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Growth Suppression of Leukemic Cells by Hyperbaric Nitrous Oxide and Methotrexate

Won Sik Ahn, M.D., Ji Yeon Kim, M.D.*, Jae Hyon Bahk, M.D., Chong Doo Park, M.D., and Seong Deok Kim, M.D.
Department of Anesthesiology, Seoul National University College of Medicine, Seoul; *Seoul Plastic Surgery Clinic, Seoul, Korea

Also,
methotrexate has the anti-cancer activity. The aim of this work was to determine the optimal pressure and exposure time of

Background: Nitrous oxide inactivates cobalamin which is important in the folate-dependent synthesis of thymidylate.

nitrous oxide that maximize the suppression of cancer growth, and the adequate level of methotrexate that maximize the anti-cancer
activity of nitrous oxide.

Methods:
atm of 74% nitrous oxide in 24, 48 and 72 hours at 0, 0.3, 0.5 and 0.7uM of methotrexate, respectively. The results were

Acute lymphoblastic leukemic cells and normal lymphocytes were cultured in hyperbaric chamber at 1, 2 and 3

expressed in the ratio of cell number in hyperbaric chamber to that in the incubator.

Results:
at 2 atm and 0.718, 0.864 at 3 atm of nitrous oxide in 24 hours. The survival fraction of cancer cells and lymphocytes were
0.767, 0.894 in 24 hours, 0.800, 0.630 in 48 hours, and 0.571, 0.597 in 72 hours, at 1 atm of nitrous oxide. The growth rates
of cancer cells and lymphocytes were 1.012, 0.745 at OuM, 0.912, 0.696 at 0.3uM, 0.77, 0.647 at 0.5uM and 1.133, 0.506

Compared to control, the growth rates of cancer cells and lymphocytes were 0.767, 0.990 at 1 atm, 0.592, 0.880

at 0.7uM of methotrexate.
Conclusions:

The pressure increase of nitrous oxide significantly suppressed the growth of lymphocyte but not cancer cells.

However, growth of cancer cells and lymphocytes were significantly reduced at high concentration of methotrexate and larger

exposure time.

(Korean J Anesthesiol 2006; 50: 308~ 14)
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Table 1. The Composition and Partial Pressure of Gases Used in This
Study

0, (mmHg) CO, (mmHg) N, (mmHg) N,O (mmHg)

1 atm 160 38 562 -
2 atm 320 76 1,124 -
3 atm 480 114 1,686 -
1 atm 160 38 - 562
2 atm - 76 - 1,124
2 atm 160 76 - 1,284
3 atm 480 114 - 1,686
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NEHe W EA: BE Ae W+ EEAAL ek
I 7+ 7ol gk #2418 one-way analysis of variance (ANOVA)
2 453 pgte] 005 ol3kel A8 guigle Ro® 1
Fsnt
Table 2. The Growth Rate of Cancer Cells
Metho- Duration
wrexate  of N2O Growth rate at
dose  exposure

1 atm 2 atm 3 atm

(™M) (hr)

0 24 0.767 £0.141 0.592 £0.043  0.718 = 0.099

48 0.800 £0.111 0.678 +0.068  0.806 + 0.155
72 0.571+0.404 0349 £0211 0.381 £ 0.051
0.3 24 0.875+£0.265 0.744+0.153 0.846 £ 0.253
48 0.877 £0.233 0.692+0218 0.655+0.112
72 0.843£0.088 0.857+0.109 0.750 £ 0.051
0.5 24 0.776 £0.146  1.043 £0274 0.739 £0.112
48 1.054 £0.191 0.628 £0.157 0.547 £0.112
72 0.847 £0.255 0.715+0363 0.584 +£0.157
0.7 24 0.588 £0.118 1.049+0.170  0.750 £ 0.121
48 0.622 £0.048 0.833+0.338 0.513 £0.163
72 0514 £0.154 0.625+0.177 0.600 £ 0.125

n: 10 in each group. Data are mean * SD. The growth rate of cancer
cells is the ratio of the cell number at designated time/cell count at
initial time in tank to cell count at designated time/cell count at initial
time in incubator.

