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d 

11~1ru1n14jufl~nfl 1nn14jt>t>ntrr1fi 

d d JV """ sf I V I , ... 

Al'iHll l U\'lfl\WIUt.J110li1lJ::L1-lYl1-l ') Uil::'lJDU-l 'l!'lJD-lt.J1 

' .. 
fl.fl. "l!EJ[J1 

1600 BC Arsenic paste 

1865 AD Potassium arsenite 
1893 Coley toxin 
1939 Androgens 
1941 Estrogens 
1942 Mechloret hamine 
1945 Nitrogen mustard 

1948 Methotrexate 
1949 Steroids 

1951 6-Mercaptopurine 

1952 Chlorambucil 
1953 Triethylenethiophosphoramide 

1954 Dactinomycin (Actinomycin D) 

1955 Busulfan 
1956 Mitomycin C 
1957 5-Fluorouracil 
1958 Cyclophosphamide 

1959 Mitotane 

~llVi1iY1u1~rnufl 1Y1umnrnu nitrogen mustard 

nu~thuhfl Hodgkin tl11nirhl~r-iflu1~ (
0

1) 
I d t.lt.I - ttAA 

ff1Un11flnH1lLfl::mrn11rJ11 n1Y1ll::L1'3LYML1ll 

tl 
~I J' ' 0 

, "".'I 
ll1 1::m m 30 uLfl1YULtl'3 Ufl::Yl1J11rJ1Yl1 L Vi~u1rJ 

d,_,.A .d ~ - " I ~I .J 
ll"l!1YlUUU11'lJU (rJ11 n1Y1).J::L HV11'3 ') lLfl::uYl 

"' .d - ' ~ .d: flUYl1JVi 1 Elff'3Lfl11 ::Vi~lLUYl111'3Yl 1) 
" 

'llou'31i 

Skin tumor 

Chronic leukemia 
Various malignancies 
Breast 
Prostate 

Hodgkin's disease 
Lymphoma, solid tumors 
Acute leukemia 
Lymphomas, leukemias 
Acute leukemia 
Chronic leukemia 
Ovary 

Wilms' tumor, choriocarcinoma 
Chronic granulocytic leukemia 
Stomach 
Colon 

Lymphomas, solid tumors 
Adrenal carcinoma 
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.J 
~mm1 i (9io) 

1960 

1961 

1962 

1963 

1964 
1966 

1967 
1968 
1969 
1970 
1971 

1977 

:am.n 

Vinblastine 
Vincristine 
Methyl-GAG 
Carmustine 
Hydroxyurea 
Melphalan 

Lomustine 
Procarbazine 
Cytarabine 

Daunorubicin 
L-Asparaginase 

Dacarbazine 
Doxorubicin 
Tamoxifen 
Bleomycin 
Cisplatin 
Interferon 

"" -... ~ .J • 1" m1fluVi1t111 n1Y1i.1::L' "'Ylff11111 mnm 'lf 

m"fl~un 'lGihJ1'll~"~m::rh hit1~1t1 Lvi11 ::ff11 

l.11nmt1~~1L'lf~thJ::L1" uq]'l1iff11111 Cl H'LUUtll 

L rtt1"'11 niiYilYq]m'lfaat.l nQi'llt1"1°1" n1t1i.11 n oi'1t1 

1um 1ffn1Y1 t11fn1Y1i.1::L1"nt1ull fl.fl.1975 m 
..... ~ I A - A ~ .J 

ff Cl1UUi.J::LHlLVi"'lf1'il ffVi1!e!Li.11n1lm ff11'Y1 

ff "trm1::C1 nu1m'Y1'ilfft1U n rnJ::L 1 "L11'il Lti~Vl'lJ11'lfU'il 
" L 12 10 leukemia luViu t.n~iir-rn1umrn'ilfftlU 

" ~m::iir-iaq]tJ>J :: L 1"UJ'il fa~'il'IJ11 (leukemia) lLti:: 

ofoi.iJ 1L Vi~£1" (lymphoma) 1 u~m LLol~ n 'liJiir-rnofo 
~· d a-"' J' .d x . 

>J :: L H'11Yl 1n'Y1LUUnEJULUtlVi1tlLUtl"tln (so lid 
..., ~I d -tumor) Vifl" '11nu fl .fl .1975 ff11Ylff"fftlv::~n 

YlYlffEJUnu P 388 lymphoblast ic leukemia 1uViu 
" .... ., I 'l· I ., ff11Ylm.rnn111nlY1v:: Cl fl'Y1YlfftlUYltl unU L 1210 

" 
leukemia, B 16 melanoma , C D 8 F 1 mamma ry 

carcinoma, colon 38 c:> rcinoma lLti:: Lewis lung 
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Hodgkin 's disease 
Lymphomas 

Leukemia 
Brain tumors 
Chronic granulocytic leukemia 
Myeloma 
Brain tumors 
Hodgkin's disease 
Acute leukemia 
Acute leukemia 
Acute leukemia 

Melanoma 
Breast, sarcomas, 

Breast 
Lymphomas, head, neck cancers 
Testicular, ovarian tumo rs 

Breast 

carcinoma 1 UVi~ LLti:: t11'1'Y1Vlfft1unu xenografts 
" • I ... • 'l !'.'! I J. 1 1 ' 

'IJEJ">J::L' "utlVI, LYnlUJLlti::a1 ff LVi'lJ'llEl"flUYlu~n ff 

1 d ., d\l Id ("" I 
UVi~CIUVn1'Y1 i.JiJ'lJU mt1t11"Nfln11'Y1YlfftlU~ 

1mt.J~ 1) Vi~""1nll fl .fl .1980 t11t11'1C1nu1m 
" " 

YlVlfftlU n UL'lffla'lltl" flUqJtJ ' lt.J olEll.111 ull 1982 n11 

• ._._ ~ .... J'1""' 
YlYI ff ti u ffl 1ff1Vi 1u1 nlYli.J::L"' n El ULUEJ Uff Yl1 

'Y1Ylflt1"'loi'L't~>Jn11'Y1YlfftJUqJtJ M 5076 sarcoma 1u 
A d I d 

Vi~ LLfl::flYln11'Y1'ilfftlUEJU ') fl"LViflEl 4 tltll"flEl 

P 388, human mammary xenograft, B 16 ua:: 

L 12 10 lL~::tJ1'1L Yl>J colon 38 LL fl:: C D 8 FI ol1[J 

LY1t111f m1YiY1L~t1 n~" n~11ff11L ~>Joi'un11 20,000 
A -di d ..a.d.J. 

'lfUVIClnflVILViflmYltl " 20 'lfUVI 'lf"L>Jtl'Y1Ylfft!Ufl11>J 
" 

LlluYilY'llEJ"«11q]t1'lt.l t11'1LVi~mVlt1" 5-10 'lfUVI 

I t J • 'l· I ., " L'Y11UU'Y1Cl nu1 u'Y1Vlfftl UNfl n111 n1Y1>J::L1 "'Y11" 
" fl~un (~t.l~ 2) 
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Drug 

Cisplatin 

Carmustine 

Melphalan 

Mitomycin 

Cyclophosphamide 

Doxorubicin 

Vincris1ine 

Cytarabine 

6-Mercaptopurine 

Methotrexate 

llleomycin 

816 

• • • • • • • 
0 
0 
0 
0 

• Present 

Tumor Panel Systems 
with DN2 Level Activity• 

CD L1210 LL LX ex MX 

• • • 0 • • • • • • 0 • 
• • 0 • • • • • 0 • • • • • • 0 0 • • • 0 • 0 • 
0 0 0 • 0 • 
0 • • 0 0 • 
0 • 0 0 0 0 
0 • 0 0 0 0 

0 0 0 0 0 0 

Q Absent 

1316 = 816 melanoma; CD= CD8f1 mouse mammary; L 1210 = L 1210 leukemia; 
LL = Lewis lung mouse; CX = colon xenograft; LX " lung xenograft ; and MX = 
mammary xenograft 

' All drugs also possess at leas1 minimum P388 prescreen ac1ivity. DN2 level 
ac1ivi1y is defined as activity meeting or exceeding a slandard value established 
for each r:nodel that would qualify a compound to be considered as a candi-
dale for clinical !rial. 

~ · .J "° I Ad x " a \" ~ a utl 1 mtl!J1'311im1Yl~ff01JLlJO..J~\U\'Hl~111'1'Hl1\UJ~~ 1..J 

-v1n (2). 
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Put into Clinical Trials 

PHASE I CLINICAL TRIALS 
~ 

PHASE II CLINICAL TRIALS 

PHASE IH-IV cLINICAL TRIALS 

GENERAL MEDtCAL PRACTICE 

S-8 Adives 

Put Through 
Toxicology Protocol 

7-9 Adives 

Potential dinical 
C.andidates 

10 Actives 

Further Development 
Authorized 

20 Aclives 

Tumor Panel Screen 

35-0 Adives 

Anlitumor Prescreen 

NCI Chemists Choose 10,000 

Computer Uniqueness and Adivity 
Program Rating 

New Structures 20,000 

Compute r Duplicate Search 

Struc:lure Lisls >20,000 

_1d l: v ~ " • l" 
aull 2 'IJHYlmrn11mm1u1rnH1lJ::l H~mnm 'l!'t11~\1'l!n11)J 

~1n (2). 

71"itf111ntf'd?ntn urf 9, 2530 
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... d ... V - ~ I ..,,,_, """ 

m.1 nTrn ffly1fl'\Ul11tJTl n'lfll-J::L 1 "Elt.11"\11 "'il\I 

'il:::L~l-.lll1LYi[J" 30 iJnvnl-1 ILqln11YlQlJU1t.11i'mfl 

l-.l:::L 1"n11MU1EJU1"Lv;u'l~i'Yl 1mJ\l~UUYlU11ii 
f:t I t.I ~ .J - \lV\l "' l-.l:::L 1"EltJ1"UDtJ 13 'lfUYlY1tnm1 m n1Y1M1tl Yl Yl 

ILrl uterine choriocarcinoma, acute lymphocytic 

leukemia lm~n. Hodgkin's disease, di°ffuse 
histiocy tic lymphoma, nodular mixed 

Breast carcinoma 
Chronic myelogenous leukemia 
Chronic lymphocytic leukemia 
Follicular lymphoma 
Multiple myefoma 
Small cell carcinoma of the lung 
Soft tissue sarcomas 
Gastric carcinoma 
Malignant insulinoma 
Endometrial carcinoma 
Adrenal cortical carcinoma 
Medulloblastoma 
Neuroblastoma 
Polycythemia vera 
Prostatic carcinoma 
Glioblastoma 
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lympho ma, testicular carcino ma , ovarian 
carcinoma, acute myelogenous leukemia, 

Wilms' tumor, Burkitt's lymphoma, Ewing's 

sarcoma Ufl:: sarcomas lwrrn~n. embryonal 

rhabdomyosarcoma, small cell cancer 'lJD"UDYI 

"" ~ "" !ii • A " !fl " ~ lLfl ::l-.ll-.l ::L 1 "D muU\11U1Ull1 n'lf"IUJLuUl-.11nLLfl1 n 

"' ' "' 11 ..... ( .J ) t.1"YlEJURUD"vrnmnniY1 YlYl m11"Y1 2 

Adenocarcinoma of lung 
Bladder carcinoma 
Carcinoma of cervix 
Colon carcinoma 
Hypernephroma 
Malignant carcinoid tumors 
Malignant melanoma 
Thyroid carcinoma 
Rectal carcinoma 
Hepatocellular carcinoma 
Carcinoma of the penis 

Squamous carcinoma of the head and neck 

\l • I ,d • \-' d 
nfl nufl ::Y11UMU"n11ei ei nqY11'lJD\ltJ1flEJU'lJ1"YI 

(1tl~ 3) tl 1:: neiunui~m1foiY1ll::L1" L'11'lJ .-:: .,,:; ., 
n11MU1'lJUmtJ L'lium1li't.11fn1Y1l-.l ::L 1"Mfl1[.J 

'lfiiYl'i1iJnu m1Li't.11fniY1ll::L1 "1111num1r~1v1Yl 

1Lfl::/M1eim1u1t.1i'"R n11UD"nUUfl:: fn1Y1Vl1Y 

.,:!I """ - "' .J W1El~fl'lJ1"Lfltl\l'lJD"t.111n1Y1ll::n" (Y1111"YI 3) 

n11~"m1fn1Y11Luutl1::fl'utl1::flEJ\I L'lium1l~ 
LnNYlLaDYI n11 L~R11D1M11LLfl::J1Y11\IMflD~UaDY1 
m1 l~t.11uei"nm.ifl-ll1"L~t.1"m"1 ::urnaoY1 .,-::uu'llu 

' 
UHH11:: n11 L ~t.11UEJ" nuo1 m1flau

1hV £11L ~tJULLfl:: 

m1::mY1~1 n huaoGJU "LUUvlU 
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PURINE 
SYNTHESIS 

6-MERCAPTOPURINE ~ 
6-THIOGUANINE 
Inhibi t Purine 

PYRIMIDINE 
SYNTHESIS 

;l 

1n1r111ni''if?ntJ1 liff 9, 2s30 
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_ ~i~o_!l~~~~~i~ _ _ RIBONUCLEOTIDES 

PALA 
AZARIBINE 
Inhibit 
Pyrimidine 
Biosynthesis 

Inhibit Nucleotide 
lnterconverslons 

METHOTREXATE 
Inhibits Purine 
Rino Blosynthesls 

Tnh"ibiif ir'MP"--
Synthesis 

BLEOMYCINS 

HYDROXYUREA 
Inhibits Ribonucleo­

-----i t ide Reductose 

Domoge DNA and 
Prevent Repair 

CYTARABINE 
~----+------1lnhiblls DNA 

Synthesis 

lrihibitsRNA-
DACTINOMYCIN 
DAUNORUBICIN 
DOXORUBICIN 
Intercalate 

with DNA 
lnliibittmA- - 1-- -----­

synthesis 

MITOMYCIN 

CISPLATIN 

Cross- link DNA 

RNA 
CT ronsfer- Messenger - Ribosomol) • ---/ .----------.... t L-ASPARAGINASE 

Deominotes Asporagine 
lrihibits- P'foief;;- - - - -1--__ _,,. 

