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Objective: To investigate the effects of propofol and ketamine on the cognitive function and
immune function in young rats. Method: A total of 80 young rats were randomly divided into
four groups: Control group, ketamine group (experimental group A), propofol group (experimental
group B), ketamine and propofol group (experimental group C). All rats had continuous injection
for three times, serum IL-2, IL-4 and IL-10 and whole brain IL-1 3 level, hippocampal
neuronal apoptosis level were measured. The cognitive ability in rats was tested by water maze.

Keywords: Results: Water maze test showed on the 1st d, the maze test latency of the control group, the
Propofol experimental group B and the experimental group C water were decreased gradually; Compared
Ketamine with the control group after 3 days, the latency of the experimental group A, experimental group

B and experimental group C were all decreased, the crossing circle times were also reduced.
Hippocampal neuron apoptosis were (2.3x1.7)%, (14.7£6.9)%, (4.2+3.3)%, (10.2+4.8)% in control
group, experimental group A, experimental group B and experimental group C, respectively. The
neurons apoptosis of experimental group A was significantly increased. The serum IL—4 and IL—
10 of the experimental group A, experimental group B and experimental group C after anesthesia
were significantly higher than the control group. The whole brain IL-1 3 of the experimental
group A, experimental group B and experimental group C were significantly lower than the control
group. Conclusions: Propofol can reduce anesthesia effect of ketamine on the cognitive function

Cognitive function
Immune function

and immune function in the young rats.

effects on the central nervous system and immune system

1. Introduction

Intravenous general anesthetics not only has good analgesic
effect, but also has no significant side effects on inhibiting
respiration, which is widely used in clinical surgical
treatmentl!l. The clinical application showed that the use of
general anesthesia can cause recent cognitive impairment
and mental ill effect and other adverse reactions. Neonatal
and infant’s central nervous system and immune system are
still in the developmental stage and particularly sensitive

to the external environment. The mechanisms of anesthesia
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are still not very cleari2l. Therefore, this experiment aims to
provide the basis for clinical by the application of ketamine
and the composite application of propofol and ketamine on

the cognitive function and immune function in young rats.

2. Materials and methods
2.1. Animals

A total of 80 healthy 7-day—old SD rats, male or female,
weighing 12-18 g were selected. All animals were provided
by XX University Experimental Animal Center, and were
kept in a constant temperature 25 ‘C, constant humidity
40% —50% environment, and had freely drank autoclaved

water.
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2.2. Main reagents and instruments

Optical microscope was purchased from Japanese Nikon
company,German Leica Microtome was purchased from
Dalian Dajian Medical Devices Co., Ltd., Micro pipette and
homogenizer were purchased from the German Eppendorf
Company, —80 ‘C refrigerator were purchased from China
Haier Company. TUNEL assay kit was purchased from Roche
Company, IL—4, IL-1 B and IgE radioimmunoassay kit were
purchased from Wuhan Boster Biological Engineering Co.,
Ltd., Ketamine (100 mg/10 mI,) were purchased from Jiangsu
Hengrui Limited Company, propofol injection (200 mg/20 mL)
were purchased from Sichuan Shule Pharmaceutical
Corporation. Experimental animal cages, precision electronic
balance, 0.9% saline solution, hematoxylin, eosin staining

solution were provided by the laboratory.
2.3. Experimental methods

2.3.1. Experimental animal model and grouping methods

A total of 80 young rats were randomly divided into
four groups (the control group, experimental group A,
experimental group B, experimental group C) (n=20). All
young rats received the adaptive breeding for 1 week in
animal room. The animals in the control group received 0.9%
saline | mL by intraperitoneal injection every 2 h, continuous
for 3 times. The animals in experiment group A received 80 mg/kg
ketamine 1 mL by intraperitoneal injection every 2 h,
continuous for 3 times. The animals in experiment group B
received 80 mg/kg propofol 1 mL by intraperitoneal injection
every 2 h, continuous for 3 times. The animals in experiment
group C received 80 mg/kg ketamine and propofol 1 mL by
intraperitoneal injection every 2 h, continuous for 3 times.
The injection volume was 1 mL, and if it was less than 1 mL it
was supplemented by saline. Half of rats in each group were
randomly sacrificed after 15 min of anesthesia, the other half
underwent Morris water maze test 3 weeks later. All died
or abandoned animals in midway were supplemented by
modeling again.

2.3.2. Immune parameters detection

Using heparinization disposable 5 mL sterile syringe, 2 mL
blood was obtained by percutaneous puncture at the point
of maximal impulse and then it was injected into sterile EP
tube. After 30 min at 4°C, it was centrifuged at 3 000 r/min at
low temperature for 10 min. Serum was separated and stored
at —80°C for the test. Serum IL-2, IL—4 and IL-10 levels
were detected by ELISA.

