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Effect of Ginkgo biloba Linn. Leaf Extract on Peripheral 
Blood Flow and Bleeding Time 
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1 Department of Cardio-thoracic Technology, Faculty of Allied Health Sciences, Naresua11 University, 
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Abstract 

The effect of repeated oral administration of Ginkgo biloba leaf extract on peripheral 
blood flow and bleeding time was studied in male Wistar rats. The extract at various doses 
(12.5, 25 and 50 mg/kg/day) or pentoxifylline (200 mg/kg/day) was administered to animals 
for 12 weeks. Plantar blood flow was measured before the start of the experiment (week 0) 
and then 4, 8 and 12 weeks after the extract or drug administration. At the end of the 
experiment, bleeding time of animal in each group was also dete1mined 

The results showed that plantar blood flow increased dose dependently in all groups 
treated with the extract but not in that treated with pentoxifylline. Plantar blood flow in a 
group receiving a medium dose extract increased by 52% (P<0.05) at 12 week after the 
administration. The increase was observed earlier in a group receiving a high dose and the 
increase continued throlJghout the experiment with a maximal increase at week 12 was 73% 
(P<0.05). Bleeding time of rats receiving a high dose extract w~s longer than that of the 
control (P<0.05). The present study suggests that people who take Ginkgo bi/oba L. leaf 
extract as an alternative treatment should be aware that any disorder in bleeding time might 
occur if the treatment is applied for a long period. 

Key words : Ginkgo biloba, plantar blood flow, bleeding time 

Address con-espondence and reprint requests to: Suchitra Thongpraditchote, Department of 
Physiology, Faculty of Phannacy, Mahidol University, Bangkok 10400, Thailand 
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~~Ol'n fltl'llh::~lf:i L'lfOl ' fll'lJ'lUl '.>0101\'l'l ' tpYI 1'1\fn'l::'ll'I ' mqJ U>.J \'N1'lfl ' 
Cl.I '1 d Cl.I J 1 
'lGlm m~Hm , '4'1Jlf1U>.J FJ.:i~nYlm::oa 

1 mV11'lf1ff111nu1 mu::1mf'lfmffui{ um1nmcfmJu~~ 
2 mf"l1'lf11m1fo foui11,11m::nn.rnn fltu::ffnn'lfmffvi{ um1nu1cfuw1m1 

unA'~tiri 

m'l%'uifl~AnmqflB'1rn.:im'lanY1-.i1n 1 uu \J::n1uoitlm'l l V1miumat1Y11 tll~tmbutJaimla:: 
'l::u::na1lat1Y1t1t1n 1 ull\flm 1viutlt1um'lanvi lrnLu::n1utnnvi 12.5, 25 Lrn:: 50 >.Jn.1nn.1i'u 'Yl~t1 u1 

pentoxifylline 'lllflYI 200 >.Jn.1nn.1i'u OiY1Glt1nUYJni'mthJ'l::EJ::mn 12 atJY11l'f lYltl~mOml'l 1\llallEIU 

Lat1Y1~u"1nruihLli'1'1lv.:iV1~m1nvum'luvuai'l (atlY11l'i'~ o) ua::ml'.:i-.i1numH11'lmu 4, s Lrn:: 12 

atlvi1l'f 011>.Jal~lJ lla::l~tl~U~Ylnl'lflYlatl'I i'm::u::nallatlYltltln 1 U\ll~n~>.Joll'I 1 ~1tJ 
~rnm'lAnmwlJi1ai'lanvi 1 rnL \J::n1uiiqYJBL ~>.Jtl"1mrum'l 1 'Yla LiumatiYl~r:hL l11'1lti'l'Yl'IJ'll11 tviu 

LLtl'lrr1,tvium.:inu'llmY1'1lv.:iai'lanvi~v mnvi 25 >.Jn.1nn1i'u. lii l~tl~mrum'l lV1aLivmatiY1~i.hLli'1'1lti.:i 
_,: J' "'. I .-cl ' ., ., ~ ., "'"'1 "ti .-.J • I d \llU'll11l\'nnnJ-.i1nauY11wr1 o tlEJ1'1>.JUEJn1Fl'lJ'Yll'l'1flGl 1Ja Y11wn 12 u'l::mru 52% (P< 0 .05) ua::l>.Jtl 

" 
1ll'1irnmvi~a.:i~mtlu 50 >.Jn.1nn.1i'u \•mi1tl"1mrum'llmniumavviL~m\~>.J~u1uatlml'i'~ 4 tl'l::mru 

" 
61 % mh.:iiilruai~ClJYrnaiiOi (P< o.05) m1::u.:iFJ.:iuaY1.:i~rnL\~>.Jtl~J.J1tum'l l'YlmiuuLavY11Ju1.:iG1m~t1.:i ltl 

GlatlYlfll'lflYlatl'I 1Y1m\~>.Jtl'l::>.J1tu 71 % ua:: 73~{> luatlml'f~ 8 ua:: 12 Gl1>.Ja1~fo (P< 0.05) ai\llfo 

1 ° ..,: 1 ., .. cloJ " 1" ..J !S .. Ell pentoxifylline J.JalJ.Jl'lfll\'l>.Jfll'l \llal1EJULatlY1Ylr· ll'Yll\ll~ YI n1Ur.Jatn'lv1nlfl'l::EJ::nairnvYltltln 

''1ui1mJ'll11n~J.J~l~{uai'lanY1 lrnLu::n1umnY1a.:i ( 50 J.Jn1nn1i'io iiFi1'l::u::na1La!lY1!11Jna.:ini1n~J.J 
" ' " " ' 

A1lJ~J.Jvti1.:iiiumh~qJm.:iaoOi (P< 0.05) 
.., l: veil .,.., ., 1 !'l "' ' ' d ~I .., <t ... ti "' Yl'lim NY! mrnn'lanvi lJLLu::n1u'1JmY1a.:ivm.:i01mirn.:iLum::u::na11rnJ m'l'l::1.:iri.:im1m·JY1 n01 

" " .. " '1ltl'l'l::EJ::na1rnvY1tlvnmu 
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l'lui1 m1anQ'l 1uutl::n1EJjjqnBuuB~m1Lm:: 
mf JJ'IJ tl~ LO~Q'l La tl Q'l 7 -
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YIQ'liltl~ l'ltJi1m1anQ'l 1 uutl::n1 t1jjqYIB'IJElltl 

'Yl~tlQ'lLat1Q'lLLQ'l~LWt1f (pial arteries) lm1JJ111 

LWJJm1 l'Yli1Lit1mavQ'l ltJL~EJ~nJJt1~1 irnu'IJ1112
• 
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1rn::~il1t1~ihl f\J'Yllnl11 'YlmimnavQ'l h.h~EJ~ 
..J11•tJ 19,20 1 .,... ....r ... n • illEJ 'YIJJVlnl1Q'l'IJlJ LLil ::JJ"nt1~1ui1 

YJ .. " .. 1 .J " "' 1\Jnl)LOQ'lOVtHilvQ) lJLEJv'YIJJnJJtl~'IJtl~r·IU1EJ 2 
.J • \I 

11EJ L1rn~-v1mn~Q'lLavQ'ljjm1'ri1n1JtiQltJnQ121 

m1A n1:11 r~ il'IJv~ 1 u LL iJ ::n1t1~ ti 0111 'Ylil 

LiEJuLavQ'l 1 tJL~t1~ri1utlmt1u~."irt1t1 ~1 u fl.fl. 

1990 Jung LLil::flru::22 'ri1m1i~t1lummmi'm 

LQ)EJ 1l!.;'m.h::mu1 \JLL u ::n1EJflf~ L~EJ1tl11nui1 
.., ' J'q 4 1 "" 1 .J • mmm.1mmi11umilt1Ql 'YlilnEJu tlnti1m1~d'iJJ 

J' .J d 1 ~1 .J ... 
'IJU 57% W~L'Ylur.rn mn JJ~Yl 1 mwnn Mfo 

a~ulm u~l,jjj'llt1>Jmfit11tiuqnB'IJt1~1rnLtl:: 
"' I 1 q 4 1 V .,j mt1V1vm1 'YlilL1EJULiltlQl tJLifo~ri1utJmmJJt11 lf 
~tJtl<:u\I\ ' ' .J .., :: 4 ' 1 .J • .u,,11rnt11~Glm1rn~ Ql~lJlJv~mmJ vYlv:: 

AnmqnB'IJv~lrnLu::n1v~am11'YlmimnavQ'l1 ti 
.r 

L ii El~ ({ 1lJtiii1 ti LL ii:: 'l:: El :: L 1 ii l 'IJ v --3 La tl Ql ti tl n 

(bleeding time) 'Yla--lv1n lQHum1anQlnllul l'11d • 
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' • ...J fl tltll~Gltll lJtl--3 L uu1::v::nmmu r.n~EJ~~Am:fl 

qn~'IJt1--lm1anQl 1rnLu::n1v~t1m11 ~miEJmatiQ'l 
1tiL~t1~ri11JtJi11t11 uaQ11YIQlil ti~ LQlvu t1ua11anQ'l 

'IJlJlQ'l~l~ 11 U'YllJ'IJ11vU1'3~ m dti--l L llm::v::nill 

12 ;;/tl" ., 1 ..... .J." " Q'll'YI LLn::1Q'lnl1 'YlilL1EJlJLiltlQ'lYlr.hLYll'Yl'U 

m1 l uatJQ11li'L~llolUnmm11Y1Qlilt1~ ( cttl Q'l1l.f~ 
o) LLi1::cttlQ11'1~ 4, s ua:: 12 V1a--l-v1n loifom1 
~U U 1 ~ d V 

"OQ'l LLil::1Q) fll )::EJ::L 1 ill'IJ tl~ rn v Q) tl tl mll vH'U ({Q) 

m1Y1Q'lil a~ oi'1t1 L .. ~ m~~-v1ti1a11anQ'l 1 rnL tl::n~v 
.. .t.:. 1 .... 1 .r JJf]Yll'iLYl)Jnl'j 'YlilL1EJ1HilvQ'l tJLi1t1'3ri1utlmt1 lot 

'Yl~v hJ LLil::m1h"luutl::n1muunmmu-v::'ri1 

1 li'LnQ'lmlJJ tiQ'lU n Ql'IJ tl~ 1::t1::L 1ill La tlQl tl v noi'1t1 

'Yl~vhi 

'llri>JmhA''lJffioi-v1nm1i~vdmm1mh 1 tJ 

l?ftJ1:: Ltimrm~ m1LL vmuL v1a.;'mntiur%t'.hv~jj 
\I 

m1,JtiQltJnQ1'1Ja~m1 l 'Yli1Lit1mat1Ql ltJL~v~ri1u 
tlmv 11JJ~~ilt1--l ti1un1::LL mn'lf t1u-v1nm11'11 

a~ulw1LllunmL{t1.;'--l GlilvQlv'U'lht1lum1 

tJ1::dhn1-v~v Ltmrn::ilv~m~EJ~~ tin'llmvrn ti~ 
U1 ::'1fl'li 'U~U EJJJ1'1fL \JLL iJ:: n1t1 nU~l nmvl 'U 

il-v-vuu • 

Cl.I .. "' " 'YllJ'!ll1vm~ Wistar mAr;i tl1m1n 100-

11 o n.;'" ~1mh11naV11'Yl~ilt1--lLLli--lmQ1 mmt11 

llminmav~ii~il, m1anQl 1 uLLtl::n1t1, pen-

toxifylline (T.O 

tobarbital (Zuellic 

Doppler Perfusion 

Instrument) 

1iim11~v 

chemical), sodium pen-

pharma LTD), Laser 

(Model DRT4, Moor 

1. qnifvcN«n«nvi 1rnd1::nwuiDm'i 
hm(iuu 1 tldf m ff'J uthnll 

i'Q'lm1 l 'Yli1Lit1uLavQ'l~u~nrur.hL l'i'1'Ylu 
"" .. I --~ d c: ., < ' v " 'IJ11 (nuQ'll'YIYI 0) 'll~LUlJnUQ'll'YIL~)JGlUnl'l 

nmrn~ -v1mf1mti~'Yl,J'IJ11LU1J 5 n~ll ~~if 
- n~JJ~ I il~mhLt1~1Lllu·n~llmtJfllJ 

• • 
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- naJ.J~ 2, 3, 4 thm1ULlU::n1EJtJ'lflVI • 
oh~ 1 3 tJ'lflVI fit1 12.5, 25 ua:: 50 J.Jn.1nn.1 
... . ... 
1\J O'llJ.Jnl~U 

. ' .J ~ .J.,, ,.( 
- n~J.J'r'I 5 umHnrn1m~lU'r1J.Jfl'r1B 

l ~J.Jm'i 1 "Halimaafl~ l i.h~u~ri1m.la1u fifl 

pentoxifylline 'll'lfl~ 200 J.Jn.1nn.1i'u 

ilflmm 11rnm~oi1~ 1 ua::i1flmf11unaJ.J • 

• :: .., .:f 
Perfusion 'r'llO'llJ.JVlJGlmJ~~lJ 

- li11lf'H'd'1'1ULGlEJUYI sodium pento­

barbital 'lJUlVI 50 J.Jn.tnn. 

- ~YIUflU«l'ioil~ 11ui'lJ'r1Vlnfl~ 

1 m'l liEJUla flYl~U~l 1ll!r'.Jil n1'1f1EJ'lJ fl~'HlJ 
v 

1Lfl"n::\f oifl hi 
l i.J~EJUL iiEJUAlnl'j 1 "HmimHaflYl~U~llfil 

~hln1'llfl~aGli''r1~Hrn~~ai.Jmioi1~ 1 ~~na11nu 
A1riflu01'i'r1Y1afl~~ai.Jmi~ o 'llfl~naJ.Jl~rnn1J • 
na::'i::"Hi1~naJ.J~l~-rum'ianviLrn ::m'irl'1~il~nu . ' 

naJ.JV11Ul'1" • • 
,/ "''I !'I"'' 

2 . CJ't161JiNff1"i'1MH UH u::mUV/tJ'i::U:: 

tW1tfliJV/iliJn 

ld fl aGli' 'r'I VI a fl~ lloi a::n~ J.J l~foa1'ioil~ 
1mu 12 ai.Jvi1\1 ua::i'YIA101'i 1 "HmiumaflVI~ 
u~n rur:J1 l n1mh ~~i'm::u::na1laflvifl flnmJ.J 

1Bflnlfl foEJEJ1~Lla::flru::23 fJflO~Vl~hl nl'HU'IJ11 
• v 

~1EJ 1 uiivil rn1{ 11 1 i'll'lflVllL~rni.J')::J.Jlfil 1 x0.1 

'l!J.J. (m1x~n) mi:: 1'1im::m'l:lmt1~ra'rnaflV1nuii 

ua::ra'rni'lm::u:: 1 Yin 1 o 1mii vulaflvi"Huvi . . 
l"Ha um::u::na1lat1V1fltlnL~J.JvY~lloinuii~LOGl 
mrnvum::~~ Laflvi"Huvi 1 "Ha L i.J~urniiuuA1'i::u:: • 
L1(11 La flGl tlflO'IJfl~ naJ.Jtfl~-rua1')anV1'1J'lflV1oi1~ 1 • 
m1::naJ.J~l~foai'jrl'1~il~tiunaJ.JmuflJ.J . . . 

,/ ... 'I fl "' ' 3. CJr1611i1M1"iffnvi LUtL ::nwuwnl"i 

'v~ry16111 fovtJ-J,., yvn 

Suchitra Thongpraditchote 

~~J 1"Hunoi'1'1Jfl~mrn11Y1ni'ul il m1a1 
v • 

12 ai.Jm\-1 Lrn::uufin H Li.J~uULiiEJUAltll'HUn 
oi'1ti fl~ "Hum1 mi "~1~-ru ai'ianGltim Gl oi1~ 1 

v • 

lrn::naJ.Jtfl~fom'jrl'1~il~tiunrlJ.JmuflJ.J . . . 

&>' I CLI I t .J 
vi~na11numnfllJ01'i'r1Vlnfl~'r1 

'llfl~nam~mtiulviu1'1i paired • 
Student's t test (one- tailed test) ua::li.J~uu 

L fiuu 01') 1 "Ha LiEllJ La flYl~ai.J m\f l~U~nU'i::'Hil~ 
naJ.J~l~foa1')'1nY1Lrn::«i')rll~D~numiJ.JmUfllJ . . . 
Tviu1'1i unpaired Student's t test (one-tailed 

test) fll'H foAl')::U:: L1 "1 la fl YI fl fl mLa::tl1 'HlJ n ol1 

'1Jfl~naJ.JiiL~fom'janvi'1lmGloi1~ 1 Lrn::naJ.Jtfl~ • • 
-rum')ri'1~ il~ l i.J~uu l iiuutiumi J.JmUflJ.J LVIU 1tl' • • 
unpaired Student's t test (one-tailed test) 

n1'HlJVl1i P- value < 0.05 lUlJA1llavi~m1J.J 

Lloinoi1~mh~ii11mhAC\J 

,/ "''I fl"'' 1 . CJ't1611i1-Jff1"iffnvi 'UH ::muu1 Dnl"i 

111mJuu 1t11iu .. uhuthnu 

01'jflfflflfl'r1~'llfl~ai'jativi 1 rnl \J::n1uoit1 

01'i 1"Hmiumafl~1 i.Jl~u~ri1ui.Ja1u LVIEJi'VI 

i.J~ mrum'i 1 "Ha liuu lat1vi u~ nrur~1 l ill1'dtJ11 

r.iam')'r1Vlntl~ll«Gl~1u 011')1~~ 1 lrn:: ii.J~ 1 
v 

' .J.'1 ., 1 il ., l1U'IJ11na J.J'r'lu t1ua1'ianV1 ml ::n1v 
v • 

'll'lflVI 12. 5 J.Jn.1nn.1i'u iii.J~mru01i 1 l1miuu 

la tJVIU~l1 ruih L i1ml~;.)l n 1~fo'11')'1nYll ~J.J~lJ 
uoi lrl fl l i.J~urn ii u um~ ail G1tiun'fllJ1~-ru a1'j 

( ai.Jm\f~ 0) \~Uil hJiim1J.JllGlnoi1~flci1~iiut1 

fl1AC\J'r1l~«oG1 (P > 0.05) n~J.J~Ut1U«1')'1nV1 
1 uu i:l::n1utJmvi 2 5 J.Jn.1nn.1i'1J iii.J~mru01'i 

1 l1n LiEJUlaflVIU~l1Ulrhl n1l11Jl ~J.J~Uflci1~iiuu 
v 

ll1A'C\!m~aMl 1Jai.Jvi1i~ 12 ~Vil i'Ju 5 2% ( P 

< o.o5 ) c~i.J~ I) riiu1un~J.J~tlflu«i'i«nVI 
1uutl::n1u'1J'lflV1 50 J.Jn.1nn.1i'u 1li'Nm~m\~J.J 
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tJ~J.nrum'i 1 lrn L iuu La!"loi flU1'3ih!mh~flJ't11'3 

... ""1 "'.I ,,J ... !11 ( < ) i'IClOl lJituOl1l1'Yl 4 flOlLulJ 61<}{> P 0.05 

La !"loioi' m ~ fl'31tJmrnoini'i'YIOlnfl~101tJL ~J.J~u 
71% lmttJOl1li'~ 8 Lrn:: 73% lmltJmli'~ 12 

Lm::V'3fl'3 LLil~N C·Hl nl'iL l~J.J\J':jmruni'i 1 mnitnJ mmi1~u (P <0.05) 

onn~~ 1 ~llil~fJ (MEAN± SEM) tJ~J.J1rum'ihrnLimHa!"lOl (P.U.) u~nrur:hL°t11'1J!"l~l11J'll110tllJlLCl:: 
l1~'31~fon1"j'IJ1J10loi1'31 mu 4, 8 Ll(l:: 12 a\Jmli' 

n1')LL(l::'IJlJ10lffl~ • J m 1 .. .. ... 'h ., c + ) fllLU(lfJ "jJ.JlruOl"j l1(1L1£.l\JLatlOl\J"jL1ruC· L'Yl1'1J!"l'3l11J'll11 MEAN - SEM P.U. 

-ru (J.Jn.1nn.1i'u) ... tJ ,,J 
a 011l1'Yl o 

... tJ ,,J 
(f Ol1l1'Yl 4 "'tJ ,,J 

(f Ol1l1'Yl 8 atJOl1li'~ 12 

' 104.28 ± 8.61 105.69 ± 10.17 104.48 ± 9.49 99.63 ± 8.80 naJ.Jm\JflJ.J 
' ' 

LLtl::n1u 12.5 119.12 ± 9.49 130.40 ± 14.64 127.53 ± 14.00 130.38 ± 15.20 

LLu::n1u 25 108.18 ± 10.35 138.27 ± 17.77 136.24 ± 17.13 156.73 ± 13.36• 

LLu::n1u 50 105.46 ± 12.96 163.37 ± 15.34* 174.11±16.70* 175.57 ± 19.05* 

Pentoxifylline 200 98.83 ± 12.94 111.83 ± 17.99 111.53±17.38 95 .94 ± 6.48 

100 * * 

*I ....... 1 ..... ................ . 
... ............. * 

80 -0-Control 

· · 1'. · · Ginkgo 12.5 mg/kg 

· • • · · Ginkgo 25 mg/kg 
60 

: · • • · • Ginkgo 50 mg/kg 

- ·/).- · Pcntoxi 200 mg/kg 

4 8 12 

-20 

.1.J .1 <d' .1..I . 1 1 .. ..... 'J v """'.I ,, 
~u'tl 1 Lu!"l')L'l1UOlnl'iLuammua~'IJ!"l'3nl'i l1anmHa!"lOlmnru~ 1L'Yl1'1J!"l~l11J'IJ11Ylnu0l1l10l1~ 1 'IJ!"l'3l1'J 

naJ.Jm\JflJ.J, naJ.Jffl~-ru pentoxifylline 200 lJn.tnn.tl'J Lm::naJ.J~1~foill')nnOl 1ULLU::n1EJ'IJ1J10l 12.5, . . . ' 
.., ~ "" .., " .. I ,,,J I .q .., 

25, 50 J.Jn.1nn.11u (• P<0.05 LJ.J!"lL'YIEJUnunu011l1'Yl o 'llti'3nam01u1mJ) 
' 
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,l' U'j fl"' I 2. fJ'Y162JENffT'iffM1'UIL ::mEJUllJ"i::EJ:: 

ne11cifovmtJn 

im.1nn.1i'u 01viGiunumu 12 ai.Jvi1li' ii~1 

'j::ma 1a1 L~ uvi u u n a~ ni1 mi innuvi" mh~ iiuu " . . 
a1~(\j'r11~nfl0l (P<0.05) 

3. CJntf21tJ'1ffnffnvi 1utLiJ::nwufonn 

C9~ryt Uiu f VI 2JlJ'1'1tf 21TJ 
J,, QJ4 !' .,., 

~inm'j'll''1Lrn::uuYJnml1tJnm'IJu'1l1tJ'IJ11 

(Ji.l~ 2) t•1ui1J1...,irnG11mNl1tJ'IJl1'flnn~"L'~" 
J 1 I d t 4U 1 , .. 
t1uum'1G1umu'1G1auvi'll'1'1na1m'j1~u ua:: im 

mi)JLLGJnGi1'1'>::l1i1'1l1U'IJ11na"~lGi'i'uai'janvi " . 
tJ'U16lGi1'11 l1~u 1Gi'fom pentoxifylline nun~" 

muvi"mh'1iii1ua1~(\jm'1afi01 (P > o.o5) • 

500 

400 

,.-.. 
0.0 300 .._, 
lj 
.2!> 

~ 
f 
l:Q 

200 

100 

0 

0 4 8 
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.J • .J + Ol1')1'1'tl 2 mLUClf.J (MEAN _ SEM) 'IJu'1')::tJ:: 

L1Cl1L~tlVltltlO'IJtl'1l1U'IJ11na)JmU~)J, na)JYhGi 
\I • ' ' 

{upentoxifylline 200 i.m1nn1i'u LLn::n~)JYhGi 
foai">anvi1uui1::n1u'IJlrn1 12.5 , 25, 50 "n.1 
nn.1iu mu 12 ai.Jvi1li' 

• .J ~ 
n~ll/'IJU16l'IJiHn1'j'tl ')::u::na1mumrnn 

lGi'i'u (im.1nn.1itJ) (imii) 

LLU::n1U'IJU1Vl 12.5 115.l ± 5.8 

LLi1::n1u'IJlnvi 25 11 5.6 ± 4.9 

LLi1::n1umnvi 50 122.s ± 5.8* 

Pentoxifylline 200 97 .6 ± 10.4 

... ~ -0-Conlrol 

• • '.& • • Ginkgo 12.5 mg/kg 

· · • · · Ginkgo 25 mg/kg 

· · • · · Ginkgo 50 mg/kg 

- ·6.- · pen1oxi 200 mg/kg 

12 Weeks 

'>i.l~ 2 tl1l1unG11'1Ju'1l1lJ'IJ11nii"YhGifoai'janvi1uu\J::n1u'IJtnvi 12.5, 25, 50 im.1nn.1itJ Lrn::na"~ 
" ~ ' ' 
1Gi'fo pentoxifylline 200 )Jn.tnn.ti'll Li.J~urnfiuunun~)JVJ1U~)J ru ai.Jvi1'1-fGi1'11 
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~.nnm'iYIVli'lfl-lf.Hl'!HNal'HltlVI 1 \JLLU::01U 

oit1m'i hrnL1mJL~flVI h1L~u-lri1utlmu vmi11 u 
' .Jn ... 1 !'l mpmumJa1'ianV1 rnLu::n1umnV1 25 irn.1 

nn.11u 't1~t1ihnnV1LU'U 10 Lfi1'1lt1-lffi'lilmrn ii 
r.JaL ~>Jtl~mrum'i 1 't1aL1mu~t1V1u~nrur'.hL li'1mJ 

t1ti1-liil1'ua1~l1JY11-lai'i0i1 iJatlV11t.f~ 12 ua:: 1 ~ 
' .Jn ... n't>JYlut1ua1'ianV1'11U1VI 50 >Jn.1nn.1i'1J 't1~t1ii 

'1JU1VILUU 20 Lfilt1t1-lffi'liluviu ~h1,.;'tl~mrum'i 
1'11aL1mu~t1V1L~m '~"tu mh-liiirua1~l1JY11-l 
ai'i011 uatlV11t.f~ 4 ua::U-lVl-lL l~>Joim dt1-l 1 ti 

V1at1V1m'lY1V1at1-l r.Jaffioi'tl'at1V1mi'tl-lnur.rnm'l 
..l ' .J .f YIVli'lfl-lYI r.JllJm 'll-lYl\J flYl5'1JtJ1tJ't1i'lflVI L~tJVl1Jfl-l 

al'iatlVI 1 \JLL u::n1m~-l l U't1i'lflVIYIVli'lfl-15
-

6 LLa:: 1 U 

oi'1a01i'Y1V1at1-l 11-1
3 Lm::~1nm'lAmfl~r.J1iJm 

'lltJ-11Ui1ai'lanV11 \JLL u::n1uuuB-lm'lLm::miiJ 
&I d 4 7 - }Q ""' "'4.1 I ,3 4J1 

nUtlfl-lLn'lVILatJVI 'll-lflYIBVl-lnm11rnHri-lr.rn 

1,.;'tl~iJ1runn 1'11m1um~DVI1 tlL~tmhutla1u 
..: .J' 

ll'l>J'IJU a1't1~unalnn1'it1t1nqY1Bt1u1u't1at1V1 
m~LOVI LV1mhuai'l't1a1u'lfilV1 Ltiu 

acetylcholine, bradykinin, histamine, 

adrenaline, noradrenaline, endothelin LLa:: 

t 
. f'I " .J ' .J' a ., "' sero onm LuUOlU 'll-lal'lL't1a1u~::iJ011'i\JflUU1J 

v 

r.JU-1 endothelial cell r.rnm'lm::oi'u~::li11,.;'iim'l 
' . 

