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Folates are involved in a variety of important biosynthesis by way of donating one carbon unit. Since
folate metabolism was well understood, a number of antifol have been developed. Among these an-
tifols, aminopterin was first used in the treatment of childhood leukemia. However, due to its toxicity
and purity probl it was i diately repl d by another antifols, methotrexate (MTX). MTX is
shown to be active various 1i i luding leulk breast cancer, osteogenic sarcoma,
and head and neck cancer. Clinically, MTX therapy is divided into 3 categories, depeding on the dose
administered; low-dose is defined as doses <80 mg/m2, intermediate-dose as doses == 80 mg/m? and

< 1000 mg/m?, and high-dose as doses = 1000 mg/m2. Leucovorin sh
MTX toxicities when MTX doses are greater than 80-100 mg/m?2. The clini

of MTX is discussed in this text.
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Fig. 1. Chemical structure of MTX and LV.

28 FGAXe= 54 vtebdch &A1
8N (dose-limiting factor) 2 24 Z42 =) (bone
marrow suppression) ¢} 3 2| . H (mucositis)
7#e 2388 € ¢ Uk Yoz MTXe &
A8-Fol e} Hewk FUEF R DRF adoes
R Aoz, A LW(Low dose) LY
MTX% 8%ec] 80 mg/m?H]%t, F3+8 % (Interme-
diate dose) 22 80 mg/m?°]4} 1000 mg/m?wigl,
318 % (High dose) 232 1000 mg/m? olido s
Aol 1966'3 Goldin T2 & @9y it 4
%<1 Leucovorin(LV ; N°-formyltetrahydrofolate 3
S5-formyl FH) S MTX 5o €78AIZt A3 F A}
2% o, MTXS] SAHo=Re] JYAHEZ H9F
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Fig. 2. Dose-dependent absorption of MTX.
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1. MTX2| &=
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F4A53 WYY maintenance X Eo) B3 ARS-
e 439 25 mg/m’E ATE T4 =, MTX<]
3 PFEEE 025uMelA] 1.25uM7t2] oF 5ul 2]
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e T F Q7NN SR oF 7He] AR
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238¢ FHAch

Christophidis & 800 mge] MTXE& 163 =
B v ANEr T Ao, PAlEELS
°} 87.6%7+X) FZtstAcin BudYcr 2,
Harvey %'2& MTX 200 mg/m*& 4318 o]
o) AIZF FgBldx, WAl EEL 28% ¥l HXA
3Rt o] i) dte dEdas 8 W, 2%
FoAYEe oA FHY T Ao RE
MTXE 272 54 i, dde] MTX S 5=F
F3sh= Aol MTXe 58 &A= 7H o8
A wgelA g, WHIPTF o) NHAHE RUE Y=
THEHQA WL A=, g A R
Z+9] compliance& AHE 5 Ut

2. MTXS| X

MTXE AWFAL A5 AF el 2F 20%7HR] A<l
X H0},1® PYPale] XA (volume of distribu-
tion ;: Vd) £ 0.4-0.8 L/Kgolth!” MTXe] dayo
AP EL F 50%0iv], T2 PN YR AP}
MTXx efdgdol7l Mi&Eel ol2o]at & 2FA
Edo) &Y d, HON AYES 2 AER
g, o)E dde YdEes A2g Aol X H©rh

1977'd Bleyer'® $-& W€W3te MTXe| E55=8&
47 915 MTX £3g Ade 5= de F20&
wEatgct;

Loading dose(mg/m?) =15X[MTX]
Maintenance dose(mg/m2/hr) =3X{MTX]

(21714, MTX]E D3 MTXS ¥EF=
(uM) <4

MTX9] F3AZACNS) B3 5] vjeksls,
FF MTX His %9 0.1% PE7T HFqe] MTX
Fxolth® FAAdIE WYY X8|, N

MCG/m/ Serum MTX concentrations
700 ) Following 400 mg/kg dose
O = Without pleural effusion -
Cp=705-¢-0.1941 4 §6.7-c—0.1031
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Cp=1057-¢~0.1841 4 1] 9. ~0.0482)
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Fig. 3. Serum MTX concentrations in a 12-yo boy with
osteogenic sarcoma, treated with 12 g/sgm with
and without a pleural effusion.
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E¥oe A, MTXe] terminal ARWg -1 A
Aol v of 2u) F= doie RS wEIACH
(Fig. 3). o]= B%71 29 “third space reservoir”
24 AgJvhe g oivig). ol B47) e
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del o ®el JAHEE, 8F MTX 38 Ad
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cued HAjior T},

