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ABSTRACT. This study was aimed to evaluate the effect of oxygen on motor activity and toxicity in
male mice. The modified Porsolt forced swim test (FST) was used and the distance and time of
movement by mice were analyzed in 15°C water bath for 20 minutes using the automatic Ethovision
videotracking system. Analyses were carried out before and after 20 minutes of exposure to 10%-
70% concentration of normobaric oxygen. The effects of inspired oxygen tension on the distance and
time of movement showed the similar trends, but changes in distance were more prominent. Both the
distance and time of movement increased after exposure to 30% and 40% oxygen concentration. The
distance and time of movement also increased upon exposure to 50% and 60% oxygen. In contrast,
increases in movement and time under exposure to 21% oxygen concentration were suppressed
when exposed to over 50% oxygen concentration. With exposure to 10% oxygen, there was a signifi-
cant decrease in the distance of movement and a slight suppression of movement time. During the
swim test, 12.5%, 37.5%, and 87.5% of the mice drowned after exposure to 10%, 60%, and 70%
oxygen concentration, respectively. These results suggest that motor activity can be enhanced by
inspired oxygen up to 40% concentration. When hypoxic and hyperoxic oxygen exposure over 50%,

motor activity is reduced and toxicity may be induced.
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Table 1. Effect of variable concentration of oxygen exposure for 20 min on moved distance (cm), moved time (sec), and
number of drowned mice during 20 min swim-stress at 15°C water bath. Values are expressed as means+S.E.M. *p<0.05,

**p<0.01 for before vs. after oxygen exposure with paired t-test.

Oxygen concentration Oxygen exposure

Moved distance (cm)

Moved time (sec) Number of drowned

10% before 3743.6+444.5 708.9+76.1 0/8
after 989.6+195.8™* 426.8+49.9" 1/8

219 before 4393.5+316.0 726.6+49.7 0/8
after 2296.8+208.3™ 477.9+27.3" 0/8

30% before 4719.7+400.0 760.6+43.8 0/8
after 3196.8+192.4** 659.8+21.6" 0/8

40% before 4392.0+388.1 705.1+46.8 0/8
after 3384.0+327.2" 718.1+£50.8 0/8

50% before 4676.6+349.0 747.7450.7 0/8
after 2994 .4+175.8* 641.0+43.4™ 0/8

60% before 4493.9+407.8 702.1+36.7 0/8
after 2724 4+2491™ 581.2+46.4" 3/8

70% before 3892.4+286.4 610.2+41.5 0/8
° after 1908.8+152.3"* 370.4+27.0** 7/8
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Fig. 1. The ratio (after/before oxygen exposure) of moved
distance during 20 min swim-stress at 15°C water bath
before and after exposure to variable concentration of oxy-
gen for 20 min. Values are expressed as means+S.E.M.
**p<0.01 for ratio at exposed concentration vs. ratio at 21%
oxygen exposure with Dunnett's test.
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Fig. 2. The ratio (after/before oxygen exposure) of moved
time during 20 min swim-stress at 15°C water bath before
and after exposure to variable concentration of oxygen for
20 min. Values are expressed as means+S.E.M. **p<0.01
for ratio at exposed concentration vs. ratio at 21% oxygen
exposure with Dunnett's test.

BAED =719 AEHlE {A81H oL 40% A4 E2A
B A3 gasl] AlFete AawErl SRR
LA A7 vlEEle] FAEIOH 70% 4hhd] FR2
Aol 60.8+2.4%7HA AkAa Z2d] 2|3 o] FA|7ke] 7+
aH)go] tS A3 HTable 1, Fig. 2). 28, ol&
Aol tist Aol v R 70% b ZE2A|C=

ol AF7E A =30 AP oER AL FR
F 9-2EY 2 FAA] Folxl Bl F21 AZF
o] ztag ZAeg Vet F3Q A7kl Aijolr=
10%2] 4ol Z2d § $Y-2Eg2olr FRo|xd
H)5le] 2191 A7k W3} glo] o5 AT Zhaet b
ol7} yEpsto}, aEtel Atk ZZ oz o]z Aot
7R R A AIZRS ARE FHIAES o 40%,
58 40~50% Ateld] BEE FHOE AhsRE oEF
o2 FAgo] S 2 oo sEME TS
Ao MAEAG g7t HEE AR AUt

= =
o 2zt 1okely auhelsk AFSHITE. TR 70% A4
Yol F2F 59 LB ABA 112 30204 1
Aol gote) F 7okl Abgalel Avae) S4ES 3
g2 0 5 AR



Behavioral Assessment of Oxygen Toxicity 103

il =1
2 el AFE e e 4tde] &
2 A 7P Rt @o R He) AAe] Agld )
wzh} Hzkgo] el Somjen, 1998) A% T
IFEe] b EFE e} Fulkete] F-SEd L) HS
gt
off

&
O

o
o ¢

shd A9 Yehh= Ae? wskel B2k
g Hue Aol glok QIAe] A4 4leteae 51/
min AEZ F2A] FE2] /e AAY 17% BEo
d}Z ko] 25 I/min7kR] S71EH o] A

