (120 cm) × 80 cm ) was used as the testing arena (Reilly 
et al, 2015 and Moy et al, 2004). Testing was conducted under pink light (2.5 lux) during the dark period 
of their light–dark cycle, approximately 1 hour following lights out. One hour prior to testing, estrus 
stage of the females was measured. The females performed the social test on days that they were not in 
the estrous stage.  
The test started by placing the experimental animal in the middle chamber of the apparatus, with the 
doors to the two other side chambers closed. This habituation (Reilly, Weeks et al. 2015) was done for 5 
minutes. After this habituation a same-sex stimulus animal (SERT +/+ males and SERT +/+ and SERT +/- 
females) was placed in one of the cylindrical grids (diameter: 22cm) located in the outer corner of the 
side chambers. The doors to both side chambers were removed so the animal could explore all three 
chambers. This was done for 10 minutes. The bars in the grids allowed rats for nose-to-nose 
investigation but did not permit further contact (Reilly et al, 2015). Time spent at the center, social side, 

non-social side were scored with Observer XT 10.5 (Noldus , Wageningen, the Netherlands). In addition, 
time spent at the social- and non-social grid was also scored. Using these data the preference for social 
interaction has been calculated.  
 

2.4 Free choice ethanol  
The animals were housed individually and put on a ethanol (20%) paradigm in their home cages, on an 
intermittent-every-other day schedule. Maternally separated or control rats were initially offered a 
bottle with ethanol for 7 h/day for three days/week (Monday, Wednesday and Friday) for one month. 
Food and water were freely available. Subsequently, the rats had access to ethanol for 24 h/day for three 
days/week (Monday, Wednesday and Friday) for another month. Volumes consumed were determined 
by weighing the bottles prior to and after each session, and from these volumes the ethanol intake (g/kg) 
was calculated. The positions of the bottles was alternated to prevent side bias. 24 hours after the start 
of the last ethanol session blood samples were collected from the tail vain. 48 hours after the start of the 
last ethanol session rats were sedated with CO2 and sacrificed by decapitation. Brains were collected and 
stored at -80 for future gene expression analyses.   
 

2.5 Data analysis and statistics  
GraphPad Prism V5.0 (GraphPad Software, San Diego, CA) and IBM SPSS statistics were used for 
statistical analysis. An ANOVA for repeated measures was done to test significance on ethanol intake. 
When significant, an independent sample t test was used to determine in which weeks the ethanol 
intake was significant. For the sociability a multivariate linear ANOVA test was done to test significance. 
To detect differences between genotypes, treatment and sex, a one-way ANOVA was used. When 
appropriate a LSD post-hoc test was used to detect the differences between genotypes. Results are 
presented as mean ±SEM values. A P value of less than 0.05 was considered significant. 

 

 
 
 
 

http://www.sciencedirect.com/science/article/pii/S0018506X15001075#bb0095
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3. Results  

3.1 Sociability   
 
To investigate whether serotonin genotype influences sociability rats were tested in a 3-chamber test 
when they were 10 weeks old. 
The following variables were measured: time spent at the center, social side, non-social side, social-grid 
and non-social grid. Using these data the preference for social interaction was calculated: preference is 
the time spent at social grid divided by time spent at the social-grid plus time spent at non-social grid x 
100%. 
 
A significant genotype effect was found for social interaction (F(1,2)=4,25, p<0,05), time spent in the 
center (F(1,2)=4,12, p<0,05) and social preference (F(1,2)=4,23, p<0,05). In addition, there was a trend for 
time spent in the social chamber (F(1,2)=3, p=0,058). There was no effect of treatment and sex on all 
measured variables. Therefore, results were split in genotypes and not in treatment groups and sex. An 
one-way ANOVA showed only a strong tendency for social preference (F(1,2)=3,031, p=0,055). In the 
other parameters, further testing revealed no significant differences between the individual groups.   
Figure 1 shows the effects of SERT genotype on social preference. LSD post-hoc test revealed that SERT -/- 
rats have a significantly lower social preference compared to SERT +/+ rats (p=0,038) and SERT +/- rats 
(p=0,033).   
 

 
figure 1. 3-chamber test results from male and female, MS and control rats, separated in SERT +/+, SERT +/- and SERT -/- rats. 