't1~-l endothelium dependent relaxation factors 

(EDRF) ~-lLUUal'iffi,.rr.Javimuna1>Jdf m~tJ\J 
tlfl-1 r.nr-l't1 a tJVIL~ tJVILLa::U\J~-1 nl'iLm::mi iJ'IJfl-1 

d d .J .., " ' ' Ln'lVILatJVI EDRF Y1a1vicy 1VILLn nitric oxide ~-1 
.f " 1 " flflnq'Ylon'l::GlULflU 'lliJ soluble guanylate 

I 1 " " .r .. ' eye ase mu UL'llaanmm1rn1'lU\J li11,.;'L\~iJ 

'l::~u cGMP iir.JaaV1tl~mruuvimwuiJila'l::mu 

1 " I .,j 
imma ua::L \~iJm'iLV1at1u 1tlu01mwu>Jt1t1n~1n 

ti 4 .., ..t 
L'lfaa LnV1mwuu-ln'l::mum'l't1V1oi'1'11t1-lna1iJ 
.r... .. ...~ 

LUflr.J1N't1i'ltJVILatJVI ua::tJ\JtJ-lnl'lLnl::miiJ'IJfl-1 • 
rn~V1Lat1"'2• • ~ ... 1 " v• LL01'11't1'lUna nm'lt1t1nqY1ooit1 

't1at1V1La t1V1ri1utla1u'11t1-l ai'lanVI 1 rnL U::n1uu-l 

oi't1-lli1m'lAmfl1~uoit1 ltl a1't1fonaiJ~i:lmJ • 
pentoxifylline '11U1VI 200 >Jn.1nn.1i'1J i!1J 
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tl~mrum'l 1 '11aL1umat1V1 hi n~i,~uuti1-liil1'u 
a1~(\j tll~LUULVl'll::i1a01i'Y1Vli'liHffititl'Lll1Ja011 
Y1V1au-ltln0i 1,rnvm1i5amw ~-1 hiL-Hur.rnm'l 

L\~>Jtl~mrum'l 1 't1m1t1UL~uV1'1ltl-l pentoxifylline 
.J " ... !'! ,J 'll-lauV1Vli'ID-lnum'll'1fflflYIC.h1rn125 v1ui1 pen -

toxifylline L\~>Jtl~iJ1tlJn1'l 1'11m1t1UL~flVI1 U't1U 
'1111,J ,J • 1 .,.. .. 1 .J' v .,,~m't11m1m 't1>Jm'l'IJ1V1rnt1V1 tlrnt1-la1u 

tla1t1 LVltlnl'l~n femoral artery uoihh~ur.rnifl lJ 

ti ~25 .J' 
't1'J noi uDn~1num'lY1V1aD-lY11-lV1ililnwui1 

d 1" L>Jtl 't1 pentoxifylline 1 ur.itJ1m \J1't111u~ii 
i1cymm'l1 '11m1uma DVI 1 tlL~t1;ri1utla1t1li1 l ,.;'r.i' 

v v 

tl1t1iit11m'l~~uLrn::aim'lflL~hJlV1'11n::m:Y11-l~ 
lna~i/6 

aoii' YI Vii'! fl-1 n~ >J~l~~\J Ill 'illtl VI 1 \J LL iJ:: 
n1t1'1JU1V1~-l (50 >Jn.1nn.1i'1J) t1ti1-loimdD-l 

LUUL1al 12 atlV11l.f ii~1'l::t1::na1L~tJVlflflna-l 

ni1n~iJmu~iJDti1-liil1't1a1~l1J'trnai'iOi ~-l~a 
nl'lYIVli'ID-lllaDV1V1atJ-ltl\Jnl')Afflfl1Ufl~Gl~')1tJ 

I Q.I .f.q .fu ~ 
'11u11 ai'lanV1uiJqY1oaua-lm'iLm::naiJti'umH 

a 4 7-10 ' 
Ln'lVILatlVI LLa::'iltl-llUnl'iW\JODUL~DVI 1 u 

LgmfiJaiJD-11U~U1tJ't1cY-l 2 ')1tl21 nULL'lnflltJ 

33 ti iitl'l::i'Oi~utl'i::muai'lati'V11 uull::n1~ 
'111flVI 120 >Jn.1nn.1i'1J OlVlolDtlUUlU 12 

L~mJ Lrn::ii'i::t1::L1a1Lat1V1t1umrnrni1tlnGi 1Loi 

na\J't11tl L thJtl n011Q)'t1a-lv1n't1t1Vlnl'i1 'lfai'latlVI 

luutl::n1t1 35 i'u rl1uiim1~ma 12 ti fo • 
U'i::Yl11Ja1'latlVI 1 \JLL tJ::n1tJ'IJU1VI 150 >Jntnn; 
Cl.I Clo ' OJ ~ 1U GlVIOlDnmnu 6 LVIDU 

.J' I "'1 !'l lrnn~1nu Y1m1c:rnanV1 uuu::n1u hiii 

~rnoiDm'lLv~l1JLOl\JL01'11D-l't1U'1111 Ldt1'1~1n 't1U 

'1111 n~ "~l~foa1'lati'V1ii ~1J1't11r noi'11 '~"i~ 
01auVI'l::U::L1ai~1~a LVltJ ii 8m1 m 'iL vi>Jt1 t1'1J1 

't11rnGi1L'lim~mti'un~"mu~" ~lmrnm'l 

't1V1aD-lLLaV1-l 1,.;'L~ui1 ai'lati'V11 uull::n1vm~1h 

1tl1'1ftl'l::1mntl um'lL '~"m'l 1 't1aL1t1mauV1 ltl 
.J' 

L"mri1utlma 1Q) noim'l'l::i'-lii-li1cym~~::LnVI 
~ti~ .. .J m1>Jr.JV1 n01'l!D-l'i::t1::na1rnu01DDmi1a 'lf-1D1~ 

lii 1,.;'1nV1ii'u01'l1t1 loi' ~-lm'lG1'l1~A1'l::t1::na1 
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" mt1 

a1tlr.Jam'j1~a 

~10011Yl~HHl~ 1 mtoii'Yl~Hl iN L v1fl~Olfl 
qrit11fl~ai1anQ'l 1 uuu::n1t1oiflm11-..Hnit1m~flQ) 
hJL~t1~cl1m.hnt1m1::1::t1::rnrni'.lflQ'lflflO LQ'lt11li' 

a11anQ'l 1 \JLLU::n1t101Q'loifln'UL llurnn 12 aumlf 

wui1 ai1anQ'l 1 rnLll::n1t1jjqr1tL .. ~"u~mrum1 
lvmLiumi'.lflQ) 1uL~t1~cl1uumt1 LQ'lmLu1H'u LQ'ltJ 

011~nu11mQ'l11fl~ai1anQl 1 uuu::n1t1 LLn::\'lui1 

a11anQl 1 rnL \I ::n1t1111n01a~~h'i irn11r101nfl~d 
" 

(5o l.Jo.100.1i'u) n1llia01i'r101nfl~"fl11::t1:: 

L1n1L~flOlflflO~~oi1o~lJmU~J.Jmh~jjtl't1th~cy 

m~ail01 uflmnod '"ui1 ai1anQ'lluuu::n1t1 

hJij~rnoifl011L~~cyLOiu 10111fl~a01i'r101n fl~ L ~fl~ 
~10 tl1l1U0 Vl11J fl~ U 011YI01niN0 tl lJ~1 ii'u nl 1 • 
anoi1uutJ::n1tJ'IJlJ101oi1~ 1 (12.5, 25 LLn:: 50 

l.Jo.100.1i'u) jjfl1 himrnoi1~~1oo~lJmu~lJ 
' . 
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Upcoming Events 
Brisbane 2004 The Australasian Society of 
Clinical and Experimental Pharmacologists and 
Toxicologists (ASCEPT) and the Division on Clinical 
Pharmacology of IUPHAR are eager to welcome 
you to the beautiful city of Brisbane, Australia for 
the Vlllth World Conference of Clinical 
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REVIEWS 

Gene Therapy: New Options for Hypertensive Treatment 

Suree Jianmongkol* and Amonrat Khayungarnnawee** 

*Department of Pharmacology, **lnterdepartment of Phannacology, Faculty of the Pharmaceutical 
Sciences; Chulalongkorn University, Bangkok. 

Abstract 

Hypertension is a chronic disease, of which patients have to take medication 
throughout life. The ineffectiveness of blood pressure control partly stems from patient 
compliance due to several drug uses and intolerable side effects. Recent advances in 
biotechnology and transgenic medicines make gene therapy a new· promising frontier in 
treatment of hypetiension. Two approaches have been under investigation: I) Sense 
approach using gain-of-function strategy by inse1iing a vasodilator gene into host genomes 
and 2) Antisense approach using loss-of-function strategy by suppressing the expression of 
vasoconstrictor gene with antisense oligonucleotides. The potential therapeutic targets in 
antisense gene therapy include genes encoding proteins in the renin-angiotensin-aldosterone 
system and adrenoceptors, which are the current targets for antihypertensive drugs such as 
ACEis and 13-blockers. Either nonviral vectors (e.g., liposome) or viral vectors (e.g., 
retrovirus, adenovirus, and adeno-associated virus) can be used to deliver therapeutic genes to 
the target cells if they are nonpathogenic, highly selective and specific to the target. The 
vector delivery system is a crucial factor determining an outcome of the therapy especially its 
influences on the duration of action. The viral based vectors produce a longer duration than 
the nonviral vectors do. The results of preclinical studies support the potential of gene 
therapy for future clinical use in treatment of hype1iension. 

Key words: hypertension, gene therapy 
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ribosome 'Yl~flfllOJ ltlm~vl'mmJ'l'liiJ • 
RNase H L~flltl't11ait1 mRNA ~~unu 

J; d .J • 
AS ODNs UlJ 'li'JLaJfl mRNA ~fl'Yllall'.I 

LL~1 AS ODNs OJ~antlaV1tlirnu1-M'Li'.Ju 
" 

BG'f':i~LLa~aim';jfl1tl~unu mRNA LUl 

'Yla.Jll'.l~uviflltl uflnv1nd AS ODNs ~L'll1 
a nucleus fllOJ~UtlU pre-mRNA LUl 
\J ., 
'Yl)Jll'JLLa~ifuif'Jfll'J splicing 'llfl'J pre-

mRNA 'Yl~flAS ODNs v~ltl~unu DNA 

LUl'YlmmnVILi'.lu triplex-forming oligo-
" "" ... ., 

nucleotides a.Jf.Jal'.IUl'.l'Jn':i~U1'Ufll'J 

transcription Li'.J1Jvl1J ffl'Yl'fona lnfll';iflflfl 



Thai J Pharmaco/; Vol 25: No 3, Sep-Dec 2003. 

.( 
(jYILi'lleM antisense full - length cDNA v:; 

LLVlfl~h'lv1fl AS ODNs L~tl antisense 
., !:i'I 

full-length cDNA v:;~nm:iml1aLu'U 

I d'ltl"'"" antisense RNA nfl'ULWfl L'lllvlnU endo-
v 

genous mRNA Lthm.nt1 'Yi11'1'l>.hn~f11'j 

LLtla'jlia mRNA ifu vl1flU1'1 '[ tl'j~'lJ~LUlJ 
Lthm.nt1'llfl'l antisense approach 1viLLrl 

A Tl - R, ~ 1 - adrenergic receptor, angio­

tensin gene-activating elements, calcium 

channels Lrn:; endothelin LU1Jv11J 

Antisense therapy LUlJlB~lvi~u 
m12.JaulvAn-1:m.nnni1 sense approach 

d flt ""'" .d • 1 " ~ tJ L1rn'lv1f1Lu'U15YIYl1 l1a12.J1'Hlvimn 'j:; 

anfimW LLa:;tJ'j:;aY1fit:rn 1 'U fll'l-rfl'lfl L tl~U'U 

L Yiuu num'j 1 'lf m~ ii fl £11 'UU vvuul~'1~ ti v • 
.J' .,: <>. .d.c< I 

Vl'l'l 'Uflflv1fl'Un1';iLW2.JLVl2.J gene vlflm.rn~ 

ti ... d 1 .. ... tl.d ti Ylll.J nviLWfl l1Ln~f.Jafl1';iL amrn a'! 

Y11'la~';ilY1t111 'U~1'lfl1t1vu fl 'j :!~'l lvi ~rnfn'j 
-r fllfl Yl12.Jv1' fl'l fl1'j,f 1J 'Yi1 lvf tl1 fl fll1 fl1 ') EJU-

1Bfl1'jri-:J rhin-Hav4irnn'l·rn1:u Antisense , 
Therapy 

ti .... I .... .... .d i::1 .?'I 
'l:!flflUO'U LLVl'jl1aW'Ulifl'l'l2.JYIL u'UL u1 • 

1 "1 l;1•"1 "1 I t1.d 
lnnt1 1Jfl1'j'jfl'lfl'U'U lJuvv'U'Uv :!~Nmim • • 
gene ~1'MLtl';i~'U~Lllmthm.nt1'llfl'lfl1'l 
-rfll:l1v1'1t1m~1'li'lv1'r·m&11m1v~uulv1url ~ 
1 -adrenergic receptor, Ltl'l~'Ul'U';i:!U'U 

RAAS L'ifu ACE, AT1R LLa:! angio­

tensinogen (AGT) Lll'Uv1u ~'lif ~'la1~cy 
ti J.J., ..... 1 

'l:; m 'll11N YI vi eM m 'U'l a.:J 1rn in Yll'l fl1 'j 

QI " ~~.J'.c.1il 1" 'lfll:l1mtl15'UVJfl fl1')'Yi1 'Mii antisense 
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DNA 1 utl~mru~wm Vlt1'l~v:!fl'j:;v1t1 l iJ 

a'lflltl'J:!Lthm.nt1 L'iflJ l1Glfl~Lafl~, M11v 

Li'.Juv1u lv1~1a'l ~'lifuuv~ua1~cy'llfl'l 
m1iJa1L~vlum'j'Yi1 antisense therapy ~fl 

tl';i:;aY16mw'llfl'lvl1tl1ri'l antisense DNA 

L 'li'1 a L 'lfaGf mM flltl1:!L U1l12.JltlflU1'1~1 L vn:; 
v 

expression 'llfl'l antisense DNA U11JVl12J 

ffJ12Jv1a.:Jfl1'jlv1 

m';i2.Jl61um'ja'li:hu antisense 

, !:i'I "'"".d 1. Nonv1ral vector system L ulJ15YI 

1'li'nu AS ODNs ..f'l11J'lU'lJa'l naked DNA 
v 

l1~a liposome-encapsulated AS ODN ~'I 
'li'a&1'lJa'lfl1'j1i AS ODNs ?la iim12J 

~1L vn:;Lvl:!v'lnrni'.J1l1mt1a'l mwi1'lLAt1'l 
v 

.. l'' 1" "' J' 'Ufltl 2.Jna mn~ tachyphylaxis Uflnv1nu 

fl'l hfoh1J blood brain barrier 'Yi11,.;'hJii i:rn 

Qj a'j:;uutl'j:;mY1a11mm-:i Lrl a 1 i AS 

ODNs Yll'l peripheral viaa~vuhl~h'U'lfl 

l tJ ii ~i a vi' a 'YI 1 'l n 1 u VJ 'j 'j ri' 2J 1'j~1 'Yi 11 l-1 
al2J1'jC"l 1'li't~1 umru preeclampsia ua:;Lrla 

.. 1.c:11 q QI " 

Lu'jtl'lJLYltl'Ufl'U viral vector system mn 
fll'j li AS ODNs iim1iJuafl~fit1a.:Jni1 

v 

LL vi ii'l:; ti:; L 1 a11 u fl1') a a fl q YI ~lii 'Ul'UL Yi1 

I l: 
LYll'UlJ 

fl ti a'j 'j VJ ti 'j :; fl1 'j l1~'l'll fl'l fl1'j'Yi1 • 
antisense therapy L~t1li' AS ODNs ~fl 

.J ... 
fll'jflflOLLU'U AS ODNs YILl12.J1:!52Jfl'Ufl1'l 

li-:i11rnrl1'llvif.Ja 1 u~1'lmt1 15 
..f-:id11J 

-"' ... .. .. J .d " ... u vvuua.:JVJ VJ11lJ ';i Y1Lflt11'll a.:Jnum'l • v 
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folding LLa:: annealing 'llel\lal£J nucleo­

tides u..:ihkvfo..:ivrn ri1uL'HajLLa1 AS 

ODNs v::t'lna..:iLm1::l11u'll.JmM phospho-
" \J 

diester l1~tl phosphorothioate backbone 

Lli'L'lll~O'U initiation codon (AUG) l1~tl 
\J 

RNA 
.rt 22,23,24,25 

downstream 'lltl'I m Lull12-Jl£J 

1~wmvt1~1u~l.J'lrn..:i phosphodiester l1~tl 
.J 'I .. .J 

phosphorothioate backbone 'Zf'I L'IJn'lUA'Yl 

LlllJ phosphorothioate oligonucleotides 
.:: c< 1 .f.J I 

lJlJ'1::lJ'l::£J:: L1al 'IJnl'ltl tlOCJl'lliYH'..111n11 

phosphodiester backbone LLoiii'llmau?lt1 

tll'1Lnvim1mlllJWH"illn sulfur 1Gi t1u1..:ih 

d ."f "' I c< .J 'l ti nvi1i.iu tyl11vi..:ina11allJl'lt'lmHHa£J..:i vi 

Gi1£Jm'la..:iLm1::l1a1£J nucleotides 1 lfii 

'lllJlV1him11!nfol'.lii"511nlJ oligomers 
ti I U .J I :;l( .J ti .J 

lJtll'..1011 22 ~n 'Zf'IW'U11LulJ'lllJlVll'IL'lJ1~ 

L ·1malGi ua::iil.J'l::anihnw~11rn1'l~nm 

LLol~..:id"511nu oligomers Gi t1..:i lih! ti £Jffll 

"' ,,J1i1 " ~ • 9 ~n LWtl lJ l1aUJL(;ll'JVl1llJvlLWl::Lvl::v..:i 
\J v 

lum'l~'UO'U mRNA LU1l1tnfl LLa::mvt'ln 
\J 

'11a1£J 1viri nucleases 
15 

AS ODNs a1t1l'lt'lL'HLlJ'll.J'l.lt1..:i 
\J 

naked DNA l1~tl plasmids 1Gi~..:iwui11 l1' 

r.Ja~L'li1Jnu uoi~..:idl.J'l::an5mw 1 lJm'lih 

L'll1aLizraalii~i!nua:: 'l ::ma 1a1 l lJm'lt1t1n 
" 
.f .!: "" • I "'. I "11 CJYtlialJL'VW'lu'l::tnru 1 auV!l'H vlOnl'l 

1"1 plasmid 'lltl\I adeno- associated vector 

a1l1~'\J AGT antisense (pAA V - AGT­

AS) llJ SHR WU expression 'lltl'I AGT 

antisense ~i11 l'1Lrn::l.JtlV1'llt1..:iavii'l'lviat1..:i 

ua::ii r.Jaaviwn>Jviu Ta-Hvia..:i lGi mh..:iiii! ri 

a1~tyLlJtJL1a1 6- 8 1u 1Vll'.IVl11lJvilJfai1VI 
,J ~ QI Q.I 4'0.I QJ' 1 
l'laV!a'llJ"iJ::aaJWlJliO'U'l::Vl'U AGT lJ 

.J " 26 ,J 1 vrn1ai.i1Y1avia..:ivi1tJ izr..:i'l ::l'J::L1ai irn1'l 

Suree Jiamnongkol 

LLaV!..:J~Janl'l~OHld'.\l ::~'IJfillnl'l l'lf viral 

vector L~t1..:iv1n plasmids hili1l l1'LnV1m'l 

'l1i.iG11L'll1nu genome 'llt1'IL'Zfaadh'Hi.i1u 

~..:ilGiiim'l~QlllJl l lf t1u1 lJ'lU'lltl'I cationic 
" " 

liposomes L'lilJ DOTAP, DOPE Gl1t1U1'1 

antisense therapy ~1'lf AS ODNs liJ 

cationic liposomes l~LLri P 1-adrenergic 

receptor AS ODNs CPl - AS- ODNs), 

AGT-AS-ODNs, 

LlJlJGilJ11,15 

ATlR-AS-ODNs 

V. l d" d 11 -15 2. ira vector me iate system 
,,J :;:, .J .. 

LlJtl\l"illn AS ODNs LulJalfJ DNA l'llJ 

'l.llJ1Vl~lJ~\I m'1iitltym l uGi1lJm1i.J"51 L w1:: 
V I 

oltl mRNA LU1'Htn£J vi..:ii!u~..:imvLWlJ 

Vl11lJ£111'lltl\lalfJ oligonucleotides L ~t1avi 
tltymvi..:imh1 LLoit1u1..:il 'lnmaJvi11i.im1~ 
L ~ "~ u if u v :: dl u t1LJa'l'lVI1 u n l 'l tl i • 
antisense DNA 

W©llJlnl'll'lf replication- defective virus 

particles llJm'lil1ri..:i antisense DNA lLJu..:i 

L'l l'aaLUl'H>Jl[J ~..:iliml 'lW©nn viral 

vector L vJt11'lfa1'H~'Unl'l~ni:t1m1i.iviu 
1a-Hvia..:iifuoit1..:in1 l l1 vector L'H~1diim1i.i 

" 
LJat1vi.ti'tJa..:i liirit1 l l1Lnvitiuvi'l1l'.loimru1tJ 

" " 
~..:i 1mL~m'lLnvi1 'lvi'H~t1 n'l:: ~ul.Ji)n~m 
11iJ~>JOlJ'lltl\l~l'lnlfl (less immunogenic) " . 

CV .di d \I cl \I d:;.: 
m'lt1mau l1'ltllJr.Ja'l.l1..:JL~w..:i1rnrinavi l'l'llJ • 
l1~a~tl1m l'lf'1::Gi't1..:iii~n1i.ia1i.i1'lt'l l um'l 

infect L'ZfaaLUl'Htn£J~'l'lfilvi somatic cells 

~1iiLLU\IGJ1LLa :: L1Zl'aa~n1~..:imi..:iG11 viat1vi 

vlJ'l1>JGJ1L'll1n'U DNA luGilLL'Hll'l'UlJ 
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~11 i.hr1awmrn ':i':i).J~fi 1"HuvrnTrnti'3vi1 • 
(replication gene) 'lleNL:ffti 11-ra'O,)::~nLLl'l'U 
~LvHJ cassette ~ij antisense DNA mi L~tl 

'U 

L ~).J ~n1mJa ei vu)u 1,J m':i-rm:n 

vi1tiUl'3'l.ltl'3 viral vector lviLLri 

retrovirns, adenovirus, adeno-associated 

virus (AA V) LU'Uvf'U ~-3;1' viral vector LLvi 
q ~ QI cl.i::f I IQ.I t a:: 'lf u vrn vHU a mrn.1:: 'YI V1 LL vrn vi 1 -3 n u V1 u • 

~'3L'lJU vi'-3viti li.Jif 

- Retrovirus-based vector 'O,):; 
it.::l • QI 1 ~ 

infect mmrnma'3LLlNV11Lta::al).Jl':im1).J 

Q)1L'li1nu DNA 'lJti'3maaL iJ1'H).Jl[J 1v1LtJu 

eiu1'3~ l111l1':i::u::na11 um':ititinq'YIB'llrN 
.J' "' ... gene therapy tll1'Ul'U'lJ'U '0,)'3L'Hm::num':i 

'hm l?ihJm':i-rntt1).J::L~'3 LLvin L llu'liei 

~lnV'l'lltl-3 vector 'lfilV1d1um':i-rmnm1).J 

viu1ai'.1via-3~'3 LV'lumn'Oi)::Lllu1im1"Hru LLa:: 
u 'U v 

L 'lfaa"° L Ul'Hm u 1 u m':i-rm:n L tJ u L'lfaa"°~hi 
m.i'3Q)1ua1 Utlf1'0i)lnll retrovirus mwh11l1 

LnV1ilqi"H1v11u m1mJaeiV'lnu l 1J m-s l'lf L rleN 
~nn RNA 'lltl-311-ram'O,)';il::':i1llvi1L'li11u 

genome Gll-31~'l).J1'liLUl'Ha.JlU'l.ltl'3nl':i 
-rnm 'lvi 

- Adenovirus-based vector i1'llei&i 

~mll).Jl':ifl infect L'lfaa~himJ~vi1'lv1Lll'U 
au1~&i vector 'lfuV'lif L'll1aL'lfaa1V'lmhu 

'U 

m::u1um':i receptor-induced endocytosis 

LLa1~'3 L'll1~il1 LV!aua a~1 u~i.J'IJ tl~ episo­

mal DNA ~-3l2fom1).JQ)1L'li1nu DNA 'lJB-3 
u 

L'lfaaLlll'Hmu LLJ!i1 episomal DNA vi'-3 

n~l1';il::i1 expression 'lltl'3LU':i&iuei~1u 
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... .J ~ '"' .,..J 
':i::V11.JYl~'3f1Vllll LLVJ).J'Hal!'.lfl':ifl.!Yl episomal 

DNA vi'-3n~11 'liinaV1'3r.Jm'liuil'u utin';il1ntl 

LU':i&iu~'lvi';illn gene 'lJB~ adenovirus i1 

L llu~1u1umnmnufeiu?JilV1 l111 l1i1 

fa m a~'1::n':i::v1ui.J n n~mniJ~ll n\J'lJ tl~~l-3 
, ~ \I • 

mu (immunogenic) na::ria1"1LnV'lf11':i 

8mau'IJa~"HaeiV1LaaV11v1'a-3 lh1"1LnV1 
u 

:a1vi 1 u~U1!'.J'O,)ln multiple-organ failure 
.J .f , VoaJ 1J' 

LUtl-3'0,)lnL'lftl adenov1rus 'lJtl'O,)lf1V1L'Hal'J 

lhl,..; adenovirus-based vector h.h'H).Jl::~ 
';il::t1nw011u1m 1'lf1 um':i-rmn t ':iVIL{a-r~L'liu 

u 

L UU':i::u::na1u1u tlUl~ l ':iOVJ1).J vector vi'-3 

mh1i1i.J':i:: 1u'lfli eiu1~~~ 1 um':iAnttl~'3na 
lnm':ititlnq'YIB'lltl-3 antisense DNA 'lfWV'l 
' 1 ., <' .,j ~I .J 

Vil~ 1 lJaV11YIV1'1B~L1rn~"lmulJ vector YI 

c.i~vi'lV1LV'lu~1u Lta:: 1ueimvivim'O,)i1m':iYil 

WU 51 Alf) ';j';j).J L ~ B unl 'll'li tl~ 1 n V)'lJ tl-3 • 
""' J' ~ ~I • I 'f .. I .,,! I 

vector 'lflJV'llJ f1'0,)::L u'Uu':i:: L!'.l?J'U tlUl-3!'.l-lVltl 

nl':il11 gene therapy 

- Adena - associated virus (AAV) 

LlJu viral vector ~lv1-ruvi11).JeflJL'O,)tlUl-l 
).J 1 n?Jil V'l'H~~ 1uf11':itl1).Jl1.; a1 'H-ru f)l ';j 

-rnmm1).Jvi,Jfai'.1via-3 AA V LUU non 
'U 

replicated-parvovirus based vector ~ 
.J 'l ... a1m':imLYIUYI rep ua:: gag gene 'lltl-3 1-sa 

v11u antisense DNA L~mha~li.J f!-3 
il1 Lviaua'lJa-3 L'lfm~L iJ1'Hmu ~-l 1 um':iihri-3 

., 
gene L'll1riL'lfaaLll1"Hmm!u AA v v1'a-3m':i 

'U 

"" LW!'.l-3 14 5-bp inverted terminal repeats 
... tl ., 'H':itl -s::).JlflJ':iBUa:: 6 'lltl-3 AA V genome 

:; ... :; ""' .J' .. 
Yl~'H).JV'l V1'3UlJ vector 'lflJV'l'U).J genome 

capacity a1'H-ru antisense DNA, promoter 
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ua~ reporter gene ( L'lilJ neomycin 
.I .J v 

resistance gene) u'J~tnru 4.4 kb UHH'lll 

riL·zraa L iJ11nnmLa1 b-raa1J.Jl'rn11J.JGi'1 L'll1 
\J 

nu genome 'llfl'IL'lfaGlvl'lmh1 l~ ~'Ill 
v 1 .. . .J 

AA V 'l~tf'Jl'l RNA lJ'YIV1 ant1sense LVrn 

m~unu mRNA L Ull1lJ1U't11 hiuu~'lf11) 
a-:iLml~l11tl1&1ul~ AAV ifl~i'-rumll.ltf'U 
h L thrn Ul'l l.11 fH W'Jl~ L i'.Ju nonpathogenic 

.J"' • I ., 1 ' ' ~I vector 'YllJfnllJuaflvi.nua-:i lJ'VlU11LulJ 
\J 

aiL l1Vl'llfl-:i hYI laJn1~~u';i~uu.niMllnu , . " . 
'llfl'l~l'lf11U l>Jrifl hfd)vitJ~O~Ulf11) 

el'mau na~a1J.JTH1 infect L'zrna~l>Juu-:i 
Gi'1 l~ 1~u~nm 1um1flflnq'Yl~muflu1u 

\J 

.J v .r 
expression 'llfl'l AAV-AS 'YlOallJllJfl 

L~UU'IJfl'll1aflV1LaflV1flUlJ1lJffll 9 atlmlf 
\J 

.J ' 
ua~'YltflJfl'l'VlU expression mum1 11 

ti 
oC!il t.J • Q.o' q ..::(~ 

LVlfllJ 'llfl'llOVl'llfl'I vector 'll'lJVl'Uflfl 

genome capacity 'lllJl~HWU'l 4 kb fll'llaJ 

LoWU'l'Vlfl11Jf11)U))'J AS DNA 'lllJ1Vl1mu 
• v 

l~ ufln'l1nd'lum1~iavi vector ~-:imh1i1 

n11 lftlaf!Vl'lln adenovirns 

tlaflvi.tiu 1um11'lf 

Antisense gene therapy 

1. Antisensc knockdown 'Utl'i'J~UU 

renin-angiotensin-aldosterone ( RAAS) 

1tJ1&1ULlJ'J~UU RAAS Li'.JmiJ1 

l1mu~l~-rum1J.JatJ 1'lflU1,rn1n 1um1n1 
.J 

antisense gene therapy LlJfl'l'llnU'YlUl'Yl 

'llfl'l'J~UU RAAS 1um'Jfl1UfllJl'l11lJ~lJ • 
.J .f 

Ul'Ylflflnq'Ylli 

Suree Jia11mo11gkol 

i fl'J~uud1 um 'J ~nu YI lJ Y111 i.i vl'u lvf LLri • 
ACE inhibitors ua~ AT 1 - R blockers ~'l 
L i'.Ju~uflJ.J-ru11i1tl1~a'Yl6~rna'l i1na lnm1 

\J 

'i .J ,, ., 
LVlf.llfiU1'llfl'lfiU f11) 

m~u11m1'J fibrinolysis ua~ oxidative 

stress ~'l'llfif11'JAmnm-:iflai1vi'llfl'l Heart 

Outcomes Prevention Evaluation (HOPE 

' .J ~I ' studies) VlU11 ramipril 'll'lLulJUlfi~lJ 

ACE inhibitors LLlJLU'lllJ1V1~aV1Y111)JvllJ 
1ai;vi L wu-:i Lantl' flmLQ)aim"Jt.rnvi avi"J1m1 

Vil U'.11 n hfl'J~UUl1a fl VI La fl VI ua~l11 h lvf 

f1Ul'li11!mhl'i'f,1J
27 

LL'1Vl'l 11'i'L l1u11tn'JUU~'l 
m1n1-:i1u'llfl'l1~uu RAAS irnmnnr.rn1u 

m1avim1J.Jvl'u1ai;viua1 u'liJfl'lnirn~fl 

LLnl 'lJ n1'JLflVIWI'll5 '1.fll W'll fl'l 'J~UUl1a fl VI 

"" °'1.J.J .J "''i ., 
LaflVILLa~l11 'l'Yllfil'l1L'Ufl'lfiU L'JYlfl11lJVllJ 

1al;via'l~1U Bn~'lLU)QllJ1u1:;uu RAAS 
\J 

d i1m'Jn 1~'.l1u flU fl Ul'lffll'l'll11'111J~1,rn1 u 
\J 

~vil~11LlJmiJ1l1lJlU~Ll1lJl~aJ.Jall1~Uf11) 
l11 gene delivery 

L tl1&11JL u 1l1l.l1U~flll'i'f,1JL lJ 'J~UU 
RAAS ~l~i1m"JAn'lfli~U'Yll'l~llJ anti­

sense gene therapy l~uri AT 1 - R, AGT 

LLa:; ACE fauiim11?i'~-:i nonviral vector 

system ua~ viral vector mediated system 

11m11a'!r.l1u antisense DNA ~'111'i~rn 
YlalU nu 1 u n1'J('IVl):;vlUYl11lJvllJLai;VJLLa~ 

n1'JLflVIVl£115 '1 .fll W'll fl'l fll Ul~i l'l '1 el lJ 

.J "'°i"' ' LlJfl'llJ1'llnYl11lJVllJ L('ll1Q1tf'l L'll'lJ cardiac 
\J 

. .J v 
hypertrophy LLa~ renal dysfunction 'li'l'llfl 

qJf:$'l"°' 0 

Vl'YlLl1lJ Vl'lfVl'llfl'lnl'J'Yll antisense therapy 

Q)f)LU'J&iu11J'J~UU RAAS L~mtl~urn-tiuu 



Thai J Pharmaco/; Vol 25: No 3, Sep-Dec 2003. 

