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Abstract
Background:

The underlying mechanism is not fully understood. Methods: Immature rat hippocampal 
neurons and newborn rats underwent repeated exposure to ketamine, ketamine+inhibitor of 

2+ blocker(nimodipine). Apoptosis of the hippocampal neurons 

evaluate cognitive function. Results: 

p53, BNIP3 and cleaved caspase-3 proteins increased, and the ratio of Bcl-2/Bax decreased in 

the ketamine group. Conclusion: We suggest that ketamine-induced neurodegeneration in 

pathway.
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Introduction

Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist widely 
used in pediatrics to induce general anesthesia, perioperative sedation and analgesia. The 

L-carnitine and the Ca2+

Materials and Methods

Primary culture of hippocampal neurons

®, Shanghai, 

without Mg2+ or Ca2+

®
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TM

2
6 2. At 6 h post-seeding, the medium was 

Life TechnologiesTM 

Immunostaining of hippocampal neurons

Drug treatment (hippocampal cultures)
in vitro

 

M Ca2+ channel blocker 

Animals

Drug treatment (animals)

 L-carnitine was dissolved in saline 
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TUNEL assay (in vitro experiments)

Flow cytometry and annexin V apoptotic assay

in 6-well plates (n=6) and were enzymatically dissociated into single neurons. Then, the cells were stained 

TUNEL assay (in vivo experiments)

analyzed under a light microscope in a double blinded-manner.

ROS Measurement

Western Blot 
in vitro

in vivo
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Real-time PCR
in vitro

in vivo

using a SuperScript 

the 2

.

Behavioral Tests

animals habituated in the dark were placed in a lighted compartment and were allowed to re-enter the 

Statistical analysis

P

Results

Ketamine-induced apoptosis of immature hippocampal neurons could be rescued by YC-1, 
L-carnitine and nimodipine in vitro
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Fig. 1. in vitro. (

m.

Fig. 2. in vitro.

-

P m. *P
groups.
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death was restored to control levels. 

Ketamine-induced apoptosis of hippocampal neurons in the developing rat brain could be 
prevented by YC-1, L-carnitine and nimodipine

neurons in vitro
in vivo
and ketamine groups, to ensure that the ketamine used in our study did not have a depressive 

Fig. 3. in vitro.

-
-

P P
the other groups. 
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2 2 2 
2 2 3

distress, between the two groups.

Table 1. 
*P

Fig. 4. in vivo
-

-
P -

P m. *P -
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the ketamine group, compared to the saline-treated control group (P

Ketamine increased the generation of ROS in primary hippocampal neurons

in vitro

which were rescued by YC-1, L-carnitine and nimodipine

Fig. 5. in vitro, using -

-
P

m. *P
ketamine+nimodipine).

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/33/6/1715/2428657/000362953.pdf by guest on 12 O
ctober 2024

http://dx.doi.org/10.1159%2F000362953


Cell Physiol Biochem 2014;33:1715-1732
DOI: 10.1159/000362953
Published online: May 20, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1724

Yan et al.: 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Fig. 6. 
in vitro and in vivo in vitro

-

in vivo -

in 
vitro

in vitro
P P P

P P -
in vivo

optical density measurement in vivo P
P P P

P
in vitro)or saline (in vivo)group. *P

groups.
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was rescued by YC-1, L-carnitine and nimodipine
in vivo

6C). Similar to the in vitro

in vitro and in vivo 
were concordant.

exposed immature hippocampal neurons

Fig. 7. 

 In vitro 
P -

In vivo P

P
ketamine+L-carnitine, ketamine+nimodipine).
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shown, both in vitro as well as in vivo

Fig. 8. 

P P
P P P

P
P P P
P

P P
P P

groups.
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in vitro and in 
vivo
transcriptional level.

Ketamine-induced defects in learning and memory could be rescued by YC-1, L-carnitine 
and nimodipine

passive avoidance test, and we measured the time taken by the animals to re-enter the dark 

Discussion
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that in both our in vitro and in vivo

neuroprotective, pro-survival role by activating downstream genes, such as vascular 

signaling, in both our in vitro and in vivo

2+

2+ channel blocker nimodipine, L-carnitine, and the 

neuronal cell death both in vitro and in vivo

2+ channel blocker. As mentioned earlier, it has been well 

with nimodipine most likely prevented the elevation in intracellular calcium levels, leading 

activity on NMDA receptors. 

immature hippocampal neurons both in vitro and in vivo

addition to intracellular Ca2+
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in vitro and in 
vivo

we hypothesize that the elevation in intracellular Ca2+

including learning and memory, in older animals, in accordance with previous reports 

to ketamine during early postnatal development. To understand better the deleterious 

apoptotic pathways in developing neurons.

in vitro and in vivo models, we showed that developmental 

Ca2+

precautions should be undertaken when using these drugs in pediatric surgeries. 
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