2.3.3. Brain tissue specimen collection, preparation and
indicators test

After blood collection, half of the young rats were randomly
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selected. The heart was exposed by thoracotomy, the
perfusion needle was inserted to the ascending aorta from
the left ventricle, and fixed. The right auricle was cut. It
was washed at 4 °C saline by perfusion needle until the
effluent of the right atrium was clear. Then it was fixed
by 4% paraformaldehyde phosphate buffer. Hippocampal
was isolated from the brain tissue when the body tissues
and organs were hard, they were paraffin—embedded
and cut. Neuronal apoptosis detection was performed by
terminal deoxynucleotidyl transferase—mediated nick end
labeling (TUNEL) method. TUNEL—positive cells showed
brown particles in the nucleus. Six horizons were randomly
selected and average optical density was measured.
Positive intensity and the apoptotic index were calculated.
The formula was as follow: apoptotic index (Al) = MOD x
Area% x 100, MOD represents the average gray level; area%
represents the percentage of the total positive nucleus area
in the total nucleus area. The other half young rats cerebral
was obtained quickly by sterile opening cranium, and brain
tissue was mixed with ice normal saline by homogenizer.
10% brain homogenate was prepared at 4 °C, and centrifuged
at 3 000 r/min for 15 min. The supernatant was stored at
—80 ‘C for test. Whole brain IL—-1 3 levels were detected by
ELISA.

2.3.4. Morris water maze test

Behavior of rats was observed by Morris water mazel3l.
Round tank has four quadrants. A black platform was fixed
at the fourth quadrant, located 1 ¢cm underwater. The rats
were put into the water of a randomly select quadrant,
swim tracks of the rats were recorded with a camera. How
long rats find the platform is the latency. After this test, the
platform was removed and the rats were put into water from
the same water—entering point, the times of crossing the

former platform were measured.
2.4. Statistical analysis

Data were expressed as mean=SD values and analyzed with
SPSS 13.0 software. After the variance test, the difference
between two groups was compared with single factor analysis
of variance. P<0.05 was considered as statistical significant
difference.

3. Results

3.1. Serum IL-2, IL—4 and IL-10 and whole brain 1L—1 {3
level

The serum IL-2 in each groups showed no significant



Yan-Li Cao et al./Asian Pacific Journal of Tropical Medicine (2014)407-411

difference (P>0.05). The serum IL-4 and IL-10 of the
experimental group A, experimental group B and
experimental group C were significantly higher than
the normal control group (P<0.05). There was significant
difference in the serum IL—4 and IL-10 levels between
experimental group C and experimental group A (P<0.05).
The whole brain IL-1 3 level of the experimental group
A, experimental group B and experimental group C were
significantly lower than the normal control group (P<0.05).
There was significant difference in whole brain IL-1 8 level
between experimental group C and experimental group A (P
<0.05) (Table 1).

3.2. Hippocampal neurons apoptosts

Hippocampal neurons apoptosis of the experimental group
A was (14.7£6.9)%, which was significantly increased than
that of the control group [(2.3£1.7)%] (P<0.05); The apoptosis
rate of the experimental group B was (4.2+3.3)%, which
had no significant difference from NS group (P>0.05), but
significantly lower than that of experimental group A (P<0.05);
The apoptosis rate of the experimental group C was (10.2+
4.8)%, which was significantly increased compared with the
control group (P<0.05), but significantly decreased compared
with the experimental group A (P<0.05).

3.3. Rat behavior observation

With the changes of time, the latency of control group,
experimental group B and experimental group C were
decreased gradually, there was significant difference
between that on 1st d and 3rd d (P<0.05). The latency
of experimental group A was not changed significantly

(P>0.05); The latency after 3 days gradually decreased

Table 1
Serum IL-2, IL.-4 and IL-10 and whole brain IL-1 3 level of rats.
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in the experimental group A, experimental group B and
experimental group C, which was statistically significant
different from that of the control group (P<0.05). Compared
with the experimental group A, the latency on the 3rd day
was significant different from that of the experimental group
B and experimental group C (P<0.05). Compared with the
control group, there was significant difference in the crossing
circle times from experimental group A, experimental group
B and experimental group C (P<0.05). Compared with the
experimental group A, the crossing circle times of the there
was significant difference in the crossing circle times from
experimental group B and experimental group C (P<0.05)
(Table 3).

4. Discussion

Postoperative cognitive dysfunction attracts increasing
attention. Numerous studies have shown the use of narcotic
drugs is closely related the understanding dysfunction.
Hippocampal neuron is considered to be major neurons
which involved in long—term memory. Damage in the
neurons synapse structure can significantly affect the ability
of learning and memory in rats. Postsynaptic membrane
receptor also involved in cognitive function of rats as an
important information carrier, and that the pathogenesis
of Alzheimer’s patients is related with the decreased
expression of receptor [4-11]. The immune changes under
anesthetized stress of rats also attract researchers” attention.
Anesthetic ketamine and propofol were involved in the
regulation of the central nervous system by inhibiting
postsynaptic membrane receptors, but the changes of the
cognitive function and immune function and the mechanism

is still not clear. Thus we anesthetized the young rats in this

Indexes Control group

Experimental group A

eExperimental group B Experimental group C

I1.-2 (ng/mL) 0.5+0.1 0.4+0.1 0.4+0.1 0.4+0.1
IL—4 (ng/mL) 0.40.1 1.5£0.5" 1.3+0.5" 1.0£0.3"4
IL-10 (ng/mL) 0.7+0.2 3.1+0.8" 2.6+0.6° 1.8+0.5""
I~18 (ngl) 115.4+15.3 93.1x10.2" 97.1x18.6 112.8+18.4™

Note: * Compared with the control group, P <0.05, ACompared with experimental group A, P <0.05.