Synthesis 

PROTEINS 

/ ' 
VINCA ALKALOIDS 
COLCHICINE 
Inhibit Function 

of M lcrotubules 

ENZYMES 
(etc.) 

MICROTUBULES • 

PALA = N-phosphonoacetyl-L-aspartate. 

_ • .d: ... ,.! e I .J ,.! .... # l 

JUll 3 nlH001'lOOOt)Yllill!'l ::mLm""YIOOOt)Ylli'lltl'1ll11 nli1 U::1 Hfl1'1 ') 

~10 (4). 

5·FLUOROURACIL 
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:"-Jitrogcn mustard 

C'yclophosphamidc 

Mclphalan 

"' c Chlorambucil 

~ 
< 

Busulfan 

"" Carmustinc (BC'NU) c 

" lomustine (C'CNU) >-
""' < Scmustinc (MeCCNU) 

Strcptozotocin 

Dacarbazine 

Mitomycin 

l\1c1hotrexate 

5-Fluorouracil 

"' E C'~1osine arabinosidc 

i ~-Azac~1idine 
" ;; 

6-~1ercaptopurine E 
c: 6· Thiottuanine < 

Hydro~yurea 

Vincristine 

Vinblastine 

Etoposide (VP- 16-2 13) 

Tenisopide (VM-26) 
~ 

Doxorubicin IJ 

" "B Daunorubicin a': 
~ Bleomycin 
" ;:; 
z Actinomycin D 

Mithramycin 

Asparaginase 

Platinum 
"" " Procarbazine 0 

" ~ ~6 
~~ 
~ 

Mit.otane 

v 
< 
0 
"' < u 

x 

* 
x 

x 

* 
* 

* - major to>.icity; >. - uncommon to>.icity 

•*'inn (s) 

.... 
< .. v z ;;; 

5 "' 8 z 
"' ..J ... g 0 z ... 0 z < 

"' ij ::t ... 
"' "' .,, 
< "' < v 0 IJ 

* x * 
tc x * 

* x 

* x x 

* x x 

* x * 
* * 
* * 

* 
x * 

* x x 

x * 
x * 

* 
>. * 
>. * 

* 
x x 

x 

x x 

x * 
x x 

* 
* 

* x 

x * 
x * 
x * 

x * 
* x * 

x * 
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>-... 
> "' v i= > 

8 v >- i= ;;; 8 "' .... z < 
v 

OTllER 
0 v "' z ::> 

"' 
.... 0 ... j:: 0 0 .J "' 0 < < "' "' ::t < "' :I .. .. ::> .... z .. .. "' >- "' ::> "' "' :c :c :c z ... "' "' 

* A * 
* x x * Cystitis. hyponatrcmia. 

immunosuppression 

* x * 
* x * 
* * * Weakness. weight loss 

* x x x * 
* x * 
* * * 
x * Glucose intolerance 

* A x x * Flu-like syndrome 

* x x x x * 

* * x * x * A lmmunosuppression 

* x 

* x x x x lmmunosuppression 

* x Fe,·er 

* * x lmmunosuppr~ssion 

* >. 

* 

* lnappropnate ADH secretion 

* x 

* x x Anerial hypotension 

* x x Anerial hypotension 

* A Radiation recall 

* x Radiation recall 

x * * Fner 

* Radiation recall 

* * * Hemorrhagic diathesis 

* * * Hyperglycemia. pancrcatitis. 
i m mu nosuppression. 
coagulation defects 

x x .,. * x Ototoxicit)', hypomagnescmia 

* x x * x * Hypcnension, adve~ 
interaction with alcohol and 
drugs metabolized in the 
liver. immunosupprtssion 

* x Visual problems, hypcnension, 
adrenal insufficiency 
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tnfoH13J::L 1'11 mJ'1-;iu'i uu\laamihin~" , , 
1 ' 'l" ' .J ) ... ~ty ') V1 5 n~~J (m11\l'YI 4 flu 

1. Alkylating Agents 
f l ,J v -

LutttJ1'Ylff1"11!:lff11\l covalent bonds nu 

H11 hm~nflhnlvnn mV1tbfl~an ufl:: h.h~v. , ., 

L1tJn Alkylation (6-9) vi1lmU\l~tJ11luLm::~1a 
diviu~ n1 tJ1Q)1tJi1' m uv.vi1Lmu\l~ii phosphate, 

amino, sulfhydryl lLfl:: hydroxyl 'lltl\l DNA Yi1 

1~m'1Hf1\lufl::m'i1~'lm\l DNA t!V1'lu (iu~ 4) 

tJ1~\lLuv.Y1HGim'l!fl~~ 1arfo1 ~LnV1m1 nfl1m•iv.{ 

(mutagenicity) ~1mnV13J::L 1 '1 (carcinogenicity) 

alkylating agents lLU\lLJtltJtlumuv. nitrogen 

mustard, nitrosoureas, a lkyl sulfo nates, 

triazenes LLfl:: ethylenimines, methylmelamines 

LUV.~v. tJ1t1~:a1v.:: mitomycin C ihrnnt]'YltflGi1tJ 

alkyla ting agents 

2. Antimetabolites 

LUV.H11~ii\i'm Lm\lHf1\lfl~1tJff11 inter­

mediate ~1af1~1tJ substrate 'lltJ\lU~n1tJ1:a1Lf1ii 

1v.11\l mtJ LLqJ antimetabolites 'li.JH1m 1 Cll'i1 
V d .d I J'\1 t.I d -

~V.1'YIL~3JEJV.H11L~fl1V. LVl -;J\l'lJVl'll11\lm::u1v.m1 

Ltl~tJ'IBLUfl\l'Yl1\l:fi1Lf1ii1u11\lmtJ Liv. methotrexate 

£TurT\lm1l'i1\l1V.'lJEJ\lLawntJiJ • dihydrofolate 
.J 

reductase (iun 5) 

5-fluorouracil £TurT\l1awntJ3J thymidylate 
.d - t.I A ""4A .4 

synthetase -;J\l'Jl~'ll11\ln11H11\ln1V1V.1flflEJn ~1EJ 

m1L,j1113J (incorporation) 'lv. fluorouridine 

triphosphate (11.J~ 5,6) 
\J 

cytarabine (cytosine arabinoside Ara-C) 

~mu~tJmuv. cytarabine 5-monophosphate (Ara 

-CMP), diphosphate (Ara-CDP) Ufl:: triphosphate 

(Ara-CTP) LV1rnawntJiJ deoxycytidine kinase, 

deoxycytidylate kinase Llfl:: nucleoside diphosphate 

kinase Y113J~1~u L ln<1rn~ Ara-CTP £T~rT\lLEJWntJ3J 
DNA polymerase ~\l'llV1'll11\ln11Hf1\l DNA 

.J 
(iu'YI 1) 
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6-mercaptopur:ne (6-MP) m:i:: 6-thioguanine 

(6-TG) LUV. substrates 'lleJ\l hypoxanthine 

-guanine phosphoribosyl transferase (HGPRT) 

lLfl :: Cl mu~tJmuv. 6-thioinosine-5-phosphate 
\J 

(T-IMP) lLfl:: 6-thioguanosine-5-phosphate 

(6-thio GMP) Y113J~1~1.J T-IMP 'li.JLUV. substrate 

~~'lltl\lLtJWntJiJ guanylate kinase 1'1'11 guanosine 

monophosphate (GMP) T-IMP ~\lH::H3Jmn1u 
,.1.,~ ... ~ 

L'l!flfl'Yll mnvi pseudofeedback tJUtJ\l pathway 
.J.J ... " . d . . m ntJ1nun11H11\l punne, a enme Ufl:: guanine 

. ,:; ... • l.J fl 
nucleotides v.amnnv. 6-MP tJ\la1-;i~mufltJmuv. 

6-M P triphosphate nucleotides LLfl::L,j1113J~1 
'1 ... tl.J f l EltJ v. DNA ~1tl 6-MP ClnL fltJV.LuV. 6-

\J \J 

methylmercaptopurine (6-MMP) LLfl:: 6-MMP 

nucleotides (L'liv. 6-MMP riboside-5-triphosphate) 
d v ... ·1 v ( • I .J ) ' 
'lf\lL'lJ1113Jma~ " DNA "61 ') iu'YI 8 H1V. 

6-thio GMP ClnLU~tJmuv. 6-thio GDP LLfl:: 
\J 

6-thio OTP '711 ') LvimawntJiJ guanylate kinase 

LL~1 6-thio OTP L'JY1113J~1LV. DNA tLfl!:: RNA 

v.am1nd 6-thio GMP aTill'i1'l~LnV1 pseudo - ~ "' feedback tJ1.JtJ\ln11ff11\l purine, adenine LLfl:: 

guanine nucleotides 

3. Natural Products 
~I A .., ' A .d a & o , 

L u 'IJ.r-.Jf1Vl11fil'Ylli113J"d1Vl'Yl).J tj'YI 1i'Yl1fl1tJL'lf fl fl 

3J::L 1 \l 
1l~LLrlrJflfllfltltJ~ Ufl:::1 nfl tfl 1'15~-;)1 nYl'lf LLfl:: 

. I A"' ., ' 11 f ~1 ' "' A "' ff11u!]'lf1U!: Elfl'11flfltJV1lLfl:: nfl ifl 'l!Vl'l-'l'lf1.J1\l'lfV.Vlll 

tJY1tl'i1fl1m'l!flGfl~un DflmflatJ~-;i1n~m·-l\lvntJr.lf\l 
(Madagascan periwinkle, Vinca rosea Linn.) 

L1tJn vinca alkaloids Ufl::'lnti Lflh~'illn American 

mandrake (Podophyllum pe/tatum) L1tJn 

. - ,d - 'd podophyllotoxm Ufl::m1~v.1in\lff \JLm1::~L 1tJn 

epipodophyllotoxins 

3.1 Vinca alkaloids ElflfllflEJtJ~v1n~\JYntJ 

r.lf\l~ff1tltyi'.i 4 'lfli~ fia vinblast ine, vincristine, 

vinrosidine LLfl::: vinleurosine ( HEJ\l'l!UV1LL 1mt1m 

1., f l ... " ) ... ,,d ... ' 
"dLu UtJ11n'IY13J::L1 \l lLfl!:El'1~"1in\JH \JLm1 ::~'l.leJ\l 
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d 
1n1Hl1 4 n1mu..in~uu1fnw1u::17..i .. 

CLASS TYPE OF AGENT 

Nitrogen Mustards 

Alky/ating 
A11e111s 

Alkyl Sulfonates 

Nitrosoureas 

Triazenes 

Folic Acid 
Analogs 

Pyrimidine 

A111i1111•1abu/ites 
Analogs 

Purine Analogs 

NONPROPRIETARY 
NAMES 

(OTHER NAMES) 

Mechlorethamine (HN2) 

Cyclophosphamide 

Melphalan (L-sarcolysin) 

Uracil mustard 

Chlorambucil 

Busulfan 

Carmustine (BCNU) 

Lomustine (CCNU) 

Semustine (methyl-
CCNUl 

Streptozocin 
(streptozotocinl 

Dacarbazine <DTIC: 
dimethyltriazenoimi-
dazolecarboxamidel 

Methotrexate 
(amethopterinl 

Fluorouracil 
(5-fluorouracil : 5-FUl 

Cytarabine (cytosine 
arabinoside l 

Mercap1opurine 
(6-mercaptopurine; 
6-MPl 

Thioguanine 
(6-thioguanine: TGl 

• Neoplasms arc carcinomas unless otherwise indicated. 

