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Mexitil® 
( Mexiletine HCI ) 

When ventricular rhythm is disturbed ... 

·. 

wouldn't you prefer 
an agent offering 

higher efficacy than lignocaine. ,6, 

less cardiac depression than 
disopyramide or beta-blockers. <M> 

compatability with other 
cardiovascular agents. (s) 

a lack of absolute 
contraindication. 

safe and effective 
in long term treatment. '3, 

fWflfWICeS 
1. Tr~ 8. l1 M. Ct.rr. lher. Rn 19'33 33. 472.. 
2 . Df'Nf'CO J P. d al .Am J C¥d 1961, -17.131. 
3- lrv.Yr'! H.. .&Cti.Yl W C , IU . .J.W J.1961, f.9.J. 25-l 
4 Jt>... ti ' £Am Hurl J ltc.0.6.9M. 
~ B.q)6t, J .LAm I JNrlJ. I~, 101. ~. 2. 1079 
6. Ross W&.ly. El ill. IA~ J A.vsl. I Ml, 1 : 2M·2'67. 
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= ..., = .., ,,. ""' .... "" mm'lnbll<!'])1!'1LJ1 fllll:bllil'])'11il'11 lJVl111'lLJ1iWlJV\'1o 

1m~iluiimnm< 1981 flULJmUfllJ hmtviJ 
' " ' 

"WljJilLi.J1m1~·noJ1wi1 ( 1) V11J~thof n-i1iJbV1flU10 

bUU hm.18<iimmnrn%il hb l'1'li'1 Pneumocystis 

carinii 5 110 (11uJ1Ul<iiO Gottlieb bbo:!lru:) 

fl n'Vl rt.Jl~ ffU.~ El :lJ1 ffit.iJbt. V:.:i b~LJ1nu1Jl d1[J.J1'U11Yl lJ 

" 
~U10lJ~l'lJ Kaposi's sarcoma 26 110 (20 110 

1u\bm1fo lto: 6 11u1um~~il{Luv) 'ilJ 4 11oil 

hrnJo<iimm1n Pneumocystis carinii ~1V (2) 

ilo:LlJV1ur1'1i1rn1Ju l 1'1Uil'11J111\J1n Pneumocystis 
" 

carinii tvliJ~uil1n~11m1u1m~eiuilnu1oulin 10 
. " ' 

11u 'iJJlu~1mu\l 2 11mUUlJ:t'lJ Kaposi's 

sarcoma ~1U (11m1Ul<iiO Friedman-Kien Uo: 

flru:) uod<iio~1l.iil1mm'1~'1mrieiu 6 11.ieilJl 

(ilu1hfo~ 14 itJVllfllJ 1987) ~1u1ur1'1J1u~1u hfl 
" dtuV11: 1mrn1 jj miJ1 mtf1vJtJ1:l!'lflt~u1il~1u1u 

JJVilJ<ii~J 40,051 11U (~Viaj 39,493 11U, l~n 
558 11u) 'ilJ 1u~1mud1~tifo;'i'1LUttbi'1 23, 165 

110 (3) '1Jll!:~~1u1ur1'1J1uvi'1 hnilmnn11 56,ooo 
" 11u mi: hflL~ltV1-i1:m<ii1tJmnn11 112 tJ1:trw1 

trlei1lm<11tiilu 11'1J 1tJYi11 Vlm1u1111flds1il 

l~lJlfl<ii~UlUilVi'ljjmlJ1m'1'Jtl<i11 1978 l~lJlfl<ii~U 
lu1J1Jtb:t\'lfl'iJilJl'lluu htJ t'liu ..JfJtflil lim~ 

' 
toei1iru\l ltil:tumdvlJ lUU~u risu11 1979 tlo:b~lJ 
t n<ii~u 1 umJtJ1:l!'lfl'iJilJl'l'ius~1 m risu11 1 976 

( 4, 5) tto:tdilJil1n hfldilm1.11tuu hfl'i'ltto:il 

1:u:Yrn'1Tt11u (il1\JU1U~J 5 11) r1'1J1u~ilJL~fu 
" 

t %ilmubi'1tllub 101110101lrieiu11ihii'u 

il1n'li'ili.JomJ1:m<ii'i1'lmV1u11 11fldt\'.Ju 
" hflii<iit %ei~i\<ii<iil 1~'])U<ii 1 mJ ( 6) 'ii Jt %" hAYi101v 

CD4 + (T4 +) helper lymphocyte Yi11 Vl-i1JmO 

l n<iim 1: n ~ lJ ill m 1 niiilmfo u nV1-i il J (acquired 
' " ' 

immunodeficiency syndrome) V11e.J~b ~r.Jn11 t Jf1 

til<iia (AIDS) 5ut11m11~1Vl-i1Jmmn<iim1iirn%s 
u1u lei mo111'im1Jui.J:t 'l ~m~st!1~1~~1u (1-11) 

it n'il'lm m aG1{111010n~lJ1~V1LJ1 m rnw m % il 
' ~lUUC!lbV\~'iJilJ l 1'1 ilU m:v\'J l Ul~ilUV1!]1'll1fllJ 

1983 Barre-Sinoussi bbo:flru: (12) illn Pasteur 

Institute tJ1'1'1 th:ll'lfl'1fJtfl'1 L~110J1Ul1 
a1m 1 mlo m %ei 11 fa"DU<iiV\dJ'i!Jiltllu n~lJ retro-

" ' 
virus ~1Yl1 n lentivirus 'il1ntrtl1£Jftitlu11f1'\i ~iJ • 
il1n11il~lu1:0:l~lJ~U'iJilJ h.i fiil i'.JiJ1m1.ieilJ 

i11tl'i~EJJl'1 'ilJmOVii1J1~t'lun:JliJ11fad11 lym­

phadenopathy-associated virus (LAV) ~n11dJ1I 
'1ili.J1 Gallo lto:flru: (13) \Jln National Cancer 

Institute, National Institutes of Health C!Vi'ljj 

mi.J~m 110J1u 11ci1m1 nbbo m ?il 11fail1nr1'1J10 
" T ,,- .,,. ,,- 1t '1 

'1mEJ<ii'1bbo:1hbil<iib'! bbo:o1m1mV11:toLJJ m H9 

cell line 1~ ~J,i'J:JliJ11fad11 human T-cell 

lymphotropic virus type III (HTLV-Ill) blo:LJJ 

L~ltlUillU'111\J antibody 'lJEJJ111"fiil'lil 

Western blot (14) 



2 

~ ~ ' an 3 b!lamwm Levy bbil:flm: (15) 'illn 

University of California School of Medicine 1.1' 

110.J1u11ti11J1111uon 111i1il1n11'1hoT1ma11fil.l 
" 

mt: 1'11';a11 AIDS-associated retrovirus (ARV) 

,Y,bb'1i!um 11fo T 1m<111ftnii;mb"1n'11.Jnuiici1.Jiiao 

3 ;sw1.J1Ji'n~11111LLfi'1 usn-;;J1ndLl.J3'.l~eJ~u ~ ~n 
b°liU AIDS-related virus, AIDS-related retro­

virus, immunodeficiency-associated virus 

(IDA V), human retrovirus (HRV), acquired 

immunodeficiency syndrome virus Vl~El AIDS 

virus, AIDS retrovirus, lymphadenopathy 

retrovirus, lymphadenopathy/ AIDS virus, 

AIDS/I ym ph ad enopa thy retorovirus, 
~~ ~ 

lymphocytopathic retrovirus Uil:lJ°IHlr-icnJEln 

ElU1.JUilLJ 4 'ilii ~El HTLV-III/LAV, LAV I 

HTLV-III, HTLV-III/ARV bbil: LAV/IDAV 

bUUWJU 

'1lll:m11J m11'1•11m1i"1n~1Jl11'&1 :1'111.J 

1h~m11 (The International Committee on The 
. d d 

Taxonomy of Virus; ICTV) 'll.JIJ Dr.Fred 

Brown ill n Wellcome Biotechnology Limited 

i'Hl11'liEl1lll1imblJUt11:TI1U 1.1.i'.Jl'llll:EJU m 11J 
' 

m1il1u1u 13 l'i1m~s1'1•11m1;s111& b'lon11 

The Human Retrovirus Subcommittee brlaWiutJ 

1985 '1m:m;nn1Jm1~ 1.lt11q1Jnu1'1<11owf.J 

•um:'11.Jb~aun1Jml-Zuli 1986 ~.J1.lii1Jo/i11m1 
' b'lon;a11fo hma11ft11 human immunodefi-

ciency virus (HIV) 1'\ol.J'il1ni!u1.l'bi!UEl;EJltlrJ.J 

!lm:m11Jm1u'l1'111'11El.J ICTV b~a1'11'm11rna.J 
~.J!llll:nnl.lm1u'lm1'll<1.J ICTV 1.1'1'11'm1 

1rns.Jbrla1u~ 22-23 w~Bll1'1lJ 1986 (16) uan 

•1nd '1m:aumwm1~ 1.liim:C.J~a11.Junm1-
\ ' ' 

lin11111Sf11Y1il;t1Liiu Science, Nature "1~"1 1,V/e:i 

'JJEJ 1 '11'0il11m1 H;ei#l.Jn~11~n.1'10 ( 11-19) 

m"ll'ion;s11fo hmo!lftll human im­

munodeficiency virus (HIV) L.Wt.1.J~tlL~tJ1,!uiJtleJ 

111tY1:r1nN'1f?nl11 1J.y/ 9, 2s30 
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~Vlil1LJEJU1.J ~.JWEJ01t11.1'#1.Jd 
' 

1. oo/im1lJ«u&u~11b~s11fo~bUUillb1'1"1 
' ' 

'llei.J t ''"'"11fti!u;ss:11numl bw11:b 'fono/11.Jnu 

l.l1nmo 

2. rflio&:mn 1umn10.J1mb<1:~am1lJ 
1'1lJ1LJ 11'~1u~1oo/iam1o/i"1mrnb<1:1liffu11u 11'0'.J~lLJ 

" " o/iii m1b .LJ1 hu<1:111•11wi1.J ~ •:1.11 'll;m~mnu 
ElU1.Jl 1nmlJ1 UUililUULJ.Jiiil n'liu~rJ.JlLJUellJ 1 i'ila 

' 
HIV U<1:111il1"'i1'1il1Lli:IUULJEllJ1vi1 i;aa~ h n1Ji 

3. bUu;a~.1',~u1v;iJ iim1lJ1'1mu~ bbii:lli 

iifi111bS"1~ (AIDS) aci1u;EJ~.JYl11'11'd1"1m11J 
" vi1111n'11 

4. bUU;~~1iJvi111Xb nlilei'1o/i-i1 

m1.i'.J'JJEJ.Jiln'lrm1111S1lil forilJ 111n~~l1'l\l, sm: 
' ' 

b 1J u oLJ' ail 1.Jl1iln'h1u1111 '1"1fo~lJ,!Ub1J url' iiu w u 
' " £; ,,,.~ oo..- '"""" ... m .Ju -in 1'11alJm1lJ1111HJJmnm1um1'1Lllll1Nm 

n~:w~u 6J 

s. blJu;a~ad1 u -itlbburn~mnunu%a'lla.J 
" " 

lentivirus 5u 6J b°Ifu equine infectious anemia 

virus, feline leukaemia virus, caprine arthritis 

encephalitis virus, mammary tumor virus btluo/lu 
;lm~lJ4iu.1'1U'liUlil'JJEl.Jollill~lfill 11'1 '11lJWl1U 11'1 

1'11s'1ni;m:'lls.J1-i11u<1:<1.JYl1u.11ofi1-J111fo 

6. biJu%eJ~bb~n~1.J"il1n;s retrovirus ~u 6J 

aci1.J°1l'lillllf.J ~.Jbb'1"1.JL1Xbi1u11 HIV 011J11mb<1n 

btl~uuoLJ'<11Jil1'11.J'1'l'UllmW (genetic information) 
" ' -i:1'1l1.J llifl'liU!lb~Ul nu 1.1 bbwilLJN1lJ1"'i nbbil n 

•tJ~uunu retrovirus 'Jiu11Bu l'i1u HTLV-I u<1: 

II U.Jl'l.Jb .Jluub1'1iiaubfo1 vi'! mtJ~UUbil'llill n#l1bil'll 

h~m\'.Ju#i'lbil'JJEJ1"'i1U'1 b°liU HTLA-1, HTLV-2 

t\'.Ju4iu 
7. HIV bUUl11'11~iim-iutJ-iilu'llEl.JLJUlWJ 

(heterogeneity) #1.Ji!u HIV ~uunuwi<1:11f.JEJ1il 1.i 

Ti1111 'i b 'liu bbUn Tlilu University of Chicago illn 

#11aci1.Jb~Slilrl 42 i11iib.Jluu11 HIV (CHl-42) 
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J' . .J 11~ 
8. L'JHJ retrovirus 'YHLUn ~HlUJU1flqJ "'1n 

iim1i.1LnflL~u.m1Elff3..l~Wlf nu HIV L~nuvu"'1El 
I o - I .,r:;t A I 

ElU1'1\11n'il L'llUU sequence mi.ivu HIV i.11nm1 

"I Ill ~ \l ~t '1 I 
20% Lu-i::mmm1 50% um1wn11a-uua~ un~u 

... I ::'I 11 ~ J "'" " • HIV ut1mffmnm1Luu 11R"Yli.J Lm '1ff11'1Hfl::Y11 

l~LnGJ l 1flvia1u HIV ~'1\J::~'ill~mJlun~i.1L~u1nu 
'IJ , 

HIV 

.d1l""J' a.J --a~VA ·1rn 11ffWil::L1.Jur1ut1i.11u nm YiU'1 L'ilq}tl'1q}'il 

vnunu~vltl t1V1'1hnvnu ~u6mu~u hflLL~'1 
- A < - o 

""'1~mi.11m, El'1vrn11au1uu Lrn::111«11'11n1l~ 

mnl~i~v human immunodeficiency virus 

.,,1v HIV Lrlt1.,,mUn'1
1
hi'AhflLV'ilff 'il'1,XU~'1ii 

r " ' :.-1 J J ~ ' 1 Lm1 LUi.111\J::LuU'lltlYltlEli.11UtlU1'1ff1nfl UtlU1flq} 

.. :.'I .J ~ A "l '1'1LuUn11ffi.Jfl11YIUn1Yl[J111f1ffm Yl[J LLH::~flfl1m 

" ' t Yl1'1Yl1U m 1 LL YlYltlLLfl :: ff1li11 mff 'll11i.IYl'1111 ff11 , 
~1'1 ') '1::Yl'111m1H'~t1'il'1n~111um1L1un'hf«~ 
~1 L~LnYI hflLEl'ilff 
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fll1flfll:il~l:ilfltll61Jfl~ 2-bromo-2-nitropropane-1, 3-diol 
' ~ 191 ~~ Q.J ~ 1 91 ' 91 !i.lfl 6lf!uUtllflU!~tl U1Utl~11Ul"il~c\11~!61J 

q 

._, I 

'JJ'tlftVlflfJ 

N&mrnvi&£J.JY£J.Jflm::?illn~JJifmrhju·hmn.Jv1::t-Viil11::«ni111r1lum1&vimu1mtrrnn£J 
rJV/tr£JLJ 1 utf vif nVl&£J.J UV/(/nfff'fa.if1.Jqj'7fomJ1::ifnif11,,Vv!RVl&.J fl m::~1fll~.J 'fof n1n11ff n 1'J1l Yi£J'11l11 

- el ei.tt:l ... I .... f • .... d A .... - 1 d,,f ' d nmNllrJVlll&::u&£JVJnll 'Vlllr11 n1 rnvitr£J Ul11 nm trll'HRW?!UVIVJW nu imu v:: n&11 l1.Jltl >n:: 2-bromo-2-

n it ropropa ne - I, 3-diol (BND) 1nnnnnvi&£J.J1vu-i1ir1nfi1ur::iini111ntllunni!£J.Jnumrttrl17J£J.J?u 
' 

1'1u»1.Jvr::1-V'trV1 tw/nul£J.J 1::3Jm::-i.J 1um 11'if'1vimmv1::tff£J 17f'LJ~7JU1VllJ'.J l!f·1&d)vin?'1.J llR:: 7 miJu r::ll:: 
tw1u1u mn::tn£J l1ftrnd'luYu1vi«.J 'J fivit-V1i£J.Jrl£J.J»unu'-O'nrtllun&1 1 s -iu v::n17JfJ1mf nqf1,,,u 

ti, 'fl ti a- 1 a-·- .di - zr .,, .... ~ -11 .... •J• nuvnrnvi&.J£Jl11.J3JJWtr1flW 1t&::W£JN1vi£Jw1::11w u iV1l1Hm1::&1 icn&n11::tm::nm un£Ju1wn UJ£J£Jn 
I-' I U I 'tJ V I 

... I id IJ I 4 7 ..,.... A A l "' l&lf ~ I 7 I d I d t-' I &m:uu::t'ifuuv:: wr1uw£J »7u«V1 » wm£J »«1 rntYlll.J£Jl11.J V1£Jl11.J»U.J uviv::>vuw£Jvir1v«£Ju7u111nnu 
.,,J,. LJ ~ "' 

»1.J11r::t'1JrJJJ«1r BND' 1m1nuuw 

. 
1.J'tl'lfl 

~ 'i.I .d CVR" I ~ 
inrniu:i1 n \11 n nTrnm~n'llfl"l'rni::um'1£J n~m~ 

vm11 iuH~ 'hJf1"~1 ~..:i'l~l~£J1£J1iJHntflln£J1nm«£J 
datl 111::21o .a. .d. 0 1"' d d I 

YIJ.J 1"::1'1fl'.lill1WLYlflYl1 ,_,£J13J'lYl'.lifl~tnu 2-bromo-

2- nitropropane-1, 3-dio l (BND) LUU£J1 rlHL~£J 
.d: d o I 1 9.1 _d d'\l""" 
•J5"3J\11,.,U1U li't'lfl"01ii1101"ll'fl 13ronopol H11U 3.JiJ~ 
1
hJii n~u ii\101,.,iilfl3JL ,.,ii11YI 121 tl\lff1L'l5iilL'1iuH i1 , 

~ ~ ' 
~ . ~ .,, 'l ""'1 ° .. '1 ~HUffiJUCl~ClU1LiilnUfl!J iil !: ii11U ~~ i .m1 LilflO[J '" 

, '\J '\J 

d I I t d~ 
1tl1'111fl::ii11U'1:: 3.J pH fl!J'i::W"J1\I 5. 1-5.5 Yl\!H'IJU 
'\J '\J 

d ' J' ._,. d d I 

11 l \iil ::Ul'IVI Ufl n\l·:nuU\13J'lYlll'Jl1 Pseuclomonas 

aeruginosa ~1!1 1i4~1Ufl11iJLtluvhntu ii~ih1£J 
d o 1 " di a,, .d d o 

"1,4'1JU1~YlYl1 m~utiu\l mm um ",_,U\1'1Jfl"'11u1u 
'\J 

d a a 1 "A 
Yl't'lCliilfl\I (LD50) flfl 350 im.;nn. LiJ£J ,_,nu trn:: 

20 un.1nn. Lrlti1~~uu~Li1'lffl'1Ylfl\I ti1wfu1u,.,u 
' '\J 

'IJ11 fl1 LD50 iil"i1 400 iJn.;nn.LiJflnH Uiil :: 200 

3.Jn./nn. Lrlfl1~01uu~Li1\qffhmt" mrn~iilfl\lmni 
m1irn1,.,111i4'1JU1~ 100 Uiil:: 1,000 ppm LU14 

rnn 12 itlm~ (fi1mcw1n41~u1Gifl1m::Ltlu 



6 

t11mm 1140 m:i:: 114 'JHl'1'lJU1VI LD50) 1vir.m~ 

'JJ11 n~1!Ltl1t1rnYit1m ::'l~f ua1~11tl n01 Yiu11 , 
BND J" 2 'llu1vi'li.ii:i~rn~anTnv1t)!LOl1.J 1ma'1 
._ .. tlA d ._ ti .<C .<C 
a-m 1"1m'llt1\IEJ1~11ri1u 1::mu 'l!1Lfl)J'JJEJ'1 

.. r ... ... 'l .. tl.J ti LflEJVI U1~Un'!Jtl\IVlULLfl:: Vl~1Eln11L mn.m fl'1'lltl\I 

Ldmrlaa1rn::H1~t)j') (2) 

. 
n '::vl1uufl::LU£JLij El n'lJEJ\JV11 n l:vl1u'1Jthl BND 

1u'JJU1VI o.5 lLfl:: 2.0% 1u emulsion base LLfl::1u 
I o 1 V 

a-11fl::fl1t1 YiU11'1Ju1vit11 2.0% -;i::rn ~1::mt1 

1iia'11'.i1~\!"1rn::m LL~'li.iYiua1mn::mrni'io'1 Lrla 

H'lu'JJu1vi o.5% (2) 
"" ., 1 .J ~I ~ d BND )Jfl11)Jfl\IYl1 Uff11fl::fl1tlYILuUU1'iJ\I 

mm::~-v::i.hmHr,,nrn1ut11a-1::N" (3) 1rn::H'Lilu 
""" 1 A_,J; .i::eJ,,,k t11mmrn 'l-INflY1rnwnt11mt1\lv1n"tJ'Ylli~1L'l!mLUfl-

YiL 1t1 nf)J1.J1nLlfl::flu 11 iilliil Ufl:: Pseudomonas 

aeruginosa l'f1~funfl1lnm1oon11rit1J.hL~EJ E. 

coli, Staphylococcus aureus LLfl:: Pseudomonas 

aeruginosa L ~a11L do'1v1 nt11llri11 ~'Lnvi oxida­

tion 'lltl\I thiol group 'lltl\I cysteine lLfl:: gluta-
.d ~I ' .d ., '.J • !.'I thione 'lf'1tl1'iJLuUH1U~U'1'JJtl\ILEJWlftl)J'Yl'iJ1LuU 

'JJEJ\ILL1.JflflL1t1 (3) 

tJ J., A 

BND 'JJU1YI 0.01-0.1 % L WJJU1Yl'Ylr;jNflYI 

·1 !-'l~ A ..... d1V:: 1 LLU::U1 ~L'l!LUNflVllHU'Yltl1 'lf\I "Jl''Yl\lll1tl UlLfl:: 

mt1uan LLfl::cJ\ILLU::lh1m'li'llmvit11v1'1n~111unTl" 

lf a'1num1 tliufJowJJEJ\IL ~mLufliiL 1t11 '1-1Lfl~EJ\lli101" 
«tj Ufl::LL'l!)JVj 

1un11Y1V1flEJ'1d'l'li BND 1u'JJU1VI 0.1% ~" 

c.'.S ~· 4 ~ .., fll':iflfftnm1mum·m1fHJmrnw110.:i BND 

1um1~1~1 LOSO 'JJtl\I BND 1u~~nu~m 

H~un~)Jfl:: 1 o CJ11 ILU\ILUU 4 n~" 1vit1~vit11qf'1LL~ 
'\J , , 

"' I '-' '-' - A 10-150 )Jn.;nn. L'lJ1'l!tl\l'YlEJ\ILLfl1ff'1LnYIYit]Vln11)J 

?1'Hf111ntf'if?YltJ1 jjrf 9, 2530 
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ff°Y11'YlV1flEJ\11Lfl::'1~1u1uH'Y11~mt1mt11u 48 ~11"'1 
fll':iftfllllfl1UJlUUTI'lllflO\HflfJUVIUU 

1. m1Hmflm1rniJuwiY'JJa\I BND 1u~u 
'\J 

nu~m 

LLU\IRVl1rivir1a'1Lllu 4 n~" HJ1nku1un~" , , 
ti

,. ... .i, ., .. 
L 1tlUL'Yltl1.J 'lJU1Vl!.J1 BND 'YlL'l!flEJ 10, 20 Uri:: 30 

d ""I t.- - :!A I - -
irn.1n n. UYIL 'll1'l!EJ'1'YlEJ'11Ufl::m \IGlVIYla nu 15 1u 

2', m 1 fl niY1m1)JL UWt~1Y'lJEJ\11ua-vi11um\I 

-;i1::L-n-Li'.ioN«" BND Lilur..11nuL~t1 

1um1Y1V1fltl\IHU'1ffG11LuU 4 n~)J LL~fl::n~)J 

Hff'Y11riviflEJ\I 10 v11 LYifl'~LLfl::Liit1m.11'1r1:: 5 !i111~ 
'\J 

'-' I v.J I -

1UHYl11U~1\l'iJ1::L'JJ'lf'1Nff)J BND 'JJU1VIVl1\I ') nu 

UVIL .n1'liEJ\IYlEJ'11Ufl::flf '10lVl~El rlULUUL 1fl1 15 1u 

1 .J d ... .Ja I 

n~)J'Yl 2 UV11UffVl'Jj'1)J BND Nff)JtJ~ 0.1 % 

1wJJu1vi 0.1 ).]fl. ~oJ1mXn!J11 10 nf" ('llu1vit11 

BND 10 )Jn.Inn.) 

I .d A I d '1 "'"' 
n~1J'Yl 3 L~)JtJUn~)J'Yl 2 LLVl 'll1UffVINff)J 

BND 0.2 ).]fl. (BND 20 )Jn.;nn.) 

I .J A I .d 11 '"" 
n~)J'Yl 4 L~)JtJUn~)J'Yl 2 LLVl "ll'lUHVINff)J 

BND 0.3 ).]fl . (BND 30 )Jn.;nn.) . " I o -• _.._,, 

1::~11\ln11Y1V1 flEJ\l~::ri1n11'l!'1U1~una-Vl1 

rin1u11u1u viYin01nnmt1 ') 'lt11Lfl::Lrlamu 15 , '\J . , 

1uv::r-J1~lt1Yf a \IL ~aff' JL nV1'1a1t11::mt11 u 

'4 ' Q "" ' fl l ':ill~ ff OtJ fl l ':i ':i ::fl 1fJlfl0.:!VItlf-l1ll\H n ':i:: VI 1 tJ 

m 1 'YlV1flEJ'1 Hm::~1t1 6 CJ11 1L~fl::!i11~:: 
o A !tit.I ltl 

n1~UVl1.J1L 1tu'YlVlfftl1.J 6 ll~'1 V11U'lf1tl 3 lm'1 Yl1U 

'JJ11 3 u~" u1rnm~a1d1l~LLn qJUflEJ u1L1mil.n1,, 

01m1~lt1 Ufl::01m1~tr'1 v::'Yi1m1 lnw1n4aanv1n 

A ... I 1 ., f°I x .J ., 'l " U1L1ffiVl'1nt'l11 ~Y,)JVJLuUYiU'Yln11'1YiEJ'iJ::'Yl1t11 YI 

ar.i1'3ll::mn 

" ~1fliuJn~1" 1 U1 
'\J 
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Vl11H~ 1 Lt11urnfiurnh LOSO 'lJ!J~ BND 

Animal Sex 

mice male 
female 

rat male 
female 

mice 

rat 

mice 

"" ~ ~ J:Hl fll ':i ft f1 'll l l rn :: 1 ~ l'Hl! 

m1rn\hn11uiiamnfll'llO.:J BND 

Route 

o ra lly 

orally 
orally 
orally 
orally 
ip. 

orally 
SC. 

ip. 

