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Abstract

Aim: Sedation may alter memory and learning. This study is designed to investigate the
effects of short-acting sedative agents, propofol and midazolam, on learning and memory
in mice.
Materials and Methods: Thirty male, adult Swiss-albino mice were randomly assigned
into three groups as control, midazolam and propofol groups (n=10, for each). Experi-
ments on learning and memory were started 72 hours after the intraperitoneal injections.
Learning and short term memory development in mice were evaluated by Morris Water
Maze conducted for five consecutive days, and on the 19th day long term memory for-
mation was evaluated by the same experimental set up. Time for the mice to find the
escape platform (latency), total distance covered and swimming speed were recorded and
evaluated statistically.
Results: Propofol and midazolam administrations were found to increase the latency.
In addition, midazolam was found to impair memory development, when compared to
other two groups (p < 0.01). Swimming speed and distance covered as indicators of the
motor activity decreased gradually from the beginning, however there was no statistically
difference between the groups (p > 0.05).
Conclusion: Use of midazolam and propofol prolonged the latency on the first three
days. Midazolam was also found to affect the memory development negatively.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

General anesthesia affects brain functions at all levels, in-
cluding neuronal membranes, receptors, ion channels, neu-
rotransmitters, and cerebral blood flow and metabolism
[1]. Culley et al. showed that the impairing effect of gen-
eral anesthesia on spatial memory lasts for 2 more weeks
after anesthesia in aged rats [2]. Although the amnestic
effect of general anesthesia has been well established [3],
the relationship between cognition and general anesthesia
appears to attract researchers as a novel field with growing
interest [4]. Consequently, the upper brain functions like
cognitive activities show changes of varying degrees dur-
ing the post-anesthesia period. In anesthesia management,
rapid and complete recovery of cerebral functions is the
main target of anesthesiologists. Evaluation of the postop-
erative cognitive functions may help to investigate mental
changes or recovery levels of the patients after anesthesia
and/or surgery [5-7]. Postoperative cognitive dysfunctions
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are seen in a wide variety of clinical settings, ranging from
concentration impairment to delirium [1, 2, 4].

Sedation with propofol and midazolam has been widely
used in clinical settings, such as units of endoscopy, den-
tistry, radiology, cardiology, etc. Despite this there have
been scant data on the effects of low dose propofol or mi-
dazolam on learning and memory development. Our aim
in this experimental study was to investigate the effects of
propofol and midazolam, on learning and memory in mice.

Materials and Methods

This study was approved by Baskent University Medi-
cal and Health Sciences Research Committee and The
Ethical Committee for Experimental Research on Ani-
mals (Project number: DA 09/43) and was supported by
Baskent University Research Fund.

Animals

The mice enrolled were obtained from Baskent University
Experimental Animal Production and Research Center.
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Fifteen months-old, thirty male Swiss-albino mice, weigh-
ing 35.7-53.4 g were used to investigate the effects of propo-
fol and midazolam administration on learning and mem-
ory formation. After a week of acclimation period in the
laboratory with standard feeding and care, mice were ran-
domly assigned into three groups as control group (n=10),
propofol group (n=10), and midazolam group (n=10).

Morris water maze

Morris water maze (MWM), made of black fiberglass (cir-
cular, diameter 120 cm, height 60 cm, depth of water 40
cm) filled with water with constant temperature of 26 ±
2 °C was used to evaluate the learning and memory func-
tions. Several cues to help the mice for orientation of dif-
ferent colors, shapes and sizes were placed on the walls
surrounding MWM. The walls were named in accordance
with the four main directions (East, West, North, South) A
circular escape platform with 10 cm diameter, was placed
at a certain point (33 cm to the maze wall), and kept 1
cm above and 1 cm below the water surface during the pe-
riods of training and assessment of learning respectively.
The platform was covered with a black fleece cloth, so that
mice could easily claw and feel safe.

