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Influence of General Anesthesia on Impulsivity and 
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Objective: To investigate the effect of anesthesia on rats’ ability of learning and over their impulsivity.
Material and Methods: We studied eight Wistar adult male rats, test and drug naive subjects. Animals were separated in two groups, group 
A and B with four members each. Group A included the anesthetized animals. The combination of ketamine, xylazine and piplophen in 2ml/
kg body weight dosage was used and testing was done 24 hours after anesthesia. Group B was taken as control. The study was conducted 
using the ”Delay discounting” apparatus. Experiments assessing impulsive behavior were conducted using automated operant chambers, 
equipped with two nose-poke holes (holes where pellets of food were released). Rat’s answer was considered touching the nose-poke hole. 
One answer was rewarded with pellets of food of 45 mg each (small reward), while another hole released five pellets of 45 mg each (high re-
ward). Both types of rewards were presented immediately after rat’s answer and were followed for a period of 25 seconds timeout. During the 
training phase, rats were placed in operant chambers 30 minutes per day, 5 consecutive days. The growing percent of preference for greater 
reward indicates learning.For the testing phase the procedure was similar, but a delay was introduced  before the release of the big reward. 
During this phase, the preference for higher reward was indicative for non-impulsive behaviour.
Results: The results didn’t show significant statistically differences between the two groups. 	  
Conclusions: Anesthesia had no effect on learning ability nor on impulsivity.
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Introduction
The main purpose of the general anesthesia is to facilitate 
the surgical procedure. This is achieved with the help of 
anesthetic drugs, which all have a common feature-they all 
modulate neuronal activity, although they present a great 
diversity and biochemical heterogenity. This substances de-
press the central nervous system enough to alow invazive, 
unpleasent and painful procedures to take place [1].

However general anesthesia is not a procedure without 
consequences; mainly incriminated adverse manifestation 
after an anesthetic procedure being behavioural changes 
and postoperative cognitive disfunction. This two entities 
can also affect young and old patients. Especially postopera-
tive cognitive disfunction was described as adverse cerebral 
effects after surgery and anesthesia that affect old people [2].

Behavioural changes after a surgical-anesthestic pro-
cedure may be due to new cognitive deficits that appear 
postoperatively, like memory impairment, ability to solve 
or combine different types of tasks, impairment of psy-
chomotor dexterity and which compose the postoperative 
cognitive disfunction (POCD). These may last up to 6 
months after the surgery and although it arises immedi-
ately after the procedure it must be distinguish by other 
entities with nervous system involvement like: postopera-
tive delirium or dementia [3]. It seems that incidence of 
this issue is quite high, varying between 12% and 25,8% 
in people above 60 years old [3-5].

Still, these cognitive alterations aren’t the only changes 
that occur after a general anesthetic procedure. Especially 
in pediatric practice, postoperative psychological and be-
havioural changes like impulsivity, aggresivity, separation 
anxiety and sleep disorders occur up to 50%-60%  of 
the cases [6,7]. It has been studied and shown that these 
strongly correlates with the degree of preoperative anxi-
ety that the child feels [8]. Impulsivity is one issue that 
has been studied in adult patient but more intensively in 
pediatric patient suffering by conditions that include this 
manifestation and even more intensively in animal studies. 
It may be described as aberrant social behaviour and mal-
adaptative decision making [9].

As anesthesia evolved and nowadays the combined and 
multimodal balanced anesthetic procedures which use a 
combination of clases of anesthetic drugs, concerns that 
these could increase postoperative impulsivity arised, with 
most incriminated drugs being benzodiazepine class. It is 
know that low doses, including therapeutically doses of 
diazepam do not increase impulsive behaviour; still the ef-
fects of higher dose has to be determined [10].

