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The influence of propofol administration time on oxygen-glucose deprivation-reperfusion injury in rat mixed
cortical cultures focused on N-Methyl-D-Aspartate (NMDA) receptors

Eun-jin Kim, M.D., Sung Yong Park, M.D., Kwan-Sik Park, M.D., Un-jin Ju, M.D., Jin-Soo Kim, M.D., and Sook Young Lee, M.D.
Department of Anesthesiology and Pain Medicine, Ajou University School of Medicine, Suwon, Korea

Background: Propofol has been shown to have neuroprotective properties. However, the effect of propofol administration
time on neuroprotection is not well understood. This study was conducted to determine if propofol administration time would
influence its neuroprotective effects on an in vitro ischemia-reperfusion model,
NMDA-induced calcium influx.

Methods: Primary mixed cortical cultures of thirteen-day-old rats were exposed to 5 min of oxygen-glucose deprivation (OGD),
followed by 2 hr of reperfusion. Propofol (1 —100 M) was administered before OGD or administered from the time of OGD
to the end of the reperfusion period. In the blank and full kill groups, no drug or NMDA 500 M treatment was given. The
surviving cells were counted using trypan-blue staining, and cell death rate (CDR) was determined. To measure the maximum
Ca”™ influx, 50 «M propofol was pre-treated or co-treated with 100 M NMDA. In the control and NMDA 100 M groups,
no drug or NMDA 100 #M was given. A P < 0.05 was considered statistically significant.

Results: Cells pre-treated with propofol (10— 100 M) or co-treated (50—100 M) at the time of OGD injury had a decreased
CDR compared to the blank group. Cells pre-treated (2,713 nA) or co-treated (3,626 nA) with propofol had a decreased maximum
Ca”™ influx compared to the 100 «M NMDA group (4,075 nA). Cells pre-treated with propofol had a decreased maximum Ca™*
influx compared to co-treated rats.

with special attention directed toward

Conclusions: Propofol demonstrated neuroprotective effects at lower concentrations when administered prior to OGD injury.
This may be partially attributable to the reduction of Ca’* (Korean J Anesthesiol

2008; 55: 210~6)

influx against NMDA receptor activation.

Key Words: ischemia-reperfusion injury, N-Methyl-D-Aspartate receptor, propofol.
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essential medium (MEM),
(HS), 5% fetal bovine serum (FBS), trypan-blue stain< Gibco
BRL (Carlsbad, CA, USA)Z H-E] glutamine, poly-D-lysine,
cytosine 3 -D-arabino-furanoside hydrochloride (Ara C)<
Sigma-Aldrich (St. Louis, MO, USA)Z HE] laminin
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AEF 2T AZF — fullkillds AEF ZH1E Adstod
Telglah T F2AE WEE e 02F, full killd
o] FL2AE WEE e 1002Z ES A, SPSS 120
(SPSS INC. Chicaco, IL, USA)= o|gslo] Z+ + e
propofol EXol W& AZALEe vz, 2 F 7+ Hu
Ca” influx®] H]ZE one-way ANOVA testZ A8l A%
752 Bonferroni testZ AAISIATE P < 0058 99 &

Aoz Fdglon, ke AEs LEAAR A&

Calcium imaging

35 mm WiFH AN A] wiFEE 1394 AEE o] &ttt
50 #M propofols 100 M NMDA A= 1A7F ARE =&
ZAof] Foislo] propofole] A|ZWEL] Ca* Soll wx]&
A A H ok

HCSS buffer [(NaCl 70.1 g, KCl 4 g, MgCl, 1.6 g, CaCl,
2.6 g, glucose 27 g, HEPES 47.7 g, NaOH 4 g, 75 1 L),
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Fig. 1. Figure shows the representative tracings of changes of Ca’* fluorescence in each group. Cells pre-treated (2,713 nA) or co-treated
(3,626 nA) with propofol had a decreased maximum Ca”" influx compared to the 100 #M NMDA (no propofol) group (4,075 nA)(P <
0.05). Cells pre-treated with propofol had a decreased maximum Ca’ influx compared to co-treated cells (P < 0.05). NMDA 100 xM:
group in which only NMDA 100 #M (no propofol) was administered during the calcium imaging. NMDA 100 #M + propofol 50 #M (co):
group in which NMDA 100 M + propofol 50 #M were co-administered during the calcium imaging. NMDA 100 #M + propofol 50 ©M
(pre): group in which propofol 50 M were pre-administered for 1 hr and NMDA 100 #M were administered during the calcium imaging.
Control: group in which no drug administered during the calcium imaging.