19753 Goldman®?-& MTXs} e AR EMNE
& O AXE #it ohixg We s e 55y
e 714 AFE T AFXUR FU€edn
Ruslck M EL]Ye] MTX ¥ =7} 5uM o] 3]
A9, Fxie] AdAPe] o A3}, MTX F=7}
F7 el ot FEARY S X3Fm SEAl
o #@ge) Aoyl Alztgst. LV 9l
MTXe} 22 MEet FA4RPE A7) g,
MTX2| EAFtlMes HEERE FYHez o
oldrh

kA, LVe] MTX SAlenye] Axg mabs
o2 F23r e, aF AMEejde] Lvel
FEE MTXY = =gt = & MTX ¥
=7 0.1pM 2]31 w)], LV2] ¥ 5 & MTX<} 2rolx
oA F2E T 4 Ao}, 0.1uM-1.0uM LR
59 ol4tel FX, > 1.0uM YRE 108 olite]
=7} ayg

3. MTXS| CHA}

HZo olz=g], ddAelx mztxe] HPLCEA
el Jiwrg o, T3 B 3%F9 Fa gt
B gistach

1) 4-amino-4-deoxy-N-methylpteroic acid(DA-
MPA)

FRAM ol 218 MTX 7= & 2912 gluta-
mate?t €zlsle]l DAMPA>T 3AAEcl oM,
MTXE FANF AR ZFFAA) o 2 %9 DA-
MPAZt ¥ d€ch BANFAL Fo= wlgke] DA-
MPA>} 8 Ad5]+=ul, o]z MTX7} enterohepatic ci-
reulation® &7 siFoitt. DAMPAS) 3tate
A2 glew], MTXe] HH &4 dihydrofolate re-
ductase(DHFR)ell tigk 133 1720090 =X
2et

2) 7-hydroxymethotrexate(7-OH MTX)
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Table 1. pH I 3joff L= MTX2} 7-OH MTXL! 88l<
(mole/liter)

pH5.0 pH 6.0 pH7.0
MTX 959X 107 ¢ | 34110673 | 199102
7-OH MTX | 277x10~4 | 788X 104 | 3.30xX 102

ol EA 8= aldehyde oxidase HaAo] 2)aff
pteridine ringe] 7' & 4of] hydroxylation®] = of
7-O0H MTX7} 49t} 7-O0H MTXE dgaa=
Ao glov, PAFHez uydd] FaFd MTXe]
AR 2 4@ v} 19803 Lankelmas} Van der
Klein 22 7-0H MTX<2] ¥3F:7r|e MTXY]
aRrc} 23w Aok Baosiedc)y. oekd, MTX
2o F 4 AIe) 7-O0H MTXe2] ¥EFFEw
MTX Fxpc} 249 Folzch 7-OH MTXe] 352
Y32t MTX Fodo-3el uiasio], &3
MTX 2388 A8AlelE 7-O0H MTX 2] €355 =
vlelsled A& Aot ol "WA S5Y X=wol
AFS-5ET AE MTXe2 3 850 36g/mPAA =
hydroxylation ¥hg-of Fdshs ALV EIR)F)
e onc). 7-OH MTX7) ¥€Eo ==
ZAFs Ae ddHes Fastd st 7-
OH MTX9] fs]l%E MTXe] ¥|s] 23 dol(E
), AFeirel el B & Ao}z uwiielch

MTX<} 7-OH MTX 9] &3] x= pH7F Rotds &
Z4dck MTX 5o ¥ =9] pHE dvle]jde=s
FRA18kA] ®RebA, MTX< 7-OH MTXel FHe] 2l
Foll A A Loirt, 24-48A1M R F3 AFEAL S
Fdgich oels], 230 R 28F MTX A8 T
#Bato] 210, NaHCO.& Eoi(3-7 mg/m?/hr) 3t
=& 47188 Aoz, MTX 2 7-OH MTX<=]
JAL drgaer ot

3) MTX Polyglutamates(MTXPGs)

19733 Baugh & MTX7} MX oAy polyg-
lutamate FEIR =0} ek AMHE 2
2 »u3}lcl Polyglutamation2 ‘g4 ¥ myro}
el FAEWE dojuir, o] ¥ folylpolyg-
lutamate synthetase(FPGS)”7} #ojs]o]  lch
FPGSt Atdol] &A%t H4HE 718 (substrate) 2
AFR-3led, P4k w@t R9le) glutamatesl] gluta-
mate& H7IAI71E 4E€E gk MTXS 3%, glu-
tamate 1¥2}7F H7Hg MTXPG%¥] 5827+ 3
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78 MTXPGs7hx] #R15Act®® MTX7F o
MTXPG, 2 v} H MEs §E5= 7] Wi,
A& YgPaNE EHIUTE Glutamatert weol
ol UASFF AZY ) T Aol ¥ AR,
A HEGA M= B3k

1981'3 Poster 5,2 1983'd Fry 5,270 = 19843
Fabre 3*¥& MTXPGS) T =& FIMEHET I
MEofA WA Foe AL BHSATE 1984 Sa-
muel %2 MTXPGZ} B FAHENA @o) Exis}
A &= ol#F9 shiE 7HE sl AL (hydrolase)
4 BE=7E AAME HlS %7 wWEolgtn Bn
st ok

olH Y MEWL Fx Xpo] wjFEo] MTXS] AE
4L FaMEe) visl Xl F ul AsHA
el (dea fgEDR), MEE T3l 98
LV rescue® 4AA1Y o), vima HAgHoz AAF
HMEE T2 F Uk

