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Abstract

Purpose: To investigate the effect of maternal anesthesia with ketamine in the second trimester of
pregnancy on cognitive memory and neuronal development in rat offspring hippocampus.

Methods: Twenty female Sprague-Dawley rats, were randomly divided into ketamine and control
groups with 10 rats each. Rats in control group were fed normal diet, while ketamine group was injected
ketamine (10 mg/mL) and kept till they littered. Rat offspring at birth were designated as TO, while
offspring aged 15, 20, and 25 days were designated T15, T20 and T25, respectively. After 20 days,
(T20) rats were subjected to Morris water maze test, olfactory memory test, and other behavioral tests,
Nissl staining and Golgi staining were done and expression of BrdU-positive cells was determined using
immunofluorescence.

Results: Escape latency period of ketamine group was significantly higher and the number of original
platform crossings was significantly lower than that of control group (p < 0.05). However, there was no
significant difference in swimming speed between the two offspring groups (p > 0.05). The number of
stagnations in fear conditioning test was significantly lower in ketamine group (p < 0.05). Nissl and Golgi
staining showed that cell density in hippocampal CA1 and CA3 areas in T25 offspring as well as the
number of pyramidal cells in hippocampus of T20 offspring were significantly lower in ketamine group
than in control group (p < 0.05). Proliferation of neurons in DG and SVZ regions of hippocampus in
ketamine group was lower than in control group.

Conclusion: Maternal ketamine anesthesia in the second trimester of pregnancy decreases the density
of hippocampal neurons, and affects the cognitive and memory functions of rat offspring.
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INTRODUCTION Cognitive function refers to the process in which

the brain receives external information and
The brain functions on which humans and lower acquires or applies knowledge after processing
animals depend are learning and memory. it. Cognitive disorder results from the impairment
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of one or more cognitive functions such as
memory, language, and visual space, which
negatively affects the daily life of an individual
[1]. Through a number of rodent and primate
experiments, it has been revealed that routinely
used anesthetics (e.g. ketamine) are neurotoxic
to the developing brain, and interfere with the
development of the central nervous system,
resulting in cognitive impairment [2]. Preghancy
is an important period of fetal growth and
development at which time the proliferation and
differentiation of brain nerves and synaptic
growth are very sensitive to external stimulants

[3].

Previous studies on the toxic effects of general
anesthesia on fetuses during gestation period
were mainly focused on teratogenicity in the
early stages of pregnancy, as well as the effects
of cesarean section anesthesia on the basic
functions and organs of fetuses. In most cases,
surgeries that can be performed in the early
stages are generally postponed to the second
trimester of pregnancy, in order to avoid surgical
complications and adverse reactions from stress.
Moreover, most cesarean sections in the third
trimester of pregnancy are not done under
general anesthesia, and due to the short duration
of anesthesia, the fetus is not adversely affected.
It is generally believed that the safest period of
operation during pregnancy is the second
trimester of pregnancy, at which period
embryonic development is already completed.
However, the second trimester of pregnancy is a
busy period for fetal brain development. The
proliferation and migration of human neurons
begin to accelerate in the second trimester of
pregnancy, and they peak at the end of
pregnancy. The period from the second trimester
of pregnancy to a few years after birth is
considered a "vulnerable period" of synaptic
formation [4,5].

Studies have shown that 3-h anesthesia with 1.5
% sevoflurane in the second trimester of
pregnancy resulted in impairments of spatial
learning and memory in rat offspring [6]. It has
been suggested that these impairments may
occur through a mechanism related to ketamine-
induced dysfunction in N-methyl-D-aspartic acid
receptor (NMDA) in hippocampus, and the
abnormal development of hippocampal neurons
caused by inhibition of mammalian target of
rapamycin (mTOR) signal transduction pathway

[6].

The present study was aimed at investigating the
effect of maternal ketamine anesthesia on
cognitive memory and the development of
hippocampal neurons in rat offspring.

EXPERIMENTAL
Animals

Healthy adult Sprague Dawley (SD) of both
sexes (mean weight = 213 + 37 g) were obtained
from the Nanjing Junke Bioengineering Co. Ltd
(product license: SCXK (Ning) 2017-0001). The
rats were fed adaptively for 7 days in an
environment with a 12-h light/12-h dark cycle,
with ad libitum access to feed and water. This
research protocol was approved by the Animal
Ethical Committee of Department of Anesthesia,
Hanchuan People’s Hospital, Hanchuan, PR
China, (approval no. 201829371) and was
conducted according to the Principles of
Laboratory Animal Care [7].