Which is the exact mechanism that leads to neurocogni-
tive malfunction? We have to know that there isn’t  just one 
mechanism but there are multiple ways an anesthetic drug 
can interfere with cognitive processes and even affect them 
even after postprocedure. It is belived that one of them is 
the neuronal cell death, which leads to long-term cognitive 
impairment. Hipercarbia resulted during isoflurane expo-
sure seems to achieve important levels. If the CO2 levels 
are high enough and sustained for four hours, neuronal 
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death occurs [11]. Another way by which isoflurane could 
exert it’s effects in the POCD occurrence is by impairing 
neurogenesis in the dentate gyrus in the developing brain. 
This is an important area for proper functioning of the pro-
cesses involved in memory and learning [11].

Not only inhalator agents have effects on neurogenesis. 
Another commonly used anesthetic drug, especially in vet-
erinary practice, ketamine has been reported to cause neu-
rotoxicity by an apoptosis mechanism on neonatal brain. 
Neonatal exposure to ketamine significantly inhibited the 
proliferation of neuronal stem cells and astrocytes differ-
entiation but increased neuronal differentiation. The keta-
mine usage also stopped neuronal migration and granulo-
cyte and astrocytes cell layer growth. These tissue structural 
changes have translated into a deficit in solving tasks which 
involved spatial memory, itself dependent of cell integrity 
in hippocampal regions [12].

While the above mentioned mechanism are responsible 
for changes met in the neurocognitive field, it is belived 
that impulsive behaviour is related to frontostriatal circuit 
which involves the following two brain structures: nucleus 
accumbens and the prefrontal cortex [13].

Due to the fact that the brain developmental stage of  
7 days postnatal age of mice and rats has been considered 
equivalent to the human brain at 32-36 weeks of gestation, 
many studies of anesthesia and it’s impact are conducted on 
animals, since there is needed for investigate on brain slices 
preparations the celluar and molecular changes and process 
that occur during surgical-anesthetic procedures [14,15].

Still it has to be taken into accout that animal studies 
have their limitation in human usability like inaccurate 
comparing of animal studies with human anesthesia prac-
tice, or the exact maturational state of the bain in the exper-
imental designs there are such animal studies that suggest 
that general anesthesia itself may contribute to persistent 
impairment of learning and memory processes and increase 
impulsivity  [16-17] 

When the effect of anesthetics were studied on rodents, 
it had been shown that combined isoflurane-nitrous oxide 
anesthesia decreased animals’ performance when complet-
ing a certain type of test, for example a spatila memory test. 
The time of completing the maze was prolonged with more 
incorrect responses than before anesthesia [18]. 

Aim of the study
To study the effect of anesthesia on rats’ ability of learning 
and over their impulsive behaviour. 

Material and method
We studied a group of eight Wistar adult male rats weight-
ing between 250-300 grams, test and drug naive subjects 
(this means that they have never been anesthetized nor 
completed before none of the following tests, in their life). 
These were purchased from Charles River Laboratories 
(Hungary). 

All rats were housed in groups of five or six per cage, 
at 22±2ºC under 12hour day-night schedule (light on at 
08:00). Tap water was given ad libitum. The food in lab 
was freely available until the day before the test; when food 
was limited to six pellets of food per day (about 20grams) 
to stimulate rats to conscientious explore the environment, 
along the delay phase of the experiments. Food release was 
provided immediately after finishing the daily training ses-
sions. Accommodation to reversion of the day/night cycle 
lasted a week. 

The experiments were conducted in accordance with the 
European Communities Council Directive of 24 Novem-
ber 1986 (86/609/EEC) and were reviewed and approved 
by the Animal Welfare Committee of the Institute of Ex-
perimental Medicine. 

Rodents were divided in two groups each one containing 
four members. Group A being subjected to anesthesia while 
group B was used as control. 

Animals in group A recived the following drug mixture: 
5ml of ketamine+5ml of xylazine+2ml of piplophen+8ml 
of saline. We administered 2ml/kg body weight of the mix-
ture intraperitoneally and performed the testing 24 hours 
after the anesthesia. The depth of anesthesia was monitored 
by examining the corneal reflex and paw withdrawal reflex. 
Group B was taken as control. Subjects in both groups un-
derwent a day of partial dietary restrictions, then they were 
subjected to the experimental phase, during which food re-
striction was mantained. 

