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Effects of N-acetylcystein on changes in parvalbumin-positive
interneurons in the hippocampus after carbon monoxide
poisoning

Seon Tae Kim, M.D., Su Jin Yoo, M.D., Ph.D.

Department of Emergency Medicine, Wonkwang University School of Medicine, Iksan, Korea

Purpose: The purpose of this study was to investigate effect of N-acetylcysteine (NAC) on the injury of putative parvalbumin posi-
tive interneurons defined by molecular marker and hippocampal long-term potentiation (LTP), a marker of neural plasticity follow-
ing acute carbon monoxide (CO) poisoning.

Methods: Adult Sprague-Dawley rats were exposed to 1100 ppm CO for 40 minutes followed by 3000 ppm CO for 20 minutes.
Animals received daily intraperitoneal injection of NAC (150 mg/kg) for 5 days after CO exposure. Changes in learning and spatial
memory were evaluated by Y-maze test 5 days after the poisoning. In vivo LTP in hippocampal CA1 area was evaluated by using
extracellular electrophysiological technique. Immunohistochemical staining were adopted to observe expressional damages of
parvalbumin (PV) immunoreactive interneurons in the hippocampus following the poisoning.

Results: Acute CO intoxication resulted in no changes in memory performance at Y-maze test but a significant reduction of LTP in
the in hippocampal CA1 area. There was also a significant reduction of PV (+) interneurons in the hippocampal CA1 area 5 days
after CO poisoning. Daily treatment of NAC significantly improved hippocampal LTP impairment and reduced immunoreactivity for
PV in the hippocampus following the acute CO poisoning.

Conclusion: The results of this study suggest that reduction of hippocampal LTP and PV (+) interneurons in the hippocampus is
sensitive indicator for brain injury and daily NAC injections can be the alternative therapeutics for the injury induced by acute CO
poisoning.
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7} Ashe Z4=E 120° 2 3 drh(Fig. 1), FA| Y-mazes LED
A (LED Circle Ceiling Light Lamp White Warm white 12 W)
27 28E 84 Y3 225 fAlsHL 47| w2 E
A, B, C 990E A F shto] Jgo] APFES Y
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H49s AR AAG FHHEtE i AFE T2
(Ethovision 3.1) 0.2 #&sto] 7|53} 9lch, A3e] #4283
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Spontaneous alternation %=(# spontaneous alterna-
tions)/(total number of arm entries-2) x 100,

5. shot MAYA &7 [Z3Hlong—term potentiation,
LTP)2| R % 7|5

AYFEL urethane (1.2 g/kg) 22 ALtz & FHA 9
A2 (stereotaxic instrument) (Narishige, Japan)ol] F%5 i1
stal & du|ZstelA =g R FES Adsto HE
=EAIZ dflul CA1 9 G(AP 2,535 mm, ML 1,5-2.5 mm,
DV 2.5 mm from bregma)2] BFAFE(stratum radiatum, SRZ)
o 7158 B8l A=(impedance 5 M2, WPI, USA)S A+
3}2aL CA3 9 9J(AP 4.0 mm, ML 3.5 mm, DV 3,5 mm from
bregma) ol A8 ¥4 F4AF(WPL USA)S AHdstsict.

STEA TAYEE FE-A 9 (field excitatory postsynaptic
potentials, fEPSPs) & 73t7] $1ate] A7]4=7] (pulse gen-
erator, WPI, USA)E o]&st1eH, @9 73 3H0.1 ms, -0.2
mA)ZE Schaffer collateral fiberE SEA|Z ) 12 2 2z} 4l
552 7|(preamplifier, Cyber Amp 320, axon instrument) &
fEPSPsZ ZZ3} )2 analogue/digital (A/D) ¥Z7](CED

Fig. 1. Photographs showing the Y-maze apparatus with three identical plastic arms (same length) at a 120° angle from each other. In
the sample phase, the rat is placed at the start arm (Arm A). Rat can walk each arm spontaneously during Y-maze test.
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CO T5& F¥stA &2 tjx=T(n=3)ol|4] fEPSPs] 7]&
71 0] 43k LTP 449H8(%) S 54151 9S wj theta burst A=
A5 7+ A& oA 164.7%, 182.0%, 162.9% (169.9110.5%,
Mean+SD%) 2.9, 304 Foll&= 143.2% 149.1%, 158.8%
(1503+7.8%)2 2RI, 805 Fof LTP §H&L 7+ A
ool A 156.9%, 155%, 126 9% (146.2+16.7%) 2 FZ= Q]

— ol o
o o o o
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Number of entries (n)

>
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Fig. 2. Changes in working memory performance in Y-maze test.

Control CO+saline

U0 spontanecus alteration (%)
[o%]
[=]

ot A8 (n=3)9 LTP F&&2 theta burst A5 A%
156.9%, 155.2%, 124.8% (145.62%+18.1%) Qo H, A= 308
Zof] 126.0%, 125.1% 117.4% (122.8%4.7%)0] 1L, 80% &
o= 109.1%, 100.2% 106% (105.1+45%) = #F =t &
o (n=3)°|4 Zt A9 LTPH-&-2 theta burst A= 2|
Z 166.4%, 163.4%, 133.6% (154.5+18.1%) 4o H, A= 3082
Zofl 137.6%, 129.4%, 139.1% (135.3+5.2%), 80 Foj=
121.2%, 127.8%, 124.3% (124.4+3 3%) 2 LTP ¥s}7} B2 =

Control CO+saline CO+NAC

(A) Total number of arm entry under the same experimental condition was represented as mean=+SD.