'il1 n n11~ n1Y1Vl11milm':iHLQtlUVHfw1rn.:i 

BND YiU11LijflQVI BND 10, 30, 50 lLl'l:: 150 i..in. 

inn . Li1'liei.:il1'u..:iv.unu~m LD50 i.ifi1 25 i..in.1 
~ 

.J 1 """ ... .Ja 'l"' .J nn. '15..'.I nl'!Lfi£J..'.lnuni..111t1.:i1u 1 (vn11.:iri 1) 

lw1Ju1V1t11~1 '.J mulu 3 i-1 fo.:iLL1nv.unu~nn:: 
~ 

<Ui..i LWll'lflVI 50 i..in.;nn. ffVll'il::LnVI ataxia LLl'l:: 

c lon ic convulsion ffVll~..'.IV.i.JVl'il::vnun1t11u 24 

i-1 Li..1..:1 1w11mV1 150 i..in.;nn. ff'V11~.:iv.i..1V1'il::vnt1 
mt11u 12 i'1fo.:i fl1n11~L~lU~Wi1Vl~eJ ataxia 

lrn:: clonic convulsion 

90 

80 

70 

id 80 
x > 
!;( ~ !IO 

"' -' 0 ::> 40 
~ :IE 

::> 
~ 30 

20 

to 

7 

LD50 (mg/kg) Reference 

374 2 
327 
307 2 
342 
350 4 
20 

400 
200 

25 present study 

BND 

' 
LijeiuV1 BND 0.1 % LiYiiei..:il1o.:iv.unu~m 

~ 

LWJJU1VI 0.1, 0.2 ul'l:: o.3 i.Jl'l. (10, 20 LLl'l :: 30 i..in.1 

nn. vni..1~1~u) viu11lwllmV1~1 (10 i..in.;nn.) <J:: 

hii.iff'VJlVl1[J LLolLrlmvh.J'IJU1VILUU 2 Lfl1 (20 i..in.; 

nn.) ffYll'il::vnt1~.:iv.i..1V11u 15 1u ILl'l::Lrlmvli..i'JJmVI 

t11Lilu 3 Lfl1 (30 i..in.1nn.) ffVll'il::vnt1v.i..1V1mt11u 
"' I 'V I t.1d o 

7 1'U. ~1u1mw111UV.1\l'il1::L'JJYlr.Jtrn BND '1::Yl1 

1~m1Vl1tl'l.leJ\IRVll~1i11'l\luci1\IL~U'l~'llVI (~u~ 1) 

x • conr~ 
O • 8110 0.1~ 0.1 ml/IOQm 

A• 0 .2 
R • o.3 

Solid Symbol • • Atoe 

0 ~······ I 2 3 4 ~ 6 7 8 9 10 II 12 13 14 I~ 

DAYS 
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40 

e 
0 35 

I-
::c: 30 
Cl 

w 
3:: 

>-
0 

25 

0 
ID 

20 

15 

3 7 

DAYS 

., 
2. ihmtnv11 

tl1"'un~1'l.le:h'liV11n~:u~1l<Kfo1u«vi11um.J , , 
,....J~ 1 q,, q,, I d 

'11::L'll'Yl:IJ 13ND '1::1'l'i11'l.J Wt'lnYl11:1JL'll:IJ'l.IU l\Gl'1 :::1J , 
m1:u lLvinG11.JarJ1.Jiiut1 li1~ tlJLuvn::Lrla H BN o 

'lllnVJ 20 LLl'l:: 30 :un.;nn. (~tl~ 2) 

"' ., ., 1 3 . n11fl n1'!-11'l n1'l' m::'llti.Jei1t11::rnt1 u 

'11nn11LUV'lWUTYlu.J'llu.JtlYll~Yl1tJ"'1 utlYll 

~mu ri1wuV'lm1 Hr.nuGi1 'r'lu11ff1t11::mt1 hi.'llti.J 

iV11nli:uLtl1t1rniit1rn1l'l::~1l<Kfu BND 'lllnV'l 10, , 
20 nl'l:: 30 :un.;nn. 

1
hJL1V1nv!1.JnuarJ1.JiviL'1'\,l. uan 

'11n~ha.JY1u1"n~:u~1l<Kfo BND '1::<iiV'ln11 n~lJ 
LtJ1t1rniit1u 

rhun~:u~1l<K1u1u«V'l~ii BND Lllur.nnttLfftJ 
' , , ' 

I - &"'d .:! - ,.,J o 1" V a 'r'lU11ffVl'd YlVlltl"'1 tlHVl1'YlV11U nl"'UV'l 'l!tl1U~1 Llltl 

t-J1"'ii1Yf u.J'1::L~'\,l.ff1'\,l.'lltl.J~1 'lRGJV'l nm UUrltl'\,l. 
1hJ 

?1"iff111nff'if?nm urf 9, 2530 
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>f--K • Control 
.__. • BND 0.1% 0.1 ml/10 gm 

6----6 • 0.2 .__. . 0.3 

9 II 13 15 

L iitiu "'1 a nli:u~l<Kf u BND L Viti.Jm.h.JL~tl1 , 
a1t11::mti1 u~.J"':UV'l'1::G1'i1 nuL llunauiiLi'ia nu~:: 

- .d t/ Pt I - - I .... .d a \lV Yl.Jf.JV'l'1:1J L\l'l::VlV'llmunur-J""'l!u.J'Ylu.J 'lf.J'1::mu 'i1 
., a 1 Vi' ,,:i d ~I ot... ,,.. 

'l!m'1ULl.ltl 'l!1HH'i1'lf.J:IJ BND Luttt11mmm'lllnGJ , 
30 :un.;nn. li1u1u'l.IU1V'l 10 :un.;nn. Y1m::.;V'lL~n 

iimJ 'r'lUn11~U'lltl.J~1
1

lRGJV1nUMU.J'au.JYltl.J 700/o (7 

1u 10 Y11) uG1~1'lff'v.:iLmnaam1nn1il<Kmi.'iaunlilJ , 

"' .J1 vv o Vd ::'I mnrn 'l!1UffV111U"'1"'11::L'll'lf.Jf.Jff:IJ BND LuUtll , 
nULfftJ m11i' BND "'1a1\rn'i1l1'\,l.m.J'11::Li 

'l.IH1V'lLYh nm l~tl.Jtlrl1.JL~tl1'1 ::hhh 1,rLilV'l n11 

ti .J ti ., .J11 v 1 v ., ~ "' ::'I a L l'ltJULL l'l.JGJ.JYI vinl'l11:1J1ll~1 Gl.JUH'1.JLu'\,l.L 18.J 
d I 1 .. .,: A "' tld • I 'YlHlffU '1.flmflWl:IJLVl:l.Jn.Jfflm~m1L l'ltJHlLul'l.J 

vl.J nli11dJuf.Jff)J BND 1 UlUffVll1U"'1"'1'::Li , 
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u1,;''Ylrr~~vmu::ih'l~'H' BN D 0.01-0.1% 1u 
'\J ' 

~~villtwnrnua::Lfl1e:i..,il1EJ1'1 flm::rr1imaEin 0.1 % 
'\J 

d :.'I tl A .J 0 ., .! ., 
'15 '1LuU n.n mLHHYl'Yllm::u 1Ll'i11::~1'1 t"] 'YlliYl1U 

'\J , " 

LlUflYiL 1 [J hm~a'lJEl'1tJ1 rlULff[Jttvl1tl 1 Un11ffn1'n 

m1mlluvhHaEJ n 1 i1~uvii 'll1'llEi'1'r1El'1Lvn 1::H::m n 

n-:l1m1mEJntl1n Lllu~'li1N''1Lnvi-hrlEi1~ BND 

Elrl1'1L~tJ1 N'vi11l::mm 11ni1LrlEl1~1mrni1u m'1 , 
.,,4 .. ' ' tl .J tl ll1::L'll'l5'1JJ BND ~HJJ llYl~avrnm1L atJmL a'1 

., 1 ' .J1l \I - "' d ~ d El1tJ1::rnu u naJJ'Yl 'il1U1UH'il'l5'1JJ BND ll::JJ , , 
YiHm n ni1 '11U 1iud

1
bJH1m 1 nEJimtJ 'loi'i1l'i1

1
l JJ 

Lrl Eiiiiu«V1Eltjvi1uivi1~'1mui1a'1 ~1Ltlwlfo'1ii m 1 

ff nH1LYirnoh1viEJ 'l tlil n 
\ 4 f ..:. u I 

n1·n1~CYOU01 '.il ~fl1Ulfl f) .:JVl 'Of·l'Jlltl.:JO':i ~V11U 

\)1 n n11'YlYlaEl'1Y~ui11UH'ili1U~1'11l1 ::L iihi , 
0 1 ., A d A .J 'l 0 0 ::"1 'Yl1 ~Lnvimn ::mmfl£l'1U1L1m'r1mLau m1'il::LuU 

ff1U1Yl'l1£l'1m ::vi1tJ L'llUL~tl1 rlU BND 'lJU1'il 0.1 % 

LrlEi1i'L~rJ1 ') n1hhi11~LnYln111::mm~El'1 LLviLrlEl 

1 "" ' .,,4 "' :.'I ., 'lll'U.H'i111Um'11l1::L'll'l5'1JJ BND 0.1 % Lu'U.[J1 nu 
d I A .r:ft.I .J1 it.I -d 

LHUWU11U 1L 1 mH'll1'1'Yl'l!1'1'lJ1~U1Ua::'lJ1~a'1JJ 

a1m1 tl nOi m" nwu1JJ nuu 1L 1 mviufloll::wui1ii 
d A :t 1 A - I .:f. EJ1mn::mmflfl'1Ln'il'lJU viuu1L1mvi'1na111l::JJ 

V A t:: t.I I -

LHULaElYl'JJU1rJ LL'il'1LLa::U1JJLanUElrJ m::Vl1[J 6 m 

~u1JJ11i'YlviaEJ'1vmi1ll::LnY1EJ1m1mfi1d'1 nv11 
mtJ1u 36 ·ih 1JJ'1 Lrla~"H 48-ih1"'1Ei1m1'il::~1tJ 
'l ULEl'1 1 vl1 

~I .J I - I I A ..:hl V Lu U'YlU1H '1LnYl11'lJU'"llEl'1 n1::Yl1tJU1L 1m'Yl YI 

fo1uHV1i1um'11l1::L 'llll::'1El m 11ni1u 1L1nutl1tJu , 
LYitJu~m BND 0.1 % LYltJ'1Elrl1'1L~rJ1 

1. m1m LD50 'llEl'1 BND 1u~uiiu~m 
'U 

1viu1~UYIL'll1'liEl'1llfl'1 1lvi~1 LD501n~LfitJ'1nu~ii 
., 'l ., ., 
m 1tJ'11U 1LLa1 
'\J 

9 

u1,;''YlLL u ::u 11 ~ -rhiL n'ilfl1 n11YiHllviflrl1 '11'ilLrlfl 

1iLYlu'1flrl1'1L~tJ1 llvi '111 i 11JJnuiuHV1i1um" 

-;i1::L 'llE11 m1'll1'1LfirJ'1ll::tl11 n!Ji'YlL'ilUL 'Jiu Lnvi m1 
' A A ._, I d1V ., 

1::mmflfl'1~1~u'1m::mtJ LJJfl ~i-::u ::u1u 15 1u 

o1tJ1::111tJ 1 UL ~JJiiYl'1N'ilL m::~1 'lrl ~Oi'il nur.JU'1'lifl'1 
... tJ ., .: 1"' I ,J 0 'r1fl'1L UVIU LJJfl 'l! BN D 'lJU1Y1~'1n011'YllLU::U1 2 

A I I A 1" n'1 3 Lm (20 - 30 JJn.tnn.) WU11LJJEl ~1::u::u1u 

15 1uLnYlm1Ltl~t1mltla'1'llfl'1fl1tJ1::111tJ 1uu1nm 

'lifl'1nfl'1Bri1'1mn iim 1iuv11LtlunE1u'llo'101tJ1:: 

lLa::iiw'1NYl~JJ ... 

3. Ill nm1HnH11it1\tl'i11~vio'11 ::iJm::1'1 

1um11it11 n\Ufftl 1u1uHYli1u~1'11l1 ::L mYlmum:: , 
BND mn~1LUUolfl'1Lill::vlE1'11i'll"1'il~1 ') ua:: 

' ' . 
m n::vio '1l'i1m1ff nH11~m YiJJLOiJJL Ufl'11l1 n B ND 

LtlutJ1nmffu~UtJJJHnumn1mfl~fl'1ff1fl1'1 H~ 
1 " ::"I ., "' 1 .J lL'l1lJ't',j m1 'l! BND Lu '\.ltl1nULHtl Ull'l!ll't',j'Yl~Cnl 

I \.I I d d -- I d 
11U ~1'11l 1 ::L 'JJ'U.11l::lJ n11 fl nH111ltlfltl1'1a ::LflrJ'il 

L Yi1JLOiJJ L -..~ 11::1f Eilla~1lv1\n nm 11~tJd ;LL u::i1 H11 
'\J 

d'hii.i1ll::tlaaYlnmrn~1n1i1u'llu1V1~'1~'il~u1,;''Yl 
o 1 "A I -.... ~I Lm::u1Lrn:: 'l!Yl'ilYlfl nmuu 1::t1::L1a1t111u1u 

4. ~a'11u1iudLUUvl1flrl1'1'llfl'1tl~ n1tJ1vlfl 

nu 1 ::~i1'1u1~1£lH11 Lflii ~'1l°i1 L,rLn'ilm1llLUUYiH 

LyjlJ~mrlflH11llnU LW11:: BND ~1fliUH'ili1U~1'1 
ll 1 ::L 'llL YirJ'1flrl1'1L~tl1

1

b.Jl'i1 L ~L nvio1n11'll1'1LfitJ'1 

uviLrlo 1 i11JJ rl'U.fl11ll"i11~L n'ilfl1 n11YiH 'l y) 
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Toxicological Evaluation of 2-Bromo-2-nitropropane 
-1, 3-diol as a Preservative in Fresh Aloe Gel 

Jutamaad Satayavivad and Nantavan Bunyapraphatsara* 
Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok 10400 

*Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University, Bangkok 10400 

Abstract 

Toxicological studies of 2-bromo-2-nitropropane-J, 3-diol (BND) as a preservative in fresh 
aloe gel has been conducted. The results of these studies revealed that BND at the recommended 
dose ll'hen used alone is effective and safe as reported by the manufacturer. The LD50 of BND ll'hen 
it 1Vas given intraperitonea/ly is in the same range as previously reported by the other in vestigators. 
However, the aloe gel containing BND exhibited higher toxicity than BND or fresh aloe gel itself. 
The toxic effects are as fo/low: the irritation of rabbit skin and the abnormal formation of ligament 
in the peritoneal cavity leading to the attachment of internal organs to the peritoneal wa/I. It is 
interesting to find out that neither BND nor fresh aloe gel produces the abm1e toxic effects . The 
mechanisms 1111clerlied these toxic effects need further studies. 
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The Effect of V erapamil on Skeletal Muscle Contractile 
Responses in Rats 

Amphawan Apisariyakul and Suriya Satrabhaya* 
Department of Pharmacology and *Department of 
Anesthesiology, Faculty of Medicine, Chiang Mai 

University, Chiang Mai, Thailand 

Abstract 
Verapamil at the concentrations ranging from 0.01 -0.08 mM produced a dose-related t1Vitcl1 

depression in isolated rat pllrenic nerve-hemidiapllragm preparations. The maximum effective 
concentration \Vas 0.05 mM which produced 76 percent depression. Neurally evoked twitch 1Vas 
affected more significantly than directly evoked one. Verapamil at a concentration of 0.04 mM 
significantly synergized the in vitro neuromuscular blocking effect of pancuronium (0.001 mM) and 
of s11ccinylc/Joline (0.001 mM). Verapamil (0.05 mM) inhibited t1Vitch potentiation produced by 2.6 
mM caffeine in curarized rat diaphragm preparations. This drug also abolished acetylclloline-induced 
contracture in denervated rat gastrocnemius preparations. It 1Vas also found that calcium exerts only 
a partial antagonistic effect on the neuromuscular blockade produced by verapamil in vitro. The 

· effects of verapamil on skeletal muscle contractile responses in rats and its possible sites of action 
are discussed. 

Introduction 
The effect of verapamil on neuro­

muscular transmission has not been well 
established. Chiarandini and Bentley (1) 
suggested that verapamil has a neuromuscular 
blocking effect. In 1982, Standaert suggested 

that Ca+ + enters motor nerve terminal via 
special proteins forming channels through the 
nerve membrane (2). The twitch depression of 
verapamil on the twitch height of gastrocnemius 
muscle in indirect stimulation in dog was 
reported by Lawson, Kraynack, and Gintautas 
(3). Pang and Sperelakis (4) had found that the 
slow action potential disappears in the muscle 
fiber that T-tube system has been destroyed, this 
indicates that calcium channel is located in 

the T-tubule system. They also found that 
verapamil readily entered and accumulated 
inside myocardial cell, smooth muscle cell, and 
skeletal muscle. 

Verapamil synergized the neuromuscular 
blocking effect produced by vecuronium in 
patient under general anesthesia. In 1985, 
Silinsky (5) suggested that the depolarization of 
the nerve terminal opens calcium channel at 
localized regions in the nerve ending. In this 
study, neuromuscular effect of verapamil 
will be investigated in both qualitative and 
quantitative analysis. 

The purpose of this study is to elucidate 
the pharm_acological activities of verapamil on 
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myoneural junction, motor nerve, and skeletal 
muscle . The interaction of verapamil with 
standard neuromuscular blocking agents and 
some related compounds will be investigated in 
order to evaluate its effects on contractile 
responses and its possible mechanisms. 

Methods 
The experimental animals used in 

this investigation were adult albino rats of 
Sprague-Dawley strain, weighing about 150-250 
grams of both sexes. The animals were supplied 
by the animal center of the Faculty of Medicine, 
Chiang Mai University. 

The isolated rat phrenic nerve-hemi­
diaphragm preparation was set up to study the 
effect of verapamil on contractile responses, 
interaction with some neuromuscular blocking 
drugs and related compounds. 

The rat sciatic nerve gastrocnemius muscle 
was set up to record the contractile response 
in situ for the study of the interaction of 
verapamil and acetylcholine (ACh) contracture 
in denervated gastrocnemius muscle preparation, 
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and the effect of verapamil on the neuromuscular 
blocking effect of drugs . 

All of the techniques used in this study 
were modified by the author (6). 

Results 
The Effect of Verapamil on Neurally and Directly 
Evoked Twitches 

Verapamil in the doses of 0.01 -1 mg/ kg 
was injected intra-arterially into albino rats. A 
slight depressive effect on muscle contractile 
responses was observed. In isolated rat phrenic 
nerve-hemidiaphragm preparation, verapa mil 
(0.01-0.08 mM) produced a dose-rela ted 
twitch depression. The maximum effective 
concentration was 0.05 mM which produced 76 
percent twitch depression. The percent twitch 
depression produced by verapamil on both 
neurally and directly evoked twitches was 
compared. It was found that the twitch 
depression of neurally evoked twitch was 
significantly greater than that of directly evoked 
twitch (p < 0.05) as shown in Table I. 

Table 1 Comparison of the percent twitch depression of verapamil in neurally and directly evoked twitches in rat phrcnic 
ner vc-hcmidiaph ragrn preparations 

Drug Concentration 
(mM) 

Verapamil 0.04 
0.05 
0.06 
0 .08 

*mean ± SEM ; **p< 0 .001 

The Interaction of Verapamil and Neuromuscular 
Blocking Agents 

Pancuronium was selected as a represen­
ta tive of the non-depolarized neuromuscula r 
blocking agents. In this study, verapamil 0.04 
mM followed by pancuronium 0.001 mM were 
added into the t issue bath, a nd the amplitude 
o f cont rac tile response was observed. It was 

Percent twitch depression* 
neurally evoked directly evoked 

39.4 ± 8.0 14.4 ± 4 
76.6 ± 7. 1 ** 24 .7 ±7 
74.5 ± 13.8 38.0 ± 9 
64.8 ± 5.0 54.1 ± 12 

found tha t pancuronium did not show any 
definite depressive effect on neurally evo ked 
twitch. Verapa rnil (0.04 mM) produced only 39 
percent twitch depression. In . presence of 
pancuronium, the same concent ra tion of 
verapamil caused significant decrease in twitch 
contractile responses (p<0.005) as shown 111 

T able 2. 
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T able 2 The synergistic effect of verapamil (0.04 mM) o n the neurally evoked twitch depression produced by pancuronium 

(0.001 mM) in vitro 

Number Percent twitch depression produced by 
of 

experiment Pancuronium Verapamil Pancuronium + Verapamil 

3.2 3.2 JOO 

2 0 0 100 

3 0 36.6 100 

4 0 48.0 100 

5 0 63.0 100 

mean ± SEM 0.6 ± 0.6 30.2 ± 12.4 100 ± 0 

Note: Verapamil significantly synergized the neuromuscular blocking effect of pancuronium in vitro 

(p < 0.005) . 

Table 3 T he synergistic e ffect of verapamil (0.04 mM) on the neurally evoked twitch depression produced by succinylcholine 

(0.001 mM) in vitro 

Number 

of 
experiment 

Percent twitch depression produced by 

Succinylcholine Vera pa mil Succinylcholine + Verapamil 

I 
2 
3 
4 
5 

0 

33 
0 
0 
0 

3.2 JOO 

0 100 

44.Q 65 
71.5 JOO 
48.0 JOO 

mean ± SEM 6.6 ± 6.6 33 .3 ± 13.8 93 ± 7.0 

The depola rized neuromuscula r blocking 
drug used in this experiment was succinylcholine. 
Succinylcholine (0.001 mM) produced a slight 

decrease in muscle twit ch . In the presence 
o f vcrapamil (0.04 mM) the percent twitch 

depression was increased lo 93 percent as 
demonstrated in T a ble 3 . 

From this study, ii was found that 
vera pamil significantly (p < 0.05) synergized 

the twitch depression produced by both 
neuromuscular blocking agents, pancuroni um 
a nd succinylcho line . 

Verapamil a lso produced a synerg1st1c 
e ffect with pancuronium and succinylcho line in 
rat sciatic nerve gastrocnemius prepa rations in 
situ. Besides th is, verapamil showed synergistic 
effect with hemicholinium in isolated rat 
phrcnic nervc-hemidiaphragm preparation. 

The Influence of Calcium 011 the Effect of 
Vera pa mil on Muscle Contractile Response 

Calcium plays an importa nt ro le in the 
release o f ACh from moto r nerve ending. In 

this study, calcium chlo ride could a ntagonize 
neuromuscular blockade produced by calcium 
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Figure l The time-action relationship of calcium chloride on the 500/o twitch depression prod1Jced by verapamil (0.05 mM) 
in rat phrenic nerve-hemidiaphragm preparations. -

deficiency condition, and at the same 
concentration it could antagonize 50 percent 
twitch depression produced by verapamil as 
illustrated in Figure l . Calcium exerts only a 
partial antagonistic effect on the neuromuscular 
blockade produced by verapamil in in vitro 
study. 

The Influence of Verapamil on the Effect of 
Caffeine 

In 1954, Huidobro and Amenbar (7) 
reported that caffeine increased the twitch 
tension of indirectly stimulated muscle in cats. 
In this study, caffeine at the concentration of 
2.6 mM produced a slight twitch potentiation 
in both neurally and directly evoked contractile 
reponses. The percent twitch potentiation 
produced by caffeine in neurally evoked twitch 
was not significantly different from that of 
directly evoked twitch in in vitro nerve-muscle 

preparations (unpublished observations). At 50 

percent twitch depression produc~d by 0.05 mM 
verapamil, caffeine could not increase the twitch 
amplitude of the neurally evoked twitch. 

In directly curarized nerve-muscle 
preparations, caffeine produced twitch 
potentiation. The peak potentiation was 
33 percent as shown in Table 4. The peak 
potentiation produced by caffeine in presence 
of verapamil was significantly less than that 
of caffeine alone (p < 0.001). This result 
showed the inhibition of verapamil on twitch 
potentiation produced by caffeine. It was 
proposed that verapamil directly suppressed the 
skeleta l muscle contractile response. 

The Effect of V crapamil on Acctylcholine­
Contracture in Dcncrvatcd Rat Gastrocnemius 
Preparations 

Acetylcholine-contracture produced in 
chronically denervated rat gastrocnemius 
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Table 4 The effect of verapamil (0.05 mM) on the twitch potentiation produced by caffeine (2.6 mM) in curarized rat 

hemicliaphragm preparations 

Number 
of 

Experiment 

Percent of peak potentiation produced by 

2 
3 
4 
5 

mean ± SEM 

Caffeine 

36.6 
38.5 
46.2 
25.0 
20.0 

33.2 ± 4.7 

*p < 0.01 compared with caffeine alone. 

Caffeine + Verapamil 

23.8 
0 

15.4 
17.2 
11.5 

13.6 ± 3.9* 

Table 5 The effect of verapamil (0.5 mg/ kg) on acetylcholine-cqntracturc in dcncrvated rat gastrocncmius preparations 

Number 
of 

experiment 

Tension in gram of ACh - contracture Percent 
decreased 

from control Control 

I 1.6 
2 2.8 
3 2.4 
4 1.4 
5 1.3 

mean ± SEM 1.9 ± 0.2 

*p < 0.005 compared with control. 

preparation is the sensitive method to determine 
whether the site of neuromuscular blocking 
action is postsynaptic or motor endplates (8). 
Acetylcholine was injected intra-arterially into 
denervated rats at a dose of 0.6 mg/kg, and the 
contracture was obviously observed. It was 
found that the tension (in gram) of ACh­
contracture at 15 minutes after verapamil (0.5 
mg/kg) was significantly less than that of ACh 
alone (p< 0.005). Thus veraparnil abolished the 
amplitude of ACh-contracture as shown in 
Table 5. 

15 min after -
verapamil 

0.6 
0.4 
0 

0.4 
0.4 

0.4 ± 0.05* 

62.5 
85.7 
100.0 
71.4 
69.2 

From this study, verapamil could produce 

a complete neuromuscular blockade in rat 
phrenic nerve-hemidiaphragm preparation. The 
drug suppressed ACh-contracture, and also 
blocked both neurally and directly curarized 
PTP (unpublished observations). Verapamil 
could inhibit the twitch potential ion of caffeine 
in curarized rat diaphragm preparation. Thus, 
verapamil may possibly have two main sites of 
action : neuromuscular junction and skeletal 

muscle. 
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Discussion 
Verapamil produced a dose-related 

depression on neurally and directly evoked 
twitches in rat phrenic nerve-hemidiaphragm 
preparations. The twitch amplitude of neurally 
evoked twitch was significantly depressed more 
than that of directly evoked twitch. It seemed 
that the site of depressive effect of verapamil 
was myoneural junction, and probably at the 
muscle itself. 

The mechanism of ACh release from 
motor nerve terminal is calcium-dependent 
process (2). An increase in extracellular calcium 
concentrations should increase the amounts of 
ACh released per stimulation (5). In this 
investigation, the increase in extracellular 
calcium could ·partially antagonize 50 percent 
twitch depression produced by verapamil. It 
might. be expected that verapamil somehow 
exerts its effect on the release of ACh. 

In this study, the increase in extracellular 
calcium could not antag~nize the twitch 
depression of verapamil. It seemed likely that 
the depressive effect of verapamil could not be 
antagonized by the increasing amounts of 
ACh at myoneural junction. Duran and his 
coworkers (9) suggested that verapamil could 
exert its effect on this synapse by observing 
the synergistic effect of pancuronium or 
succinylcholine on verapamil. In this study, 
it was found that verapamil synergized the 
blocking effect produced by succinylcholine, 
pancuronium, and hemicholinium in both in 
vitro and in vivo preparations. 

The neural post-tetanic potentiation 
{PTP} is a presynaptic phenomenon which have 
been stated for its mechanisms as the increase 
of ACh released per stimulation immediately 
after the termination of tetanic shock applying 
to the motor nerve (10). In this study, verapamil 
abolished neural PTP. Kraynack (11) proposed 
that the possible actions of verapamil at 
presynaptic site of neuromuscular junction were 
probably due to the reduction of calcium 
conductance at the presynaptic membrane, 
changing cyclic-AMP level or inhibiting 
membrane calcium pump into motor nerve 
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terminal. These actions may interfere the 
mobilization of ACh or its actual release. 

The postsynaptic evidence of neuromuscular 
blocking effect caused by verapamil was 
investigated in chronically denervated rat muscle 
preparations. Axelsson and Thesleff (8) proposed 
the sensitive method to determine postsynaptic 
neuromuscular blocking action by studying the 
effect of drug on muscle contraction produced 
by closed intra-arterial injection of ACh. They 
also reported that there was a supersensitivity 
of the motor endplate in chronically denervated 
muscle which was due to spreading of the area 
where cholinergic receptor existed. 

In this study, verapamil significantly 
abolished the amplitude of ACh-produced 
contracture in chronically denervated rat 
muscle. This indicated that the drug possibly 
possesses postsynaptic action. The mechanism 
of action would be that the drug altered the 
sensitivity of the endplate membrane to 
exogenous ACh, but whether this drug alters the 
receptor is still unknown. 

From this study, it would be proposed that 
verapamil possibly exerted its depressive effect 
on neuromuscular transmission by influencing 
Ca + + mobilization at motor nerve terminal. 
Another consideration that the postsynaptic 
effect of verapamil probably decreased endplate 
sensitivity to ACh should not be overlooked . 

Verapamil was found to decrease the 
amplitude of directly evoked twitch in curarized 
nerve-muscle preparations. This indicated the 
direct action of verapamil on skeletal muscle. 
It is known that the xanthine derivative, 
caffeine, affects skeletal muscle contractile 
response (12). Sato and colleagues (13) 
postulated that caffeine produced twitch 
potentiation on skeletal muscle by presynaptic 
and intracellular actions. In this investigation, 
caffeine caused an increase in amplitude of both 
directly and neurally evoked contractile 
responses. The mechanism of action of caffeine 
on skeletal muscle cells has been proposed to 
stimulate sarcoplasmic reticulum, and 
probably the coupling mechanism between the 
transverse tubular system and terminal cystern 
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is activated leading to the release of a large 
amount of calcium into myoplasm as reported 
by Sato et al. (13). Caffeine could also induce 
contracture by releasing calcium from storage 
site. Goldberg and Singer (14) proposed' that 
caffeine increased the twitch tension in neurally 
evoked muscle by increasing ACh release from 
motor nerve terminal. 