HEF Wk Ao B dRe 100 A= 5
7FEARE 2o gl @RAsel 7P FEsie] F 4
wr2e] 80%°)d7HA FxlgtiAnderson, 1968). &=
g FAE - AW FAoA Blugt AAFEEo] FAA|
25%°14 5] 80%7HX] FRHLE o]F s At

dlo] Holw FZAT9] AR 1004 o S

7
tHSjodin 5, 1990). o|2% T¥Eo] ki Ezo} Eil
H E-2EH s ool oo Ahanrt 3743 St

| E442k471(ROS : reactive oxygen species)=
2 SEEe] 2% Hz:e} &do] RE £ Qrkw
(Barclay®} Hansel, 1991). AAZ 7 Ao HS
s A= Afa BT 2o 27}
H9tHNarkowicz 5, 1993). °]%% Ttk E 9 &
superoxide, singlet oxygen, hydrogen peroxide, %
AdAislEd e dPAE 57}’\]7‘9& HEF
%9} x1A1x4 xgg]:a-/l—]oﬂ E/Rs]g L]—E}"” 2= ”‘T ]
S3073A1 B30 FutEni deA 9 Jamleson
1986). 22y 3FHE TE=9 *V\Oﬂ Zaa Ay
e F2o] FEEHO) ¥EF(cerebral blood flow))
ZaEm AnAH R | Hintracranial pressure}s® B
FA HE=Z(Kawamura &, 1993) 34 *&5F(acute
ischemic stroke)2] x| &of &34 (Brinkhous %, 2000;
Nighoghossian &, 1997)°]gl= ke Biw it B
AfoM Al F el Akh Hto oste] Yehd
= Esld 8o Aa Zz AE 2zl 97l
Aot A17Hg F43ke] vjwgt Ao u)7]Ee] Ak B
°] 21% Hr} =& ko /\}/\oﬂ 1;}7]14__; ZZA
0] FkeEe g dEEith ey, w2
At 50% ool Abhe] F2 Aol 23
Y ANE 7 AAo] FASAEE fEete] XAt
9]

e n;“: r?L
e o L

Mo o

=

oA Ak FEO EP—E—
IR *ﬁﬂﬁﬁri"i 53
o} R A= /‘}‘9‘% T
st} Hrkd o 2
AN AR 2= AIRE B4 HA
(aerobic thresholdsf= ZZZol|A F0 2J3je] 4k
(lactatele] AAHE w7} DA HajEs SrHt)
“‘E} kel £2j0] et He 292 of 55%9
BetolA vehti, 714 9 X|(anaerobic threshold)
A% 3Ate] £A7F §AH3] deEHE FEE °F 656%
ol WeRdtHSpurway, 1992). 1B 4
o7 Byt A9 55% Ar AaESHA F

r
k>
fe

L8Pl
Hr
2
=

E8E Vel Reg S, E AdRdy 72
A Agt 5ol A&E HE 40% HE= 40~
50% Aol AkAESQt ZEA) Ao $EAE JERZ
60% ©l’de] AR F2o oty Ee AARE-E B
o} olE A3 5ol Futd S AR 93 =

A
i [e} (e}
AEGol B AR sl e o] ol
il

3R Al Aoz FAedELy o]8 3 ol S 2}
A7) A whel= ATt akkel Alawiz|shy zkgo) o]
%99 Aoz Ame

Anderson, K.L. (1968): The cardiovascular system in exer-
cise. In : Exercise physiology, eds. Falls H.B., Academic
Press, New York.

Barclay, J.K. and Hansel, M. (1991): Free radicals may con-
tribute to oxidative skeletal muscle fatigue. Can. J. Phys-
iol. Pharmacol., 69, 279-284.

Bean, J.W,, Ligell, J. and Burgess, D.W. (1972): Cerebral O,,
CO,, regional cerebral vascular control, and hyperbaric
oxygenation, J. Appl. Physiol., 32, 650-657.

Bergo, G.W. and Tyssebotn, |. (1992): The effect of 5 bar
oxygen on systemic hemodynamic variables and local
cerebral blood flow in conscious rats, Undersea Biomed.
Res., 19, 339-354.

Borsini, F., Volterra, G., Lecci, A., Evangelista, S., Mancinelli,
A., Cutrufo, C., Parlani, M., Mennini, T., Barone, D. and
Meli, A. (1991): Potential antidepressant activity and
enhancement of serotonin uptake of a new dibenzothiadi-
azepine derivative. Arzneimittel forschung, 41, 573-580.

Bourin, M. (1990): Is it possible to predict the activity of a
new antidepressant in animals with simple psychophar-



104 D.-H. Kim et al.

macological tests?. Fundam. Clin. Pharmacol., 4, 49-64.

Brinkhous, A.D., Toole, J.F. and David, W. Busija D.W.(2000):
Oxygen decreases infarct size and behavioral deficit after
transient focal cerebral ischemia in rats, 853, 68-73.

Chang, C.F, Niu, K.C., Hoffer, B.J., Wang, Y. and Borlongan,
C.V. (2000): Hyperbaric oxygen therapy for treatment of
postischemic stroke in adult rats, Experim. Neurol., 166,
298-306.