(FFTE 100 FJAste] Ag)E 3y Aol F, fluo-3
AM (Molecular probes, Carlsbad, CA, USA) dyeE 5pMo]
= X5 HCSS buffer?t 41o] 1.5 mldish® Yol53L, CO, vl
k7ol A 3057 wiekstgit). o] A|EE HCSS bufferZ 3
W Aol HCSS buffer 1 ml 4 4 = 400402
Argon laser #=7} F-2% confocal v]7d(Carl Zeiss, Jena,
Germany)ollA] live cell imageZ 0ZollA] 400Z7}A]9] A7k
Aol w2 AE We] ZgolLe] WS Bt ol
Z7-7 NMDA 100 #M thZF, propofol SAXX| TS AE
o Z-7} HCSS buffer 1 ml, HCSS buffer 1 mlell NMDA 100
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+ propofol 50 uM 41 &ML 502%0] FYslo] 4002714
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sk 102 9 E Hodsl image W] AIE F 7
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AAo A Ca® influx FTFFS Fetom, Carl Zeiss
laser scanning system LSM 510 (Carl Ziess, Jena, Germany)
Zgadg o] gsle] FFge Rob ZHMZE AAUrkEFg. D).
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Fig. 2. Figure shows the effect of propofol administration time on
cell death rate (CDR, control group cell death value set as O and
full-kill group cell death value set as 100) during oxygen-glucose
deprivation (OGD)-reperfusion injury. Values are mean +* SD.
Number of each group are 27. Cells pre-treated (10 —100 «M) or
co-treated (50—100 M) with propofol, had a decreased CDR
compared to the blank group. Pre-treated propofol decreased the
CDR at more lower concentration compared with co-treated
propofol. Blank: group in which no drug were treated during the
OGD-reperfusion injury. pre: group in which propofol were 1hr
pre-treated before OGD to the end of the reperfusion periods. co:
group in which propofol were co-treated from the OGD to the
end of the reperfusion periods. *: P < 0.05 indicates significant
differences compared to the blank group.
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Fig. 3. Figure shows the maximum Ca’* influx amplitude in each
group. Values are mean = SD. Cells pre-treated (2,713 nA) or
co-treated (3,626 nA) with propofol had a decreased maximum
Ca” influx compared to the 100 #M NMDA (no propofol) group
4,075 nA)(P < 0.05). Cells pre-treated with propofol had a
decreased maximum Ca® influx compared to co-treated cells (P <
0.05). Control: group in which no drug was administered during
the calcium imaging. NMDA 100 4«M: group in which only
NMDA 100#«M (no propofol) was administered during the
calcium imaging. NMDA 100 #M + propofol 50 #M (pre): group
in which propofol 50 ~M were pre-administered for 1 hr and
NMDA 100 #M was administered during the calcium imaging.
NMDA 100 «M + propofol 50 #M (co): group in which NMDA
100 #M + propofol 50 #M were co-administered during the
calcium imaging, *: P < 0.05 indicates significant differences
compared with NMDA 100 #M (no propofol) group. P < 005
indicates significant differences compared with NMDA 100 #M +
propofol 50 #M co-treatment group.
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NMDA 100 M oi-foll4] 4,075 nA, NMDA 100 «M +
propofol 50 #M Z> %] F-oll4 2,713 nA, NMDA 100 «M +
propofol 50 #M FA| FolfollA 3,626 nAoleH, +
E5 NMDA 100 M ®H5 ol Hr} oo giA| zhastgl

P < 0.05). 3k AZW Ho] Ca¥ influx %= NMDA

100 «M + propofol 50 xM Z X X041 NMDA 100 «M +
propofol 50 M FA] FoiFoll ulalA oA FH4ssdch
(Fig. 1, 3, P < 0.05).
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