In this investigation, verapamil could 
inhibit twitch potentiation produced by caffeine 
in directly evoked curarized diaphragm 
preparations. The drug also suppressed the 
direct-stimulated muscle PTP in the nerve­
muscle preparation. In this aspect, it would 
be proposed that the drug could inhibit 
intracellular calcium ion binding sites such as 
troponin C or interfere calcium release from 
storage site. 

It could be proposed that verapamil 
inhibited some amount of calcium released from 
sarcoplasmic reticulum during stimulation the 
process of removal residual calcium from 
myoplasm to longitudinal or terminal cystern 
in skeletal muscle. 

It would be concluded that verapamil 
inhibit myoneural junction probably by 
affecting l) motor nerve terminal 2) motor 
endplate 3) skeletal muscle. The primary site of 
action was proposed to be postsynaptic or 
endplate. However, the presynaptic action 
of verapamil in interfering with calcium 
mobilization into motor nerve terminal should 
not be disregarded. The proposed meclianisms 
of action of verapamil at skeletal muscle were 
1) reduction of motor endplate sensitivity to 
ACh and 2) interfering with calcium-dependent 
excitation-contraction coupling in releasing 
process. 
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Although the condition of heart failure can be defined in hemodynamic terms, it is an 
oversimplification to think that the systemic consequences of this disease entity is due solely to 
alterations in peripheral blood flow. Clearly, neurohumoral events can play a major role in the 
compensatory adjustments which take place in heart failure, albeit at the expense of a deterioration 
in organ function. Many of the normally occurring neurolwmoral control mechanisms are abnormal 
in heart failure. These come about from changes in both efferent and afferent components of the 
reflex arcs. 

The fact that sensory en~ings in the heart and blood vessels may play an important role 
in the abnormal reflex control of the circulation in heart failure has npt been generally appreciated. 
There is a good deal of clinical and animal studies that suggest that mecl1anoreceptor function in 
the atria, ventricles, aorta and carotid sinus is abnormal in heart failure. In most cases these receptors 
functio11 at a depressed sensitivity with the possible exception of left ventricular receptors. The 
mechanism (s) that are responsible for the observed receptor abnormalities in heart failure are not 
completely understood, however at this point it is reasonable to assume that both structural an.d 
compliance changes may be operative to cause the abnormalities observed for atrial receptors. The 
cause of the decrease in arterial baroreceptor discharge sensitivity is not known, however we do know 
that it is not due to a change in compliance of the carotid sinus or aortic arch. 

Possibilities which need to be investigated include alterations in sympathetic control of 
baroreceptor discharge and changes in Na-K pump activity in the baroreceptors themselves. As far 
as ventricular receptors are concerned we do not currently have enough data to determine the 
mechanism of the enhanced reflex changes that ar.· evoked from their stimulation in heart failure. 

There is little doubt that a variety of 
neurohumoral abnormalities exist in heart 

failure which potentially influence cardiovascular 

regulation. These include increased secretion of 
vasoactive hormones such as catecholamines 
(1), vasopressin (2,3), renin-angiotensin (4), and 

prostaglandins (5). It has also been.shown.that 
alterations in autonomic function occur in heart 
failure, especially as regards the arterial baroreflex 

control of heart rate (6-8). It is generally 
assumed that the initial elevation in sympathetic 
tone that occurs in heart failure is mediated by 
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unloading of the arterial baroreceptors due in 
part to a falling cardiac output. 

Altho.ugh this idea fits with our current 
understanding of the reflex control of blood 
pressure, it is a simplification to think that the 
unloading of normally functioning reflexogenic 
areas of the circulation in a chronic disease state 
accounts for this observation. In fact, heart 
failure in man and experimental animals has 
been characterized as resulting in an increase in 
catecholamine excretion and in plasma catechols 
(1,9) while at the same time specific organs such 
as the heart are depleted of catecholamines (10). 
In addition, patients and experimental animals 
with heart failure are significantly hyporesponsive 
to administration of.exogenous catecholamines 
(11 -13). This apparent paradox may have 
important implications in determining 
the mechanism (s) of the alterations in 
cardiovascular reflex function in heart failure. 

The reflex control of cardiovascular 
function relies on the input from a variety of 
sensory endings which are distributed 
throughout the cardiovascular system. As with 
most sensory endings, discharge characteristics 
depend upon the environment that surrounds 
the receptor. It has long been appreciated that 
arterial baroreceptors reset as a function of the 
ambient arterial pressure. Arterial baroreflex 
control of heart rate is markedly attenuated in 
patients and experimental animals with heart 
failure (6, 7). Cardiac receptor control of the 
circulation is similarly altered in heart failure 
(2, 14, 15). Undoubtedly much of the abnormal 
reflex control in heart failure is due to 
alterations in autonomic function in both the 
heart (6) and in the peripheral circulation (16). 
However, abnormalities in the sensory endings 
themselves cannot be ruled out as a contributory 
factor in the abnormal cardiovascular reflexes 
that have been observed in heart failure. 

In the discussion that follows I will review 
the data that exists, albeit sparse, which strongly 
suggests that abnormalities in afferent 
mechanisms are responsible, in part, for some 
of the attenuation of cardiovascular reflexes 
seen in heart failure. 

Cardiac Receptors 
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The discharge characteristics and reflex 
effects of stimulation of atrial receptors with 
medullated fibers have been extensively studied 
since the early work of Bainbridge ( 17). The 
experiments of Henry, Gauer and Reeves (18) 
initiated three decades of extensive investigation 
into the neural control of blood volume and the 
role of atrial receptors in its regulation. 
Although the ~nfluence of atrial receptors on 
mechanisms which control fluid balance in 
humans is currently under some doubt (19) it 
has been demonstrated that these receptors 
exert a profound influence on urine flow, 
vasopression secretion, heart rate and peripheral 
sympathetic nerve activity in the dog and in 
other species. Since patients with heart failure 
generally have chronically distended atria as well 
as ventricles it was of interest to determine if 
alterations in atrial receptor discharge could be 
observed after chronic elevations of left atrial 
pressure. 

In a study by Greenberg et al. (14) it was 
shown that dogs with pulmonary artery stenosis 
and tricuspid avulsion had a reduced left atrial 
receptor discharge sensitivity compared to 
normal dogs. In a model of canine high output 
heart failure we subsequently showed similar 
results (15). Figure I shows the left atrial 
pressure-discharge curves for dogs with a 
chronic aorto-caval fistula (A VF) compared to 
a group of sham operated dogs. As can be seen 
the A VF dogs exhibited a lower discharge rate 
compared lo sham dogs at most changes in left 
atrial pressure. The maximum slope in the dogs 
with chronic A VF 's was lower than the sham 
operated dogs. It is important to realize that the 
dogs with this model of congestive heart failure 
showed hemodynamic evidence of chronic 
congestive heart failure even though cardiac 
output was elevated. That is, they had left 
ventricular end diastolic pressures in the range 
of 25-30 mm Hg and heart rates in excess of 140 
bpm. Heart weight/body weight ratios were 
significantly elevated in the dogs with volume 
overload. In addition, clinical signs of 
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Figure I. A plot o f the change of left atrial receptor discharge versus the change in left atrial pressure (taken at the peak 

of the v wave) for sham operated dogs (closed circles) and for dogs with chronic AV fistulas (open circles). Vertical and 

horizontal bars are ± I SEM. T he data was accumulated on 16 receptors from 11 AV fistula dogs and from 14 receptors 
from 8 sham dogs . 

pulmonary and· peripheral congeslion were seen 
in all dogs. In these respects, !his model is 
similar lo !hat which is seen in low outpul 
failure. 

The mechanism (s) responsible for the 
alteralion in left alrial receplor discharge in 
heart failure is not complelely underslood, 
however !here are several aspects of this 
abnormalily which are clear. In an attempt lo 
determine if chronic cardiac distension caused 
any morphological changes in le ft alrial 

receptor endings we examined these endings 
histologically (15). Interestingly, we found that 
in all of !he dogs with chronic heart failure, the 

endings were either absent or grossly a ltered. 
In the sham dogs all endings that were examined 
were normal in a ppea ra nce with clear 
myelinated fibers and unencapsulated endings. 

This finding had not been described before, 
however there have been observations made on 
arlerial ba roreceptor morphology in animals 
with long standing hypertension in which the 
endings appeared anatomically abnormal (20). 

Another possible mechanism that was 
considered was a reduction in atrial compliance. 
If these dogs with chronically distended atria 
exhibit a reduction in atrial diaslolic compliance 
then one would expect a decrease in alria l 
receptor discharge sensitivity simply because of 
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an increased stiffness. In a small number of 
animals we measured left atrial diastolic 
compliance using sonomicrometer techniques 
(2 sham and 2 AV fistula dogs). The relationship 
between left atrial diameter and the change in 
left atrial diastolic pressure was plotted. The 
slope of this relationship was significantly 
steeper for dogs with chronic A VF compared 
to sham dogs. In addition, the control atrial 
diameter was significantly increased in A VF 
dogs. This finding suggests that the dogs with 
chronic A VF have a reduced atrial compliance 
and are most likely at the top of the length-tension 
curve. Therefore, atrial stretch receptor 
discharge would likely be attenuated. This is not 
to say that the morphological alterations which 
were seen do not contribute in some way to the 
loss of discharge sensitivity, however after 
closing of the A VF and allowing a subgroup of 
dogs to recover for 8-10 weeks, heart size and 
discharge sensitivity returned to normal. It was 
found that in this subgroup of dogs a large 
number of the receptor endings still appeared 
abnormal (21). 

In dogs with chronic mitral stenosis, Zehr 
et al. (22) showed a failure of vasopressin levels 
to rise in response to a non-hypotensive 
hemorrhage. Histological examination of the 
left atrium in these dogs_indicated hypertrophy 
and fibrosis, thus making the atrium stiffer. 
Taken together, the data presented above 
indicate that the most likely explanation for the 
reduction in atrial receptor discharge sensitivity 
in heart failure is a reduction in atrial 
compliance. 

Investigations into the reflex effects of left 
atrial receptor stimulation in heart failure 
have been conducted. These studies show a 
substantial attenuation if not a complete loss of 
atrial receptor mediated reflexes. Since atrial 
receptors have been implicated in the control of 
fluid balance, we hypothesized that the failure 
of patients or animals with heart failure to 
exhibit a diuresis in the face of markedly 
elevated left atrial pressure was due, in part, to 
the attenuation of left atrial reflex mechanisms 
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(2). Left atrial pressure was elevated in 
anesthetized dogs that were either sham 
operated or were in heart failure. Pressure was 
elevated by inflation of a balloon in the left 
atrium. Balloon inflation raised left atrial 
pressure in the sham dogs from 11.7 ± 1.2 
mm Hg to 23.5 ± 1.9 mm Hg and in the heart 
failure dogs from 17.5 ± 2.6 to 28.2 ± 3.0 
mm Hg. There were no significant changes in 
heart rate or arterial pressure during the balloon 
inflation in either group, Although a prompt 
diuresis and increase in free water clearance was 
seen in the sham group during balloon inflation, 
there was no change in these parameters in the 
heart failure dogs. GFR and renal blood flow 
were unchanged during balloon inflation in both 
groups. Arginine vasopressin (AVP) levels were 
measured in both groups of dogs before, during 
and after balloon distension. A VP levels were 
significantly elevated in heart failure dogs. 
During balloon distension there was a reduction 
in A VP levels in both groups of dogs however, 
the level to which A VP fell in the heart failure 
dogs (10.2 ± 3.3 1iU/ ml) was still considerably 
above the level at which a diuresis and increase 
in free water clearance would be seen . These 
data are consistent with those of others who 
have seen elevated plasma vasopressin levels in 
patients and in animals with heart failure 
(3,22,23). Although these data are not 
conclusive they strongly suggest that abnormal 
atrial receptor mechanisms may contribute to 
the elevated plasma A VP in patients with heart 
failure and exacerbates and contributes to the 
elevation in extracellular fluid volume that 
occurs in these patients. 

Atrial receptor modulation of renal 
sympathetic nerve activity (RSNA) has been 
demonstrated in dogs and non-human primates 
(24,25). Since changes in RSNA can potentially 
influence such renal parameters as renal blood 
flow, renin release and sodium reabsorption we 
investigated the extent to which this modulation 
was altered in dogs with heart failure (26). In 
normal dogs, left atrial balloon distension 
significantly reduced RSNA . In dogs with 
chronic A VF increases in left atrial pressure 
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Figure 2. The mean data on renal sympathetic nerve activity changes derived from normal and AV fistula dogs in response 
to left atrial balloon inflation (top), norepinephrine injection (middle) and nit roprusside infusion (bottom). Open bars depict 

data from normal dogs. Closed bars show data from AV fistula dogs. • = Significantly different from zero. 

caused an increase in RSNA. This increase was 
due to a concomitant fall in arterial pressure and 
an unloading of the arterial baroreceptors. 

As can be seen in Figure 2 the increase in 
RSNA per mm Hg change in left atrial pressure 
in dogs with A VF was completely abolished 

a fter carotid sinus denervation but was actually 
potentiated in the normal dogs. Vagotomy plus 
sinoaortic denervat ion abolished all reflex 

activity. The administration of norepinephrine 
and nitroprusside to elicit the arterial baroreflex 
showed that the dogs with chronic volume 
overload had a normal baroreflex control of 
renal nerve activity at the time that these studies 
were carried out. These data are consistent with 
the altered discharge characteristics of atrial 
receptors seen in heart failure and with the 
depressed diuretic reflex. In summary, atrial 
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receptor mediated reflex control of the 
circulation is likely to be substantially 
attenuated in heart failure and this may 
contribute to some of the problems with fluid 
balance that patients in heart failure exhibit. 

Ventricular receptor function in heart 
failure has not been extensively investigated. 
Both chemically sensitive and mechanically 
sensitive receptors exist in the ventricles. The 
reflex effects of left ventricular receptor 
stimulation have been described in normal, 
conscious and anesthetized animals since the 
original work of von Bezold and Hirt (27). The 
so-called Bezold-Jarisch reflex is elicited by the 
chemical stimulation of left ventricular 
receptors with one of the veratrum alkaloids and 
results in hypotension and bradycardia as a 
result of vagal efferent activation and peripheral 
sympathetic withdrawal. These receptors can 
also be activated by mechanical stimuli such as 
ventricular distension. 

In patients with aortic stenosis, leg 
exercise has been shown to result in forearm 
vasodilation while in normal patients or in 
patients with mitral stenosis vasoconstriction 
results (28). Presumably, increases in stroke 
volume which occurred against a fixed outflow 
resistance caused extensive left ventricular 
distension thus activating left ventricular 
receptors and causing a withdrawal of 
sympathetic tone to non-exercising muscle . It 
has been shown that the discharge rate of 
ventricular receptors will increase and evoke a 
bradycardia when severely unloaded as occurs 
during severe hemorrhage (29). A similar 

response was noted by LeWinter et al. (30) in 
conscious. dogs with chronic AVF. 

In this study, a progressive hemorrhage 
was performed while heart rate and blood 
pressure were continuously monitored. Before 
the AV fistula was produced, a tachycardia was 
observed in response to the decrease in blood 
volume. However, several weeks after the 
fistula, hemorrhage resulted in little change in 
heart rate (albeit from a higher resting level) 
until approximately 800 ml had been withdrawn 
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at which time a bradycardia was seen. This 
bradycardia could be completely abolished by 
atropine but not by propranolol. Similar results 
have been observed in our laboratory 
(unpublished observations). 

Figure 3 shows recordings from a dog that 
was instrumented with balloon occluders on the 
descending thoracic aorta and on the thoracic 
inferior vena cava in order to change arterial 
blood pressure. Note that in the top series of 
tracings the lowering of arterial pressure by 
inflation of the vena ca val occluder resulted in 
a stimulus related increase in heart rate. 
Increasing arterial pressure by inflation of the 
aortic occluder resulted in a bradycardia. The 
bottom tracing shows similar occlusions two 
weeks after construction of an A VF. Notice that 
now every vena caval occlusion resulted in a 
bradycardia. As will be discussed below the 
arterial baroreflex is attenuated in heart failure, 
however this could not explain the reversal of 
the heart rate response seen in Figure 3 or in 
the study of Le Winter et al. described above (30). 

A more plausible explanation might be 
that the sensitivity and/or activity of ventricular 
mechanoreceptors is altered in states in which 
heart size is chronically increased . In the dogs 
with chronic A VF, unloading of the ventricles 
by hemorrhage or by vena caval occlusion may 
have stimulated ventricular afferents which in 
turn caused a reflex bradycardia. This is similar 
to the observation of Oberg and Thoren 
following severe hemorrhage in the cat (29). The 
mechanism by which ventricular receptors 
inhibit the baroreflex and reverse the heart rate 
response is not completely understood, 
however it seems clear from the reflex and 
electrophysiological studies that, in heart 
failure, the ability of these receptors to increase 
their discharge is enhanced. A central 
mechanism is most likely responsible for 
suppressing the normal baroreflex (31,32). 

Arterial Baroreceptors 
Several studies have confirmed that the 

arterial baroreflex is depressed in humans and 
in animals with heart failure, at least as far as 
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Figure 3. The heart rate rcspon~of a· conscious dog to changes in arterial pressure (using vena caval and aortic hydraulic 
occluders) before (Pre-A VF) and 2 weeks following (Post- A.VF) the construction of an infrarenal aorto-caval fistula. Note 
that in the post-A VF state a bradycardia is evoked in response to hypotension as well as to hypertension. 

the control of heart rate is concerned (6-8). Most 
of the data suggests that a major mechanism 
which is involved in this attenuation of the 
baroreflex is a failure of the efferent vagus to 
modulate heart rate during increases in arterial 
pressure and to some degree poor sympathetic 

control of heart rate. Although efferent 
autonomic control of heart rate is certainly 
abnormal in heart failure, the possibility that 
afferent mechanisms may also contribute to the 
poor baroreflex sensitivity in heart failure has 
largely been ignored . One could predict that 



because of several factors which take place in 
heart failure, there is a likelihood that the 
arterial baroreceptors themselves would behave 
in an abnormal manner. These factors include, 
expanded plasma volume, altered sympathetic 
tone, hyponatremia, and increased circulation 
of vasoactive substances, all of which have been 
shown to be operative in heart failure states. 

We therefore undertook two studies to 
determine if we could uncover any effects of 
high output heart failure on baroreceptor 
afferent activity. In the first study afferent 
discharge from aortic baroreceptors was 
recorded in open chest anesthetized dogs which 
were either sham operated or had chronic A VF 
(33). Aortic diameter was also measured and 
wall strain was calculated at the point where 
aortic pressure was measured. Systolic 
baroreceptor discharge-systolic pressure curves 
were generated using appropriately placed 
vascular occluders. The curves were characterized 
by determining threshold pressure, saturation 
pressure, midpoint pressure and the normalized 
maximum gain. 

The data from heart failure dogs indicated a 
reduced baroreceptor sensitivity and a resetting 
of the operating point to a higher pressure. The 
mechanism of this finding is unclear however, 
the dogs with A VF showed a significant 
elevation in the aortic diameter at the midpoint 
pressure and the saturation pressure whereas the 
mid-wall strain at these points was increased. 
The only aortic hemodynamic parameter that 
was altered in the A VF dogs was pulse pressure, 
being 45.7 ± 2.4 and 24.4 ± 2.0 mm Hg in the 
A VF and normal dogs, respectively (p < 0.001). 
Systolic arterial pressure was elevated in the 
AVF dogs (136.6 ± 8.7 mm Hg) compared to 
the normal dogs (118 .0 ± 5.5 mm ·Hg) but this 
difference failed to reach statistical significance. 
These data suggest that in this model of heart 
failure there is a decrease in baroreceptor 
discharge sensitivity \vhich is unrelated to wall 
strain but which may by conditioned by the 
increased aortic pulse pressure seen in dog with 
AVF. 
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Since the experiment described above was 
done in a preparation in which it was difficult 
to control the input parameters such as the rate 
of change of pressure, etc. we decided to 
conduct a similar experiment using the isolated 
perfused carotid sinus in normal and heart 
failure dogs (34) . In this study, the left carotid 
sinus was perfused with a Krebs-Henseleit 
solution at a constant pressure of 100 mm Hg 
until a baroreceptor discharge-carotid sinus 
pressure curve was generated. Piezoelectric 
crystals were placed across the carotid sinus so 
that an estimate of diameter cou ld be recorded. 
Recording of single unit baroreceptor 
discharge were made from filaments of the 
carotid sinus nerve. Two types of curves were 
generated using this technique. Firstly, carotid 
sinus pressure was increased in discrete steps 
from a carotid s inus pressure of about 50 mm 
Hg to over 300 mm H g . Steady-st ate discharge 
rate was plotted against carotid sinus pressure. 
Secondly, carotid sinus pressure was increased 
by ramps at rates of pressure change ranging 
between 2-200 mm Hg/sec. In this way both 
static and dynamic characteristics of the 
baroreceptor could be evaluated. Each curve 
was fit with a second order polynomial 
regression and characterized by determining : 
1. the threshold pressure, 2. the saturation 
pressure and 3. the maximum gain. Dogs wi th 
chronic A VF had increased baroreceptor 
threshold pressures for the step pressure curve 
and the three lowest ramp rates, the saturation 
pressures were significantly higher in the A VF 
group for the step and the lowest ramp rate. 

Figure 4 shows the data for the maximum 
baroreceptor gain in normal and A VF dogs. 
Note that a significantly lower gain was 
observed for the steps and for the lowest ramp 
rate (4.7 ± 0.22 mm Hg/sec) in the A VF group 
compared to the normal group. This decrease 
in static gain could not be attributed to 
differences in compliance of the carotid sinus 
or to differences in sodium, potassium or water 
content (using the contralateral, blood perfused 
sinus) of the carotid sinuses of the two groups 
of dogs. The results from the above two studies 
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Figure 4. A comparison of the mean carotid sinus baroreceptor gain for normal and AV fistula dogs for step increases in 
carotid sinus pressure (Steps) and a t progressivel)• increasing carotid sinus pressure ramps. • = significantly different from 
the normal group. 

suggest that the a rterial baroreceptors become 
less sensitive in this model of heart failure . T he 
mechanism for this abnormality remains to be 
elucidated however some possibilities may 
include alterations in sympathetic tone to the 
carotid sinus (35) or t o changes in ionic 
flux across the receptor membrane. These 
possibilities need to be investigated. It is 
concluded from these data that part of the 
depressed baroreflex sensitivity that is seen in 
patients and a nimals with heart failure may be 
due to a depression at the afferent arm of the 
baroreflcx. T his could contribute to changes in 
systemic sympathetic tone which in turn may 
alter peripheral vascular resistance and organ 

function. 
Finally, it is possible that some of the 

therapeutic benefi ts of the cardiac glycosides 
a re related to their neuroexcitatory and 
neurosensitizing effects (36,37). Therapeutic 
doses of glycosides administered to experimental 
animals have clearly been shown to increase the 
discharge sensitivity of atrial (37), arteria l (36) , 
and vent ricular receptors (38). In addition , 
cardiovascula r reflexes have been shown to be 
potentiated in the presence of a variety of 
differ~nt glycosides (39,40). More extensive 
work in this area of heart failure therapy is 
needed to elucidate the mechanism (s) involved . 
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v .:{ 1 I ' in.JflflYI il 'ttlil'Ul 

Yi"41t1 t ·rnQ\VIL;}!) flfll::UYlYltlfl1ffVlft 1\l'r'ir.J1U1fl111J1~U~ 1JYi11't'lt11tmJ~Vlfl 

::'I ., "' A 
L uUtl1Vl1U ~ fl'llYl'lf \I 

... 
~ I "''l" LYn1::t11 L'l-l n~1JU I/I 

t1 11un~J.Jfl1tu fou , 
LLV1n~1.Jnum~linu~11h.J 

"" '~ 'l ''l .... x d '11 nm1H\ILm1::wJJu 1.1 viut1nmv1m'llo11mJ.Jou 

t11~1U~fl;nYl~U ') r.11oi11L 1n1un~J.Jdnf1o nalidixic 
• d ,,/d, I J' d d A " 

acid '1f \l!l!l n t]fl liVIVl m 'll!llL UflYlL 1tJ'llUVIn11l flu 

mnn11nii1mn 'hJiir.ifl~!lL~!l Pseudomonas 

aeruginosa 1-u 1::t1::GioJ.J1l1lu11mdii1h:: fo'Jlulu 

~ A x ~ A .'f' t ... 
mn m~nm1V1V1L'lf!l mm\ILV1UuNH11::1Lfl:: 1fl't'l!l\I 

... ... d 
~oiilor.11it'lo1~1tJ ~\I 1hJLUU't'liit11l1l1 mtn Yi~\lv1 n 

~ii na liclix ic acid oomrnL~1 n'l oi'iim1GlVILLUfl\I 

Nm tm \IN11\IL~!ltl1JTr111 ~th::H't'l~l11Yl'IJ!l\ltl1~~u 
~. . 
a .c:t ..,d t ., 

L'U!l\1'11n1lfl111J1L1 !l\I flHH11\l'IJ!l\ltl1Ufl:: n11 
~ 

.! :; 
oo n t]'t'lnnn'!Ju 

'l .,{ 0 ft 0 01 'HHl 0 fl'tl li 

m 1 u n~im1 tu fouoo n t]'t'llf fornTurT\I DNA 

gyrase ~.Jiim1mh~tylum11Ltl.Joi1'1J!l\l\LUflYiL1 t1 
mJ.Jt.lnai1LuflYiL1t1rilm hi hm~r.11 Gi1.Jv1n flU~.Jii 
46 tm hi hJ.J tm hi hJ.J'll!l\llLUflYiL 1tJ1h:: nouoi'1t1 

double stranded DNA m11h::mm 1,300 
1
lJ.Jmou 

d., 'l-ft a a.dd a 
'll'\11l!:Vl!l\IU11~fl\I U Lil!lUfl'Yll W'1f\lll'll"1VILYltl..l 1 x 2 
1
l J.Jm ou Lvn1::u::iXu tm tJ.J hm1::qjo.Jvirnum.J ') 

(don;a in) t.l1::mm 65 1\1 UV1orluu1Lnu RNA 
~ 

o . I 'l A I ... LLVlfl!:1\ltJ11u1!:1J1m 20 1Jfl11lU 'lf\llLVlfl::1 \11l::Vl!l\I 

Yiu~o1lt.Jil nt.l1 :: 111m 400 Yirn~o1~ DNA un~ 
~ ~ ... .. 'l" dt t t ~ .; t'l\I L umu Ufl't'IL 1 u VI m 1't'l m 1l '1fllv::'r~UL mi 

1~flVl'IJU1Vlfl\l'lo1iXuqjo\l!l1tlU DNA gyrase (Yi1o 

Topoisomerase II) 

DNA gyrasc 'IJ!l\llLUflYiL1m"liu E. coli 

t.l 1:: nou~1u 4 subunits ii 2 LL!lflVl1 tJ.J foLJ.Jof 

'IJUll/I 105,000 VllfloiU Llfl!: 2 L1JqJ1 hi foLJ.J!lf 'IJU1VI 

~ At t .!d )1,..,.l t <' 95,ooo Vl1flVIU mm u m.toont]Yl1i't'IU!lflh 1 1.1 uwo1 

.J b' . .! d ... t t .. 'IJm::'t'l novo IOC111 !l!lnt]'t'l1i't'lLUVl1 1J UL1J!l1 

1m hi 1'1l'll'IJ!l\llLUflYiL1ut.J1::nouo11u DNA t.l1::mm 

foufl:: 10 RNA t.l1 ::111m 1oufl:: 20 LLt'l:: tt.J1~u 
.... . ~ .... 
j!)tJfl:: 10 LLVl'JJ!l\lf1UU'Ut.l1::noumt1 D NA Llfl:: 

histone !lU1\lfl::LYi1 ') nu 1uflUiiLd!l~1lii1Lfl~tl ff , 
lL~lLUflYiL1dhJii n11~ DNA gyrase '111 lllim hi l'lf3.1 
'IJ!l\ILLUflYiL 1t1vYUYiV1'l~Vltl1u1 :: t1::u.1 nti1mL!lflYl1 

v::GJVI double stranded DNA Lllu'r-iou ') Ntuih:i 

o ( . l.J ) :: I ... 
't'l n 4 fl'IJ!l\ILUff 1u't'l 1 v1n'UUNTULUVl1'1J!l\I , ~ ~ 