A AE AL, MTXS] tiAlE<Q]l 7-OH MTX
2} polyglutamate®2 HFHTE? 181} o} F7x]
7-OH MTXPG2] 338 F 84 uis) La3xA
83 At

4. MTX2| uisd

MTX2] 3rollA thAls o] i) H= o}
U, 438 S8 wHn=EA @8 du= wjdEct
ul = A3Fo]l =]}, enterohepatic circulation& %3}
o Hozx widdch AFS T wiES ATA
ol (glomerular filtration), A= &8j(tubular
secretion) 3% Al A-FS5(tubular reabsorption)
= M7Ex FPo = TS Aok APl A
A B¢ o), MTXel @3F X7} 0.2-04uM
Adafje] MTX A48 (renal clearance)-& 3 105
(+14) ml/min/m?e]th? o] FX& MTX7 A%
=2 &g o, T2 AT A3 A 2y}
Vs g uj@dct a2 MTXS) d$5Es=71
2M olFd w, AuEE-S 50 m/min/m? ©|3t&
A3 AFHEOA® ol Axd 2u7t X35
A7) wEeltk  olA3 Ao}l p-aminohippuric
acide} e ofibd EA-ol ¥Fol FET W, A
=@ BHj7l Xsislo] MTXe] Avjdgo] Astd
ok

MTXe] 2gulde =2 £ (urine flow), 32|

Table II. MTX 5of Z%off o MTX2t 7-OH
MTXS| HT =EEs

HAmFEZOD MTX 59 8Hg/m)
07—14 | 20—4.2 | 56—84
MTX 1.52>107313.30X 1072/ 1.08 X 102
7-OH MTX 1.37%107¢|1.83 X 1074|2.83X10~*

pH, 28ls 248 % (degree of dehydration) Feil
HeHG® ngPF MTX 284 A3 =dF MTX
FEE 10mM olal &7, o] wjio] a2l pH7Y
wow MTXe] Idol 44 A€ MTXe]
B AL =9 9] F4AE xHslo, ANNE
AstE ZhEsr Ao

1984 Sasaki 2 T U 28Y¥ MIX &
BE AR, cl&F oz HaFd =9 £%(theore-
tically required urine flow : TRUF) & AtA3sh=
g BEIIUG o] IFLP AHE-FT MTXY
| F 0.7-84g/m?*e1R o, 6AI1EL AHE T3
FE-g FAIUT-

MTXs} 7-OH MTXel =% wid%%(urinary
excretion rate : UER) #Al4HF4] !

UER=
waF(L) X =% MTX} 7-OH MTX & =(mole/L)

= AR (min) X A E WD (m?)
olEHom Waw o £=(TRUF) A3 :

MTXe] UER
MTX2] 831% at pH X
7-OH MTX2] UER
7-OH MTX¢] 83= at pH X

TRUF of pH X=

+

£-gFo] o}E MTXe 7-OH MTXe] #H1 =3F%
=§ Table IIs] 2 9F3tsith. MTX1}t 7-OH MTX<9]
HY =FTFEE MTX B F, HE 1220l
=gddnt. 9ot o] pHrt 5.0018k3 7138 wi(Ta-
ble I3} Table II13=), MTX} 7-OH MTX$
=3 BTxErt 2 sz ¥ Wl w7 ooy
SFEEY ™ol YolviA €

MTX Foirt 89 ¥ Holx 12-18A1085% A
& =g grtelal AlHer AL X" F
ATt EZE x| pHYY 709 W o)X oz WP



Table 1. 8g-m22] MTX & #oj 8t = gof pHoj} =
olE=os Hest ne] ST (TRUF)
(&%) : mi/min/m?)

pH 0-6217F 6-12A] 2% 12-24 A1
50 20 30 6
6.0 5 9 1.6
7.0 0.9 1.7 0.4

=2 #=(TRUF)E MTX 9 ¥ 28 641t
0.9 ml/min/m? ©]4}, 6-1241Z+2 1.7 mi/min/m? o]
‘g, 12-24713+& 0.4 mi/min/m?o}t}(Table III). w
2kM, MTXel 23] {85 A4S A4e ases
Jutalr] 93ty 23§ $E8-FF(hydration) & 3}
o B, kel SEE MO|E 17 my/min/m? oA
FAA AL gy

= =3

o)dm kel MTXl it <FE=ist =, ADME
(FF, BE, dial, wigd) Q771 289stA] o)
Fo1x gt clMelEs MTXe) £%2 5-15 mg/m?
2 AEFReY, FAANYY Asmde 1g-2g/m?
STY RNElE 36g/m?e] FZF7A WA A
2% 4 e RE&, ADME Q78 ¥ MTXs]
ANFHE T3 18y 5 UY7] AWEFelInh
MTXell i@ AT R = AHRE s 4
T7F AEEoiol & Reivy, 58], LVe) A, zzte)
stereoisomer &, l-form¥} d-formofl ¥ QgekE
Het A7rt WA g ygHch

=2 i
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