• • (•nn 4) 
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DISEASE • 

Hodgkin's disease. non-Hodgkin's 
lymphomas 

Acute and chronic lymphocytic 
leukemias. Hodgkin's disease. non-
Hodgkin's lymphomas, multiple 
myeloma. neuroblastoma, breast. 
ovary , lung, Wilms' tumor, 
rhabdomyosarcoma 

Multiple myeloma. breast. ovary 

Chronic lymphocytic leukemia. non-
Hodgkin's lymphomas. Hodgkin's 
disease. ovary, primary 
thrombocytosis 

Chronic lymphocytic leukemia. primary 
macroglobulinemia. non-Hodgkin· s 
lymphomas 

Chronic granulocytic leukemia 

Hodgkin 's disease, non-Hodgkin's 
lymphomas, primary brain tumors, 
multiple myeloma. malignant melanoma 

Hodgkin's disease. non-Hodgkin 's 
lymphomas. primary brain tumors . 
small-cell lung 

Primary brain tumors. 
stomach. colon 

Malignant pancreatic insulinoma , 
malignant carcinoid 

Malignant melanoma. Hodgkin's 
di sease. soft-tissue sarcomas 

Acute lymphocytic leukemia, 
choriocarcinoma, mycosis fungoides , 
breast , head and neck. lung, 
osteogenic sarcoma 

Breast. colon. stomach. pancreas. ovary, 
head and neck. urinary bladder. 
premalignant skin lesions (topical) 

Acute granulocytic and acute 
lymphocytic leukemias 

Acute lymphocytic. acute granulocytic. 
and chronic granulocytic leukemias 

Acute granulocytic. acute lymphocytic. 
and chronic granulocytic leukemias 
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NONPROPRIETARY 

CLASS TYPE OF AGENT NAMES 
(OTHER NAMES) 

Vinblastine (VLB) 

Vincristine 

Vinca Alkaloids 

Vindesine 

Etoposide 
Epipodophyl-

lotoxins Teniposide 

Dactinomycin 
(actinomycin D) 

Na111ral 
Products Daunorubicin 

(daunomycin; 
rubidonwcin) 

Doxorubicin 

Antibiotics 

Bleomycin 

,___ 

Plicamycin 
(mithramycin) 

Mitomycin (mitomycin C) 

Prednisone (several other 
Adrenocorti- equivalent preparations 

costeroids available; see 
Chapter 63) 

Hydroxy progesterone 
caproate 

Prosestins Medroxyprogesterone 
acetate 

Megestrol acetate 
Hormones and 

A11tago11ists Diethylstilbestrol 

Estrogens Ethinyl estradiol (other 
preparations available; 
see Chapter 61) 

Antiestrogen Tamoxifen 

Testosterone propionate 

Androgens Fluoxymesterone (other 
preparations available; 
see Chapter 62) 

• Neoplasms arc carcinomas unless otherwise indicated. 
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DISEASE * 

Hodgkin's disease. non-Hodgkin 's 
lymphomas. breast. testis 

Acute lymphocytic leukemia. 
neuroblastoma. Wilms' tumor. 
rhabdomyosarcoma. Hodgkin 's disease. 
non-Hodgkin' s lymphomas, 
small-cell lung 

Lymphomas. blastic crisis of chronic 
granulocytic leukemia. systemic 
mastocytosis 

Testis. small-cell lung and other lung, 
breast. Hodgkin's disease , non-Hodgkin 
lymphomas. acute granulocytic leukemi 

's 
a, 

Kaposi's sarcoma 

Choriocarcinoma. Wilms' tumor. rhabdo-
myosarcoma. testis. Kaposi's sarcoma 

Acute granulocytic and acute 
lymphocytic leukemias 

Sofl-tissue. osteogenic. and other 
sarcomas; Hodgkin's disease. non-
Hodgkin's lymphomas. acute 
leukemias. breast. genitourinary, 
thyroid. lung. stomach. neuroblastoma 

Testis. head and neck. skin , esophagus, 
lung, and genitourinary tract; Hodgkin 's 
disease. non-Hodgkin's lymphomas 

Testis, malignant hypercalcemia 

Stomach. cervix. colon. breast, pancreas. 
bladder. head and neck 

Acute and chronic lymphocytic 
leukemias. non-Hodgkin's lymphomas. 
Hodgkin 's disease. breast 

Endometrium. breast 

Breast. prostate 

Breast 

Breast 



1111f111ntr'111ritJ1 urf 9, 2s30 

Thai J Pllarmacol Vol 9, 1987 

d ( ' mnrn 4 91D) 

CLASS TYPE OF AGENT 

Enzymes 

Platinum 
Coordination 
Complexes 

Substituted Urea 

Miscella11eo11s 
Agents 

Methyl Hydrazine 
Derivative 

Adrenocortical 
Suppressant 

NONPROPRIETARY 
NAMES 

(OTHER NAMES) 

L-Asparaginase 

Cisplatin (cis-DDP) 

Hydroxyurea 

Procarbazine 
CN-methylhydrazine, 
MIH) 

Mitotane (o,p'-DDD) 

Aminoglutethimide 

• Neoplasms are carcinomas unless otherwise indicated. 
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DISEASE • 

Acute Jymphocytic leukemia 

Testis. ovary, bladder, head and neck, 
lung. thyroid , cervix, endometrium. 
neuroblastoma. osteogenic sarcoma 

Chronic granulocytic leukemia, polycy-
themia vera. essential thrombo-
cytosis, malignant melanoma 

Hodgkin's disease 

Adrenal cortex 

Breast 
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atJti 4 m11nnTrnOO(jYlt'UO~ Alkyla1ing Agents 

~10 (10). 

Depurinaled 
DNA Chain 

'J11fr111flff'i11rltJ1 ilff 9, 2530 

Thai J Pharmacol Vol 9, 1987 

lobilized 
deoxyribose 

phosphole 
linkage 

DNA 
Chain 
Sciuian 
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5-FU 

PAPP 

MTX 
I 
I 

FUr dUMP FH> ~ 
FUDP -FdUMP ---t TS ( FH, 

FUlP dTMP ~ N'"'0 Methylene FH, ~ 
+ l 

RNA (FU) dTIP 

l 
DNA 

De novo 
purine synthesis 

3tl~ 5 nalnm10DnqY1t1m~ Methotrexate (MTX) 11a::tlijn1u1i1Dn\~nu 5-Fluorouracil (5-FU). 

TS = thymidylate synthetase; DHFR = dihydrofolate reductase; PRPP = 5-phos­

phoribosyl-1-pyrophosphate; FH2 = dihydrofolate; FH4 = tcirahydrofolate 

PRase 

5-FU/ FUR FUMP JFUOP - FUTP- RNA (FU) 

\ FUdR-FdUMP- fdUDP 
I 
I 

+ 
TMP 

Synthetase 

.. ~ ~ ~ . 3un 6 nA ~nn11DDnf1Y1~'1JD~ 5-Fluorouracil (5-FU) 

I 
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de novo 
purine 
synthesis 

nrirninif'll?ntn if~ 9, 2s30 
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Deoxycytidine- dCMP - dCDP - dCTP----1 t----" DNA 

(2) (3) (4) !(5) 
I 

/ 
I 

I 
Ara-C- AraCMP- AreCDP- AraCTP 

(6) j (•) (7) j (3) (4) 

Ara-u AraUMP 

~ti~ 7 nii'lnnTrnonriYlt'llo~ Cytarabine (Cytosine arabinosidc). (I) = ribonucleosidc diphosphate 

reductase; (2) = deoxycytidine kinase; (3) = deoxycytidylatc kinase; (4) = nuclcoside 

diphosphate kinase; (5) = DNA polymerase; (6) = cytidine deaminase; (7) = deoxycytidinc 

monophosphatc deaminase 

6-Thiouric acid - 6-MP- 6-MMP 6-MMP nucleotides 

\ 
', 

Glutemine 

PAPP 

m , 
',, 

(\) 6-MP r.;ph,.ph•lo ""''°"'" --------_ :::::-~, .. 

T-IMP 
I 
I 
I 
I "Paeudofeedback" 
I Inhibition 
I 
t 

Adenine nucleotides 

>------ -• R5P - - IMP 

Guanine nucleotides 

6-Mcrcaptopurinc. (I) = hypoxan thine-gu anine 

phosphoribosyltransferase; (2) = xanthinc oxidasc; R5P = ribosylamine-5-phosphate; 

PRPP = phosphoribosylpyrophosphate; 6-!VIMP = 6-mcthylmercaptopurine; T -IMP 

= 6-thioinosine-5'-phosphate 
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vinblastine ~fl vindesine (desacetyl vinblastine 

carboxamide) Lvi.Jlt1mflfl'1 H'm.JYl~lln ( 11, 12) 
~ "" d 1 t.I I -., ~ \.I I t. 

u1mH1lJm1.1~vi1 m \lff 11\lm\I nu\ fl nuarnmwu. 

LLq]iJ C)Ylf 'llflUL 'WI n11 fo~1LLfl::fl111.ILUU~~q)1\I nu 

u1aanri.,.,fuuu cell cycle-specific 1viu~unu 
hbqju tubulin 'llfl\I microtubules flU1\IL\\Yi1:: 

L '11::'1\I 1 UtlV111ff1U 1: 1 11.Jfl tl1~\l"JJV1'1J11\I n11L nvi 

microtubule LLfl ::rh1~ mitotic spindles fffl1LJi1 

lm 11l l'lf1.1m::~vim::'11u1u 
1
l'll lm..Jfl1H.U1.1 ~1a~u 

IOtJ Q < 1 -....J 
n~1.INY1 nvinfl::L'llflfl~~YllLU\lmm::u:: metaphase 

' ~I (13) L'lfflfl1::LJ:: late S phase 'lJtl\I cell cycle Luu 

.J1l ' .J ( ) 1::u::Yl 1viau11.11nYlLfV1 1
0

4 , 
id I 'A \I I d .J 

u1a1 '11.INflY1 m'llfl fl aumrn 'lfU m 1 Lflfl auri 

LLfl::~unu'lltJ\I polymorphonuclear leukocytes 

(PM Ns) fl111.JLUU~~qlfl 1 ::uutl1::ff1Ylff1Unfl1\I 

LLfl::"iTYl'lJ11\ln11a11\I mviU1Y1aon 1tJ1qju 't'lJJJU 

LLfl::mrnk\11rnffoum\l'lfllqi ff11 colchicitie LLfl:: 

podophyllotoxin n.Juli~unu tubulin 'l~ lLqJ~U 

Y1Ufl::vi1u~ii.Jnum1~U'llfl\I vinblastine m1 

J; 0 .. tl.J tJ . qiau1a1'1LnY1'11n1.1m1L fltJ'\.m fl\l'llfl\I tubuhn 

'111~u1~u tubulin 
1

l~uauri.J LLfl::1~1mnvi'11nLJ1 
... ' .¥ .J • 1" ' " J; tln'lJuaan'11m'llflflmn'llu 'lmi::rn W'llfliil1.l::L1\lviam 

~ 
-.. J ,J ...,-.... . t,.I IX I , 

Vl1tJUYl'1Unu tubulin mu L'lfUYlflYltl anthracychnes, 

dactinomycin (actinomycin-D), epipodophyllo­

toxins LLfl:: colchicine LUMlU (15) LJ1 calcium 
I • A - ~ 

channel blockers L'lfU verapam1I 'lf\ILJUtl\ln11 

~1U'lJ9\I calcium '111~L'l!r!Gbq]a vincristine 

uri:: doxorubicin 1mJ
1
lJilln (16,17) t11L'lY1tiL'lfiil~ 

~ 

1 ... . x 0 .. 

QlLJt11flLJ earn er m 1qia t11a1'1L nY1'11 n1.1nl1 

Ltl~m.mtliil \l'lJtJ\l'lnfl 1YI ltJ1~u~L~tl~1.JL'lffl~ ( 18) , 
.. ' " .. tl .J tJ .. ' LLiil ::/~1tl 111.1nu1.1m1L iiltJUIL fl\l'lJtl\I LJUff ILfl:: 

1m11.1h1.1 (10) 

3.2 Epipodophyllotoxins ff11 ff nQ'l'11 n 

Podophyllum pe/tatum i'i~flltJ'lfUQ'l L"liu podo­

phyllum 1rn:: podophyllin H'Lllut11ci1rnLfl::t11 

" m::vi'utl.Jt\1~ podophyllo toxin 
1

l~'11 n m1uu n , , 
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Llfl::Yl nN~ n'11 n podophyllin LLfl:: ~nu 11.11 Hfo~1 

venereal wart 

Podophyllotoxin ~unu tubulin a1'1LUU 

vi11L~U\IL~u1nu colchicine (19,20) ~1a'hlfl 
J ""' .d .., ..... • - t 

L~flt11.IYlU~1a'l!aunuwn1 :: tropolme LJULJ \ln11 

~U'lJtl\I colchicine nu tubulin l viu'hi iJNflqJfl 

podophyllotoxin (21) a11v¥utf podophyllotoxin 

~1mmnn~nff\1Lm1::itlqiu Sandoz Laboratories 

~\ILLq]tJ 1963 uo1i'ia11vrutf LYiu.J 2 i1 ~ii1Hu hm n 

LUU 4 -demethyl-epipodophyllo toxins ~\ltj~a 
etoposide (VP-16, VP-16-213, NSC-141540, 

NK-171) LLfl:: teniposide (VM-26, NSC-122819) 

m 11::i'iNflqJtJ L-1210 leukemia LLiil::1.l::L 1.J~u 1u 
... . 