Reagents

The reagents used, and their suppliers (in
brackets) were xylene (Zhangjiagang Free Trade
Zone Zerunxin Chemical Trade Co. Ltd),
anhydrous ethanol (Traditional Chinese Medicine
Group Chemical Reagent Co. Ltd), reverse
transcription kit (Dalian Takara Bioengineering
Co. Ltd), skim mik powder (Zhengzhou
Longsheng Chemical Products Co. Ltd),
phosphate buffer (Shanghai Thermo Fisher
Technology Co. Ltd), Hematoxylin (Shanghai
Ruisai Biotechnology Co. Ltd) and ketamine
(Xtan Hanfeng Pharmaceutical Co. Ltd,
production batch number: 20164748,
specification: 2 mL: 0.1 g).

Mating

The male and female rats were put together in
the same cage during estrus. After pregnancy,
the female rats were kept separately for 2 weeks
(20 female rats were mated).

models and

Establishment of animal

grouping

The pregnant rats were separated and kept in a
cage for 2 weeks, after which they were
randomly divided into ketamine group and control
group with 10 female rats in each group. Rats in
the control group were given normal feed only,
while those in the ketamine group received
ketamine injection (10 mg/mL in normal saline)
via the tail vein at a rate of 50 mg/kg/h for 1.5 h.
The infusion rate was adjusted to keep the
pregnant rats in a state of muscle relaxation at
surgical depth of anesthesia, without autonomic
movement and eyelid reflex. In the ketamine
group, rat body temperature was maintained at
37 - 37.5 °C during anesthesia. The respiration
and heartbeat of rats were monitored, and oral
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and nasal secretions were treated promptly. On
recovery from anesthesia, the rats were returned
to their original cages, and feeding was
continued. When the rats littered, the offspring
immediately after birth was designated To, while
offspring aged 15, 20, and 25 days were
designated Tis, T20, and Tas, respectively. The
Tis rats were raised in separate cages with the
mother rats after weanling. Twenty-six rat
offspring were selected from each group.

Evaluation of parameters/indices
Morris water maze test

This is a well-known test for measuring the
learning and memory abilities of rats. Usually, the
water maze is divided into four areas, and a mark
for water entry point is set in each area, while a
hidden circular escape platform is in the third
area. In the directional navigation test (3 times a
day for 4 days), one area was randomly selected
for water entry each time. The time taken by a rat
to locate the circular platform (within 100 sec) is
termed the escape latency period. In this study,
the time it took the rats to find and climb the
platform was observed and recorded. On the 5t
day, the platform was removed for space
exploration experiments. The rats entered the
water from the original area, and the time used in
exploration to find the original platform area
(within 100 sec) was recorded. If the platform
was not found within 100 sec, the rats were led
to the platform. After 48 h, the experiment was
repeated to note the exploration time for locating
the platform area, the number of times of
crossing the original platform, and the swimming
speed of the rats within 100 sec.

Fear conditioning test

This experiment is used to evaluate the ability of
experimental animals to develop fear memory.
The rats were first subjected to conditional
training. The two groups of offspring were placed
in an electric shock box under the same
conditions but without any stimulation. After 3
min, 100 decibels of sound prompt were
delivered for 25 sec. Thereafter, the rats were
exposed to 4 sets of 0.4 mA plantar electrical
stimulation, each for 3 sec, at 1 min intervals.
After the 4™ stimulation, the rats were observed
for 1 min and then put back into their original
cages. For environment-related training, after 48
h, the offspring were put back into the shock box
for 8 min, and the number of stagnations was
recorded in the absence of any hint or
stimulation. In condition-related training, after 2
h, the rats were placed in triangular plastic boxes
in a completely different environment, and the

light intensity in the boxes was changed. After 3
min, 100 decibels of sound prompts were given
for 25 sec. The number of stagnations in the
offspring was recorded in each group.

Four Ts rats were randomly selected from each
group and were sacrificed. The hippocampal
tissue of each rat was peeled off and kept in a
refrigerator. Nissl staining and Golgi staining
were used to determine the development of
hippocampal neurons (CA1 and CA3) in the rat
offspring.

The proliferation of SVZ and DG cells in offspring
hippocampus was observed under a microscope,
while the expression of BrdU-positive cells was
determined using immunofluorescence method.

Statistical analysis

Results are expressed as mean +* standard
deviation (SD). Statistical analysis was done
using SPSS 20.0 statistical software.
Measurement data were compared between the
two groups using an independent sample t-test.
Values of p < 0.05 were considered indicative of
statistical significance.