Clark, J.M. (1993): Oxygen toxicity. In: The physiology and
medicine of diving, eds. Bennet, P.B. and Elliot, D.H., pp.
121-169, London, Saunders.

Connor, T.J., Kelliher, P, Shen, Y., Harkin, A., Kelly, J.P. and
Leonard, B.E. (2000): Effect of subchronic antidepressant
treatments on behavioral, neurochemical, and endocrine
changes in the forced-swim test. Pharmacol. Biochem.
Behav., 65, 591-597.

Detke, M.J., Rickels, M. and Lucki, . (1995): Active behav-
iors in the rat forced swimming test differentially pro-
duced by serotonergic and noradrenergic antidepressants.
Psychopharmacology (Berlin), 121, 66-72.

Elayan, IL.M., Axley, M.J., Prasad, P.V., Ahlers, P.S. and
Auker, C.R. (2000): Effect of hyperbaric oxygen treat-
ment on nitric oxide and oxygen free radicals in rat brain,
J. Neurophysiol., 83, 2022-2029.

Gabb, G. and Robin, E.D. (1987): Hyperbaric oxygen. A ther-
apy in search of disease, Chest, 92, 1074-1082.

Gael, H.P., Christopher, L., Christian, AH. and Feldon J.
(2001): An automated analysis of rat behavior in the
forced swim test. Pharmacol. Biochem. Behav., 70, 65-76.

Grim, P.S., Gottlieb, L.J., Boddie, A. and Batson, E. (1990):
Hyperbaric oxygen therapy, J Am. Med. Assoc., 263,
226-2220.

Jamieson, D., Chance, B., Cadenas, E. and Boveris, A.
(1986): The relation of free radical production to hyper-
oxia. Ann. Rev. Physiol., 48, 703-719.

Kawamura, S., Yasui, N., Shirasawa, M. and Fukasawa, H.
(1990): Therapeutic effects of hyperbaric oxygenation on
acute focal cerebral ischemia in rats. Surg. Neurol., 34,
101-106.

Leach, R.M., Rees, PJ. and Wilmhurst, P. (1998): Hyper-
baric oxygen therapy. Brit. Med. J., 317, 1140-1143.

Martino, G., De Luchetti, M. and De Rosa, R.C. (1996): Toxic

effects of oxygen. In: Handbook on hyperbaric medicine,
eds. Oriani, G., Marroni, A. and Wattel, F., pp. 59-74, Ber-
lin, Springer-Verlag.

Narkowicz, C.H., Vial, J.H. and McCartney, P. (1993): Hyper-
baric oxygen therapy increases free radical levels in the
blood of humans. Free Radic. Res. Com., 19, 71-80.

Nighoghossian, N. and Trouillas, P. (1997): Hyperbaric oxy-
gen in the treatment of acute ischemic stroke: an unset-
tled issue. J. Neurol. Sci., 150, 27-31.

Porsolt, R.D., Anton, G., Blavet, N. and Jalfre, M. (1978):
Behavioural despair in rats : a new model sensitive to
antidepressant treatments. Eur. J. Pharmacol., 47, 379-
391.

Porsolt, R.D., Le Pichon, M. and Jalfre, M. (1977): Depres-
sion : a new animal model sensitive to antidepressant
treatments, Nature, 266, 730-732.

Redrobe, J.P. and Bourin, M. (1998): Dose-dependent influ-
ence of buspirone on the activities of selective serotonin
reuptake inhibitors in the mouse forced swimming test.
Psychopharmacology (Berlin), 138, 198-206.

Sjodin, B., Hellsten-Westing, Y. and Apple, F.S. (1990): Bio-
chemical mechanisms for oxygen free radical formation
during exercise. Sport. Med., 10, 236-254.

Somijen, G.G. (1998): Hypoxia and oxygen toxicity in brain
and heart, Pathophysiology, 5, 262-266.

Spurway, N.C. (1992): Aerobic exercise, anaerobic exercise
and the lactate threshold. Brit. Med. Bull., 48, 569-591.
Tibbles, P.M. and Edelsberg, J.S. (1996): Hyperbaric oxygen

therapy. New Engl. J. Med., 334, 1641-1648.

Torbati D., Greenberg, J. and Lambertsen, C.J. (1983): Corre-
lation of brain glucose utilization and cortical electrical
activity during development of brain oxygen toxicity. Brain
Res., 262, 267-273.

Torbati, D., Parolla, D. and Lavy, S. (1978): Blood flow in rat
brain during exposure to high oxygen pressure, Aviat.
Space. Environ. Med., 49, 963-967.

Wong, EH., Sonders, M.S., Amara, S.G., Tinholl, P.M.,
Piercey, M.F, Hoffmann, W.P., Hyslop, D.K., Franklin, S.,
Porsolt, R.D., Bonsignori, A., Arfagna, N. and McArthur,
R.A. (2000): Reboxetine: a pharmacologically potent,
selective, and specific norepinephrine reuptake inhibitor.
Biol Psychiatry, 47, 818-829.