.... 1" "' 1 ,(.J fiUnl'j 'lftnflB'j~tJ~L"Hll lJf)l'jeJBOq'Ylli'YI 
.J' o I ~ 

'Ul'U'lllJLLa~fl1llJ"-ll LWl~{t) 8 L Ul'\'1"1 m.1 rH 

AS ODN ~..:Jv1'1ei£i1..:Jnl'jflfi'lflf..lt'l'lJB..:J 

AGT- AS ODN 1u~tJ liposomes ~lltm..:J 
~ 0 .ie:4 :; ~ tGJ ., 

l'1Cl BVI LaBVIVll L Wtl..:J fl'j..:J LVlt.11LLfffl'{t)1'YIVlt'lB..:J 

.J ~I I .... 1 ... 
'YILuU model {t)l..:J "]'lJB..:Jfl1llJVllJ a'\'1{1)~..:J 

L°li'U SHR wu1lal"1'jtl(;!Vlfl1l>J~'U ta~{t) 

hi1n1J 7 1'1J 1u'l.lru~~ ACE- AS ~ati1u 
\J 

'jU retro- viral-vector 
\J 

1a~{t)Llrnu SHR U'j~mru 15- 18 im. 
\J 

U'jffYI Lllunai 1 oo 1u
28

'
29 l'1~Bf..lt'l'lJB..:J 

AT1R-AS ODN ~liuri SHR l'1~B 2-

kidney, 1-clip(2K1C) rat, l'1~B cold­

induced hyper-tensive rat wu11aV1f11liJ 

~1Jfa~via..:Jl~1nt.11u 24 'lfi.J. Llluna1mu 

7 1u 1vit.1hWr.Jaoieiavi'j1m'jLoi'1rnei..:Jl111"J 

30 d 1" "' . LLa~LiJB 'l1 AA V- based '\'1'jeJ retrov1ral 

vector delivery system Llluv1'11ha..:J gene 
.{ cf !1 

'j ~ ti ~ L 1 a101 'j Ban q 'YI mn 1rn1 n'Zl mu u 

l'1almlu~ll'1.-a 1 ~..:Jif m'jm~"-llt.1v1'1'lJB..:J AS 

ODN ~..:Jmh1jjei£iinn~lviua~vru min 
\J 

"J1 nd£i..:Jwu~l'1a avi La a vi Lrn~\11 hLiunu 
:: J' 4 

'Yl..:JlJnl'jelBnq'Yln'lJB..:J AT JR - AS ODN vm 
I QI CV ~QJ o .J 

11'1i.JWlJ5fiU"-lllJ1lJ AT1 receptor 'Ylt'lVla..:J 

20 - 40% 11rn1't.11~m~1d 1viti~hijjr.Ja~ei 
:;j1u1u AT 2 receptor LLoiBUl..:J 1vi {t)t'lBVl~lJ 

hiiir.JaLyj>J'j~~u angiotensin II 1u 

CV I 1" 32 waiamvi..:JL'lilJfil'j 'li AT1R antagonist 

Antisense therapy 'l.IB..:J 1tJ'j~lfi~UU 

RAAS tf uliJjjc.moiml'vii''Ylviaei..:Jn~i.1mu • 
fl>J~jjm1i.1~uun&i (normotensive ani-• 

29 " .J I 1 .. • I J "' mal) 'ZlffYllJ1'1lJ vBfiu'j~fil'j'\'11Nflmm 

L lJfil'jU B..:JtllWl'jLflVli111~fl112J~lJ fa~vi 

'1..:JLlJ'j~tJ~t111Lrleil'li retrovirus vector 1u 
\J 

229 

fil'jtllGt..:J AS ODN ~..:J~jj'jltJ..:JllJnl'jflfi'lfl 
r.Ja'l.IB..:J AT1R- AS L'IJ~U'l.IB..:J retroviral 

Particles uviL-51al111vl'1u SHR mti 5 
\J \J • 

1u lvitiwu expression 'l.IB..:J AT1R-AS 

ari1..:J1fot.1 21 o 1ima~jjr.Jatlei..:Jnum'jLflVl 

fl1l>J~lJ 1a~{t)'1..:J 1viL 'U'j~tJ~t111viaeivii1..:J 
\J 

Bltl'l.leHl'1lJ'YIVIClB..:Jif u 29
'
33 ~'I f.Jt'l'Yll..:J Lml'li 

• \J 

ir1mv~A~1t.1Aa..:Jtiutium'j1'lf AT
1
R­

antagonist ~..:J1rnnv1n~~aVlf11li.J~lJfa~vi 
ua"1£i..:Jjj r.Ja 1 iml'jU a..:J tium'jLflVlfl1li.J ~vi 

tJn&i'lJB..:Jl'1ClBV1LaBVl, L'Zfaa endothelium, 
d .J .. 1 ~ 

fil'jLflt'lB'U'Yl'lJB..:JLLflt'lL'ZftliJ lJL'lf(;l(;l LLa~ ion 

channels 1u renal artery Lll'UollJ uein 

" ~1ni1 antihypertensive phenotype ~ln 

AT1R-As mm'jmt..:J~1u 1uLLavi..:Jr.Ja11J~n 

~uoieiltJl~ ~..:Jv~Lliu l~v1mmm'jflm:nlu • 
I .J "" .J1 \I 

t'lfi'jlJ Fl LLt'l~ F2 'YILfiVlvlfil'1'U SHR 'YI Vl 
\J • \J 

"' CV 1 .J.. I .J ""' I 

LaBVILLa~'\'11 "-l'YIV1n11anmrnrnviv1nnai.1 
\J \J • 

.,l'l VQJ r :: 28 29 
SHR 'YI Vl'jU virus vector L'YlllJlJ ' 

2. Antisense knockdown 'IJV..:J Bi-

d 
. 34,35 

a renerg1c receptor 

Bl-adrenergic receptor Llluamtl1 

.J • . 
l'1"1tll'1'U..:J'l.IB..:Jnl'j'Yll antlsense gene 

1 .... .... 1 ... d 
therapy 1Jfil'j'jfi'lflfl1li.JVl'U t'll'1VJa..:J L'ViB 

\J 

'YIVlLL'YllJfil'jL'lfmlun~i.J B-blockers L~B..:J 
. 1" .... .J vlfifil'j'Yll gene therapy '\'1r.Jafil'j'jfftfl'YI 

m1mi1 Lrn~jjA11>J;l1 L 'Vil~~..:Joiei p 1-

d 
. .J ~I .?'I .J 

a renerg1c receptor 'lf..:JLu'ULull'1"1tl'YI 

oi'ei..:Jm'j1vit.1~hrnr.Jam~r1uoia B2-adre-
. .J' A nerg1c receptor 1rnn"J1nu I-' 1-AS-ODN 

hiai>Jl'jtl~l'U blood brain barrier 1~nl 
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1 iavi ~a'li1.:i L~iJ'l~tn""::LnVl"l flfll'jUUt'I 

fll'jlhHU'llf:M p 1-adrenergic receptor L'\J 

'l::um.h::a1Ynhuflai.:i ~'I ~am'lAflm 1 u 

l1~ SHR ~1vWu p 1-AS-ODN 1 u 

DOT AP ua:: DOPE ~'IL U'\J cationic 

liposomes 1vi iJ fll'lUVI L 'li1'Yll'l l1atlVI dh:ivivh 
... 

lfU LcWU'l~'S'~L~[J1 wui1a1>J1~fl~~~11lJ 
" 

~ula\1QJ1~tb::mrn 38 ""· 'lhe>'YI LUlJ 

nm 2- 3 auvi1l11vwliiiJ~aoieiaQl'l1m'l 

L~lJ?Je>.:il111" liil'i11 iLnVI bradycardia ~'I 
.J' I A .J.,'I 
lWl11)Jl1'\J1LLiJ'U'lJB'1 1-'l- receptor 'Yll11 L" 

avia'lu'l::mrn 30%- 50% 

15 m 'l~m:nm1" ~u ta-H GJ a'1~1u m 'l 
" 

H'm 1 uil""u1Ju'l lii'lh::auvn1mhL~"Lri1 • 
.J 'I "' t "" ti 'Ylfl1'j L'Ufl1'lfl1Ufl)Jl'l11)JVJ'\J al1GJLLa::LLfl • 
1 c. "' I .J.1.J 

'llWil15an1W'llB'le>1u1:: GJ1'11'YILuauu 

LL ua'l lUL~B'l"1flm1)J~'\J la'HGJ~'I gene 
ct fll J .J'l .,., 

therapy "'IL u'\JLL'U1'Yl1'1l1'\J'l'Yl Vl'lUm1)JalJ 

1" LlJfl1'l1l1"1~nl:t1vi11)J~lJ ta-HGJa'I LVliJ 
" 

vasodilator gene (sense 
... 

approach) l1~ei5uu.:i vasoconstrictor gene 

(antisense appproach) L'~ei1l1'l~~al'Ufl1'l 
l'l1Ul'l)Jm1)J~lJLai1GJ 1 u'l::u::m1 Lrn::ii ~a • 
'li1.:i L~u.:itl' ei uni1ma VI l'l11)J~lJ Lai1Gia'l~ii 

v 

!'1 ."1 ., J . 
v~ L'Uu"~U'\J 'lf'1 anttsense approach 'l.IB'I 

Lu'lQiu1u'l::uu RAAS LLa:: P-adrenergic 

receptor 1~~UVl11)JalJL")J1flL ~ fl'l"lfl 
t. I "' ., I .J ti ., 

u 'j QllJVl"l fl a 11 L n iJ1'lJ fl'I flu fll 'j l'l1U VI )J • 
'l ::~um1)J~'\J La'HV1 Lrn::aim'lmu~f.lu 

L ii tJU u "):; a'YJ 5n1 vm a:: i.J 'j :; a'YJ 5 ~a L 'U fll 'j 
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u"~ila1A~L'Ufl1'j~flB11'l11)J~'\J 

Lai1Gia'l~1ilfl1'll'i1 gene therapy ~Bfll'l 
" 

dh-1m::uutl1a'I gene luu'IL'lfmf Li'.hl1mtJ 

1~ eiti1'1-o51 L w1:: L"1 ::".:i LLa::iii.J 'j::a'YI 5n1w 

l'i11 iLnV!fll'l expression 'llfl'I 1 U'jQj'\J~ 
., 1 .J "' GJ e>'I m'l lJ'j:: iJ::nai'Ylmm::a" Giaeivi"u" 

vi11"i.Ja eivi.ti'u 11m1'j 1'lf 'l::uuil1a'I L l1~1d 
I 'l V fll fll"LLU'lflflfl V!Lu'\J nonviral vector system 

L'li'U liposome l1~fl viral vector system 
I !11 V d Q.I" o I 

L'lf'\J AA V based vector L u'\JGJ'\J 'lf'IV11'\J1a'I 

ef .Jo 1 ti I f' 

e>e>fl(]'YIG'llfl'I gene 'Yl'Ula'IL'lll~L'lfaa 

uiJi1 ~rn m'lAflB1 L lJ'j::iJ::tfauviailfl 

"::LLaV1'1LiL'~'Ui1 gene therapy al)J1'j(l 

u e>'I nu ua ::~flBl 1 'jfl vi11 )J~'\J La'HGJ a'l 1 u 
v 

'l ::u::m1l~ uvln mJ~"::'h"11'lf'Yl1'lviailn 
U'll'l'IGlfl'IAnB11uu'j:: L~uoi1'11 1vimuw1:: 

ati1'1~'ll'l11)JUaeivi.ti'u fl1'jl'l1Ul'l)J ex-• • 1 I J ct press1on 'llel'I gene lJ'jl'lfl1iJ'lf'l"::'l1)JCl'I 

~ Q. \I .q ..:¥ ~.q 0 " 

li'j mnvi ~ a'lll'I LVJ il"l'lllJ 1 Cl'Yll'I fl1'j'\J1iJ1 L 'll1 

a~l'lflliJ LLa::'lltJliJ~afll'lAflm 1u model 
" 
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NEW DRUGS 

Pegylated Interferon a-2a ( 40 kD) 

* mA1'lfltmf'?lirun At11::1ncf'2m1ffui{ u1111ntnatmifvia 

** mA1'lfltnff'211nu1 At11::1ncf'21mffui{ u1111nu1am151m5m1hCiJJ 

Abstract 

Pegylation is a technique that a biological active protein molecule is covalently 
bound to £.oly~thylene Glycol polymers (PEG). The pegylated protein obtained usually 
retains its biological action. Moreover, the water cloud surrounded this pegylated molecule 
decreases its renal clearance, proteolytic degradation as well as its immunogenicity. These 
therapeutic benefits lead to an improve in the bioavailability as well as a longer biological 
half-life of the pegylated compound. However, the achievement of these advantage depends 
on the molecular size of PEG used. When a high molecular weight branched molecule of 
PEG was linked to interferon-a.-2a, a 40KD-pegylated interferon (PEG-IFN) molecule was 
obtained. The large molecule of this 40KD PEG-IFN possesses a very long biological half­
life with small volume of distribution. These prope1ties allow 40KD PEG-IFN to be 
administered in a weekly regimen and as fixed dose. Only one injection per week is enough 
to maintain the therapeutic blood concentration. Thus, better compliance and better quality of 
patient's life could be expected. Clinical studies on the effectiveness of 40KD PEG-IFN in 
the treatment of viral hepatitis revealed a better therapeutic achievement when compared to 
standard IFN either when 40KD PEG-IFN is used as monotherapy or in a combination 
regimen. The suggested dose of 40KD PEG-IFN is 180 µg once a week. 

' Pegylation ~v mnl1rn1 imtHJft'llVll £olyethylene Glycol polymers (PEG) lJ1~'\Jtl1'\JO'\Jff1'jVVn(]Ylll 

Pegylated protein ffiQ)~~Ei'-3VJ-3)jqYl~Yl1-3ti1m'l'IL'll'ULa1>.J LL~)j~tlHf>.JU&i'U1-3tlU1-3L tl~U'ULL tltN Ail unth~G'l 
1 " 0 

" 1 " .f !'I " "'"' ' .f 0 1 " tltlOY\111 GltmH UOY11mUYl1U proteolytic enzyme G'lU10'V'U Lu'UGl'U ~tlHf>.J'UGlLl1n1'UYl1 l1 pegylated 

"' !'I ' 1" J' ' 1" . .Jq 6.l'olllo..al t '"' ~ 1 'l: protein Vlll(]YlBtl~ Lm1-301U G'lU11U1'U'VU LLQ101'>~~ G'l pegylated protem Yl>.J~tlHf>.J'UQJG'l011LG'l>.Jl1'>il >.JU'U 

mimhL~~Dtjihllrnf"!n'lltl-3 PEG ~tl1"1L~tll.J~tl ~1001'>U1Ltl1 PEG ~m>.JLaf"!n 1l1qjLLn~)j~nl:lnd>.JLnf"!n 
.al~ " d . .., • 1 !'t " "" .al ' d c(~ 1 ' U'U'U>.Jn-301l.li'1111>.J1L'11il>.JGltlO'U interferon-C1,-2a Yl1 l-ILG'l 40KD PEG-IFN 'IH>.JV11Vl'>-3'111Gl U'>1-301UU11 

.. "' 1 I " <t "' .. .. ".'I 1 ""' .. .. !/ti " l: <S 1 " U1\l).JlnLLn~).J01')0')~~1um \J')11101U'UtlU ~-3LOG'l~ll'IG'l~m~u1U G)')'lJ01')QG'lU1L'l'W-3n G'lllln~VJ')-30~~ G'l 

'>~~um 1 m~ DG'l,HGlntJG'lfttlG"11l1LViu-3\'rn~~~1 l1~rnm">~nl:l1 ua~'llmG"1u1mtffi1iioi'v-3tl~uGl1).Jt1mG'll1~mf 1 
" 

l1'1nol'1~ltl1u 1li'nG'lm1ut1mG"1L~u1n\J1Gi'Av fttlG"11l.fn~ 1so 1ll1mn~" ~inm">flmflm-3viailnl1n1u 101'> 
" 

YIG'll'rn-3n'>tl1~i1 01'>1ti' 40KD PEG-IFN ~nl:l1h~1i~aol'u!lmau ~dQ)t1'j~~YlBC-lnll1Uvni101">1tf • 
l: "' 1 " .r .J .. 1 " I ... "' .r ".'I "' ' .. .r .J "' "' standard IFN Yl-3L)Jil '11U1\JLG'lU11l1'>il '11'>1>.JO'UUltl\J \rnn~1nm~u1Ufl-3'>1).J)JtJ>.J10'11'UYl~~m'>'Un1'>'>0l:l1 

".'I ..,. qq. .... I d 1 " 
LLn~C·l u1U)JVJtllll1'1'4'111GlG'l011L)JtJ '11 standard IFN " . 
Key words : viral hepatitis, interferon, pegylated interferon 
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Pegylation ~ mu~'l 'j 1 

Pcgylation ~fa m"itl1un 1imrnmrn'1 • 
PEG (eolyethylene glycol polymers) i.n~umu 
.,a "' · 1 .: nu 1"it1t1nqrm mu m mariarnn 'l, peptide, 

oligonucleotide Lllmiu Davis, Abuchowski 

LLa:::~H'lll::l UU~lbLt11ifi pegylation m 1'1foY'1LLoiU 

fl.A. 1978 L\~t1tl~rntl~mJflrum.JuOiY11'1Lmt'1l • 
'lt!UfllaVtf LLal::/ll~tlnl"itltlnqYIB'1Hl'1"'1"i ~'1 

d t q • I .J'd t 

L '1lt111r-1aV1t1 t1'1m"iY1lL'1lUUflt1 L fo.Jqi ruaiiu&lm"i 

a:::a1ml1t1t1'11"Lttf!« aV1m"in1~V1t1t1nY11'11VI 
ua:::aV1m1mlJm~~t1t1'1"'1"it1t1nqY1B 

!'I .J 1 ~ " ' PEG L u1Ja1"iY1a:::a1u VI~ mh 1iH'iqYJ5 

LLa::: 1iJiivh1 m"iL~t1J.Joit11J.JLaf!at1t1'1hh&iu1VI 1 
nu PEG 'l:::hhh1li'LnVlmm.l~mmtla'1qYIBYl1'1 
~11l1\'ltlt1'1 u.h&imf u LLoiii~moit1tl"i :::flY1Bll1Y~l 1J 

,f ., .J~.J' 
m"it1t1nqY1nt1t1'1"'1"i'lUmumnV1mJ 1V1uii'1Ju1V1 

1"rnria'1Jt1'1 PEG LU1Joi'1fi1mJV1~1muoi1LLml'1~ 
ai"it1unqY1Bmm"im'li1~unuiru 1~ 1!1J?iumnV1 

1J.Ju:!f!t1'1Jil'1 PEG ~1'1f'LUUol101lllJVl'lJU1VILLa:::1li 
., 1 .J " lllrn 1.JLaf!t1'1Jil'1 pegylated compound YILnVl~lJ 

1 u·rhu u'1LQiu1n1rnmV11J.Jrn riat1u'1a1"it1u n q'rlBn 

L ll UU'l~U~n1llU V1~1inuoi1Ll llU'1~oJ1iJu L il'1'l::: 

1'11 PEG L'li11tl~u m:1f umnm"iuunqY1BL llu 

11.h&iu~irtJ.JLttf!tt 1 myill'lv:::LnVI multipegylated 

dl".J., • ,f compoun VI '1f'1n1"ivU"i:::ll11'1a1"iuiln{)Y1Bnu 
.J " 

PEG YlllalU 'loilLLllU'1LLUUUilHn11li'LnVI steric 

interference~ active site '1Jil'1"'1"itlunq'r'IB l'l1lli' 

tl"i:::aY15m"l'rnu'1"'1"iuunqY1BaV1a'1 LLvi'11 H' 
branched PEG v:::l'l11'11 pegylated compound ~ 
1~ihl1mrn 1" rnria~'11V1u~1muoi1LL m1'1~~unu 
PE 1 '1"d.J' 1" G J.J VILYIJ.J'lJU m-s '1l branched PEG ~'1liJn1 

1 i tl"i:::aYJG1l1Yl'lJ il'1 ai "j il il n f)YI Ba VI 1'1'1 m1:::U'1nl 

1'11 pH timai-sL~J.J~lJ Y1uoium1J.J{uuJ.J1n~u 
Lrn:::aV1m-sumJt1mfa1t1~1u proteolysis l~mn 

ni1 linear PEG conjugate 1Vlutln0i1tl-s&iu 

1 c$ cv q o tel CLJ'IV 

mariman 1J.JnJ.JmLLllU'1'rlv:::vunu PEG 1!m1 

mnn1 pegylation nu PEG foLttf!almy 'l'l:::LnVI 

m-s~umunmYiu'1oi1LLm1'1LQim uu1'11-sM1 u 

Srichan Phornchirasilp 

m1l'l1 pegylated protein oi'u'1L~iln 1mana'1Ju'1 

P.EG 1li'vrnmJ.J1:::L~ujjlli'LnV1m1~umun~muu 
""1'" .. "1 'rl J.JVlu'1m'lflumN J.JLaf!tt'1lti'1 PEG vunu 

1tl-s&i1rn~t1t11llmu1mam1 Lrnrn1lli1'11"Lanaii 

m'l~unu PEG lla1u fo~aria~1u L\'111::'l:::n~1li' 
LOVI agglomeration 1~ 

U'l~U i) ntl'i:::m 'ill ;1..,~or tl'1~1U'1 ~'1 Lrl t1l'l1 

pegylation ?it1m1i1fl'1'rlU'IJt1'1\~1rn:::~Lmam1~'1 
IV CV ~ 'Ii V 

av'1'lUmJ L ut1'1'l1nm"iLV1 "imm~V1i1rutti1 u-stlu 
.: d ti" ti ., ,f ,, .Ii 
mm1 -su 1"~ruai1uOi'IJt1'1al"it1t1nqY1n '1:::1m 

LrlmnV1m-smunumt1ai"i~l~oi't1'1fl'1vi'1 liJ 

amun'1u 1thlJ1JLmanaL&iJ.J~1mrn • 
'l1 nm-s L ti ~Ulm t.la-.l ~ ruamJOiY11'1 Lflii 

LLa:::vrnnd'IJt1'1a11t1t1nqY1B~1um-sl'l1 pegylation 

a1t.11~i1v:::LnV1m1Ltl~mmt.la'1 confom1ation, 

steric hindrance, electrostatic binding, hydro­

phobicity, local lysine basicity ua::: PI (pH ~ 
LU'i0l1Jiit.l"i:::1L ll1J~uu) ~'1rl'1r·m 1 li'm1fi1~V1 

,f 
mwt1nq'rlnt1t1nv1n~1'1mt1'1f1a'1 L'li1rn11?i'ut1t1n 

'rl1'11viavia'1 LOVI proteolysis 1foua'1 Lnvi 

macrophage opsonization mntu ua:::m'li'ir·m 

oit1t.l1:::ilY15m\•1n11~u'IJt1'1al"it1t1nqY1Bnu cell 

f l 1 " ~ .J ,f receptor 'llJlulH·m mnV1m1Lt.lammtla'1{)\'lfi 

Yl1'1~1i1WI m:in'l1nif m"in1 pegylation ti'1t11'l 
T , .J ..,...,., c:I 

L lrnmm'1'1l1Vl'Uti'1 m-s~Vl'llJ.J'l1 nu~L1ru1oif.11 
" .Jq v 

mMYl'1Vlm LLa :::U1'1fl1'1U-.la~m-sm:::'l1t1oi'11 iJ 

~1'1n1U~1tl 

Pegylated Interferon 
1 ?iv IFNa ~lh 

1·'"' ., y ., d u'lumunu PEG V11t1mrn::: covalent '1f'1 

t.l-s:::1u'1lifot1'1n1'lLVl°it1J.J1iJ~tl pegylated JFN ~fa: 
. 1 II I .J .clq J" - 'rl1 llfllfl'l'1'1l1V1'1Jil'1 I FN tl11lfllJ'UlJ 

Lm1:::1mariamN PEG 'l::'li1uuviu'1jjlll'lJ.JLana 

'1Jt1'1 IFN U'lln!)ol1rHJnUmmrnn~'1ii enzyn~e 
flut1r.lt1mrn1mT1rntj IFN lu~t.I pegylated cm 

fi1~V1l1d1'1mmrn:::?i'uchut1t1nm'1 hl'1f'1a'1Lrlt1 

L t.l~urn iiurnhnu standard IFN 

- 'lhuavi antigenicity ua:: irnmuno­

genicity '1Ju'1 IFN ~L tJm'li1JlTlV1nLv111:::iiLJ.Jrnna 

'1Ju'1 PEG 1tluV1u'1jj1...,1m'1na IFN ~n . ,, 
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recognize 

, 1 "".'I antigenicity m1:: immunogenicity '111U '11C;Ju1U 

u'lfl'l 1'limoit11 tJlo1'o1'1m.h::a't'l!im,'lfl'lLai)JLrn:: hj 
0. '1 I ., 

Lnvim·m v1tn\l1t.1ttn 

- L '~ m.h::a't'l!imvrn1'ia::a1u'1Jt1\ltn 
' .J 

- LYl)J bioavailability LW'il::nVlnl'i'rWl 

C1mhn1t.1~u'ijnru5vim (lo1'r.i1'rllr\l) 
" .,: .I ~ .. li 

- tllvL l'rnu'i::«'t'lliJlll'l'lltJ\lnl'i\l\l 1 

tlv~uuifo1'i r·1~vi IFN 111~tl pegylated 
cl 1 ';'J J " :; 

IFN L \'IEJ 'If L \J't'll\ln1'iLLVl't'lULLn1't'l\l pegylated 

IFNa.-2a LLn:: pegylated IFNa.-2b m'i1'li 

1 ".'I .J (.1 'l " ., .f ., 
pegylated IFN u~u1U't'llu\lL'iflVIUEJmauml'i\l 

cl .. .r 1 .., .., .., dd !SS .J 
L \l tl\lvlOVIVIL'litJ 1'iaG"lUEJnLaU'lf)JC.Jaf)l'i\'tOlfl't'l 

1 " d .1 ~ .. 1 ., .J ..: J' 
LLaVl\l \1 L \1\l u'i::«'t'l lilllVI llnl'i'in'lfl't'll Vl)J'1J\l 

'lltJ\l IFNa. 111~tl pegylated IFN L m1::m'iC·J~Vl 

m111~tl pegylated form ifm)Jl'iCILLnilcymL~EJ\l 
.J d ' d ""°" :; • 1 " " .. 1 " ' " 01'i't'ltJl)Jfllfl'i\l'lf1Vla\lvlJ't'll \1VltJ\l \lVIU1 \1LLfiC;j 

.. 'I .., :; ..,. :; .., 
u1U1\ln::\1n1Ufl'i\l EJO't'l\l pegylated lFN tNfl\l 

.. i1 .. 1 .,.. ' .. 1 ,J' 'i::vium.1 mnEJVI vivim1 'i::viumv:: )J'lllJa\lLLa:: 
v " 

nVl~l)JlnLthJ 1 tJ ·rh 1 '1mmm'iClt>EJ nC)'t'lifto1' 

I I J V ""' Ql 0 ... 

tJUl\lVI El L \Jtl\lLLn::EJ1tn'i'lll\lLfltN'l.ltJ\ltnn mnvi 

' 1" " .r 'i lJLL'i\lL't'llnl'i 'If standard rFN V11U 1rnnv1mJ , 
tn'i nvi~11n11fl f'lv t1-.)ni'iii viu11 '1~ru1uu..,'il1u 

" 
L \~ )J fl11 )J~1).JlitJ'lltJ\l C·lU1t.1111m 'i~Unl'i~n'tfl 

" 
o1'1umua::L '~"flrum\·1:aivi ~i'lhuo1'1u uoim'i , " 
~mno1'1u pegylated IFN Xrfo 1 '1Lnvimm'i l,j 

l'i\lU'i::a\lAvil'l 1 L'lill tJ1vi?h~:: rlmm'l~t.I mv 
tJ1vini1).JLif t1 m'ilJcU~lJLA-r1 1rn11 l,jwa'u 

!-1 " .J J -~ .. " .. .J ... 
Lu \lVI \l '11\JL)JEJL u'it.JUL 't'l£.IUtllnl'i'1Jl\lL~HN't'lLOVI 

1" ., d o. 
v1nm'i 'll pegylated IFN numnvivln standard 

IFNa. v::L~11lo1'·hm'ilil pegylation ll1o1'nilJ 

" .. .J ... ..r ' 1 d ~ "·'' .J., tlln1'i'1Jl\lLflt.l\l't'llnVl'lllJ tJUl\l 'iOVI LlJ~u1U't'l'iU 

m'ifo~1o1'1mn IFNa.-2a )jt11m'il,j l'i'ltl'i::a\JA 

d " .., 0. !11 0. ~ • 

't'lVI EJ\l'i!:1\lLLa::vivimm uim LA~fltJ neutropema 

Lrn:: thrombocytopenia fl1l)JNV1tlnQl~\lat1\ltJUl\l 
.r ., ti ., 1 "·'' .J .. d ..I .r irnn 'ilO!J'llVI UC;Ju1U't'lVIULL'll\l '11\ltllnl'i\J\'IU 

1 \l C·lthu~~um'i~nmo1'1u pegylated TFNa.- 2b 
" 

L'li11n1J LLaVl\lll pegylation l,jmm'iClnvivmau 
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.I .r ' 1 dd" .q ., I 
u'i::nl'ilJ'lltJ\l IFNa. Elt.11\l 'iOV1'1JtJLat.1V1\l0n11 

Lrn1U\1lJVI1 tJLLoil,j'i\lLL 'i\l~\l , 
1f ufit1 pegylated IFNa. Li'.J1Hn~'llnru'lf ~ti 

1 ' .J .,: .I ~ .,. 1 LLUU \1).J'IJEJ\l IFN<X 't'lLW)Ju'i!:«'t'llilllVI \Jnl'i 

~n~1ua::L '~" fl11lJ~1i1lit111Jm'ifom'i~nm-i1n 
".'I v 
~u1t.IV11U 

tn'i~V1L:fft1 l 1faviuti'mau:if (hepatitis c 
r-r .J, .. ..I ' ltl~ ., virus, HCV) Lu\lall\1Qj't'lalflqj'lf\l\Jl ijL'iflVIU 

d o 1" I ., f1 d &I 
't'l\'IUUEJU VILLn VIUll'IJ\l Un:: lJ!:L'i\lVIU HCV 

Ltl\l RNA virus ~EJ~1u Flaviviridae family 

tlv~uuifotj 6 genotypes LLn::mnn11 50 
J .r l., ".J' .. 

subtypes LlJEJL'lftJ 1'ial'i.11~'il\lnlt.l'l ::lJnl'iVIEJU 

aut1\l'1JEJ\l T-lymphocyte LLuulli1mL'i\l li11'111 

fa)jfa m ann1m~1Jtl'Lrn::t1 ti1 lJ ~1\lmuu11mu . " 
.f ., 1 4 !-1 

LLUUL'itl'i\l (Vl'i1v\'IU HCV RNA \JlntJVILu\l 

'i::u::naltJUl\lUtJU 6 L&imJ) 'l10nl'iVl'i1vC•lQJVI 
" 

,f li 1 .I .., .:ii. ' 

mEJ HCV 't'l\l'HlJVI \lu'i!: L't'lAa'H'i~tlllJ'inl l'IU11 

r-1 "" .r .J ( Lullnl'iVl~L'lltJ HCV genotype 1 lJlnYl"fVI 70 -
r-r .J ' .. 