Behavior was observed for 10 minutes. Results are shown as mean  SEM. * p<0,05. The figure shows mean  SEM for social 
preference. SERT +/- rats have a significantly lower social preference compared to SERT +/+ rats (p=0,038) and SERT +/- rats 
(p=0,033).   
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3.2 Ethanol intake  
 
As mentioned in the material and method section, the free choice ethanol experiment consisted of two 
periods. The first four weeks, rats were exposed to one bottle of ethanol (20%) for 7 h/day for three 
days/week (Monday, Wednesday and Friday). The last four weeks, the rats had access to ethanol for 24 
h/day for three days/week (Monday, Wednesday and Friday).  
A significant difference in ethanol intake between male and female rats was found (F(1,7)=3,64, p<0,005). 
Therefore the results of the ethanol intake are split per sex.  
 
Males  
In males, a significant effect of maternal treatment on ethanol intake (F(1,7)=3,69, p<0.001). In figure 2, 
the results for male rats are separated on genotype. This was done to investigate whether there was an 
effect of treatment on ethanol intake in all genotypes.  
Figure 2a shows no significant differences between control handled SERT +/+ rats and maternal separated 
SERT +/+ rats. However, there is only 1 animal in the control group here, so no conclusions can be drawn 
from this result. Figure 2b shows a trend in week 5 and 7 for SERT +/- rats that were maternally separated 
to drink more ethanol in weeks 5 (t(16,45)=1.89, p=0.077) and 7 (t(16)=1,96, p=0,067), compared to control 
SERT +/- rats. Figure 2c shows that that SERT -/- rats that were maternally separated drink significantly 
more ethanol in week 8 (t(9)=-2,64, p<0,05), compared to control SERT -/- rats. 

 
Figure 2. Ethanol consumption results from male SERT +/+, SERT +/- and SERT -/- rats. Results are shown as mean  SEM for 

ethanol intake in gram per kilograms of bodyweight over 8 weeks. * p<0,05, # P<0,08. a. Mean  SEM for ethanol intake of 

maternal separated and control handled SERT +/+ male rats. No significant differences were revealed. b. Mean  SEM for ethanol 
intake of maternal separated and control handled SERT +/- male rats. There is a trend in week 5 and 7. SERT +/- rats that are 
maternally separated drink more ethanol in weeks 5 (t(16,45)=1.89, p=0.077) and 7 (t(16)=1,96, p=0,067), compared to control SERT 

+/- rats. C. Mean  SEM for ethanol intake of maternal separated and control handled SERT -/- male rats. SERT -/- rats that are 
maternally separated drink significantly more ethanol in week 8 (t(9)=-2,64, p<0,05), compared to control SERT -/- rats. 
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Figure 3 shows that there was no genotype effect on ethanol intake in control handled and maternal 
separated male rats.  

Figure 3. Ethanol consumption results from male control handled and maternal separated rats. Results are shown as mean  

SEM for ethanol intake in gram per kilograms of bodyweight over 8 weeks. a. Mean  SEM for ethanol intake of SERT +/+, SERT +/- 

and SERT -/- male rats. No significant differences were revealed. b. Mean  SEM for ethanol intake of SERT +/+, SERT +/- and SERT -
/- male rats. No significant differences were revealed. 
 

Females  
In females, a trend was found toward an effect of genotype on ethanol intake (F(1,7)=1,82, p=0.088). No 
significant differences were revealed in both control handled female rats (figure 4a) and maternal 
separated female rats (figure 4b).  
 

 
Figure 4. Ethanol consumption results from female control handled and maternal separated rats. Results are shown as mean  

SEM for ethanol intake in gram per kilograms of bodyweight over 8 weeks. a. Mean  SEM for ethanol intake of SERT +/+ and 

SERT -/- female rats. No significant differences were revealed. b. Mean  SEM for ethanol intake of SERT +/+ and SERT -/- female 
rats. No significant differences were revealed. 
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Figure 5 shows that there is no treatment effect on ethanol intake in SERT +/+ and SERT -/- female rats.  