RESULTS
ketamine anesthesia on

Effect of maternal
venous blood gas

As shown in Table 1, there was no significant
difference in venous blood gas between the
control group and the ketamine group (p > 0.05).

Table 1. Effect of maternal ketamine anesthesia on
venous blood gas in maternal rats in the second
trimester of pregnancy (mean + SD)

Group P-

Index t

Control Ketamine value
K* 135.47+1.43 134.66+1.27 1.339 0.197
pH 7.42+0.05 7.39+0.26 0.358 0.724
PO2 47.14+5.46 48.27+4.85 0.489 0.631
PCO2 51.26+3.43 50.65+5.88 0.283 0.781
Ca?t 1.26+0.24 1.37+0.17 1.183 0.252
HCOsz  30.64+0.76 28.46+3.69 1.829 0.084

Morris water maze test results

The results of Morris water maze test showed
that the escape latency period of the ketamine
group was significantly higher than that of the
control group, and the number of original
platform crossings was significantly lower than
that of the control group (p < 0.05). However,
there was no significant difference in swimming
speed between the two groups of rat offspring (p
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> 0.05). These results are shown in Table 2.
Fear conditioning

As shown in Table 3, the number of stagnations
in the fear conditioning test in the ketamine group
was significantly lower than that in the control
group (p < 0.05).

Density of hippocampal neurons

As shown in Figure 1, in the results of Nissl
staining, cell density in hippocampal CAl area
and CA3 area in the ketamine group of rat
offspring was significantly lower than that in the
control group on day 25. Figure 2 shows the
results of Golgi staining. The number of
pyramidal cells in the hippocampus of the
ketamine group of rat offspring (T2) was
significantly lower than that in the control group.

Figure 1: Nissl staining showing loss of hippocampal
neurons in rat offspring. (A) Neuronal cells of
hippocampal CAl area in To offspring in the control
group, (B) Neuronal cells of hippocampal CAl area in
To offspring in the ketamine group, (C) Neuronal cells
of hippocampal CA1 area in Tzs offspring in the control
group, (D) Neuronal cells of hippocampal CA1l area in
Tas offspring in the ketamine group, (E) Neuronal cells
of hippocampal CA3 area in To offspring in the control
group, (F) Neuronal cells of hippocampal CA3 area in
To offspring in the ketamine group, (G) Neuronal cells
of hippocampal CA3 area in Ta2s offspring in the control
group, (H) Neuronal cells of hippocampal CA3 area in
Tas offspring in the ketamine group

Figure 2: Golgi staining showing developmental
disorders in rat offspring neurons. (A) Neuronal cells of
hippocampal CA3 area in Tzs offspring in the control
group, (B) Neuronal cells of hippocampal CA3 area in
Ta2s offspring in the ketamine group

Expression of BrdU-positive cells in rat
offspring

As shown in Figure 3, the proliferation of neurons
in the DG and SVZ regions of the hippocampus
in the ketamine group of rat offspring was
significantly lower than that in the control group.

Figure 3: Expression of BrdU-positive cells in two
groups of offspring. (A) BrdU-positive cells in
hippocampal DG region of To in the control group, (B)
BrdU-positive cells in hippocampal DG region of To in
the ketamine group, (C) BrdU-positive cells in
hippocampal SVZ region of To in the control group, (D)
BrdU-positive cells in hippocampal SVZ region of To in
the ketamine group, (E) BrdU-positive cells in
hippocampal DG region of Tzs in the control group, (F)
BrdU-positive cells in hippocampal DG region of Tzs in
the ketamine group, (G) BrdU-positive cells in
hippocampal SVZ region of Tzs in the control group,
(H) BrdU-positive cells in hippocampal SVZ region of
Ta2sin the ketamine group

Table 2: Comparison of Morris water maze test results between the two groups (mean = SD, n = 26)

Escape latency period (sec) Number of  Swimming
Group First day Second day Third day Fourth day Cr::ja;;?r:rgs (Csrﬁfsesc)
Control 78.54+2.52 61.71+6.67 52.47+6.54 40.79+7.72 4.02+0.48 25.01+£1.97
Experimental 89.43+2.98 74.09+7.41 61.08+6.72 49.21+£7.79 2.82+0.36 26.02+1.65
t 14.228 6.332 4.682 3.915 10.198 2.004
P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.051

Table 3: Comparison of the results of fear conditioning test between the two groups (mean + SD, n = 26)