7 5%) LLn!:LulJ genotype 't'lUlOVIEJnl'i'inmmn 

' ... .r 
n11nl'iVIVIL'lltJ genotype 2 LLn:: 3 

Tiie N TH statement on management of 

2 1" . 1 U.:-.Q,, .., Cito hepatitis C: 2002 VILLlJ::in \11\lv~Unl'iVIVI 

J' l ..,..,.., tf .r.., v ' "" 
L'lftJ 1'iaviut1maumLUUL'itJ'i\l mt.1m'im1v11lJ 

'i!:~U alanine aminotransferase (ALT) a'INVI 
" 

tln~\1~EJ lli 1viui5 enzyme immunoassay (EIA) 

v1mf 111 l1vuumrno1'1um'iV1'i1vm'i::~u HCV 

RNA (viral load) v1nm'iAn~111J'il1\l 5 - 7 u 
.J I I ti~ cell Q, .d' 1 Y 
mnmn VIU11N't'llJnl'iVIVIL'lltJ HCV nl'i \1nl'i 

" 
-rmrnLUU combination therapy AEJ 1'1 pegy­

lated IFN ~1lJnu ribavirin v::l~~mm'ifolfl~ 
' 1" .J ~. I • ., .J .. n11nl 'i 'll IFN<X LVIU11 tJ\lflu'i::ntJUnlflfljmJ 

C·Jaoi tJ01'iLatJnLLln't'll\l1um'i~Om lo1'LLO nl'i 
.r 1 ."t ., ., ' .r ... 

Vl'i1v\11 genotype 'lltJ\lL'lltJ \Juv~UlJV11U\l'llM 

..$ d 1 ., .J .. J d4 
fl11).J'11L'iv \Jnl'i'iO~l't'lVIYl"f~OfltJ sustained 

.J ~ ~ • 
virological response (SVR) 'lf\l\1lJlf.IMnl'i't'l L)J 

nllJl'iCIVl'i1v\'IU HCV RNA 1u:if~lJ~1ui5 
quantitative HCV RNA assay ~ij lower limit of 
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.J ..,_, " .., 
detection ~ 50 IU/mL 'Ylmn 24 auG11'HlHN 

ifuaY1nwfatn 

' v1nm'jAn1:11~~hinnv1Jo4ilv~uu vmi1 
i;:, ii ... .J ... 

viral genotype m1::: viral load Lu1J 'J;,}U'Yli.JVl11i.J 

ai~cyD£i14fl4oiflu'j:::~'Ylfir.rnmHm'j-j'nm rJthu 

genotype 1 ua::: 4 v:::fommnni1rJ1hu geno­

type 2 LLa::: 33
•
4 Lrn:::m'jaG'la4'1Jil4 viral load 1u 

'li14vl1J 'l'llil401'j,nl:fl (early viral response, 

EVR, 'H>-11U04 01'jaYla4'1Jil4 viral load DU14 

'\lDU 2 log scale 1'J'li14 12 a\Jm~LL'jn'IJD401'j 

-j'm:n) v:::'111ul11inmmm'j01Dumrn4oiDm1u 

'j:::u:::oiDluM 1um4naun1J t11'h.mm'j01Du 

({1Jfl4~ilU111J~14U'jn'IJD401'jin1:11Hv:::l111i 
.J' 

l'1Uln'jnflvl'i1r.Jam'jin1:11ri4 hi~irn 1rnnv1nu 

ilv~u~u 1mviir.rnoiDm1>-1am 'Ha1 l um'jin1:11 

L'liu L~D'lilOl ("1uth~1v:::iim'jOJDumrn4oiflm'j 
Q .¥ ' -rmrnrDuni1riurimriL?imJ) m'jOJYIL'lifl'j1i.J 

"'°"' x . .,,I..,. 'j:::'Hi14 HCV ua::: HIV LLa:::~01YlL'lifl'j1J.J'YlJ.J 

CD4 ~1 Lrn:::ii'j:::~u HCV 1m~DG1~4>7nv:::01il1.J 
auD4oiflm'jinm lG11J.i~5 

~4ffivl'n~11ua1 l u'll14vl'iJ m'j l'li'L 'YIA fo-
fa[j pegylalion 

pharmacokinetics ua::: pharmacodynamics 'IJ!l4 

IFNa 1i~~4t'1J ilvvU1Jii pegylated IFNa (ffl4 

'1fil Y1a1 'H-rul ifo1:1~m1:::01')01Y1 L iD liiaoi' u 
... .. .r "' 1 " ' · " a 2b ~ flnL(f1.J?JLLtJUL'jm4 G1LLn pegmter1eron - " 

ii 12 kD linear PEG oiDDtjntJ IFNa-2b LLa::: 

Dn'liUYl'Hd4H~D 40 kD branched PEG oiDDtj 

nu IFNa- 2a 'H~il L~uni1 pegylated IFNa-2a 

(40kD) 

fl1'lLi pegylated IFNa-2a ( 40kD) 

monotherapy 

·11Jm'jA01:11'Y114VliliJn Phase II LLUU 

controlled, randomized, multicenter, open-
s ..I .I ~ a label, ascending dose L l~il'Hlu'j:::'1'Ylf:H-Ja'IJ!l4 

u11 mr U1U'lilULLa:::'Hf)j4 ~hj L {l UolULLV4~11J11J 
v 

159 mJ iiD1~'j:::'Hi14 18-57 i'.J l0mi1rJihu 

Srichan Phornchirasilp 

'YlOAiJii anli-HCV antibody, RNA 'llil4 HCV • 
ua::: ii~1 ALT > 1.5 upperlimit of normal 

(ULN) L~ilLLU4tJthmlJ1JUrHO~>-J fl~i.JLL'jnll'i' 

m conventional JFNa l1J'IJlllG1 3 MIU ff'tJmlf 

a::: 3 A~4 a1uDnn~i.md41vl'fo pegylated 

JFNa- 2a ( 4 OkD) 'IJU1G1 4 s, 90, 180 'H~il 
~ ~ ~ ~ 1- Q 

250 µg a\Jm'Ha:::m4 Cju1U'Y14'Hi.JG1 mUU101G1 

oiDnmlJm:::u:::na1 4 8 atJY11~ ua:::iim'jOlYI 

011>-Jr.Jaoi!l luDn 24 atlm~ C·JaU'jlO!]il pegy-

lated IFNa- 2a (40kD) 'IJ1nG1 180 µg 

ali.Jl'jClll'i'~h SVR (f4~(fY1 LLa:::vlnnl'jAntnoi!l 
v • 

" d "1l'11.Ji1u1lU'IJ1J1YIULiJ1l'IJU1YIU1'Yl L 'H m:::a>-1 

al'Hi1.Jnl'jinm r.iu1UOlG1L~il11fooi'tJflOHftJ~ 
v 

LLUUL~il,4'YlnU'j::: Lfl'Yl ~1 SVR v:::a4(i4 36% l1J 
• v 

t·i~Miu pegylated 1FNa- 2a ( 40kD) 'IJ1nG1 

;80 µg Lllm:::u:::nm 48 atlG11~ ~4iiA1. SVR 
d ..,. ..,. - ".,.1 "" a-rn1nni1 10 Lfi1 l>-JtJLtl'jUUL'Yluunu~'Yl mu 

v 

' 
conventional IFNa (SVR = 3%) ri'mlnl'jLl~i.J 
.J' c: ::-1 ..:..r 'IJlJ'IJil4 SVR v:::Li'.J\HLUU'IJlJUU YlGlli.Jnl'jLVrn'lllJ 

'1Jil4'1JlJ1YIU1 ua:::04'j:::~u plateau ~'IJ1J1G1Ul 180 

µ g tl1'Hfor.ilJ1u~~1L uuvl' D4tlfoaG1'1JlflG1m 
v 

pegylated IFNa- 2a (40kD) 'IJUlYI 135 trn::: 

90 µg LlluvmG1~a4llfu'j~~'Ylfi~rnl1Jm'jinl'.l1 
m'jAntnm4viailn Phase III LLtJU 

controlled, randomized, multicenter, open­

label, ascending dose ~~LUlJn1'jAn1:11lucJthu 
OlG1L~il b~aoi'ufl'mau~ILUUL~Di4~U4 hhriufo 

m'jini:n ua:::ii'H'iD 1>-ii.im1:::mrnLv411>-1~1u 

LG1Un1'jAnm~'Hd41 ilvu1Y1n~>-1Gi'1D£i14 6 39 
c: q .., d 4 

Vl'\J Li'.JU'l!lU 68% ua::: 18% )JJ111:::01ULL'IHmil 

ln~L'll1~m1:::oi'ULLV4 rJu1u 66~6 ii HCV 

genotype 1 Lrn:::il~1m~u Knodel! HAI score 

Lfi1nu 9 lum'jAn1:11i'lLvl'qi.Joi'1D£i14rJU1ull'i'lvl' 

iu pegylated IFNa- 2a (40kD) 'lllJlYI 135 µg 

Q.I " :; 4 1 " ... 'H~il 180 µg aum'Ha:::m4 mil mu con-

ventional IFNa lumnG1 3 MIU atJY11lfa~ 3 
l! ... g .Js .. fl'j4 (standard dose) rl11rnnn1'jl'Jfflfl'H1J4 " 

mmailri'j~ru1u~1mu 5 31 riu L uu'1i1u 6 7 % 
v 
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........ d ~1""..J ... 
Uri~ 13% iJJl11~0lULL'tl~W'Hl mHt11~m1~01u 

LL~,, rJtl1£.1 62% ii HCV genotype 1 LLridi~1 

L11~£J Knodell HAI score L'rl1nu 9 1uni'lflnl:n 

if ~JJol1ilU1,,rJU1£.11"r1Lolfo pegylated IFNa.-

2a (40kD) 'tl\JlVl 180 µg atl011lfri~Af~ Li'.J'U 

nm 48 atl~nli' (n=267) "r1~vMfo JFNa-2a 

"'ti " l! ffl "'ti " 6 MIU a 011"r1ri~ 3 m-:i Luunm 12 a m"r1 

uri~"r1a-:i•nmruH'mn01m 3 MIU L;'.J1mm 36 

atl011li' (induction dose) (n=264) r~r1~1nm'l 

flntfl~,,nil-:J ~ui1 pegylated IFNa.- 2a 

( 40kD) 1 \.ffi1 SVR a-:ia01Ldmt1~tJULYitJUtl\J 
" ' 

standard "r1~il induction dose 'tlil-:J conventional 

oe:1 .. 1 ~ .oi:l 1 Jl .. •1 CV d ,, .d 
IFNa. lnl~lJu'1~ft''Yllif'H1 tlf;ju1U91Ull'\1'3WlU UH) 

,, 
fftHf~n1'1i'mnlihnmrnVln~l'l1.J HCV RNA 

1 Y.'I .J1lp"' tlf;ju1U 55-69% 'Yl mu pegylated IFN0',-2a 

"'ti " l! !11 ( 40kD) 'tl'UlVl 180 µg n Vll"r1rl~Vl'l-:Jlutll1rl1 

48 atlmlf Ltl~tiULYitJunu 22-28% 1m.JU1£J~ 
" 

1
.,., .. 
mu standard "r1'lil induction dose 'llil-:J 

conventional IFNa. (p<0.001) Llrl~\~U SVR 

1u 28-39% 'llv-:irJU1£Jfhoi'fo pegylated IFNa.-

2a ( 40kD) Ltl~tiULYitJuti'u 11 -19~& ttv-:ir.itbtJ 
" 
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Yi'loi'fo conventional IFNa. (p<0.001) ('ltl~ 
" 

1) ff1ur.rnqjil'l~~u ALT ~ui1iim1J.Jam~mf 

"j~~1,,, SVR tlUnl'lrlVlrl-:i'IJv-:i'l~~u ALT ~il 
".'I .J... ... ., .J.i ' 

96~& 'IJil-:ir;iu1tJV1iJ SVR ~~m~VlU ALT VlliJ 

Ll~JJ~'U vci1-:ihn011JJm1JJam•rwm'liJ1'1,,ilU"r1a-:J 
" ; .., ~ .J " .. 'I "" CV ntlnVlnl'l'lOHl 'lf-:inl'l'Ylr.Ju1£.IU1-:J'l1£.IJJ'l~01U 

' " .J .d. ,,f '::Irr. .q ti Q.. " .... 

ALT 'YlLl~JJ'IJlJ ill~Ln01~1niJnl'ln'l~Vltu1"1'1JJOU . " ' 
~oiu LLqjvci1-:i l 'ln011" r.ltl1tina>Jdii~1mu b~a " . 

., d ... .f ~ J' 
1'101 fl,, Llrl~nJllVl VIUOVl'IJ'\.l~l n r.rn nl'l01 'l1~'1fU Lu il 

(histology)
9 ,tu~vnwrm~~u ALT m~hni 

G.J I .J' CV .J.q}Q 

011U,,'lfr·rnnl'l'l0Hl'Yl01 

nl'lflnl:l111mtjiJrJtl1£.1 genotype 1 m'lf 
pegylated IFNa.-2a (40kD) 180 µg7

-
801

1-1
2 

l'IUil pegylated IFNa.-2a (40kD) ni1\.fLfi01 

SVR 11JC.JU1tl 22-28% Ldmtl~tJULYitJUtlU 
" 

SVR 7~& 1mitl1ti~lo1fo conventional IFNa. " . 

LLri~r.rnm'lLtl~tJULYitJurJtl1£.1 genotype 2 Llrl~ 3 

rh;'.Jultl11Jn1'\.lil-:JL~tJ1tlU ~vii SVR 41-56% 

1mJ~loi'fo pegylated JFNa.- 2a ( 40kD) Uri~ 
19-37% 1u~Yiloi'fo conventional IFNa.-2a (p 

<0.001) 

0 End of treatment (wk 48) ~ SVR (wk 72) 

80~& 69~& 
,,..._ 

'*' '-' 609& 0 

"' 

55~~ 

8. 
"' ~ 40* 
<ii 22~& 
0 

]> 
209& 8 

> 
09& 

n = 214 n = 210 n = 264 n = 267 

IFNa-2a pegIFNa-2a IFNa-2a pegIFNa-2a 
3 MIU (40 kD) 6/3 MIU (40 kD) 

180 ~tg induction 180 µg 
regimen 

~t.J~ 1 tl'l~~'YlBr.Jrl'IJil,, pegylated IFNa.-2a ( 40kD) Ldvltl~tJULYiuuti'u conventional IFNa.-2a8 
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fl1'1L'lf pegylated IFNa- 2a ( 40kD) ~13.J 
"' .d numuu 

m-s1'lf pegylated IFNa.-2a ( 40kD) 

i11JOU ribavirin 

m-sH' IFNa. i1"nu oral ribavirin L~" 
. 1" .J SVR mnn11m-s 'If IFNa. LGIEJ11 pegylated 

IFNa. iitl"i::ih1i51m~a~ni1m"i H' conventional 
" .,:; ..... g 1 

IFNa. Gl~'IJ'IJ•N"m-sv1n~n u phase II m1:: 

phase Ill L\~r>mtl"i::ilrific~a'1JiNn1"i1'11 pegylated 

IFNa. i·rnnu ribavirin ~~n1"iflmfl1u phase II 

pilot study 1'1J~U1U 20 ~rn \~ui1 L~rl 1\1 

pegylated IFNa.- 2a (40kD)180 µg ff'tlmlfa:: 
:; . ., 1" 

m~"i1"num"i 'H oral ribavirin 1,000- 1,200 
., :; .J .J ".'I .. • 1 "n. 11rn:: 2 m~ m~'HlH'IJr>~t·lu1u"~1in1J 1 

" 
;'aaGia~i)~ SVR

13 a1'1Jn1"iflmfllU phase IIl14 

LUULLUU head-to-head, partially blind, ran­

domized, parallel, multicenter study ii~lln'Ur·l 
" 

ihu l 1;'aGi'u ilnLau~L'li1'h"ni"iflm-n~1in1J 
f l ... 

1, 121 fl'IJ Lu'IJ'lf1U 71 o/c>, " genotype 1 65% 

u~~ij1111~Gl'ULL?i~ 1391' iin1~rii.Jo11t1U1~~U1u . " 
• .J "'1!:'1"" O'!"Yl'HlJ~ 'H LmU pegylated IFNa.- 2a ( 40kD) 

.,ti .. :; ., 
180 µ g a Glllrn::m~ LLa!:Ul'\.lnrlnLL UU"iU 

tl'l::mu (Lu1m1'l{mrnLUU monotherapy) 

(n=224), cJthuntj"~ar>~ l~{u pegylated 
.,ti ,, :; , 

IFNa.- 2a (40kD) 180 µg a Gl1'Ha::m~"i1~J 

nu ribavirin i'irn:: 1,000-1,200 "n. (com­

bination therapy, pegylated IFNa.- 2a 

(40kD)tRBV) (n=453), LLa::~ihuntj"~m" 
Mfo conventional TFN0.- 2b (3 MIU atlGilH 

:; 
a:: 3 fl'l~) i1"nu ribavirin i'ua:: 1,000-

1,200 "n. (combination therapy, IFNa.-

2b/RBV) ( n=44 4) c.ltl1u~~'H"G1 M{umLu'IJ 
" 

na1u1u 48 atlG11lf 'Ha~~1nii'u~G1m'lliu1 
LL~1 24 at1G11lf (atlG11lf~ 12 1ru~1m~"m'l 
;'mfl) ~~'111m'ltl'l::Liiutl'l::arii5r-rnmNm"i{m:n 

lG1um"im1~m HCV RNA (primary endpoint 

evaluation) 

Srichan Phornchirasilp 

r.mm"iflmrnLaG1~l\i'L~ui1 m"i1\1 pegy­

Iated IFNCY,-2a ( 40kD)IRBV 1\ir.rn SVR a~ 
" 

aGi ( 5 6%) 11H.ltl1u~~'H"GI ~)u l~~h SVR a~ . " " 
ni1~1 SVR ~1nm"i1\1 IFNa.- 2b/RBV (44%) 

mh~iiumhfl'qJm~ailGi (p<o.001) Lrn::Mr.m 

1 tU • .... .., 1 I ".'I .J cl 
SVR 'IJan'l:HU!:L'lflJLGIU10'1J lJn'!"CJu1UYI" ge-

notype 1 Ar> m"il\1 pegylated IFNa.- 2a 

(40kD)/RBV 1\ir.m SVR 46'}~ L~m\.J~uu 
LYiuunu~1 SVR (36'}~) 1m.rm~fo IFNa.-

'U 

2b/RBV (p=O.O 16) LLa::ij~l SVR LlJ'IJ 76% 

• ., d ti"" "" 1 ". 'I .J., ua:: 61 % OllJJalGIUL"m ')[JUL YIUU 1Jtlu1UYI" 
" 

( tl .J 14 .J' 1" genotype 2 LLa:: 3 ~ YI 2) '1Jr>n~1n'IJ01"i 'H 

pegylated IFNa.-2a ( 40kD)/RBV iitl"i::arii5 

c.rn?ini1m"il\1 IFNa.- 2b/RBV ~~luntj"c.Jtl1u 
~ij baseline viral load ~~ (>2 ~l'IJ copies/mL 

'H~rl >800,000 IU/mL) Arlij SVR 53% 

\.]"' "" ., 1 ' ".'I .J .. L "j[JULYIUUOU 41 % LL(! !: unamlu1tJYllJ . " 
baseline viral load ~1 ($; 2 ~llJ copies/mL 

'H~!l $; 800,000 IU /mL) Ar>ii SVR 62% 

Ltl~urnYiuunu 52% 

• .J 1 ti .. 'lf1~na1rirn"1::a" um"i "i::rnuc.rnm'l 
., "' .,ti .-.J ., I S .J • 1 " 'lmflflr>a m'Hri 1 2 'llr>~m'l'ln'lfl 'lf~~::m 'H 

mm'ln'l111nu lof 11rJ\hu'l1ulG1iiLm1 ltl'"~~:: 
" 

tl'l::aum1mhL~~ 1 um'l;'mn ~inm"ifln~1ti'1~ 

oim•1ui1ii 86% 'llr>~ntj"~thu~Mfo pegy­

lated IFNa.-2a ( 40kD)/RBV ii EVR (ii HCV 

RNA aGia~;:::::: 2- loglO ~ln baseline 'H~D Ol"i1~ 

hh-1u HCV RNA) 11J fftlG11H~ 12 t1r>~m"i 

.J' 
ur>n~1nu 

~rn~1nm'l'l11 meta-analysis t1r>~m"i;'n~1 

chronic hepatitis C (CHC) 16 #hiL~Uilm"iltt 
combination therapy IFNa.-2a/ 2b i1"nu 

ribavirin i'ua:: 1,000 il~ 1,200 irn. iitl"i!:flYIG 

. l " .J 1 ""' 1 .,., ~rnmn011m'l 'If IFNa. LGIU11 'IJCjYILflU mu 

IFNa. LLoihJiim"i01r>umrn~ 11m1'lfo~1fl~~LL"in 
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D IFN alfa - 2b 3 MIU/RDV ~ peglFN alfa-2a 180ug/RBV 

7 6 9~ 
8096 

...... 
'$. ._, 

56% ~ .. 60'}~ &. 46% l:l .. 
" u 
·~ 

~ .. 
40% 

;> .,, 
20 96 .. .. 

"B ... 
" (/) 

0 % 

n=444 n=453 n=285 n=298 n=l45 n=l40 
All patients Genotype l Genotype 2/3 

3tl~ 2 tl'i::a'r1fimi·1HMm'i1ti pegylated IFNa.-2a ( 40kD)~1i.Jnu ribavirin (RBV) 1u~thu genotype 1 

"" ti.... .... .., . ' ., 14 mt:: genotype 2 mi:: 3 Li.Jill 'WUL'r1UUOU convenllonal IFNa.- 2a 'i1JJOU RBV 

Sustained virological 
response N=253 

(65%) 

Yes N=390 
(86%) 

N= 137 
No sustained virological (35%) 

2-log drop or 
response 

Week 12 undetectable 
(N = 453) HCV RNA 

Sustained virological 
response N =2 

(3%) 

N=63 

No 
(14%) 

N=61 

No sustained virological 
(97%) 

response 

3tl~ 3 nl'ithmu Sustained Virological Response (SVR) 1u~Jthuffi~~u pegylated IFNU-2a (40kD) 

/RBV
14 

ijm'i~mfl phase III LlUU double- blind, 

. II I . 17 
"" randomized, para e -group, mult1center Ll'Hl 

.J 
'r'l~H'IDU'Hl'i::u::rnrnrn::mnvim ribavirin 'r1 

L'Hm::ai.J1um'i~mn 1~m:1a'itli1 ~Jll1u geno-
• " 

type 1 m'i1i pegylated IFNa.- 2a (40kD)l80 

"'ti ~ l: • "' ... µg a Yll'H'1::m..:i 'i1i.JOU ribavirin 1 '1.m:: 

1,000- 1,200 im. Lthmm 48 atlmlf ~::1~ 

lh::a'r1fic.rn1ut!ihu 52% (ij SVR) ri1u1ut! 
" v 
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\hu genoytype non-1 WUll'IJ'UlVIUl ribavirin 

i'im~ 800 i.m l1~il 1,000-1,200 im. r.J'101'> 

~mn hiiim1im01noi1~nu (SVR ~ 84%) ~~ 

LL'U~u111nw~'m:n~\J1un~iiif m'lll-1 pegylated 

) 
"'.I ,, :: • 

IFNU-2a (40kD 180 µg auVl1l1'1~Yl'l~ 'l1i.J 

nu ribavirin i'lrn~ 800 iin LU'U'l~U~L1'11 24 

a\Jvi1"1 ~~m'lll-1 ribavirin lm.Jmvi~1Lllu01'l 
t1m1mi1~ L~u~mHmLLt1~t1vi~1 l·1N1u l lm1'l~nl'.f1 

ni'l1'lf pegylated IFNU-2a ( 40kD) 

. .. "" 
'l1~nUtnil'U 

n~iJ'IJil~ Di Bisceglie Ll'1~ Mangia
18 

loi' 

~nl'.f1r.Jt1m'l1'11 IFNa-2a ~1iinumG1'1lJb~aoi'1 

Srichan Phornchirasi/p 

g,J~il amantadine ll'1~ 01'l1'11~1iinu myco-

.J ~· phenolate mofetil 'lf~lu'U immunosuppressive 

agent Lrlmll~urniitJum'l~n1:11~~Clil~ lum'l 

~n'lflllUU triple therapy ~il 1\1 pegylated 

IFNCY.-2a ( 40KD) ~1i.JOU ribavirin ml~ 

amantadine Ll'1~tl'l~Lilumrna~~1n~lJC1~01'l • 
~n1:11LUlH1'11 24 a\J~1"1 \~u11iiil01'l101'>0lilU 

Cl'Utl~'r11~1f1LAii (~tlnl'l'rhl\1~1 ALT nautl~rl 
" 

'l~~ulln&l) 63% LL'1~ 76% rl1lJ01'>0lDuauv~ 

ol1lJ~1lJ1'Ub~a (~tl0l'l1~hivm HCV RNA) ii 
~· • ., d Lu'U 76% ml~ 65% 011i.J'11VIU (011'l1~Yl 1) 

..; 01'lOltlUCllrn~ol1'Uti1LAiiLrn~~1lJ1lJb~a ~nm 24 a\Jmt-fl1a~m'l~n1:11r.J\J-·m CHC
18 

011'1Ht1 1 
" 

%~ii viral load nT'SOlflUCl'UfN fl1'j(ili)1JCf'Ui)~ 

tn'l?lmfl ni 11 l-1 tn 'l i' m:fl >2xl0
6 'tnil:a1LAii o111J-S1inu'bi'a 

copies/mL ( %r.T\hu) 
" 

( %r.T\J1u) 
" 

I 

PeglFNa- 2a + RBV + AMA nt1m.m~ 12 76 65 . 
Di Biscegile PegIFNa-2a +AMA 14 53 76 

PegIFNa-2a + MYC 38 53 56 

IFNa- 2a + RBV 36 78 60 

miii'IJD~ PegIFNa + RBV + AMA 53 63 76 . 
Mangia IFNa-2a + RBV + AMA 31 49 43 

IFNa-2a + RBV 55 53 45 

J11J1EJl»llJ: RBV = ribavirin; AMA = amantadine; MYC = mycophenolate mofetil 

~HlUl1'W~llll (quality of life, QOL) 'l.lfM • 
~~l~i'u pegylated IFNU- 2a ( 40kD) 

1vimt1 lllr.Tt'.hu CHC irn~~iiAOl1l1\1jtii01 " . 
t1~'1~L~D~~1nm1iiL~u\J1u ~~m'll-zi' IFNa lu 

., ' 1""" .t1' ... I ,, 01'>'lnl'.f1il1~Yl1 l1ln~f)Yl!:i iJ'VNu'l~Cl~Amnu 

tl'l~m'> L'lilJ DDm vi~u ll1viLrlvu~1~mu iil'li 

LL'1~'tl~l-i li11 l-i'Ln~r~'11 'U'r11~'1Uolv01'l~1'l~tii01 
" 

oi1~ 'l iim'll'lf Fatigue Severity Scale and 36-

item Short- Fonn Health Survey (SF- 36) LU'U 
"" .. !OS • ,.. d ..... ... , 19 

LA 'j v~" ()VI n 1:11 Lu 'lfJU L 'YltJU A rum \'nl10l'IJ()~ r.J u1tJ . " 

monotherapy conventional 

IFNU-2a LLUU induction dose nu pegylated 
~.. o' :: fl 

IFNa-2a (40kD) 180 µg auml1'1~A'l~ LuiJ 

nm 48 a\J~1t-f \'IU11lua\J~1t-f~ 2 ml~ 12 

'llti ·rnwrnl'.f1~1u pegylated IFNa- 2a ( 40kD) 

r.JlJ1tJiiACllll1\1ltii01~aln11m'l 1'11 conventional " . 
IFNa-2a mh~iJl!mhl'1'1Jm~ail&1 (p<0.01) 

m1~Lrlm1'l1~1~ lmtll~1-H~ 2, 12 LL'1~ 24 wu 

11 pegylated IFNa-2a ( 4 OkD) Yi1 l l-i'Ln~ 

disabling fatigue Uutlffll (p<O .01) ilnm'l 
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!S d .J ".'I v ' 1 
v10\fll11J~Yl'l1U'i1>.JC.lu1U 1441 A1Jl'IJ1')1>.J 1J 

" 
phase III monotherapy trials tliN pegylated 

IFNCX.- 2a ( 40kD)20 \'lt.JA11>.J'1m•ruB''i~Wll~ 

SVR nuArumwti101~~~lJ ml~ fatigue 11JYI0~1 . . 
TJD'lliM SF-36 mt~ Fatigue Severity Scale 

(FSS) ri1um'iAnlfl~rum\•1ti1Q'l 1 mJU1unl~ 
., 1 ".'I .J 'iU combination therapy m~u1U 324 Aln'ILAU 

1 V _, GI II " ~ 20 mum'i'itnflYl1U IFNa. mmnvi relapse 

1viumJ~r.ru1mLuuri>..1Gi1mh~ll1'1~{u IFNa-2a 
" . 