 
 
Figure 5. Ethanol consumption results from female SERT +/+ and SERT -/- rats. Results are shown as mean  SEM for ethanol 

intake in gram per kilograms of bodyweight over 8 weeks. a. Mean  SEM for ethanol intake of control handled and maternal 

separated female SERT +/+ rats. No significant differences were revealed. b. Mean  SEM for ethanol intake of control handled 
and maternal separated female SERT -/- rats.  No significant differences were revealed. 
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4. Conclusion and discussion  
 

 Sociability  
The first aim of this research was to investigate the interaction effects of early life stress and serotonin 
transporter genotype on sociability. No effect of early life stress on sociability was found, which was 
against our expectations. We expected MS to reduce social behavior, especially in SERT -/- and SERT +/- 
rats. This is because MS is probably not stressful enough to cause changes in wildtype (SERT +/+) rats. In 
the literature there are conflicting results about the effect of maternal separation on social behavior. It is 
important to note that there is a lot of difference in the age of rodents in the literature. A study done in 
adult (PND 92) male and female mice showed that the female mice show more social behavior after 
maternal separation during a social interaction test. The maternally separated male mice showed no 
difference in social behavior with regard to control males (Bondar et al, 2018).  
A study done in rats showed different results (Holland et al, 2014). Maternal separation had an effect on 
the social behavior of juvenile female rats. They had less nose-to-nose contact in a social interaction test, 
compared with non-separated (PND 25) female rats. It also toke significantly longer before they made 
contact with the other rat during the social interaction test. There was no difference in juvenile male 
rats. When this test was repeated during adulthood (PND 40), the results were different. Then there was 
no longer any difference between control female rats and maternally separated female rats. However, 
then there was a difference in male rats. Male maternally separated rats needed more time before they 
made the first contact during a social interaction test, compared to control male rats. However, the total 
duration of the nose-to-nose contact of the MS male rat was equal to that of the control male rats. These 
results are in line with our findings, as we did not find any difference between MS and control animals in 
total duration the social interaction.  
The results of the juvenile (PND 25) female rats are in agreement with a study by Farrell and colleagues. 
They also looked at social behavior of juvenile male and female rats. They saw that maternal separation 
increased the latency to make nose-to-nose contact in females but not males (Farrell et al, 2016). 
Although in our study, juvenile behavior was not assessed, we did not find any differences in social 
interaction during adulthood as a result of maternal separation.  
 
However, there is an effect of serotonin transporter genotype on sociability. As our results showed that 
SERT -/- rats had a significantly lower preference for the social grid compared to the SERT +/- and SERT +/+ 
rats. The SERT -/- rats therefore had less social interaction compared to the SERT +/+ and SERT +/- rats. This 
is in line with our expectations. Research done in mice also showed that SERT -/- mice show less social 
behavior during a social interaction test (Kaleuff et al, 2007). In addition, when SERT -/- mice had to 
perform a resident-intruder test, they also showed less aggressive behavior, compared to SERT +/+ and 
SERT +/- mice. It took longer before they attacked the intruder for the first time, they attacked less and 
the intensity of the attack was lower (Holmes et al, 2002).  
Like SERT -/- mice, SERT -/- rats also showed reduced aggressive behavior in the resident-intruder test 
(Homberg et al, 2007). Other groups studying social behavior in SERT -/- mice showed that SERT -/- mice 
also show a strong reduction in their social approach behavior (Moy et al, 2009). These mice had a 
reduction in the time they were in the department where a stimulus mouse was present (Page et al, 
2009). This corresponds with the result of our SERT -/- rats who spend less time in the social-chamber. In 
addition, these rodent findings are in line with research done in rhesus macaques. Rhesus macaques 
with one copy of the 5-HTTLPR short allele spent less time staring at face than non-face images and 
spent less time looking in the eye region of faces (Watson et al, 2009).  
Altogether, the SERT -/- phenotype seems less social compared to SERT +/+ and SERT +/- animals. However, 
anxiety is an important factor to keep in mind when interpreting the results of social testing.  
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As described in the introduction, SERT -/- mice and rats were more anxious than SERT +/+ and +/- mice and 
rats. This might play a role in translating the results of social behavior tests (Kaleuff et al, 2010). A study 
done in social groups of mice showed that SERT -/- mice are not less social than SERT +/+ and SERT +/- mice. 
They looked at the social behavior of mice group-housed in their home cage. Lewejohann and colleagues 
argued that studies performed on SERT +/+, SERT +/- and SERT -/- rodents often involve tests performed 
with rats unknown to the rest rat and in an novel environment, where anxiety can play a major role 
(Lewejohann et al, 2010). In our experiment we had 11 rats who did not move at all, spending all their 
time in the center. From those 11 rats, the biggest group was the male maternally separated SERT -/- 
group, with 4 rats. This might indicate anxiety in the maternally separated SERT -/- group, however this 
parameter is not enough to conclude this. In future research it has added value to also measure other 
parameters during the three-chamber test. Such as total mobility and freezing behavior. It would also be 
an option to retest the rats the next day with the same stimulus rat to rule out an effect of social anxiety 
(Kaidanovich-Beilin et al, 2011).  
 