There was a training phase and a testing phase. During 
the training phase we could study the learning ability of 
the two groups and during the test phase we tested their 
impulsiveness. 

The sessions in the testing phase were carried out in the 
same period of the day like that ones in the training ses-
sions.

Learning ability study and the impulsivity study was 
conducted as follows, using the ”Delay discounting” ap-
paratus (a device capable of programming time and period 
of the delaying of food gratification release)[19].

Experiments assessing impulsive behavior were conduct-
ed using automated operant chambers, equipped with two 
nose-poke holes (holes where pellets of food were released, 
pellets which in this study were named “reward”).

The holes were also equipped with infrared sensors and 
LED lighting, light within the chamber and feeding device 
with a reservoir containing pellets of food (Med Associates, 
St. Albans, VT, United States of America). The chambers 
were placed inside some soundproofed wooden cabins, and 
were controlled by computers running OS MED-PC IV 
software (Med Associates, St. Albans, VT, USA) [19]. 

Rat’s answer was considered touching the nose-poke 
hole. One answer was rewarded with pellets of food of 45mg 
each (small reward), while another activating of the nose-
poke hole released five pellets of 45mg each (high reward). 
Both types of rewards were presented immediately after 
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rat’s answer and were followed for a period of 25 seconds 
timeout, during which the light in the operating chamber 
was switched on. The light in the room was used as a signal 
that might be associated with reward release after the rat 
touched one of the nose-poke holes. During the timeout 
period, the answers were not rewarded but recorded. 

To avoid rat’s preference response for a certain part of the 
feeder hole, he was rewarded with five pellets in different 
holes randomly assigned either to the right or to the left 
side of the animal. Animals were placed in the same room 
with the hole assigned to the same side of the nose-poke 
hole, through the experiment. 

We recorded al nose-poke holes activation, like nose-
poke holes with small and big reward and also evaluated 
the number of inappropriate responses (which means ac-
tioning the nose-poke holes during the timeout period and 
the seted periods of delayed released of the pellets).

During the training phase, rats were placed in operant 
chambers 30 minutes per day, 5 consecutive days. During 
training/learning phase, the growing percent of preference 
for greater reward indicates learning (e.g. animals learn to 
differentiate between hole where if they touch their nose a 
greater reward will be given and the less reward dispensing). 

After two days of rest, animals were subjected to testing 
phase. During this phase each animal was placed in a room 
for 30 minutes per day, 8 consecutive days. The procedure 
was similar to that described in training step, but a delay 
was introduced before the release of the big reward. The 
delay of the reward releasing has been established for each 
daily session and was progressively increased every day as 
follows: 10, 20 30, 45, 60, 80, 100 and 120 seconds. Re-
sponses during these delay periods were not rewarded, but 
they were recorded by the software. 

After each session, the rooms were cleaned with 70% 
ethanol and dried with paper towels. All the experiments 
were performed in the first hours of the light phase. 

Data analysis: data where presented as mean±standard 
error of the mean. Behavioral variables of the test with the 
delay time (preference for greater reward and inappropriate 
responses) were analyzed using ANOVA analysis of vari-
ance (factor1 was represented by group and repeated factor 
it was the day or was represented by the delay). 

Duncan tests were performed for post-hoc analysis, when 
a main effect was significant and for multiple comparisons 
we applied the Bonferroni corrections. We considered sta-
tistically significant values of p less than 0.05. 

Results
Preference for great reward was manifested more frequent 
during the 5 days training, suggesting that the animals 
learned the task (differentiation between large and small 
rewards). During the training sessions to assess learning 
ability we recorded preference in nose-poke hole associated 
with higher reward (greater preference for reward). Greater 
magnitude increases in preference for higher reward indi-
cates a faster learning process. 