~1>.JOU placebo (monotherapy) li~D 1~fo 

IFNa-2a ~1>.JOU ribavirin lim'l{mrnllu 

mn 24 atlmlf m1~&ivi011>.Jr·Hln1'i{mflGiv 1tl 

IlO 24 atlvi1lf Ldvtl'i~LihJ~tlUl1Vlti101 foul'li 

Hepatitis Quality of Life Questionnaire 
d . I " (HQLQ) 'lf~u'i~nvumu SF-36 health survey, 

3 generic scale (vitality, social functioning, 

LLa~ health distress), LLa~ 2 hepatitis-specific 

scales \0rni1 rivum'iliu1 r.llJ1uiiA1 SF- 36 
" ' " d oha~ 1 u 5 "H>J1VI v1n'r1~"H>JV1 8 l1>.J1VI Lim 

LmUULliUUOUAlJtln&i lia~m'ilim namllJ1u . " 
~ornumrn~Givm'i{mn (ii SVR) v~iiA1 
generic scale LLa~ CHC-specific health distress 

scale L\~>J~'U ~rnva'itl1~i1 m'i{m:n~tl'i~au • 
mnhL~vv~'111mvh1~rum\'jtii01'1lv-l~\J1u 

m'i1'ii IFNa-2a ii'nv~l'hll1Lnvir.rn'111~ 
.. .J ' .. " ~· 1" ... LAU~YlVIUUDUAD V1n1'iAa1ULu1J 'IJ'H1Vl (flu-

like symptoms) 1~LLri Vlnl'iDDUL\'l~U Lllu1'11 

"Hun~u tl1vi~'ilf~ tl1viLdvumfo.JLif v Lm~t11vi 
" .r ... .. d .J ' .. Yl1>.J'IJ!) 'UvnvlnlJ U~>JV1n1W1JYl\~UUDU AD 

m'lMl~1a~'IJv~LijviLavvim1 r.1>.J~1~ irnuhi 

liat.J A~ula nv~Lifo ua~~vitln&im~~O'ltl'i~alYl 
J :; ..J .., c:A 1 ... 
'lf~vlflWYl~'H>JVl't'IVIU>Jnv~i1m1mULL'i-l ln~VIU • 
~ 4 .. I ~ !3 Ao"'- .J 011v1rn-lu1una1-l 'lf-lv1nm'iv1nlf1't'll'1Aairnn 

na11u~1 lu?J1~ollJ V1Ui1V1n1'il'Halif vm 1vi''h,j 

LL01noh~nu 1 m.l\J1uffi~fo conventional IFNa-
" .. .J 

2a 'H'iv pegylated IFNCX.- 2a ( 40kD) 01l'i1'1Yl 
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~ • d a l c'd 0 4 A .J' 
2 LLaGHqYliH>Jmu'i~a~AYl\'IUt.JvU Av LOVl'lllJ 

OU~tl1U ~ 10% l1rnl'iYlVIClv~Yll~A~fin 12 '2 1 ii 

r~\J1u~1m1J 10% ~u&im'i l'lf IFNa- 2a li~v " . 
d ,f1 ' 

pegylatcd IFNa- 2a ( 40kD) L1Jv~v1nqYliH>J 

'~~ti 'i~a~ A' lLa di m1" ~vi tin 01v iM Alm~i rM 

ti niJ&lm'i LLa~t1m1m'i"HUV1m'i{mn 1 uc.lll1u 
:.J • " 

Giu LL~~ ii Al L 't'h nu rr 01 ')1 n1 'j\1 UVI nl'ifoH1 l ur.r . " 
. 'I l: u1U't1-ll1>.JVI 

Flu-like symptoms v1nm'il'li pegylated 

IFNCX.-2a ( 40kD) ~1>.JtlU ribavirin LOVl~UlJDU 
ni1 m'll'li IFNCX.-2a ~1>.JOU ribavirin (22 -

43% Ltl~urnlirJunu 30-56% )
18 ri1uqY1tli.i 

., • I .-d ' ' ., • I !S 
mu'i~a~All1J 1 L'l11J Dll1JLWaU u1Vlv1'i\!I~ UvU 

1i.i"Hau A~u 1a ~1l11r,,rrmau r.1>.J~1~ vdit1m1 

ni'iLnvi-v1nm'll'li'u1~~av~nci>J hiLL01no11~n1J • 
(21-54% Ltl~uuLliuunu 18-55%) m'll'lf 

pegylatcd IFNCX.- 2a ( 40kD) mvl'i1lim'i 

l'i1~11J'IJD~ 1vm~vinonnvi ri1u ribavirin ii'nl'i1 
" " 

1 iLnYI hemolytic anemia dlv~v1nm1>.J~V1tln&i 
if ~-lolv-ltl{umnvim 1u 24% 'llv~c.i\J1uffi?i' 

" 
pegylated IFNa- 2a ( 40kD) LLa~ 25% 'llv~r.r 

" 
.'I .Jl " .J • • 1 " u1U't1 'l1 RBV Yl1'i1~'t1 3 LLaYl-lA1LL1J~\J1n1'i 'l1 

'2Yati'11'lfn1'1~ailn21 ffi~-rum~cy1viv1mhun 
~11JAOl~n'i'i>Jn1'iVll1l'iLLCl~Ul'IJD~ 1YlrJ 

Peginterferon a-2a ii?i'm.J~l'Zilum'i 

{nu11 'lAGiut1marn~u{~'l1ilvi:a1 ur.l\J1u~1i.iL llu 
" 

1 ., a ".'I .J ~I L ., a • ., 
'iA01ULL'IJ~ LLa~C.lu1rJ't'IL ulJ 'iA01t.JLL'IJ-lLL0101t.J 

" 
al>Jl'i0l'il-ll1J'l1VIL'l1U 1~ 

uviLm loi'~1l1ir~~u~L 1runv~l1~voi'u'IJ1 
Vlv1'iru1l1uvim'l{nlf1"Hil~atlml1~ 12 • " 01 

~1u11J 11-ra 1i.iavia~ 
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uil"n3~ 2 qYJifiiJYi~'h::a~~~ln~tu ~ 10% lurXu1u l1-raoi'url'mau~~l'li1~1"1um'iYJ~nrNrn~fl~iln 

D1nTnt111.l 

timmo1iiu 
l\U11~\.I 
lUU 117 
li'i~1.l~n~u1u~nru~5~ 
1.11~ 

"i::U\Jtn-Jlai\.lil1'"1"i 

A~ula 
nil~lau 

\h~n!N 

A~ulam1::1rn~uu 
lJi 011u Di'iwii llm: T m1m m"i 

IFNa-2a 3 MIU IFNU-2a 6/3 MIU pegIFNa-2a ( 40kD) 

N= 323 (%) N= 323 (%) 180 µg, N = 604 (%) 

147 (46) 

134 (41) 

94 (29) 

71 (22) 

46 (14) 

101 (31) 

44 (14) 

50 (15) 

19 (6) 

152 (58) 

112 (43) 

141 (54) 

40 ( 15) 

27 (10) 

80 (31) 

48 ( 18) 

35 ( 13) 

25 (10) 

309 (51) 

202 (33) 

212 (35) 

133 (22) 

73 (12) 

148 (25) 

103 (17) 

92 (15) 

33 (5) 

l~fl1l1'"1'i 37 (11) 61 (23) 104 (17) 

" ,.J " cS "S::uumnmuil rnulmmn::n"i ::~n 

tl1~na1mifu 115 (36) 

tl1~V'u 87 (27) 

t11~..,a~ 31 c10) 

"i::Uuth::rtltl 

tl1~A'i\'l:: 

\.ltnJhi"»aU 

1~llU\J 

laumnij 

~01th::rt1'11 
... " •1nml'i1 

'H'i~'H~~ 

i.11"»U-J un:: loi'ihllU-J 

ml'h~ 

174 (54) 

78 (24) 

33 (10) 

31 (10) 

51 (16) 

67 (21) 

78 (24) 

20 (6) 

108 (41) 

82 (31) 

27 (10) 

165 (63) 

57 ( 22) 

39 (15) 

26 (10) 

57 (22) 

29 (11) 

92 (35) 

24 (9) 

218 (36) 

162 (27) 

51 (8) 

326 (54) 

119 (20) 

94 (16) 

48 (8) 

113 (19) 

87 ( 14) 

141 (23) 

68 ( 11) 

fl6'1 pegylated IFNa-2a 'H~6llfo01'il'lf liln'l-H pegylated IFNa-2a 

Absolute ncutrophile count 

Platelet count 

( 40kD) 1ltL'Uflil pegylated IFNU-2a ( 40kD)/RBV 

135/90/45 µg (40kD) combination 

< 750 cells/mm
3 

< 50,000 cells/mm
3 

>25,000 cells/mm3 

< 500 cells/ mm
3 

< 25,000 cells/mm
3 
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Vll'fl.:J~ 4 'IJ'U1¥l~LLU ::: Ul'\JeH Peginterferon a.-2a m1::: Ribavirin 

Pegintcrfcron 
Genotype 

a.-2a ( 40 kD) 

Genotype 1, 4 180 µg 

Genotype 2, 3 180 µg 

'l7vu.:J1.in1.:J'°1iHln22 ~1~B'um~'lJ101~1n us 
FDA 

Peginterferon a.-2a LWU..:JGl1La)tn'l1~tl 

iii1nu ribavirin ihimJ..:i H'l imw~mn L ')f!GJU 

... .r ... A "'1 "•~ .J1 0 !'! 'i' ... d tlnLff\JL ')ti 'j..:J'lfUOl'lf m lu1fJ'YI lJ Lu lJ L 'jfl01\Jll'IJ..:J 
" "· ~ .J !'! 'i' ., d ' ... • 

Lrn:::r~u1fJ'YIL u u L 'jfl01ULL'IJ..:J LL0101\JffllJl'jfl'YJl-lllJ 
" 

'1fOlL'lft1M 

'llUl Ol u1 Lrn:::ni"ju~m1u1ffio-i'~um~iy101 
~ln US FDA

22 

.J .. "ti , 'llm01t11m-..im:::alJflt1 180 µg a ml1 

a:::flf..:i LUm:::u:::na1 48 atl011~ 1-H't11LOlUn1') 

UOl L 'li11oi'f.hm!..:i~u~ L1 run tl..:J -..i~tlolU tn 

a1im1"jH' peginterferon a.-2a ii>Jnu 
l: 

ribavirin uu 'IJU1¥l'IJMU1 ribavirin 1m:::1:;u:::mn 

~ _,, J OI CV ~ \lQI QI ,J 
1im1nmrn:i::: 'IJunumm·1u11'1Je..:i 1Hm..:i9m1..:iY1 

4 

n1'l'lH''U'lJ'l,J1~t.n 21 

.. .:, lti " ..,. " ..,. .J l: n'iflJrlJ : fl1lJtll01')'1J1..:JLflfJ..:J'YJ')ULL')-l'YJ..:J . 
" ~~ v 

Y11..:i011ut11n1"j'YJl..:Jf!aunua:::~a01')1~Y11..:i'11t1..:i 

tlfiuOim'j 'l-Ha01'lJu101t11Ltlu 135 µg -..i~mn~ 
., .. 1 .J 

01tl..:Jt101'1..:JM 90 µg UU1..:J')1fJ L>Jtlffl>Jl')flmU 

fl>J m 01')1i'1..:i Lflu..:i lo-i'mf 1 t11~w~1')ru1tlfot1m01 • .: .r 
till l"lJ'lnJ 

mrnnonH Tm;PJ1r1CJ1: n¥1'\JU1¥1u11~u 

135 µg ~lij absolute neutrophil count (ANC) 

ueun11 7 50 cells/mm
3 nrnfo~lJ1u~ij ANC 

tl'twn11 500 cells/mm3 fl1'l'l1Q¥1'l'Tnm11~u11Ju 
It Ql~ .l f 

m1m1J:::nnrnmJ'IJU1JUmnm1 1,000 cells/ 

Ribavirin Duration 

< 75 kg = 1000 mg 48 weeks 

?. 75kg = 1200mg 48 weeks 

800 mg 24 weeks 

' 
mm 

3 
ua11l1JU1 LU'IJU1¥1 90 µg IU'l::flt'lUVlnll 

1:;~u neutrophil count 

mrn¥1'\J'U1¥1u11i'.lu 90 µg ~,ij~1uiu 
d .. y ' 3 

mnmne¥1ueum1 50,000 cells/mm un:::fl1l 

GI' sJ 0 d 4 s,I I 

11 Q¥1 n n rn'll lfll lllU 1u in Mil n e¥tu e un 11 

25,000 cells/mm 3 

mn7Hrn'lltmiu: ti1Yi
1

l~ll1nm1V1nll 

mnhnmrn..:i9ium1J 1himlueu1u~ll1u CHC 

• ltd qY d 
e u1-1 1nm11m11'11 IFNa. 111e pegylated 

) 
o qY., .,:,J 

IFNa.- 2a ( 40kD t'llll'Yll 1m::¥1u ALT l\'llJ'IJU 

,,,, "' 1' ., ..: ,J 
'IJ'U1¥1Ul 1'11llH\t'l 90 µg \m::¥1U ALT l\'llJ'IJU 

fl ..:i n11l ::~utl nVleu1..:i9i e1~e..:i ~111fi..:i1J1nmrn¥i 
'IJU1¥1UllL"'1 LJ',:iij"j :::~'lJ ALT ~-lt'l~ 'Hlt'lijth 

~J ddQI ~ 
biliribin l\'111'\J'U 'l1lt'l1l'l1nn~1i~mlln¥1 hepatic 

decompensation fl1"j-..i~Oltl1 

elt'/wmiumm::: 
" ' 

v.'I ,J.., ' 1 ' 1•: - C·lu1fJ'Yl>Jn1')'Yl1..:JllJ'IJtl..:J 01\JOYfi!l..:J : ., 
" 

feron toxicity 

- rS\J1u~iim"jn1-11mrn..:iGi'uunvdt1..:i: u..:i 
" 

hiLfluiim"jFlmflm')1'1im1iuJU1u decompen-

sated liver function 

- r.ia..:imu: hioi't1..:itlfot1u1~t111wta..:imu 
~~ • v~ ' 

~iim"jn1-11mrn..:i l01tln0i 

., 1 - m ti : 
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• .J ., .=ii -
m-nmmnnuLfl'Hl~'lmna 

- Hydration: IFN tn'll'111t1'Ln01m1~m01 

il1 Lrn~m1>Joi'u1al101~1 tn'l)jm1>J~1Li'.J1Joi'rN 
1\1 fluid replacement 

- Endocrine: tntn'll'111t1'tnm'lmN hy ­

pothyroidism LLa~ hyperthyroidism UUa~ Ua~ 

lll'lVWfll1~ hypoglycemia, hyperglycemia, 
£f ., ,.J', 1" 

LLa~LUl'rl11U 'l~m'l'lffl:t1Jll1~Ll-lalUOV1Jnl'l '11 
I V t .J' 

pegylated IFNa- 2a ( 40kD) u01mtnnl'lL'rla11J 

Lnoi'rla~m'lH'tnLrn~hiaim'lomufl>Jl~ m'l • 
'rlUOlnl'l1'11 pegylated IFNa-2a ( 40kD) • 

- Renal Impairment: 1u~~)j creatinine 

clearance ')~'rlil~ 20 - 40 a01')/1flll 'rla~ 1~~\J 

single dose · pegylated IFNa- 2a (40kD) ~1 

average total apparent clearance 'l~aoia~ 30% 

L~EH U~U\JLllU\JOtJr.j'~)jnl')l'11~1U'IHN 101\JnOi U~ 
v 

li.iijJu>JamNm')1'1f multiple dose 1ur.j~)j~l 
v v 

. """' ...,. ., i y.J..,.. 
creatmine clearance < 50 a01'l / Ul't'l Ol~1JU~Yl>J 

l01l'11~1ur.101\J nOim'li rMU~\J'IJUlOlUl L l~uaoi 
mnwil1~L~u~ 

- 'rll\)~)jm').rl: u~ li.iijm')Amflm') 1~ 

pegylated IFNa- 2a ( 40kD) 1irnq)~)jfl')')fi 
t • Ao 4 ~~ z; ; 1" 

llOlm')~>Jmmoi'rlcy~Yl>JLumaoNm'lfl ua~ 01 

~\J pegylated IFNa- 2a ( 40kD) 'llfinl')Amfl 

LU rhesus monkey l'l\Jil m'l1'11 IFNa- 2a ~l 

1li'D'01')lnl')lLll~ll~>J~utiti1~)jU'mh~cy LLoili.i 

l01um1>J~01\Jn0iluana~~flati01011>Jun0i 
v 

""'1" 1'""'" .J .., - 'rlllJ~ 'rlU>J\!Ol'l: >J>JtlmJmnmnum') 
" 1irn.nm~tl1u>J 

- L~n: ti~ 1,rnm'lAm-n1h~aY15r.imrn~ 

mi>J\Jat101fiulm~mnu~1ni1 18 tJ utin'.!1nif • 
pegylated IFNa- 2a ( 40kD) L1J~\Jm5oi£l~)j 

benzyl alcohol U')~Otl\Jt1tj~1u oi'~tfiJ~~ him') 

LITTU't'll')O 

- \Jl)n~m'l~'rlil~tn: li.iwu pharmaco­

kinetic interaction 'l~'rlil~ pegylated IFNa- 2a 

( 40kD) ua~ ribavirin 'llOnl')YIOl'1tl\JL irn1ai 

Srichan Phornchirasi/p 

m!~m l'lA'111U'f'IJfllW~ l'ltJilnl') 1'1f pegylated 
"'•I ~ l: !11 IFNa-2a (40kD) 180 µg '1u0ll'rlm:m~ luU 

mn 4 a\J011lf h1"r.rnoiu pharrncokinetic 

profiles 'lltl~ tolbutamide (CYP 2C9), me­

phenytoin (CYP 2Cl 9), debrisoquine (CYP 

206) ua~ dapsone (CYP 3A4) llol pegylated 
.. .£., l: 

IFNa- 2a ( 40kD) >J{}YlliEJ\JEJ~ cytochrome 

d " "" " 1" P450 1A2 rnnuuEJ lUtl~'llO't'll 'rl AUC 'lltl~ 

c!..¥ ..,:;ct " .., 
theophylline lVl>J'lJU 25% ON\JU'l~lll'l01tl~U'l\J 

'IJUlOlEll'lltl~ theophylline fil')Lnoi\Jl)n~mnu 

sho-saiko-to Cf~nnu1u~tl Xiao-Chai- Hu) 

.J !11 1 ,. • L " ""' .,. • I ""' .J '1f~luU'1>JU l'fi'l\J lll'l't'll 'rlln0lfl1l)Jf.10lu001Yl • 
\Jtioi oi'~ifu~~ li.im') H'a>Jul w')if ~1>Jnu IFN • 

- mw1'l1'.lm~t1'u~\Jl)u0im'): m'lm1" 

vhm~ fol101inm LLa~~1~1 Lfl)jmN r.lu1untiul'11 
v 

m')fo~1 m1'.!~1m~ foi101inmlua\J011lf~ 2 

d .. 3 
- Lnaoi la tlOl ~ 90,000 cells/mm 

(7 5,000 cells/mm 
3 11J~u1uoi'rnlv~ 'rl~tlfha~ 

'l~L tJuoi'uu~~) 

- Absolute neutrophil count 

(ANC) > 1,500 cells/mm
3 

- Serum creatinine concentration < 

1.5 x upper limit of normal 

- TSH LLa~ T 4 u~1 U')~ol\JUnOi 

'rl~tim\Jfl>J l~ • 

® 
PEGASYS ( pegylated IFNa-2a ( 40 

kD) '1JU10l 180 µ g/0.5 mL U')'l~t1 ~1 U'lJ10ltJ1 
... .J i1... " .. ~ ., 1" l: .. \lOl't'ltlEJ irnn~ru~l'fitl>J\101 ul'rl'l\J '11m~lOl EJ1 

v 

fl1')Lnuu1H~~omi;iil 2° - 8 ° c ua~tlu~nu 
'.11nLl'1~ uti1LL'liLLV~'rl~m'lJ ti1 ua~ H'mntiu1u 

'rl)J Ol lll El , 
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Pharmacology Glossary 

A: 

An amount of drug or chemical in units of mass such as milligrams. Special attributes of the amount 
are indicated by subscripts: A0, the amount of drug in the body at "zero-time;" Au, the amount of drug 
in the body; Au, the amount of dmg recovered in the urine, etc. The amount of dmg in the drug's 
volume of distribution is equal to the concentration of the drug times the volume: A = C · V d· 

a: 

The earlier segment of a biphasic plot of log C against I (following intravenous injection of a dmg) 
represents the "distributive phase" ofa drug's sojourn in the body. a is used as a subscript for 
pharmacokinelic parameters appropriate to the distributive phase, e.g., t112 3 , V d 3 , etc. 

Cf. Q, Compartments, Volume of Distribution, Half-Life 

Absorption Rate Constant: 

See~,. 

Accumulation, Accumulation Ratio: 

See r:_,~ 

Accuracy: 

The use of the word "accurate" - free of error - in referring to a scientific observation or scientific 
method sometimes obscures the fact that even the best methods and observations are only relatively 
free from error. The use of the single word "accurate" also hides the fact that a number of separate 
elements contribute to over-all freedom from error. "Accurate" is frequently used to refer 
indiscriminately lo the effect of any of these elements, or to lhe combined effects of all of them on the 
freedom from error of a system. Effective use of a method or observation requires that we know the 
ways and degrees to which the data are free of error, not that we know only that the data are "accurate" 
or "inaccurate". 

The elements to be taken into account in a complete evaluation of a method or system can be derived 
from the properties of the quantitative relationship between the "input" and the "output" for the system. 
The input-output relationship, for all its generality, has specific application--and specific names--in 
different scientific fields and for different kinds of experimental or observational systems. In physics 
and engineering, the "stress-strain diagram" is a special representation of the input-output relationship; 
in phannacology, the "dose-effect curve" is an example of the input-output relationship. In quantitative 
chemical analyses, the "calibration curve" is an example of the input-output relationship. Generally, 
"input" can be looked on as the measured value of an independent variable or "measurand"; "output" 
can be viewed as a measurement made under non-standard or test conditions. 

"Accuracy", as fonnally defined, and the elements that contribute to it can be only briefly outlined here. 
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NEW DRUGS 

Pimecrolimus : A Topical Nonsteroidal Cream for the Treatment of 

Atopic Dermatitis 

Laddawal Phivthong-ngam 1, Thanawat Suwancharas2 

Department of Pharmacology1
, Department of S11rge1y2 Faculty of Medicine, 

Sri11aklrari111virot University 

Abstract 

247 

Pimecrolimus (SDZ ASM 981 ), an ascomycin derivative, is a topical nonsteroid 
calcineurin inhibitor. It exerts anti-intlammato1y activity, and has demonstrated efficacy in 
reducing signs and symptoms of atopic dermatitis in adult and pediatric patients when applied 
topically. The production of intlammatmy cytokines by activated T cells in skin is thought to 
play an important role in the pathogenesis of atopic dermatitis. Pimecrolimus potently 
suppresses cytokine production by dermal T cells without significantly impairing systemic 
immune responses. In randomized controlled clinical studies, twice-daily application of 
pimecrolimus I% cream was shown to significantly improve the signs and symptoms of 
atopic dermatitis in infants, children, and adults. Pimecrolimus is well tolerated. The risk of 
application-site reactions such as itching or burning is comparable with that of vehicle. 
Adverse effects were generally mild in patients receiving pimecrolimus l % cream and 
occurred at rates comparable with those in patients receiving vehicle treatment. In a I-year 
study, pimecrolimus I% cream significantly reduced the incidence of flares when used at the 
first signs and symptoms of acute atopic dermatitis. As a result, overall corticosteroid use to 
treat acute flares was significantly lower in patients using pimecrolimus when the first signs 
or symptoms of atopic dermatitis appears (early intervention). Fu11hermore, pimecrolimus 
I% cream has shown no potential for skin atrophy, a problem commonly associated with 
topical co11icosteroids treatment. Pimecrolimus provides a promising and well tolerated 
treatment option in the management of infants, children and adults with mild to moderate 
atopic dermatitis. 
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atopic dermatitis 

... - ., ~ 1 - ., -2 
r.m.Ol'l.nown1nfl r.n'Yl rl-N1JJ , ml.tn'l.GlflQll\J ~1'l'HU~'la 

mY1i'IJ1Lmt'l1i'Ylm 
1

, mY1i'l11A'nmna01{ 
2 

Y1ru::Lll'l'YlfJAia01f J.J'rlli'YlmaflA1uY1'1umihw1 

~I ., " "" .f v ., "'ti ~ "' · Pimecrolimus (SDZ ASM 981) Lu'Utltn'lllil'IHJ-l ascomycin J.Jfl'Ylil011'Un1'ltlnlarnm::J.J 'l::'1'Ylil • 
ml·11 im1'lU'l'lL'Y11mnwnt1-l hY1r.l1l1U-l~lUJilm•i atopic dermatitis 1u'Y11'ln l~mm::rJl llajLrla 1 l1'1 u~tl'll ti-l 

.J ct., ., :; " ~ .J .J " -
fll'Ylllm'n::'Yl pimecrolimus t1t1nfl'YlilLOlfltJ\JtJ-lm'la'n-lLLn::l1n-la1'l cytokines 'Y1Lnfl1'llti-ln\Jn'l::\J1'Un1'l 

., .J.,. ., ,J ~I 1 A ., .J ' 1 v"' "' 'i "' ., ,J "' v 
amau~1n activated T cells 'Ylrfll11N '1Hlu1Jnn nnlYl'lJ'Ylnti l1LnV1vm1Gamvrna-l L"iflrfll11J-ltl'UJJJ.JLLl'I 

atopic dermatitis LOlfJ hiiir.rnGia'l::\J\Jllil~J.J01Jll1U11d1-lmfl ~inm'lAn'lflLL\J\J randomised controlled " . 
LOltJ 1 '1mmfl1J.J pimecrolimus I % 11rn:: 2 Ylf~ ViUi1aim"i()U'l'lL Yl1tlln1'lLLn::t.nn1"iLLaOl-l'lltl~ a topic 

demiatitis 'lo1&i~~1im1'ln L~n LLn::tnl1ni tltl1fJt11J.Jl"i()'Y11Jm 1~&'1 r.rn'111~l?ifl·rn'1nrur.i1l1 1r..,~mmL'liu v •ti v 

mm'lFi1J {au l11t1r.1n'1l1·:a?iu-lGit1'l::uu~1J 1 1iJLLOlnoh..,~1nn~J.JY11um1 n1'lAmn LOltJm'l1'1mmLU1J . . 
'l::U::l1n11J11J I tJ l'1ui1 pimecrolimus alJ.Jl"i()nOltlU~m·Hu'llti..,m"iLnOl flares Lrlm~J.J1'11'fJ1Ldm~J.Jii • 
tllnl'l'llil.., hY1r.l1mr..,~"JJilLL\'itl'lln!J Lm::a..,a1J.Jl'l()n0lnl"i Hmm corticosteroid n.., 1~ 1rnn~1nda..,-.·4u 
' 1 ' • 1 v "' "' ., ,J ~I ."I A ., 1 " 1 11 pimecrolimus J.J'Yll mn0lll11:: atrophy 'lltl..,rfll11N'1Hlu1JufY'rl1'11YlfY'IJtl~n1"i '11fll'Y11 corticosteroid 'U 

., 'i !5 l: 1 v d • 1 ti .J ~· .. 1 • nl'l'ln'lflL"iYI ~inm'lv1n1fl'Yl..,l1J.JOlLLaOl.., l1Ll1'U11 pimecrolimus 1J~ '1Jtl..,fl1'Y11l1ll~1::'Y1Lu1J'Y11-llntln l1J.J 

.I .. ti ~ ... 1 ., 'i ... ... ,J ... " 
YIJ.J "i::'1'Ylilll1l'I 1Jn1"i"in'lfltlln1"iLLn::mm"iLLaOl..,'1Jtl-l L'lflr.J1l11Nr·n.IJJJ.JLlV4 atopic dermatitis LLn::alJ.Jl"i() 

'i 1 .,... .. v .. l: .J ' d 1 ' : 
mu~J.JL"im::fl::m1 OlOl mrn'lll-lLYlfl..,'Yl-llm'n::riLLn::Olti"i::uutiu 1 m1~mfJ011 
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Atopic dermatitis1 LtJu1·rnt11m!-:i~iJ 
Qi, v.Jc.1 .., .d" .., 

JJiHL~YIJJm·rnmarn·rn')~ Ln61~nnm')Qlfl\J 

ffU"'·'"'l·' Q " ., .JQ ... ' .J u-.. " -. ')::UUJJ JJ ~ JJ mm tnll iH Q1 fl al ')Ylin 

n')::~irn1mniJ1i.J mm')~\'irn'liu erythema-
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• :: 

ous, eczematous, LLa:: pruritus \JfltJVl')-:itin 
" 

L~flffll a topic eczema ii'm·m 1 uim~mrn:: 
.J .. J' "' " .J... n mnw1rn-:i~m<i::61'1JlHfl~LJJm'll1~1u~ llaj LLoiu-:i 

mm')m'l\J 1611 uimJl llaj 1viuamHu:: mm')Lm:: 
•• .J .J~ .J 

QllLL l1lN'1rn~ mrnL uuv::L UnU1JLLUtM 1umJJlllfJ 

'1rn-:itJU1u nl')iu<iuu hV11iimJ'll1~mmdfl~v1~ 
.JQJ' . ... 11 fll nl ')'rH n 61mmQ1nQl1~ niJ u irnGi a ::u vi via 

.. Of .., - .J .J v " t .., ' 

u<ivmhmymnu1'1l fl~ 161 LLn \'11Hin')')iJLLa::m') 

amranu~~LnYla[)JJ Uv~UlH~U~tJ[)lJfoi1 
i1 v~UYll-:i~-:i LL161ti' mJiiUYl\JlY1a1fl'cyoi tJnl')LOYI 
'i .J 2 • 1 "... .. 
L')VIJJlnYl~YI L'IHJ nl') 61')\Jffl')')::mmvifl-:i ffl') 

.J' 1"' ""' ti " Ylnfl llLnvimm')LL\'I mm') ll~flm')Gi61L~fl 1viu 

mm::flti1-:i~-:i Staphylococcus aureus flUGinl')oJ • 
'llfl-:inl')Lnvi L ')AiiLL in 1 irm ~mnn~u1 iJ\J') ::L't'lA 

~Olallln1')lJ l61fJ 1iJU')::L't'lA1 YIUVl\JU')::mrufflfl 

a:: 9-161m~nm~~1ni1 14 i'J3 nl')L061hvi~-:i 
mh1iir.moifl~rum\•1;;liY1flti1-:iJJ1nl61mm•n::1u 

m')mm::L~n L du-:i<i1n'li'fl~1n611 um')ihim~irn 

m\·1nu'4viV1a5u "rf-:io11um')Ltiu m')nm Lrn:: 

h-:iL~uu ~-:iih1u~i1cymm-:io11i.im')>Jru m') 
. • ... ... 1 " ... .J u')\J011 1Jnl')L'1Jlff-:iAJJLLa::m')~fflflY1mvti1'1f1 

a-:i '1JfU::L~fJ1nuntl11uaifcym'llfl-:iVfomjr.j\Jn 
.J " " 

mfl-:i L 1rn~<i1nm1mvi~uvi 1 tinl')YILLa-rmrn~n~ 
" 

iitlcym'llu-:i hV1~~nti11 ~-:imv')1JJ 1uii-:ilii1W~1u 
nl') 1i.J1o1-ru nl')\~miflu~L ffo-:i\•rn nl')ol fl-:i'IJ161 

