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S m e FeRAd R HER - B % 4m iz (macrophages) £ 78 £ 89 %
B A bR EE A G o sb— BT R A B be i A K St X 0 #R tketamine
HER @A RETRERNDE A B BT 45 & 84 #% ] (mechanisms) ° %
B o 4m g & E 710 & 100 pMedketamine(48 & NER R RE 0. 1R 143)] ~ 6K
24,885 0 3 R G B A oy TEE £ RILEL B A (lactate dehydrogenase) &4 #%
M o {2 > LI A HE 1000 pMEF » ketamine & 3% o FLEL AL BUAG 69 TR A
4a 84 7ot - Ketamine? 108100 pMGEEF > R €& EHlafie 3173
& (chemotactic activity) ° {2 > E "% 4a §o 5 321000 pMeyketamine & § 2 fm i
%% ) #c 71 (cell migration) 8y F4& © E 4 4 8 & 32 ketamine € [§ {8 5 "2 A 7)
(phagocytic activities) ; Ketamine 7} &4 ] E *4 4= 2 69 AL AE 1o B da iR IR
¥ s % & (lipopolysaccharide) € % ¥ TNF-a ~ IL-1B & IL-6 mRNA#y 4 &
18 & 3% ketamine K 4 % % TNF-o ~ IL-1B&IL-6 mRNA#) &2 & ° F 0% & 3%
ketamine & S % 8% & % & % ¥4 %1 B % &8 (lipopolysaccharide) A7 3% # TNF-
a ~ IL-1p & IL-6 mRNA # & - Ketamine j¢ 32 & ook T
(mitochondrial membrane potential) &4 F & > 2 R € % B akE o 1
NADH4 £ f#(mitochondrial complex I NADH)#) /& £ AR ERABERER
FE(100 pM)F » ketamine € 4p ! B 4 4o fo &% 82 AALAE S e R R e
H,3% % (inflammatory cytokine)#y & 4 o M =T A& #9145 A Mdk > R BRI
4 8¢ 5% 5 4 (mitochondrial membrane potential) » 1 JF B 4 3% s 4@ A2 4 HE4
A e , |
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Abstract

Ketamine is an intravenous anesthetic agent. Clinically, induction of anesthesia with ketamine
can cause immunosuppression. Macrophages play important roles in host defense. In this study, we
attempted to evaluate the effects of ketamine on macrophége functions and its possible mechanism
using macrophages as the experimental model. Exposure of macrophages to 10 and 100 pM ketamine,
which correspond to 0.1 and 1 times the clinically relevant concentration, for 1, 6, and 24 h had no
effect on cell viability or lactate dehydrogenase release. When the administered concentration reached
1000 pM, ketamine caused a release of lactate dehydrogenase and cell death. Ketamine, at 10 and 100
pM, did not affect the chemotactic activity of macrophages. Administration of 1000 uM ketamine in
macrophages resulted in a decrease in cell migration. Treatment of macrophages with ketamine
teduced phagocytic activities. The oxidative ability of macrophages was suppressed by ketamine.
Treatment with lipopolysaccharide induced TNF-a, IL-1p and IL-6 mRNA in macrophages.
Administration of ketamine alone did not influence TNF-o, IL-1p or IL-6 mRNA production.
Meanwhile, cotreatment with ketamine and lipopolysaccharide ~ significantly inhibited
lipopolysaccharide-induced TNF-a, IL-1h, and IL-6 mRNA levels. Exposure to ketamine led to a
decrease in the mitochondrial membrane potential. However, the activity of mitochondrial complex I
NADH dehydrogenase was not affected by ketamine. This study shows that a clinically relevant
concentration of ketamine (100uM) can suppress macrophage function of phagocytosis, its oxidative
ability, and inflammatory cytokine production possibly via reduction of the mitochondrial membrane
potential instead of direct cellular toxicity.
Keyword: Ketamine; Macrophages; Chemotactic éctivity; Phagocytic activity; Oxidative

ability; Inflammatory cytokines; Mitochondrial membrane potential
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Ketamine & BS /R % Fl 9 33 BR R B B 40 > 5P F TR+ RZABER
THEREG S EERE 0 RAAH M THK B 3% A R E(White et al,
1982) « L E RN BUERMHREGE D RS F S BER ~ K9
Fu 32 JE 4448 ia‘ﬁxﬁ'“\% 5 o KM ELF 5 v 4o ketamine » MDMA ~ FM2 #v GHB

o}

Bgmk e BEEHAFIINFIFEFTRELEE KTV RRAHE
e EIBHRE > MERERAAFVERREN PORE (REE RI)-
Ketamine B& REMH > B EHF T HREC ~Bek ~ R NFBEL ~
ki 498 SHAHESER RERGHEX A5 EHHREIE S
0B B AKRMRA  ketamine &M FERBBFIRELR > RS
B opH R BE R ETAEERTHLE  (AEE - K 88) o 4k} > ketamine
FopRmBEELFM2AHGBEAERREETH  LAARE - BERURY
M MEOER A > RABARBIRIR » A RAMRBRL TR - 34
ETEMAGEHEMAR S FHE  BAYHEREXRYHE  FEETS
BiEEBAEAGHSE - RI0)-
| A ketamine & R REHER EHFZ G RBEATHE L HH
EHRRFTASRERLEGBE MU HAFEHESTEAHCH
ketamine 3| & % R & 4| % Do F Lo HNA B L IR F A% E ketamine
WA EARBEHELSARRE TEXRERMER  THOETHESL
IR B AR o W RAIATE R ketamine 8 0 E AR A B B ALEK B P