HYl'JYlQ'lflfl\11.11 n n11H11i.Jvi'u (22) LLfl ::djam1aau 

Yn\IYl~unwu11'l~NflqJfl small cell carcinoma 
.J 
YlUflQ'l (23), lymphomas ILiil:: testicular cancer 

(24,25) 
It ,£ nri nm1a anriYlli 'lJfl\I etoposide LLfl:: 

teniposide El1'1
1

l1iL~ijaunu podophyllotoxin 

LY111::'1Jm::~ podophyllotoxin ~unu tubulin 

uurT\I microtubular assembly LLfl::l'i1L~L'lffl~~~~ 
~ 1::u:: metaphase (26) etoposide LLfl:: tenipo­

side 'hJiJNflqJfl microtubular assembly LJ1UUrT\I 
,,J .J 

L'lfflflYl late S-G2 phase 'lJfl\I cell cycle Ylfl111.I 
'I.I "' .; , ,J "' ti ..... t ,,J 

L 'lJ1.J'lJUYl1 lLY1YlY1111.IL 'lJ1.J'lJ\.lff \ILJltJULJ\llLfl::~tJ~L 'lf iil iilYl 
~ , 

G2 phase ti1~fo etoposide lLfl:: S phase ti1~fo 

teniposide ~1aa1'1J\lfffl\11::u:: Lw11::wu11L'lffl~ 
' " 

mumnfh::u::"1.JH!l\I (27) t11flvim1li1Li1 'llfl \I 

u1Y1afa'l'lfvi° Llfl::uurT.Jm1u1 thymidine L'JJ11u 

DNA (28) etoposide '111~ DNA strand llY1n!l!ln 

( )
A A I ~' 

29,30 'lf \ltl1'1LnQ'l '11 n n11LJfltJ'llfl\ILfJU'lf tJ1.J LYi11:: 

LJ1m::vi'u DNA topoisomerase II ~\ILJflLJ DNA , 
(31) 

3 .3 Anthracyclines Lllun~1.1u1tl~~1u:: 
<V ~ .Jo ..... ~t,.,d ,J I d 
1n~11.1::L1 \IYl~lYI tyLrn::1.1r,itmt,.1m nYl~Ql n~1.1~u\I 

tl1:: nau~1t1u1~ri1t1i1~ti1t1ty1l lli'1Ln doxorubicin, 
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" 
epirubicin LLfl:: daunorubicin LJ1 n~uiti:i\i'Yl1 

1flHH11.JLUU tetracyclic anthraquinone 

chromophores (~1El aglycones) ~unUlt1onflvi1u 
glycosidic bond L'liu daunosamine, 2-deoxy-L 

-fucose, L-cinerulose A, L-cinerulose B, 

D-cinerulose A, L-rhodosamine, L-rhodinose, 
' ~I ""' ~ .J- -L-am1cetose, L-aculose LuUYlU U1Ql1fl'r1vunu 

doxorubicin LLfl:: daunorubicin fio daunosamine 

ff1U chromophore 'IJEJ\l anthracyclines 

L1un anthracyclinones iiff1Ufl~1unu hydro­

xyanthraquinones ~\JWUlu rhein, aloe, emodin, 

alizarin, purpurin LlJuqj'u ~\l,rU~\li:i~rna-ullii 
.d \.I - I I .J ·1--
'r1flfl1Un'Ul•'lfl1UEJU1\l L'lfU<ijYllLff\l'r1 479 nm 'r11 ~ 

El1L~rM YlEJ.JLHU nITTrmu( Ut'l::rio3.J::L1.J daunorubicin 

'l" x s . Ylv1nL'lfEl11 treptomyces pneucet1us var. 

caesius 1viu Di Marco llfl::flrn:: LLfl:: Dubost Lrn:: 

1 ~I d b' • 'l " J' A mu:: u u 1963 oxoru 1cm viv1nL'lfEJ11"l!UVI 

L~u1nu1utJ 1969 1viu Arcamone Ufl::mii:: 

( 32,33) ant hracyclines 1iJ~1LlJUqj'El\lff nvi 
1
lvi'11 n 

Streptomyces Lff3..IEJ'ltl Liu carrninomycin 'lviv1n 

Actinomadura carminata (34) 

't ,L nfl nm10E1nCJ'r1ll'lJEl\l anthracyclines 

fiou'li1.J'Jfuonou L'limL'r11 mm:: DNA (intercala­

tion}, rio 1 ~di vi free radicals lLfl:: superoxides 

hMrn6, iunu divalent cations, uurT.J Na-K 
' 

-A TPase , iu nUEJ.Jf1tJ1:: nEJU'lJEl\JLtJEJ~rn'lrn 6 , 
L UUqJU ant hracyclines iu nrnrlo~3.JL'l!fl61V1UEJ1v , 
~u~ phospholipid cardiolipin LLfl:: ltl1~u spectrin 

0 ~., ... .J 4 ... 'tl.J 'ltl.J ., ., 'r11 L~~U1'r1'1JEl'1LUEl~UL'l!flflL flUU 'r'lf\113.JL'IJU'IJU , 
~1 ( 35,36) U1U.Jr-huL 'Ji1L'l!fltflvi'L 11LLfl::1 Uff::ff3.J 

\t... dA "' ( ) 1 A "' ... ... vimn'r1U1Lflt'lUR 32,37 mu uu1Lflf!URU1vunu 

't"'d I • d DNA VlV1LLfl::LL'r11 mm::1::~11\l base pairs 'r1 

Qivinu'IJEJ\l DNA lu double helix (38) 1viu ring 

B lLfl:: C otj'tu helix 'llrn::~ ring A LLfl:: D 

rluoomnv1n helix~" 2 'li1.J amino group 'IJEJ\l 
" 

i.i1mfl daunosamine ~unu sugar-phosphate 
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backbone 'IJEJ\l DNA diviLUU anthracycline 
.J -.... • . -... ... 

-DNA complex 'r'lfl\lvrn.nn n11'r11'11U'IJEl\JLEIU'l!UU 

DNA polymerase LLfl:: DNA-dependent RNA 
I •'\VA -t 

polymerase unw1EJ\l 'r11 Lmnvim1uuu.Jm1 

ai'1.JnH1u1fl~an 1tl1~u LLfl::urnT.Jm1LLU.J~1 
LoW3..1~1U1U'lJEl\JL'llfl6U::L1.J (39) m1urnT.Jm1 

ai'1.J DNA divi~u~~VI replicon initiation ff1Uf·lt'l 
I ~ d. I t.I , 

GlEl RNA uuu1u~t'lG1Eln11rf11\l prenbosomal 

RNA mnn11mrnf1.J mRNA ~1El tRNA (40) 
. ,J~ ~ 1 "' ... t 

anthracychnes 'r1UU1mt'lwnu ULfl ~fl u~t'lUUU\l 

mrni'1.J RNA mn (41) u1u.Jri11~ single 

stranded DNA lLGlnEJEJn Lrn::m1'JiEJULL'l!U DNA 
I J A. d 

unvno.J m1'r1 DNA LLGlnoono1vLnviv1num1 

Gltll DNA 1vimou'lfrn1 topoisomerase ~1mnviv1n 

microsomal cytochrome P-450 reductase (Lrloi:i 

NADPH) ~1El P-450 reductase 'IJEl\JLtlEl~U 

U1Lfl~umtl~uu doxorubicin LUU free radicals 

(Liu semiquinone radicals) (42,43) ~.Jri1l~Lntll 
hydrogen peroxide, hydroxyl radicals ~10 

superoxide radicals ~LUUoW1Y'iiEl DNA Lrn ::Yi1l~ 
DNA LLGlnEJEln LUumnh1viLHU~1U'lJEl\l DNA 

~Lnviv1n 02 radicals (44-46) LEJucnui.l flavin­

dependent oxidoreductase 3u ') na1m1mtl~au 
doxorubicin LUU semiquinone radicals 1vi (47) 

I -=' - • o t;' ~ 
LLfl::L "J!ULVl[)1nUEJ1U1vm1'r11t'l1UL'l!flt'lU::L 1 \I f\113.J 

LUUoW1Y'iio~11vo1vLnviv1 n free radicals vi1rniu 

nuwn1::~1 Lv'ITTV1LEJUCJfUi.J catalase LLt'l:: giutathione 

peroxidase ~.J'f11fl1UN11Ynn hydrogen peroxide 

LLt'l:: lipid hydroperoxides ~R\JV1n 1vii'ua1 doxoru­

bicin ( 48) ~Ln~YlL~ElYlLLt'l::Lii~L~ElVILLVl\l [)1ff1"11 Cl 

riaL~Ln~ free radicals 1vi'Liunu (49,50) a 

-tocopherol ~\JLUUR11 antioxidant R1"11tlfl~ 
fl113JLUUW1Y'JJEl\JU1vlEl~11v w111:: 

1
ltlt'lvitl1mrn 

peroxide radicals luL'l!fl6 (51) E11u1vm1Yi1fl1U 

L'l!t'l 6U::L 1 \JLLfl::fl11ULUUoW1Y'IJEl\l£J1U\JEl1vL nviv1 na1 

'ltl ... t 1 1 "' ('l 1 "' .J ... ~ ... [)lJU\I U '1lflEIULV11[) U '1lflEIULV11U 'r1~1 Lv3J 
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cardiolipin ~" El1'1LU\.rn·1m~ 1~LJ1LUUYl~vlEJ~1 h 

mn) 1nm::rnum1muhufl::i1r-m1~~i!1~'llu'1 
L~EJ~3JL'1flil~LtJ~un'ltJ (52) u1~unu spectrin 

LL!il:: cardiolipin ~'1LUUEJ'1~tJ1:: nEJUff1~t)j'lltl'1 
' 
.dV <-1 <' « •1V 
LLJEl'13JL'1flillil~1 '1LL!il::L'1flillil3J::L1'1 Ulil::Yl1 ~ per-

meability vltl Na+ lLti:: Ca+ + ~L~tl~3JL'l51il~ 
• Id 'l· I .. I ... " d d LulilLJU u (53) LJ13Jr.llilVltlL'1flillilU::L Hm nYl'lVIYl 

d '-' t-' ~ ' I 

S phase YlYl11UL 'lJU'lJUYl1L'1flilliltl1'1r.ll'U. S phase 

'l· 1'l " "l· I d u YI lLVI uVl1LJYl G 2 phase 

3.4 Bleomycins Maeda nlil::vrn\:: (54) ffrlVl 

phleomycin ~\ILUU~11th::lflYlL~LJ1rlU bleomycin 

(~h-3111n bleomycin ~1hJiJ double bond ~mfrnm 
vi1u~ll'1 44, 45) 111n Streptomyces verticillus 

nv1 phleomycin 
1hJ'l~rinu1m 1 iLvn1::3J~~v1EJ 'lYI 

\J 

(55) vJEJmL'U.U 1966 Umezawa uti::mv.::'l~~um 

ff11UD:n1u::~tt ') 1u S. verticil/us strain vl1'1 ') 

1u~'lVlrl'r'IU bleomycins (56) 

Bleomycins LUl\n~U'lJEJ'1 
1
lnti 1mtJtJ

1l'Ylvi' , 
1uLtintiL~n ') (tl1mtnhiLlilnlil tJ1 ::mm 1500 , , 
daltons) th:: nEJu~1tJ bleomycin A 1.6 lLlil:: B1_4 
et e! I ~ ' ~ A ~' ( .... 3J CJYlliVIEJYl\IL'1flillil3J::L 1 '1lLlil::~lilUYl1LJ LlUflYlL 1LJUlil:: 

'hf«) bleomycin ~~1~u1u 1m1u-3Vllil1V1LUttff1l\ 

f..lff3J'lJEJ'1 bleomycin A2 lLlil:: B2 (mnn11 60-70o/o 

LLlil:: 25-32% V113J~1q\u) bleomycin LUtt amine 

"lJEJ\I bleomycinic acid bleomycin A 2 uti:; B2 

v11-3nUV11'1~ amine Lfl1'1fff1'1'lJEJ\I bleomycin LUU 

pyrimidine chromophore v1unu propionamide 

{3-aminoalamine amide Llti::J1mlil L-gulose LLti:: 