.J dtJ'" -:i1mvrn~LLaL61nL lJQ'IU 

A topic dermatitis L tJuhV1'1lfl-:im1JJr.iY1 

\JnGim-:i')::\JUJJi'.i~JJn\J fouli'11tliJnvmi1ii 

')::~U'llfl-:i circulating IgE L\~JJa-:i1fu i1m')l1~-:i 
" 

histamine vln basophils L~JJmn~lJ nl')LOYI 

vm15amvndfl~v1n T cells ~r.i1lli1~~~lhlli1'1~ 
af1-:iLLa::l1~-:i cytokines ~L~t11'1lfl-:inum') 
r1mauiim1JJ bJJ1nni1unGi (hyperreactivity 
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cutaneous T cells) mru~LOYI hVlflVl~LUU\J 
.... " "' y mnm:Yl\JA11JJL'IJJJ'IJU'llll-:i IL- 4 mi:: IL-5 ~~ 

~nll~~vln T-helper type 2 (T11 2 subtype) u-:i 
J' • .J ... .J d .r 
'lnJ LLVILirnm')flnLnrnuaumi'.Jimurn')fl-r-:iviu 

I ., .J I ,:; 

11')::61\J cytokines Yl~nw~'-:ivlnlN T
11
1 Lltl:: T 112 

subtypes u~1f u n')::\J1lJnl')O')::~u subtypes ~-:i 
• J • .J " ... .J. 

na11L'11fl11rnu1'1Jfl-:inu IL- 12 'lf~af1~<i1n 

monocytes-macrophages ll~ll eosinophils mu 

1 
Q .J~1 \JlJ')L1fUYILn61 ')VI ri1i.i IL- 5 iiuY1\JlY1a1~ru 

1um')UY1m~nwn1-:i11rnfl-:i eosinophils m; 

~lL ihrnfl-:i L ')V1v1 m5um'lam llmL uuL~fl-r~ L };u 

1o1<i1nmm')m-:iV1~un~Lll~mJ1uL'li1J licheni­

fication, epidermal hyperplasia LLa:: dermal 

fibrosis \JYIUlYl~~nti11'1Jfl-:i T cells lu\'IUlG 

am\'l'IJfl-:i l')Vl~-:iLtJiJL UlllJJlt.11 lJnl')\~\llllflfllL \iv 

nl')-rntfl l ')VI l61El~~L ifo 1u~nl')UU8-:in')::\J1u 
nl')~-:inti11 1 •4 

ni')-r ntfl 1 iJ i1 '11uuu~ hi i115m') 161~v:: 
tl'lJJl')O-jm:n atopic dermatitis 1o1fltil~llltl'111~ 

i'Ql ~\]')::fl~A1 lJnl')-rn'lfl L \i[)U')')L Yllfllnl')LLa:: 

mm')Llff61-:i avim')r1mau~r.i1mr-:i i:lu-:inirn~u 
'1Ylnl')LOY1J1 LYlt1nl')~fflflU')::nfluo11t1m')ll~n 
.J ~ .J.1"Q .. mu~n-:iYlm mnYlnl')')::mmVlfl~ lilJ ati al') 

l'i1m1JJa::mvi ffl')LVlii LtJuoiiJ ·nJJ~-:ill~.,m~u-:i 
"'1 .. .J . 1"~ " 
u lll')ll')[)ffl')Yl't'll llLnYlnl')LLl'I nl')'th1l-i'r.i1 

llU~~JJ~U l61Elnl')1 'lf Vl~JJll ~ [) la~mh 'M N1 ll ti1-:i . . 
~· Q, "'.J .,JJ1LffJJ[) L YIVllJVlnl')[)l\JlllYl ~noifl-:iLLa::L.., JJl:: 
,,.., 1"' " " rl " 6 .,.., LLa::m') 'll'm011um')flmarn UUQ'llJ 

1u'li1~ 50 tl~r.huinu1llan~1'11"lum') 
~ "j' ..,.. _, d .q, 11 

,fflflLWtmll\J~~mlJJJLL\'I atopic dermatitis ~fl 

mmLm'll::~ corticosteroids Ldfl~v1mtJum~ 
"'"'nn "' " 1 .. "' ~ " ., " u u ., Yllln11-:i YIEIJJC)Yllln611lJJVl)JniJLLt1::Y1l\Jnl') " . 
rl'mnu uoi ~m'll1~ L?it.1~~\·m~ mi'li'1-:i')mm~-:i L llu 

i1cymd1fl'cy 1 Unl') H'm~fl l'i11 l-i'L~YI atrophy 

'llu~il1mr~. acneiform eruption, striae, LL'1:: 
" telangiectasia ')1JJYl~tm'li'1-:iL?imoifl')::\J\Joll-:i 'l 

'IJ u~~1~ mu L'lilJ nl')n61m')l'i1~11rn fl~vi mrnm n 

101 pituitary LLa:: hypothalamus ~~l'i11ll"hj 
alJJl')01iu1Gi YIGl [)nm ll \l') ::t1::na1mu 161L61EI 
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L'liu antihistamines, antiasthmatic agents, 

antiseptics, antimicrobials nh.Hltl'i~aYIGllWll u 

nw~'m-n1vium~ m'llimH ultraviolet l11ui1 

iitl'i~aYIGll1WWBff)J~1'iU~ii'i1~1uw~ua=ii 
. 1 1" ..J .. • .J .... .J 

miim~u1n um'i 'If '11iJtnannamnN~a t11Y1 • • 
.. " <>V "'d ti A ln ti O m1riBnYIJJ"~"nu•1M noiv~ 'If iJm'i ~nrnu 

.r d ' I . A 1· mmrm L'll'tJ eye osporme ua~ tacro 1mus 'VlU 

iiiitl'i~aY1Gll1l'4 l unwfoi:n atopic dem1atitis 

U~L \Ju~ihLatJY1ltJ~hmt11 cyclosporine A 1 u 

'itl'!Ja~t11Y11 L da~v1n Li.Jrnna'!la~t11ii'llm~Aau " . 
'1i1~ 1 llaj m'i lit u~tl'!Ja~mri1~~ hJiitl'l~ari5 

mv1limw~'m:n m'llimliJ'itl'!Ja~mnmhlt-1 
" 

Ln~ r.rnv1~LAt1~Gi B'i~uuGi1~ 1'1JB~~1~ nltJA atJ 

'lfH'lmm 1~mm·n~m'iLlluw'tf~tl 101 ~1ml1oi • • 
if~~ iim1mhL u uoi" u~iin1'ii~uu1 l m.i~hJ1'li 

ti " J ""'""' mi" aavillu~~Lrn~at1nqY1Bnm~uUJJ"~"mJ 

~i1~tln~t1u1~~1Ll'mLv1=v~ mlmJrtl~{um'i 
vlrotm?ia topical calcineurin inhibitor 1~un 

tacrolimus LLa~ pimecrolimus ~~r-rnYl1~n1'i 
~m:n 1 ir-rn&i LWUt1ni1mri11 umhimoia'iauQf . 
ft1).J1'io1'11~vi~aniJMLllm~u~na1mu hJiir-rn 

'1i1~LAtJ~~'iim'i~ irnnv1mTiJrJ~l'1ui181m'io • 
U B~ nirn1'i~1L ihrna~ 1'l~1~Lrla1'1f tn LrlBL~)Jij 
B1n1'il1~umm'iLLffYl~'IJB~ 1 'l~i11l1U~~irniJu li 

" 
tl'iin!J a~r-rnlt1m'imu~i1hm~u~u111~&ini1 

d "' • 1 . .r .. 1 ..... 
Lu a~v1 n ni 'i l'rnnnu1 n't." l!)JU v~ vi" ni'i 

tl'i~'ll')J International Concensus Conference on • 
:Atopic Dermatitis II (ICCAD 11)5 1viuuni'll'1 

..... ..i .J "'1 A ... d 
nl'iLla~LL l'IYIU C;J L'll'U1'1l'1llJLnU1 nu 'imnl!iNtm 

""' "' . . . .J di JJmll'I atop1c dermatJt1s YIL)JB~ New Orleans 

tl'i~LYIAffl1~:im"~m1m~mJ~)Jll1l~wf lJ w.A. 

d • 1 "' 1 2545 Ll'IBn1l1UYILLtnYl1~ Un1'i'in'tf1 'j~ atopic 

dermatitis lmJ ~~~ti~ 1 

Pimecrolimus 

Pimecrolimus (SDZ ASM 981)6 LUiJ 

.J .. "" ... .J1 i1. .. u1m1qY1Bmim1'iBnLffU'YI )J 'll'fflOlBWtJYI Bun 

Laddawal Phivtho11g-11ga111 

"'1 ... l: ., .. .J.J 
qriB YIUUutMm'iff~Lm1~l1ff1'i cytokines YILnU1 
""Cl.I .d~ 
t1t1~ num'it1nLffUY1l1a~v1n T lymphocytes ua= 

' • ., 3 
mast cells atn~v1LW1~Lv1~v~ onmnnJ1mrn1 

" 
Ll~u lit um'lfoH1 hm)maum~ i11l1ir~ iitl'i~ 

aY16mwlim1'i~mfl~~ atopic demrntitis ua~ 
contact dermatitis Lda~v1nm1).Jff1).J1'i01um'i 

1 1 ... .J • . 
a~aiu u 'IJ)JiJY1~~m1 tacrohmus LLa~'lnflYl'!JB~ 

J1l!i!n 1"rnm1~a~ni1na"moia'lauQf l'h llf . " . 
d • ' ""' ., "°"' .J.,. pimecrolimus )Jm1).Jv1LYl1~0lmnl1iNU'iL1CU'Yl)J 

m'iamaua~ni1 m'i:Smhui11l1u~Lv11t11u 
" 

'i~UU 1 l1aLiUU~1 ~~na 1 l1LnY1r-rn'li1~LAfN~1ua~ 
1"iir.rn~u'i~UUllil~)JrlUgU 1 'IJB~~1~n1tJ " . 

Pimecrolimus (32 - epi- chloro-32-des­

oxyascomycin, SDZ ASM 981) LUU derivative 

I 1 v '!Ju~ ascomycin macrolactams ~'i~ff'i1~Yl1~ 

L~ii~~'itl 
" 

Pimecrolimus aanqriBau1~~1Ll'l1~ 
• .J !'I ,..,J.,. ~ "' 

Lv1~v~oia T cells •1mum'1faaYJ)J\JYl\J1Yl'11~llJ 

1um'iLnm·m16aml'~'lla~1 'l~f.i1mr~ 1viu pi me-
... ... .J !'1 

crolimus v~vunu macrophilin- 12 'IHL uU 

cytosolic receptor 1 u T cell 1~ff1'itl'i~nau 
.J.. ,f., l: 7 .J !'I 

(complex) 'Yl)Jt"jYlilUUU~ calcineurin 'lf~L uU 

1 ... ... .. !'1 
protein phosphatase YIUVltl~mmm~aL'lfUmuu 

oi'1m~~iJllfl'i1~1u (calcium- activated phos­

phatase) 1ml'oii'L~U~~n~1mm calcineurin iiu'YI 
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D 
Disease 

remission 
(no signs or 

symptoms) 

Flare 

QI 

ttu1't11'3fi11'Hl'lfl Atopic Dermatitis: 

i.h:aiimn1m1m ·wmN t ·rn • 

D 

D 
m1.mmnni'i~mrn::iinrnrnutJm·1a'ut6'ltJlifo1m • 

- Topical corticosteroids l1~tl 

1 ... ' - Topical calcineurin inhibitors ~mn 

Pimccrolimus 'H~tl Tacrolimus i'irn:: 2 fl~_, 

:cc 

Adjunctive therapy 

- 'Ham~u_,~.,,m::~u 
v ' 

- mnOi~L~VLLUflYh~u: 
oral 'H~D topical 

antibiotics 

- mnOi~L~D b;'n: 
antiviral therapy 

- ;'n1:11m1::'rrn~~1v 
- Antihistamines 

&I V~ d ~ .: 61 ~ OI C: V I 

Maintenance therapy ihmu~'t1LUUL'ifll'itl'i'3 LLm:/int1nl'lrniJu'll1ut>tJ 1 
d d .. ... ., .1 1 n ... 

- LlJm'lmrn1nTrn'lt1t11nT'iLUl~N'llt1'3L'H'lu 'nn{l 'H 'If topical calcineurin 

inhibitors Ll~t1Ut1'3n1m1'l~1L U'U'lltl'3 hfl llJ1 l1L i'.lumn~u 
Pimecrolimus Cl'llJl'lfll'l6'ltlU~m'lrum'lL06'l flares • 

- 1'2frnrn topical calcineurin inhibitors t> ci1'3Gim~t1'3Ll~t1A1UfllJhm::tJ::tn1 • 
- tlHl'il'l1'lfll1tnYl1 topical corticosteroids L U'U'l::EJ:: 1 Lrlt1ij flares 

:cc 
Severe refractory disease 

- Phototherapy 
- Potent topical steroids 
- Cyclosporine 
- Methotrexate 
- Oral steroids 
- Azathioprine 
- Psychotherapeutic 
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" • .q V U Q.VCV 

ml)JvlLLt'l~fll'j L 'ltl\J'l'l1)Jl'H'l~'U'UJ))Jfl)Jn'IJ 
v v • 

.,J " ti .J 
Lml T lymphocyte ~nm~01u (~ 't'l 2) 

LVIUnw~'rnnrh-3 peptide antigen (>Jm:i~1u~tl 

1HN major histocompatibility protein) tl'U T-

• 1 ""' ~ ~ """ cell receptor v~'t'll l1)Jfll'lL\'l)J'1JlJ'IHNLLflm'1ft1)J 

mu 1m'l!acl'Lrn~.nmh1 li'LnV1m'l'1·um1nf nNF­

AT (nuclear subunit of Nuclear Factor of 

Activated T cells) 'l~o1'U'1Jtl~LLl'lt'IL~f.l)JJ)lt11u 
;,J J' .., ... . ti 1 v 

L'1!aamHmJv~vunu calmodulin LLa~m~vnJ l1 
v • 

calcineurin (calcium-activated protein phos­

phatase) l'l1~1u fou~h 1 li'LnVI dephosphorylation 

tltl~ transcription factor ltJ1'1fLG1\'rn1a:Si1~L~un 
11 cNF-AT (cytoplasmic Nuclear Factor of 

Activated T cells) mami~vln~nolVILtll phos-
" d v ..JQ. d 

phate !ltlnLLa1 cNF-AT v~Ll'lt'ltllJL'1JlUU1Ll'liltln 

~'Utl'U nNF-AT 1~ active transcription factor 
.J ..$ ... ,J • fl 1 ' ... 1 
'r1'1ll'l(\J'lf~vlLulJ Ufll'l express1011 '1Jtl~tl\J Ufll'l 

a~Lml~ll cytokines llalf.lol1L'liU tumor necrosis 

T cell 

ASM 11 Macrophilin I 

Laddawal Phivthong-ngam 

factor a (TNFa), interleukins 2, 3, 4, 8, 10 

(IL-2, IL-3, IL-4, IL-8, IL-10) LUlJ~lJ8 

I: dfl ..$ ... 1 ... ' 
'1JlJGltllJ't'lL ulJf!(\JLLvtiWH\j lJO'l~'U1Ufll'lVl-'30al1 

~~tlfll'l dephosphorylation LVIU calcineurin 

.,J I: J' ' 1" 1' LlJ!l-'3vlnmn'1JlV1'1JlJGltlUUv~'t'll l1 cNF-AT )J 

.,J " ..J" .. 1 " ... I: mm'lml'latim'lllt1U1Ll'laaa VI Vl~irnm~mu 
v 

m'lil'--3Lm1~lf cytokines oll-'31~-'3LnVl;ftJhJM 
pimecrolimus tl!lOt)'t'ltuu~--3 calcineurin ~~l'll 
1 lf L fl VI fll 'l U 'U ~--3 n 'l ~ 'U1U01'ln-f1--3 LL a ~l-1 ~--3 
cytokines 

fll'HlflLif'U 

..J 1 ~..i • ' .. 
ti1U m'1!aamJ 1 L'1!lJ mast call \'l'U110 

pimecrolimus 
... ~ 

degranulation 'lltl--3 mast cells LLa~U'U£J-'3fll'l 

"".J.,J " ... ., .. 
expression '1Jtl-'3tl\J't'lLOU1'1Jtl-'30'Ufll'lif-'3Lml~l1 

. cv.J.J v .., 
leukotnene LLa~ cytokines llalf.IG11't'1Lfl£J1'1Jtl~fl'U 

'j~'lJ'UJ)iJ~)Jtltl 
v • 

cNF-AT 
I 

./ ,,,._.....-­Calcineurin . ~ _. 

~ ~ '-------------' I cNF-AT 
1---1---' dephosphorylation ._ ___ __J 

I NF-AT I 
MN 

Nuclear 

Transcription 

~u~ 2 LLifVl-'3fli'l 1nm'ltitlflt)'t'lt'1Ja~ pimecrolimus (ASM) 

I Proliferation 

cytokine 
receptor 

( ) 
.f.., ::; • .., :; .... • 1 v'""' ... ~ 

pimecrolimus ASM tltl0t)'t'llif.l'U£J-'3fll'l't'll-'3llrnti-'3 calcineurin Vl-'3lHJv-'3't'l1 l1LflVIO'l~'U1lJfll'l£J'UU-'3fll'l 

transcription 'lltl--3 cytokines lu activated T cells 
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../'., ... 
C]t16m?'IJn1'iilnUW 

t1 ti A q Pimecrolimus Yl-l 'U'> UlYllLrn:::mnuiJ 
v 

tl'1:::ar15ml" 1 um'>Gi1un1'>il n LauQ)-., LLfl~N 1 uon 

'11..,~ 1 v1nm'1AOl:lll'IUi1 pimecrolimus ~ 
m1>.miwii'u1 u'>:::Q)uu1 lu1iJ(l1{a1m'>mi'u8-., 

nwH~-l cytokines ~in~-., THI- Lrn::: TH2-
1 3u I CV 

subtypes m:inv1nmJ-l\'IU11 pimecrolimus £M 
.,t .:, "'ti .J.J "., UU£Hn1'1'rl(l-.lfll'j(ff) '1:::a1Y1Y1LO[J1'1J D-lnU 

m:::mu nl'>D n LflU~ o nm:::GitJ LQl[J anti- i mmu -
v • 

noglobulin E LLUU dose-dependent L'li'U iiu8-., 
nl'>'rl~-l histamine, tryptase ~ln mast cell '11B-l 

P - hexosaminidase, 

serotonin Lrn::: tumor necrosis factor-a vln 

L'lf(I~ basophilic leukaemia 2H3 '1JD-l'rl\J 10 U(I::: 
v 

.., ""' .., ~ ~ 
t.1-lm·rn£JU£J-lnl'>Ll'rn'1ID-l co-receptors CDl 34 

.J,J.,., " 
Lrn::: CDl 3 7 '11-lLnm'llv-.lnum'>n'>:::Gl'ULrn:::m'> • 
li1-ll'U'11D-l T cells 

11 

m'iFlmn1uifurfn~niN 

1tJ model '11D-l allergic contact dermatitis 

(ACD) L'lilJ 1u hypomagnesaemic hairless 
12 .J .. ., d A ..r " ... 

rats YliJ(lnl:lru:::mm'>YILnQl'll'Uflmunu atopic 

dermatitis 1tmlJ'l'IUi1 pimecrolimus 1mtl'11v-l 
v 

A ( ., t .. 
mnu 12.5 iJn.tnn. 1lrn:::m-l) 'rl'>Dt.11Y11 

... t 
(fl1'>(1:::(11£J 0.4% 1trn::: 2 m-l) mm'>O(IQI 

mm'>~-ln~11 l~ 1mtl'11v-lt.11fllJU'>'>LYllmm'> 
v 

"' ., 1" . .. 1 pruritus LU"l!::f.JUfl'U QIDt.11-lfliJU')OJtn[J lJ 2-4 
v 

iu ~10nl'>Gl'>1vflDUnl'>Ltl~mmtl(l..,'1JD~N1'rllJ-l 
Yll-l histo- Lrn::: immunopathology Lrn:::m') 

Gl'>1vlJ\J;31'U1ll degranulated mast cells \'l\Jil 

n'1umL 'rli'.ivum1:::tln&itJ vn~1ndm'> 1 'rl1 u'>tl 
v 

'11D-lU1flUU-lflliJ1'10UD-ltllJnl'>LflQI hfl 1~ nl'> 

An1:11 LQlmi'ml11 '1LnQlm'>miJu'inru'rl'11D-ll1unu 
v v 

~m LQ1£Jfll'> oxazolone
13 

\'1Uilm'>1'1mm 

0.004% 'll!H pimecrolimus 1tJ ethanol fllm'>O 

iiu8-., vlm'>QJ-l n~11 M1Qluiitl'1:::fl"t'IB111\'H vhti'u 
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.J . 
0.004% 'llv-l dexamethasone '11ru:::Y1 cyclosporm 

.. ti ~ A d " " v:::J.J '>!::tt"t15111l'l"t'lm1m'1IJ.J'1l'U'1IU1QI >O.O 1 % 

nnFlmn 1wrnn mim 
vlnnl'>An'lflLLUU randomized, double­

blind, vehicle- controlled 1 tJmma>i'm;S1trnJ 

16 fl'U LQlu1\f pimecrolimus 1 '}'<> mu'inruLL'llU 

i'trn::: 2 fl~-lLthmm 4 atlQ11'1 l'1ui1hili11\f 

LflQltn1::: atrophy 'IJD-.lf.i1'rl\J-.l 16 nl'>YIQl(ID-.lLL\JU 

randomised, nonblind, vehicle-controlled, 

multiple centre L tl~urn Yivutl'1:::flYIBtn\'l'>:::'rli1-l 

pimecrolimus 0.2 Lrn::: 0.6% ti'u betame­

thasone-l 7valerate 0.1 % 1um'>.;'n1:11 contact 

d A 1" dermatitis YILnQl~lnnl'> 'lffl1'1(1:::mu nickel 

sulphate 1umma>!m;S1mu 66 fl'U LQlu1\fm 
., t\J ... . 

m1mi:: 2 m-lL 'UL1(11 12 1lJ \'l\J11 pime-

crolimus 0.2% 1\fr.rnhlu01noh-.,ti'uml1(1vn 

'1Jru:::~ pimecrolimus 0.6% 1\fr.imYiurnvhti'u 

betame- thasone- l 7valerate 0.1 %
11 Lrn :::1'Um'> 

An1:11LL m 1triJ1 um'>LflQILL l'imNv1nm'> H'mv1u 

i1m'11\f pimecrolimus 1% 'Ul'U 24 -8'1LlN GllJ.J 

~1[Jnl')Ql[J.;'-.,a ultraviolet (UV) A LL(!::: UVB 

1umma>Jm 30 fltJhi'Vlumm'>LL~LLfl-.l 17 

~ r 4 V CV 

C]J16U1iJWtJtJ{)llFJ11fl'IJ 

n1 '>A ntt1 L tl~ u u L Yiuu t)rtBnm:::uu 

flil~J.Jtl'U'>:::llil-.l pimecrolimus Lrn::: tacro-v • 

• 18 19 'f d t.I 1 "A ., 1 1 hmus ' ~QIUn1'1\lQIL'111 Glr.11'rl\N lJ J.JLQl(ltJD~ 

.J. ti. J'.,j 
'rl\JYIYllnl'> ~nmmlJVLUD (graft-versus- host 

rat model) vmi1 pimecrolimus mm'>oiiu8-., 

tl~n~t.11m'>GivGi'1mif mgv l~~1u potency ~1 . 
nil tacrolimus 66 LYil Lrn:::ohni1 cyclosporin 

A 8 LYi1 Lrn:::1um'>An1:11r.rnGivm'>af1-., anti ­

bodies GimiiQIL~DQILLQl-l'lJD-lLLn::: 1 ull'U \'l\Jil 
v 

pimecrolimus iim1J.JLL'>-l (potency) 1lJnl'> 
.., ~ " . 
U\JU..,nl'>U'>l-l antibodies ohni1 tacrolimus 48 

LYil 
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In vitro anti-inflammatory activity 

- iim1mn>.Jno1lJnl'l~Unu human recombinant macrophilin-12 binding protein 1~~'1 (IC
50 

= 
1.8 nmol!L) 7 

- '111.Jl'lt"ltirnf.:i (pimecrolimus - macrophilin-12 complex) calcineurin '1Hl·Hf>.Jti'l11 l~ (k; ~ 100 

nmol/L)7 

.J " " ., 1 1 " .., .::; .., " . Q. • - 't'lA111.Jl'IJ1.J'IJlJ'l~Vl\JU1 lJ 1.J"1'la11.J1'lt1tJ\JtJ'lnl'la.:iLm1::'H cytokmes 'lnJVI Thl (IL- 2, mterferon -

y) ua:: Th2 (IL- 4, IL- 1 o) 1unarn'll'aa~1~v1nf.11"Hu.:i'IJti.:itiu1u~i1~w1ilLLl'r atopic dermatitis 1 

- .!, • d ~ .z: " .., 0 ., .J ,, 
(IVlnl'l'Ha'l'IJtl'lal'l hexosaminidase 'll''ILUua1w1.:ionrnti.:inTrnmauGnmNv1n murine mast cell line 

.J " " . 7 CPU clone 12 't'lOnm~GlUVl1tJ IgE/ant1gen (IC
50 

= 26. 7 nmol/L) 
- .., .:: ~ \,I • ~ A U .J Q.1 e '1 ' 

tJ\JtJ'lnl'l'Ha'l'IJtl'I h1stamme and tryptase v1n mast cells 'IJtl'IM1'HU'l'IJtl'IAlJ't'l~n'lfmnvi1u anti -; IgE 
.J " " ' &I • .., ., (maximum inhibition 't'lA111.JL'IJJJ'1J1J 500 nmol/L L't'llnu 7 3 and 7 5o/o Gl11.J"1VIU) LLa~m'l"Ha'I 

histamine v1n basophils '1Jti'lf.11m!.:iviu (maximum inhibition ~m1m'll>.J'1llJ 500 nmol/L Lli1nu 
82% )10 

_ ., :; J, .J " " 
tJ\JtJ'lnl'l'Ha'I TNF- a. v1n mast cell 'IJtl'IAlJ't'l~nm~~lJVl1tJ calcium ionophore A23187 ua~ 

PMA (maximum inhibition ~A11>.JL'll>.J'lllJ 100 nmol/ L Lli1nu 90o/o )
10 

- uu8.:im'l transc7.tion 'IJtl'I reporter gene (luciferase) 1u human IL- 2 promoter 'IJtl'I human T 

cell line Jurkat 't'l'tlmh1viu PMA/PHA (IC50=0.4nmol/L)7 

- tiu8.:im'l expression 'IJtl'I rccepter gene (luciferasc) 1u human TNF-a 'IJtl'I munine mast cell line 

CPII cione 12 ~~n.a'mh1viu FcERI (IC50 =100nmol/ L)
7 

In vivo anti-inflammatory activity 

- m'lhi pimecrolimus 1mi.Jmnumnvi 12.5 LLa~ 25 >Jn.Inn. i1r.Jmi'u8.:im'l"HU1~lJ'IJti'lr.i1"HU'l'HU 
~.a'mh~1tJ DNFB tlU1'1~l!tJa1~f)j 'IJOJ~~ cyclosporin i1r.rnuutf.:i1umnvi 50 >Jn.Inn. Lli1Ju LLa~ 
tacrolimus 1umnvi 25 >.Jn .1nn.1 hidhma1vi1vi1

• 

- m'l1l1pimecrolimus 1mi.Jmnumnvi 90 im.1nn. 1lrnu mice ITT~foal'lLLtlantlati>.JAf'ILL'ln 
v v :; 

1viu1l1m 2 'll'>.J.rimJ ua~ 4, 24 , ua~ 48 'lfii.mumr.:il~fom'l l'iui1hrntrnti'uu.:i sensitisation 
. ., :; :; . 1 1" . 