MyBARFTE  BEMEZEMTREARY - mIxRE - E&H K
% ketamine & » MR F|FHABLRE > THEHER AKMPGFI £ -

2. MRk ERkER

Ketamine /& 7 ¥+ A& 4% &40 $I B - & I € tb-% B #8 - ketamine & & AN A
KB MB 2 — RIS HHREE > AR 1970 FRA LB & F L
ER 0 T AH e MDMA RAER > M FRZHEEMEM © ketamine
TUOMR - R~ BREIHFRER AR CELANE - EER - &
o E AR ETMEBERAEAEEERITHER - REAZEERBHCH
B BBV MALTEMEREN  REREHE > AoRA
LARARECHEBRR MRS BREH  40F BETAREZFERR -
ERERCALMBEMBCEKRBLE  RHAR c BFERBANE TP
M H7 ketamine 89 BE Y > BAZENFSLERBANEL GEHI4R
SHEE ) - RIS A E R EA S S%H BHET B Z@E S ketamine
HMERE A AZRELHLRAL CEHINAEHEN) - BLEEH
AT ketamine 8B A A SR E - |

# #* ketamine #9 B R CRABREFVF S CRANERRFZ— M
IR ELEAMME TEEIBHEILRE - tREBECEREGHE - HHER
ERESLELNREME UARB—HEHE  BAFIERAORYE
# o FH L EYH ketamine AR TREFTHRELEM—RARAR - B

HERRBEEEL  RESBAOLRAETCRRRFH S MIER £ B @& g
BEHBERE  Whotti % ERBRAGEAR © LATAH M ketamine % & Fix
RHAE  AEHNEL@RAPE  TEKEZER - AT K3
ketamine $# E S hic 2 B%  URETHREAHERYE THERL -



3. BP9 ShAE B A R SURKAR 3¢

fEBeR{E A b > ketamine ¥ €H B S ECa P E XA > S
cardiac output - arterial blood pressure ~ Fv heart rate (Traber et al., 1971; Reich
and Silvay, 1989) o M {£ & X % % LPS F7/Z1b 4 leukocytes ¥ » ketamine #%
% F 4 [ & 4= B0 £5 M (adherence) Fv # ) (migration) &9 #5 /7 (Schmidt et al.,
1995; Hofbauer et al., 1998) - & LA neutrophils & #F % 4% K 8F » ketamine 3% 3%
Bk 4 R A1 Fo $5 8 &) 48 /1 (Zahler et al., 1999; Weigand et al.,
2000) ° ATEA > & #tﬁ? BHF 3 F 35 3R, 0 ketamine REAE R E B H 2 b F o)
fe o HANTAeH B4 & 4 %% A% (immunomodulation)&y £ A ©

E % & B 7 & A8 38 % B (infection)Fv 48 &K 45 F (tissue injury)&F » 3%
TR miay & (cell.ular host defense) # & (Nathan, 1987; Valledor and
Ricote, 2004) - & & #8 X 2% BAZ B > E R i #E b 23] F H—4
7| &4 %% ¥ & #2 (inflammatory process) (Nathan, 1987; Aderem, 2001) - i& sk 2§
XiBFE 635 | B4 e o f$ $(chemotaxis) £ % B £ 304 » Hm RETEEN
A (phagocytosis) » AR 4& & & 4 /& £.49 E (oxidants) i 4§ B 69 7% B 7 0k ©
FleFEHtafo R EBAERERE R@iF > AWTLESH 2R &
A1 HENAZ &% B R o T E B 4e I8 38 4k 7 A8 % B AR (dysfunction) B &
#% &4 non-specific cell-mediated immunity %%/ A > T MBS HEmME
1& 15 % &4 =5 fE(Lander, 1997) -

Propofol #v ketamine ] & #& ## Ak i BF £ 4p > L TR A TR EA £&A
AR o REBRFE A 44 propofol HE R @ hicth B8 » #h— 475
ZH R o BB R B > propofol € #p 4] 4m s chemotaxis ~ phagocytosis Fv
oxidative ability (Chen et al., 2003)° 2% % AT A ] ketamine £ F HZ L E % m o

HEEHHAR 0 £ B E EFNH Y TNF-0 Fo— &4t & (nitric oxide) & 4 & & 4E



A (Takenaka et al., 1994; Shimaoka et al., 1996; Sakai et al., 2000) - M #H#»
ketamine & & € % % E % 4m jg. chemotaxis - phagocytosis - oxidative ability
Fo inflammatory cytokines &9 4 g » R & A8 M 9P R IR EHIR L -