Table 2
Water maze test results.

Latenc
Indexes Td ate;l(;y(s) 3d Crossing circle times
Control group 112.7+24.4 89.5+£15.4 53.2+12.1" 6.2+2.3
Experimental group A 115.0£24.5 105.9+20.6 104.3£17.3% 1.2+0.6"
Experimental group B 114.2+26.2 92.6+16.8 65.0+13.1"% 35+2.1°
Experimental group C 109.9+25.3 90.3+20.4 72.4+11.6 324224

Note: * Compared with the control group, P <0.05, ACompared with experimental group A, P <0.05.
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study and then explore the effect of ketamine and propofol
on the cerebral development and the immune system.

As a classical neurological behavior methods, morris
water maze has become the standard mode to study the
memory mechanisml(12]. Therefore, this experiment also
chose this classic mode to explore the effect of anesthetics
on the cognitive function in rats. This study showed that the
latency at three days is not significantly shorter after the
use of anesthetics ketamine, and the times of cross the flat
is far less than the normal control group, which suggested
the ketamine anesthesia can reduce the spatial learning
and memory ability in young rats .The latency at three days
is significantly shorter than 1 day of young rats after the
use of anesthetics propofol, but the exploration time was
significantly longer than the normal control group. The times
of cross the flat is significantly increased than the normal
control group, which suggested the ketamine anesthesia can
reduce the spatial learning and memory ability in young
rats, but the degree is significantly less than the ketamine
group.

Studies have found that ketamine abusers have a long
damaged memory, and its mechanism is related to damaged
hippocampal neurons, which prompt some neuronal
apoptosis of rats. Once propofol does not have an impact
on cognitive function in rats , but the use of many drugs
can cause propofol nerve degeneration and affect the brain
development(13-18. The spatial learning and memory ability
in young rats of ketamine & propofol group is similar to
the propofol group, the latency is significantly shorter than
the ketamine group, and the times of cross the flat is also
significantly increased, which suggested that the ketamine
& propofol anesthesia can reduce the effect ketamine
on cognitive function. The apoptosis rate of ketamine &
propofol group is significantly lower than the ketamine group
by the study of hippocampal neuronal apoptosis, which is
accordance with the change of spatial learning and memory
ability in young rats. That showed propofol can reduce
ketamine—induced apoptosis in hippocampal neurons.
These results indicate that the mechanism that propofol can
reduce the effect of ketamine anesthesia on rats” cognitive
lies in hippocampal neuronal apoptosis. With the increase
in hippocampal neuronal apoptosis, the long—term learning
and memory dysfunction are more obvious[19-23]. Numerous
studies also believes that the use of propofol in humans and
animals have the cerebral protective effect. Its protective
mechanism may be related with reducing cerebral metabolic
rate of oxygen and intracranial pressure and reducing
excitatory amino acid glutamate neurotransmitter release,
blocking glutamate pathways, reducing neurotoxicity
induced pathological damage, the lipid peroxidation effect,

preventing protein denaturation and release of inflammatory
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mediators and preventing secondary damage neuronal cells;
reducing the formation of free radicals|24-26].

Immunity is one of the main effects of the stress response.
Immune function in young rats still in the developmental
stage, which is sensitive the stimulation of external factors.
Generally it is believed that the impact of stress on the
immune system is mainly suppression and regulation. T
lymphocytes are the most important component which
constitute the immune system. Good immune function of
the body needs to maintain a moderate level of response
and homeostasis. Th1 cells and Th2 cells is critical in
maintaining the balance of immune function. Once there
is Th cell subsets imbalance, that is Thl/Th2 ratio and
functional imbalance, will lead to immune dysfunction(27.28],
which usually expressed as the abnormal secretion of the
activation factor of various inflammatory cell. This study
suggests that the anesthetic of each group has little effect
on IL-2 secretion, but the serum IL-4 and IL—10 were
significantly increased, while the whole brain IL-1 were
significantly decreased. Studies suggest that stress response
of the adult rats is different from that in the young rats.
Adult rats have a strong adaptability,while the young rats
have long—lasting effects to the stress response and have
a continuing influence. IL-1 8 is a cytokines produced
by a variety of cells in a infection and inflammation state,
which have a wide range of physiological effects. Tt often
called the central stress—mediated factors.When there is
systemic stress responses, central IL—1 3 may showed high
expression[29.30].

In summary, ketamine can inhibit the cognitive function
in young rats and has toxic effects on hippocampal neurons.
In combination with propofol, it can reduce neurotoxicity
and protect the brain tissue. Ketamine can inhibit the
immune function in young rats, while propofol can reduce
the ketamine’s inhibition to the immune function .However,
there are still some gaps between the animal studies and
human clinical trials. If it is consistent with human trials

still need further research.
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