Table 3. The Growth Rate of Lymphocytes
lt\rd:f;g Do;lr?\goon Growth rate at
?u?\s/; e’;ﬁ;’)s‘“ 1 atm 2 atm 3 atm
0 24 0.990 £0.187 0.880 £0.072  0.718 £ 0.076
43 0.748 £0.074  0.806 +0.081  0.446 + 0.066
72 0.711 £0.058 0.681 £0.116  0.329 + 0.063
0.3 24 0446 £0.032  0.756 +0.133  0.655 + 0.055
43 0.455+0.088 0.743£0.106  0.522 +0.255
72 0311 £0.052 0.841 +£0.155 0.468 + 0.348
0.5 24 0.596 £0.062 0955+£0.611 0.988 +0.215
43 0.755 £0.155 0.686 +0.151  0.669 + 0.221
72 0.701 £ 0.066  0.806 £0.214  0.060 + 0.021
0.7 24 0.851 £0.154  0.866 +0.123  0.658 + 0.056
43 0.754 £0251 0.497 £0.120  0.540 + 0.064
72 0.643 £0.089 0.531 £0.158  0.145 £ 0.049

n: 10 in each group. Data are mean * SD. The growth rate of cancer
cells is the ratio of the cell number at designated time/cell count at
initial time in tank to cell count at designated time/cell count at initial
time in incubator.
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—e— Cancer cell at 24 hr after exposure --e-- Lymphocyte at 24 hr after exposure
—¥— Cancer cell at 48 hr after exposure --¥-- Lymphocyte at 48 hr after exposure
—a— Cancer cell at 72 hr after exposure --a-- Lymphocyte at 72 hr after exposure

Fig. 1. The growth rate of lymphocytes at 1, 2, 3 atm and 24, 48, 72 hours of nitrous oxide with OuM (A), 0.3uM (B), 0.5pM (C) and 0.7
UM (D) methotrexate. Data are mean of growth rate. Nitrous oxide suppressed the growth of both cancer cells and lymphocytes. The increase
in its pressure significantly suppressed the growth of lymphocyte but this did not have any significant effect on cancer cells. Growth of both
cancer cells and lymphocytes were significantly reduced at high concentration of methotrexate and time.
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Table 4. The Growth Rate of Cancer Cells After Exposure to N,O
or N, without Methotrexate

Duration of Growth rate at

Gas  exposure
(hr) 1 atm 2 atm 3 atm
N.O 24 0.767 £0.141  0.592 £0.043  0.718 £ 0.099
48 0.800 £0.111  0.678 £0.068  0.806 * 0.155
72 0.571 £0404 0349 +0211 0.038 £ 0.051
N, 24 0.579 £0.236  0.886 +0.253  0.660 £ 0.215
48 0.858 £0.274  0.356 £0.092  0.394 £ 0.036
72 0.562 £0202  0.347 £0.093  0.089 £ 0.021

n: 10 in each group. Data are mean * SD. The growth rate of cancer
cells is the ratio of the cell number at designated time/cell count at
initial time in tank to cell count at designated time/cell count at initial
time in incubator.

Table 5. The Growth Rate of Cancer Cells after Exposure to O, at
2 atm Pressure of N,O without Methotrexate

Duration of Exposure (hr)

0, (%)

24 48 72
21 0.592 + 0.043 0.678 + 0.068 0349 + 0.211
10.5 0.694 £ 0.141 0.654 £ 0.158 0.562 £ 0.301

n: 10 in each group. Data are mean + SD. The growth rate of cancer
cells is the ratio of the cell number at designated time/cell count at
initial time in tank to cell count at designated time/cell count at initial
time in incubator.