Study protocol

All mice were trained for three subsequent days to get ac-
climated to the MWM protocols. On the fourth day, the
agents (propofol 100 mg/kg/1 mL, midazolam 4 mg/kg/1
mL) or placebo (physiological saline, 1 mL) were injected
intraperitoneally to the mice that were fasted for the pre-
ceding 6 hours to mimic the clinical conditions. The loss
of writhing and pedal retraction reflexes was accepted as
indicators of adequate level of sedation. To avoid the
confounding acute effects of the drugs, and to allow an
adequate period for elimination, MWM experiments were
started 72 hours after the injections. MWM experiments
to assess learning and short-term memory formation was
conducted for five consecutive days, between 09:00 a.m.-
17:00 p.m. During the study, investigators and the envi-
ronment were kept stable and constant in terms of tem-
perature, color, humidity, odor and sound. At the end of
each trial, mice were dried with towel and kept warm in a
heated box. The trial was initiated by lowering the mouse
to the zero point on the surface of the water, facing the
maze wall. The mice were put into the water maze at four
different zero-point locations (named after four main direc-
tions; North, South, East and West) with random order
each day. Once put into the water tank, the mice were ob-
served via a webcam-attached computer monitor outside
the MWM room, and the activity pattern was recorded.
The latency for animals to find the escape platform and
the total distance they swam were measured by a digital
chronometer. Each mouse was allowed to swim for a period
of 120 seconds at each trial, if it failed to find the escape
platform. If the animal succeeded to find the platform be-
fore the cut-off time, the latency was recorded and it was
allowed to stay on the platform for 10 seconds to recognize
the environmental cues. If the mouse failed to find the es-
cape platform within 120 seconds, it was manually guided
to the platform and was let to stay there for 10 seconds to

learn the cues. Swimming speed and total distance cov-
ered were recorded as indicators of the motor activity of
each animal. The animals’ movements were recorded by
a CCD (Charge coupled device) camera attached to the
ceiling. Latency (sec), motor activity (swimming speed,
cm/sec) and total distance covered (cm) were recorded and
analyzed by a customized MatLab-based tracking program
developed by the Biomedical Engineering Department of
Baskent University Engineering Faculty. The protocol was
lasted in a total period of 32 days, as shown Figure 1.

Statistical analysis
Statistical analyses were performed by using the SPSS 17.0
(SPSS, Statistical Package for the Social Sciences program,
Chicago, IL, USA). Compliance with the normal distri-
bution of variables was checked with Shapiro-Wilk test.
Friedman’s test was used for dependent (within the group,
time-dependent) group medians comparison and Kruskal-
Wallis analysis of variance was used for independent (be-
tween the groups, due to drug use) group medians com-
parisons. Bonferroni-Dunn’s test was applied for multi-
ple comparisons and p<0.05 was considered as statistically
significant. Data were expressed as arithmetical mean ±
standard error of mean in the figures and median values
were given in tables in addition for clarity of understand-
ing.

Results
Data regarding the latency, swimming speed and total dis-
tance covered in three groups are as follows.

Latency
Latency (time to find the escape platform) values of the
groups are shown in Figure 2 and Table 1. Both midazo-
lam and propofol administrations increased latency when
compared to the control group, especially in the first 3
days. Increase in the latency in the midazolam group was
higher than the other two groups, but this was not statis-
tically significant. Similarly, the data of memory function

Figure 1. Scheme of the study protocol and picture of
Morris Water Maze.
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Table 1. Average numeric values of latency (sec), (Median values were given in paranthesis).

Groups Control Propofol Midazolam

Day 1 (sec) 90.50 ± 36.81 (98.00) 60.00 ± 32.27 (60.87) 74.20 ± 30.29 (56.25)
Day 2 (sec) 78.60 ± 31.21 (66.00) 75.00 ± 32.38 (72.38) 91.50 ± 17.31 (94.75)
Day 3 (sec) 79.90 ± 43.03 (8375) 85.40 ± 39.23 (96.50) 114.10 ± 17.16 (120.00)
Day 4 (sec) 88.40 ± 40.16 (101.25) 77.90 ± 41.33 (73.75) 114.50 ± 17.30 (120.00)
Day 5 (sec) 80.60 ± 33.25 (82.00) 84.20 ± 36.86 (120.00) 113.60 ± 13.68 (120.00)
Day 19 (sec) 75.50 ± 38.02 (74.30) 81.00 ± 36.80 (68.50) 117.5 ± 7.90 (120.00)*

* Significantly different when compared to the Control and Propofol groups (p<0.05).

Table 2. Average numeric values of swimming speed (cm/sec), (Median values were given in parenthesis).

Groups Control* Propofol** Midazolam**

Day 1 (cm/sec) 11.60 ± 4.04 (10.18) 14.20 ± 5.02 (12.90) 11.90 ± 3.76 (12.23)
Day 2 (cm/sec) 7.90 ± 2.49 (6.60) 10.60 ± 5.79 (8.75) 7.20 ± 2.95 (6.95)
Day 3 (cm/sec) 5.90 ± 3.04 (7.00) 5.40 ± 4.08 (2.83) 3.20 ± 1.40 (2.57)
Day 4 (cm/sec) 6.60 ± 4.63 (4.27) 7.30 ± 5.33 (6.69) 3.30 ± 1.65 (2.65)
Day 5 (cm/sec) 5.60 ± 3.28 (4.67) 7.20 ± 6.12 (2.93) 2.52 ± 1.18 (2.22)
Day 19 (cm/sec) 4.50 ± 3.33 (6.50) 4.10 ± 3.47 (2.01) 2.30 ± 1.01 (1.70)

*Significant gradual decrease was seen in the Control group (p<0.05) **Significant gradual decreases were seen in the Propofol and
Midazolam groups (p<0.01).