A 4% %% (mitochondria) & %m B & & 48 & 4 & &9 B % (energy-producing
organelles) » EH E S /Zibhrcth 4% > HEE L A & (Brown and
Borutaite, 1999; Diehl and Hoek, 1999) - %3 XET » RG T R4E R E
(respiratory chain reaction)ff 4 g &9 ATP » £53% o B v dm fi Fo & P M4 tm B 2
& v & %4k A (Fredholm, 1997; Lammas et al., 1997) - B H 4F f 4 & > 5T 4 2
i 18 7% 1t purinergic P2 receptor X 4a figs P 45 &4 # 4% (Oshimi et al., 1999; Di
Virgilio et al., 2001) - ##» E &M ESNER » TH@N e ATP 4 F kD
8% #k B3k (lymphocytes)#v E o4 4m BB &4 o A& 7% e %1%k (Ayala and Chaudry,
1996) « A LA B UL AR BE T > BN ATP 2 EMEF AT BEHERY
BERafot e - MRBBE M PH » WA TR FEHYEF A
TR e ERGEE ATP ¢ 4 4 & (Pearce et al., 2001; Papucci et al., 2003) -
{8% » S AT &4 B ketamine £ F @B E R KB LEHAE -

Fir BA > ARHF 33T 848 oA B B E 7% 4a A (peritoneal macrophages) 2 A
TR, 0 #E 3 ketamine # 7 fm fo 5 B (chemotaxis) ~ &% (phagocytosis) A &
4 & E b (oxidants)Fo 2§ £ 4= B8 & (inflammatory cytokines)% 45 7 &4 85 & »
e EF ketamine HWE Rt o TAA S RO LA FAEZEER - AT @A
adenosine triphosphate (ATP)Z 4 4 sk (biosynthesis) & $1 E *% 4= fits o At 2 $4
T BAEM M o FTAR A — F K3 > ketamine R FEHEE
"% %m AR KL 4 8% (mitochondria) 35 && » @, 4% 4 4 3% B B {3 (mitochondrial
membrane potential) ~ =} 9% 4 & % complex I NADH dehydrogenase 7% P+ fv 4=
FePs ATP 2 4 i 8 0 b Fk 7 ketamine RiZ E-Rsa oot > T
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4. Rt EHBAAEAAMM

Azt B £33t ketamine # B fa B oh R 7T AE 3% AR 2 7R SRIEAE A 14
RATHRBANOBREME - Bhb—HE2HT > BTHEATRE
(1) & dsb R P 7MTH 2T L > #7 ketamine T 45 3] 42
B RBRFAEERFBRE  eFERANER  THAHNEEH®
ketamine FFiEfTEY B IRNFFE
(2) mE bt e RS £ 0 H7 ketamine % B 2 ¢ BB IR T4
BREERER - E— NRHUBBAB—ZTEAHLEHE > FUR
TEEMMERGER - H - @dhbt—HERE  H#NEHRfN
BMABHEE ketamine MERHSEIHEL RE—FEZHH
ketamine #t ARR 7T A5 & & %R FIEE A eh B -
(3) @ ketamine TR AR S EER ¥ LR S MEF B4 > KRR RBRA4
Jik B 8% ER AN BE K15 A ketamine 85— & B ¢4 42 R4E L 69 1RIE o
(4) HNEERFAF R B EYTHRAL O FRFERR > & d K3t
BOPAT BREHE - TiEeepmuEsk -
5. ABF R 3 E AR & 0951 R 4R S (hypothesis) ~ #F % B 42(specific aims) A &
LB ITAEEB 5 Mk T -
(=)~ FAREBR
Ketamine & H L E Himf 58 - 5% - FALE N Fo 4k R K fm
BEFER MU BERmibhi 4 SRAIEER o @b — BT
(mechanism) * BT R B B E RGBT M - P REBEES o
ATP % & rx & %1% (pathway) -
A
sb—HF X B £ 3K 3T ketamine 1 E % 4o i <] A8 1% A% 09 % 7% SR4T R A Ao




Wil o & Bt oA E LR 2 & F 38 % e # B (chemotaxis) LA i€ $) £ % Rk
I 0 RIE R 89 9% R B 4T 5% 1F A (phagocytosis) (Nathan, 1987,
Aderem, 2001) - M#NEHHE @AW %R B 0 € 44 & A1t (oxidants)
FRABEHR Bz ERtmfo e AL RPERE X @i & 4
TNF-o~IL-1B #o IL-6> £ 7FL E 5 ¢h S tmfe > U LB HBRAZ R R A -

& B o 4m A 38 8 2 5 X BIHOR Y > 4 i € & 4 dysfunction - i ) i& pg {8
B % 7% #p %) (immunosuppression) 3, % (Lander, 1997) » fFFk » K E|H4E:8
R ketamine H E S mpe S Eic 1 - BEMER ~ AdbE Aot B Lmip
TP A > LR ketamine # E Rt J0 7T AE R AR 00 R AR -