DNA gyrase v::l'i11~ DNA UVll'ru t<11t11l1tltl 

Ylt\l\11U'11n ATP hydrolysis d'.ioul/lviUIL~1ff1U 
'I " 'l· I .; d lL!lfl'r' 1 '1J!l\I DNA gyrase nv:: u L'll!l3.J D NA min 

~ 

~ ., d A At 1 d 
<11V1oonV1om11m'IJ1mV11l r.11m u tmv::oonCJ't'l1i 

(.. I I .... 

uurJ\ln11L~1l1lUl/l'lJ!l\I DNA DNA YiLtlV1ouum:: 
~ 

m::qju1~ii exonuclease ml°i1f11t1 DNA l'i11i , 
"' ... lLUfl't'lL 1t1Vl1tl 

n1L 11L~m::GJU'IJ!l\ltl1fl1fa fom::Ylu11t11v:: 
I .... " \,# 

Lt.l~t1uv1 ntTurT.J m1L v1 ty'IJ!l\IL :ao nfl1mtlw~1L :ao 'loi' 
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5' 
3'~-1--.--..-..........- ~. 3.-' --T"-....-t-.r-5' 

@@ Qj 
5'- ._L,,.+-'----'- 3' c ~· --"""t-- 3' 

~ 
Gyrase recognition sequence 

~ti~ 1 n iilnm1oo nri'rl:'llo~u1F111ultn~ 
"""" .d ,!1 ~ ~ ., 'i' v .{ 
'Yi'lf'U 'l!" ti ti mp1 ti ~w nTHJ u t1" m rn 11" RN A '1'm 1 m .:i n·n:111 ti :fll':rn o mprn 

•• i"" .d ,rl ~ ~ t11lun~1.1fl11ufoi.rn ant]'Ylt°1Y1t.1m1 rTurT" 
u~:tJ1fl~tlU1"LnUfltl~'l!'3tlDntj'Ylti Ylt.1n11t.1UtJ'3 

Lm~mfo1w.1.1af'llD'3 DNA gyrase ~1L~mhih" 

R 

~ 
N N 

H 
Naphthyrldlne ring 

QU!NOLONE 

x~ 
8 

0011 

0 

)

COOH 

N R2 

H 
l au l no 11 ne r l ng 

~ti~ 2 ~m lm~ff1'1~lllln'llo~u1~'JJ~'IJ11~011"Yi1~11!'1JOJ DNA gyrase 
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ci1Gi1lLYiU'1~ X8 LUU N '1!:LUU 
I ~A'd •, d ~ 

'llEl-1 2 n~1.1urn10 £l1Ynn naphthyndme J..lfltuH1.IUYI 

naphthyridine ring LLill n1~1UYiU'1,XmiJu CH n 
'1:LU\4 quinoline ring £J1~'1L~1.l~LUUff11Ynn 
naphthyridine 'l~lLnnalidixic acid ff1U£J1~'1LQJ1.I 
'lJEhlff11Ynn quinoline ~a oxolinic acid -llauY1nill1'1 

- 'd I I ~ I d d V 
Yl1'1lllff'Jf'1f!Ufl1ffYl"iYI n11 UYlt]YlllYlillLUVIYIL 1£JYIEJ[J 

n·h£l1vnn quinoline Hm 1m.J«11'1'lltl'1£J1lu 
\l 

n~J.Jviilu fouLL«Y1'1lrlmiJ~ 3 
, \l 

0 

CO
COOll 

Nat ldlxlc acid 
H3 I 

C2H5 

0 

<
O~COOH 

0~11) 
lMcoOll 
~~ll;A 

. I I 
Clnoxacln c2H5 OXollnlc -acid C2H5 

Hosoxacln 

0 0 

_ij_~COOll 
~N "N'~NjJ 

HN I ~ H 
~ 25 

Plpemldlc acid 

0 

F~COOH 

~.~t! HJ · 1 I 
'-.../" C2ll5 

Nor fl oxacl n 
0 

0 

COOH 

Enoxac{n 
0 0 

NJ CODH ,m-COOH 

HN~ L 
Ofloxacin Ciprofloxacin 
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do I ~ "-'"" .d ~ 
'Y\Vl1UWU'1 1 WU. r.J1'Ylnm3Jn'1::3Jm1UB'u. 2 , 

a::VJB3J ih-u.1myLllu ethyl group tJm1-u. cipro-
. d a .: • _,. ~I 

floxacm 'lf'13Jm1ua-u. 3 a::VJB3JLLVlL1tJ'1LuU1'1 m 

. ' 'l '"" ., . 1.l .. :;'1 11 1 Vl1U'Vi'u.'1 2 V13J~Lufmmnnm1uamu-u. -u. Vl1L'1-U. 

1'1i-u.1-u.tJ1 cinoxacin rh1-Xm1~V1cn3J~~u11viq'Ylt 
vlm1uviii1~mXm.Jfl'1 Gi111Viu'1~ 3 nfl:: 4 Llluvi1uViu'1 

~ff1~qj 1i;mvi11Lmi,i~ 3 ii carboxyl th-u.vi11mu,i 

~ 4 ii ketone group aci tJ1'Ylnv11ii1m,i id'1,id 
'IJ , 

.d: ... f'I .d .... 
LVi3JB-U.n-U.Vi3JVll'r'l11::Lu'u.'YlLm:::nu DNA gyrase 

~ t .. 11 ' . 1.l • I 'l " V1'1'u.'u.'1'1 3JR13J11fiLufltJUUu~'1 VI 

'lvi'iJr~'r'l tJ1tJ13JolV1bLUfl'1vi1lL'Vitt'1~ 5 LLvi'b.Jorh 
'IJ 

1-X~mR!.1u1l~~u~,i~)m1,i'l1'am,i1~3J m11Gi!J fluorine 

1 0 '.l • 1" .( .:. x ' 
fl'1 'u.Vl1U'Vi'u...)'Yl 6'Yl1 'ViCJ'Yl li'lJEl'1tJ1L'r'l!J'lJ'u.EltJ1 '1!.11 n 

J., x ... J, 
tJ1BB n C]'Ylli n11'1'll11-l'll'\.UL~:::3..I C] 'YlliVlB Pse11domonas 

aeruginosa ~1tJ m 11i' chlorine, bromine 
.. 11 ·· ·1" .( - ... x 

Vi1B iodine Ll'Yl'u. Wli1tJ'Yl1 'Vi t"j'Ylli'lJB'1tJ1Vl 'lJ 'u. 

LVii'.ia-u.m1LGi3J fluorine L~a,i~1 n 'fVYiia::via!.I 
'lJEl'1 fluorine ii'll-U.1V11 n~L~tJ'1 rlU hydrogen 

m n 
1
lvi'ii m 1'YlVl~B'1LU~tJmLtlfl'1vi1Lmu,i~ 1 L 'li-u. 

LGi3J aromatic side chain L<tl1'lu v11aci1'1L'li-u. 

rosoxacin 'r11l-XiitJ1m1-tl1,iL~tJ'1'Yl1 '1R3Jt1 '1!.lln vitJ 

miirrv~u11m1LGi!J piperazine ring ~,iiih1mmi 
'IJ 

., 1l· I 1l" "".l 0 1 ., ' .d ., 2 tJ::VltJ!JL'lJ1 uv:: Vlt-lflVl'YlRVI 'Y\1 'VitJ1mmtJtJ'Vi!J , , 
.. ... ... 'l""" 1 1l '' 1""" ., "' L'Jfflfl'lltl-.lUUVJ'YlL 1[.J VIG'! VJ[J ll'Y\1 ViiJB1n11'1J1-.lLVltJ'1 

~ ~ Q.; .d v .r::i. v 'l· I .J 
R-.l'lJU -U.t1nv1nm.1,i~.1rnvill methyl (CH3) L'll1 u'Yl 
'IJ 'IJ 

piperazine ring 'r111-XiivimR!.lmiLU'u. lipophilic , 
x 1 11 - d ~ 0 I .d 'l ""' mn'll-u. fl::fl1tJ u 'lJ!.1-U.Vl'lJU vrnm-U.'1'Yl a V1!.lm1 

'YlVlfltJ'11vimfoJ fluorine 1-tl1
1
ltl 'r111-Xq'YlivitJn13J 

U1nlLfl::LbEJUUtl 11 UR'1~U L'liu1u CI-934 Vi1mGi!J 
'IJ 

tJtJn<fiLv-u.1vimGi!J oxazine ring L<tl1'luL'll-u.1-u. 

ofloxacin .,;11-Xci'YlivitJ nf!Jm rnLfl ::bLtJ'u.ILtJ hu 

.. x 
Vl"lJ'u. 

m '.iu'll.:i'lluYl'UtN ui 1imdimifo hiu • 
' ~ .et .::ii - & 

fll '.illil.:Jflll lf.10Hl'1Jl.Jfl'tll.:J'll11l1Ul tl1fftJt"j'i1li'lJEJ-.l[J1 

' J' "' "' . 1.l • I 1 ' YI tJL 'lf tJ U UV!'Y\L 'WU fl::: n11 LufltJ'u.Uufl-.l 'u. 11'1 nltJ 

.. ' 'l " :;'1 ' .. maw a1-,i11u-.i VILu U 4 nflll Vltl . ' 
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n~3..I~ 1 : tJBnC]'Ylfvim~tJ Enterobacteriaceae 

EJV1'1L~[J1 lLfl:: nm U~[JULLUfl'11'" 71 -.i n1tJ lvi'u n 
'IJ 

nalidixic acid, oxolinic acid, pipemidic acid, 

flumequine, cinoxacin 
,.l .( J' 

n~im 2 : aanq'YlliLU'r'l1!:L'lHl Enteroba-

cteriaceae uvl1l~~mtl~tJULLUfl-.l1u71-.imtJ tT-.i'hW 

v11aci1,i 1 -u.n~!.lit 
' .l .( ... . 1d tl 

n~!JYl 3 : aanqYllin11-l'll11-lU.~::~mum.JttU fl-.l 

1-u. 11,imtJ 'l~m) rosoxacin, pefloxacin, nor­

floxacin, ciprofloxacin, amifloxacin, enoxacin 
.d dt-o \1• 

n~3..l'Yl 4 : tJtJncimrn11-.i'lJ11-.i l\fl::: 3..l~ n 

1tl~mmtlfl-.i 1-u.11-.i muVi1mtl~tJWLUfl-lUBtJm n l~1Ln 
ofloxacin 

u'l1.:ivinup1~'Uo.:iui11ft :: 1m.:iIT~H 
• • 'l v 1 1 J: a ~a 

,, tJ1v-trn1 : 1J1bLntJ1 v.m 1n 'J 'l5-.l!.I CJ'Yl liV1 

vim ~tl nf 3..l~U 1
b.1iit-iflvim ~tl Pseudomonas 
., 'l" ' aeruginosa Ufl::m3Ju1n VllLn na lid ixic acid , 

rosoxacin, pipemidic acid, oxolinic acid, 

piromidic acid 
• 1 1 A 'LI a ,::f'" 1 

2. tJ1~-u. Vi3..1 : tJt1nCJ'Yllin11 -.i'lJ11-.i~q'YlliVlB 

• ti" d - d Pseudomonas aeruginosa Vi1tJ 'u.tl m1 nm1 nm3J 

flu01ine mJ~inuViU'1 6 ~V1tltJLUn~3..I nuoroquinolone 
'IJ 'IJ , 

1

l~1L n norfloxacin , pefloxacin , enoxacin, 

ofloxacin, ciprofloxacin 

'll\Jll~U'Uo.:iui1umhn·l" 1o hni1u 1ftu 
• • '\l 

- J "~ , J" aa ·1 
1. 1:::VIUtJ1'YltJUtJ-.llL~ ::~1L 'lfeJl.LUVJ'YlL 1tJEJU 'u. 

'IJ 

6" J .d - 1 I ~ d 'l" 1nm"Ylm 'Jf-.i1::~utJ1 -u.11,i mtJR1m1n'lJ-u.n,i ~ 

1vitJ ~1tJ tJ1BBnC]'Yl fLll-u. bactericidal 

2 . L~tlff1-u.1my'bHl inoculum effect 

m1Lvi3J~1inm~a'hrtvi'.,;11-X1::~u MIC Vi1tJ 

MBC 1tl~tJmLtliil-.i~1 n 
3 . ii postantibiotic effect vlm~ti Staphy­

lococci, Enterobacteriaceae 1rn:: Pseudomonas 

''l "' d "' "' ..! ~ a ''l ' tJ~ mn-u. wa1::viumfl~fl-.lLL~1 ci'Ylli'lJB-.JU1tJ'13JtJ~ " 

'Vi!J\Jl
1
ltl11'-u.ii 

'l '"' x 1 4. !J!Jn11~BtJ1 ~tJ plasmid 
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\l I • 1.J • I J' 1 5. lHufUJ'\.ULufl"L'lfEl normal flora u 

LL~'llfl" Streptococci Ufl::LLEIUL\fl 1 ·rn 

u1::i.nm 10- 11 

.r .JX I '"1 ... 1 .. ... 
7. L 'lft:IYIYI ElYltHlJJ u nm.1 Vl"l!'1£JYIUfl::£J1L um 

\l tX I ~ J'\l I 0 1 tJI A ~ I 

UflVIUYIJJ JJYIElYlflLJ1U lLfl::£J1U JJYl1 ~LnYln17YlflYlfl 

LU~1LLflVILL'1lJJ~~ElfllJfon~£J 1Vl'lf1[J~ 
I 

d\l"'"'"l'!'i ". I 8. ~ n~Yl'lf>J YIYILJJEJ ~ LYl£J m nu u i ::mu 

\h,J~ 1L UUol El "(\Yl[J1 

9. am1m1LLvl£J1t:1tjhunm'l1'~1 
~1ouHm lim~m·I~ lo hfl11u fau 

1. Norfloxacin £J1llL~JJff"Lm1::~1Ylv 
U~1~Y1Kyorin u1::LY1fl~\ju LUULJ1vl1LLin1un~JJ 
,I 1 1 '"1 1 J' & .. 1 J' ., 
l1~ El 7'11 u fm [J1UElfln'lYl1iYIYIEIL'lfElni>JflU 

.J' ,J .J1 '" .. I 

'11 nL 'lfflYIYIYlffflUYI i "YW1U1fl71lJ11iUYI YiU11 

MICw 'llfl"L~El E.coli, KJebsieUa, Enterobact_er, 

Proteus, Aeromonas, Salmonella, Shigella, 

Vibrio spp. ~1u~1ni1 o.5 J.Jn./fl. ~"~u ff1llL~El 
Pseudomonas aernginosa, Acinetobacter spp., 

Staphylococcus i:.rnml1mnm<ti'u1unfl1" 1.rlJJ 
'U 

. ... 1 .. . '!' .r 
«1~1u UYl1"LY1Uuffff11:: L'lffl Streptococcus 

l 1qJEJLJ1d1u 1::vi'u\1" 1.rt~L\\Yi1:: 1um"L~UUffff11:: 
1 J' 1 1 "'l t\l " ... I 1 ... J' .J ff1UL"lffl UfJUUEl iU 'if JJ YIN fl 'lJflU" 'lf'llfl"[J1UYI 

ti1fl'tyii 3 u1::m1 ~fl 
.. .r 1 ... '!' 1 .. .i .. 

n17YIYIL'lffl UYl1"LYIUuffff11:: : umrum.1 

.. .r 1 . 'I' .. "'\l ''" n17YIYIL'lft:l um:::Ll'i1:::uffff11:: ~7flYI JJJJfl1nTl 
... I , ...... « 

LLYlin'lfflU YiU11'l.IU1YI 200-400 >Jn. ~L'l!1 -L[JU 

LUUL1fl1 3-7 1u \lJi'Nflu1 ::JJ1m 75-100% tl1flmn 

luli'o"~u~\l11iiuty~1L~El"L~El~Elvlfl SMX/TMP 
t.I I .d\l !"I t.I .ct -

1Lfl1 '1::YiU11NflYI YI L nflLV1£J"nu SMX/TMP 

£J miu norfloxacin iio1 m1-iJ1"L~£J"ut:1vni1 

l .J :;<1 x ... .. '"1 ... " ... 'l u 11[.JYILuUL 7El7 "~70>.J 1VILLYl1 n'liflUNfl n£J"EJ[J u 
'U 

'd - "' l" ... Lnm'YIYI 1::v:: mnniY1t:11';JY1fl" ~mu 10-14 1u 

x .J\l "' ~ ~ 
L"lfEIYI YINflUi1JJYI" Staphylococcus ILfl:: Pse-

udomonas Jl1£J 

m101Y1L;fio~uo"lu : m1flmn 1Y1£Jli' 
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norfloxacin 'l.IU1YI 400, 600 ~~fl 800 >Jn. 

... • 1 ~ .. l .. .r l d\l ... 1Uu1:::Y11UVI1 "LYILJ1 U 71£JYIYIL 'lf fl~U!J \I U YI JJJJ 

Shigella, Vibrio cholera, Vibrio 

parahemolyticus, Aeromonas, Plesiomonas, E. 

coli ~nri1'1Y1t:1t:1m1n~'1'111 ::~JJY1m£Jlu 48 i-1 l>J..:1 
t.I d 3 d d \l 1.d I J' 1 
'l.IEIYl'l.lfl"[J1U nVlfl JJJJNflVIEIL'lft:lUElULL!J 7U Ufl:: 

Streptococci ~LUU normal flora lu~-;i-;i11:: 
.J1 ~ .. .. ... .. 

'11U1YIYI 'if mm1flntY1Vlfl 15-20 J.Jn.1nn.11u ~7fl 

400 >Jn. 1ufl:: 2 V1f"Lilm1fl1 3 1u lura'l~qjt:11v 
A d - tt- d l .J 

flYl£J1fl"L~flml'i£J\I 1-2 1un>Jnv::Ll'i£J"Yit:1 u11£JY1 

\l ... :r ... .. d\l '1 ' .r t:11m1 JJYl'l.IUJJnLnY1v1nff1rnV1Y1 JJ 'lfv1nL'l!El , 
LLUVliiL1£J L'iiu n17'll1YI lactase m1ii bile acid 

' A l t.I d I 

u 1::i.nm 7fl£Jfl:: 74 LUfl"v1nNfl '1lfl Streptococcus 

p11eumo11iae \hJ~un ~"\l1lU£JJJ~'1::u1i.n li'lu17'1 

i ::uum..:iL~u ~1LJ lv 
J' .. I .d .... 1 . 1 '". I 

£J1UJJV11Vli"'lf1'1l UVIUunGlu1::JJ1m 3-4 

i-1 fo..:i ~n~Y1cUJJ\l~u1:::mcwl'fl£Jfl:: 10-80 n>Jnu 

1tJ1qjutJ1::mm 1fl£Jfl:: 15 £J1 fl flnm 1u~'1v11:: 
• I ... J' • 1"' • I l I u7::mm 7fl£Jfl::20-30 £J1U~ nLufl[J'l-l!!ufl\I U 71\ln1[J 
1
lJi' metabolites 6 'lliiYI Ui::mm f u£Jfl:: 40-50 

'llfl"'l.lu1Y1~i'uu1::mu~ n-iiut:1fl nJ..11 l uuff ff11:: 
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1u~1m1~d1h::mm1'm.rn :: 10 m.i1wah m-l rneta-
'J 'J 

bolites 1 ::~uLJ1\1-llfYI huBt1Y1vnn futh::mu 200 

'l" . ., m i :: 400 irn. '1:: YI 1 Llt'I:: 2 1.ln ./fl. Yl11.lfl1YIU 

1::~uLJ1lmJfftn1::1wuu:Y1 400 1.1 n. '1::\1-l n~1 
I °'1 u 1 x A 50 1.l n ./fl . U1Un11 12 'lf1 1.1-l 1::YIU[J1 ULUEllLJtl 

1n"'L~LJ-lnu h uBEJYI LJ1~n'lTut1t1mrn'lY1 L'llLJ tubular 

• ~ 1" b 'd I secretion L'Yl11::u ::uum1 VI p ro enec1 '1::~01LJ 

1 ., ., l' ., 1 :: "'1 ., "' ., 1 ... 
Vl1::YIUU1\1-l'llU 1::Y1U[J1 UlnYI nflL~[J-lnU ULflEIYI 

1 v.11 .J - id. I .d d<Ct. ~ I t,. 

UNu 1[Jrlfl11::YIU11LJ'1::i..imm-l'lf1YI [J11'1JU ff1UN 
'J 'J 

· '1 .J"' 't . . I u1[Jrli.Jn11 :: Yl11[J Vl1 n creat 1111ne c earance 

Lnu 10 llfl./u1Yi'tiJvi'!l-lflY1'llmY1 1Lvhi1~1n-h 10 

d I d od. d J..:i. -
tl1L'1[JU -l1-lUEJU i.JU-l-lfl11Y::Ufl::NUY1N1VIU-l El1n11 

"d d~~'1 ' "' ·1· 
'lJ1-lL~[J-lrJLnYl'llU ,1J~ULL 1-l'1UYltl-lVl~Yl[J1 ff1Uv Vlty 

!l1 m H ::V11LJ't tlLEJ-l 1 utrY11rJYlflEJ-lLJ11 un~!IUEJ1'1 , 
't· I .J I .J 0 ., A 1 't ., I ., 1 ., 
uLn1::rim ::~n!lEJUrln11il-lLYIU YI Yl lLYIYIEl-l 'lf'lJU1YI 

ff-lm n 
'J 

1 ~ - d ~ 1"""' - -u1Y1mlfl::V1ty'1!Jm1nm1 'lfmll~11m::11m::1-l 

1 't.I I ~ -.. \t I d 'I.I J -
m1 Vl'lf1-lHU 'J Lvn1::LJ-l i..iiJ'll!l~mnLJ1 num1i..i 

tJ fltlYlllLJL YiLJ-lVW 

2. onoxacin LJ1dii 1Lvi'lfUY1futl1 ::mm'llu 

L~[J1 rlU norfloxacin 'lJU1Y1liJY1f1:: 100 i.in. [J1 

tit> m1rif ffl1-l'll11-l LYILJ 'lvi'Nflvim ~fl n f i.JU1 n n firnu 

umm!l L 1u C hlamyd ia, Mycoplasm aLLlil :: M yco-

. .r .J11 , I 'l " o bacterium L'lf!lrl 1u1unfl1-l omn Streptococcus 

pnewnoniae, Streptococcus pyogenes, Bacteroicles 

fragilis, Pse11do111011as aeruginosa, Serra/ ia 

marcescens LYlLJ~11ltlu"'1 MIC 'llfl-l[J1d~1n-)1 
d f - • I .d° "' I 

V11mri1nu norfloxac111 lLYl!lflnCJm>n11-ln11Ufl:: 
v 

I IS ~ I 

'1-11L 'lf!lL 11 n11 
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1::~U[J11ULBEIYl~UH-lHYlU1::inm 2 i-1 lim~i-lfu 'J , 

tl1::muLJ1 'll"1Yl 100 uf1::200 i..in.'1::1~m1!1L-ll'11 

-liu'llfl-lLJ1 LULBt>Ylth::mm HLlil::2 irn./fl. Y11!1~1cKu 
., 1· I "' "' ... I ~ ., [J111llnU u1YllU'Yl[J-l1fl[Jfl:: 5-10 Lr11UU [J1 tln'll1.J 

'J 

l •<y V ,,,, I 

flt>nm UuffH11::mtJm11JL'lliJ'lJU\1-lm1 50 !ln ./fl. 

YlflEJYl 12 i'1l1.1-lu1n 

-ll'!lti-l H''llfl-l o floxacin ii~-ld 
A x 1 ..... A x .l\t Id 

n11YIYlL 'lf!l U 1!:UUuffff11:: : n11VIYlL'lfflrl 1.11.1 

hrnLri1 nH''llmYl 100 irn. 1ufl:: 2 ~f-l 'l'iir-rnn-)1 

1flufl:: go lum1~YlL~m~a f-lV11fliihmm1 n 
'l 

., l' ~I ., ~ 1 ,J 
'lf'lJU1Yl\1-l'llULu U 200 1.ln. 1Ufl:: 2 m-l U11[JYJ 

tJ d - d. I .J. :'I }{ -
L ULQ[J1.J'Ylfll1Nfl'1::Yln11'Yl1nrJLu\.lL 1!l1-l 

m10iY1L:fi!lV1ll!l-l lu : '11nm1flniY1 lutl1::mfl-

'l riu'Ylu11'llmvi 200 i..in.Vl1!l 400 !In. futl1::mu 

~ d 'l " ~ HLYILJ1 Ylr·rnl1 m1u 

H1it hf'IYi\rn-l lmfitJllvlEJ-l Hu1mu 1 ff'tlm~ 
't " .I ., 'i1r·rnu1::l!1m 1fltJ fl:: 85 

A ..r 1 A o ..... 

n1101YlL'lf!l m 'l::UUITT-lLYlUEl1m1 : m 1mvYI 
v ' .. "'""1 'l " ·' ... L'lfEllLU~rlL 1[J U~v'11 1:: 01Nflu1Unfl1-lll4tl-l'11nLJ1 

da!lni..11lu~v'111::tt!lLJ 
n11~VIL~!lLm::uum-lL~UV11LJh 

... v 
A A 'l o od 

n11YIVIL'lf!l u 1::uuit1Yl 

faufl:: 10 

fl1 m1-ll'1-lL~[J-l'lJfl-l[J1 'loilLrl f'l~uU' fl1L~[JU 
I ... 