Figure 2. The effects of midazolam and propofol on la-
tency (time to find the escape platform) at Morris water
maze * p<0.05 (vs control group).

assessed on day 19 with the same method, showed that
midazolam impairs the memory retention when compared
to the other two groups (Latency values, 120 sec (mida-
zolam) vs 74.3 sec (control) and 68.5 sec (propofol), p <
0.05 for all).

Swimming speed
In all three groups significant decrease was observed in
swimming speed with time, but there was no significant
difference between the groups in this respect (Figure 3,
Table 2).

Total distance
There was significant decrease in total distance swam in
all groups. But there was no significant difference between
groups in this respect (Figure 4, Table 3).

Figure 3. The effects of midazolam and propofol on av-
erage swimming speed at Morris water maze. * p<0.01
(for propofol and midazolam groups), p<0.05 (for control
group).

Discussion

There have been several reports on the effects of anesthet-
ics on cognitive functions in the literature [5, 8-12], but the
number of the studies about effects of anesthetic agents
used for sedation on learning and memory are rare [13].
The aim of the present study was to investigate the effects
of propofol and midazolam, drugs used for sedation, on
learning and memory functions in order to contribute to
the optimization of the sedation process, a widely used
medical procedure in daily practice. We showed that
propofol and midazolam administration increased the la-
tency at the first three days, indicating that learning and
short-term memory formation is partly impaired by these
drugs. However, only midazolam prolonged the latency
on the retention trial, indicating the negative effect of mi-
dazolam on long term memory consolidation compared to
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Table 3. Average numeric values of total distance (cm), (Median values were given in parenthesis)

Groups Control* Propofol** Midazolam**

Day 1 (cm) 925.70 ± 402.78 (818.13) 735.20 ± 356.70 (725.95) 766.30 ± 228.31 (669.10)
Day 2 (cm) 525.50 ± 149.70 (522.98) 600.60 ± 233.02 (534.56) 543.60 ± 271.00 (426.48)
Day 3 (cm) 358.80 ± 172.60 (317.87) 329.50 ± 113.46 (301.58) 365.50 ± 127.23 (308.60)
Day 4 (cm) 447.20 ± 238.52 (316.51) 364.10 ± 191.00 (265.14) 357.00 ± 76.87 (317.62)
Day 5 (cm) 330.50 ± 78.07 (280.94) 349.90 ± 142.06 (347.67) 274.00 ± 132.56 (255.99)
Day 19 (cm) 232.40 ± 67.22 (202.00) 203.40 ± 72.90 (202.20) 262.50 ± 121.75 (202.80)

*Significant gradual decrease was observed in the Control group (p<0.05) **Significant gradual decreases were observed in the Propofol and
Midazolam groups (p<0.01).

Figure 4. The effects of midazolam and propofol on total
distance swum at Morris water maze. * p<0.01 (for propo-
fol and midazolam groups), p<0.05 (for control group).

control group. Indicators of the motor performance of the
mice were not affected by the drugs used.
A conventional sedation practice should aim saving cog-
nitive functions of the patients as well as providing com-
fort, cooperation, stable hemodynamic profile and airway
protection. But requirements for the sedatives or anal-
gesics vary depending on many reasons, such as individual
pharmacokinetic and pharmacodynamic features, charac-
teristics of the interventions, sensitivity for sedative drugs
or targeted depth of anesthesia. The present study was
planned to investigate the effect of sedation on cognitive
functions, such as learning and memory development. Two
most widely used agents, propofol and midazolam, were
used to induce sedation. Although using a single level of
sedation is a limitation of the present study, it was neces-
sary due to ethical concerns.
Morris water maze was preferred as an experimental set up
for evaluating the process of learning and memory due to
the absence of a fixed formula for escape and lack of allow-
ing for the formation of hints with repeated usage. Mice
are natural swimmers and swimming does not create a
stress on mice but, when they find a secure platform while
swimming, they prefer staying on it. Accordingly, Morris
water maze’s rationality is based on this mechanism. In
this study, learning and memory functions of mice were
evaluated with the time of finding the escape platform (la-
tency) and motor activities of mice were evaluated with
total distance swam and swimming speed.