E % ém bk & ATP 8955 71 Bt tm B h RE 2 B ] I ¥ 445 - M ATP
G4 A pr 0 Fo LGB hAE & T T A B (Pearce et al., 2001; Papucci et al.,
2003) o AL » ABFRAFF I RA BB T - FREBEFHUR ATP 4
FRAE N 0 AR IR AR 8 4 ketamine SAIT ERimfaE A F TR EMN A G-
(=) ~ & B £ (specific aims)fo T 4638 B

RHBZARBREEAE ) : " SPECIFIC AIMS

1. #% 3T ketamine ¥} E °% 48 B 3 E Macrophage
BIAYELER o ?

itochondriat uncion [ =ver et
2. B % ketamine 34T E % 48 fE 3 At !

) — |
BMRE B RTRNDENAE - ?

Phagocytosis

Membrane ATP . 1 .
rovence I <, s [ Oxcanisprocucion
ek 1 : e s Cytokines release
mAERSBARBAR  FAEETHI Y

B— #% 8 4%
B 3#iliko F(B—)

BA& — ! #F it ketamine H EE afash e A= ER -
ITHBEB(—) NRBEESmbey B o
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SR L ARBTRAT Bt e X A ) R(mice) sy AR E B ém it - PR UL B &
T AR5 B BP0 X B 4 4 A6 6 B 45 Fo 3% & (primary culture) « KEF R F
F AT E 4T $HRLEF 849 propofol HE R ta e B E - BB A T
3o ATIAME E I B9 48 5 > LUF casein LUBEEEIES F R IT AU BB
B 4238 4 Rzt BURBBBEAF X E BB ESaiE o LA
W SRR BT BILT AT R BB iR ) S 0 T A7 90% -
IHBEB(Z): e HtEnH o

R AR ketamine RE R A Hmpt AR CHER >
B B % fm fe 1 AR % 7% 49 %] (immunosuppression) 4k A o A7 BA AR B 42
W% AT AEIR B > BP AR ketamine & F € ¥ E o 4o i & 5} 4w B
M (cytotoxicity) ° b3t & ¥ LA trypan blue exclusion #u {8 3% 4% & lactate
dehydrogenase(LDH)#&) 7 7% » 4% E "% %= it 4& ketamine & ¥£44 > trypan
blue HE|ZE FAEANMIA » AR LDH $BK & » 3 LUP 1 tm BB
(plasma membrane) &y 52 2 > LA ba Bl - PR A9 45 4E o

THBE(Z) RS EEE N SR

WEA ¢ BEvftmpn LR X B f(infection) ¥y B BT P REHE LR
P IRAL o 71\‘#%_“ #§ LA Transwell 7 &, » /8] & 4= ji 4 ketamine & 384 » H
#% %) £ J& & (bottom layer)é)4afa L B o 35 pLB% 42 ketamine # E % tm iRy
BN TRERNBE -

IAER B(W)  tafo BomtE A &9 RIE -

WA EREEHNRATUEEER  BESEE@BN o KitE
#§ LA B, coated & 4 H 69/ 3K (beads) B T B » £ 31 4& ketamine & 3244
) E "% 40 B ¥ beads &9 B AE H 0 3B LA K ketamine #f B fm B 57K

RENBE -
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IAEEE(R): e fibiE Bl E -
WA B e i@ S b A RIS R ' (oxidants) ¢ S BK E dm Bl P9 8
& B o PTLARE Z 5 A flow cytometry 7 v& 0 8] & B 94 4 i 4& ketamine
RIBTh Rl N A REACHEE > LAL3F4E ketamine ¥ E % 4m i £,
REN YR &
Lﬁzlﬁ BOR) e R Rl AR E -
WA ERWERTABY ~ Zuf A REAMNT X » HEAAEY
mES BREBAAERNERE R T WELE SRRl
Ao FIRAR R E o AT AR E A A A % F (endotoxin) B % &
lipopolysaccharide (LPS) & #/E{L E "L émfo ey 4 'E » ¥ 3T ketamine & 5
TIPS A § & A o3 £ mf & TNF-a~ IL-1B Fv IL-6 mRNA #4
A E 0 LR ketamine HE R A B Xm0 % -
# 7 ketamine FIF E St A ALY M A MR B TR ENA L
IHBAE(—) RRBEEMRE -
WA R EE M ERHAEZ — B ATP 894 A Ak M ATP 4 5842
¥ o BH proton ALK NITH ERLEES  BRBA—BEM - it
— B B1r ¢y F#x(balance) 435 > W+ R4 T FEE - fv ATP 94 4
BRCWIEERAG - AR R E MR flow cytometry J7 k48 Rk 43 B
BEEAL » LAIRET ketamine H E S éa R A RERE TA » TTAEE BB E
B4 o | |
IABRB(Z) RBRETFREEBEEZ TSR E -
WEA | k4R BY oF %% hd(respiratory chain)#y & F14:E - A8 dh—E S ayEE
FREMMA - B+ EFEEBE T > complex I NADH
dehydrogenase B 5 AL EEE AL - B> A ERARE Rl
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4& ketamine /& 3274 + complex I NADH dehydrogenase & %/Z 4 » £ %
$E B b % Bl 20 o 2 UbIE 3T ketamine ¥ B o% 4 AR 47 B2 oF B b B £
EM THREROBE -