(B) Spontaneous alternation (%) was calculated as follows.

Spontaneous alternation %=(# spontaneous alternations)/(total number of arm entries-2) x 100.
SD: standard deviation, NAC: N-acetylcystein, CO: carbon monoxide.
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B CO+saline ™ CO+NAC

Fig. 3. Induction of LTP.
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(A) Representative examples for potentiation of fEPSPs traces from hippocampal CA1 area following TBS of Schaffer collateral
axons in CA3 area of three experimental groups. LTP was evoked by three TBS that consisted of 5 trains of 4 pulses at 100 Hz

delivered at 200 ms intervals.

(B) Time-dependent changes in the slope (%) of fEPSPs potentiation in hippocampal CA1 area of three experimental groups
following LTP induction. Values at data points are means=+SD of normalized slope of fEPSPs. Number of rats in each groups is 3.
* Represent significant difference between control and CO+saline or CO+NAC (*p<0.05, **p<0.01). # Represent significant dif-
ference between CO+saline and CO+NAC (#p<0.05, ##p<0.01).

LTP: long-term potentiation, fEPSPs: field evoked excitatory post-synaptic potentials, CA: cornu ammonis, TBS: theta burst

stimulation, CO: carbon monoxide, NAC: N-acetylcystein
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H R3S 2 ALE A5S Foto] LTP fd-golA vz
I AT 7hel| theta burst A= $ 30323 80T ollA F-2l%
2FolE B om(p0.01), gk Ay} Fofrte] vl Ale|
T 308(p<0.01)F 80-(p0.05) oA frelgt o]z} A=
t}(Fig. 3).
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02 IH
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P e AEAZF AL Sle FGelA sl
s, B AN sivt CA1 9] v} =F(stra-
tum pyramidale, SPZ)ollX] A5 atA] 2= e},

APFEY vt CAlL oM FAE F3 WAz}
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1.5)2 ZA =AU, TAEA A3 Aol A NeuN H YA
AF7} ZHashe B3-S Boloy tixad SASA R &
o5t ztol7} Gt T FofitolA] NeuN HYUFAIRES2
APTH Ao dxdds o3k xlol & HolA| %
AT}HFig. 4).

sljute] CA1 o <ollA] PV Tl THARAIRHE-2 |3 F-(stra-
tum oriens, SOZF) A FZ =9 ow, 53] SOF T "zt
v E FEET 3771 22 w25 43 A BEH F
ol digt PV ol WA INE-S B orh, =3 A
(stratum radiatum, SRZ)e] UH ARLATIR| M PV T
W H kUG Bt} PV ol WA L] =
ZT(N=3) of Agoo|x] Z+z} 967, 1007}, 897](95+5.60) %
o A (n=3)|XE 747), 4671, 667](62£12.7), FoIdt
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Fig. 4. Changes in NeuN (+) immunoreactivity in hippocampal region of 3 experimental groups.
Three images shows representative sections of NeuN (+) immunostaining in hippocampal sections.(immunohistochemistry, x100)
Bar histograph represents stereologic quantification of NeuN (+) neurons numbers in the hippocampus CA1 subfields. Values

represent the mean=SD. Number of rats in each groups is 3.

NeuN: neuronal nuclear protein, CA: cornu ammonis, SD: standard deviation, CO: carbon monoxide, NAC: N-acetylcystein
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(n=3)°M= 9370, 7170, 9170 (85+12. DE SH = o, o
Za7} H)asto] A3 duf CAL Y SOFoIAM FHrE
E9] PV o Hojopdub-go] frofstAl 7HAet S (p0.05)
Bk opg} SREQ AR IA A PV ol w ojofxdut
$o] a3tk 22y SOFlA Fole et vlust
of PV ol A F2hwE9 7 frostAl ks dley
(p€0.05), SRZOlA = PV ol HAFAuES-2] A}ol= Qlich
(Fig. 5).
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7he A HleE S48 A wd vl&(spontaneous
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. 2eut Hiramatsu 57 AFE o= 54 CO &
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ance FA} 53 2-& thkg G771 o83 71 E el g
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283 Xue 599 A7 olME HHE WYL E FH COF
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Fig. 5. Changes in PV (+) immunoreactivity in hippocampal region of 3 experimental groups.
Three images shows representative sections of PV (+) immunostaining in hippocampal sections. (immunohistochemistry, x 100)
Bar histograph represents stereologic quantification of PV(+) neurons numbers in the hippocampus CAL1 subfields. Values rep-

resent the mean+SD. Number of rats in each groups is 3.

* Represent significant difference between control and CO+saline (*p<0.05).
PV: parvalbumin, CA: cornu ammonis, CO: carbon monoxide, NAC: N-acetylcystein
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