3-0-carbamoyl-D-mannose bleomycin rJ-331 

side chain LUU L-histidine L-threonine LLti:: 

methylvalerate residue m1LtJ~umLUlil'11VI ') 1u 

hiLti~lil'lJEJ'1 bleomycin rh1~C]Ylf'llu'1 bleomycin 

LU~m\'ltJEJLJ1'1mn (57) amine 'llu'1 bleomycin 

A 2 ~\l~unu bithiazole ~1LJ amide bond 31 
. d:d"'- -sulfomum group '1f'1LnLJ1'1JEJ'1numHU double 
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helix 'llu'1 DNA Lm::u!l sulfonium ~unu phos-
\J 

phate 'lJEJ'1 DNA 1GitJ electrostatic bond ff1U 

bithiazole '1::Lmrn~rn'll1
1

ltJ1u base pairs 'lJEJ\I 

DNA ~-3'1!it111 single- uti:: double-stranded (58 

-60) ~'13Jmuu guanine-cytosine LLti:: guanine 

-thymine base pairs (61-63) 1 1mlil~lil'lltl'1 

bleomycin ~unu 4-5 base pairs bleomycin A2 

ff1'U.~~unu DNA (DNA-binding domain) L1un 

S-tripeptide ~1EJ S-peptide Uf11u5n~1u~rt\l'llu'1 
bleomycin Az LUU ligands ~~u nu fo~:: (metal 

-chelating domain) tJ1:;nEJu~1u 6 ligands 'l~un 

L-{3-aminoalanine carboxamide (2 ligands), 

pyrimidine ring (1 ligand) , L-erythro-{3 

-hydroxyhistidine (2 ligands) , carboxy I group 

'lltl'1 3-0-carbamoyl-cx-D-mannopyranoside 

(1 ligand) (64,65) 

Luu~LJEJllfo n'U. 1V1tirY1 'l tJ11 fo~::~3Jm13J 
ff1~'1JvlEln11EJElnCJYlf'llu'1 bleomycin fim~~n1'U. 
1U'lJEl\I ferrous (Fe + +) Lrlu Fe + + -bleomycin 
\J 

., 'l· I ., ., ., ,4 complex L'll1 ulm1n11unu DNA Lllil1 Fe++ '1f'1 

u!l1n~ ') nuJ1mlil deoxyribose 'lJEl'1 DNA rin 
\J \J 

oxidised LUU ferric (Fe+++) ElLlil nmEJu ~\lrin 
'\) 

tJ~EJtJElunm'1::LtJ~un 02 1~LUU active oxygen 

Lii111 hydroperoxy radicals, superoxide ~1u 

hydroxyl radicals~'" (66-68) 1<Jlu~ superoxide 
, A d .... t.I 

llti:: hydroperoxy radicals Ln<JlYlfl113JL'lJ3J'lJU'lltl'1 . . 
complex Gi1 li1u hydroxyl radicals LnV1iim13J 

L'll3J'llu'lJEJ'1 complex ~" (69) (tJDffirnil'L1tin11 

Haber-Weiss reaction) superoxide ~1u hydroxyl 

radicals 'Yi11~ phosphodiester bond 1:;~11-3 
~ • d • v 

guan ine nu cytos m e ~1tl g uanmc nu 

thymine lLVlnEJEJn tJ~uLJ purine ~1u pyri­

midine bases uEJnm (10,11) 'Yi11~ DNA ., 
strands (~-3 preformed DNA, single lLlil :: 

double) lLVlnuun (12) bleomycin 31r-itiv1EJ DNA 
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LLq)liJiii-m~fo RNA LLa:: ribonucleotide polymers 

hmfl£1Yl'r1Ylfl£l..:I Cu++, Co+ + LLfl:: Zn+ + '121 
ff1m1nti1l~ DNA uvin£1£1nmjjm.uiu Fe+ + 

(73,74) LLql Suzuki LLa::flru::: (70) ViU11 Cu++ 

-bleomycin complex LLa:: Cu-free bleomycin 

'Yi1l~ DNA hw1rnifaYln'l~ n..:imjliJ'Yi1\~ DNA 

.J 1 ' ' 'r'lLLtJ n£1£1 mn t4~fl£1Vl'Y1Vlfl£1..:ILLY1 n£1£1n V1£1mYn.n1 

1tl1~uu1..:1'11UY1ff1m1n Ltl~t1u cupric (Cu ++) 

1u Cu++ -bleomycin complex 1~LUU cuprous 

(Cu+ ) Takahashi LLa::flm:: (75) LffU£111Gi'£1..:iii 

1tl ... ... .. .4 .J tl.J ' 'ltl 'l" 1VIU£l n'11UVl~U..:l'Y1L arm complex VIEl \IU VI 

Cu-free bleomycin lL~1 Cu-free bleomycin 

~u riu Fe+ + hw1rn6 LUU Fe++ -bleomycin 

complex L'll1~uriu DNA Fe++ 11.4 complex 

tl.J !:'°I .4 • 1 ., 
~m fltJULuU Fe++ + 'lf..:l'Y11 ~ DNA LLVln£1£ln 

" ~a..:1\11nltu Fe+++ -bleomycin complex \l ::~flVI , 
£1£1m..11LLfl::nmtl~mL l~mnmw Fe++ -bleomycin 

" 
complex L'll1~uriu DNA 1~21 ~..:1'1:::Yi1l~ DNA 

... .J 1 LLVI n£1£1 n£J n n11'Yl Cu+ m1::: Cu+ + t4 copper 

-bleomycin complex ff1m1mtl~rmnau'ltlm 
1V1t1tl~ n1t11 oxidation-reduction £11v'Yi1 l ~ 

copper-bleomycin complex iiq'Ylf'Yi11~ DNA 

uvin'lvi'vi'1t1qj1'1J£1..:1lTuL£1..:1 (76) Lin LLa::flm:: (11) 
' 

L;£111 copper ~uriu bleomycin LLUt4n11m~n~..:i 
'l ' ' .J tl.J ~· . llU1'r1\l::L fltl\.U.11LuU Fe++ -bleomycm complex 
" ~ -., J ~ t ~I • Vl..:l\4U Yl1'Y1£l El nq'Y11rn1v::L uU Cu-bleomycm 

complex :A..:ihlinll'111Qi\1::£1ci1t41tl Cu++ 
" " 

-bleomycin complex uq)~rl£lii Oi ~1£1 ff11 reducing 

agent Liu dithiothreitol '1::ff1m1mtl~t1U 
1 " !:'I • "'l " ~Luu Cu+ -bleomycm complex LLl'1::£1£1nC)'r11i VI 

()
.4 ., u .4 

78 'lf..:lfla1t1nur-rn'll£1..:I cytochrome P-450 cn..:i 

Cu++ -bleomycin complex nnm::Gi'ul~iin'Ylf " , ., 
'l~Vltl NADPH-cytochrome P-450 reductase 

LElWUtJJJ ribonucleotide reductase U'1Lff1llC)'r1f 

bleomycin lt4m1'Yi1~~ DNA LLVln (79) 

111«111nif111nll1 ilff 9, 2s30 
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u£1nv1n'Yi1l~ DNA uvin£1£1rnLA'1 bleomycin 

u..:iii~a~u ') L"lit4m1~uriu1::~11..:i foLf!na DNA 
.J ' Ltlat1mLtla..:i n11Yi1..:11U'JJ£1..:I DNA-dependent 

... 
DNA polymerase uuu..:imnfElllLL'lfll DNA 'lJEl..:I 

DNA ligase 'JTV1'1J11..:im1ff1'1..:i DNA (itluti1t4l~qj) 

LLf1::uurT..:im1ff1'1..:i RNA LLfl:: 1t11~u {LU'U.R1'U. 

UEltl) (80-84) f..:1Hvi1n ionizing radiations 
.c..d: .J A J • 

ua::~ nrn{)ll'r1V11LUVi1::'r1Lff 1ll C)'Ylli bleomycm 
" £11\ILUULVi11::LnV1m1uuu..:im1<d£1t1LL'Jf3.J DNA 

(85,86) Fe++ LLa::L£11i1lma Lff13.JC)'r1f bleomycin 

1V1t1d..:im1LLV1nu~::uurT..:im1'1i'£13.JLL'Jfll DNA (87,88) 

L'lfaN~~ nuurT..:i~1tJ bleomycin '1::ii'lJU1Q'l 1 ~qi n11 

L'lff1Nlin3.JV11 LLa::ii 'lt11vifl£lt4LVl1tJ LLa :: n£Ja'tv 

fl£1t1Lvian.n 1~qjmn 1m 1" hlluvin£1£1n ua::1~1£l 

mtJ'ltl t11iii.mq)m•1rn6mn~ mitotic phase (M) 

LLa:: premitotic ~1£1 post-DNA synthesis phase 
.. .J u •lttJ .J (G2) '1J£1'1 cell cycle L<)jafl'Ylt1..:i1£1V1£1~ ff::trn'r'l G 2 

phase LLfl::iian1Ym:: 1m 13.J hll~VltlnOi Liuiii£J..:i 

~1mLvimtJuYimL ~1£lii translocation 
.-.Jl' ~· ... " u .. L 'Jf fl a'r1VI £1[]1£11\IL ulU Vi11::3.J m 1ff11 '1L£1Wlf tlll 

vi1n aminopeptidase fi£J bleomycin hydrolase 

:A..:iLtl~tJuutla..:it11 'l~Ltlu deamino blcomycin 

( ) 
.d \lA du\l' ouo" 

89-91 £11v3.Jna n£Ju ') 'YltJ..:i ll'Y111ULL\4'11V111llVl1tJ 

L vi11:: m 1'Yi1..:11t4 '1J£1..:IL£1wut1i.ld 'hiim .. ruf riu m 1 

}{ .. 1l ' 1 ... ... 
V1£1~1£1 1YJ£1t11 t4~fl£1Vl'r1V1fl£1..:1 (92-94) LLV1n£11vll 

m1i.Jci1ti'tyq)£1~am1fn1Y1 L"liu squamous cell 

sarcoma iiLElWUtJJJ bleomycin hydrolase mn 
d u l' .J 
v..:illnV1£ltJ1 'llm::'r'l squamous cell carcinoma 

iiL£1wntJJ.l'llUV1du£1tJ~..:1'l1vi£1tJ1 tl£1V1urdhmt..:iii 

L£1WUtJJJ'11UV1du£1tJ~..:iLnV1m1m tluYllY\11nt111lvi'~1t1 
deamino bleomycin iiq'r'lfvim'lff!Nll::L 1..:1~1Lvi11:: 
Yi1tl~n1t11riu 02 1~ free radicals 'lviliJ~ (95) 

Cu-free bleomycins ua:: Cu++ -bleomycin 

complex v::Ltl~tJw.tlu epibleomycins i'1 ') lu~h..:i 
epibleomycins ii~ati1a1m'l!aflll::L 1..:iLYit1..:i 25% 
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'IJ!h1 bleomycins (96) 

3.5 Dactinomycin (Actinomycin D) ~n 

~u~uhiu 1940 (97) '11m;!11 Streptomyces 
..... t ""1 parvullus (98) £J1llf.HWU£J.:ILLUfl'm 'HJ Y1mu~1:: 

mh.:iri.:i nf J.Ju1 n uoi
1
hJtrnn1ClH1il"moi'1"uuflYiL1a 

'l~L dtJ.:1'11 niH'i1'ioim•1rnam n dact inomycin L iluo11 

.J • ... "tl 1 '.d , ' . . 
Ylff1flqjlLfl::J.J 1:: £J'llWt'l~Yl LUn~J.J actmomycms 
Ad I - • 1" t 'lf.:Jllmnm1 100 'll\.lYl a1~nu1mma11.:i 'llm.:iu1n 

L\.lU 1954 (99-101) Brockman ua::~11ll.:11\.l LUU 

~YiH'1iilflHHf1.:J'lJ11.:J[J1 'ten UU 1960 ( 102, 103) 
'\J '\J 

dactinomycin ii1m .:1«1'1.:itl1::nDu~1a planar 

phenoxazone ring chromophore L1an actinocin 

:A.:1Yi1 l-Xt.11iHhLY1.:i ~u nu cyclic pentapeptide 

lactone ring 2 rings ~L~iim.\n\.l L1an isoactinomycin 

a11111nt]Yl!1Yia phenoxazone ring chromo­

phore LLmmm::nu DNA ru Q)1lL~li.:11::~i1.:i 

guanine-cytosine '1111.:J double stranded DNA 
~ - I I 

LLfl::m1LLYl1mm::'lJunu H-bond 1::~11.:ia-1u'lJ11.:1 

pentapeptide nu deoxyguanosines 'IJD.:J DNA 

( 104, 105) r-rn'll11.:im111mrnn1::Yi1 l-XtTurT.:im1 

transcription 'IJD.:J n·rnU1fl~an ( 106) LLfl ::'llYl'll11.:J 
' 

m1a-1'1\I RNA LU11.:J'11rn11u.fr'a~ DNA-dependent 

RNA polymerase 'l 1oitJa1mn ( 101) 1rl11'1J"1Y1£J1 

~.:1~\.l'1::'ltltTurT.:im1a-1'1.:i DNA ~1£J m1m1n 

double stranded LL~1 a1Yi1 l-X single stranded 

DNA LLV1n1111nfl~1£Jt]Yll'llD.:J doxorubicin (108) 