IAEB(Z): tmfem ATP E648 € -

FEA PR T ARA] ketamine #K R B M fof R EH T ENS 0 A

HEBRUARF LR E4ai g ATP 6898 » M4 L% 3% ketamine ¥ E % 4m

Mo ATP £ & B % -

Gt EMPAT 0 BT —F B F ketamine & FAEFIE E-Rlmf ey
FIRIAE 0 AR —RAER BT E o R ATP A5 RA M - A K
B AR B B F B R TR B SR B R % o P SAB% A2 ketamine
B R AIEAER 0 AR ETT R A 69K 0 A5 H 7 ketamine B A B H 6404
BRI FEERGERT B -

=~ MR LT R
1. dm AR K 2 58 3 Fo B I 32

AR E G ARG EY ketamine H E X o) B ta il
B B A1 4K (primary) ® # # /v 8 (mice) 8 B ¥ E & % A& (peritoneal
macrophages) ° & B 4= i, # 5 (preparation) - 3% # (culture) v % 4 % 32 (drug
treatment) ¥ /% 0 5 il 4o T
Cell culture and drug treatment

Male ICR mice at 8-12 weeks of age are purchased from the Animal Center
of National Taiwan University. Peritoneal macrophages and neutrophils are
harvested from 10 mice with no treatment as resident macréphages and

neutrophils, 10 mice stimulated with casein. For in vivo stimulation, mice are
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injected intraperitoneally with 1 ml containing 5 % casein for 96 heurs.
Peritoneal macrophages are obtained by lavaging of the peritoneal cavity with S
ml of PBS on ice. Harvested peritoneal cells are centrifuged at 200 g for 10 min
at4 “C , resuspended in RPMI 1640 medium (Gib co-BRL, Life Technologies)
containing 10 % heat-inactivated fetal calf serum and 4 x 10° cells are seeded in
each 90-mm tissue culture dish. After incubation for 2 h at 37°C in a humidified
atmosphere of 5 % CO, in air, the nonadherent cells are removed by washing
with PBS 3 times. The nutrient medium is renewed twice a week.

Ketamine is dissolved in phosphate-buffered saline (PBS) (0.14 M NaCl,
2.6 mM KCl, 8 mM Na,HPO,, and 1.5 mM KH,PO,). According to the clinical
application, concentrations of ketamine at 10, 100, and 1000 puM, which
correspond to 0.1-, 1-, and 10-times the clinical plasma concentration (Domino
et al., 1982; Grant et al., 1983), are chosen as the administered dosages in this
study. Prior to the addition of ketamine, macrophages are washed with PBS
buffer, and non-adherent cells are removed. Control macrophages receive PBS
only.
2. tmpe e o

A& 93] ¥A trypan blue exclusion #v LDH 48 8] 4 7% » £ 3t ketamine # E *%
WACTRER AR B H M o FHILRMBEI LT RGNS E > il T
Cytotoxic assay. Analyses of cell viability and lactate dehydrogenase release are
carried out to determine the toxicity of ketamine to macrophaiges. Cell viability
is analyzed using a trypan blue exclusion method. Briefly, macrophages (2 x 10°
cells) are cultured in 24-well tissue culture plates (Corning-Costar, Cambridge,

MA, USA) for overnight. After administration of 10, 100, and 1000 uM
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ketamine for 1, 6, and 24 h, cells are trypsinized by 0.1% trypsin-EDTA (Gibco- -
BRL). Following centrifugation and washing, macrophages are suspended in
PBS, and stained with an equal volume of trypan blue dye (Sigma, St. Louis,
MO, USA). Fractions of dead cells with a blue signal are determined using a
reverse-phase microscope. The amounts of lactate dehydrogenase in the culture
medium are quantified using a model 7450 automatic autoanalyzer system from
‘Hitachi (Tokyo, Japan).
3. Ketamine # B "% 4m i 3 At 09 % B 047

3% -7 8] & B % 48 fo &) chemotaxis ~ phagocytosis ~ oxidative ability Fv
inflammatory cytokine mRNA production > A% A #F 3t ketamine ¥} E % 48 fit,
HARETRAELGAZER - AHETRY FOTRRESTHR > 2T ¢
Chemotactic activity. The migrating capacity of macrophages is determined by
using Costar Transwell cell culture chamber inserts, with a pore size of 8 um,
according to the application guide provided by Corning-Costar. The bottom
layers of the Transwell membranes have been commercially coated with
collagen. The RPMI-1640-rich medium (1.5 ml) is first added to 12-well tissue
cluster plates, and the Transwell is inserted in the plates. Macrophages (1 x 10°
cells) suspended with 10, 100, and 1000 pM ketamine in 0.5 ml rich medium is
added to the inside of the Transwell and cultured at 37 °C for 1, 6, and 24 h in
an atmosphere of 5% CO,. Macrophages that migrate to the bottom surface of
the polycarbonate filters are counted in each field and averaged for 3 fields with
the aid of a crosshair micrometer (Nikon, Tokyo, Japan). The data are
normalized to the numbers of living cells.