 

Ethanol intake 
Our second aim of this research was to investigate the interaction effects of early life stress and 
serotonin transporter genotype on ethanol intake.  
Overall, in all groups of rats there was an overall effect of ethanol intake over the 8 weeks. This means, 
that all groups of rats drink more ethanol as the weeks progress. This only does not apply to the SERT +/+ 
control group in males. It is important to say that this groups contains only 1 rat and we therefore cannot 
draw conclusions from those data. This increase in ethanol intake can partly be explained by the fact that 
during the first four weeks the rats only had access to ethanol for 7 hours a day. While during the last 
four weeks, the rats had access to ethanol for 24 hours a day, suggesting that a longer access to ethanol 
increase the intake of ethanol.  
When focussing on ethanol intake, it was found that females drank more ethanol compared to males. In 
previous research of Torres and colleagues it was also shown that the rewarding effects of ethanol were 
enhanced in female rats (Torres et al, 2014). An important finding in that study was that ethanol had no 
rewarding effects in ovariectomized rats. As they drank significantly less ethanol than male and control 
female rats. This suggests that the presence of ovarian hormones is important for the reward of ethanol 
in females.  The role of estrogen in the ethanol rewarding process in women is also supported by the fact 
that ovariectomized rats drank a lot more ethanol when given estrogen (Ford et al, 2004). Preclinical 
research in rodents also showed that females had a larger voluntary intake of ethanol in a 2-bottle 
choice procedure compared to males and females without ovarian hormones (Torres et al, 2014). This is 
in line with our results.  
 
Our results showed an effect of early life stress on ethanol intake in males. However, we did not find an 
effect of early life stress on ethanol intake in females. We expected that MS would increase ethanol 
intake and that this effect was strongest in SERT -/- and SERT +/- rats. This because we expected SERT +/+ 
rats to be resilient to the effects of MS (Barr et al, 2003). Our findings in male rats are in line with the 
hypothesis. SERT -/- rats that were maternally separated drank more ethanol in week 8, compared to 
control handled SERT -/- rats. Maternally separated SERT +/- rats also had an increase in ethanol intake 
compared to control handled SERT +/- rats. However, this was a trend. While in males the results perfectly 
match our hypothesis, females showed a different pattern, where no differences in ethanol intake were 
found when comparing control handled and maternally separated rats (in both SERT -/- and SERT +/+ 
groups).  
These results are in line with previous research. In research of Roman and colleagues (2004), three 
groups of rats were used. The first group was separated for 15 minutes (MS15), the second group was 
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separated for 360 minutes (MS360) and the third group was not handled at all (control). Their results 
showed that female rats did not differ in mean ethanol intake between the three groups (Roman et al, 
2004). Other research, with the same protocol showed that male MS15 rats had a lower voluntary 
ethanol intake compared to male MS360 rats and male control rats (in all ethanol concentrations: 2%, 
4%, 6% and 8%). The maternal separation of 15 minutes thus showed a protective effect in male rats 
compared to MS360 (Ploj et al, 2003). Our control rats also underwent a maternal separation of 15 
minutes. It could therefore be that our male rats also have this protective effect. In addition, the male 
MS360 rats showed an increase in the voluntary ethanol intake compared with the male control rats at 
8% (Ploj et al, 2003). In the present study a 20% ethanol solution was used, indicating that maternal 
separation of 360 minutes combined with a high ethanol concentration increases ethanol intake, but as 
our data shows, only in vulnerable animals (SERT -/- rats). 
 
As discussed above, previous research showed differences in the effects of maternal separation on 
ethanol intake between males and females. Possible explanations for this can be different separation-
induced neurochemical effects, hormone-dependent effects or sex-dependent mother-infant behavior 
during the postnatal period (Roman et al, 2004). In our data, in male rats there was an effect of early life 
stress on ethanol intake while there was no effect seen in females.  Studies on various models of early 
life stress in rodents showed sex differences. Male rodents who experienced early life stress showed 
impaired behavioral performance in a third of cases while this was only 25% in females (Loi et al, 2017). 
Recent data suggested strong sex difference in effects of early life stress, with females being more 
resilient to stress in general than males (Walker et al, 2017). This is in line with our data. Walker and 
colleagues mention that, like in our study, the bases for these sex differences are not clear. Whether 
external factors like sex-specific differences in maternal care or sex hormones of the pups are involved, 
or whether other early life factors like nutrition and metabolism or epigenetics play a role remains to be 
demonstrated (Walker et al, 2017).  
 