L11\.l.fr'mj" cytochrome P-450 reductase 111'1LUUol1 

., ::'I .d • 1 " .. 
n1::V1U£J1LLfl::LuUff1L~Yl'YlYl1 ~ single stranded , , 
DNA LLYln1111n dactinomycin ii~t1oim'lft1aLLuu 

· r· · s 1 " ::i .d
1l non-spect 1c LLV11::a:: p 1ase Yl\.l ') Lu\.l 1::a::'Yl 1 

O .d x < A 

Yl11tl1ll1 n'Ylt'fYl ( 109) n1Wl11[J1'lJ11.:IL'lfflflD1'1LnYl'11 n 

iim11tl~£J\.llLUfl.:JL\.l permeability 'll11.:J 1rla~J.J 
L'lfflaUfl::n11LU~tJUlLUfl.:Jn11~unu DNA hw1rna 

(110,111) 

. ::'I tJ""a .d ., 
3.6 Mitomycm C Lu1.m1 ~'lf1\.l::Yla-nvi 

. ( ) .. .! '11 n Streptomyces caesp1tosus 11 2 llt]Yl1i 

59 

. ' ~ "' . Yl1f11£JL'lfflfll.J::L Hflfl1£J£J1n~J.J alkylating agents 

fo1.:ia-11.:itl1::nDu~1a quinone, urethane lLfl:: 
.! 

aziridine groups (113,114) quinone 1111nt]Yl1i 

f1~1a~1n anthracyclines L\.lm1l111-X1nvi free 

radicals ( 115) aziridine lLfl:: urethane group 

ii~flf1~1£J alkylating agents l\.l-11.:ima quinone 

~mtl~a" ~1£Jtl~n1£J1~D1ff'rJ NADPH Luu 

semiquinone LLfl:: hydroperoxy radicals LLfl:: 

~tlJLH!J methoxy group (116,111) na1muu 

bifunctional ~1a trifunctional alkylating agents 

~1ltl~unu DNA ~~1Lmli.:i N6 'llD.:J adenine LLfl:: 

06 LLfl:: N2 'll11.:J guanine ~1D'IJEJ.:J cytosine J.:i1u 

' ( ) ..... t ., 
LLfl :: 1 ::~11.:i strands 118, 119 '1.:J!JU!J.:Jn11ff11.:J 

DNA 1m 1" 1'D'wii11viL«[J~1!JLLfl::L'lffl~Yl1[J [J1 

Yi11-X preformed DNA lLfl:: single stranded 

DNA LLV!n lLt1::'llYl'll1T'1n11Hf1\I RNA ~1tl 
.di • ,.J A • '·I -

!J1111'1ll~f1Ylm 'lf flfl'Yl'll1Y11111 n'lfL '1"ll1 n m11 'lf fl flu nYl 

( 120) i1.:1LLllrJ11111 nt]Yl!Lu" phase-nonspeci fie 

LLQ)!J1iJ~flll1nQJDL'lfflaLtn ::rJ:: 0 1 LLfl:: S phases 
.... A" - d "' , , 
Ql" ') !J1nY11Jll~llnULfln"11£J a-11vnn ant10x1-

dants (free radical scavengers) vl1\.ln111111nt]Ylt 
, ,, .dX , X 

'IJ11.:J!J1 L'lfflflJ.J::L 1.:1Yl'il11Y111 mitomycin C iJnvi11 
I • a .... I ,,J~ I 

Y111 alkylatmg agents 11\.lYl'l!J LLY1L'lfflflYl'il11YlD 

alkylating agents 
1hi~1LU"vlfl.:J~EJoi11 mitomycin C 

o1.:i&"'l1im11 i' alkylating agents 111!.J~«.:1'11 n H' 
mitomycin C LL~1'l1i

1

l~~fl LLQJ mitomycin C 111'1 

1.,., <.dX , • 11" ( ) 
'llnUL'lfflfl'YlYl11Q111 alkylatmg agents Y1 121 

11£Jt1::LarJmEJ.:1 mitomycin c ~ 1 m11 na-11'11.:ia.:i 
• ... .d 
fl1'ilUYl 122-125 

4. Hormones llCI ~ Hormone Antagonists 

( ) ::'I .d l " " ' Beatson 126 LuUl~flflflLL 1 nYH1ffYl.:J ~m\.l11 

trnf1J.J"iim1lli>J\4'\.lf null::L 1 .:i 1'i1£J'l~oi'vrf.:i1,; 

'll11.:J~U1!JJJ :: L 1.:iLol1\.lll11D n LL~1vmi1l11 l-Xn11\.l 
'IJ 

.. .. ' ( 11"" " J.J::L 1.:JLfl n fl.:i Y111m Naame 121) ~n n1'i1J.J::11,:, 

lJ'il~ n Jl1£JH11 ff n~'11 noi11J.J mammohypophyseal 

LLfl :: thyromamary f nH1J.J::L ~.:JL~1\.lll~1!Jff11 
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ffnm1n thyro-ovarian ua::fmn epithelioma 

ol1Uff1 rn nm1 nliu·rnu~LLa::Q)ur)au Engel ( 128) 

't'iu11nTm11 ty'llEJ-lLita,,an l UYi~~u~matjmu l~m1 
mu~l.l'llEl-lfrnffuu~a1u'l1UY1 L'liu hypophysisopton, 

thymusopton, ovarialopton ua:: thyroidopton 

t .d ., I l " ... A A t YltJYlff11ffn1mnnY1Ell.I V1ffl.IEJ-lm::~14m1L•1 tyLVIU YI 

" a a "' 1 ..., 1 .... -'lJEJ-lL UEJ-lEJ ma nu au lLYlff11ff nY1•1 nYIEll.lfitJl.lffna:: 
... " 

litJ1EltJ~LJULJ-ln11L•1ty'llEl'1LUEl'1Eln Engel LffUEll1 

ll::L1'1Lllulrnm'1 systemic ~UEJ-lnm~::1mfl1oi' l1a:: 

m1fo1Y1m1f mflm'1 systemic ~"lir.rn~n11 
., .dl ., , .x 

mnn1Y1mvn::Yl uunY11ff11ffnY1m'1 ') u 
I - I .... - ~ 4 .J 

L'lJ1WU11ff11ffnYl•1nYIEll.lfitJl.lffl.lqYlfilL1'1Yl~YI 

LLa::rT-lviuo n11m 1o1Y1f '11-ii~,,ii~a~GiEJ m 1 foiY1 

Cummings (129, 130) LffUrd1m1fo,y1v\'1u 
' 't \l"' A d I .,_ "' A.cf4 mn l.IU Y1~aY1ua:::Y1m1mnniY1Y11tJ1fiEJU 'J 

lull fl.ff. 1932 Lacassagne (131) 1oi'uffYl'1 

1iL~u11 estrogens ff1l.11H1inu1 liLnYI adenocar-
• ~ "' ,r::I - - v cmomas YlLV11Ul.l'lJEJ-lm~tlu•nwnr;i Nathanson 

LLa:: Andervont ( 132) wu11 testosterone 

propionate ff1l.11H1UE1'1nUll::L 1 "ltnrn~u~m 
'II 

o11Liiu Huggins LLa:: Hodges (133) 11u'11u11 

m11i testosterone d-ln11LOiu1qi'JJEJ-lrlElUl.l::L1'1 

Gial.l~n~i.nnlu~U'll LLqJn11YIEJU (orchiectomy) 

LLa::m1uY1 estradiol benzoate Yi1El diethyl­

stilbestrol n1lirlEJUl.l::L1 '1GiEJl.lfl n~l.11 mana-l 
'II 

~"lu~U'llLLa::m~ lull fl.ff. 19~1 Kelly ua:: 

Baker ( 134) YlYlt'lEl-l fotY1l.l::L 1-lLUEl~l.IYI~ nv11u 

progesterone th1n!J111oi'~a~ cK-ltXu•::L~U 1oi' 
I !'1 '-' .Jv- r::t'l.I ~ 

11HEl1ll.llHWffL'lJ1ll1LntJ1'lJEl-lnUl.l::L1-lLmUl.I l.l::L 1 '1 . 
Gial.lan~mnua::ll::L 1-lLUEJUl.IYlan Dougherty LLa:: 

'II , 'II 

White (135) 11tJ'11Ul1 adrenotropic hormone 

•1 nGial.I lv1ffl.IEJ'1\11 li~al.IJ1LYi~a"r:Jmana" Heilman 

lLa:: Kendall (136) wu11m1li cortisone 'llU1YI 

l "' ., ., "' .J ~I "' A 

~" UYi~Clu•nW11Ll.ltJY1LuUl.l::L1 -l'llUYI lympho-

sarcomas n1l"'rlElUl.l::L1'1Lana'1 LLGi cortisone li' 
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'hJ'loi'~a l UYi~cK1~ ua m1n 1~.d11l.lnu estradiol-17 

{3 Giam Pearson ua::flm:: ( 137, 138) na:: Stickney 

LLa::flm:: (139) wu11m1li cortisone 111Jnu 

adrenocorticotropic hormone (ACTH) 1v1~aGia 

lymphosarcomas mi:: leukemia m1f1uwudn1li 

corticosteroids ~ nttll.11li'Llluu1fotY11J::L1-lGiEll.I 

tl1LYi~El'1 1Yiumw1::mh"d" acute lymphoblastic 

leukemia lm?in•1nm1t1uwuGi1'1 ') ~n~11m 
n1 l iL n~mfi' n nl 1foblll.l::L1'11YltJ l i'trn ffouc;)-ld 

1 ...,. I ,d t.I 't .J o ~I 0 
-n11N1YIYILEl1YIEll.1'15'1ff11'1HEl 1 1JUY1'11LuUff1~ 1U 

m1L•1tyLOiu 1Y1'llEJ-ll.l::L1'1EJEJn (f,,'l-ii, Dm'YI::, Gial.I 

Yimn1lY1, GiEJlllolffl.IEl-l) Yi1aliu1oi'1uuaffou (L'liu 

li tamoxifen ~-'LUU antiestrogen) 

2. fn1Y1 tY1um1liuafl1lmwffm'1-ii'1ll 

L'"liuli estrogen ti1Yifui'n1Y11J::L1'1GimrnnYil.11n 
'II 

A • - -androgens Yi1El progesterone ff1Yi1U1mfl 
"' ... 3.J::L 1 '1LVl1U1J 

3. fo,y1 tY1un11 liuEJft1Ju'JJu1Y1~" L'liuli 

corticosteroids (cortisone, prednisolone) 'llUlYI 

~"111lnu ACTH ti1Yifufo,y1 lymphomas, 

leukemias, Hodgkin's disease LUUolU 

n11fo1Y13J::L1"1Yiuliuaft1Juttu H'1.i.J1v1 

nu3J::L 1-l'fln'llUYI LW11::1J::L 1 '1U1'1EJtl1'1
1
h.iY1EJU 

ffUEJ-lGiEJHElflllu Yi1 El 'li.loi'EJ'1El1tluHEJffou l Un11 

L .1 tyLOiu tvi lLGi1J::L 1 '1U1'1EJtl1'1YIElUffUEJ'1GiEJHEl fhm . 
L'lim.J::L1'1Lol1\UJ GimJ~n~mn LUEll.IYl~n Jymphomas 

• A :.'I ., 't .d"' I lLa:: leukemia U1'1'llUYILuUYIU tJEl1 l.IUY13J~t'lYIEl 

l.l::L 1-lm nd1v1LLri estrogens (L 'Liu . dici hylstilbestrol) 

· iiHaGim..t::L 1-lGimJ~ nYil.11 n androgens (L 'llu fluo­

xymesterone) ii~aGia3J::L 1 '1Lol1Ul.I (l UffYl1Yifi''1 

ti 
• d d..::4 

Yil.IYI 1::•1L~ElUmJ estrogen receptors) proges-

ties (L'liu hydroxyprogesterone, 6-methylhy-

droxyprogesterone) 
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,J,.,,. ~ - 'l ' {Y11l progesterone receptors) 1l::L HH 'IHLfl:: 

11::L 1.JLGi1u11 corticosteroids {L'liu dexame­

t hasone, prednisolone, hydroxycortisone hemi­

succinate} iir-iflvia lymphomas LlluGiu 1l::L 1.J 

m.Jad1.Ja1fl'mrnftm~tum1L'il1QJL~U tvi L'liu 

11::L 1.JLGi1uw11UY1ii estrogen receptors (ER+) 

11::L 1.Jviamm~1l1n 11::L 1.Jvnnd1~m1f mfl1l~Y1tJ 
'J 

- - ,J ~ 't I - 4,.o 'l O YIYltl1tJ1::Ylff11.Jtl'tl1 1JUmln L'l!U YICJl1.J 'IJEltln 