Phagocytic activity. The macrophage function of phagocytosis is assayed by

15



detecting the number of cells that ingested at least 1 fluorescent particle
according to the method of Kotani et al. (1998). Macropahges (1 x 10° cells) are
cultured in 12-well tissue culture plates for overnight. After exposure to 10, 100,
and 1000 uM ketamine for 1, 6, and 24 h, macrophages are trypsinized and
suspended in PBS. Red fluorescent FluoSphere carboxylate-modified
microspheres (Molecular Probes, Eugene, OR, USA), with a diameter of 0.5 um,
are added to the cell suspensions and incubated at 37 °C on a shaking platform
for 20 min. The ratio of particles-to-cells is 15:1. The reaction is stopped by
immersion in an ice-cold saline solution. Proportions of macrophages that ingest
at least 1 particle are counted with the aid of a crosshair micrometer (Nikon).
The data are normalized to the numbers of living cells.

Oxidative ability. Amounts of intracellular reactive oxygen species are
quantified to determine the oxidative ability of macrophages according to a
previously described method (Simizu et al., 1997). Briefly, 1 x 10° macrophages
are cultured in 12-well tissue culture clusters overnight, and then co-treated with
10, 100, and 1000 uM ketamine and 2,7-dichlorofluorescin diacetate, a reactive
oxygen species-sensitive dye for 1, 6, and 24 h. After drug treatment,
macrophages are harvested and suspended in PBS. The fluorescence intensities
in cells are quantified using a flow cytometer (FACS Calibur, Becton Dickinson,
San Jose, CA, USA). Only living cells are analyzed in this assay.
Reverse-transcription polymerase chain reaction assay. Messenger RNA from
macrophages exposed to 100 uM ketamine, 1 ng/ml LPS, and a combination of
ketamine and LPS for 1 h is prepared for reverse-transcriptase polymerase chain

reaction (RT-PCR) analyses of TNF-a, IL-1B, IL-6, and B-actin following
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instructions of the ExpressDirect™ mRNA Capture and RT system for the RT-
PCR kit (Pierce, Rockford, IL, USA). Oligonucleotides for PCR analyses of
TNF-a, IL-1B3, IL-6, and [-actin are designed and synthesized by Clontech
Laboratories (Palo Alto, CA, USA). The oligonucleotide sequences of these
primers are

5'-ATGAGCACAGAAAGCATGATCCGC-3',

and 3'-CTCAGGCCCGTCCAGATGAAACC-5' for TNF-q;
5'-ATGGCAACTGTTCCTGAACTCAACT-3',

and 3'-TTTCCTTTCTTAGATATGGACAGGAC-5' for IL-1p;
5'-ATGAAGTTCCTCTCTGCAAGAGACT-3',

and 3'-CACTAGGTTTGCCGAGTAGATCTC-5' for IL-6;
5'-GTGGGCCGCTCTAGGCACCAA-3,,

and 3'-CTTTAGCACGCACTGTAGTTTCTC-S' for B-actin.

The PCR reaction is carried out using 35 cycles including 94 °C for 45 s,
55-65°C for 45 s, and 72 °C for 2 min. The PCR products are loaded onto a 1.8%
agarose gel containing 0.1 pg/ml ethidium bromide and electrophoretically
separated. DNA bands are visualized and photographed under UV-light exposure.
The intensities of the DNA bands in the agarose gel are quantified with the aid
of the UVIDOCMW version 99.03 digital imaging system (UVtec, Cambridge,
England, UK).

4. Ketamine R KB H B E X 547

o ATP @ EHNE R e s NEETRAE - MALRBE

TiufodBAREE FE M ERRT M RRGRETEEOR ATP FH -
FREA 0 AT B1HE 5 B8R B o Bk SR B L Ao oF R A BE BB AL 0 AW
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BA A 42 427 ketamine FIEE R afo e T > THRHFENAL - AMBGER
B2 % 43 ~ % 9% 4% NADH dehydrogenase activity v %= fg )§ ATP 4-& #4918 R% >
DA Rtk T

Quantification of the mitochondrial membrane potential. The membrane
potential of macrophage mitochondria is determined according to the method of
Chen (1988). Briefly, 1 x 10° macrophages are seeded in 12-well tissue culture
clusters overnight, and then treated with 10, 100, and 1000 uM ketamine for 1, 6,
and 24 h. Macrophages are harvested and incubated with 3,3'-
dihexyloxacarbocyanine (DiOC¢(3)), a positively charged dye, at 37 °C in a
humidified atmosphere of 5% CO, for 30 min. After a process of washing and
centrifuging, cell pellets are resuspended with PBS, and the fluorescent
intensities are analyzed by flow cytometry (FACS Calibur). Only living cells are
analyzed in this assay.
Mitochondrial complex I NADH dehydrogenase activity. NADH dehydrogenase
activity is determined by a colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay following the method of Wu et al. (2003).
Briefly, macrophages (5 x 10° cells) are seeded in 96-well tissue culture clusters
overnight. After treatment with 10, 100, and 1000 uM ketamine for 1, 6, and 24
h, cells are cultured with new medium containing 0.5 mg/ml 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide for another 3 h. The blue
formazan products in cells are dissolved in dimethyl sulfoxide and
spectrophotometrically measured at a wavelength of 570 nm. The data are
normalized to the numbers of living cells.