As a slight difference in preference for higher reward 
was noted between the two groups, in the last day of the 
training phase (see table I, table II and figure 1), three of 
four anesthetized animals chose large reward versus 2 from 
control group, preference for higher reward during the test 
phase was expressed as percentage of the elections for great-
er reward from the last day of the training phase. 

Learning ability study
Statistical results for the preference for greater reward (asso-
ciated with learning) for both groups of rats were: medium 
for anesthetized rats group was 0.893 with a standard error 
of 0.005 and the average of control group was 0.735, error 
0.142. The value we obtained for p was 0.77, which was not 
statistically significant (Figure 1). 

Impulsivity test
For the impulsivity test we obtained a p value equal to 
0.277, which is not statistically significant (Figure 2). The 

Table I. Large reward preference

Animal Group Day1 Day2 Day3 Day4 Day5

1 anesthesia 0.727 0.666 0.744 0.857 0.893

2 anesthesia 0.8 0.555 0.666 0.7 0.892

3 anesthesia 0 0.5 0.944 0.707 0.878

4 anesthesia 0.769 0.647 0.821 0.861 0.906

5 control 0.571 0.6 0.833 0.75 0.333

6 control 0.4 0.419 0.690 0.765 0.888

7 control 0.461 0.708 0.864 0.951 0.977

8 control 0.545 0.733 0.666 0.818 0.740

Table II. Data for large reward preference

Group
Day 1 
(mean  
± SE)

Day 2
(mean  
± SE)

Day 3
(mean  
± SE)

Day 4
(mean  
± SE)

Day 5
(mean  
± SE)

Anesthesia 0.574  
± 0.919

0.592
± 0.071

0.794
± 0.049

0.781
± 0.044

0.893
± 0.005

Control 0.494
± 0.039

0.615
± 0.071

0.763
± 0.049

0.821
± 0.045

0.735
± 0.142
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Fig. 1. Study of learning ability-preference for higher reward
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results for this test are presented in table III (preference for 
great reward-anesthetized group) and table IV (preference 
for great reward-control group).

We also calculated inappropriate responses given by the 
rats which mean touching the nose-poke holes during the 
timeout periods and during delay periods and we found 
the following results, see table V. The results for control 
group are shown in table VI. The p value was not statis-
tically significant, it’s value being equal to 0.964 (>0.05) 
(Figure 3). 

We observed a decrease in preference for larger reward 
in both groups of animals, which indicates an impulsive 
choice (e.g. inability to wait/choose alternatives or to take 
in account the future consequences of a response). For this 
test all animals showed a decrease in preference for higher 
reward, without any notable effect in anesthetized rats. 

During the test phase the increasing number of inad-
equate responses (actioning the pellets releasing hole dur-
ing delays and timeout periods-the 25 seconds period after 
a response when another answer does not lead to reward) 
represents motor impulsivity (inability to inhibit a response 
to a stimulus from the surroundings). During this phase all 
animals showed an increasing number of inadequate re-
sponses over time, but there was no difference between the 
anesthetized and unanesthetized group, therefore general 
anesthesia does not increase impulsiveness. 

Discussions
We chosed male adults because there are proofs that femi-
nine sex hormones and their variations such as estrogen 
and progesterone during the pregnancy period can mediate 
impulsive and hesitant female subject behavior [20].
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Fig. 2. Study of impulsive behavior-preference for higher reward
Fig. 3. Study of impulsivity-inappropriate responses

Table III. Statistical results for the impulsivity test-preference for 
great reward-anesthetized group

Delay (in seconds) Mean ± SE

10 0.927 ± 0.026

20 0.747±0.085

30 0.843±0.091

45 0.443±0.197

60 0.491±0.172

80 0.400±0.179

100 0.431±0.160

120 0.196±0.059

Table V. Statistical results for inappropriate responses-anesthe-
tized group

Delay-in seconds Mean±SE

10 54.5±15.54

20 73±10.83

30 40.5±44.70

45 105.5±30.68

60 134.75±49.57

80 199.75±76.84

100 210±95.61

120 310.5±74.79

Table IV. Statistical results for the impulsivity test-preference for 
great reward-control group