Group Conditioned training Environment-related training Condition-related training
Control 23.49 +5.38 45.72 £ 8.63 51.18 +8.98
Experimental 17.68 £4.41 36.07+£5.14 32.74+£5.01

t 4.259 4.899 9.144

P-value <0.001 <0.001 <0.001
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DISCUSSION

Pregnancy is a period of fetal growth and
development. During this period, there is rapid
development of fetal nervous system, and the
proliferation and differentiation of cerebral nerves
and synaptic growth are easily compromised by
external stimulation. At present, the second
trimester of pregnancy is still considered to be a
relatively safe surgery period for the pregnant
mother and fetus. However, the second trimester
of pregnancy is the peak period for the
development of fetal nervous system. Moreover,
the period from the second trimester of
pregnancy to a few years after birth is the most
vulnerable stage in synaptic formation [8,9].
Gamma-aminobutyric acid (GABA) and glutamic
acid play important roles in brain nutrition and
brain development. Most of the frequently used
general anesthetics such as N-methyl-D-aspartic
acid (NMDA) receptor antagonists and GABA
receptor agonists are fat-soluble drugs that
readily pass through the placenta [10]. Thus,
maternal anesthesia in the second trimester of
pregnancy may enter the fetal blood circulation
and brain tissue through the placenta, thereby
exposing the fetal brain to prolonged anesthesia.
This may affect the proliferation and migration of
fetal brain neurons, leading to neuronal
apoptosis [11].

In recent years, a large number of studies have
shown that general anesthesia triggers apoptosis
of cerebral nerve cells, thereby negatively
affecting the learning and memory of
experimental animals. Ketamine is a derivative of
phencyclidine, and it is a non-competitive
antagonist of NMDA [12]. It has been found that
ketamine impairs memory cognitive function by
inhibiting the glutamate neural pathway. The
NMDA receptor plays an important role in
synaptic plasticity with respect to nerve cell
growth and development. The hippocampus is an
area of the brain involved in long-term learning
and memory, as well as acousto-optics.
Ketamine inhibits the generation of long-term
potentiation effects by suppressing the
transmission of various stimuli, and it affects the
memory integration of learning and cognition
[13,14].

Animal behavior testing has been applied in
many fields of neuroscience, especially in
evaluating animal models and studying
physiological mechanisms of cognitive
impairment-related diseases. Carspecken et al
have reported that multiple high-dose or long-
term persistent low-dose of ketamine injections
could damage spatial learning and memory
function in developmental phase of the brain in

young rats [15]. Ketamine impairs the cognitive
function of neonatal rats. In this study, the Morris
water maze test and fear conditioning test were
carried out on 20-day-old rat offspring to
determine the effect of ketamine injection on
memory in the second trimester of pregnancy.
The results of the study showed that the escape
latency of the ketamine group was significantly
higher than that of the control group, and the
number of original platform crossings was
significantly lower in the ketamine group than in
the control group. However, there was no
significant  difference in swimming speed
between the two groups of rat offspring. These
results show that ketamine anesthesia may
damage the cognitive function of rat offspring.

It has been confirmed that ketamine and other
general anesthetics produce neurotoxicity in the
developing brain. This may lead to neuronal
apoptosis, inhibition of the proliferation of
neurons and suppression of the formation of
bone structure, impairment of synaptic plasticity,
and inhibition of long-term potentiation of
hippocampus. There is an interdependent
relationship between the number of hippocampal
nerve cells and cognitive memory [16]. Yao et al
have reported neuronal apoptosis and necrosis
in the offspring of guinea pigs in the early and
second trimesters of pregnancy, but there was no
obvious pathological change in the offspring of
guinea pigs in the third trimester of pregnancy
[17]. In the results of Nissl staining, the cell
density in hippocampal CA1 area and CA3 area
of the ketamine group of Tys rat offspring was
significantly lower than that in the control group.
Moreover, the number of pyramidal cells in the
hippocampus, and the proliferation of neurons in
the DG region and SVZ region of the
hippocampus in the ketamine group were
significantly lower than those in the control
group. These results suggest that maternal
ketamine anesthesia in the second trimester of
pregnancy is toxic to the hippocampus of
offspring, and may result in decreased dendritic
spine density and neurodevelopmental disorders
which will further lead to some degree of
cognitive impairment.

CONCLUSION

Maternal ketamine anesthesia in the second
trimester of pregnancy in rats causes
hippocampal neurotoxicity in the offspring,
leading to disorders in neuronal development,
suppression of synaptic plasticity of neurons, and
cognitive and functional impairment in the
offspring. Further studies are required to
ascertain the implications of these findings in
clinical practice.
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