.. d \l I - I I .cl "' 
NU 1.IU-l-l UEJU 1.IVlflU lLYIEl1n11LVlfl1HVIUU!lLJ1.11n 

1 - J'.c1 d -u1::u ::V11il-lU!l11LJ-l1ULnu1nua1n11ri1-l1::uu 

. I I ., . I 1 A d 
u1!: ff1rl L'lfU 'lfn u 1::H1'YlVlfl!lU H l'1YI 'lf-l'r'IU 

'l oitl1::mm 3 'lu 200,000 11u 

'llim1lilmi'~iitl1::1Qihf'li'n lmG\n~n1i-l 
'J 

L~u 101Lda-l'11n lutrV11n1 l i''ll"1Yl\1-liir-rnviflm::~n 
I 't ' 1 ~ Ad ' " 1" tlEIU LLlil :: 1.1m1 'l1LUV1ty-l1.IV11111Vl1El Vlllln~m 

~thu~iihf'l'lV1l~m1V11n creatinine clearance 

Lri1nu 10-30 ."fl./mYi 1~u1l1n 24 i-111.1-l 
v • I .crll 1" . I A 
Cl1 clearance Yl1n11 10 1.lfl./U1rl Vl'lJU1Vlu nYI 
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flf.mrn oit1'ltll~Ll~thrntrnrt,,t1n 24 i'1hi" , 
" ., 

3. Ciprofloxacin £J1uilfi'"'l!UYIUYIUt:i:: fu 
.d I .r - • t - .d. 

tl1::mu i.J MIC Y1m1rnmirnrnnm1£J1vnt1u ') 

( 
d \l V I J" • 

m11"t1 1) Ylr..lt'IYlm'"Jlil Enterobactenaceae, 
. .t .J ::'1 t .. Ent enc pat hagen LLt'l ::L 'l!tll'ILuUff1LVl~'lltl" 1flYIYl 

.t1 t d ..!o .t M I .r'l " L'"JIEI U H'r'lrJ11J1t'13J'Jl'lliYltlL'"JIEJn11.11J1n '1,11L'"Jltl YI 

L11 'lGi'r-it:ioit1 C hlamydia, Legionella spp., 

Brucella, Mycoplasma LLt'I:: M. tuberculosis ~1£J 
d 'l"•I V d I d 

m~n~Yl~i.J Ylu1::mm wmi:: .70-00 i.Jmm" 

m~n..h:mnl 4 i'1b1" 1::~uml~B~ltiEJl~frn . .h::m" 

~1£J 'llu1vi 250 3.Jn. ii~1tl1::i.nm 1 3.Jn./a. '1JU1V1 

l v ., "l'" . I 500 3.Jn . ~fl113.JL'lJ3J'llU tut'lt1Y1u1::3..11m 2 3.Jn./t:i . 
~ • I v 

£J1~ n'llUEJtl nmY11.J~111111 :: u1::inm 1t1m1:: 20-30 

11w 1u 1tJ1eiutl1::mnd'EJm1:: 20-40 mrimtl~mmtla'1 
'IJ 

'l~ilmi lu11.Jm£J tl1 ::mm 1't1£Ja:: 30-40 '1Jtl.J'1JU11/l 

~L~'1::ri n'llu t1EJmn 1uuHH11:: \,i 1tl~ll1Ltl~£J\.ULtla;i 
'IJ 'IJ 

m 1'llu c11£J£J1m.JuHH11::ci1u l ~ qj11::t1EJ mnm£J l n 

24 i-1hrnL1 n m n L~£J1 tl/1£Jm1uviL'll1~aEll/lLHt1V1 
"' 1 .'!' :/ ~I " ll!:3J[J1tltl n3J1 L Uuffff11::3J1n'llULuU1tl[Jfl!: 75 

1::vi'U'1JEJ.J£J1 LuJ1a1£J tl1~k;ioi1.J ') i'.l1~lt"iJ 
'tJ M q d VV 

fl1 1::i.nm 30-60% '1JEl"1::1/11JLULt'IEll/l ·m13JL'1J3.J'1JU 

1u~1l'llITT.l~~'1th::mm 2-1goft> '1JEJ'1ffi1llL'llll,Jillm~1:1vi 
1 ::~tJ'lJE1"£J1lutl1~ 1mt1GiE13J~ n~m n him::~ n 

~ .J nl1 L UL~tlYl 

C' fl • d~VM I 'ltl~ 1pro oxacm 3.Jl'I L'l!Yl.JVIEI u 

m1~1/1L;}EJ\,n::uuuffff11::: : 'loi'r.rn~hn1£J~ 
~I ~ M t q V M ~ \l V 

Luimuvrnu VlrJ L'l!'ll\41Yl 250 3Jn.1ua::: 2 m" ( YlMt'I 

I V ) q d f:I x ~ 'l " tl mnm11ut1t:i:: 95 m11£JY1LuUL1E11.J vir.rn 1::3.11m 

1 u£Jt:i:: 6 1 -95 

hfl~UEJ"Lu : 'l~MaGitY"'llmvi 250 3.Jn. ua:: 

500 3.Jn . fotl1::muflf,,LQim 

t 1flUHfl13Jfl1lU : '1JU1Yl 500 3.Jn.fl f"L~[J1 
d ~ .., ~ 

~1tl 2 flH L'l!1 -LrJU 

" 
m 1GiY1L ~ti l m::rn.Jm"Laiu~1t1 h : 'l~r.rn 

• I " .J1 ""' u1::innnE1£Jt'I:: 60-90 '1JH1Vll'IL'l!fltl 250-500 i rn. 
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.J'l "X , ~ X .J :;1 q , .J :.'I 
Ht'IYI Vl'llUtJ[J nm 'JIEIY1LuUff1L~Yl mnt:illYILuU H . 'IJ , , 

i11f/11enzae, Klebsiella, Branhamella, 

Streptococcus pneumoniae Lrn:: Enterobacteria 
J \lt,1 d I t.I f\ t,..\lV M .r 
mi') vir-1aY1mnm11t1t1a:: 90 £J1 L'Jf 1Jir.rnnrn'"Jlt1 

Staphylococcus u t:i:: Streptococcus tl1::mm fa£Jt:i:: 

70 ti1~fu Pse11domonas aeruginosa 'l~Ht'I 

tl1 ::111m 50% 

Qt. J' d "' , .., .. 
m 1YlYlL ']11)Y1 m::~ nLLt'l!:'lJ1) : 'l!'1JU1Yl\PflEI 

-... ~ \l" ,., 
500-1,000 3.Jn.1ua:: 2 flH Y1~1t:i111nm11t1£Jt:i:: 90 

A .t 1 .. .r l 0 'l ".J 
n11YIYIL 'l!EI L Ul'l1"LYIUEl1~11 : L '"Jltl Ut'l1 ffYl 

'r11lid1vi 11fl~111111::11'1ri1u1~qfl 1oiurJ1d~1::~u 
~ .J d .c4V 1" M m (m11"Y1 1) 11"3.Jr..lt'IEJ" 'l!'ll\41Yl 500 11n. 1ut:i:: 

'IJ 

2 fl f " 5 1u tJ·nni.r:h'lGi'r..ia~ 'llm,it:iLflt1"~"tJ"-J1 
rJ1dE1111ri1~vi Salmonella 'lo) 

A J' ~ I ~ ~ J'.-,c - '\ ~ .d 

n11<ilYlL'lltl LUl'l1lU1Vl : [J1U111!:Yl1J LUU1Ylff" 
'IJ 

ff11111 Cl ri1~V1L~EJ~'ri1 L~Lfl<iln11ElnlfftJLUrlmt1~ 
'loi'tJ1::iJ1m 1EJ£Jt:i:: 00 

111nm1H mfl~tht1l uoi1,,tl1::L t1 rr~1mu 

4287 11tl Yl1J1l1n11 'Jl1"Ltltl" 187 11tl (4.4%) 

thul"'qjLtltm1n11'1J1)"1::1J1Jtl1"L~U1l1"'11 (2.8%) 

" " 4. Pefloxacin t11uiifl.J 'llU<ilU<ilL'll1~t:iEJY1 

L~E1viua:: fotl 1::mu ilflmffJJuGilumnhL~EJft~1£J , 
no rfloxacin iJ MIC90 ~"n-h norfloxacin L~n 

UEJ[J uGimi1,,'l 1 nmm::~ut11~H<i11L;}tlLJ.Juti~1 
'IJ 

n111 ::~ut11 l \HaEJl/1111 n 

m1futl1::rnu pcfloxacin LU'1JU1Yl 200 

'l~ "'"' 'l d "'l" 3.Jn. Y1m13JL'll3J'JJH'IJEJ.Jt11 Lmt'lt1Yl 1.5 3.Jn./t:i . m ~ 

. 
I d 

[J11 n11tl1tlU 
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<l 
In vitro activity of quinolones (MIC~ vnnrn i 

Species Number 

Escherichia coli 113 
Klebsiella pileumoniae 105 
Klebsiella oxytoca 104 
Enterobacter 42 
Proteus mirabilis 62 
Proteus vulgaris 41 
Proteus morganii 79 
Pasteurella maltocida 7 
Aeromonas hydrophila 16 
Plesiomonas shige/Joides 52 
Salmonella spp. 65 
Shigella spp. 49 
Vibrio cholera 28 
Vibrio parahemolyticus 46 
Serratia marcescens 111 
Providencia spp. 37 
Pseudomonas aernginosa 157 
Acinetobacter 68 
Streptococcus faeca/is 176 
Staphylococcus 94 

t11'11n 12 iT1 hi-n::~ut11v::\l''~w;iun'11tt~ 4 u~1~..:i 
.J .. 1l "t1 ., -

-v::~Hn t11~n~vi'l53.l vi 1::mnrrnmi:: 83 Lrn::~n 

'lluoum.n1uumn1::tl1::mm 50-60% tl1::mm 
d d ,, ti . .r ... 

vi1..:i~tt'1flt1Ltt1 'lJEJ..:J metabolites t11tt113.Jnu 
'U 'U 

1t11~utl1::mmfmm:: 25 mrn..:i~1irnmtl~mmtlfl..:i 
'U 

1u 11..:immuu norfloxacin m13..iL'll3..i'llWJJo..:it11 

1 u J 11l'lliu~«..:ii.ivi1tl1 ::m m 1'ot1fl:: 30 'llfl'1V1113.J 

L 'Ji3..1'Jiu '1Jfl'1t111 W.~flVl 

Pefloxadn 1-Nti1~fom1GiviL:5t1~1u1L 1 '1 

m11::111-MiviLm~flEJV1L~flV11lvl '1JU1V1~1i~fo 400 3.Jn. 

rm 12 iT1 hi'1 fot1fl::fl1t11u 5% nfl lfl« 250 3.Jfl . 
, 'U 

1mm1fl1 1 iT11"..:i ~1"1~~rnrn1u NaCl tLfl:: 

'him11 ~ ~ mL« '1t11d1itum11 mn m1GiviL :50 
1u1::uuu««11::, 1u ~ vit1 v3.Jn, 1m~t1vi, 1u 

'U 'U 
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Norfloxacin 
(mg/I) 

0.125 
0.25 

0.1 25 
0.125 
0.125 
0.125 
0.063 
0.063 
0.03 
0.06 

0 .125 
0 .25 

0.015 
0.25 
4.0 
4.0 
1.0 
4.0 

4.0 
1.0 

'l'lliu~«'1, 

r-J1'iivi 

Ofloxacin 
(mg/I) 

0.125 
0.25 

0.1 25 
0.125 
0.25 
0.25 

0.1 25 
0.031 
0.015 
0.015 
0.125 
0.125 
0.03 
0.5 
1.0 
4.0 
2.0 

0.25 
2.0 
0.5 

Ci pro floxacin 
(mg/I) 

0.016 
0.063 
0.031 
0.031 
0.063 
0.063 
0.031 
0.008 
0.015 
0.015 
0.03 
0.06 

0.015 
0.125 

1.0 
2.0 

0.25 
0.25 
1.0 
0.5 

Nfl'll1..:iLfit1..:J'lJEJ'1 pefloxacin iiL'lltt fi~tt'ltr 
.::t A :i .., .J' "' a 

t11L vt1tt Ntt'lltt tl1vi nfl13.JL ttt1Ufl::'llt1 tl1Giff11.Y:: 

uou'himtu Ln~viL~ovi~11u«t'r'll i.i11t1'11iii1t11'Yi1 , 
1 ~d1(j)vi't1m::,-i nlvi' 

' 5. Enoxacin t11dfl~lt1 norfloxaci n LWtl..:J 

H~iJ'lu1mLvtt 1uvi1 LL~U'1~ a 1mumf umuuu 

naphthyridine LL'Yltt~v:: LUtt quinoline 

.Uom'l'l::i'~ 1unu H'm 1umhm11u 1rru 
1 

1. 
1bim 11i'lu~q]..:ii.im1nLvi 11::!T..:i'hH:i 

'!lt13.lflL ~ fl..:Jm13..1UflflV1Iltl 
'IJ 

\l O 1~ <: .J ... A A 1 
2. l!V111 'II L'mVlffYltl'1Lv1qjLQ11J QlLYl11::tJ1 

1un~llvi~1tt1flttff1l!11nlt!Ln1 ::~n1::vin~flu~..:i 
, 'U 
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n1«'1Lll1 qJ Yh 1iii n11Yi1~1FJ'1Jfl'1-iJa 1uff'GJ1YIVl~fl'1 
1lv1 lLvJ'1Ju1V1~Yi11iLnVlaitGJ11FJ~'1 n~TnY mi::~._, n11 

1.1it1V1~H1V1FJ~11l ti L'rn1::u::~iit11~1LuuGi'a'11-n' 
l'.nd1 mG1 n m 11 i'll'U.1V1~1hifrn nu

1
l UU~::Ylr.J1FJ13J 

\I 

1~u1::FJ::L1~1iu ') 
3. 

1hk1111 ilurru1t1~iit11::1v!LL~FJ1 hrn~3J 
\I , 

YJ1 tu fou 
".'I .,1.., • 'l 4 . Nu1FJYl3Jn11Yl1'11'U.'1Jfl '1 GlL~1~'1Yl11~Vl 
\I 

'1J'U.1Vl'llfl'1FJ1 'V\1n creat inine clearance mh::'Vl11'1 
\I 

"' 1"' ..... ~ d d 5 -30 3-rn./mri m1 'Vlt111u~::m'1 wrn~VIFJ1~'1m'1 

'Viii\! LLvl tl11lV11hJYi1'11"4L~tl 'hJm11 it11Yn nd 

5. h 11t1~L tlu t ·rnm'11::uutl 1:: fl1YI L 'Jiu 
~ . 1 "' d 1" 1 '.x 'l!n u1:: fl1Yl'Vl~au m1'Vl~m~FJ'1m1 'l!t11 un~3Jt.t 

iJ-a tJ t111un~m~~ fa hY11Lufou ~aan , , \I 

1 .J' a ef "' ~ J'r • J" '1'13.Jll.3.Jt]Ylli n11'1'1J11..l'1J'U. aa nt]Ylli bVltl mnnL'l! fl 
1lv\'r~~~v1m~a nf 3J~U113J~'1 Pseudomonas 

v v 

aeruginosa ua mn ntit11U1'1vl1LJ'1iiN~vleJL~ei 

nf 3..1mn C hlamyd ia, Mycoplasma u~:: 
.... .,11., 1 .J't 

Mycobacterium mtl YI 'l!'1Jfl'1tl1 un~~mm nor-

floxacin IL~:: o floxacin ll::L'l!uwll'nhihYl'Vl'U.fl\llu 

t 1Y1G1V1L~a 1u 1::uuutnn1:: 11~:: t wm-;i1J11::11'1 ti1ii , 
t11uV13Jn 1 if mfl t 1Y1GlV1L~a~1l~Hu 1ut1 '1Yltl1U1~~ 

" .... d 
Lnvi-;i1m~anf3..1~u 'l1'1YILUU systemic 11~:: localized 

infection 

N orlloxacin 
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A review or its antibacterial activity, pharmacokinetic 
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482-5 13. 
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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 



42 

.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). 
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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) 

?1Hf111flff'i.17rll11 urf 9, 2530 

Timi J P/larmacol Vol 9, 1987 

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 
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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 

Thai J P/mrmacol \fol 9, 1987 

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 

n1«111nif'i1?ntn ilrf 9, 2s30 
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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 

57 

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 
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. ' ~ "' . 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 
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.,j1 t.I '-' a I - - .r::C A U1'r1 Mi'Uu1 :: 'r1 1 UMfl~El1M11 'r1U'r1M 1El 

1~Yi1aJ.Jnuo1M11\l«Knn acetylsalicylic acid 

(aspirin), a minophylline, chlorpromazine, 

diphenylhydantoin, hydrochlorothiazide, 
indomethacin, iron, mefenamic acid, metro­
nidazole, nitrofurantoin, predni solone, 

prednisone, Rauwolfia a nd it s a lkaloids 
(reserpine), salicylazosulfapyridine, tolbuta­
mide, triamterene, trihexyphenidyl 

"· '1 d\t "., "J ,. " ~u1U'r1 Y111JU1l , \.!L1 fl1LJ11U1UM10UJ.Ji::u:: 
'\J 

L 1fl1~1v)' fo 1iJu1U UmLoi1vifoLJ1'lJ"1Y1\1 ~ ') nYi11 ~ 
A d\t I .. • I .. I \t ... J 

Ln Y1Nfl'r1 "Yi~u1::ff ~flYIElfl11"ElU1nEJ1M11 Y1 LUO~ 

•1nLJ1~1~iiNflolO m1fo1ff u1~Yi11 ~m11mff 

1111n1intf''JJ?ntn liff 9, 2s30 
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Lffu\l tl•:: lvim·h 1~m1J.Jl1'llo~ m11urnuoufl~ 

(hypogeusest hesia) M 10Yi11~f111JJ1ff n'lla~ m 1 
'\J 

fo1ff~vi1tl (dysgeusia) l~iLn griseofulvin, 

clofibrate , lincomycin, penicillamine Ufl:: 

cholestyramine Luuviu M1Du1tJ~:a1u:: strep­

tomycin Yi11~1ff niirndJou'lla~ faM::~1~au1u 
'\J '\J 

• 1 " "' "'"' 
0 1".1 " uln lLfl ::U1Q11UtJffYl1JJUJJ ~fl'r11 '~ulnflmm~ 

01m1m~1dYi1 l~m1fo1no~o1M11~vi'ltl LUU 

Nfl 1 ~fl11JJEJLJ1 nEJ1Ml i flY1fl~ l~ 

.J <t I 
u1mmnviof11n1ouinonn '.i 

1. u1flvim1"amna1m1 Um..11·6Ltlttmfoifl 

N'thu~i:iJ1Muno11mnn11tlnGi Liu amphetamine 
'\J ' ' 

_, A'\t.I 14 - ""' 
LLfl::Ol\~'iUli UJO LMUlYIOLUO~nu•:: LM~flflY1f111JJ 

" 
EJU1 n01M11LLoiiir.ifl1°1U~El m 1GiviLJ1 [Jl n*JULJ~ 
"' " • I • 1 ""' . 1.J JJNfln1 ::Y1u1::uuu1 ::ff1Ylnfl1~ Yll M"n11LuflUU , 

tJ ' \t• .,"' va LL fl~'r11~011J.Jm UOU JJMfl'U 'l1Yi'1LYIUL 11Ufl :: 

fl11J.JvlU!~OY1\1~ mm~~~'lv1'iim1H'LJ1 fenfluramine 
• .d ~flt.I 't" t A -LLfl:: mazmdol 'lf~nLM~fllL'r11nlL'lf~ VIL'llUL'JlU1nU 

Digoxin Luuu1f n1'i1 hfl~1 tv:.a~ 'ii'a~t~ 
L tlm 1fl1U1U u1,Y nli11 ~fl11"ElU1 rn:nM11flY1fl~lLfl:: 

.J A ,r;;f~ CV ""' J_ ~ CV-., 
Nfl'r1Yl1JJJJ1flElJJU1MUn~1fl~fl~ LJJOU1MUnYl1fl<J) 
... 

0 
Id d, V A ~ A 

YIO~LuflUU'lJU1'Jl'lJEl~U1'r1 ~ M J.Ju::uu•::LnY1EJ1 n11 

Vl1'i~1nLJ1l«K 

LJ11::Sutl1viu1~~UY1L~Nflfl~Y111"aLJ1 n 
' 

a1M11 \lv)' 11J1umYi11 ~ihn m1\lliffmu1 ulia~ LUO~ 

'11 nLJ1 1::mLJ'Yll~L~UfJ1M11 
... tl dO, ... A J\t" 

mnu 1::Y11uu1Y1'r11 mn~fJ1n11flflU ff 

L 'Jlu U1vi'1UJJ::L 1 ~ nYi1 L ~fl11JJOU1 n 01M11 flY11H 
dA V 1 I • tJ' ~ 

El1M11'r1J.Jn1nL~fl::LffU LJ"1n L'llU 11'lJ11lLfl::LJ.JflY1 

~nmvitl1 (psyllium seed) Yi11~fffnD<J1eJY1 
\hJff'U1LJ 1 UflEl~ nflY1fl11JJElLJ1 n01M11 \l~L iunu 

., ::'I "' .4 .J • 1 " 01 n11'r1El..:J~m u UO nfflL M~MU~Yl'r11 Mfl11" 

au1no1M1 11t!tr«~fJ1Ufl<J1fl~~~m11~ milk of 
'\J'\J , 

magnesia LLnl'lla1m1Yla~~n 
.: ... tJ d 

2. U1LYi3..lffll"fJU1n01Vi11 "U1Mfll[J 1::lfl'r1Yl 

1~r-iflLYi"m1JJOU1nEJ1M11 Liu U1flml1mf1Lu 
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L~tJY1n~1.1 sulfonylureas 
1
lvi'LLrl tolbutamide mi:: , 

chlorpropramide !.J1LV1~1dm::~imTau~·.,, insulin 

I I d' d ~I • ff1U!.J1 cypro iepta me 'lf"LuU serotomn 

antagonist iir-.iriflY1tl1vnfl1UL~OYlvl1!.J Ufl::L~ll 
.d .cl.ct ,;. 

fl11l.Jtl!.J1nEJ1V\11 !.J1EJU ') Yl1JNi'lLYl1Jf1111JEJ!.J1n 

ti1V111iiL'liu phenothiazines, benzodiazepines 

Lrn:: corticosteroids 
' .. ... ... 

L uo.,,111 n~ nm niY ru:: n1 1~Y1'lf1.l'llEJ"!.J 1LLfl :: 

'llo.,,a-1101V111iim1rnLvinvh.,,nuV1ri1!.Jth::m1 L'liu 

n11i'l ::fl1!.Jlu
1
l'll«u aG111n11\Lvlnvl1 i~rrr1.1r-J1u 

L~o~1.1L'llfla qi1Lmu.,,~iim1~Y1tfi1.1 m11V1~ou'lm 
- ~ d d ~( • \l I 'V J 

'lJEJ.,,m::LYl1::tJ1V\11 Yl"""IJ"1J!.J1Lu"IJ1"1" 1.IUEl!.JYl 

• , ., ... tlJ tl 1l " 
ff11.111rlYl1 ~Vln11~Yl'lf1J'lJEJ.Jff11tl1V\11L fl!.JUU fl°" YI 

mi llnnl'.i':itJn1um':it;J~clii1'\HHm·rn1m':! foam 
1l J 1ltl .. • 1 "' ... nri nr1!.J1 1umuV11tir11 Vln11'(1Yl'lf1.l'llEJ" 

H1101V111tJCj)tln9i'ltl mJ.,,'lvi'1u" 2 «niYm::fio 

1. n11LU~!.JULLUfl.,,1l1!.Jl"'llo"'lltl"'h'lff' 
(intest inal lumen) 

2. m1Ltl~!.JmLtlri.,,~NU°"'llEl°"~11lff' (intestinal 

wall) 

'l .J ... 1. nfl nr1!.J1 1u n1un11~Y1'lf1.l'llEJ"H1 1 

ti1V111~LnY1111LJluio"'llti"~1'lff' LJ1V1ri1!.J'lfUY1 

~1L~V1111.1H11.111r1lun11a::a1!.J'lJEJ"H1101V111flY1 

uti!.Jfl" 1Y1m1h 1 ~LnYI m1vi nvi:: no"'llo.,,H1101V111 

1 I ' \lV A d I A t.1 

U'lfEl°"'lJEJ°"i'l1 ff ff1101V\111l°"YIYl'lf1JN1UL!.JEJV\1J 
'\J I , 

L'lfalfhtlvi' v11m.h.,,1'llu !.J1i'lej)mY1mnoijiiLi't!.Jima:: 

J .., t ,. I • • I .., t UJ 
LLV!i'll'lf!.J1J !.JU!.J.,,n11~Yl'lfll'lJEJ°"V1ElffnEl1H' Yl!.JL i'l!.J" 

1 ., ~I d ,I I d\l I ': ., 1 I 

V\Lu"Lni'lEJV1ElffLl-'1YlYI irn::i'l1!.J"1m" U'JfEJ.,,'lJEJ" 

~1'lff' !.J1i'lY1n1Cj)flY1'l!Umi1l~m1mtJ"mY1irn" 

m::Lm::o1m1aY1UEJ!.Ji'l" ~"L~J.Jm1li1a1!.J thiamine 
.., UJ ~ 1 U •. I .- .., J 

111no1V111 LLfl::!.J"L i'l!.J\.lLVli'ln "~ Ln011HYl~n~YI 

<J1J.J'lvi'~l ~Lllu~tlL Ylo H n'11 "~ n~virrrJ.J'lvi'uo!.Jm n 

imijwn~LLU::\h l~nU'll"1Yl\Y°" (500 ija~nfll 
(;.,, 1 o nf lJ Yio1") L~ElUEl°" n" hm::uum°"L~U 
V\1!.J l 11ttm UU'll'U.1Yl\1 "L nUfl11llff1ll11{\1 Un11'1YI 

otlll'IJEJ"~1ltr ~"LUULVl~L~LnYI osmotic diarrhea 
~ d ' I • A A .d.cil 
'll" 1rn::Lfl!.JJ.J11!.J"1U111J1U1"1Yl1ll"'lfYl\Y"ll1 n ') 
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11::~1a1!.J cobalamine (imn"u 12) 111nti1V111 

d.. . 1"" 'lf"J.JEJ1n11LLffYl"'lJEl"n11'll1YI cobalamme VILVI" 

1vi!.Ji.idJYIL~tJCj)'lJ11tlvitl nGi (polymorphonuclear 

hypersegmentation) 

!.J1tlB~1"::L'li" neomycin LLfl:: kanamycin 

11::Y1nvi:: no"numY1J1~na::Y1:: nou'lil~::a1!.J ~11 ~ 
... 'l ... .. . .. J 'l!'I 

n11'(1Yl'll'J.J'llo"o1V111 'llmma::1vnJ.J"Y1a::a1!.J YI~" 

'l 'll«"u nvrfo" 'l tl 

H'11Yl1n cholestyramine nvinvi::no"nu 

mej)J 1~'loi'1iit.L~!.J1 n"nu!.J1t1B:n1u:: Ni'lY11J.Jll1ii 
.... t d .J d .J 

mi !.JU!.J" m 1~Cj)'lfJ.J'lJEJ "LLfli'lL'lf[JJ.J\Li'l::LLJ.J n"L'lf[JJ.J 

d I J' .., 11 .., 1 I o 11 V <> ~I 
'lf"ff11LVl"11"1J::11J.Jnu 'llll" '"'lfEl.,,'llEJ.,,a1 ff Lnej)Lu" 

t.I 1d\l o I ... 

ff11Vli'l1!.JH'\jYI J.Ja::a1!.J i1.,,n1[JIJ.,,LLH'Yl.,,tl1n1i'll1YI 

.J .. .J .l'1t" . 
1i1~LLfli'lL'lf!.JJ.JLrn::m.JnUL'lf£JJ.J'll" YI cholestyramme 

LJ"11llvl1nUmYl1vl~mLfl::ivnij"{j 12 rhl~mi 

'1Yl<SJ.J'lJEJ °"H11J.,,ff tl°"Ltfo 'l tJ LLi'l::V°"H'1J.J1 i r1 VUrT°" 

n1 i~Ylotlll'lJEJ °"L VI~ n 'loi'L 'J5"L~!.J1 n°" 

1"~ij "01~« n 1 i'£J11::u1!.Jv11n mineral o il 
~ o ~ - I .J' .J 

L U°"t.Ji::IJ1 \.41J.JUL Vli'l1°"1l::a ::a1!.Jll1101V\1iYI 

a::a1£Jlvi'l "'l 'IJJJ\.!'l iua::"liuoo nm.,,m11V1un 'hji.i 
m1~Y1onJ.J~11 ~11" nimnY1m1'lJ1Y11vnn"~ 1tJ" 

LVI~ 1~Lnej)m::'1m.bJ.JLLa:: rickets 'lvi' ti1" phenol­

phthalein .J1.,,1w£J1rl1!.J~H'nuor.i1;iLLYi1V1a1£J li11~ 
J It • \lt.' ir::. x A 

m1LV1ao" Vl1'lltl.,,a1 HLl-'U.J'JJ\.llLa::LnYI secretory 

diarrhea Lrl El 'lvi'f UL lJ°"tJ i::~1tl111L nYI n1 i'll1Gl 

A A d d t d ttl d 
1Yl1ll"GlLLa::LLfli'lL'l5[JJ.J mJ.Jmii'lYli'l.,,1JEJ" ILYIHL'lf[JJ.J 
.., 
V11!.J 

1l .J tl.J tl ... 2. na nr1£J1L a£Juu a.,,m,~Yl'l!JJ'llEJ"ff1'l' 

.J .... •\t".d 0 .J .""' 
g1V\11YIN"°"'lJEl°"fl1 ft' ll£J1111'"1UJ.J1nY1Yl1El°"Yli1!.J 

Yi mrl mjj o n'llo.,,~1'lff'VI1 titTurf.,, n fl 'l nm 1 rl "H11 

01V111r-i1"r-.iu"~11lff''11 "titjl "n 1 ::u1" m 'l''llEl" m 1 

Y1Y1<SJ.Jvi'1!.J L'li" colchicine rnn1umi<ilY1<SJ.J'llEJ" 
\I I \j f 

01V111 'l 'll«"Yi1 l ~L YiJ.J1.J1J.J1m"liuci1£J1'lfL~£JJ.J 

t tlLLYlffL~£JJ.JLrn:: 'l u 1m111"m"~111111:: L1a::vurf.,, 

m1~Y1crrJ.J'llEJ" cobalamine;methotrexate ua:: 

!.J1qJ1UJ.J::L 1 "~" ') L 'Ii" cyclophosphamide iir-.ia 
-... t A I A A A x .Jt 
!.JU£J.,,n1i'lfJ.JN1m£JmJ.Jon u1.,,11mnY111r-.ia'IJ"Yl'l!U 
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nfl 'l n tJ1 

antacids iron 
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ff1'Hl1,.,11 

aluminium and calcium 

tetracycline 

phosphate 

calcium, magnesium, iron, 

zinc 

" 

antacids 

mineral oil 

thiamine 

fat-soluble vitamins 

(A, D, E, K) 

V1nV1::mmnumonh~ cholestyramine, 

kanamycin, neomycin 

colchicine, neomycin 

fats, fat-soluble vitamins 

cations, fat-soluble 

vitamins, Bl2 

cobalamine, fat 

folic acid 

p-aminosalicylic acid 

anticonvulsants 

J d • 1 V., .J d o \I Vd \ltl ltJt1LlJEJnYl1 ,.,w1.nnm1~'il'lUJ'lJEl"fl1 LfflfftJ L Ufl:: 

fi1 l~~qJLHtJLElWJftJ3Jvnn disaccharidases o)"ttu 

m1V1'il;g1JH11a1,.,1nnnmf1u'lmm'r1~"r:l~n.Jn0ilt1 
'IJ 

~ \1~ A A.J 111~ 111l'r1'1El1,_,11Yi1 n 'lJ1JU 1V111JU'r1fl::f11tJ U 'll1JU 

mV1Lvl~mLfl ::imiiuii 12 ; tJ1vi'1uimhfl p­

aminosalicylic acid (PAS) rTurT"m ::mum1~01 
tg1Jf..i1'1u..iu"~1 'lff'L~ nfi1 l ~d'i'il steatorrhea LLfl::au 

rT"m10101:UiJ cobalamine Ldfl"v1nfi1l~d'iV1m1 
'IJ 

tl.J ti d J .d - o 't V - - I L fltJtm fl"mtJm1lEln'llfl"~""fl1 ff tJ11::"u'l!m1n4 
" phenobarbital, diphenylhydantoin rTua"m1ff'" 