Delay-in seconds Mean±SE

10 0.868±0.074

20 0.787±0.063

30 0.643±0.069

45 0.646±0.081

60 0.462±0.066

80 0.367±0.134

100 0.285±0.096

120 0.292±0.105

Table VI. Statistical results for inappropriate responses-control 
group

Delay-in seconds Mean±SE

10 seconds 111.66±16.85

20 seconds 95.33±10.83

30 seconds 119.66±44.70

45 seconds 117.66±30.68

60 seconds 241±49.57

80 seconds 300.66±76.84

100 seconds 350.33±95.61

120 seconds 402±74.79
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The relatively small number of animals, is mainly due 
to the fact that inbred strains laboratory animals show a 
very reduced individual variability, thus they show genetic 
stability, are isogenic, homozygous with universal distribu-
tion so it is possible to compare different studies because 
rat populations are uniform [21].

This study was conducted in animals due to their lower 
variability when we compare rats with human subjects who 
have a lot of incontrollable variables [18].

The light in the room was used as a signal that might be 
associated with reward release after rat touched one of the 
nose-poke holes. It is a common practice to associate visual 
cues and auditory feedback to accelerate learning of oper-
ant conditioning procedures. [22]

At the end of training session, animals to responded on 
the hole associated with higher rewards, fact that is con-
cordant with approximately 90% of all trials. [23]

During the test phase subjects changed their preference 
for food from higher reward hole but with later release of 
the pellets to the hole with the smaller bounty but released 
on time, which was expected and also observed in previous 
studies. [24]

During the test phase, the preference for higher reward 
was indicative for non-impulsive behaviour. This variable 
is negatively associated with impulsive choice, which refers 
to an inability to prefer a biger reward which was released 
later but a smaller, immediately released one. [25]

The number of inappropriate responses reflects the num-
ber of premature, impulsive responses. Using this method 
we were able to measure and asses motor impulsiveness, 
which is defined as the inability to inhibit inappropriate 
actions. [25]

The results of our study differ from other trials on ani-
mals where rats were repeatedly exposed to anesthesia, 
when it was noticed that repeated pentobarbital anesthe-
sia in rats (eight fold) affected their behavior towards in-
creased impulsivity, which was assesed by changes in reac-
tion time. This fact was more obvious in the elderly rat 
population [18]. One explanation of these findings is that 
in our experiment animals were exposed to anesthesia just 
once and not repeatedly. Another explanation may be the 
fact that impulsivity was investigated and expressed differ-
ent; in number of small reward preferences and inadequate 
responses in our study design and in changes in reaction 
time in citated study design. 

It seems that pentobarbital anesthesia in rats affects cen-
tral cholinergic function in hippocampus region. This effect 
was evaluated (Hanning and Jhonson, 2003) by measuring 
the isotope [3H]epibatidine and [125]alfa-bungarotoxin 
on brain samples on both anesthetized and unanesthetized 
rats [26]. The binding of these compunds to nicotinic re-
ceptors was also investigated, as well as acethylcoline trans-
ferase activity. It was found that after the anesthesia the 
binding to the nicotinic cholinergic receptor was reduced 
at the cortical level in the studied area. This fact could have 
implications in postoperative cognitive functioning [26].

Using an anesthetic combination that includes keta-
mine we obtained different results than other studies [27] 
which involved the effect of ketamine anesthesia in rats 
and where even a subanesthetic dose of ketamine produced 
more behavioral abnormalities and deficiencies in sensori-
motor performance [15]. The link between the increasing 
cerebral activity induced by low doses of this substance and 
behavioral changes like cognitive disfunctions and high 
motor activity was investigated. It resulted that ketamine 
increased rats’ locomotor activity in a dose-dependent 
manner with a more prolonged effect in higher doses [28].

A dose of 12 mg/kg of ketamine affected the working 
memory while a lower dose of 8 mg/kg had no effect on it. 
Although low doses of ketamine did not induce memory 
deficits or hiperlocomotion they affected prepulse stimu-
lation which is regulated by corticolimbic interconnec-
tions [28].