H1~fu1J::L 1.JLGi1UlJLUffYl1~u.Jiitl1::~1L~flUfltj GJYI 

5m'Yl::flflmi1~f rn..1::L 1.JvlfllJ~ n~1l1 n ~1fl t~tJ1 

GJ1Ut]Yl:nafhm L-ilu1~ tamoxifen ti1~fu 
" ... 1 .. ., tl • .. .J.. 1" 1.1::L1.JLYl1UlJLUffYl1~fl.J~lJYI 1::'il1LYlflUYllJ ER+ ~ 
. I . "d _. "' :: "' '.J tl .J a mmog uteth1m1 e 'lJ.J[JU[J.JLflWlWl!YlL fl[JU 

1flLflffLYIEl1flfl LUU pregnenolone 1um1H1'1.J 

adrena l corticosteroids Ufl::'iTYl'll11.J aromatase 

~1iLtl~LJU androstenedione LUU estrone LLa:: es­

t radio I 11ll nu hydrocort isone ~t ~L ~fl'l!YIL 'l![J 

n11'1J1YI lLfl ::L~flUEl.JrlUn11LYillmrnk.J ACTH 

~ .JLnYl'il1 n n11tTrnT.J m1fi1.J1U'llfl.Jviflirnmn lvi 

' 
L~fluriii ER+ 

m1fm~n11::L1'1Gi'1LJnflf1"u 'hiHm1fmfl 

1 ~mLJ'll1YI LLvlLUUn11 U11LY11fl1 n11 1vim-i1 t ~ n11 

L'il1QJL~U 1viLLfl::m1 m::'il1LJ (metastasis) LnY1i1fl.J 

G1.Jttum1fniY1~1mrnffou iJnH11llnum1H 

LJ1Lfliiu1uvi~u 'J L'liu ti prednisone 11l!nu 

mechlorethamine + vincristine + procarbazine 

(MOPP) tum1fm:n Hodgkin's disease ti 

p rednisone 11llnu cyclophosphamide + 
doxorubicin + vincristine (CHOP) ~1fl predni­

sone 11i.1nu bleomycin + doxorubicin + cy­

clophosphamide + vincrist ine (BACOP) LU 

m1fniY1 diffuse hist iocytic lymphomas LUMlH 

L ~El t ~LJ1 L fliiu1uY1ri1fl1m'l! fl~~'hiYI flU ffUfl.J 

viflnaftm~ m1Hnaffou11llnumrn1LJf.JH-n 

L ~fl L ~f .J~fi1a1m•1rn~~llil 1viEJnaftmu 'liunu 
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(14o) 1um.Jmtunu mLJ~a.Jm1~hvTull::L1.Jui.JEJa1.J 

L 'liuvifl1l~ n~111 n L~1U1JLLfl::l!YI~ n tl'fl ft11u~ mb 
1l1 t i'L~ti m1uEJ.Jnum1 narntll~a n~1flUfl.Jnum1 
m::'il1tJ (14 1, 142) 

'l .,{ 't "''l ' ' nfl nm1flflnt]Ylli'llfl.Jtl'fl1 1JULJ.J 11ri11rnm 

i'YllLvlL i1 h11nEJffom.hm i1tiL'lffl~LLfl::~u recep­

tors h~ l 'lllvitlfl1HtUll (itl~ 9) diYILUH hormone-

"' tl.J receptor complex 1rn:: receptors lln11L fl[JU-

LLUfl.J fiflii activation ~i.J'il1nttu complex 
' 

Lfl~flmi1ti U1Lfl~[Jff (translocation) lLfl::~unu 

DNA li11~LnYln11fff1.J mRNA lGJLJii DNA 

' .. iJ !"T .. " "'l " ~1tlfl1'ilL u receptors 'llfl.Jtl'fl1 Ll!UflUmLJn YI 

(L'lium1m::~U'llfl.:I estrogen) U'il'ilUUYiUl1 , , 
receptors 'llfl.:Jm1ffouii~fl1£J'l!Uvi L'liu estrogen 

receptor , progesterone receptor, androgen 

receptor ua:: glucocorticoicl receptor (143-146) 

.J "t" .. " 'llm::ri estrogen ff1m1rim::~u ~L'llflflff11.:I 

receptors 1rn::m::~ut~L'lffl~LLU.:IGJ1Ufl::Lvill~1U1U , 
l' "t" .. " progesterone 1Jff11111~n1 ::~u m'l!flflff11.:I 

receptors ~1mLu.:iv11~1m~11~1u1u L'i1u testos­

terone ~fl.:irimtl~LJULLUfl.:!LuL'lffl~LUU 5-a-
'J 

d ihydrotestosterone 1YlmflWlf[JJJ 5-a-reductase 

rfou ~.:i~unu receptors l Gi 
., " ..! 

5. m1mm1::1Ht:i'U ~ 

5.1 Cisplatin (cis-Platinum) Lull fl .H.1965 

Rosenberg lLfl::mu:: ( 147) YiUl1Lrlm-hum::LLff 

'lvlv'h1::~11.:i OLfln tm-YI ~l"i1Gi'1LJ platinum ~" 
't 11 .K .J.. t a~ Ufl1~T'Hfl[J.:IL'l!EJY1l.J NH + 4 LLA:: c1- lUl1'11U:: 

L~LJ.:iL:!'a E.coli tl11n!J11L:!'fl lli1Lu.:ii1vnm.Jnq) 
I :ti ~ t d I ._, t 

LLYlnfl1muUL'llflfl[J11 ') q)tJ1J1'il.:IY111U11n11[JU[J.:I 

n11L'il1 tyL~U lYl'IJEJ.:ILLUflfiL 1m nYl'il1 nff11U1:: nEJU 
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CELLMEMB~ 

nrn111n«11:irun ii~ 9, 2s30 
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C!\) I Biniin<J] Activation 

e~~e·~~e-----~ DNA 

/'R."\. New 
~~protein 
"- receptor R1 ~tRNA 

51 51_..@~a -------
New 

( protein 

tRNA 
~Polysomes 

~ ITronslotionl 

~ , ALTERED CELL FUNCTION 

3u~ o nA,nn11oonri'r1t'lloJllofhm 

~1n (121). 

L:a.J<U't1WlJ£1.J Pt (Cl)4 (NH3}i (149) o1m.n~u11 

«111h::nt1rn:a..Ji'EJWlJEl.J platinum iiC]Ylifrhtn£J 
.. ... ., ., .... ,! .l ... . . 

L'lHHUJ::L HYl1[J UA::V11YlllC]Ylli\L i "Yl'tV1f1£1 c1splatm 

(cis-dichlorodiaminoplatinum ~1£1 cis-diamine­

dichloroplat inum) rS"ii\i'Vli Pt2+ (Cl)2 
(NH3)i h.1LAqf'l1rn" NH3 ~unu Pt 1V1£J covalent 

bond ~"mU£J1LLUU lLol Cl- ~unu Pt 'hJL~U£J1lLUU 
.J t.I ~ I " 

LLG'l::R1m1Cl~mmu't1V11£J'"1t1£J1""l!1 ') (150, 151) 

cisplatin ~nii1ll1't1Y1At1.JH'm"fl~itn1uu 1971 

LLG'l::~u111lvit-JAH1WlUll::L1.Jf.J11'1J tirn'YI:: f1£1Uf'l:: 

~n~:: (152, 153) 

nf'llnnTrnElnC]Ylif'llt1" cisplat in ~El ~ir" 
-v1n~ cisplatin r.l1"L-ll1L'l1AtnGJ£J1~LL~~ (diffu­

sion) 1Ltr1 LUEJ.Jv1nm£JLUL'lff'l~ii1::'ilum1llL-ll'll-llu 
c 1- ~1 c 1- ~~ut1tjnu Pt ~"~rnLYlu~vi1£J 1mf'l-

~ ... J' AiJ di' ' ~Au1L11·,m LnV1L u aquate p at111u111-ammoma 

complex ~EltlnC]Yliffltr1£J bifunctional alkylating 

agent aquated platinum-ammonia complex ~u 

nu DNA RNA lLA:: hh~u~ nucleophilic site 

~"m£J1u tmf'l nf'l LLG'l ::1::~11.J hnf'lnf'!~.J'llitGJL~£J1 , , 
nULLf'l::o11..,nu (L'liu~m::~11" hiLf'lqf'l'lltl.J DNA 

nu DNA ~1t1nuhh~u) vl1£J covalent bond 

(154) vi11L~U.J~ cis-platinum 1Tn1ltl~u~t1 N-7 

'lltl..J guanine \Lf'l:: N-3 'llEl" cytosine (155) trans­

platinum 
1li-liitiYlif'r'i1f'l1m'lff'l~ Lll t1..,v1 nhJ 

ff1ll1iCl~unu base m£J1u1mf'lml'll£1.J DNA , 
( 156) m1~m::~11.J hirnqf'l'lJEl" cis-platinum LiiVl 

itt1mLA::i1 n11 n1i~Ul11£JL'" hHf'lnf'l LLG'l:: Cl n , \J 

reversed 
1
lvivi1£J t hiourca ( 15 7) LLo1m1m-ll3J-llu 

'll!l.J thiourea ~1~u~f'!ElV1YlV1A£1.JL~£1n1id £11'1 
I .l A J' \l ~ .. , ._ .'f _, ff"n11mnvi'llu VlLUL'lfiilf'l th1ourea £J.Jut1..,num1 

\J 

~U'll!l.J cis-platinum nu DNA 'lvi 511~ thiourea 

rfou cis-platinum 1u~f'!£1V1't1V1A£1.J t11vLU"L~11:: 
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11 thiourea Lii1'ltl'1u DNA \u'ii1LL"'tl"~ cis­

platinum v::L-ll1'ltl~u (158) 

Cisplatin EHlnt]YlfLLUU cell cycle non-
• , t x - A '"' I ft spec1f1c lLYl£11v'llUnlJ'D'UYl'll£l\IL'l!fHlmtJ L"JJlU'l!IHl 

"llu\I lymphoma '11£1\lftULLL'l:: V79-379A 'llu\I 

. 11 ' .J ~J' C h111ese hamster 1YlutJ12..nnri G 1 phase Yl\IU 

tl1vLUUL Yi11::11m~u nu DNA i1Yi11 ~L'l!L'lflN1U 
1ltl.. 'l" ( ) ., Cl\I G 1 phase Y1 159, 160 m1vu 'l!EMtJ1 

- "" olClli x - ,_ - - "' nu DNA [J\lft\lrnYl'llU"'fl\1'11nL'l!L'IL'llU.INlrnlJtJ1Llfl1 

~L'l1tJi'1 hJ\I ( 161) f..HU.1'1Jtl\ltJ1Yi1 L~ LiiY1ft11tli'.iYl 

tJnGi'lla\I DNA lLL'l::rllYl'll11\ln1ifff1\I DNA (162, 

163) L'l!L'l~£11v'lit.JlllL'l!1.I DNA 'l~Y1tJvlYlff1U'lJEJ\I 

cis-plat in um DD n~1rntl'WntJiJu1\IEJrl1\I ~ \lt.11 '1 
~I .J • q ., " J; 
Lumnm~riri1 L'l·'lll::L HY1DtJ1 ( 164, 165) UEJn'11n 

guanine LLL'l:: cytosine L\~1 cis-platinum tl\l~unu 

thiol group 'lJEJ\I 1tJ1Giu nL'l1lndEJ1vLUUH1m~~Yi1 
1~ cisplatin ih':i~viD'lvi "' l\L'l::Yi1l~di'l!EJ1n11 ,, 
a1L~tJU "'1n 1~ diethyldithiolcarbamate "'tr" 
cisplati n 2 -E'1 fo.J 1uivi1YIYiflEJ\I m1t1LlJm'q~GJD 
'lYllLL'l ::NL'IGlDYll\ILGiUEJ1"'11'lJEJ.J cis-plat in um v:: 

flYIL'l\I ( 166) 

5.2 L-Asparaginase 1uiJ ft.~. 1953 Kidd 

( 167) «\IL nvii1~f t1HY1v1 nm"vi::LmtTurT\I n11 

LGiu 101'1.la\I lymphoma 1u"'unu'1m'loi' uGJ~ f1.1-,, 
"llEJ\I m::Gi1tJ i.Y1 ILL'l::ftu 'li.iH11.111 ritYurT\l 'loi' Broome 

( 168) Yillil L-asparaginase 1 urn~1.l'lJD\lm~Yl::lln ,, 
LlluG11'1lY1'll11\ln11LGilJ 101'llEJ\I lymphoma ~\1

1

loi'ii 

n11N~Yl L-asparaginase DEi mrnv1D H'LUUtJ1 

1n~1 acute lymphocytic leukemia hu~n (iJnH 

Lv1Di'mb 1~Liim::tJ ::H\l lJ'llu\I11 mrlm~i.JGi'u f n~1 
111.1nu prednisolone UL'!:: vincrist ine LLGi'hJUtJJJ 

1 i'L~Elft1lJ~ll hflYlL'luYl 'ltJ) ( 169-173) 