Lfl 11::~~"imiiu~LLfl:: calcium-transporting 

• 1 d o It"" 11 protein u enterocyte 'r1fl1 fflfl n lLfl:: nfl nu1" 

ElLJ1"~1l~n11~V1tJ11J'lJEl"n1V1Lvl~n~~1'l«~n'll'il 
'lJ11"o)1tJ ; actinomycin D LLfl :: mitramycin rTu 

rT"m1ff'"Lm1::~ calcium-transporting protein 

~L •1rn 6L~mi'.ifl n<JJEl"~1 'l« 

f)ft 
1lmmn.lgHU!IUtH!'UVI m0ilciitJ'\Jf).:jfl'l'j fllltl'J 1VltJ tll 

nfllnfitJ11umum1:: 1mm1 m1lo1Dcl1" 
• ~ .. ti d .. tl.J ti ff1fl qjfl n 1:: n11,.,u"flfltJ1ff11l1 rnL fltJULL fl" 

L11muD~<U1l'llfl"H11D1,.,11 ~"«114 l,.,qjLn011rlo 'lo)fo 

tJ10i'ilqjonuLllw.1fl1mu o11Dcl1"Liu Eiflnmrn6 tJ1 

1::ruin (phenytoin, barbiturates) Lrlo1Q)'futJ1 

Ql'ilvlEl rlUU1U ') tJ1v::
1
lt1Lvill n11fi1"1WJJ!l"lEJWJftJ3J 

luL'lft-16o1u (hepatic microsomal enzyme) ~11~ 
- d A A.d.c:!~ 
om1m1Ltlflmmtlfl.JtJ1lLfl::1mll'l4V1LYUJ'l.lu tl11n~-

.-.x A .x 1 ".'I .J11 "~ ~ ~ :'1 n1Hl4Ufl1vln'il'll\4 Uf\ju1tJ'r1 mutJ11::"u'l!mu\4 

L1fl1mu fi1l~1::~u'lJo"m01 LvlfinlucnfrnLfl:: lu 
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... 1 ... 1 "111 '1l "., Ltlll1l-HHH11 'WlJU1Vl\1 '1 ') Uf1Wr1 " m u 

"' ' ~I tJ • "' t "' '1 < "' aa n mrnfHuU 1::'11'1::tJ1JtJ'1LtJU'lH1" UL'lJ'RRlilU 

tllil 11 n11L tl~tJWLUR'1tJ1'1 ::Mrn'1'1lU nVIW1Y'11nu1
1
lvi' 

L'lium1LnV1W1Y'11n barbiturates Lrlafutl1 ::mu 

11llnuaanmm6 ti1um1J1'1lh::mri L'liu disulfiram, 

met ronidazole, chlorpropamide '1::'llvi'll11'1 

tlijn1m oxidation 'llti'1aanmrn~ c11~!laanmrn~ 
di - id - 1 J'1 A 

Llltl 11'1 n1tJtJ'1!11 ::Yl1JtJ1L YiR1UtltJ!l1 nwa'1::L nvi m 1 
" k'1'llti'1m'JJ'ma~iu<Ji' ~11 ~iia1 m1V1~u'ltracl1'1 

1UlL 1 '1LLR::YiU11i11LLYl'1 , 
tllin1u1oianu1::Yi11'1u1nuH11a1m1~thvi'ty 

5m.h::m1~a m~'1vrnT'11awnuiThJ 1maii"oontfiLYlff 

(MAOI) ~'1H'LUUtJ1qJ1Ufl1 n11rnllLffl1 Lla::'avi 

- .s ,J ._,.•1 \l "'- " t.t fl11>JVIULRflYlff '1 'llm::YIHu1tJ ~ lil1 1Jn111 ntflmtJtJ1 
" " m~1Uaclv10'1Yi~m~u'101Yi11~iiff11vnn 1" lmaiiu 

" 
L'liu tyramine ~ ._, Lvn1::'1 ::~1l~Lnvim 1k'1 'll~'1 
tyramine hLaavi ~11~LnviV111!l~uLaaV1ff'1iiu 

" 
f)LJ1'11ULL 1 '1'1Utl1'1LUlUJUm1uoia:iiivi l vi' 

u1~" ri1L UV1 '"J!itv1f utl1::mutl 1:: n ouvi'1u 

ethinyl cstradiol ua:: progestin ~11~1::~u 

1flLRffLliltl1flR LlR:: 'lm n~L'lJ'£111tJll1' luWR1ffll1 

~ . ' ... 'l ... ~'1'llU ceruloplasmm ua::Y1fl'1LLY1'1 maavi YiRL1tJU 

L~ll~u ti1u1::~uff'1n::ffl.1.wrn1HmRV1R'1 im)jwn 

1 ~ A " A Fi A""1 
UL!JVILRflYl'lJ11LLR::LnRVILRflYI nRVIR'1 L>Jlil11JtJR'lJ'!l 

'lJtJ'1im)juu 6 Ltl~tJULLUR'1ltl ~1,~n11Ltl~uu 
tryptophan LUU niacin ~'101fl'uimiJuu 6 RVIR'1 

Yi tlJ '1~1l«Ji'f uu1~rni1L UV1~'1ii m1'llu kynurenine 
. 'r J ., tl .J ... 

aa nr11'1uffff11:: !11 nL!lfl 1u 1 ::r11uo1Yi11 Y1!l 

tryptophan \1'1 ~'1~U~'1m1Lm::u1l~YitlJ'1~nuu1 
~wi1LUY1

1

lo1fuimiJuu 6 a cl1'1Ll~u'1vm«Ji'1u 

tJ1vl1U 1 m h fl isoniazid '1 ::~1tJli nfo1 rllJ 

imiiuu 6 Lnmuu iso niazid pyridoxine 

hydrazone m n 11'1mu'lJ1viimiJuu 6 '1::~11~ 

L nVlfl11llNVIU nQivi El 1 ::uutl 1 ::ff1YILfl~!m'l Yi1UR:: 

tl1::a-1r1fom1lli'Hnti1utla1u lviummrmnV1nu 
" 

.,,,l ~I .J "' U.J U r,jYILuU "slow acetylato rs" 'JJ''1!ln11L t'ltllm R'1 
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isoniazid lviui~ acetylation 1u~rni1uam1~~1 
~'1vi'a'11Yi1miJuu 6 11llvi'1ulu'llu1V1mnvm 

~tJ1u Parkinson's disease ~ri1i'11l~fo 
L-dopa acl him11mmiiuu 6 Yi1al~vi'fo 

" 
tl1u1muau 'l '11 n£11Yi11LYiu'11ua::hiLnu 2 un. 
t J' A A ... 0 'ltl I tl A A A 

mu1w11::1m>Juu 6 '11mumn'1:: L1'1 !Jmu1 

1um1Ltl~uu L-dopa LUU dopamine ~LnVI 
~ • I .d t I d 

'llttuanff!IEJ'1 (dopam111e murn£1nu1::Yi11'1LRflYI 

rl1Jff>Jtl'1L 'li1 'ltJ
1
h J'l«Ji') ~11 ~ L-dopa L -ll1~ff!JEJ'1

1

l vi' 
... ... 1" ., 1l '"' UfltJ'1'1 Yir·IR mn n 1Y1 >JVIWfl 

Methotrexate LuummttmYI 1vl~n ii1h:: lu'l!u 
1 - '1 Fid FIA 

umn n1Y1!l::L 1'1'lJEJ'1L!JVILRtJYl'lJ11LLR::ll::L1 '1'"i!UVI 

3u 'J 11JJJ'1l1V1 psoriasis u1diunrnawifmJ 

dihydrofolate reductase ~i l~m1ff11'1 tetrahy­

drofolate RVIR'1LLR::iim1'llucl1u'llfl'1 folate aon 

."r ..: x ... 'l "~ Yl1'1uffff11::LW!l'lJU rn V1 1UtJ1 met hotrexate 

viD 
1
l tlL ~au 'l '1::ii m1n1a1m'lJ'R~'llfl'1~rnLa::L nV1 

f 'b . ~ 1 ros1s 'lJU 

Uffff11::vn n furosemide LlR:: ethacrynic acid 
"' t "' .J .J ' 'l :.'I .,: 
tJ1JtJ'1n11~VlnR 1J'lJEJ '1LLflRL'lJ'tJ!JYIYlfl Q) Luttn11LW>J 

., ' .J .'!: ' ., .'!: 
n11'lJ1JCl1tJLlflRL'lJ'[J>JYl1'1uffff11:: ff1'HtJ1'lJ1Juffff11:: 

win thiazides m::vi'ul~iim1V1Y1nau'llti'1LLflRL~tJ>J , " 
.Jo\l A .J '"' YIYlfl QllLR::a1'1LnY11111::UflRL'lJ'tJ!l ULRtlVl\1'1 tJ1 

I ~d I &.; I d .J t,I I ~ 
L YiR1'H!lNRliltJ m1'llu rnu'llt:1'1Ll>J nm'JJ'ullmm '"ill~ nu 

digoxin ua:: cardiac glycosides 'lJU1u3u ') ii~a 
..: ., ' .J ,. .J II 

Ll-~JJ m 1'll1J ClltJLlflRL 'lJ'tJ!llLR::UlJ nUL'lJ'tJima nm'1 Llil 

~'1~Un1 liu1n~!!U11JJ rl1JtJ1'Jl1JUffff11 ::Yn n , 
furosemide LLR:: et hacrynic acid v::~11~'ll1YI 

.J .. .J ~ . 
llflRL'lJ'tJiJ lta::u!l nm'JJ'tJJJJJ1 n'lltt sahcylates ua:: 

i ndomet hacin L viJJ m 1'llu rhtJ'llfl'1im)juiJim'1
1
llil 

1viu m 1vur% tissue upta ke ~11 ~Jwrn1a-mL1a:: 
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.j .I ' J " 1 vmHll 2 u1u'l::lm1m-3 ') 'YlOTiliJHfl1Un1\m11:: 11'llmm1 

Alcohol 

Analgesics 

Anorexiants 

Antacids 

Anticonvulsants 

Antidepressants 

Anti-infectives 

Antineoplastics 

Autonomics 

Catha rtics 

Chelating agents 

Corticosteroids 

Diuretics 

.:! - I ad_ 
LYUJn11'JJtJtl1tll\3Jnm'lftJ3J 

Yi11~m1vivi.iJ3..1mvi lvrnmLt1::1mihi.u 12 t1vifi-1 
'IJ 

1 U n1'1J.'Yl1 '1L~\Ul1Vl11 

nvim1L'11 qjLGiu l<ii hu~n 

mm
1
li.imru, m13..1~m~aviH.:1, thmL~"· ~a.., ~rn 

'IJ 'IJ 

Yi1t11t1 thiamilie El1'1Yi1L~Lnvi1111::'ll1V1 thiamine Lrla 

L i'O) GI vl El rl'IJ. \l.1 'IJ. ') 

1Un1'1J.'Yl1\IL~'IJ.El1Vl11 

a1'1Yi11~LnG11111 ::'JJ1vi1miJv.u 12 Lrla1~'llmGJff" 'l 
'IJ 

1 umv.m11i'mvi lvl~ n. 1mi:Jv.u 12 ut1:: D-xylose 
" ' 

L Yi3Jm13..1 at11 na1V11 1 , u 1ml' n e11L .yj3..1 

t1vim1H'mvi lvl~n 
d A A.cf .d .ct.d. 

t'!Vl n1 1~Vl'lf3J'JJEl'11<i113J'IJ.U 12, Uflt'IL'lftJ3J, LL3Jn'IJ.L<Jf tJ3J 

t'IGJ m1 ff '1Lm1::~1mi:Jv.Lfl 1vimLufli1L ~tJ 1 v.~1lff 
' A A 

1U n1'U'Yl1\ILVl'IJ.El1Vl11, LtJElEl1Vl11 
' 4 \l A <JI 

t'IVI n11Lflt'!El'IJ. V11'1JEl..l'Yl1'1LV'l'IJ.El1Vl11, t'IVI n11VIV'l<Jf3J'lJEl\lff11 

El1Vi11 

.: "' ltl d d L'Yll.J n11 ff illLfftJ lL<ilffL'lW3JUt'l::lLflt'IL'lftJ3J 
'IJ u 

"' 'l ~ t'!Vln11~Vl'lf3J'IJEl..l 'IJ3J'IJ. 

t'!Vln11~VloU3J'IJEl..l lt1V1:: 

t'IVI glucose tolerance 

~vi ltl 1~V.'IJEl..l n~13JLda 
"' d ~ 

t'!Vl n11 VlVl'lf3J'IJ El\ILLfl m 'lftJlJUt'I:: L Viti n 
'IJ 

Li43Jl'JJiJV.L'IJ.elU 

L Yi3..11::~u hLGit13J 1 v.L~avi 
t'!Vl1 ::~u h.JlL<ilm~tJ3JUt'l::U3J niiL~tJ3J 1 UL~ElVl 

'IJ 

L Yillmniu ci1t1m\IUffff11::'1JEl\I thiamine, LLflt'IL~tJ3J 
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d 
1'11'1 H ll 2 (qio) 

u 1::1nYl'll£h'lLJ1 

H ypocho lesterolemics 

Oral contraceptives 

Potassium chlo ride 

Scdativc-hypnot ics 

Surfactants 

T ranquilizers 

lJ 'l'HUl\AO'UJ • 

.d A Q d 

n11,0'l'l!ll'llfl-l1Gl1lJUU 12, 
" L~an, \!1011~, Ln~au~, 

carotene AO'lA-l 

L~ll1::~u'l 'lJ3JUL'IU~flVI 
L~um11Jl!Jlrnmv.~mnn~1'l~ 

~ 

L ~~m11 t iivniiu ii 6 fl1'1'ri1 t ~Lii!Jlm1::·1n!Jlimiiu d 
1Un1Un11GJGJrnlJUA::n111-dmGJ 1Yl~n 

~ 

d A A d 
AGln111JlVl'1fll1Gl1lJUU 12 

~ 

1Un1UY11-lL~Ufl1V.11 

flT;i'ri1 L~LnV11111::'lJ1Giimiiu~h-l ') .. 
1un1un11,~'1fllN11fl1v.11 

n1::~u~11l!flr.i1nf11v.11 

L~m::otu 1mANLIJlfl1flALUL~fllJ) 
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..3 ~I " """ II """'I li.Jatl1::mm 4-5 u1.11llfl1 r;il'llUU LG'li.J LElmff 

\ltlf1mfl1::~utl1 cycy11 rirT-1tl1::lYltlffWi' ~mi.J1 m 

~hn~-;i::vi'a-1fl'1Yl::LiimntlviHau 1llmun11~Wm1uu 
I .a..J: " d It " - d .4 vn '1'll1Yl'l5 '1Y1El'1l 1umvii.Jl1fl1YlD'1~11'll1lflEJ nau 

L 1uui~EJ 1~murniJ~1mu~\.bunvi~ri1~uG1 ~L1iuu 
1~l~Elm 1uu1'll1 Data Processing and Pro-

t J11 1 1 A J' ::'I 
gram ming in BASIC LVlUYl 13JYl11U111'll1UluU 

1'lf1~lfiu1num1L 1iuu 1 U1Llffl3JflEl3JYl1lY1ElfLG1[J 

1-N1111fllUfffl Y1aim1n~-1i'ffn~unhmn wn1:: 
\J 

II ,.,.X 0 
' "" ll.1" ""' "" 

L3J3JYlU~1U1.11nEJU LLY1Ylm1UU ') Luniffnfft\nGl 
""..; II" ... J.,.X :11" 

lYl11::3JlYlElU ') 'lf11 LV1~1UYl3JYlU~1UYl1'1U ~fl113J 

'lhrn~~mLu::tl1LiJuau1-1~ 

via-;iurnflm1f1mn~Liiuujjm1iJHul-;im1 

Liiuu 1tl1Lm1i.Jmnn,,nrn~am1uu1'lf1 Applied 
... ... .J 1 ... 11 . 1 

Computer Languages Eln1'll1~"" UlYIEli.JtlG'I Lu 

tl11 n!Ji1Liia~11'll1d~unn-h1'll1riamiJufl'umn 
,. J' ::'I "'°' ,. "" 'l. I .J 

L Yl 11:1'l11UL uU n11r-l nflG'ILLfl::l 'll[JU L u1ll n13JYl 

~"u1n<Jfu<NauLG1uli1rn~n 3 1111'i1 fia BASIC 

FORTRAN COBOL ~l1iuuvi'a-11infl1YlGlffElU 
\J 

t. 1 ..i ... x1 .... 1 ....... :: 
Lu1LLm1.IYlL'lJ[J\~'lJU U~El'1u!)UQ1n11fl1'1fl:U1U ') 

t " ... J "' 'l. 1 
';) UU1'1fl1'1QlEJ'1El~tl...1LYl[J'1fl\UYl11:: run Lu1LLm1.l 

1llaan 1vium~tlvi 1mm n1 t ~~El-'~•cynumutl m1 
I ~I ~ ... .J - .d ., " 

l'llU uu11nflUYlYln'l5'1El~1nfl ')campus (Lvi11:: 

.I t:;-1 " ".I 1 ,.J' u1 ::~11 u G1~3JG1~ nmuum 1uu1:~ ~ qj'15...1El~ 

vi1,,-;i1 n~Yinmn) u1'11uvi'a-1t1G1EJ1~11dm ~u" 
a t "" • Id .'r 'l ., I' 

LLfl ::L[JU U1'1m" nVJEl'1u1 n1'i1ufl!~1Yl1'1 L Yl1tlYlYl 

81 

~ I ,. ~ " 11 .J " ,c4 It 

m '1fl: 2-3 i111.1'1 lUUYlU lLYl UYl~Vlr;il'llUUn 
, ... J' II "" ,.L 

ff 11.l11tl~1U1'll1U3J1LV1G11[Jf1113Jn1fl~3J ';)Ufl:: 

tJ1::'rlu 1-;i LYl11:: n'3LLll';l::i)h/fi'.u 1UUflflflYl1'1~1Ud , 
I It I I J I t d x d (A ) 

LLYlmn'1n11lYlElU 113.J'lfUl 1[JU'll11YlUL3JfH Ni'll11 
a .J: ..., • .Id 
a n~a1uflU'l5'11.1M::m'll EJfl1u1m~n•1m11'l111 

n::m~u,,1rirn1a::1~~1"auLil"tl'::~1 (a1•LilULm1:: 
\J 

Yl1 ndl~LJU nGJGifl'vififl11llL n-1 n1';)~1Ufl EJ1.1Yl1lY1El f 
'llt1-1'lf11~\hunm n nlf!Ut1G1i1~u1mfl~1u ') nu 

fl-1-;) ::l n'1l ~i'.iaunu nl ilu 1~) 

-;i1ntJ1::Hum1ru~'1n~11d n1L~il1Y~L~1 
- ·Id '°'" V lld 
flYt11flU 1UlG1U1 nu'lnYll~1LLfl ::1unaua n~fl1UflU 

f1'3 ';l:; t1tj1 Uff111Yll~[J1 nuiJ1m~1 fiojjfl113J 

ff11.111n1um1L 1uu 11riu1 mrn1'1flDiJYl1LY1Df 
\J 

1~YlElfl11 UvlvlD-1Hl1fl1U1Uni1 L?iniul~ll ') ~ 
LQl~UmYl 1 El1.l nuflEJ1.1Yl1lYlEI f lLvlil1Yll ~1 ni1vii1 

rr,,1llH1rnnu 1tl~fluo1~i'" 'J L 11-;i:aa,,n1m1" 
""' -., U ... A 'V d I .J 
H nua::ff1.l~ff nuflEJ1.1YrnYlt11 u1" G1 n11ri-;i:: na1u 
\J 

::'I " ... " II ' ... 1 t J' l uUf1Ufl1 ff1.l[JQ113JLG1 n L1.1YlU UEIU1flY1Yl'1UL Yl 11:: 

A " A fl"'ll " ... x il 1YlU1m1Gl1UflEllJYl1lYIEl1 UUJEJ-1 LYlUm1~U1'll\U u 

E)ummmu"lm"m'L~1.1~um 1-Fl" Lmfla1.1Yl1LY1Df 

nu El1';lLUULYl11:: 

.d .d "" A ' x ~ d 
1.1m1L1uuivnuflEJiJYl1lYlEJ 1i.J1 n'llUYl'1Yl 

L 1uum1.1~fi' n~m 1m.im1riu1amLa::L1uu-;i1 nHmuu 

' J tJ Yl1'1 ') Yll GlEIU13J 

jjm1Yi~u11tl1LL n1ll~1a software 
x tJ~ " ' .1 ..... x 

1.11 n'llUYl-'Yl ff '1L 'll13J1';)1 nm-1 u' ::l YltlUfl ::Yll 'lJ[JU 'llU 
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LEJ.J 1utl1::LY1fl Yi11 ~Wl i'tnm1ti l.rl~J1rma :: 
\J 

:i t.1.J~ Id t.I 't-' A 'd 
ff::Y11 n'llU r-lYI LJ.JJ.Jfl11J.J1Yl1-3Y11UflEJ).JW1LYIEJ1 n 

\J \J 

ff1mrn1i' software iuhuJ ') 1~ 
..., ~ ..... Xad ,X 

- 11m'IJEJ.JY11Lma.:iti na.:i mfl.J'll'Elv.JJ.JJ.J1 n'llu 
\J 

"°' t I A 

Y1.JUU-31Up n11Yl1-3 ') YlflEJY1'1U-31UY11-3p nv 

LLfl::imnmHvif (thuhuy) H1m1tiu1 ltl11mrn 

• " J'\ltl1 "'l " 1tl ' J' d ' ff1L 1'1U L 'l! Y1 LYn1:: 1LLm1.1ma1UJ.J'IJEJ U'IJ1[J 

1.., .., "" t .., .... A A 
n11 'l!-31Un11.J'IJ11-3 Y1.JUU-31UY11tlLllff'l!1Yl£J1 'll'-3 

L UU i YILJ1fl1ff YI f LL 'llU.JV.\1-:i nH1"11tlU1flEJJ.JW1LYIEJ f 

m'll1rnLu.:1Lmm1::1~L'liunu 1viumvu1 ltl1umJJ 

H1L 1'1~.:i n~11m H LLA::1v.1aa1v~viL1i£Ju 1tl11Lnw 
x 1 ., " \I .,x ., 1 ' d 
'llU 'l!LEJ.Jn LY1'1JUnum1JJLV."1::ffJJ ULLY1fl :: n1m 

""' "'d tl .J 1" 'l" r-lL 'll[JU'1-31.lf111JJ 111 rimm:: ~W1m11 Y1YIUYl1U 
\J 

Vi 1 aYi1m1JJ~ULfl[J rlUfl11J.JLth u n 1 UEJ~YllLfl ::fl11JJ 

L tlu 1 tl1~'hrnu1f101'1JEJ.JflEJJJW1LY1EJf wfaJJ~1arJ1.:1 

m1L1i£Jultl1um1.1li'.:11um.:1~1um1L1m~m1Hm~ 

UHl'l!iYILJ1 ~ .:i\tmni'lliYILJ1El1'1U 1l tl1 i'v.1 El 

L UULL'" 1Yl1-31 u n11~YILL tla "1 ~m" num11.1Q)a.:i 

n11'1JEJ.JLLvlfl::1'flflfl 1~ ff1Ui~ nT~ 1 i'hhLLnW 

ti1Lhv11.:1 ') 1ii-hv::LUU Lotus 1-2-3, Dbase III 

\I ' ' "' 1 .JJ' plus, wordstar 'lfl'l v:: LJ.J'llEJnfl11ri.:i wrmm11:: 

rhu~ Ei1u U1 .Jrl1Ufl .JV::iim1JJ 1 ElrlLLtr1 LLfl :; El1 '1 
·,i \J \J 

~m~n1~LEJ.:1'11nGi1119l1.:1 'l ~ii'll1uatj~11tl 
_1 VC:::. A Iv ti 4 / 

1J 1::1 VI fl Oll'Vf llVI 0 '1l1J ~ lU ~l'lflfl fJ lfll ff VI 1 
.J -~ ,~x 1 .J 

[JflYI 1 'IJEJ.JflEJJ.J-n1LYIEJ1L 1JJ'llU Ufl011111jYI , 
A dt.IA " A ' I ~ 

18 'll'.JJJ~flYlff11.JflEJ).JW1L01El1LLUUm.J ') 'IJ\.1~1n 

mu 1viua1fl'rnL u1m1J.J~viv1 n m 11 i'~ n~viGi'.:iLLvl 
.JI A' A ' I~ 

fl01111UYI 4 naumff01n1fl flEJJJW1LYIEJ1LV.fl1U 
d ., d "' ., t 1tl • ~ 
JJ'IJEJLff£JflEJv ::via.:1Y1.:1 11LmJJv1 nm£Jua n m« .:i 

ti1um n v::arJ1u1 tl'IJEJ.JL ritl m::mm v1:: 1~ .:iv:: ri n 
\J \J \J \J 

El1tlL'll1Lfl~EJ.JYifl::~1i.:1 n1 L ~n11n1.J1U'IJEl-3Lfl~El-3 
i'111i\'lu \'1 qJEJJJ1~-319)'ii$)Q1DEJ nLLUUf1ElJJW1LYIEl f 

~L firnhi -311l UGJ1LEJ -319)'~ .:IL UU Vii n n11~1 i' rlU 

JJTvu~.:iu'1~uu 
.J ~x~ 1 

~flYI 2 L1JJ'IJUL>l fl.fl. 1954 Y1[J n11 

1., A < A 1 ' J' !.'I ' 
'l!Yl11U'll'ffLYIEl1LLYIUV.f!ElY11YI~ ua:: 'U'l!1.JU!uU'lf1-3 
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e - AA """' ' A ' mL UYl'IJEl .JJJUflEJJJW1L01El1LLfl::fl11j1flEJJJYnLYIEJ1 

V.fl1[Jfl11!f1~1£JrlU L'li'U FORTRAN, COBOL, 

APL, BASIC LlJuQ)u 

.J d ~ 1 1 £JflYI 3 V.1El£Jfl IC L1~J U fl.fl. 1964 Y1£J , , 
m11i' IC (Chip) lLY1uri11u;HLY1af 

.J t .., A .c:r1 mm 4 01.JYIU111 fl.fl. 1971 -1972 LJJEl1.ln11 , 
U1LYlfl 1u 1Au'l!Uvi large scale integration mrJo 

1.:1'11 IC 1 ~L~ na.:iil n'1u«1m1 riaDflDJJYi1LY1Df 

LnDU~-3Lfl~EJ .Jfl.J'ltlarJ1u IC Gl1L~£J1'l~ ~.JL1£Jn 
\J 

I • 1 J'd o 
11JJ ') 11 microprocessor U~fl'UJJm1u1 

microprocessor 1tl~vivt.:i 1u~tln1ruiri£J1m«01f 
ua::Lfl ~ El-31 i'1 u U1UlJ1 nmmru'l1i n1u ~.JrJ.JL ~JJii 
'l 1 .. .-.Ad ~1 ., . ~ JJ mflEJJ.JW1LYIEl1'll'.JJJUYIU1YIYl-3 UU1U ff1Un.J1U 

LLa:: lu~a.:itll)u"~m1iri£J1mHY1f~1u 
.J ~ ~ \I '"' ' tl .J •• , .. \1 ., 

~flYI 5 UU[J.JJJ1 LJJtl-3 lL01 1::LY1fltyyun LYl 

LYl1mJ m nT(l)JU1flDJJYi1LYIEl f rhv.f U~flih 1 LLfl1 

101miium1Hh.hLLmJJutyiy1tl1::Gi~f (artificial 

intelligence) m'li1£J.J1'U'llEJ-31.l"\UU 

I ... I .c.'.!t, ' 

ffl'Uu'J:::fl01.J'\IO~flOlll'fllVIO'J 

fl11J.Jff1JJ11tl1um1Yi1.:11U'IJEl.JflDJJVl1LY1Df 

1h::nau~u~1£Jti1uti1fiiy 2 ti1u~o 
LLfl:: software 

hardware 

H a rdwa re V.JJ1£J n.:1rhutJ1 ::nD U'll EJ-3Gl1 

Lfl~ a"~""'"vi ~tlmrnm~1dn1v.ii1~1uuv.tl1£Jfu 
'llDJ,jfl (input unit) 'l~lLri v.tl1m1i1uYl"l'l 