Detection of Cellular Adenosine Triphosphate Levels. The levels of cellular ATP
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in macrophages were determined by a bioluminescence aséay, which is based on
luciferase’s requirement for ATP in producing emission light, according to the
protocol of Molecular Probes’ ATP Determination kit (Molecular Probes, Inc.,
Eugene, OR, USA). The luminent light (560 nm) emitted by the luciferase-
mediated reaction of ATP and lucifenin is detected by a WALLAC VICTOR?,,
1420 multilabel counter (Welch Allyn Inc., Turku, Finland).

5. &3t o #F Statistical analysis. The statistical significance of differences
between the control and ketamine-treated groups is evaluated using Student’s ¢-
test, and differences are considered statistically significant at p values of less
than 0.05. Differences between ketamine- and LPS-treated groubs are
considered significant when the p value of Duncan’s multiple-range test is less
than 0.05. Statistical analysis between groups over time is carried out using two-

way ANOVA.

=%

Wik —a A EERI L B REHUR 44148 ketamine #}
Evféafi & £ 5 o $3H 4 R F R4 ketamine #493E #| 4 fo ketamine /& 32
B BE > £ PN O0OSEEBELR - §E %% f ketamine # & 10
Fo 100 pM £ F 16 UR 24T ERBE oty EH ARl AR
TIE L BMOBEN  LAAYE - AW 0 4 ketamine | § 1000 uM £ F
6 B 24 /FT > il mp g4 13%UR 31 % af st > SLEEE ARy
b B A AR H 89% AR 164%843E fm o

ho &k ZFF R 0 FI A 4w B ABAL P SRR 315 15 ] ketamine ¥ B oK fa B0 55 B
RE N B3 B - 43 4 R P R 4 ketamine &) 3% %) 48 Fv ketamine & 32 69 1 BB 48 >
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A PPNHROOSEHREBELR -LAH5RL T E 10-100 F0 1000 pM K& 1 ~
6 AR 24 NET 0 Humpp L RABEVE -

Yo l{] —Frw 0 #IA E%‘iémﬂ@%ix’é\%%*ﬁ%éﬁ L5 AR RIIRAE B K fm
e EREE N o it R R4 ketamine #93% %) 48 Fo ketamine & 3% &4 # B8
o £ P/IHOOSEABELZR - £B —R LV AT 0 st ketamine #)
€ 1010050 1000 M £ F 1 BT > Héao I B RAEN ALY - B —
P R 2R AT T 0 B4R ketamine B E 10 M £ % 6 /5T 0 Himph ey 58
RENMBRAARE > AM g R EHIoE] 100 AR 1000 uM BF » a5 5
AR 23% AR 27% £ B — & T & Fiow i {2 ketamine &| € 10 uM
RE24NET Haloh S ERENRALE  KMER P 100 AR
1000 uM 85 > 4m i 575 A5 /7 88 B 29% BA & 31% o

B —FrT 0 A T E@BEAN & ROS R 448374 ketamine ¥ E "4 4a i
SALFE N B E o H3t& F P R4 ketamine 894 %) 42fv ketamine & HE &) #
B AP O0OSFRFBEEER - A8 st I AT » mfefs ketamine
B & 10 ~ 100 F2 1000 pM £ F 1 /T > Héafo ey AlLe N B HE o
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4o B = Ffo< » # A RT-PCR 4-#7 ketamine ¥} LPS A7 /&4t TNF-o ~ IL-1p
Fu IL-6 mMRNA 2889 2% - LB =% M7 * 24K £ F ketamine Fv= LPS
é@ﬁ%‘]?ﬂ" 188 81K E &) TNF-o ~ IL-1p #ov IL-6 mRNA %31, - AB =% =
HWprT o T ERE A B E 100 uM ¢ ketamine > 3 R § % TNF-a ~ IL-1B
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#0.1L-6 mRNA #9 % 3, - £ B = ¥ wiR A7 » #-F LPS A 886435 & TNF-o -
IL-1p #v IL-6 mRNA & % 3, 12 B = % LA 7 [F) 854 F ketamine Fv LPS -
BRE ey ¥p#) T LPS 751béy TNF-a ~ IL-1B #v IL-6 mRNA %38 - #] B #1 %
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BESMERARE - Bw ¥ EHHAT > a4k ketamine # 2 10 ~ 100
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-~ e
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Table 1 Effects of ketamine on macrophage viability