L-asparaginase v1mm~\1Gl1\I ') nu'bJ 

~1L tJuGi'EJ.Jii t]Ylf LHJJ El 'l tl L\HYl\l L ~L ~u11iim1i.J 
LLYl nGJ1\I nu L ULDWntJiJ~'loi''11 n~ .Jii:a1Yl~Gl1\l'D'UY1 
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., . d• ' , " 'l" nu L-asparag111ase Ylv1"'U1tJ LUYIEJ\IY1fl1Yl Y1v1 n 

E.coli (type EC-2) "'1D Envinia carotovora 

~\1Yi1LUU lyophilized form ii mannitol NHllDtj 

~1tJ Lrlt.1v:: L i'oJD\INHll nuJ1nkuti1"' f uUY1LfftJ rfou 
.<r tlA AA tl.J 

tJ1EJDnt]Ylti LYltJmu~1.1 !Jmmm1L L'ltJU L-aspara-

gine 1~LUU aspartic acid LLfl ::L\Elll 1t1LUtJ lu 

El0111ft11l!L 11 90,000 1l1Lfl ~fl/Ulfi L'l!f16~1 'ltJii 

LuWntJ" L-asparagine synthetase ti1"'fui.J 

Lm1::~ L-asparagine v1 n aspartic acid lLvlL<Jrn6 

i.J::L 1 .JYimv1 n T-lymphocytes "'1£1 acute 

lymphoblastic leukemia 'hJii "'1Diiwwim1du1m 

mn L'l!L'IRYi1 nd~\lqJEJ.J1i L-asparagine '11n 

fl1tJUElnL~Eln11Hf1\I 1tJ1Giu DNA UL'!:: RNA 

m11~ L-asparaginase v::'ltJYi1L'l1rnL"'~"'llEl\I 

L-asparagine uD nL'l!flfllLL'l:: lum::LLH fo~oi 1VltJ 

Ltl~tJu1~Lllu aspartic acid l\fl::l\Elll Li.JLUtJ L'lfflfi' 
'., ~ d . r:: dd 

i.J::L 1 \lv\l'll1Yl L-asparag111e lLfl::mrJ ~J::L 1 \IYIYl£ltJ1 

L-ll1 hi1LnYiv1 m•1rn6~Q)JU1n11Hi'1.J L-asparagine 
~ 1 A.ct ""' f" A 

synthetase 'llttlnEJl~ Y1tJ1ti~11nfl1tJYm~ LLfl::/"'1EJ 

--•1Vd .... A~ .41 "" ' 'D'nu1 "'"m1H'J1\ILYilJ'l.IU LYiEJ 'lf~'J1\I L-asparagme 

~UL i'LEJ\l LuL'l!flfi' 

'li.iutJ1.11 i' L-asparaginase uo1~1~\I LYi11:: 

L'l!L'!6~EJ[J1 'l~~1[J ~11i1lJ n111 ~[)1nou"'1 EJ"'tr" 

1um11im11unuL~NL'IUYlnol1\I nu Liun1 L~ 

methotrexate rfou L-asparaginase m1i.JLllttVi~o10 
f" e:_~ A A" '"'1"' L"lfflfl v::LYi1.l'l.lu"'1mH11.1nu uoim "'methotrexate 

"'«" L-asparaginase m1mllllVi~Gim'l!~a'llEJ\I 
met ho trexate v::f!Yi~\I m 'J L'iftJ111i.J nuEJ1v 'l~Nfl 

1 _. .r ( )L . "' u 11tJYILfttJY1EltJ1 174 -asparagmase ll 
' A "' ..:( A 

spectrum UftlJ m~::o1vLnY1Nfl'lll\ILfttJ\ILUEJ\lv1 n 

L'l!fl6tlnGi3u ') D1v'l.11Y1 L-asparagine ~1tJ Liu 

~ui1 n1'J Hf1\I ttJ<JGiuLrn:: mrnk\ltrn ffouL'!Vlfl\I 

Vlfl1tJ'lfUYI Liu prothrombin LLfl:: clotting factors 

3u ') albumin insulin Ufl:: parathyroid hormone 

vi'rnL~::vi'urlou~1 \11U~Ylfl.J L~m1iilLEJt1 Tm ittJ~ \I 
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Llluviu ~t'ht1ui'111 t1a1'11wrt11 Lvn1::t11Ltlu 1t11~u 
\J 

".'I .d ., , .dil" • tl.d 'l ,., 
~u1tlYllWiYlEltl1'Yl Vl'11 n E.colI El1-;JL iiltlU ti L'lW1 

.d'l " E . . 'l " ( ) "' 'Y1 Vl '11 n n v1111a carotovora vi 175, 176 t.113.J 

L-glutaminase tlumivi1 t1 3- 5% L i1 h11fl1'1LUU 
\J 

ff1L ~~~fi1 L ~L flVlm13.JLUU~1'HlEl1::UUtl1 ::ff1'Yl 
li1ttniil1 '1 Uiil::m1n~11iJ~3.Jrltt L'Yi11::tl1EIT~'ltl 

\J , 

iii~ L-glutamine mt1ttam<Jrn6rhl~L'lfii16'JJ1GJ 

mviail1w11Uvid L-asparaginase aam1'YliLutt 

phase-specific ll1~fu G 1 phase ~1muu 

phase-nonspecific 

5.3 Procarbazine LUU methylhydrazine 

d 
. . ~ d .d ~ ,x 1 ' 

er1vat 1ve Yl1~tt.J'r1rtnff.JLf111::~'1Jtt u1::~11'1 
\J 

m1~u~1H111uniil°3.J monoamine oxidase in-, 
hibitors (MAOls) LLcRYlU11t11ff13.J11rtfi:iii11tl 

L'lrn63.J::L 1.J
1
lvi ( 177) procarbazine ~mhm H 

f mn Hodgkin 's disease 3.J::L 1.Jtla~urn::H3.JEl.J 

L uuviu 1tt11'1 n1tltl1 rt mtl~tlttLUttff11~1'Yi1 n 
\J 

methylating agent ~El methyldiazonium ions 

(178) ~ff13.J11rt methylate DNA 'lvi~ procarbazine 
,. & ., . d f' I 'l .d 
'1.JEIElnCJ'Yllifliil11'.J alkylatmg agent 'lf.JLuttniil n'Yl 

Gi1~iy~'lGJ lum1l11ii11t1L'lfii16'lm'1t11d ~1U~U.J'JJEl.J 
.J Ao 1 .J 

DNA 'Yl~n methylated 3.J1nfla Yl1U~tt'1'Yl 7 'JJEl-1 
• 0 I .J . 

guamne Uiil::V11U~tt.J'Yl 1 'JJEl.J ademne lLiil :: a1'1 

iir..rnGia thymine vi1t1 hydrogen peroxide ~LnGJ~tt 
i'mt11~LnGJ hydroxyl radicals th.,,l111i11t1 DNA 

"' 1tl .. 0 
' .d .. ~1El 1Vltt m mu~mmJ sulfhydryl group 

.d ~ tl.d ti ., .. formaldehyde mnvi-;i1nm1L iilmm ii1'1t11 n3.J 

Yi'IYGim'lfii16L'liunu uG11
h .im1u11iju'Ylu1'Yl ll1fi'fJJ 

LYit1.J 1vi intermediates 'JJE1'1tl1El1'1rt mtl~mmtllil-1 
\J 

LUU monomethyl hydrazine Lrn:: methyldiazene 

free radicals wJn ii1
1
lnd

1
l 3..i ll1fi"cyLYi1 methylat ion 

~1a alkylat ion 'JJE1.Jt11 ( 119) 1um~nu~mt11rJ'1 

rTu rT.Jm1'!t1 adenine, thymidine, deoxycytidine, 

forma te Uiil:: 4-amino-5-imidazolecarboxamide 

Li11u DNA Lrn::'JlGJ'JJ11'1m11'lf orotic acid Ulil:: 

?1Hf"111flff'll?l1lJ1 fJft 9, 2530 
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leucine 1'u.mrn11'1 RNA 1rn::1t11~tt (100) 

procarbazine l-111-ITTmmGiviLLVlnaamLiil:: 1m hi hiJ 

i11~L~t1~1t1 t11aa nci'r1iLuu cell cycle nonspecific 

' ~ 'l ' .d 'l"' (llVIL'lfiiliil LU G l phase 1'i1Eltl13.Jln'Yl'lV1) Lliil :: Glr.liil 
d._, '~.J1 ..... ..::. o I ~ 
Vl nrn'lf iii lil3.J::L 1.J'YlLL U '1Vl1 L'r'l3.J ';J1tt1UEltl1.J 11GJL 11 

procarbazine 
1h1" cross-resistance nu alkylating 

' 
agents v115u ') 

• ..,.. &- t . 
LLV13.J CJ'Yllil'.JUtl.J monoamme 

oxidase vl1tl 

5.4 Mitotane (o,p~DDD) LUU derivative 
J: ~- "" v . 

'JJ El-1 DDT 'lf-13.JYl1'}fliil1tl DDT G11tl mttotane 
d ._..AA I d d ~ .J 
3J ~ nnrnUVIYIL flt-} a t11 '1~tt.Jfl a a an CJ'Yl li 1m11.J'Yl 

adrenal cortex 'JJE1.JGim.mmn
1
lV1 l11 l~L'lfii16cnt1ulil:: 

GJEl 3.JNEI 1um1'YlV1ffEIUNiil'lJE1'1t11 LUHU'JJ mitotane , 
~"~ mbm 1'lffo1fl3.J::L1.J'JJEl-1 adrenal cortex t11ij 

Ylt-}Gl EIL'lf iii 63.J::L 1 '1Uiil !:L'lfii16tl nGivi1t1~'11 if mn 
C ushing's syndrome ~Lnmnn ad rena l cortex · 

li1'11mnmnu
1
ltl mitotane ijr.iiilmn~m'D'iiltfluifu 

zona fascicu lata Uiil:: zona reticularis l111~1::vi'u 

'JJEl-1 corticosteroids 1rn:: metabolites LttL~EIVILLiil:: 

1uutrn11::ii1Giii1.Jari1'111GJL 11 LLCiliJr.imXat1Gim'1fii16 

lu~u zona glomerulosa Yi11~t11'l3..iiir.iiilGJEI 
a ldosterone uam1n1iLUUL1iil1tt1U n lil

1
l nni1 

aa nci'r1t'lJEl'1tl1LYl1~Yl11U~Eltl1~UrlU 1
13.J 1vi fl tJW.GJ1t1 

'JJEl-1 adrenal cortex ari1'111GJL 11LLiil::mitt11uu u 

~'1VUrT-1m1Ltl~t1tt 1mlilHLVIEl1Ellil LUU steroids 

( 181) tl1El1'1ijNiilGJEI L3.Jmua~tfi3.J'lJEl'1 androgen 

vi1t1 
1
l 3..im11'lf spironolactone 113.Jnu mitota ne 

LY1 11:: spironolactone vl1UC]'r1i'JJEl'1 mitotane 

( 182) 

5.5 Hydroxyurea Dresler LI.iii:: Stein 

i '1Lm1::~ hydroxyurea oY-1LLGJU fl . YI. 1896 Giam 

Rosenthal l Liil::flm:: (183) viu11t11'111~~1u1u 

LiJGJL~EIGl'JJ111Liil::lLG1.Jii1Vliil.J lLiil::L nGJ n11 L tl~m.m ti iii '1 

, 'l .. 'l " 0 

'JJEl.J rnegaloblasts m 'JJm::~n t11-;J.J V1~nu1 

3.J1'r1VlffEIU L UffVll'Y1GliilEl'1lLiil ::Y1u11ij~iilGJEIL'D'ii16~::L ~ .J 
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(184, 185) hydroxyurea ~nlt1m'Yl~Hrn\llim'1 

vi~Umrlei u 1963 (186) U'1~uu.Hfmfl chronic 

granulocyt ic leukemia, polycytemia vera u~:: 

essential thrombocytosis 

£J1eio n qYilf uurT\IWWlf£Jll ribonucleoside 
.l • ., .J .1.J 

diphosphate reductase <Jf\l'Yl1Yi'U.1'YlLu~£J'U. 

ri bon ucleot ides L tlu. deoxyri bon ucleot ides 
"' A - <a 

1itm::u1u.nTH01\I DNA L'U.eJ\1'11nLeJ'U.<Jf[JlJlJ 

~ ~I ' .. 1 J 0 
- - - a' LYi~n Lu'U.eJ\IV1u1::neiumnmy LL~::£J1'1u num~n 

- < I d I ,! 
'IJ1l\ILOWJ5£JlJ1l£J1\ILYitimmm hydroxyurea mrnqm> 

LUYn::L'11::'1\lvl1l s phase u~::Yi£J~nTH'11nJL~U1vi , " 
<d I I I - 0 1" "l l 'IJeJ\IL<Jf~~'Yl'1!1\11::Yi11\I 0 1 vionu s 'Yl1 YiL<Jf~~ 1vio 

m·rn1£Jf\IN LUeJ\1'11n Gt phase 
1

hvieif\1Nmn 

nTrn1£J f '1N11iJ!ii'1£J~\ILff1lJ q'Ylt'!JeJ\l[J1 ( 187) 
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