wE@ﬂEAMﬂ}
AgddE 105% AF

izt

A A EE W2 folate®] TAME A3k
DNAQ FHE Waljstd Az s AAse HH ]
= = ¥ A<l kA2l methotrexate, 5-fluorouracil &
d1hydr0f01ate reductase?] &S H| &4 3}s} thymldylate/]
AL dAIstd EAE YeERAT AWelA folate®] THA
o methyl”] & A F38l= Z°] methionine®]™ LA LA =
ARG B8 £57F w27] wZ o methionineo] 9

T = —1—1—-
PR

| fch SR gerAle ALg

312

o%
(o

Zﬂf‘ﬂo}h U OM opitata
o] &3t= WY So] 1
detd e AE A oA &
FAAG ABA ool
L] A7 Azl ow
Al oRtstdas e Azel olgslHe ATk
ATk AF7A Y opataAze] W Aol A
171%‘«1 oSt AAE 50-80%% 18X o) FolEHA
o 50%] A 7 A7 der e Bl folate
oA #8 SdE AT 49 BEACR UM He Al
2 A Uk AN agte R oIS ALE F
we} Gt obA L wit §le
o) optstdas FolshAl Hu AlA o™
Aol thsfA e A Ak o] AT opits}
AE 1,2 3¢eE TP 0o 1
#oz FodE wet 01‘571 GEAE
Aoy M 2} Z%Ol opatstd

Zre] Rojd%

2
Q|L
e
r°1~>
s L L - -

fr ool i 30 T o2 LI
o
=

4
£
QL

]—‘— oo

N
r1r;\;;fn“
RN
[
N
T
© X
r:iap
235
o}m[o
x5
NL)J
N L.

o
]
-
rr
ol
A
O
R [N

oft
i)

folan. =
AE Ao OJz—]]T:
e Aolg wolA ¢
Z7A719 Fe
9

=

)
Orlrgi

E o o [o o ki zo
oy |

rlF
91
E hin

rir
o 9 o

ol

1

k1
o> W Ao
o
R ot
o mf
—1““
£ 2
o

9
o
N
N
=Y
o

>
»
e
o
=

[e]
©
22
o
(X
F
[\8)
N
2
2
Y
o

i
R

)

30,
fr
)
o
N
%0
9
o
o
2

off
t
o
i
e
~

=2

3
ox E AL P E
o 8 lo

2
1%
o
o

it
ox
o,

‘)rEWr?ﬂ ﬂ‘ﬂ *114_ﬂ 3%

o o ©



O

| 38 5 JAAT, Azte] Aol we} O, radical
22 reactive oxygen speciesol Aol FHo] ME X
AL 5 = Aok oWl Avold FHEe 4B &
1, 2719 371skell M) o ®ol dAls= Ax, T

Z1etolgt e Atae o ulet AE /Hx]-Eo] oE2 ol
2 ol A& wiAT gk dA 1 44 a¥e NE
44 A EHE olgae] gAEY PANARE WE
st A7t ZJEE g3 ok 21% Oy, 5% COu, 74% Ny
Z7h9 olasdss 598 4%

)
%

be

-

q
ET7
o

[\S}

O

A2
= AEge Fagol W
el Bl A i

s, 22w 2g

HL_ T2 2=

>
B

lo

el M=
A7 H dojye AL &

A E} HFAE

_/,:

= 24A17F WETE 4841
o]

Y

=
7t o JA RN 71243F o
AfErtds AAHE 3
st 2o HlE] oA
2 7P oA =27
Methionine®l] ¢ &2 <l

2k} A o) 397 =23 ¥ methionine synthase®] &5 A4S

&7] 93te] homocysteine FZ&, deoxyuridine suppression

1
N
XN
i
=
:Iol;g
>
o
B
of
N
(o]

]_

e

x
o i

+w

HAE, @F W WIERD By, folate A= 55 AARHIS
o opitsbd el A7t 7HE Heol He A 29471
7 wor 3dde o 7AUAE & F AT I d