Researchers also studied the link between early life stress and the development of alcohol addiction in 
humans. In these studies the focus was mainly on the effects of stressors such as parental divorse, sexual 
abuse, family violence, economic adversity and parental death and mental illness (Green et al, 2010). The 
age in which the stressor takes place is of great importance. Research showed that stress during an age 
younger than 5 years is related to larger psychopathology during adulthood (Kaplow and Widom, 2007). 
The fact that stress during the first years has the greatest effect can be explained by the sensitivity of 
cortisol activity. This system is particularly sensitive to the quality of nurturing during the first years of 
life (Gunnar and Donzella, 2002). 
For example, a study was done in 1362 male and female native Americans. This study showed that for 
men who have been exposed to multiple forms of abuse, the individuals had a threefold greater risk of 
AUD. Women who had been exposed to multiple forms of abuse had a sevenfold greater risk of AUD 
(Koss et al, 2003). However, not all research is in line with these results. For example, another study 
showed that maltreatment before the 11th year of life was not the predictor for the development of 
alcohol addiction (Kaplow and Widom, 2007). 
So early life stress can lead to permanent changes, including a greater chance of developing an addiction. 
However, a large proportion of the children who experienced severe early life stress did not develop 
psychopathy. This implies that other factors such as gene x environment interactions and family 
relationships are of importance (Enoch, 2011). 
 
When looking at the effects of serotonin transporter genotype on ethanol we see no effect in males. In 
addition, in females a trend was found towards an effect of serotonin transporter genotype on ethanol 
intake. The results in female are in line with our expectations. As we expected SERT -/- and SERT +/- rats to 
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drink more ethanol compared to SERT +/+ rats, with a genotype-dose dependent pattern.  However, in 
females we did not include SERT +/-, therefore we cannot say anything about the genotype-dose 
dependent pattern.  
As mentioned in the introduction, there has been a lot of contradiction in the results of research into the 
interaction between the 5-HTTLPR and alcohol misuse. Some of the studies showed no association 
between serotonin transporter genotype and ethanol intake (Lamb et al, 2013, Gorwood et al, 2000). 
Other research showed a connection between the short allele of the 5-HTTLPR and alcohol intake (Oo et 
al, 2016, Lamb et al, 2014, Heinz et al, 1998). However, it is important to say that most of the studies are 
all done in male rodents and/or human male patients.  
We expected our SERT -/- rats to drink more compared to the SERT +/- and SERT +/+ rats. This because, as 
mentioned in the introduction, research in humans showed that the reduction in availability of serotonin 
transporters in the brain was significantly correlated with lifetime alcohol consumption (Heinz et al, 
1998). However, other research showed that SERT -/- mice drank even less ethanol than SERT +/+ mice in a 
free-choice procedure of progressive ethanol self-administration. So in this research inactivation of the 
5-HT re-uptake leads to a reduction in ethanol intake in SERT -/- mice (Kelei, 2003). This result is in line 
with research of Lamb and Daws (2013). They showed that male SERT -/- mice have a lower breaking 
point when responding to 12% ethanol under a progressive ratio schedule, compared to SERT +/- and 
SERT +/+ rats. The SERT -/- mice also tended to stop working for ethanol at lower fixed ratio values than 
the SERT +/- or SERT +/+ mice (Lamb and Daws, 2013). 
It is currently unclear how 5-HT affects positively reinforced behavior (Kaleuff et al, 2007). However, 
recent findings of a study using MRI showed markedly altered corticolimbic pathways in SERT -/-, biased 
towards posterior areas. Some of these areas are directly involved in the reward circuit, pointing to 
specific modulation of this circuit by the altered lifelong serotonin tone (Bearer et al, 2009).  
 