(keyboard unit), v.tl1£Jtl1::mar-ianA1.:1 (central 

processing unit) ~.:i'1::ii microprocessor LUU 

YtU1£Jfl11J.J~1v.in 2 'l!Uvi ~El ROM, RAM LLfl:: 

~U1£JLLffY1.Jr-l fl (output unit) ,~lLri '1Elfl1WLLfl:: 

Lfl~El.JWJJYl LUUqJU 

Software V.1J1l.J~.Jff1Utl1::nDU'lJEl.JflEJ"ITTLYIEJf 

~Lllu~1i.:iv.10~01'lJa.:1~1k.:i~litum1mu~JJm1 
O A ~ 4 - .J - t.I 

'Yl1-31U'IJEl.JflElJJW1LYIEl1 V.1El'1Y1 n11L n£J1 nU'lJEJ"fl 
• • \J 

1l " I 1tl d ~ A f' ~ Q"!LLn 1 LLn1JJYlff -3-31'UflElJJYnL01El 1UULEJ-3 

~1YT-3LLvl hardware Lfl~El.JfltJJJW1LYltJf11i 
.J • " "" " -tl1'1Yl'1::Yl1-31UY11£JYIULD.J LY1 YIEJ-3El1fl[J software 
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' ... .. tJ"" 11" ... 'lf1Uff-3-31ULfUJtl '1-3L 1uu hardware ~nu 

Lfl~tl-3L~ULl~ULffU-3,.,1mfl~tl-3L~ULY1U ,.,1a1~lmY1tJ 
ti1u software LtJ7uu1Jlnrnlr-lw.Hu-3,.,1mYltJmm'1fYl 

,.,1amtJ1~la ~ULtJ-3 ~",r" software da1'1nmiJu 

auxiliary storage ~-3tl1'1'1::atjluitJ~h-3 ') li;J 

mrnmurn'llu mtJmm'1fYl, floppy disk (diskette), 

hard disk (fixed disk) ~-3lTnOi01vY-3t1tjlmfl~t1-3 
LiJuGiu LLoiitJLLUU'lJtJ-3 software ~fon.11i'luu'1~uu 
a . d.ai 1 d..-v"" 
flt! floppy disk 'lf-3i.Jt1~,.,fl1rnrna~nunu 

Software tl1'1LLU-31Ji'Lllu 2 tJ1::L1m1,.,qj ') 

fiEJ system software ,.,mun-3 ltJ1LLmm::uuYi1 

.dv - •~ • - • Ji 
-31U'lf -3~Hf!Ol'Yl1'lJUff1,_, 1 U n11Yl1-31U 'JJEJ-3Lfl 1 El -3 

l01u011-3 LLfl:: application software ,.,mun-3 

rtJ ..itJ !'I ., ... " , , 
L 1lln1i.JYl 1::~ n01 L'lfnU-31UQ11U011-3 ') L'lf'U -31U 

fftlGi uty:a flflLO'ltl1ffOlf 1YlU1fl1ffOlf 'ifl'i 101u 

tJ
... ..r\I., ., 

mvn:: Ql1i.J nQl software ,.,1'lftl L01min1u 

~1mhmfl ~ t1-3flEJllYl1LQlt1 f~1 l tJ ,., 1 aa1'1L iiuu 

rtJ ..r 1" " 'l ""' tJ"" 11.,... , L 1Lln 1ll'lJU 'lfLtJ-ln Ol'lf-3L 1UU 01 n um1•1HJlJ 

lL'lflJU1U tl1LUU-31U~1U ') nfi1LEJ-3lJi' Llqjtl1 

:'I d ~ "' d 1 d. d 1 
L uU-31U'YltJ1nnQlEJ-3L1 u n'lf1-3iJEJEJ1'lfYill1'1ftli.JLL'lfi.J 

,.,mum1i.J11L11t11'1LiiuultJ1umll~1u ') ~ulrti 
-31ULtl "1Jl llol tl1L llu l tJ 1LL m ll~~ -3U1 n 'lf u~EJU 
nvi't1-3~t1ltJ1LLn1llll11i,.,1EJ~1-31tJ1un1mirnf 
.. ..r 

L'lJUU'lJU 

1um1«1'1-3 ltJ1LLmll ,.,1El software ,Xu,.,:: 
V o ~ V A f' ,4 I \.1 V :'I 
QlEJ-3Y11'lJUQ11U/)1'1Y1f1EllJYi1LOltl1 'lf-3LLU-3Ernn LOlLuU 

3 1::~u 1,., qj ') fiEJ 

I. machine language LUU111'1Y1'1JEJ-3 

Lfl~tl-3 l01um" ~1t¥-3~L iiuu 1 lU111Y1UflEJllYi1L01t1 f 
... "'l " ... "' ~I ..I ., 1 " ... \I « '1 ::1ui QlYlUYl LuU111'1Y1YlQltl-3 '111,.,ffLfl'lJ LUU11 

iJ 
..I od o 

2. assembly L W11'1Y1YlEJUn-lnfl1"1::,.,11-3 
'IJ 

1::~u~ 1 Ufl:: 3 m1LiiuultJ1LLn1ll'1::L-ll1h 

'lJlu1 n n11111'!Y11::~u« -lLLol Lfl~ EJ-3'1:: i'u1tv1WuYi 
'IJ 'IJ 

L Yi 11::tr n'IY m::1111Y1LUUol1an'!Y1~L-ll'1 l'\J lJi'hu n 11 

1~ffLfl'lJlLol'1::U YlU~1« -3'lltl-3Lfl ~tl-31 lU11'1Y1Lfl ~ tl-3ol1 

qjmi1 ~"L iiuu 1tJ1LLmll1l~u1 n 
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3. source language (high level language) 

.d - ~ - f' " · - "' ,.,1El111'1Y11::01U~-3 111'1Y1Uflilll'Yl1LQltl1'1:: imui 

LLfl::
1
hJ«1m 1 nYi1mll~1t¥-31lJl~uYi ~1LUUvlEJ-3ii 

m 1 LL Uf!L UUJ11'1Y1Lfl 1 ti" rltJULLa1~-3'1::Yi1-31U1l~mll 

~~L iiuu 1tJ1LLmllGi't1-3 n11 Llqjm i'flt1i.JYi1LQlilfl>l 
'IJ 'IJ 

i1L tluvi' t1-3Yl11u1fl 1"ff11 -llLfl:: n 1 1ri1-31u 'lJ t1" 

Lfl4 EJ-3n«1m1 m iiuu'l~ ~"ii m 1~Qllu1111'1Y1 
1 I ~ d " 1 Vd ..... .4 

,.," ') 'llUm'1tnrnn'IYm:: nf!LflU-3nu111'1Y1,.,1EJ 

tJ 
r ..1 l"" ...... tJ • ... ..r 4 

1:: LUflYlL 11 'If L'U'lf111l 1::'111Ui.J1n'llu L'Yltl 

1 ""' I ':1 .,,,: ..r .J ., ... ... 
,.,llfl11llff::011n01EJ~1'lfu-3'lltL 111'1Y1Yli'1nnu 

LLWfafl1U l~Llrl BASIC, FORTRAN, COBOL, 

PL/ I llfl:: PASCAL LUUvlU Llol111'1Y1~Hnu 
' ..I .. ( ' • lLYi1,.,fl1UYl~Ql flt! BASIC Uilll1'11n Begmner's 

Allpurpose Symbolic Instruction Code) Lvn1:: 

~I ..I I ' .. ., d 1 
Lu 'UJ11'1Y1Yl-31Ul11Eln11L1UU1 'lJQlf111i.Jff1ll11tl U 

'IJ 

1 ., " "'tJ ... ... t 1 ., 
m1 'lf-31un11-3'1111-3LLfl:: ll 1 :: ffYl1i111Yim umu 

p fl'1llfl:: m1~n'IY11YlU1fl1ffQlf ( 11ll~-3-31U~1U 
l11R'lf1Ylu1~1u) 

... I ' A '1" .,..,. 
fll11J1::~nvinom·111viv1 'lH11rnHlllff'lfJ'tltn 

flElllYl1LQ1El f L ~lliiUYlU1Yl 1 tLLfl~tJ-3ifo1~U'Yl1-3 
,. <' .-t ' ~I ~I " 
1YlU1fl1ffYl1 n11LLYiY1UOl-3lLQl u fl .fl . 1952 LuUOlU 

' " - " • ..,, • A. ' 

m L 'jlJQl-31LYl n11ff11-3lLUUv1f!El-3Yl1-3flmOlfl1ffQ11 

'lJEl-3LffUU1 !:ff1Yl m1tJ1::3..11fl'llElllfl'Yl1-3 X-ray 
'IJ 

crysta llography L~t1,.,1lm-3ffi'1-31"Lflna'lla-3 , 
ltJ1lu ltJ'1un-3n1 1~1.,,1u'llt1-31::uuf11u~" 

"' ,.J; A. J' A jll::il c" 
'llt1-3nfla-3'1f!Yl11fltLYlff1 i.J1 1tlQ101Ql1llL'lft1'1fltLYl1u , , 
'l~Ltl-31u1 ::uu«1iJijGi ua m1 ndflt1i.JYi1L01t1f U-3 

Llluti1utJ1::nt1U'lJEl-3Lfl~t1-3iia101oi1-3 ') iimtu 
1hJ tl1\.L 11i.J~-31mfl4 t1-3iitJLL'YlYlrJL'llULtl n'lfL 16 
flt1llYl1 LQlt1 f (,.,1a CAT scanner) Jl1u 

~1,.,fo n'1nnll,.,ll1011,., qj ') 'Yl1-3L11~'lf1Ylu1 

El1'1~1LLUnt1a nl~LUU 3 ,.,"1Ql~1UrltL fia 

1. m11-fmLfl::~QlJU1 (research & de­

velopment) rhinnll~-3 n~11U1LD1flallYl1LQlil f 
V 0 \l" ... 11" I L'll1ll1'lf1U Ql,.,fl1Ufln'1Ym:: QlLLn 
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- m1fuiJmrn (data acquisition) L'lium1 

" 
U1Jn11fffl1£Jol1'lJEl'1ff11 rlJJJJUYlf.\IH~HLilu tracer 

QivimJJ tJJLfl nflm.\l:a1Lflii (radioisotope tracer , 
ihnhmtlu dpm) LULfl~e.,:iiievn n (3-counter 

LUUqlU 

- m11.h::mfl-ll'El~fl (data processing) 
.d - d I Ii-' 

MJJ1£JC1.\ln111Yl1::L1J[J1J"fl::MJJ1YIMJJ'lJEl.\l'lJElJJfl 
" " 

m 1~1u 1 m1Lm1::~-lle~f!Y11.\lff ii~M 1 mvie l lfl~-lle 
.I ., , .I ., v ,X • '1!-r 

ff1uLLfl::fl11)JL'lJ1 L"Ln£J1n1J'lJEl)Jfl"1n'IJU Yl1 YI LYl[J , " 
m1lilu1um3Jff1Lh'Yl1.\lffiiQi ~El STATPACK 

LUUqlU 

- n11~1flEl'1lL1J1J (simulation) ii~H'~;i 
1Un11YI11\ltHl1Jff)J)JQi \i1ULLfl :: LU n11fl1Ylfl :: L U .. 
U11 n£J n11 rnl UElU1fl(llLrle'i11uu11J1.\lol1LnYlm1iJ 

Lu~uuuufl'1 ~lll-ninnlmJ"~"" 1~u) tu1L1mJJ 

spreadsheet L-du Visical, Supercal, Lotus, 

Symphony LlJuqj'u 

- n11f111Jf11l (control) iimnJJ1m'liu , 
m 1fl11Jfl)Jf) CUMllii m1JJviULLfl::fl11JJL 11'lJEl.\I , , " 
m1cl1mY1e1mfflu~e.,:iiJ~llilm1 Lllu9iu 

- n11U1LffUEl~fl.\11U (presentation) Lrle 

umnff''lf1Yl£J11~fi1Y1euti1M f rnJ GJM1~~" 111Lfi'1 
C:::.d .J d A - d A t' 
nt1.\IL1fl1ml::L 'IJ[JU 11[J.\11Un111"[J '1f .\lflElJJ'r'l1LVltl1 

\l::L-ll1m'li1£JLv1tu1u'IJe.\I word processor ti1Mfo 
" 

11.,:i11£J.\11U Ufl::mn spreadsheet ti1Mfot°i1u1m 

LLfl::Lii£JUYl111.\lvi1Lfl'IJG11'1 ') L~ 

2. m1l~mrn1 m1LUVILYl~V1 L~LLn 
"°" ' .... .d " l " - n11l'l3J'Yf~VIMJJ1[J 1JWYln'lJElfl11JJ '.6 

1u11LmJJ word processor LUUMRn 

- Lnm1£J~mLfl ::flR.\1«11Lflii 11"~"~umrn 
m 119!1.,:i ') H1tl1umJJ Dbase LUUMRn 

3. m1L1£Jumrneu 

- .,:i1un1~111M1men«11u1::neumrnau 

ti1MfrnL1num1£Ju litu1umJJ word processor 

LlluMRn u•~uuL ~"iim1li1u11LmJJ~Y1wu1 
(page layout software L'liutu111mJJ Page 
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Maker) ff1Mfo~muL~JJ 1rle~V11UL~JJ1J""emv~ 
" " 

L 1£Juf El£JLLfl1 nff1"11 nk.,:i~;ivi1a nlY 'HLfl::iull1l'I 

'l· I "' < t 1 ,, .0 "' < d "' u'r'lJJ'r'lfl.\11JUn1 ::mlY Yl[J 'JfLfl1 El.\IY11J'r'l'lf .\IJJfl11)J 
d ~ I t ~ d I 

a::LEl£JYl'lHJ.\l~VIYl'11LYI 300 ~YIYIElU1Cl.\ln11 2,500 ~VI 
• J: " .... .J.ri. ' d .d 

'ilElU 1 YIU\\ 1J1JYl'r'lJJ'r'lEl El nm"::JJfl11)J a::Lfl[J(ll 

fl)J'Jfm:1Uff1"11nit1
11 UcJ1£Jn1L'Ylf!Ylff1M fovhn~ 

ElElWL'll'YIM1El t 1LU£J1L~~uri ff1U.\11U~1Un11LLUfl 

itu U"~uuii n11 li'fleJJYl1LYltJfuuamlY1 rlUEltj 

U1.\I 1'" 'lJEJ1JL ']J(ll~1 nvi uG1l UElU1fl(llulEJflt!JJYl1LYIEl f 

d I .. l " "' ... I 
~flYI 5 Eltln~Ylfl1Vlfl.\l" ::"m1 'jjflfl)JVl1LYIEl1LLufl 

-...a a "A " ~ 
MU.\lfft!M 1 ma nff11m.\1Lnff'lf1Y1£J1 num n'll" ut1 n 

11nd word processor rT.,:i'li1£Jl\.\'e1'111uff1JJ11n 

tlfou~ '1UYIL 1m~l\.\'~UffJJ[JElV1.\1~1[J(ll1[J 1vi£Jhiqj'a.,:i 

1 \.\'1ffii£JuYlJJVl1mJ~;JMJJYI ~""::th::MrJYIL1fl1Llfl:: 
LL1.,:i.,:i1u1tl1~mn 

- l iLUUflR.\1-ll'ElfftJU Lnm1m1JJ-ll'ElffEl1JU~l . 'l "" ., .. 1 ,, ., tl a:;~(ll 1Vl1£JnULVlEJff::mn Un11f1UM11Lfl::YIVILL fl,') 

iJe«t1u l um 1 t1e niYt1«t1ulJq)a 1 tl tY1£J l i'tu111mt1 

word processor LU"MRm'liunu 

d I d A 

L\\fl[J ff1\UU£J.\ILU\W1YIH1U YlfWYl\J"n11Yi"11tl41 .. 
viYILn1YI tV1£Jt11"litu1LLn1JJ Lotus Ufl::/M1El 

t. I d d ,X o 
u1LLn1JJYIL'lJ[JU'lJULEl.\l'Jf1[J 

- lim1JJYl1LY1ef'li1rnrnt~ (computer aided 

instruction M1e CAI) 'llm::llffmU\4n11ffnlY1 

lmi'.it1.\ILY1m~JJiim1~uqj1lu1~EJ.,:idnmnn qj1ecl1.,:i 
dl ..,_ \1 t.I I < ' 
YI nflmL 11 L~Lln flm::LLVlYl[Jff1ffYl1 ,Vf1fl'1n1lli 

A ., ""t· I ., J' I t· I JJM11Yl[J1fl[J " u1LLmi.rnnlYtlL::"tJ[JMf11[J u1Un1JJ . " 
L Yimt 1m'li1£J l \.\'Uavi1LVlY1un1m1 ff nlY1~1£JV1uie;i 

Utl m 1'11 L~ ULnElUYI nff1'll11'1f1~Yl1 n11ffElU , 
RnlYm::'lJEJ.\I 1u111mJJii~;iuuu self-assessment, 

simulation Ylf!ElYl'1U formative evaluation 1V1£J 

L\\Yi1:: lu111fl1'1f1LllH'lf1Y1£J1ij formative 

evaluation program ~.,:i1uu tu11rnwm1u1::Liiu 

.... .... "" , , 4':t "' 
~flfl11JJ n11MU1Ufl!:fl11JJL 'lJ1 L" LU UYIL 1 £JUV11£J 

QlULEl.\ILU~1-lleqj1.,:i ') mnn11 30 11£Jn11 urntlu 
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., 
'il::d~whrhinn1.1,.;'" 3 1.h :: L11Y1q)"n~11 

..C V 1"' A ~ -.... I -.,. d: 
1.lfl111.IYID'1n11 'lfflD1.l'r'l1LYID1 LtU'lmHn::m'1m4 'll''1 

'r'lDH1U\lvi~D n'iln111.l'r11'1vi1ui~imN::YYQlltnvlD'1 , 
..::. ,,Ja a "' 

n11flD1.l'r'l1 LYID1'r11.lfl111.IL 11\J" L'r'l11 ::v ::YID'1 

iJ1::mt'l'JiD1.lt'l~1U1UlJ1n1urnnifu ') '11U1J1'1 
'IJ 

Du1"nliv.u1uf1111.1~11.11n uv1u1'1Du1"nliuDu 

n'ilm·n..1vi1umrn1m1v ::liv.1bum11.1~1liJ1.11n 

umLN::iJm ::~1L 1'.Juvi'D'11im1rn11 \i'" ti1u 

n'ilm11.1vi1um1L1rmnTrnDuiXu1imi1um1l.1~1UDU 
Lu1::m1i.JL11~1 um1u'r'l1nmrnnu simulation 

.J ., 1" " 1" ' " 'r1D1'il'il::YID'1 'lffl111.IL 11~'1LLt'I :: 'lfY.U1mnum1l.I 
• V t, V • A ' I 

'il11.11 nmu \\::uum'il::u 1fl Dl.l'r'i1LYID 11.11'Jf1u'11u 

~ • -.... d I ,d: dt.1 • d .d d 

lLt'l::H '1H1fltlJD rnm1'1Y.U'1'r1YID'1fl1U'1 Cl'1flD n11 

UDl.lfo'lJD'1~flfl1n1~liiuDllf UflDl.IYi1LYIDfv.1Dqf'1YIU 

L uu«YI 1 nrnfl~D"fln1.1Yl1LY1D f LLt'l::~n if1Dl.IW1LYID f 
'IJ 'IJ • 

Yi 1 D liJ n mt1flDl.IW1LYIDf 'ilu liJUD1.I 1 irnu L 1 D'1,;1 
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\,I """ A ' '1114mun11L 1UUn11 HDU'r11'11'r1U1fl1HYl1 n11 

I" ::A ~ A )" \ti .J 
l l'r'mU (11l.l'r1'11'1f1Lllff'lf1'r1U1 nD1v l.ILY.1.11::H1.l'r1 

'il::tb 1u1umJ.Jfi1L1'il~'1n~11m'll1u L'llu1umfil 

A • ~I ., ..c 1· I ,X 1 ' CAI L 11v'1'il1LuUYID'1L'lJUU u1LLn1l.l'lJUl.11 Vil.I 

J tJ t.I - J' 1 I J \l 
mD 1v.HDYlflflD'1nULUDm U\LYIN::L 1D'1 u 1111.fl 

.J 1 " ... ' 1 I !:'I "' d ... ., .... Yl'il:: 'lfL'lJUUH1U Yity'il::LuUJ11H1LUHfl'll''1l.l'lJDut'ln 

UDU 1ufi1i'1UYI nvl1'1 ntu~ nuDU LtUfl~D'1flDl.IW1LYIDf 
' .Jv ' "" W ) ' lL'llfl::UYiD (L'lfU Apple, IBM Yt1D ang LLYI 

" • ~ "" d - d- • 
mH'1Yifln ') v::Lv.i.rnunu unnv1nuu'1D1vu1 

1u1um1.1 Dbase 1.11u1::unCli'lum'1L~D'1lvi , 

n11L ~uu 1 u 1LLn1J..1111 H1L UffflL ~D 1fi u 

CAI D1viianHm:: 1u1um1.1lviv.a1uuuu LLvi 

R1U 1 Yi qj'il::iilm '1H11'1flfl1[J ') nu ql1EJU1'1L 'Jiu 

Rn1Ym::'JJD'1 Formative Evaluation Program 
A V A ' 

'lJD'1111fl1'1f1lllH'lf1'r1U1 mn::lLW'r1Ufl1HY11 ~'r''1-

... "' ~ dd ... ~:t 
fl'1 m m1.IY.11'r1U1fl[J 'll''1l.111Ufl::LDUYIYl'1U 

FORMATIVE EVALUATION PROGRAM 

(1U1LLn1l.I m1u1::LiJu11-rnm1l.I rl11Yi141LLt'l::fl111.IL 1J1Lv1UUYIL1uuvi1UY1ULD'1) 

1YIClU1::H '1~ : L~D 1~itff'llH1l.111 ClU1::dJum1l.lrl11YtU1Ut'l::m11.1L'Ji1Lv1uum 1uu lvivi1UY1t4LD'11Ylu1i , 
A A I" 

Lfl 1 D'1flD1.ll'l1LYlfl1 

u1:: fo'Jfu~v::lvifu : 

1. ilffYI 
1
lvi'r1U'r11UU'r1L 1uuut'l::Ltltrn11 HDULH1m1nUYIL1uuu nqj 
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qf ,,fi1 rrnm uutJ 1u£J 

A e:. A. ti t 
tllitJ1£JLYUJLYllJYi1 EllJY1'1 

.4 ., 
LlJtlYl1tJ 5 'Ila 

1-X 1 Yl::mui ti 1-ll a~tlQ'l m rnll huJ 

in1'Jm:: 1tJ1umlJ~'1 n~11iim1llHlJu1m1u 
'IJ 

'i11LEl'1lJ1 n LY111::iifi1aiu1£J 1-Xw-l'ElllLri!lUHY!L~!l n 

O t,I d\l I t,I - ~1 d O 

Yl1VlEltJ'lJ!)Yl lJClnYl!l\I LLfl!:[.J\llJ El n1HLfl!l nmY!EltJ 
'IJ 

., .J 'l ~ 0 0 
"' 1· I 0 

., 'lJ!lYl~n Q'l L~ll LLYln11L'lJ!.JU u1Un1mJ::YIEJW'll1'1£J11 

ua::vi'a\I HltJ1umll word processor (L'liu Wordrama 

~1a Word Rachawitee Llluvi'u) L-ll1'li1m~o1~l~ 
tJ 'l "''l' .J • output L "1111'}1 YJ[.J ,.,,, lJL~lJ1!:Yl';'J!:U1lJ1LLffQ'l\I 

tJ ... t 1 ..JJ' I - I .d ti .4: -
L UYl1EltJ1\I UYJU lLY!';'J::LUHl\IYl1El[J1\IY1Ylfl1[Jfifl'1 nu 

1 u~1-llaQ)o 'l ULLYJU 

~1£1UHOl'll~UU hhunrn 
L da,,,.,1 nm1'J1L u Hm tliu111'J1~L-ii£Ju~1uii 

nlJLnm<n1um1L-ii£Juuamrn::~Q'llLU~" 1tJ·rnmll
1

l~ 

~1[J ~\IU1m 1ii-ii£Ju 1tJ1LLn13J 1i\11U~1tU!lff'lllYl[J1 

'l~~ LYi11::um11ff°'lllY1£J1lli~1LUUvltl\I1i'L1fl1 

Hn1'J1nTH-iiLJu1tJ1Lmrnu1mrn nR1m1 m-ii£Ju 

1. 1 ' x , "'l " .. 'l ... " u1LLn1JJ'11tJ ') 'lltH'"lf Q'l wrn~1n J.JlJL1fl1YiEln 

., 
1 .J U 1· I .Jl ., ' 1 mtJUH'tl 1 L U u1LLn13..IY1 'lf'll1£J \.4n11 

"' F . EI . .d .. L 1£JUn11ff!lUUUU ormat1ve , va uat10n '1f\IJJ 
- \J U A -A 
a nH m::Y1a1£J nU'lrn'1n1m'"lf1L11R'll1riu1 YI ru:: 

' ~ A - I LLYiYl[Jfl1ffm ~l11fl'1n1 tlUJ~11Yl[J1~tJ LLYl nm'1 

nuY! 1 '1~Lrlau nH n1'J1Ylt!Utlm:: hi iifi1tiitJ1LJ11NY1 

LW11::mY11Q'l ~w.1 nvi't1\lm1~1aim£Jna1,.,LviJJLaiJJ , 
'lMim~i" 1tJ1LLmJ.Jd,.,::ri~Rt1tJY111ll1'"1Jt1\lunHnH1 

'IJ 

lm ~tl\l'lltl\I m 1 li'rnvi'1u~a:nv1 (antimicrobial 

chemotherapy) ~'1ii11£J~::LO£JQ'l'llt1\I 1tJ·rnmJJ 

(input) UffQ'l\11u1tJ1LLmJJ~ 1 ua:: out put ~tJ11nLJ 
uu-;Jt1mvnrlmrnHnH1 run 1tJ1LLn1!l~\11tl~ 

'IJ 
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lth11on.1~ 1 mniiLil~hh11011.Jrni;11u"m'~flt~Wnf1ni;1A11.111 nriumtum1.J!m~L11ff'"l11riu1 1flu1nuu19i'1u~A:aYiii'1u 
Vl\l\fl~ 

••*k~·~···~¥•MrMllXXIMY~•···········•~r••• 
1.lllEU I IONS UN llll I 111J Cl lflll lf\I. CllEl"IO r11r:nllPY 
I I'( : t·I. SA'l YAfJf\M 

l)f.PllH n 1r-:N r OF n 11 \l~tlf\COUJ(j'( 

r>r~AMut- l(WUll(l.f\ll t:Uu .r.rn: or ME I) I c lNE 

·····~·····~··~u·~~1~X X KVk•~•·••x••····~·· 
l'(lll X=- 1 TU 5 : nt:f\I> l~ ~IXl: llATA l>,£,U,A,f.l1NEXr X 

CUl :PIHIH , " ~5 QUEST .IUllS lN f\ll1111ICHOOT.l\I. AGENTS" 
llOSIJIJ 1 f 1f)t) 

5 0 PR1N1"1.Hhi t: h 111 w o r ltw r o ll n wiro11 d ruqs i s mi s ma t c h e rJ 1~ith the lndi t :u ta!I Bet 
ion 11 

!l~l 1 ·nu~ 1 " nr · 1 l 'ilcl i<.·n ti!i~ i ~Jr1ed lo it ? 11 

6(1 r>n11~1 " '" P1?1li c:l l Ji 11 - b"'cl.e1 · \ r. i tl.;,l" 
t.5 f 'l<INf " Ill ~111 1 r o 11 1unj di' h"t: L~• i ostatic" 
7 0 F'HINl' " Cl leb- ..,ryc l Jn~· h nrncl Bfl F.!!: Lrum of act i vity" 
!1(1 Pr.HI! " J)) Ami11oylyt:t1 <iJrJr~s · lwo;.rl i:;pec trum o f ,,ctivlty" 
'10 P rUN r " l:l llln111~ o r l: lo e r.ihov•~ . " 
1 oo Gosuu ?.0 •10 : r.m;un 10(11) : cu; 
11 0 PRIN'l "~. Wh<o l i i-; ( ; .1 11) l loi.: rHfv,01 1t ;.1.1e Cn) of Lminy combined antlbiotici;?" 
l ~!(I l' IHtH " I\) E11h .. 111•:F~ LI tlw1 ·<1pm1U c 1d fl <:t11:y . " 
13 0 PIHIH" Dl E llnd 11.-li rn 1 o r I Px i cily. " 
I '10 PHHIT " C:l Ur!l .:<yi ll 'J nl l; l1 P. •"!1111~ 1 - g f!n r: e or bo3c: t1wi ,,. J r·ti's l atan ce ." 
1 5~1 PH INJ " fl ) fi,ll 11ncl C" 
ll:o\I Pn IN I " F.o) I\ and C" 
I /I) llllGlJLI ').•) O(l : llOS lll 1 I (II)•): C:U: 

t f:l<1 rnJtJl"3 . Jhn i11tllr ... ti 111.C i; l l cw prnrihylaclic l: reatment with antihlotic is (i\rP. 
) :! II 