Bol Aol 3|Eo] HUH? 7)o methotrexateS 7}
A Afolle Aol ALFE 9 fise APE H
%‘?5011*% oj' HHE FolME 2¢A 7} 7HF
O}QOD:} ogm dAZ FolMe 3R
Mol RRAT PITE ohtA
o) ks Age) Sl A 3
24 ol®l AYAe 4E

Ak 93 %7}8}%

Methotrexate™ dihydrofolate reductase inhibitorZ4 thymi-
dylate®] A4S Walste] DNARAE A8t Ao 4

S AgAET. MethotrexateE ©E0 2 T3 HFfo=
T AET BFAAN F=rF F4E whEt o] A A

313

ot Al 9] 491 1 2}t opbsl AL ME A oA
7} o]FojF ). o}bsl A A9 methotrexateEs TS -

R

= & T EFA A2 oAl @ide] dojwth oy 4
ToAA o}xkal A 491 methotrexateS 0] AFESIAES w Al
T GA} ¥ FE0E AL BAGPY opabald

/\9]— methotrexate®] o A]7]d] wel JA) a3 & 2y

£ ROt} °]= methotrexate= dihydrofolate reductase® &%
"éﬁr%“jiﬁﬁ DNA A4S AlstAt a9 A 5-methyl-

THF7} 7253 MTX polyglutamateS©] %2 = WA methi-
onine synthase®] FES AA3l7] wjFo] opirzlAL9
N ABE BAG. 2Rz uRILE WA Fo5
U Al Fosts A oldd anE Qs Fea
ure YehdTh A9 opatstAARTH MTXE WA 9
S-olE MTX9 o]dd Z-go] WA doju}r] wfjFol of

Folstol® oW W7t dojuA] geth oY
methotrexate7} H7FE HiR| o] MEZS wjgFstA
oka Aol E S Stk oHISHALS} me.
thotrexateE =02 FoJ3 A9 Z5F HNIAAFTY A
a7l Qoem o}2k3l A A Bt} methotrexateol] A
ARe o gAse 232 Byt 47 92 59 me-
thotrexate B Aol o}itslAAE =Z34US wele T &

0193

A=

R AE AF JA 297} ok g2 dFedMe
ICsE 02-03ME AHYP=d 1M o)do] H7FEH 244
74 o] Fo AEI AEIF gluta 3G ol dAFdAE

AE Aol 50% oldnE,
A S EA.

co, W%F7]%
9 Y=72 )
Azl g A
gA4 &=

o’ 44 ez Hast

1

S
o
=
o
s
B>
o
[y
2,
>
J

7lz]— o]—/q] 3T

fd
o

o;z
ol
o
32
i
o

2

o= e

024_‘
O oy 2
2

[d
al
flt
=
o2

ol o

og
iy
2,
Y
tl&
j :
£
b 1o

;Eu&‘i

S8 WA A
2} azay

JE‘)‘ Doy

W F
N A2
X

ox ot ¢

ir

2

ox

oN,

Ll

tlo

>,

i

QL

%
=
[0
S

QL
2
ki
o >
gy

7} methotrexate©l
B o ksl dA g
7@”‘“:&0“ e JAE

x

71l A 24
FHAsletH A A
olth. o719 methotrexateS 70|
A A opetdAE Foshe Zlo] 7MY
A9 SABROIAD SABY. SAT oY AT 3
kel 724 A7)
Yolry ofH FRAA HILES {Edte
A

dojt}, 3 o|9} & folate2] A}

N2 g O Hn R ome ool Y Al X



kel 9813 =] - A 50 A A 35 2006

ol gk AL HAA o] Foj Aok & Aot

il

.

o
ror

1. O’Sullivan H, Jennings F, Ward K, McCann S, Scott JM, Weir
DG: Human bone marrow biochemical function and megaloblastic
hematopoiesis after nitrous oxide anesthesia. Anesthesiology 1981;
55:645-9.