The above-mentioned substance interrupts cell activity 
in cortical areas and hypothalamus and therefore disturbs 
the flow of information to other interconnectd regions of 
the limbic system and prefrontal cortex such as nucleus 
acumbens. This effect leads to behavioral changes when 
subjects are exposed to higher dose of anesthetic [28]. The 
resulted differeneces between the above mentioned study 
and ours may be due to the lower dose of ketamine that we 
used in combination. If we look closer we see that negative 
results in Gabor’s study are more obvious when a higher 
dose of ketamine is used.

The negative effects have been observed when rats had 
to complete a maze test and high doses were used. Short-
term memory and learning ability of spatial navigation 
tasks were impaired [29]. 

However these negative effects of ketamine are more 
common in rats population exposed to ketamine anesthesia 
in early age, for example in two months of life, when high 
dose of this substance (75mg/kg) has a greater potential 
to induce apoptosis in hippocampus CA1 region cells and 
in the girus cinguli cells [30]. As our experiment exposed 
adult rats to anesthetic substance we noticed no differences 
in learning ability between anesthetized and control group.

Once again it has to be mentioned that neurocognitive 
impairment is ketamine dose-dependent. It is the locomo-
tor activity, which is affected while there is no effect on the 
dark/light cycle. Impairment in work memory is also dose-
dependent. The expression of C-fos gene in various regions 
of the limbic system indicates that dose-dependent effects 
of ketamine may be related to changes in hippocampus 
and tonsilar region activity [28]. 

Ketamine-xylazine is also an often-used anesthetic drug 
combination in rodents. Ordek, Groth  and Sahin in their 
paper “Differential effects of ketamine/xylazine anesthesia 
on the cerebral and cerebellar cortical activities in the rat” 
published in 2013, investigated the oxigen partial pressure 
in the brain of anesthetized and unanesthetized rodents. 
Using magnetic resonance imaging to measure cerebral 
blood flow and cerebral oximetry electron paramagnetic 
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resonance to study cerebral perfusion in the frontal region 
of the rats subjected to ketamine-xylazine anesthesia. It was 
noticed that this combination resulted in decrease with 25-
65% of cerebral blood flow in a region dependent man-
ner. So there were differences between cerebral regions. As 
the fact that using ketamine for anesthesia will increase 
cerebral blood flow and the lowering of cerebral oxygen 
partial pressure when using the ketamine-xylazine combi-
nation is due to xylazine. This changes lead to changes in 
the hypothalamus and limbic system functioning and also 
contributes to occurrence of postoperative neurocognitive 
dysfunction in anesthetized rats [31,32].

 Xylazine and ketamine does not act only at the corti-
cal and limbic structures but their combination also sup-
presses evoked potentials in the cerebellum. Although the 
affected components at this level are those with frequencies 
above 30 Hz [33]. 

In the awake, quiet animal potential activity in the brain 
takes place on a range of up to 800 Hz at the level of cer-
ebellum and up to 200 Hz in the motor cortex level. The 
ketamine-xylazine combination suppresses the majority of 
the activity of the interneuronal circuits at the cerebellar 
cortex, not in the motor cerebral cortex [34].

When comparing our study results with others, we can 
say that they differ from those of citated ones. This may 
be due to that above citated studies have used repeated or 
greater doses of anesthetic substances. 

Limitation of this study
Although the present study has brought some preliminary 
findings, the main flaw of it’s design is the small number of 
animal subjects. There remained much to be done, still our 
research generated an interesting finding in what concerns 
general anesthesia’s influence on rodent behaviour in the 
field of impulsivity and neurocognitive processes.

Conclusions
Anesthesia had no effect on learning ability. 

During the test phase all animals showed an increasing 
number of inadequate responses over time, but there was 
no difference between the anesthetized and unanesthetized 
group. The conclusion of the study was that general anes-
thesia does not increase impulsiveness.
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