!'1(1 l"HJNl " fl) l o prCll<?1· 1 llu~ ""'"'· t. i 11 rhf'!umntlc rrnti P.nts." 
·.!00 FnH.J'I " Ol To ri1 · ot1H; t p.;l:imil.!1 HU:h hac:teri ;~l cmdoc:.;.rd{ti n." 
'.1. 10 l "rnMI " C l In pn.>ve11t: t;ubP.1 - c u .l r.·~h;, " 

~~2•J r>rn 11r " Dl A,u """ C " 
/ .";o l'lllN'I " El A i111d Ii" 
~!·1 0 008 111) 2<:000 : J:Ot;Llf't I h()1) : l~LS 

2 7.(1 r·fHMl "'I. ~Jld ch nf tl11> l n ll 01•lil'1g .;.g1mts Is an i11tPF- tinal antiseptic "?'' 
/.(,(1 F"IU tlf " Al Ph thaly l sull ~Ud azoll! .": P IUNT" Dl Nll:rnfuranto i n ." 
L.70 PR IMf" Cl Ha lidb: l t: <1r-i d": PH JNT" I>. Me l:loc>n<lmlne ." 
~!fJO PnlN l' " E l l~on<? or t.hc! ,,b ov1_o." 
·1.·10 nosu1' ·.!•.100 : r.osun 1 nc.11:. : cr.s 
3 00 F'IUtn " :::i . Uuhstm1c1! t·h ;c1L r•~Hernh l es s u\ f o o ami tie I 11 s t r uc ture but b; dRvoid" I 
~05 PRUIT " o f a n til>act<?r· i r. l u c: t: i v lty i11 c: l u tf e!H" 
3 10 F'fHN"J " l\l C.-.r h<1mu?P.(:· i r1P. . ", " !1l Tolbl1tamlde." 
3 20 PH CNf" Cl Et. ho!l1.1:: imid1'; ."," J)l Anilti·i pt.yline." 
3 30 Pn It~ r. " El Mui If" or I.he .:1bov~! . " 
3 4(1 Gom m '.1.0•)0 : IJUSIJO 1 !)(IO 
3 50 CLS : KEY (Jf"I : Lue r.TE '(I, .,.~, 

3(,(1 l'n I MT " \'OU Ii l IJ l'AI . GC:IJRF I ti "; n 
3 70 PIUtJJ 
::io_o oM n mn u B3o , n;.ci, 1~·.o , 1,c.o , ::.:.o 
5!:'(l ·LUC?\ I l. l / ' 2!'i ! I ' ll IN l"" " "'- - LXCEU .EN!'................ .. : CIO ro 8'/0 
f,5(• l Ot:f\'l lo l 2 , /.5 1PH.lt-Jl " .... ... _, .. _,,..,?Y nouu-··"'-": GOTO 0 7 0 
·nw l..OCA'I c:. 1 ,? , ~~5 : Pl( I HT ......... " "'-G(IUI) •.•. , .......... ":GU ru B70 
E)~f) L QC(\ I E'. 12 . 2~; I 1 --1 ~ IN r, " ... , ..... ....... -r-oun .... .,. ............ " 
8~.<) Pn 11-l r: r' ll IN I I " B T lJ f) y llf\IWt=n N E x r T I M E ! ! ! " I PR HIT 
ffl o) LOCl\ JE". 11,1 5 : HIPUI "l•Ja1il: to tt· y a91'\ll\ -from the beginning <y or nl "J llE$ 
£18(1 IF llE.'t " "y" nr~ HE·~ = '" (" '11 IEN 40 
ll'l(> CL S : l.Df :l\rF: !<), ?.(I : P IHNl"GOIJJl BYE . . ....... SEE YOU AGAIN ! " 
9 (10 F'L.AY "ACOB" 
• 199 E.Nll 
t 0(1(1 ' llt([IFfl l I NE & l~A J'f J NG 
10.10 FCll t 1.~ 1 TO /(I : l ' fllt lT " t":rt~rxr l.1PRINT 
tc.1J :'i f'U\\' " 01'\JJ" 
I 0 2() FOR l~=> J ., 0 ~H)O•.t : Nr:x r l•J 
I U'..!5 PUW " f\111.mt::r. " 
( l)~~(I HE l um~ 

.7•JO(I · !:Hr.Cl~ 1 1 IF f\N'.·~~ll"IS 
?.I) I 0 l>C < J 
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11h11rmJ~ 1 (AO) 

:-?1.>:":,<J 
"2 0:.}~) 

2(•'1(1 
7.0~i(l 

2'>~(1 

20 70 
~·(•8(1 

2 (1'1•.I 
2•)'7:5 
'..!100 
',! J l (I 

f' r<ltJ I :F"nrt l l ': 11-11 UT "'(nur an<a•JET j !'l <A , IJ,r:,n or- E) "; A$CC) 
FTnN°I 
11 f-1"1- ( t. > '-·1-a < c > r 11E 1~ <'080 
F·n1N J ,"lt-IC()fmt:::cr r.u";:!IJr·ur _"THY AG?I HI <Y OR N>";Y:t 
II"' 'rf: -~ "N" on '(J-.-"11 " l f ff:N l lETUJ<N 
GO I 0 -:.:<) '70 
r·t< 1M 1 , "1;01mi::c: r "• • • • ··, n~n' 1 : nFr UflN 
l"llJt-1 1 :F'l'iltll,: JNr·t11 "'fcJ•w iln !!>llW l a <A,O,C,D t11' E l "J A:~(C) 

r-n1 t~1 

tr. A.t: cc> .- ((-t(l : l illl'N P IHNT,"COflf\ECl • Ml!MM"1HF.TURN 
uu rn ~;c)r:; 1:1 

5 OUE!:lTIONS JN (ltHJ l"llCfmr.rnL AGENTS 
: : : : : : ; : : : : : ! : : : : : : : I : i ' J t : : : : S : : : : : ! : : : r I -= : : : : : : : : : : : : : I : : : : : : t : l ~ : I I 

1.~Jfolch m1P. of t·l 1<? follmiing dnlCJ!':- io; mismatched >lith the lndicatl?d action 
c:u- n i!ac t i un assignl1d t.o l l ',' 

fl) r·ecti c i l fin -- b;u: tt'r i c id ,> I 
0) GuJ fwwmidP. · Jrn1:l.r1r· io«t.-:d. ic 
Cl Te l r ilcyr. l inc ·- 1-,1- n'1rl r. pncti- um of uct i vi t y 
I)) A111i110~1tyi:rrni den - br-oad ,;pectn_om of act: ivity 
E) Nonu o -f thP. abovu . 

Your- a11'<wcw i. <:> (ll 1 B,C , l) pr El? D 

CPflHEC T u u -x 
1 11!::' l11I t1 111 1 1 1: 1 11: I I I: 11tI:I1 11: I : I I J 1 11 1 1 1J I 1111 111 1I1111 1 11 1 11 

'?. .l•lh ,;1 t l !li (ifflll I.he i.llhun taqn<a> of u ;; i11y c:ombi rwd ontib i otic:si? 
A> E.11l1a 1.ct:d lfH ,r;,pe 11Uc nf -ficncy. 
0) Eliminutlon of tnHlclty. 
Cl IJe l i\yl11q of lhe •1mc1 l)C'nc:e of b;11_ l er- i ;1l re!il i; ti'!nca . 
I>> i i , IJ .111d C 

n> fl " ' "' c 
Yottr a r1HWP.1 l « <A,n,c , D or E>? E 

c1mnrrc1 • • x M M 

: : : ! I ! : :! I I I:: I ::::: : 2:: 1 ! : : : : : : I 1:: IS: !:: 11 111: ! I J 11 1 1t I ll :1 111: ! 111 1 & 

-J . l l w ind l c:iltion<HI for p r· o p h ylai:tl.c l:t·•!ilbnunt ~1l l: f 1 antlb.lot l c h; <e.rel t 
A> ID prul P.c l. tlof? lienr- 1. l 11 d t•,L•mali c paU en ts. 
I ~) 1'1J pro t~c t p ;,, l:iP.11t!; -~d l h liacter-ia l unclocarrl itiR . 
C> l'o pr 1~vP.nt. ti.1h1?r cu losi ~ . 

D> A,B .mrl C 
F.: ) I\ A)ld I) 

Yow - a c w>r~·r i r. CA, fl, C, U 0 1· E )? D 

C:ORHEC"I K K K ~ ~ 

: : : : : : : : I : : ! : : : : : : : I I : : : : : : : : l : : : : : : : : : I : I : : I : I : : I : : l : : I I : I I I I I I I I I I I I 
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ti .. ' J YI 1 (flO) 

ti. ~Jf\l.r.fl I.If l'.hfl f o l lm·ltll0 i\\jl!lll' !I h ; o"\ll l11l: r,:g tl11;.t\ Mrll:lSPfltiC7 

()) r ·t. t l11•l r l sul r ... thi <1zot •: . 
Bl NI. trnfurantnin. 
C> N«lirll :de: ar:id 
I>. M•?th•mmni n e . 
E > Noli a o f thi? nl>ovu . 

Your an9~Jer· l c; ( f\, J.• , C, IJ or E ) ? A 

I : ! ! ! \ S t t : I : I : : t t : I I : : I ! : t e : : ! : : ! ! I : ! : J I I I t I I I : ! ! : : S I t t : I I I I I : : I : I ~ I I I 

~; . Sulu; t. ance:~ t:hat r ·1-nu:!mh l •?~ 
of a r1l: i huc tr,!r\ <:11 ar.U vl 1.y 
A> CBrh~••iupin~ . 
C l F.l.h c:!' n :t tnd d'!. 
El tlaim ,;, tllf? afJovr>. 

ccmm::cv ..... u 

;;111 forwmide in !Jtrucl.urn but in dnvoid 
i llC I llUPS I 

F!l rotbul:amida. 
I\) f111d l: r I pt·yJ i ne. 

I : : : : t I : : : : : •• I : : : : e : l : : : t r : : : J : : : : :. I : I I I . I 1 : I I I ... c t I I I : I I : • I I 1 : I r , : t I t I I 

'rrJllf ~ fOl'f\l HC!lf~E J !) 5 

Want l: o l:ry "'Jain r1· 11m thf! IH1qi11nl.11g (y 0 1- nl? N 

Dllnfl 1:\-r-. •• • •.... . ! a~ r:: vou Al:ilHN • 

89 

1. I .J ., • I .J ., .J 1 1 ... • ~ ... I ... ~ 1 ... J II • I • 
~1n u7Uff'U.JYI 1 ~1mlVIL1ufl'3YIU11YIVIYI 2050 Vl!WD'fnff-3 gosub L'll1'lf1[JLYHJff'3 L~Lfl1El'3 LuYl1 

d • dA o A o ., o dA I ......... V " ... .,., 1•' d I' 
'31UYI subroutine YIJ.Jfl1ElliU1Uff1~1Ufl191EJUYl~VIMlfl::'llEJ L1Yl1EJJ.Jm:: LVlfln1fm:: u1LLn1J.JYlffJ.J\j7'14LLUU 
., d I 1 ... ., ., I I \I. f..r 
V1'3YlnA11 LU91EJU91U V1'3911EJU1'391El LUU 

2050, print "INCORRECT ***" : gosub 3000 

2055 input "TRY AGAIN (Y ORN)" : Y$ 

2060 - 2110 L~jjEJUL~J.J 

3000 on C goto 3100, 4100, 5100, 6100, 7100 

3100 • Description for question no.I 
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3200 if A$ (1) 

3300 if A$ (1) 

3400 if A$ (1) 

3500 if A$ (I) 

3600 if A$ (1) 

3700 return 
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"A" OR A$ (1) = "a" then print "t11aliu1ui1EJ I A" 

"B" OR A$ (I) = " b" then print "t11aliu1ui1EJ I B" 

"C" OR A$ (1) = "c" then print "t11aliu1ui1EJ I C" 

"D" OR A$ (I) = "d" then print "t11aliu1ui1EJ I D" 

"E" OR A$ (I) = "e" then print "t11aliu1uilt1 I E" 

4100 ' Description for question no. 2 

7100 ' Description for question no .5 

7700 return 

lUlltllll~ "Penicillin inhibits cell wall synthesis = 

kills bacteria" ~ ..lv :: Lth4t11a~u1u'lJt1..l~1YIEllJ 
-Ua I A LtluGi'u 

q 

., .J 
1. lJ11'YIYl'YI 3100-7100 

A • - I 'I.I ..J- d A 
f) ti 1.J1LJH1Vt 1 UlLYlfl::'lJfJ'YIUmY mnLflf) nYltllJ 

2. m1nY1~ 3000 Lllum1tt._.,1~Lfl~f)'lflfJl.IW1LYIElf 
\ltl O A O ., I d ., d 
~ Vt1fl1fJ1ilJ1Ufl1YltllJ'lJfJUfJU'YllJ11'YIYl'YI 3100-

3700 li1v.fut11mllila 1 ufl::unnYi~ 4100-., 
4100 · fi1v.f ut11tnll'llt1 2 1rn::LUUL 'lluitqja 

11 tl 
J. .d - .J • - • 

L1fJLJ ') vUCl'IU l'l'YIYl'YI 7100-7700 H1Vt1Ufl1 

tnllilEJ s tY1mLqjfl::fi1mm ::Gi't1..l~~1LJ11 

unfln1flYIEllJNVl 1uiJmfou 1Yl nv::t11ilJ1ULVt~r.rn 

~i'.lYi1wumru L'llu c11unftn1'1L~EJn-U'a IA 

J. - 'd . .d - .J Lfl 1 El ..lfltll.1Yi1LY1El 1v..l'1::l.11'Yl1..l1U'YI lJ 11'YIVl'YI 

3200 LLl'l::lLHYl..l~1ElliU1U'lJtl..l-U'EJ I A ~EJ if A$ 

(1) = "A" or A$ (1) = " a" then print 

~lodi.:i~ 2 Llluttl11Lnn1"1l1u1um1Lnu 

.cir. - A - d nu 11l.lfl::LL UUHtllJ1'J11 LflH'J11 'YIU1'lJEJ'IUnL 1LJU 
' ., .. .J 

\LYl'r1U'YlVt11 (UYi'YI.) 'llulJ'YI 3 
., 

n11HfJULJfJLJVtfl1Uflf'l~1UnU 

.d ~~I., 
<J!..lYlflfJYl'Yl..lul.I 

tviLJli1fl::LLUU 
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1. 1 .j .. I .. I A J .J I .J " #'.C • ... 
u 'llO'l2"1 2 n 1'H 'IJU\\ u'll\O'Hl111li11lJIHll\'Hl~1fl::UUll\\\flUllfl::ff1ll\1JU-311JUl.J1~1 !1\m 'l01.I n1'll 'lU-lfl1~1Jfl::lmW'l1 n 

\J .,, tl~1~111111nff'111YIU1'1JO-lllm ~ Ulll\YiYlrJYl~1'l 

2(10 IJJ M 1' !70 , lOl , SI JM ( JI)) ,f\11(10) , Sf (JOl ,SU! I Ol ,f\V l <70) ,Y!70l 
205 CLS 
2 10 lNf'l ll "EMTEH, NllMOERS OF TESTS ";T 
2:w PRIMr 
2 :50 IMPU r "EM rEH HUMfCFRS OF STUDENTS "; s 
2:55 Pn I M I 
7. '10 FOR M"-' I r{l T : SllM<Nl "'(' 
2 50 FOil M~ I TO S : RE'f\O P<M,Ml 
2 5 1 nf\1n 6 0 , 7 6,7'1 , 7 0, 5 d,66,62 , 6o , 7 2 , 66 , 7 2 , 5 6, 72 , 6 2 , 5 B , 62 , 5 '1,56 ,62,'1 '1 ,76 , 66 
252 Df\rn 58 , 50 ,b'l, 70 , 50 ,60 , 7'1, 52 , 6 0,83 ,69.5, 79 . 5 . 5 9.5,65, 52 ,7'1.5 , 81,88 , 69 
25 3 onTA 6'1,'11,00,13, 77,5,75 , 7q~50.5,61 , '17 , s3 , 5 '1, 65 , 67,68 . 5 , 72 , 60 . 5 ,'19 , 00 
2 5'1 DATn 01,67 , 7 0.03 , 6 2 .50 , 52 . 0 8, 3 7 . 9 2 ,62 . 5,'12 .92 , 53 .75 , 61. 2 5,77 . 0 8,59 . 59 
2 55 nnTn 63 .33 , 115.B3 , B0 , 5A . 3~ , 6~. 5B,53 .75,53 . 33 ,53 . 33 ,45,~5 , 74. 11,ss . 0 3 
2 56 onrf\ 5 2 . 9 2 , s 2 . o o,63 . 33 , 6 t . 67 , '12 . o0,11a. 33 , 72.5 , 6B . 7 5 , 60.83 
257 r>nTn / 6.25,70. 33 , 02.5,72 :00,61.oa,511. 11,12 .00,60. 0 3 , 0 3 .33 , 77,92 ,111.11 
2 5 8 DA rn 5 3 . ~3 ,87. 08 ,67 . 5 , 10 . B3 , 75,50 . •l 2 , 6 3 . 33 , •l 5 . 112 , 7 0 . 83, 78. 3 3 , 57 . 92 
2 5 9 ll1il n :::i7 . OB , 68. 33 , 72 . 08, b I . 67, 1,3 . ·; 5 ,52 . 08 ,83 . 33 , Ti. 0 8, 70. '1 2 
28 0 SIJl'ICHl = SUM <N ) ·• P <M , Nl 
2 R2 MF Xl M: fW<N> ~SUM<N> / S 
'/.8 •l Tf\IJ "' TAIJ +AV !Ml 
2 86 NE XT N : TnVl a TnV/T 
2 88 FOR H= l ro r :ST<M> • O 
290 FOR M= I TO S : Sl <Ml mSl !Nl + <PtM , Nl - f\VINll A2 
3 00 NEXT·M : SD<N> • SQR!ST!Nl/( S- lll:NE XT N 
3 03 l-irJSLI IJ 3 (l(H) 

3 05 CL S : l<E Y Or-F: (10 SUU ';WOO: GCJS UI c J 000 
3 10 Pr.: nn ',"SCIJllE": PRlNr " NO"; 
3 1:.! rrm 1-1~ 1 ro :r:PR!H I US ING " ll ";N; : NE XT N:PP. TIH " 
3 15 GOSIJB inoo 
37.(l r:on M- l 'I 0 S: (\IJ I (I'll '~ I) 

325 PRINl US ING "tttt. ";M; 
330 r-rm M= J TO T 
3 '1 0 PRINT US ING "Ull.tftt ";PU:J,N>; 
3 '1 ?. f\VIIHl ~ f\VllMl •P<M,Ml 
350 HloXT N 
355 PRIN'l lJS H!G "tttl.U11";A\.' I (Ml / T 
3 1'1) MEX T M : 1~ 1u N r : GI ISlln I 000 
370 Pr<lNr "(·,V." ; TnB< 6 l;: 1- nn N~ I 10 T:PRlNT llSlM('; "lltt.lltl 
•100 PRIMT " S D." ; rABCI,); :l'IJR N~ l TO T:PRINT USING "H ll. 1111 
'110 PRINT:GOSUO 1000 ' 
•l 2 (1 PR I H I "Tnl<d n cL•1 l' 1111';.0 11 " "i: PR INT USING "111111. lltl"; lAVJ 
•l23 r-on M= l TO S : rs = rs1 (((\IJJ(Ml/rl - TAV1l·" 7. : NEXT M 
'1 25 T SO • SQR <TSl <S- lll 
•12 7 Pl<lHI "ful_;tl s corr. 5 0. = " ;:PRHlr US ING "tl ll tl . tl ll ";TS U 
'1 ~)0 PRIM r : OllSUB tunn 
'190 JF C - I lHEH ENO 
500 · snn r r NG TOT AL sr.om:: 
~20 FOR l~ J 10 soon :NE XI z 
5::.> J CLS 
!'i2 5 PR I N'I : !'iUSl Jrc ?.0 00 : t~!1Sl ID 1(1(1(1 

5 '10 r-rm M~ t TO s :Y<Ml = l·llMEY.T N 
570 r-on l = I TO S - 1 
~BO FOR ~ n l TO S - 1 
5 90 Ir: f\1/ l ( J 1-1 l ( AIJ I ( .) l THEM 61 0 
1,00 Sl·lf\f"' f\IJl <.l + ll, AlJl(.ll :Svlf\P Y( ,1+1l 1 Y(Jl 
61(1 MEX'i J 
b l 5 ME X-I I 
620 f"RINT,," SOl< flNG SCORE " 
6 .30 PRIM r, , " ---·· -· - - ------ " 
635 Pr<I~IT,"Mn . ",," SCOl<E " 
6 •10 FllR x~ I TO s : PF: HI r. 

(WERAGE " 

";AV!Nl; : NE XT N:PRJIH 
"; SD!Nl;:NE XT N:PRINT 

6 :.o r r< IMT us I NG "1111 
660 ME XT X 

illl. tt"" ; y ( x) ' nv I ( x) IT 

? 0 0 END 
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hJ,110111~ 2 (~O) 
1000 UNDERL INE 
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J OI(> F Ul1 I( - I TO 70 : PR CNT '"'"' ; : Ml: XT I( : PR I MT 
10 2 0 11ETURN 
2 0 00 ' Pl1 l N r ~~AU l ~G 
',1 (1 11) Pn ("' r , , 00 r ·111mM/'ICOUlGY r::xAM" : r1~ I N r 
2 •.>2 0 l<E I Unl·I 
:50 0 1) . S f- I .E CT l lP r r flt.I:> 
3 005 P IH Mr: PR I NT ... PL E/'ISE SELECT vmm CllO 1 CE /'IS F Oi LOW' 
3 0 1(1 P l<I MI " I. C/'ILCl fLffl E MEAN /'\Mil s .n . ONLY" 
3 (120. l'l~ l HT " 2 . C/'11.ClflJll C' MEf\N , S . J) . /'\Mll S OR T TOTf\l. SCOllE " 
3 0 3 5 PR INT 
3 (1'1 (> I NPllT " YOlfll CllDJCE I nn 2 " ; C 
3 050 IF C< I OR C ) 2 'lllEM ~O l O 

:C:070 RE1 Ul1N 

.d 
vnnrn lHffl -lfi1 X llfl:: S.D. 'IJO-l011ff0Ullvlfl!:fl f-l 

' - ~ ua::m x l lA:: s.o. 11l1'1Jo.i01rnou 4 flH 

'r'li'Ollfl::lLmMrimi'.Ju * '1Jo .i1tm1umn~riu 
I ,,j t ..!" 

Yl~11 llflfl ::"1tJllJ0011ffOU 4 fl1-lffU!lfl fl-l 

PHARMACOLOGY EXAM 

SCOl'IE 
NO 2 3 '1 /'\VE RAGE 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

l. 60. 00 8 3 .00 70 . 8 3 76 . 2 5 72 . 52 
2 . 76 .00 6 9 . 5 0 6 2 . 5(1 /l:l . 3 3 7 1 . 5 8 
3 . 7 4. 0 0 79 . 5 0 52 . 08 0 2 . 50 7 2 . 0 2 
4 . 7CJ. (1(1 59 . 50 'Sl . 92 72 . 08 59 . 88 
5 . 58 . 0(1 6 5 . 00 6 2 . 5 0 67 . 0 8 6 3 . 15 
6 . 66 .0(1 52 . 00 '12 . 9 2 5 '1 . 17 53 . 77 
7 . 62 . 00 74 . 5 0 53 ~ 75 7 2 . (18 6 5 . 5 8 
8 . 60 . (II) 81. 0 (1 6 1 . 25 6 (1 . 8 3 6 5.;.;J 
9 . 72 . 00 88 . 0 0 77 . 08 8 3 . 33 80. 10 

10 . 66 . ~10 69 . 0 0 59 , :;9 77 . 92 68 . 13 
11. "12 . 0 0 6 4. 00 6 3 . 33 7•1 . 17 68. 3 8 
1 2 . 5 6.00 111. 00 •15 . 83 5 3 . 3J 11 9 . 011 
13 . 72 . 00 8 8 . 0 0 8 0 .1) 0 87 . 08 81. 77 
111. 62 . 00 7 3 . 00 58 . 33 67.50 65.2 1 
15. 5 8 . 0t) 77 . 5 0 6 4".'58 70. 8 3 6 7 . 7 3 
lb. 6 2 . 00 ·; s . oo ~3 . 75 7 5 . 00 6 6 .1111 
17 . 5 '1 . 00 7 '1 . (10 5 3 . 33 50 . '1 2 57. 91\ 
18. 5 6 . 0 0 5~ . 50 5 3 .. 3 3 6 3 . )'>3 57 . 7 9 
1? . 6 2 . 0 0 6 1. 00 11~ . oo 45 . •l2 53. 3 6 
20 . Il l\ . 00 '1 7 . (10 1\5 .00 7 0.03 5 1. 7 1 
2 1. 76.00 0 3 .00 7 11. 17 7 11 . 33 7 7 . 88 
22 . 66 .00 5 11. 00 55 . 8 :5 57.92 58 . '1'1 
2 3 . 51:l. 00 65 . 00 52 . 9 2 57 .08 51:1 . 25 
2 '1. 5 0 . 0 0 67 . ( i i) 5 2 . 08 6 8. 33 59 . :.55 
25 . 6 '1. 00 68 . 50 '13 . 3 :3 7 2 . 0 8 66 . 98 
2 6 . 7 0. 00 7 2 . 0(I b l. 6 7 6 1 .67 66 . 3 1\ 
27 . 5 0. 00 60 . SO 42 . 0 8 6 3 . 75 5 •1 . 08 
2 8. 60 . 00 1\9 . 0 0 '18. 33 52. Ol:l 5 2 . 35 
2 '7 . 7 11. 00 BO. 00 7 2 . :?JO 8 3 . 3:5 "17 . 116 
3 0 . 5~~ . 00 8 1 . (l(I 68. 7 5 77 . 08 69 . 7 1 
3 1. 60 . 00 67 . (H) 6 0 . 83 70. •l2 6 '1. 5 6 

~~~~~~~~~~~~ ~----~~---------------------
AV . 6 2 . 6 5 68 . 6l 57 . 9 2 68.53 
n n . 8. 2 8 12 . 1 1 10. 68 10. 78 

--------------~·~-~---~------------------To t·. a l s c ore mean = 6 '1.43 
Tota l s core SD. = 8 . 67 

-------~-~--------------------~---------

fl11H~ 2 llfffl-l011l1U-lH1~Ufl:: ll\\ll~-l~flO-lfl1~~'1JO-l 
um1uuum1ur1~11twifuil1~uitm1ummriu 

.l ,., .l 
r1~11 Lfl'llrl 13 fl fl ::mmLQAU~-l~fl ua:: 

um 1uUUYlr1Url~11lfl'IJ~ 12 1ii'fl ::uuum~u 
fl1~~ 

P~~RMACOLOGY EXAM 

SOR'r I NG SCORE 

NO. SCOr<E. 
13 81. 77 

9 80 . 10 
2 1 7 7 . 08 
29 77 . 1\6 

1 7 2 .52 
'7 
0 7 2 . 0 2 
2 7 1 . 58 

3 (1 69 .7 1 
11 68 . 3 8 
1 C) 6 8 . 13 
15 6 7 . T .5 

25 6 6 . 98 
16 6 6 . '14 
2 6 66 . 3 4 

8 65 . 77 
7 65.58 

1'1 65 . 2 1 
3 1 6'l . 56 ..,. ,, 6~>. 15 

IJ 59 . 88 
24 59 . 3 5 
22 ;;e . "IJ 
23 58. 25 
17 57.9·1 
l B 57 . 79 
2 7 54 .08 

6 5 3 . 77 
19 53 . 3 6 
2 8 5 2 . 35 
2 0 5 1 .7 1 
12 '1 9 . 0'I 
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