2. Kroes AC, Lindemans J, Hagenbeek A, Abels J: Nitrous oxide
reduces growth of experimental rat leukemia. Leuk Res 1984; 8:
441-8.

3. Banerjee RV, Matthews RG: Cobalamin-dependent methionine syn-
thase. F J 1990; 4: 1450-9.

4. Foschi D, Rizzi A, Zighetti ML, Bissi M, Corsi F, Trabucchi E,
et al: Effects of surgical stress and nitrous oxide anesthesia on
peri-operative plasma levels of total homocysteine: a randomized,
controlled study in general surgery. Anaesthesia 2001; 56: 676-9.

5. Lumb M, Perry J, Deacon R, Chanarin I: Changes in plasma folate
levels in rats inhaling nitrous oxide. Scand J Haematol 1981; 26:
61-4.

6. Kano Y, Sakamoto S, Sakuraya K, Kubota T, Kasahara T, Hida
K, et al: Effects of nitrous oxide on human cell lines. Cancer Res
1983; 43: 1493-6.

7. Ermens AA, Kroes AC, Schoester M, van Lom K, Lindemans J,
Abels J: Effect of cobalamin inactivation of folate metabolism of
leukemic cells. Leuk Res 1988; 12: 905-10.

8. Ermens AA, Vink N, Schoester M, van Lom K, Lindemans J,
Abels J: Nitrous oxide selectively reduces the proliferation of the
malignant cells in experimental rat leukemia. Cancer Lett 1989;
45: 123-8.

9. Abels J, Kroes AC, Ermens AA, van Kapel J, Schoester M,
Spijkers LJ, et al: Anti-leukemic potential of methyl-cobalamin

314

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

inactivation by nitrous oxide. Am J Hematol 1990; 34: 128-31.
Horne DW, Holloway RS: Compartment of folate metabolism in
rat pancreas: nitrous oxide inactivation of methionine synthase
leads to accumulation of 5-methyltetrahydrofolate in cytosol. J
Nutr 1997; 127: 1772-5.

Koblin DD: Nitrous oxide: a cause of cancer or chemotherapeutic
adjuvant? Semin Surg Oncol 1990; 6: 141-7.

Fiskerstrand T, Ueland PM, Refsum H: Folate depletion induced
by methotrexate affects methionine synthase activity and its
susceptibility to inactivation by nitrous oxide. J Pharmacol Exp
Ther 1997; 282: 1305-11.

Ermens AA, Schoester M, Spijkers LJ, Lindemans J, Abels J:
Toxicity of methotrexate in rats preexposed to nitrous oxide.
Cancer Res 1989; 49: 6337-41.

Ermens AA, Schoester M, Lindemans J, Abels J: Effect of nitrous
oxide and methotrexate on folate coenzyme pools of blast cells
from leukemia patients. Leuk Res 1991; 15: 165-71.

Kroes AC, Lindemans J, Schoester M, Abels J: Enhanced thera-
peutic effect of methotrexate in experimental rat leukemia after
inactivation of cobalamin (vitamin Bi») by nitrous oxide. Cancer
Chemother Pharmacol 1986; 17: 114-20.

Kroes AC, Ermens AA, Lindemans J, Abels J: Effects of 5-
fluorouracil treatment of rat leukemia with concomitant inac-
tivation of cobalamin. Anticancer Res 1986; 6: 737-42.

Kroes AC, Lindemans J, Abels J: Synergistic growth inhibiting
effect of nitrous oxide and cycloleucine in experimental rat
leukemia. Br J Cancer 1984; 50: 793-800.

Gonsowski CT, Eger EI 2nd: Nitrous oxide minimum alveolar
anesthetic concentration in rats is greater than previously reported.
Anesth Analg 1994; 79: 710-2.

Russell GB, Snider MT, Richard RB, Loomis JL: Hyperbaric
nitrous oxide as a sole anesthetic agent in humans. Anesth Analg
1990; 70: 289-95.