LLGla11.Jl'lOtJ\JtJ~ elicitation Gl1>.J'1J1J1Vltltl'ltJ1GNLLGl 3- 90 >Jn.Inn. Q'ltJ 'H 2 '111.J. nmma~ 4 '111.J • 
., 1""' .I .I l: .J .J .. 'Hil'lv1n mua1'lLLu~nuiltl1.JVl'l'l't'l 2 (ED

50
= 48 >Jn.Inn.) 'IJOJ~ 't'l tacrolimus LLa~ cyclosporin 1.J 

r.rntiu8.:i sensitisation 1~ 71 and 60o/o Gl11.J~1~\J pimecrolimus LLa~ tacrolimus i1r.rntiu8.:i 
• V .J I _, .J .c4 V I 6 

elicitation V11tJA111.JLL'l'l't'lL't'llnu tiru::'t'l cyclosporin >.JA111.JLL'l'IUtltJn11 
- m'l1l1 pimecrolimus 't'l1'11oif.11"Hl1'1'1JlJ1Q'l 0.3 'H~ tl 1 >Jn.Inn. 1"i1trnGiti'lULL\J\Jnl'l't'lQ'l'iitl'I graft­

versus-host reaction 1lrnu u11umnvi 3 LLa~ 9 >Jn.Inn. iir.rntiutf.:iLYiu.:ivL~mrtiuGitimm~ml1 
.., I !' di J2 \,II d «V :; .J 

mrn'IJtl'IGltl1.JlJ1Lmrn.:i LLGlL'HlJC·Janl'ltJ\JtJ'IGl11.JtllJ1Q'l'IJtl'ltJ1'1Jtl'I tacrolimus 't'l EDSO = 0.3 >Jn./ 
. .J . . .J 14 

nn., cyclosporm YI ED
50 

= 2.5 >Jn.Inn. LLa~ punecrohmus YI ED50 = 20 im.1nn. 
- m'l1~ pimecrolimus 1u'ltlmnlJ'IJlJ1Q115.6 >.Jn .1nn.11u LUlJL1m 14 i'lJ a11.Jl'lt1Uti.:inum'l 

tl~Lmrni'u1d~muni1lOO1u1lJmJITT~fo orthotopic allogenic kidney transplantation 'IJ OJ~~ 
cyclosporin LLa~ tacrolimus 1lJ~U'IJtl'ltJ10lJ'IJlflQ'l 5 na~ 1 >.Jn .1nn.11u Gl1iJ~1~UiiCJ't'l~n~ 
nil~>.Jnli1 3' 14 
v ' 

- m'l1l1pimecrolimus1u~tlm5viL'll1'HiltlQ'JL~tlQ1~1'1JlJ1VI 1 >Jn.Inn. "11.Jl'lt"l\J'l'lL't'll focal 

ischaemic/ reperfusion injury 1umJ l~"ls 
- m'l1l1pimecrolimus 1mtlmnlJ'IJlJ1Q11.J1nni1 30 >Jn.Inn. 'H~ tlUQ'l 1oif.11m!.:i'IJ'U1V1mnni1 1.5 

q - :: ~ ., .J 1 !'13 >Jn.Inn. m.rnuuu.:im'lLnQ'lnl'l timauY1"H'IJtl'l'HlJ mice Q1 
... v 

DNFB = 2,4 dinitrofluorobenzene; ED50 =dose required for 50o/o of the maximal pharmacological 

effect; FcERI = high- affinity IgE receptore; IC50 = concentration required for 50% inhibition ; 
IgE = immunogolobulin E; IL = interleukin; ki = inhibition constant; PHA = phytohaemagglutinin; 
PMA = phorbol myristate acetate; Th= helper T lymphocyte; TNF-a = tumour necrosis factor- a 
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n1'>Am:nm'>ifu~~'>::uuniifl'>.11fotGlum'> " . 
1"r1LUJU'1HHflln'U 1ii1mGla'lJMWIJ~l'i1 allogene-

ic kidney transplantation 14 \'jUi1 pimecro-
.. 1 J'i" .... .r..i .. linms >Jr·rn 'Unl'>urHn'Un1'>GlBGl1'ULiimm:imu 

.J ! • ' 
potency YIG11n11 tacrolimus 15 Lfi1 LLm:ohni1 

' g ' .J'~ ... cyclosporin A 3 LYl1 v1nm'>v1nlflL"r1a1iJth"r1 

Liiui1 pimecrolimus iir.rn 1um'>nm::uu 

11iJfl'>.1niunulu~1~mu~1ni1 tacrolimus LLa:: " . 
,J ... 1" d ct " .,. ' cyclosporin A '1f~Cl::l1BU "r1L"r1utHC·Hl'll1~LflfJ~Glrl 

'>::uui;iiJ~>.1nim1EJlu~1~mu (systemic immu-
~ I .J ~ I 41:\, 

nosuppression) mm1 'l1~L'lfrl11LnGlv1nm1>.1 

mm·rn 1Unl')a::a1u1U1'lllJiJ'lJB~ pimccrolimus 

~a~ni1l'i11 li'm'>r·himi1f.hm!-111tlif~'>::uu1m:i 
" d ! I 4 ~ I V -.,. ! I 

L1UUG11n11 v~>JMaGlm::UUl1A>JnuGl1n11 ". 

v1nm'>Am:n 1u"r1aC>GlYJGlaC>~ (in vitro) 

i•1ui1D'm1m'>~Gl:a>.1u1Y11 pimecrolimus r.huf.h 

"Hi!wii1clm::ua1ai1Gl~1ni1mna>.1~u '1 L'liii " . 
corticosteroids, tacrolimus LUuoi'iJ ~~~1'1dhi 
il~m1rn~u~'lJC>~ pimecrolimus oivm'>LflGlr·rn 

' 
*m~u~oiv'>::uuoii-:1 '1'11C1~~1~muGi1 i.nn 

m'>Amn1m~nY11'>nmti'>::"r1i1~ 3 L&1vu . 
~I .J""' t 4 ., d 4 " - 1 u Yl>JCllnl'>'lJCI~ '>Ar.J1"r1iNr·IUJJ>JLL\'I atopic 

dermatitis ')::~uthunai~il~ '>mm ii'toi'fom'> . 
'imflol1tJfllA~>J pimecrolimus 1 o/c> vmi1m1>.1 

L'li>.1?iirnv~m 1um::LLC1LaC>Gl~1>.11n tGlu hi~unu 
A11lJ'>im'>~'lJC>~ t '>l'l'H~C>'>::u::na11 um'>'imd0 

• 
g 1 "'.'I n , .J .. nl'>l'rnln 'Ur~u1U~ 'H(\JYllJ/111:: atopic derma-

titis Am1?i1~'>iJLm 1oi''ium'>'imfloi'1umfl~>J • 
f'I " ~I ' pimecrolimus 1 o/c> Luiina1mirn~ 1 u WU11 

milJL'lill?iirnv~m1uLaC>Gl ru na1oi1~ '1 ~ini1 
'>::~u~v::iGl1oi' n1'>Amn1m~n~mu'>::"r1i1~ 1-, 

4 ll~iimm'>trn~ hAAmi?i1~~mm mi::'l~fo 
., ., :; f'I 

tJlfl')>J pimecrolimus 1 o/c> Yl11Ua:: 2 m~ L uU 

n a1mu 3 atJGl1l.f l'IUi1m1m?irniu1iuaC>Gl~~ 

~Gl (cm .. ) Lfi1nu o.8 µ g1L m1m'lill?iirnv~u1 

1 "" 1" .J !'} • m aC> Gl mirn 4, 22 C>~LU'lf1~ <0 .5-1.8 ~Lg 
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• • ~.J - • .id 
IL ~miimnm1m~"r1'U~'IJC>~mvm~l!m1l.J 

V V ! I .J 6.1 1 ... d .. 
L'IJ>J'lJUGl1n11Ylv::1Gl Gl L1a1Ylv:: tN Cmu (T mu) 

m~mfi1nu 3.2 .a-1tii~21 

1 u~tl?Jv~mnu mm.Hr~ 1oi'fom'lJU1Gl 5, 
d d :; d I 

15, 30 'H'>El 60 >Jn. L\'IU~l'l'>~LGltJ1 fl1 Tm,. 

.J ~t "'ti Luau o. 7- 1.4 'lf1 >J~ n1'>'>U '>::mum'lJU1Gl 5, 

10, 20, 40 'H~C> 60 >.1n.1i iiGiGloivnmtJimai 

4 atlml.f ~1 Cm,. ua:: AUC (area under curve) 
J'" .J1yu .J _, I 
'IJUnU'IJU1Gl'IJCl~UlYl mu Yl'lJU1Gl 60 >.1n.11um 

Cm"' LLa:: AUC ii~1Lfi1nu 5 4.5 µg/L LLa:: 

589.8 µ g.h/L mmho1'u6 

mm fvli ilmw::nn'li'urh mn 

m'>1'1pimccrolimus 1mtlLLUU'lJC>~mm 
" 

hi ClnL>JGll tu 1aizf"r1~C> L tl~uuutla~ 1 U'>::"r1i1~m'> 
" 

:Sm.hiif.hm!~ 1u'>tlLLUU'lJC>~EJ1fotl'>::mii 10v 
" 

L'll1'>::uu 1"r1aL1miv::Clnoimtu1a'l1lGlmmibiJ 
" .J.. .. 

cytochrome P4 50 3A4 YlGlULLa::'IJUC> C>nm~ 

"'1"'"'tl .. C>vv1'>:: Lirn mu '>::miJ?JU1Gl 5 - 60 l.Jn. L\'IU~ • 
:; q ' d <QI~ QI t 

m~LGlfJ1 mm~'lf1Gl'tlfl~n1'>'lJUCl1fJ (elimination 

half- life) 1fi1nu 30-40 .a-1hi~ muw~'~1~fo 
mmnGl 30 LLa :: 6 0 >Jn. Al clearance Lfi1nu 

71 ua:: 91 Llh LLa::A1tl~mmm'>m::v1u 

(volume of distribution) Lfi1nu 3452 mi:: 

4830 L onmho1'u
6 

1 mrn1u m'>flmfl'>1U-111utl'> ::aY1fiml·1 

'IJCI~ pimecrolimus 1irn1'>-rmfl atopic dermatitis 

~~1ii0my L~n '>1 l.J~~L~n"r'l1'>n 

Yllfllfl~>J pimecrolimus 'IJU1Gl 1 o/c> U~L1(ULL'IJU 
.J .. ., l: f'I "'. I "22 Yl>J '>C>ULLr·m1irn:: 1 -2 m~ Luima1 3 aum'H 

d g ' 1 ' ..11 ...... .. L>JC>vUnl'>vrntfll'IU11 unaim Gl'>UtJ1Y111irn:: • 
:; d tl ... 2 m~ mimim'>~'IJC>~rrnaGla~ '>::mru'>vua:: • 

71. 9 L tl~uUL iiuunum"Ha vn~·rn Gla~tl '>::mru 
V QI I ~ ~ 
')CJUa:: 10.3 LLa::U~l'IU11L'>iJLmma'IJC>~n1') 

'im:nmu1uiii~ 2 .,,a-~ 1oi'fom L0mtl~uu 
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- :; t 1" .., I; ~ m1:nirn::: 2 A'N \01u11m'l l1fl11\rn::: 2 A'l~v:::i1 

tJ 
~ .. "' .J.. ' 

'i!:'1'r1li/11Yffl1~nl'l'lntfl'r1VI011 

nl'lAmn randomized, double- blind, 

vehicle-controlled, multicenter 1 mJu1t.1~1lJ1\J 
23 I '!"I ,J d 

260 'llt.1 mq'l:::m1~ 18- 71 u 'r1>.Jmm'i 

1 "' ll ' "' atopic dermatitis m:::vium1l.J1'1Hl'i~Gl~LLG1Lan 

tl'uuvuii~mn \01ui1m'ihimA~l.J pimecrolimus 

vmvim1>.JLV>.JVU 0 .2, 0.6 m1::: 1.0% 'r11 
Clio ..J.ct ' ., - " • 

rnnnm>.J'iu~'lut.1LLr.1e1 unrnrn'lnrul1mLLct:::e11 

mi iue1::: 2 A~~ iitl'l:::a'r15mvnl1i1uml1ctun 

(vehicle) lvimh:::a'r1B1l1\'lt\JtlU'll\J1VIA11iJLL'i~ 
'llu~m lvim'lui11u'lllnvi 1.0% v:::1li'tl'i:::a'r15 

1rn'I 1 lmwfoirnmtvi " . 
m1F1nin1unnnua:ft~n 

v1naiiQ1~~?f1 li'Lihd1 tl'i:::mrufauct::: 80 

".'I !'i "' .J .. 'lJ(Ntju1U atopic dermatitis Lu\JLO'lnmrn1~ 

tl'i:::mru 1 iJ ~~,fu~~iim1>.J~1Ltlu~m'l-rmn 
.,, n tJ 'l::: LJrnGI" rNiim1i1tJ e1 uvinmLct:::iitl'l:::a'r15 . 

1 "' "' !5 /11\'I mvimctn nl'lv1mflLLUU randomized, 

double- blind, vehicle-controlled 1m~n'r11'ln 
.. .J .. 

U1U'l:::l1i1~ 3-2 3 LVlulJ ~1\J1\J 18 6 'l1U'r1l.J . 
1)11::: atopic dermatitis

23 1m:::~UA11l.J1lJLL'l~ 

ifouii~tl1lJOCl1~LU\JL1Cl1\J1lJ 26' atlmlf \'1ui1 

~lAC)! (EASI : Eczema Area and Severity 

Index, ADS!: Atopic Dermatitis Severity Index, 

IGA: Investigators Global Assessment scores) 

m'iAn~n 1 m~nmt.1'l:::l1i1~ 2-1 7 iJ . 
LLUU randomized, double-blind, vehicle­

controlled, multicentres ~1\J1\J 403 'lltl LU\J 

L1Cl1\J1\J 6 atJm\1<'26 \'1Ui1m'l1'lifl1A~l.J pime-

"' :: crolimus mnvi 1 % 'r111\rn::: 2 A'l~ all.J1'll1CIVI 

Ulnl'i'llu~hA atopic dermatitis 1~ mu1u 6 

Laddmval Phivthong-ngam 

"'tJ~' 1 .J d a Vll\1 Al EASI CIVIC!~ vimmw 59% Ll.Ju 

Ltl~uuLiiuunumh1muA>.J~~e1vict~L liiu~ 14 % . . 
.J".., I " ti 

\Junv10\JtJ~\'IU11nl'l'lmflQ11U pimecrolimus 

'ri11li'Aruml'l?iiV10'ltu~1u . 
nl'lAntnL tl~uUL iium:::l1i1~ pimecro -

limus-based treatment strategy (1'1f emollient 

LUUU'l:::~1~1>.Jnum'i 1'1i'mA~l.J pimecrolimus 
d~.ct 4 ~.J 

1 % LlJUL'll-Jl.JVlnl'l\'t'luVlnl'lLLCl'~N'lJu~ L'lAf.J\J 

1Jjjm•rth1n!J LLa::: 1'1i topical s teroid Lrla flare 

" up) OUnl'l-j'fflflLLUU~~Lail.J (conventional 

therapy ~um'l1'li emollients LlJUtl'l:::~1Lm:::H' 

topical steroid Lrlu flare up) 1 Hr·lU1tJV1U " . 
'l :::l1i1~ 2-1 7 iJ ~imu 713 'llt.127 L llm:::u::: 

L1Cl1 1 iJ LVIULLU~AU 1'1i'LU\J 2 na>.J~una>.Jmu . . 
( ) • .J1 '"" ~iJ conventional therapy Lm ::: n~l.J'r1 Vl'lUt.11 

pimecrolimus (pimecrolimus-based therapy) 

fouaamLuum'lAmrnllu 3 'l:::~u~a L~lJLL'ln~ 
C·lU1t.1iif.11LLli~ mJ1'1i~~ 2 nai11~fo emollients " . 
LrlmJu1m~>.Jiimm'll1~uu1m'iLLaV1~'tlu~ atopic 

dermatitis U'llO!JL'liuiimm'lA\J ~\JLLVI~ n~l.J 
muA>.J 1~foml1ctun (vehicle) ~iu~nnaiil'td~ • • 
1 1141 d - l:; 
mummii 1 % pimecrolimus 'r111lrn::: 2 m~ 

L\~aua~niJm'lo11LiiH'llu~ L 'lA mn L 'lAollL iiuGia 

1tlvuii flare ~~ 2 n*1v:::1~{u topical 

corticosteroids (Laun H'L U\JITTL~untl\J~uaa~ 
~ q ..r IU Cll I 

Ll.Ju>.Jmm'linnmJ) mmrn~ 6 LVIU\JLL'lm01ui1 

61 % 'llu~n~>.JiiL~fomA~l.J pimecrolimus 1% 

1 1 """' ,J • ~ 
l.JLOO'l eczematous flares 'lJru:::'r1nfll.JA1UAl.Jl.J . . 

.. ..i !5 .J 
~1\J1\JL\'m~ 34.2% LLCl!:ll.JuA'lUnl'lv1fflfl'r1 12 

l~mmui1 50.8% 'llu~n~l.J pimecrolimus LLct::: 

28.3% 'llu~naiimuAii1i.iii eczematous flares • • 
irnnv1nifu~v1ui1n~iim~{u pimecrolimus ii 
A11l.J~1LU'IJ1um'lH'm corticosteroids 1lm1'l 

A~~LL'ln1lm~ii~1~fo pimecrolimus muni1 

naiimuAiiuci1~ii,1mhAfl• . . ·~ 

nl'iAmn 1 U'lULLUULO'it.11niJifl \JL~n'r11'ln 
" 

I Cll • .J.q 
Ultl'l!:\111~ 3-23 LVluU v1\J1U 251 'l1U'r1l.J . 

.. ::; I IU II ~ 
m1iJ'l\HL 'l~'llu~ L 'lAGl~LLGl'l!:VIU\J utlvUMmn • 
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~· ~·25 • 1 " . """ " L~m::u::rnn 1 u v1m1 m.rnL'diHVltJ1n'U 

mh1~t1tJ1Yl~J.J pimecrolimus 1 % alJ.Jl"HHlVI 

m10in1'HU'llu'101'llflVI eczematous flares liJ 6 • 
L~mrn 'ln'llt1'1m'l l'li'tl1 '!Jru::ITT un~J.Jmu~J.Jtfl~ 
... Y 111 ICf Id 

'l\J corticosteroids Vlu-1 '11'l::tJ::l1"1CH 2 LYIVH 

.J 1 ·.c.1 • " ""' .J muLL'l-1 m~:: J.JJ.Jm1J.JLLV1nV11'1'1Ju'1t·rn'IJ1'1LY1tJ'1Yl . 
l'I m::'Hi1'1 mi J.Jm\JYIJ.JLLa::mi i1~l~fomY1~J.J • • • .J'*i "d • 
pimecrolimus 1 o/o v1n01'l~OlfllJ'd L'Hl'H'U11 

pimecrol imu s alJ.Jl'l(l'd::a tl'H ~tl'H ~VI m'l~l l il lJ 

'llu'11 'lYia'11~ ua::aiJ.J1'lllaV1m'l l'li'tl1'1LV1u'lutJ~ 
~ 1 " " n . ., 1 ·.. " .. .J Yl-1 iHVIOLaOLLa::r;i 'HtlJ LVltJ mHrn'111'1l~tJ'1Yl 

rllJVl")ltJ 

v1 nm 'l A nifl w ui 1r.ru1 tJYJn1 mn m'l Cl " . . .. . . 1 ,, .. 6 16 18 24-26 
YllJVlutJ1A'lJ.J p1mecrohmus 1 % VIVI · ' ' 
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miir.m'll1'1 LfltJ'1 Lrn::m1J.JL UlJW\j~ mJV1'1~1 1Ji 

rinliLnVI atrophy 'IJu'1N1'HlJ'1 ~rn'll1'1lfltJ'1~W\J 
1 " ' .J 1 " fll • I "'"'"' .J viunumnYJ~Vlv1nm'l 'dtJ1LulJu!)n'ltl1l\l\'11::YJ 

LilJ m1J.Jjanft11J LLVl-1 (application - site 

burning) 1Jiiim1>.m01noi1'1t1U1'1ihrmh~C1J'llu'1 
" cf .J ..... ~ 1 1 " .. 

~Ja'IJ1'1lYltJ'1YllM1'lJlJ'l::'H11'101'l 'dU1Yl'lJ.J 
' • " Vq.J 

punecrohmus 1 % num'Haun Ma'IJ1'1l~EHY1W\J 
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Infants Children/teens 
( 6 months) ( 1 year) 

Pimccrolimus Control Pimccrolimus Control 
(n=204) (n=46) (n=4 7 4) (n=237) 

Application- site burning 1 2 11 9 
Application-site reaction NOS 1 2 3 4 

Impetigo 7 7 9 27 
Skin infection NOS 5 14* 7 8 

Bronchitis NOS 7 6 13 14 
Cough 17 10 19 12* 
Upper respiratory tract infection NOS 23 22 6 6 
Ear infection 8 14 4 5 
Influenza 4 2 15 10 
Nasopharyngitis 39 40 29 27 
Pyrexia 32 22 15 12 
Rhinitis NOS 14 12 8 9 

Diarrhoea 17 19 9 5 
Headache 0 0 23 22 
Hypersensitivity NOS 9 2 7 10 
Teething 30 25 0 0 
Vomiting 10 5 7 9 

(I-Kaplan-Meier estimates) x I 00% 
•p~0.05; NOS, not otherwise specified; all values are percentages 
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Accuracy 

Validity 

In engineering, "accuracy" is the ratio of the "error" ofa system to the range of values for 
output that are possible, i.e., the ratio of error to so-called Full-Scale Output. Error is defined 
as the algebraic difference between an indicated output value and the true measure of the input 
or measurand. Error, as defined by the engineer, is most like "precision" as defined below. 

The degree to which output reflects what it purports to reflect, i.e., input; the degree to which 
output is a function of known input and it alone. For example, does an essay examination 
validly measure a student's knowledge of material, or is it invalid, actually measuring his 
literary skill or the state of the grader's digestion? 

Reliability 
The degree to which the input-output relationship is reproducible ifthe relationship is studied 
repeatedly under comparable conditions. For example, if a student took the same examination 
twice, or in two forms, would he get the same grade both times? If the same work were 
reviewed by two graders, would they both assign the same mark? 

Sensitivity 
The lowest value of input that can be inferred with a given degree of validity and reliability 
from measurements of output. Analogous to the usage for the word "threshold" is the phrase 
"threshold dose". Tlie engineer uses the word "threshold", however, to mean the smallest 
change in input that will result in change in output. 

Amplification 
The amount ofchange in measured output per unit change in input. The slope of the input­
output, or dose-effect, curve. (Engineers sometimes refer to "amplification" as "sensitivity".) 

Precision 
The capacity of the system to discriminate between different values of input; the "fineness" 
with which different values for input can be inferred from measured values of output. The 
pooled deviation of observed from expected values of output, all divided by the amplification, 
yields the "index of precision". The square of the reciprocal of the index of precision is the 
measure of the amount of i11formation that can be delivered by the system. 

Specifically, precision is computed in several steps. First, the deviation of each observed value 
of output from the corresponding predicted value is squared; predicted values are detennined 
from the curve relating input and output for all the data. The squared deviations are summed 
and divided by N-2, the number of "degrees of freedom"; the square root of the quotient is 
detennined and is a numbe~ analogous to the standard deviation. This "root mean square 
deviation" is then divided by the slope of the input-output curve, i.e., the amplification, to 
yield the "index of precision"; it is assumed that the input-output relationship is linear. 

Comparability 
The ability of a system to deliver data that can be compared in standard units of measurement 
and by standard statistical teclmiques with the data delivered by other systems. While not a 
critical component of accuracy, comparability of data generated by a system is critical to 
evaluating its accuracy and usefulness. 

Economy 
The ability of a system to deliver data of high information content at a low overall cost per 
item of data; economy does not, of course, contribute to "accuracy" but is an important 
determinant of the practical usefulness of a system or method. 

Activity, Intrinsic: 

See Intrins ic /\ c1ivi1v. 
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Introduction 

Droperidol is used as anaesthetic 
premedication for induction of anaes­
thesia and for neuroleptanaesthesia 1• 

Butyrophenones including droperidol 
inhibit serum cholinesterases in vivo in 
patients2 and in vitro in horses3

• 

Droperidol also potentiated the in vih·o 
action of the ?epolari~inf neuromuscular 
blocker, succ111ylchol111e , as did halo­
peridol5. Droperidol thus has the potential 
to prolong the action of succinylcholine 
since it is hydrolysed in vivo by serum 
cholinesterase. This study therefore 
examined the in"vitro serum cholinesterase 
inhibit01y effects of droperidol using 
human and rat serum as the enzyme 
source. 

Materials and Methods 

Human and rat blood samples were 
collected from five human volunteers and 
six rats respectively and the harvested 
serum stored at -85° C pending enzyme 
assays. Serum cholinesterase activity in 
the absence or presence of droperidol was 
determined at 37° C using a spectro­
photometric method6

• This involved hy­
drolysis of the substrate, acetylthiocholine, 
to yield thiocholine with subsequent 
reaction with 5,5-dithiobis-2-nitrobenzoic 
acid yielding a yellow coloured anion (5-
thio-2-nitrobenzoic acid), the formation 
rate of which was quantified over IO min 

at 412 nm. The known serum cho-
1 inesterase inhibitor, tetra-isopropyl-pyro­
phosphoramide, iso-OMPA, was used as 
the po<>itive control. Percent inhibition 
versus droperidol concentration relation­
ships were fitted to sigmoid Emax equation 
to yield the pharmacodynamic parameters 
Emax (maximum inhibition) and IC50 
(inhibitory concentration at half maximal 
inhibition). Human and rat results were 
compared using unpaired t-test; P < 0.05 
was taken as statistically significant. 

Results and Discussion 

Droperidol showed 15 to 62 % 
inhibition against human and 11 to 58 % 
against rat cholinesterase with 2.6 to 130 µ 
M (I to 50 µg/mL) of the drug. The 
specific serum cholinesterase inhibitor 
. ' 1so-OMPA, at a concentration of 6.3 µM 
(2.2 µg/mL), inhibited human and rat 
serum cholinesterase by 39 and 34% 
respectively under similar conditions 
(figure l). Maximum inhibition was 
similar for human and rat enzyme but dro­
peridol concentration required to elicit half 
maximal (50%) inhibition of rat enzyme 
was substantially higher (Table l). Thus 
sensitivity to serum cholinesterase 
inhibition by droperidol was different in 
humans and rats. Droperidol did not 
inhibit serum cholinesterase from human 
or rat serum at clinically relevant concen­
trations of 2.6 - 7.8 µM (I - 3 µg/mL). 
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However, at higher than therapeutic 
concentrations(> 2.6 - 7.8 µMor> I - 3 µ 
g/mL), droperidol inhibited human or rat 
serum cholinesterase to a significant 
extent. At droperidol concentrations (5-50 
µM) that potentiated succinylcholine 

Javed Rana 

effect in vitro in rats4
, the enzyme was 

inhibited by 57% in rat serum. Droperidol 
is unlikely to prolong succinylcholine's 
effect clinically in surgical patients via 
serum cholinesterase inhibition. 

Table 1 Serum cholinesterase inhibition by droperidol 

Parameter Estimate (± SEM) 

Enzyme Source 

Human Serum 
Rat Serum 

Emax (%) 

p (unpaired t-test) 

61.6 ± 1.6 
57.4 ± 2.6 
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35.6 ± 5.2 13.7 ± 2.3 
53.1 ± 12.0 20.4 ± 4.7 
< 0.005 < 0.0 l 
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Figure 1 Human and rat serum cholinesterase inhibition by droperidol 
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Beta-Blocker Plus Statin Curbs 
Heart Attack Deaths 

People who survive a heart attack but 
develop heart failure as a result fare better 
when treated with a beta-blocker or a 
statin drug. Moreover, combination 
treatment with both types of drug 
increases the benefits. 530 l heart attack 
survivors were enrolled in a clinical trial 
of various drug treatments. A total of 1971 
participants (37 percent) were treated with 
both statins and beta-blockers, 496 (9 
percent) were given statins alone, 2004 
(38 percent) received beta-blockers alone, 
and 830 (16 percent) were given neither 
treatment. A total of 770 patients died 
during the following three years, and 726 
had another heait attack. Compared with 
no treatment, statin treatment alone 
reduced the risk of dying by 26. I percent, 
beta-blockers alone yielded a decrease of 
30.6 percent, and the combination of 
statins and beta-blockers cut mortality by 
48.3 percent. Based on these findings, the 
researchers conclude that early initiation 
of statin and beta-blocker therapy for 
patients with a heart attack complicated by 
heatt failure can decrease mortality. 

[A111 J Cardio/. 2004;93:603-6) 

Viagra Finds Another Use, for Lung 
Disease 

Viagra can do more than help with 
erections. The drug is bas ically a blood­
vessel dilator, and this has proven 
beneficial to people with pulmonary 
hypertension a condition in which pressure 
build up in the lungs' circulation can 
ultimately cause the heart to fail. Viagra 
significantly improved exercise capacity, 
the pumping strength of the hea1t, and 

quality of life for patients with pulmonary 
hypertension. Previous reports of Viagra's 
benefits for such patients came from 
clinical observations and small un­
controlled studies. Viagra is a very 
effective medication for people with 
pulmonary hypertension. The researchers 
randomly assigned 22 patients with 
pulmona1y hypertension to either Viagra 
at various doses three times daily 
depending on body weight, or to treatment 
with an inactive placebo. After six weeks, 
patients crossed over to the other 
treatment for the next six weeks. During 
Viagra treatment, treadmill exercise time 
increased by 44 percent over the level 
achieved on placebo. With Viagra, output 
from the hea1t also improved significantly. 
These benefits were accompanied by 
significant improvements in the breathless 
and fatigue components of a quality-of-life 
questionnaire. 

[J A111 Coll Cardiol 2004; April 7) 

Chocolate During P1·egnancy has 
Good Impact on Baby 

Eating chocolate is good for the baby. 
Scientists at the University of Helsinki, 
who asked 300 pregnant women to record 
their chocolate consumption and stress 
levels, found that daily treats had a 
positive impact on the baby's behavior. 
Six months after the infants were born the 
mothers who had eaten chocolate reported 
more reactions such as smiling and 
laughter in their offspring. And the babies 
of stressed women who had regularly 
consumed chocolate showed less fear of 
new situations than babies of stressed 
women who had abstained. The 
researchers who conducted the research 
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admitted they can't be certain that 
chocolate consumption and the babies' 
behavior are not linked with other factors. 
But they speculate that the effects they 
observed could result from chemicals in 
chocolate associated with positive mood 
being passed on to the baby in the womb. 

[http://www.re11ters.com/11ewsArticlejhtml? 
type=hea/thNews&st01yJD=4766985&section 
=news] 

Breast Cancer Gene Test Aids 
Decision-Making 

For women with newly diagnosed breast 
cancer who face a high risk of developing 
cancer in the other breast, genetic testing 
for a BRCA mutation helps them decide 
whether or not to undergo a double 
mastectomy, a new study shows. 
However, the high cost of testing and lack 
of insurance coverage threatens to make 
timely access to genetic testing an option 
for the privileged few. Women in whom 
hereditary breast cancer is suspected be 
referred for genetic testing. To examine 
the feasibility of this approach, Dr. Marc 
D. Schwartz at Georgetown University 
School of Medicine in Washington, DC, 
and colleagues studied 194 newly 
diagnosed patients. These women had at 
least a 10 percent probability of carrying a 
mutation in the BRCA 112 genes that 
confer a high risk of breast cancer, as 
determined by personal and family 
histo1y. Twenty-seven participants de­
clined genetic testing. Positive test results 
were documented in 31 women. Among 
those who tested positive, 48 percent 
chose double mastectomy; that was a 
significantly higher rate than the 24 
percent of those with unclear test results 
and 4 percent of those who declined 
testing. The impact of testing on the 
subsequent treatment decisions suggests 
that testing should be offered to interested 
high-risk patients. In some studies the 
likelihood of subsequent cancer in the 
other breast approaches 60 percent among 
mutation carriers. Thus, the choice to 
undergo bilateral mastectomy rather than 
breast-conserving surgery could ultimately 
translate into improved survival for this 
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population of patients. The fiscal and 
institutional impediments to widespread 
availability of genetic counseling and 
testing for all appropriate candidates 
should not discourage cancer doctors from 
recommending it, but, rather, should 
commit us to the elimination of these 
barriers. 

{J Cli Onco/ 2004; May 15] 

Green Tea Component Kills 
Leukemia Cells 

A component of green tea, epigallo­
catechin (EGCG), seems to destroy 
leukemia cells by interrupting a chemical 
pathway that helps the cells survive. 
Understanding this mechanism and getting 
these positive early results give us a lot to 
work with in terms of offering patients 
with this disease more effective, easily 
tolerated therapies earlier. In a previous 
report, Kay's team had shown that ce11ain 
cancer cells, known as chronic 
lymphocytic leukemia cells, release a 
chemical called vascular endothelial 
growth factor (VEGF). Coupled with other 
research, the findings suggested that 
VEGF helped the cancer cells survive. 
Since the green tea component has 
chemical activities that could affect 
VEGF, the researchers decided to test 
EGCG on leukemia cells in the lab, 
according to the report in the medical 
journal Blood. As anticipated, VEGF did, 
in fact, help the cancer cells survive. 
Treatment with EGCG, however, resulted 
in the death of many cancer cells. 
Although further studies are needed to 
c larify how EGCG works, the authors 
believe that given its relatively nontoxic 
nature, EGCG could be tested in certain 
patients with early forms of chronic 
lymphocytic leukemia. 