Several clinical and experimental studies have pointed out
the age-related variability of anesthesia and sedation af-
fecting cognitive functions [1, 2, 14]. For example, Culley
et al. showed that aged rats subjected to general anes-
thesia without surgery were less capable of learning and
performing a spatial memory task than the control rats
that were not anesthetized. The authors reported that
the impairing effect of general anesthesia on the perfor-
mance on a spatial memory task in aged rats remains for
at least 2 weeks following anesthesia [2].
All the data of the present study showed that, latency
values were prolonged on the first three days and remained
stable at this level for the 4th and 5th days, in propofol
and midazolam groups. The effect of midazolam was found
to be more marked. We, therefore suggest that propofol
and midazolam administration impairs learning and short-
term memory development.
Memory consolidation was also evaluated on the day 19 by
a retention MWM trial revealing the impairment in long
term memory function in midazolam-administered mice.
Latency values were significantly greater in the midazolam
group than that of the control and propofol groups.
Data from the previous studies on the effects of propofol
on memory are controversial. Similar to our results Lee
et al. reported that in aged rats, propofol anesthesia did
not modify the memory functions [15]. Conversely, Veselis
et al. showed that propofol anesthesia altered the mem-
ory functions [16]; moreover Pain et al. revealed that even
non-sedative doses of propofol anesthesia (9 mg/kg) im-
paired the memory without affecting the motor activity in
rats [13]. They stated that the effects of propofol on mem-
ory are independent of sedative and anxiolytic effects and
this effect is similar to the low anxiolytic and non-sedative
doses of midazolam.
There are both clinical and experimental data regarding
the variability of the effects of anesthetics and sedatives
on cognitive functions with age. For example, it has been
shown both in humans and in rats that aging causes wors-
ening to a variable degree in cognitive functions including
spatial learning and memory [17, 18]. In a multicentric
international study performed on 1218 patients over age
60, postoperative cognitive dysfunction was reported in
25.8% of the patients in the first week and 3 months later
in the 9.9% of them [8]. A decrease occurs in controlling
the motor and reflex responses by age. Motor performance
disturbances are caused by the neurodegenerative changes
in the striatal dopamine system. Shukitt-Hale et al. per-
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formed various tests on rats of 6, 12, 15, 18 and 22 months
of age in order to test the performances and spatial learn-
ing and to investigate when exactly these changes start in
animals. They showed that spatial learning disturbances
started in rats of 12 and 15 months old [19]. In the present
study we used 15 months old mice. This fact points out
that the impairment in learning and memory may not only
be due to the drugs given, but also to the age of the mice.
When the learning curves obtained in this study are far
investigated, the deterioration of propofol and midazo-
lam curves were expected results. However, in the control
group, an increase in the curve on 4th day after a signifi-
cant decrease in the first three days was unexpected. This
situation can be explained by depression development or
insensible changes in the environmental conditions. As
Holscher et al. stated, in animals to which Morris swim-
ming test was performed, the deterioration of learning per-
formance may not only be related with spatial learning
impairment [20]. Any condition which makes the subject
uncomfortable, afraid or anxious may affect learning per-
formance. Geretsegger et al. have defined this situation
as a depression model and they attributed the inconsistent
data to the possible structural and functional damage in
the hippocampus [21]. Dong et al. found out that the
depressed rats had high levels of glutamate in the hip-
pocampus [22]. They suggested that these high levels of
glutamate caused NMDA receptor activation and depres-
sion. In our study, we tried to avoid any noticeable change
in the environment or any factor that may cause depres-
sion except for the stress caused by the experiment itself.
That’s why the decrease in the swimming time and dis-
tances in both 3 groups was thought to be attributed to
the depression development.
In this study, while investigating the effects of propofol and
midazolam on learning and memory, we also evaluated the
motor activity by using the criteria like swimming velocity
and distance covered by the mice to exclude the possible
confounding effect of sedation on motor activity. Both the
swimming velocity and distances in propofol and midazo-
lam groups were same with control group.
Since we could not determine any significant change in
the parameters indicating the motor performance among
the groups, the change in the latency values due to the
drug administrations might be attributed to their effects
on cognition.
Our study was well designed and performed in accordance
with standard protocol. However, being an experimental
study, limited number of pharmacological agents, and lack
of support with auxiliary methods such as imaging or lab-
oratory tests can be stated as limitations.

Conclusion
In conclusion, in this experimental study, we observed that
propofol and midazolam deteriorated learning process, but
this deterioration was not statistically significant. How-
ever, midazolam caused a significant deficit in memory
consolidation. The motor performance of the mice was
unexpectedly decreased in both groups. In brief, using
these agents for sedation appears not to affect the spatial
learning process significantly, however midazolam may ex-
ert detrimental effects on long term memory development.

To provide further support for our suggestions based on
the findings of the present study, further clinical and ex-
perimental investigations are needed.
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