Cell viability LDH

Treatment (cell number x 10%) (U/L)
1h

KTM, 0 uM 332+ 35 71+ 19

KTM, 10 pM 309 £ 41 68 +23

KTM, 100 uM 329+ 34 78 £21

KTM, 1000 pM 344 + 27 83+23
6h

KTM, 0 uyM 349+ 22 64 + 26

KTM, 10 uM 313+ 30 78 £ 17

KTM, 100 uM 322+ 46 74 + 22

KTM, 1000 uM 288 + 28* 121+ 18*
24 h

KTM, 0 uyM 489 + 56 77 +£22

KTM, 10 pM 503 + 47 79 + 20

KTM, 100 uM 487 £ 34 83+25

KTM, 1000 uM 336 + 40* 203 + 30*

Macrophages were exposed to 10, 100, and 1000 uM ketamine for 1, 6,

and 24 h. Cell viability was assayed using a trypan blue exclusion

method. Levels of lactate dehydrogenase (LDH) in the culture medium

were determined by an automatic analyzer. Each value represents the

mean + SEM for n = 12. * Values significantly differ from the

respective control, p < 0.05.
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Table 2 Effects of ketamine on chemotactjc activities of

macrophages
Chemotactic activity, cell number x 10
Time, h 10 uM 100 uM 1000 uM
0 161 +28 158 + 38 169 £ 25
1 152+ 29 145+ 33 157 +£29
6 149 + 29 134 +£28 134 £ 22
24 148 + 34 129+ 33 130+ 28

Macrophages were exposed to 10, 100, and 1000 puM
ketamine for 1, 6, and 24 h. Chemotactic activity was assayed
using Transwell cell culture chamber inserts as described in
“Materials and Methods”. Each value represents the mean +
SEM for n = 6. *Values significantly differ from the

respective control, p <0.05.

Table 3 Effects of ketamine on TNF-a, IL-1p, and IL-6 mRNA levels

TNF-a mRNA IL-18 mRNA IL-6 mRNA
Treatment (arbitrary units) (arbitrary units) (arbitrary units)
Control 2578 + 626 862 £ 150 247 £ 53
Ketamine 1826 + 488 936+ 174 268 + 74
LPS 5271 £+ 934* 2785 + 445* 991 + 269*
Ketamine + LPS 1261 + 355" 1026 + 258" 344 £+ 102"

Macrophages were exposed to 100 pM ketamine, 1 ng/ml lipopolysaccharide (LPS)
and a combination of ketamine and LPS for 1, 6, and 24 h. Levels of TNF-a, IL-1B,
and IL-6 mRNA were determined using RT-PCR analyses. Amounts of B-actin mRNA
were detected as an internal standard. Intensities of RNA bands were quantified using a
digital imaging system. Each value represents the mean + SEM for n = 3. * Values
significantly differ from the respective control, p < 0.05. ' Values significantly differ

from the LPS-treated groups, p < 0.05.
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. Table 4

Effects of ketamine on mitochondrial complex I NADH

dehydrogenase activity

NADH dehydrogenase activity

(O.D. values at 570 nm)

Time, h 10 uM 100 uM 1000 pM
0 1.05+0.24 1.03+0.24 1.24 £0.18
1 1.01 £0.26 0.97+£0.22 1.15+£0.22
6 0.99 £ 0.21 1.09+0.24 0.99 + 0.21
24 0.98 £ 0.25 0.97+0.20 0.93+0.17

Macrophages were exposed to 10, 100, and 1000 pM
ketamine for 1, 6, and 24 h. The activity of mitochondrial
complex 1 NADH dehydrogenase was assayed using a

colorimetric method. Each value represents the mean + SEM

forn=12.

Figure legends

Fig. 1. Concentration- and time-dependent effects of ketamine on phagocytic activities of
macrophages. Macrophages were exposed to 10, 100, and 1000 uM ketamine for 1, 6, and 24
h. Phagocytotic activities were determined by counting the proportions of macrophages that
had digested at least 1 fluorescent particle as described in “Materials and Methods”. Each

value represents the mean + SEM for n = 12. *Values significantly differ from the respective

control, p <0.05.

Fig. 2. Concentration- and time-dependent effects of ketamine on the oxidative ability of
macrophages. Macrophages were exposed to 10, 100, and 1000 pM ketamine for 1, 6, and 24
h. Levels of intracellular reactive oxygen species were determined by a flow cytometric

method. Each value represents the mean + SEM for n = 12. *Values significantly differ from

34




the respective control, p <0.05.

Fig. 3. Effects of ketamine (KTM) on TNF-q, IL-1B, and IL-6 mRNA production in
lipopolysaccharide (LPS)-activated macrophages. Messenger RNA from macrophages
exposed to 100 uM KTM, 1 ng/ml LPS, and a combination of KTM and LPS were prepared
for RT-PCR analysis of TNF-a, IL-1B, and IL-6 mRNA. Amounts of B-actin mRNA were

determined as an internal standard (bottom panel). M, DNA 100-bp marker; C, control.
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