[Blood March 2, 2004 011/ine edition] 

Testosterone Helps Men with Heart 
Failure 

Treatment with the male hormone 
testosterone appears to improve exercise 
tolerance and reduce symptoms in men 
with heart failure. The findings are based 
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on a study of 20 men with heart failure 
who were given testosterone or inactive 
"placebo" injections every 2 weeks for 12 
weeks. Treatment with testosterone 
produced a significant improvement in the 
distance they could walk. Testosterone 
therapy also led to dramatic improvements 
in heait failure symptoms and may have 
had a beneficial effect on depression. 
None of these effects was seen with 
placebo. Treatment with the hormone had 
no major effect on muscle bulk and 
strength. Treatment with testosterone 
appeared to be safe and well tolerated, the 
authors note. However, one patient in the 
testosterone group did experience breath­
lessness after 8 weeks of therapy. 

[Heart, April 2004] 

Acetaminophen Use Linked to 
Asthma in Women 

Use of acetaminophen (Tylenol and other 
similar products) has been linked to 
asthma in several cross-sectional studies. 
To evaluate the effect of acetaminophen 
on asthma risk, data from the Nurses 
Health Study has been following more 
than 120,000 women. Although the study 
began in 1976, pa1ticipants were first 
asked in I 990 about how often they took 
acetaminophen, which is known as 
paracetamol in some parts of the world. 
During follow-up, 346 women were 
diagnosed with asthma. As 
acetaminophen use increased, so did the 
risk of asthma. Compared with nonusers, 
women who took the drug on more than 
14 days per month were 63 percent more 
likely to develop asthma. It would be 
premature to recommend acetaminophen 
avoidance for patients with asthma, but 
fmther research on (lung) responses to 
acetaminophen is necessary to confirm or 
refute these findings and to identify 
subgroups whose asthma may be modified 
by acetaminophen. 

{Am J Resp Cri Care Med, April I, 2004} 
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Immune Component Blocks SARS 
Virus 

The virus that causes SARS is susceptible 
to a natural immune component called 
interferon-alpha-2b. In contrast, ribavirin, 
a drug that was use extensively during the 
SARS outbreaks last year, seems to have 
no effect against the virus. Two drugs in 
cells infected with the virus were tested. 
The cells were a special type that could 
not produce their own interferon. 
Jnterferon-alpha-2b treatment for 72 hours 
significantly blocked the SARS virus from 
reproducing itself. Moreover, the amount 
of interferon needed to achieve this effect 
would probably be safe in therapeutic 
doses in humans. Ribavirin, even at high 
levels for several days, had no apparent 
effect on the SARS virus, the report 
indicates. Still, the researchers aren't ready 
to abandon ribavirin just yet, noting that 
it's possible the drug may have beneficial 
effects if given together with interferon. 
Based on these findings, the researchers 
believe that human trials of interferon for 
SARS are warranted. 

{J Infect Dis, April / , 2004} 

Genes May Set Response to 
Antioxidant Vitamins 

New research shows that a person's 
genetic make-up strongly influences his or 
her response to antioxidants. Theories that 
antioxidant vitamins protect against 
atherosclerosis, or hardening of the 
arteries, have not always panned out in 
clinical trials. Some studies have even 
linked antioxidant supplements with a 
worsening effect on coronary arteries. 
The new findings focus on the gene for 
haptoglobin, which is an antioxidant 
protein that modulates the oxidative 
effects of hemoglobin in body tissues. 
Humans have two versions of the 
haptoglobin gene HP-I and HP-2. The 
researchers theorized that differences in 
how the two types function may expiain 
paradoxical results with antioxidant 
supplementation. A study of vitamins 
involving 423 postmenopausal women, of 
whom 154 had diabetes. The women had 
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been randomly assigned to combined 
treatment with vitamin E 400 U and 
vitamin C 500 mg or placebo. In 
particular, the researchers looked at 299 
participants whose haptoglobin type was 
determined and who underwent a second 
study of their corona1y arteries about three 
years after an initial exam. They found 
that vitamin supplementation had a 
different effect on arte1y diameter 
depending on haptoglobin type, for the 
whole group and for diabetic subjects. 
Compared with diabetics taking placebo, 
the diameter increased in diabetics treated 
with vitamins E and C who carried the 
HP-I type of haptoglobin. However, 
coronary diameter worsened in those with 
the HP-2 type. In women without diabetes, 
HP- I had a favorable effect, too. The 
authors think that in the presence of high 
blood sugar levels, HP-2 haptoglobin 
conve1ts ·vitamin C from an antioxidant 
into a pro-oxidant. If their findings are 
validated, haptoglobin typing may become 
a useful tool to identify individuals who 
will benefit from antioxidant therapy. 

[Diabetes Care April 2004] 

Cancer Gene Blocker Shows 
Promise 

Cancer researchers ·today unveiled an 
experimental drug that curbs the growth of 
a variety of tumors in animals by 
suppressing the action of a cancer-related 
gene, c-Myc. The drug, designated CX-
3543, has been a ve1y impressive 
compound in animal tumor models. The 
c-Myc gene is active in many types of 
tumors, and until now had been an 
undruggable, target. CX-3543 suppresses 
c-Myc activity by binding to the 
secondary DNA structures of the gene. 
CX-3543 also suppresses the growth 
factor VEGF that promotes formation of 
blood vessels supplying tumors. In 
animals grafted with colorectal tumors, 
CX-3543 produced an 85 percent 
reduction in c-Myc levels and up to 85 
percent reduction in tumor growth, 
depending on the dose of drug given and 
when it was administered. ln a ve1y 
difficult to treat pancreatic cancer model, 
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50 percent to 90 percent of tumor growth 
was reduced depending on the dose of 
CX-3543. All of these tumors are largely 
driven by high levels of c-Myc. CX-3543 
represents one exciting advance in taking 
cancer-specific gene alterations and 
targeting them. This is a new direction in 
which cancer therapy must go in the 
future . 

{http:/ lwww. reut ers. co111/11ewsA rt icl e.j him I? 
type=healthNews&sto1y/D=4724140 J 

Bird Flu Prototype Virus Produced 
in Lab, WHO Says 

A high-security laboratory has created a 
prototype bird flu, the first step toward 
making a human vaccine against the 
potentially deadly new virus. The WHO 
will give the prototype virus to three drug 
makers who have expressed interest in 
producing small sample vaccine batches 
and carrying out clinical trials. The 
clinical trials are expected to take several 
months, but large-scale vaccine production 
would only begin if a deadly pandemic 
broke out. Since bird flu erupted in Asia, 
the United Nations agency has been racing 
to develop a vaccine to protect humans 
against the HSN I strain. Bird flu has 
killed 26 people in Vietnam and Thailand 
and decimated poultry stocks across Asia. 
One laboratory has produced the prototype 
virus. We have sent a note to vaccine 
manufacturers that the virus would be 
ready next week. In Januaty, the WHO 
asked three high-security collaborating 
centers to produce a prototype. The three 
are: the Centers for Disease Control in 
Atlanta, Georgia, St. Jude Hospital in 
Memphis, Tennessee and Britain's 
National Institute for Biological Standards 
and Control. Initially 11 drug manufac­
turers had contacted the WHO about 
producing the vaccine, but only three have 
confirmed they want to proceed . Bird flu 
seems to have faded as a concern among 
manufacturers. They are unwilling to 
spend a lot of money to make up the 
clinical batch. Clinical trials will be 
conducted in the United States. 

[ht Ip :/!www. reut ers. co111/11ewsA rt icl e.j html? 
type=healthNews&st01y/D=4727269} 
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Gum Inflammation Increases 
During Ovulation 

Women who notice higher amounts of 
gum inflammation during certain times of 
the month are not imagining things. 
Investigators found that women tend to 
have higher levels of gum inflammation 
while ovulating, and the inflammation 
tends to decrease during the days before 
their period, and then fall even further 
while they are menstruating. Whether or 
not these changes in inflammation are 
significant enough to advise women to 
brush gingerly or avoid certain foods 
during certain stages of their menstrual 
cycles remains unclear. During the study, 
the researchers followed 15 women 
between the ages of 20 and 50 who 
scheduled teeth-cleaning visits several 
times per year. Each visit coincided with a 
different point in their menstrual cycles. 
As reported, gum inflammation fluctuated 
with the menstrual cycle, but the amount 
of plaque and other indicators of gum 
health did not. Women tended to repo1t 
more oral discomfort during the days 
before or while menstruating - right 
around the time that their gum 
inflammation was decreasing. Most gum 
problems produce no symptoms, so many 
women would likely not notice if their 
gums had become slightly more inflamed. 
Some women may simply have a 
heightened awareness of their bodies 
while mensh·uating, causing them to report 
more gum symptoms in the days before 
and during their periods. Women's 
hormones fluctuate over the course of the 
month, and these dips and peaks may 
influence gum inflammation through their 
effects on blood vessels, white blood cells 
or the immune system. 

[J Periodontol, March 2004} 

Oral lbandronate Effective for Bone 
Metastases From Breast Cancer 

Oral ibandronate, a third-generation bis­
phosphonate, is effective for treating 
women with bone metastases from breast 
cancer. Although intravenous bisphos­
phonates are the standard of care for 
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metastatic bone disease, some patients 
suffer from infusion-related adverse 
events, an increased risk of renal toxicity, 
and the inconvenience of regular hospital 
visits. Oral bisphosphonate therapy is 
more convenient, but its use has been 
limited by concerns over efficacy and 
gastrointestinal adverse events. Oral 
ibandronate (Bondronat) is a highly 
potent, third-generation aminobisphos­
phonate. In two pooled phase Ill studies, 
women with bone metastases from breast 
cancer were randomized to receive 50 mg 
oral ibandronate (n = 287) or placebo (n = 
277) once daily for up to 96 weeks. The 
skeletal morbidity period rate (SMPR), 
defined as the number of 12-week periods 
with new skeletal complications, was 
lower in the ibandronate group than in the 
placebo group (0.95 vs. 1.18; P = .004). 
The ibandronate group also fared better in 
terms of the mean number of events 
requiring radiotherapy (0.73 vs. 0.98; P 
<.001) and events requiring surgery (0.47 
vs. 0.53; P = .037). Compared with 
placebo, the ibandronate group had a 
significant decrease from baseline in bone 
marker urinary c-telopeptide (CTx), a 
marker of bone turnover, (median change, 
-77.3% vs. + l l.0%; P < .001). Based on 
multivariate Poisson's regression analysis, 
the risk of a skeletal event was lower with 
ibandronate than with placebo (hazard 
ratio, 0.62; 95% confidence interval, 0.48 
- 0.79; P < .0001). The ibandronate group 
had a slightly higher incidence of mild 
treatment-related upper gastrointestinal 
adverse events compared with placebo, 
but there were very few serious drug­
related adverse events. Long-term drug 
safety and tolerability is an important 
consideration in the selection of treatment 
for skeletal metastases, due to the high 
disease-related morbidity burden and the 
side effects associated with systemic 
cancer therapy. With its benign renal 
safety profile, oral ibandronate may be 
used in patients with existing renal 
impairment. 

[Br J Cancer. 2004;90: / / 33-1137} 
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SARS Vaccine Generates Cellular 
and Humoral Immunity in Mice 

A DNA vaccine against the SARS 
coronavirns (CoV) generates immunity in 
mice and protects them against infection 
challenge. It was the first proof of concept 
to vaccinate and get immune protection 
against the SARS coronavirus. The 
research team used cDNA encoding the 
spike (S) glycoprotein with a truncated 
cytoplasmic domain, vaccinating mice at 
baseline, 3 weeks and 6 weeks. They 
evaluated immune responses I 0 days after 
the final boost. Intracellular levels of 
interferon-gamma and tumor necrosis 
factor-alpha were significantly increased, 
indicating a strong CD4 T-cell response. 
CDS cellular immunity was approximately 
seven times higher than that obtained after 
a sham vaccine, with neutralizing antibody 
titres as high as l: 150. The team 
challenged the mice 30 days after the final 
vaccination. Two days after intranasal 
administration of SARS-Co V, viral load in 
the lungs was > I million-fold lower in 
those with treated with the DNA vaccine, 
compared with the sham vaccine. Viral 
titers in the nasal turbinates were 60- to 
300-fold lower. Passive transfer from 
immunized animals of pur~fied IgG, but 
not T cells, provided immune protection. 
The authors thus suggest that the 
antibodies are primarily responsible for 
defending against SARS CoV infection. 
Because mice are less susceptible to 
severe SARS, the human response may be 
less effective than that observed in the 
rodents. If so, the vaccine can be readily 
augmented using prime-boost 
combinations with inactivated viral 
vaccine candidates or with adenoviral or 
poxvirns vectors. 

[Nature 2004;428:561-564) 

Gene Therapy Shows Promise in 
Murine MS Model 

Injection of transduced proteolipid protein 
(PLP), secreting fibroblasts into mice with 
experimental autoimmune encephalo­
myelitis (EAE) leads to induction of an 
anti-inflammatory response. In fact, the 

Laddmval Phivthong-ngam 

response was a striking abrogation of both 
clinical and histological signs of disease. 
The researchers note that this model bears 
many of the features of multiple sclerosis 
(MS) including demyelination and 
remittance and relapse. The aim of 
introducing the PLP-secreting fibroblasts 
was to produce tolerance in the EAE­
inducing T cells. The continuous exposure 
to low levels of myelin-derived antigen 
ultimately rendered them anergic. The 
treatment, which was dose dependent, was 
effective when given after the first or the 
third relapse. It also protected naive mice 
from challenge with spinal cord 
homogenate. The goal was to treat MS 
patients using an allogeneic human 
fibroblast cell line confined in implantable 
chambers. The cells would secrete either 
our PLP- mini-protein or other myelin­
derived epitopes. Furthermore, the 
advantages of this strategy was to have a 
universal cell line which can be used to 
treat all patients and the implant can be 
removed rapidly should exacerbation 
occur. 

[Ann Neurol 2004;55:390-399) 

Carbenoxolone Improves Cognition 
in the Elderly 

Treatment with carbenoxolone is 
associated with improved verbal fluency 
and verbal memory in elderly men. 
Chronic increases in hippocampal 
glucocorticoid levels have been associated 
with age-related cognitive impairment. 
The enzyme l l-beta-hydroxysteroid 
dehydrogenase type l ( 11B-HSD1) 
increases glucoco1ticoid activity in the 
brain of rats and the team posited that 
carbenoxolone, an 11B-HSD1 inhibitor 
derived from licorice root, would protect 
the brain from glucocorticoid neuro­
tox1c1ty. They therefore conducted 
placebo-controlled, crossover studies of 
carbenoxolone l 00 mg three times a day 
in elderly men. In 10 healthy men ages 55 
to 75 years, four weeks of treatment with 
carbenoxolone improved scores on the 
Controlled Word Association Test, a 
measure of verbal fluency. In 12 men 
with well-controlled type 2 diabetes, 
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treatment for 6 weeks was associated with 
improved verbal memory, according the 
Rey Auditory-Verbal Learning Test 
scores. Amiloride was co-administered to 
prevent renal mineralocorticoid excess. 
There were no adverse effects, and blood 
pressure, plasma sodium and co11isol did 
not differ between study phases. The 
effect magnitude of up to 0.5 SD seem to 
be a worthwhile, clinically significant 
attainment. l IB-HSD 1 may therefore 
afford a mechanistically tractable new 
therapeutic target to prevent or ameliorate 
age-associated cognitive dysfunction in 
healthy elderly subjects and in patients 
with type 2 diabetes. 

[Proc Natl A cad Sci USA 2004, Apr 7] 

Interferon and Ribavirin Therapy 
for HCV May Be Too Short 

Only about half of patients infected with 
genotype-I hepatitis C virus (HCV) 
respond to treatment with pegylated 
interferon alpha-2b and ribavirin. In some 
patients, they suggest, this may be due to 
an insufficient length of therapy. To 
investigate, the researchers employed a 
large database of patients treated with a 
combination of ribavirin and interferon to 
generate a model predicting sustained viral 
response to this treatment. They 
hypothesized that the longer the virus load 
was undetectable in serum, the better the 
odds would be of such a response. CmTent 
recommendations are for 48 weeks of 
therapy. The model predicted that patients 
infected with HCV genotype I required 
continuous nondetectability of virus load 
in serum for 36 weeks to attain a 90% 
probability of a sustained response. 
Nondetectability for 32 weeks attained an 
80% probability of a sustained viral 
response. The average time to clear serum 
of genotype-I virus was 30.4 weeks, 
which indicates that the 48-week duration 
of therapy provided a suboptimal 
probability of a sustained viral response. 
A prospective trial is needed to prove that 
failure may be associated with inadequate 
duration of therapy. However, should this 
be the case, they conclude that long-term 
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response to this combination treatment 
could increase by about 14%. 

[J Infect Dis 2004; 189:964-970} 

Nasal Sumatriptan Appears Safe, 
Effective for Migraine in Children 

Nasal sumatriptan appears to be safe and 
effective for the treatment of migraine in 
children older than 8 years of age. In a 
double-blind, placebo-controlled, two-way 
crossover trial, the researchers examined 
the efficacy of nasal sumatriptan in 
children and adolescents with migraine. 
Included in the study were 129 patients 
between the ages of 8 and 17 years from 
three hospital outpatient departments. The 
patients received a single dose of 
sumatriptan nasal spray or placebo at 
home during two attacks. The dose of 
sumatriptan was 10 mg and 20 mg for 
body weights of 20 to 39 kg and 40 kg or 
higher, respectively. The main outcome 
measme was headache relief by two 
grades on a five-grade scale after 2 hours 
of treatment. The primary endpoint was 
reached by 53 patients (64%) who 
received sumatriptan and 32 (39%) who 
received placebo (p = 0.003). At I hour, 
headache relief was also more frequent 
after sumatriptan than after placebo (p = 

0.014). The difference was even more 
obvious in patients who received the 20-
mg dose as well as in the intention-to-treat 
analyses. Other endpoints, including 
child's preference and using rescue 
medication, also favored sumatriptan. No 
serious adverse events were observed in 
the children. The most commonly reported 
adverse effect was a bad taste after 
sumatriptan (29%). No differences in 
adverse effects were seen by age or 
gender. Because relatively few children 
under the age of 12 years have been 
studied, the investigators suggest that 
more trials are needed to further document 
the safety of nasal sumatriptan in this age 
group. 

[Neurology 2004;62:883-887} 
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Calcium Channel Antagonists May 
Raise MMP-2 Levels 

Calcium channel blockers, including 
felodipine, may increase matrix metallo­
proteinase (MMP)-2 levels and thereby 
protect against vascular damage in 
hype1tension. Depressed levels of MMP-2 
and MMP-9 in patients with essential 
hype1tension may reflect abnormal 
extracellular matrix metabolism, which 
may account for the vascular fibrosis that 
often accompanies aiterial hype1tension. 
The researchers investigated whether 6 
months of treatment with felodipine or 
diltiazem influenced plasma levels of 
MMP-2 and MMP-9 in 72 hypertensive 
patients. Before treatment, mean MMP-2 
and MMP-9 levels were significantly 
lower in the hypertensive patients than in a 
control group of normotensive controls. 
Treatment with either felodipine or 
diltiazem was associated with 
normalization of blood pressure and 
systemic vascular resistance, · the results 
indicate. Treatment with felodipine 
brought increases in MMP-2 levels but no 
significant change in MMP-9 levels, the 
rep01t indicates. In contrast, the 
researchers note, treatment with diltiazem 
had no significant effect on either MMP-2 
or MMP-9 levels. Multiple linear 
regression analysis failed to identify any 
variable (other than treatment) that was 
associated with MMP-2 or MMP-9 levels. 
Further studies of the effect of different 
classes of antihype1tensive drugs on MMP 
activity could contribute to a better 
understanding of the effect of 
antihypertensive medical treatment on the 
chronic process of vascular remodeling in 
arterial hype1tens ion. Nonetheless, the 
issue of whether a possible beneficial 
vascular protective effect of some 
antihypertensive agents could be 
translated into improved outcome in 
hypertension, beyond the effect of 
lowering blood pressure, has not yet been 
clarified. 

[Am J Hyper/ens 2004; 17:273-276} 
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Aspirin Curbs Daily Life Ischemia 
Via Plateletffhrombin/Cytokine 
Inhibition 

In patients with daily life ischemia, 300 
mg of aspirin daily reduces the number 
and duration of ischemic events through 
the combined inhibition of platelet 
activation, thrombin generation, and the 
inflammatory procoagulant cytokine, 
macrophage colony stimulating factor 
(MCSF). The investigators note that these 
findings are clinically relevant, as daily 
life ischemia and MCSF plasma 
concentrations, are both known to predict 
adverse outcomes in individuals with 
chronic coronary aite1y disease (CAD). In 
the trial, The investigators treated 40 
patients with chronic stable CAD and 
demonstrable ischemia on 48-hour Holter 
monitoring with 300 mg aspirin or placebo 
daily for 3 weeks in a double-blind 
crossover fashion . The total number of 
ischemic episodes fell from 339 during 
placebo to 25 1 during aspirin treatment 
and the total duration of episodes fell from 
1765 minutes to 1305 minutes (p<O.O l for 
both). Aspirin therapy also significantly 
reduced systemic concentrations of key 
hemostatic and inflammatory markers, 
namely urinary thromboxane B2 (TxB2), 
the thromboxane metabolite, I l -dehydro­
TxB2, plasma prothrombin fragment 
FI+2, MCSF, and interleukin (IL)-6 (p < 
0.05 for all). Excretion of l 1-dehydro­
TxB2 with and without aspirin was related . 
to MCSF levels (p < 0.01), and the 
percentage decline of MCSF with aspirin 
therapy correlated with the reduction in 
l l-dehydrdo-TxB2 (p < 0.05) and with the 
decline in ischemic burden compared with 
placebo (p < 0.05). Daily life ischemia in 
addition to platelet activation, tlu·ombin 
generation and inflammation are 
determinants of prognosis, and thus their 
reduction by 300 mg of aspirin may 
prevent transient coronary flow reductions 
and improve long term prognosis in this 
group of patients. 

[Heart 2004;90:389-393} 
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Inhaled Corticosteroids May 
Increase Nonvertebral Fracture 
Risk 

Patients with chronic obstructive 
pulmonary disease (COPD) who use high 
doses of inhaled cotticosteroids (ICS) 
have an increased risk of nonvertebral 
fractures compared with those who do not 
use JCS. Patients with COPD are 
frequently treated with ICS. However, the 
impact of ICS use on fracture risk remains 
unclear in these patients. The authors cite 
earlier research showing negative effects 
of ICS on biochemical markers of bone 
turnover and increased fracture risk in 
patients with COPD independent of ICS 
use. From a cohort of 40,157 Veterans 
Affairs patients with a new diagnosis of 
COPD between Oct. 1, 1998. and Sept. 30, 
1999, who were treated during a one-year 
follo~-up, the investigators identified 
1,708 cases with nonvertebral fractures 
and matched them to 6,817 control 
patients. Average age was 62.7 years, and 
94% of patients were male. Prescription 
records were used to quantitate ICS 
exposure and to convert it to 
beclamethasone equivalents. Conditional 
logistic regression models revealed that 
exposure to res at any time during follow­
up was not associated with an increased 
fracture risk (adjusted odds ratio [OR], 
0.97; 95% confidence interval [CI], 0.84 -
1.11). However, the risk of fracture was 
increased in current users of high-dose 
ICS (at least 700 µg daily) compared with 
patients with no exposure (adjusted OR, 
1.68; 95% CI, 1.10 - 2.57). In patients 
with COPD, current use of high-dose ICS 
was associated with an increased risk of 
nonvertebral fractures. The increase in the 
risk of fracture associated with ICS use 
found in this study does not by itself 
warrant the stopping of treatment in 
patients with COPD. However, evidence 
from this and other epidemiologic studies 
of res dose and the risk of fractures 
indicate that providers should consider 
prescribing the lowest effective dose of 
ICS in the management of COPD. 

{Am J Respir Cr it Care Med. 2004; 169:855-
859} 

Non-Aspirin NSAIDs May Be 
Cardioprotective 
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The use of non-aspirin nonsteroidal anti­
inflammatory drugs (NSAIDs) appears to 
reduce the risk of myocardial infarction 
(Ml) in patients not taking prophylactic 
aspirin. However, they do not seem to 
provide any extra protection to aspirin 
users. In fact, NSAIDs may reduce the 
risk of MI, but they should not be used for 
this purpose. Only aspirin should be used 
to specifically prevent Ml. The researchers 
examined the effects of such agents, 
pa1ticularly ibuprofen, on MI risk, in the 
presence or absence of aspirin. They 
conducted a case-control study. This 
involved more than 1000 subjects who had 
had a first nonfatal MI and about four 
times as many controls. In nonusers of 
aspirin, NSAIDs led to a significant 
reduction in MI risk (adjusted odds ratio 
0.53). Results were similar with both 
ibuprofen and naproxen. For those using 
aspirin, but not non-aspirin NSAIDs, the 
corresponding odds ratio was 0.79. 
However, using both aspirin and non­
aspirin NSAIDs did not appear to provide 
increased protection. Moreover, in those 
who took non-aspirin NSAIDs at least 
four times a week, the corresponding odds 
ratio for aspirin versus no aspirin use was 
2.04. The outcome was similar when 
ibuprofen and aspirin use was considered. 
Neve1theless, the researchers note that 
confidence intervals were very wide and 
thus the findings cannot definitively 
determine the cardiac risk in such 
combination users in general or ibuprofen 
users in pa1ticular. Overall, the fact that 
such agents could reduce the risk of MI 
may be important to factor into the 
decision process for the choice of pain 
relievers and arthritis medications when 
balanced against the risk of bleeding 
complications from these drugs. 
Additional studies, the team concludes, are 
needed to determine the clinical impact of 
using the drugs along with aspirin for 
cardioprotection. In an accompanying 
editorial, Ors. Jeptha P. Curtis and Harlan 
M. Krumholz of Yale University School 
of Medicine, New Haven, Connecticut, 
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agree that the issue is not resolved. They 
point out however that in patients who 
have a strong preference for ibuprofen and 
a need for aspirin, it is reasonable to 
reassure them that the preponderance of 
the evidence does not clearly demonstrate 
that this combination is harmful. 

[Am J Coll Cardiol 2004;43:985-993] 

Antimicrobial Therapy for 
Endometritis Appears Effective 

Results of a prospective study support the 
antimicrobial treatment of subacute 
endometritis and indicate that prior pelvic 
inflammatory disease (PID)' as well as 
current cervical infection is a risk factor 
for endometritis. The researchers 
analyzed endometrial biopsies from 207 
women at risk for endometritis. Thirty­
seven (18%) had histologic evidence of 
the condition. In this study, as in others, 
both Chlamydia trachomatis and Neisseria 
gonorrhoeae were more common in 
women with (43% of 37) than without 
(25% of 170) endometritis. However, a 
new finding is that histologic endometritis 
was more common among women with 
prior PID, both in the group with (43%) 
but also in those without (28%) cervical C. 
trachomatis or N. gonorrhoeae infection. 
In women without prior PIO, endometritis 
was present in 23% with and 12% without 
current C. trachomatis or N. gonorrhoeae 
infection. In the treatment trial, 153 of the 
women with histologic endometritis but 
without clinical evidence of current PIO 
received oral cefixime 400 mg, 
azithromycin 1 g, and metronidazole 500 
mg twice daily for 7 days. After 
antimicrobial treatment, s ignificant 
reductions occurred in abnormal bleeding, 
mucopurulent cervicitis, uterine 
tenderness, and histologic endometritis. 
Endometritis was reduced in all groups. 
Although the treatment results are 
encouraging, the authors note that all 
subjects received antimicrobial therapy. It 
is possible that the histo logic endometritis 
would clear after menses without 
antimicrobials. 

[Am J Obstet Gynecol 2004; 190: 305-313] 

Laddmval Phivthong-ngam 

U.S. Consumer Group Calls for 
Lipid-Lowering Drug Crestor to Be 
Banned 

A consumer group asked the U.S. 
government to ban AstraZeneca's choles­
terol-lowering statin drug "Crestor", citing 
reports of dangerous reactions and one 
death. Crestor (rosuvastatin) was intro­
duced in Canada in Februaiy 2003 and in 
Europe in March 2003. The drug hit the 
U.S. market in September. Since the 
drug's launch, seven patients who took it 
developed life-threatening rhabdomyoly­
sis, and nine experienced kidney failure or 
damage. One 39-year-old U.S. woman 
died from kidney damage and rhabdo­
myolysis, a known side effect of Crestor 
and other statins. Cases of rhabdomyo­
lysis led to the 2001 withdrawal of Bayer 
AG's Baycol, which was linked to more 
than 100 deaths. AstraZeneca spokesman 
provided the information that more than I 
million patients have ·taken Crestor, and 
side effects so far "totally mirror the 
experience" in the company's clinical trials 
that supported Crestor's approval. The 
drug's ri sks are comparable to other 
statins. While both the muscle and kidney 
problems were seen in premarketing trials 
of Crestor, the FDA concluded the drug's 
benefits outweighed its risks at doses of 5 
to 40 milligrams. Safety concerns had led 
AstraZeneca to drop plans to market an 
80-milligram dose. Public Citizen, which 
had urged the FDA not to approve Crestor 
in the first place, said the post-marketing 
information showed serious side effects 
occurred even in patients taking the lower 
doses. 

[http://www.reuters.com/newsArticlejhtml? 
type=healthNews&st01ylD=445 9 l 44&section 
=news] 
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ed. New York: MacMillan Publishing, 1980:494-543 . 
5 .4 Conference proceedings 

Vivian VL, editor. Child abuse and neglect: a medical community response. 
Proceeding of the first AMA National Co11fere11ce 011 Child Abuse a11d Neglect; 
1984; Mar 30-31 ; Chicago. Chicago: American Medical Association, 1985. 



275 

(6) Dissertation 

Youseff NM. School adjustment of children with congenital heart disease 
(dissertation). Pittsburg (PA): Univ of Pittsburg, 1988. 
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• 
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11'J111"1'f ILJIJ11171f1J7fl1il1Y1::R011/IVIJ1U1/i 111'111VP111~1Ml11Jll/in111i111 1U01j'!!1"11i11fi 1/ff 2012546'! 

·Tt11P101111w11::1ii11fl11vw1~1JY1nwnN11fhri'u111" l 