When looking at research done on other drugs of abuse, research by Homberg and colleagues showed 
that SERT -/- rats were more sensitive to cocaine (2008b). The intravenous cocaine self-administration 
was enhanced in SERT -/- rats. SERT -/- rats self-administered higher amounts of cocaine than SERT +/+ and 
SERT +/- rats (with a 0.3 mg / kg cocaine dose). 
Research of Daws and colleagues (2006) suggested that ethanol inhibits the clearance of 5-HT from the 
extracellular fluid. When the SERT actively reuptakes 5-HT, it compensates for the inhibition of 5-HT 
clearance from the extracellular fluid. Ethanol then only provides a modest increase in 5-HT. The effects 
of ethanol on extracellular 5-HT levels would be significantly enhanced by the loss of the 5-HTT function 
(Daws et al, 2006). So they suggested that ethanol increases extracellular levels of 5-HT. However, later 
research of Verheij and colleagues (2014) showed that 5-HT levels are not increased after cocaine intake, 
as they are already increased to a ceiling level in SERT -/- rats. The levels of dopamine and noradrenaline 
do increase due to cocaine use. This suggests that the 5-HT levels in SERT -/- rats are already so high that 
drugs (such as cocaine) can no longer increase them (Verheij et al, 2014). It therefore seems unlikely that 
ethanol will result in higher 5-HT levels in SERT -/- rats, like Daws and colleagues suggest, although this 
needs to be confirmed.  
 
 

 SERT genotype x early life stress  
Research was also done into the interaction between MS and SERT genotype in general. Our research 
showed that SERT genotype is important for the response to MS. Only SERT -/- rats showed significant 
effects of MS. So it is possible that SERT genotype may determine stress response in rodents (reviewed in 
Houwing et al, 2017). Research from Li and colleagues (1999) showed that the stress-induced response in 
plasma ACTH levels after a saline injection were higher in SERT +/- mice compared to SERT +/+ mice. This 
may suggest that the sensitivity to stressful stimuli is increased in SERT +/- mice (Li et al, 1999). However, 
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further changes of the HPA axis are limited. No differences were found in the most important 
components of the HPA axis between SERT +/+ and SERT +/- rodents (Houwing et al, 2017). In addition, 
SERT genotype x early life stress interactions have also been studied in the hippocampus of female SERT 
+/+ and SERT +/- mice. This study showed that SERT genotypes and early life stress exposure influences the 
expression of levels of genes involved in the mitogen-activated protein kinase signaling pathway and 
neurotrophic signaling. This research suggested that this can ultimately also contribute to increasing 
susceptibility to stress (van den Hove et al, 2011). 
In general, it is still unclear what the underlying mechanisms are that trigger the interaction between 
SERT genotype and early life stress. This subject is therefore important for future research. 
 
 

 SERT genotype effects on ethanol intake 
Our results showed that both male and female SERT -/- rats are less social compared to SERT +/- and SERT 
+/+ rats. In addition, SERT -/- rats (female) had a higher ethanol intake compared to control rats. Research 
has also been done into the link between antisocial behavior and the development of alcohol addiction 
in humans. For example, a longitudinal study was done in 2586 pupils. This study explored the causal 
effects of alcohol misuse and antisocial behavior between the ages 11 and 15. Overall, their results 
showed that antisocial behavior was the main predictor of alcohol misuse (Young et al, 2007). Another 
longitudinal study done in 4354 females and 3984 males showed that antisocial behavior was predictive 
of alcohol use during mid-to late adolescence (from age 13 to 17) (Cho et al, 2014).  
However, as mentioned before, anxiety could also have played a role during the 3-chamber test. SERT -/- 
rats are more anxious than control animals (Olivier et al, 2008). Research has shown that high levels of 
anxiety and anxiety-related characteristics (i.e. low novelty seeking, low resistance to punishment) can 
predict addiction-like ethanol drinking in mice. 
 
 
In conclusion our results showed that male maternally separated SERT -/- rats drank more ethanol. This 
could be explained by the effects of stress. The HPA axis is the response system to environmental 
challenges and opportunities (including stressors) in many species. Stressful stimuli activate neurons or a 
specific region of the hypothalamus, the paraventricular nucleus (PVN). Those neurons secrete releasing 
hormones, such as corticotropin-releasing factor (CRF). The releasing hormones act on the anterior 
pituitary to promote the secretion of adrenocorticotropic hormone (ACTH) into the blood circulation. 
Circulating ACTH leads to an increase in glucocorticoids (reviewed in Houwing et al, 2017). 
A recent review article gave an overview of the effects of early life stress on various key components of 
the HPA axis (Houwing et al, 2017). This review showed that different components of the stress system 
were changed after early life stress, in SERT +/- and SERT -/- rodents. This could provide the differences 
that we have found in ethanol intake. However, in order to be able to say this with certainty, further 
research on the levels of different HPA components in the brains of our rats should be considered. 
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