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Abstract Theophylline 

Chalermchai Boonyaleepun, M.D.* 

Theophylline has been used for several decades in the treatment of 

asthma, and despite a decline in its popularity, it remains the most commonly 

prescribed anti - asthma medication worldwide. ~ h e r e a s ' i t s  value in the treatment 

of chronic asthma, particularly nocturnal asthma, is well documented, its role in the 

treatment of acute asthma is still subject to debate. The mechanisms responsible 

for the therapeutic activity of theophylline remain unclear. Its bronchodilator effect 

is well known, but theophylline may also possess clinically significant anti - 
inflammatory activity. Serious adverse effects are uncommon and can be avoided 

by taking appropriate precautions. Also, there is a trend to use lower dosages 

than had been previously recommended As such, theophylline should be 

considered a safe and effective for the treatment of chronic asthma. 

Introduction % u s i u W d f i o i n i = i o d i s ~ ~ u u w  f u ~ t a : % d w o u a u o i l i o  
ni=i?n"nuibnu%C epinephrine' % u n i s ? n w i ~ d a u  

L ~ u L a a l n  R I U A U ~ M I L L ~ ~ ~ ~ ~ L ~ W  dmqd COPD (chronic obstructive pulmonary disease). 

theophylline %uni=i?nwi[dau asthma 6nubawl: idiopathic apnea5aa: bradycardia. % ~ ~ l = i n F t a ~ ~  
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fiou61~0an~ maom.ilu18 theophylline bBejuul?I99 

~ u M ~ o R a ~ q u ~ l n 1 5 ~ 0 a $ d a u  chronic asthma4 

Theophylline ~ ~ w ~ ? l n l u w a o n a N  (bron- 

chodilator) b?hM$f~ uan i l i n$u~d i  action $u 7 

Zn1n"au-i i q w $ a 5 u u i ~ ~ ~ a a 1 a :  biu cardiac out- 

put, bfiN mucociliary clearance, L ~ U  ventilatory 
&' 

drive, b ~ ~ n i ~ ~ ~ ~ ~ ~ 0 d ~ a " l ~ ~ ~ 0 n ~ : ~ ~ a 8 . 1 ,  am 

systemic bba: pulmonary vascular resistance 

a~a:ujii~wsd anti - inflammation &us,' niuqru 

HuGG~IJ 7 b ~ d i % d ~ ~ l $ t h e o p h ~ l l i n e  ids:lu?iG 

%~n i5?nWl$d2~  asthma6 d5:noun'umalU$n%i 7 

~ ~ ~ l d L ~ ~ % ^ a w ~ l w " 1 ~ p s " ~ 5 1 a 1 ~ 1 7 6 1 ~ a "  w theophylline 

~uat~a~uu slow release d~Baiia1nYIudaauodni=~ 

History 

a g u ~ a a i ~ i a e r  7 0 0  a u i ~ ~ ~ a i i i n i s l ? J  

methylxanthine %.~a~dbbU~?Jildnlbbd (coffee) bla: 

H15 t i r 6 l  (extracts) luni5?nui@Iau asthma7 

(theophylline 4 .a~ dimethylated xanthine id;  

b ~ 3 9 ~ ~ 1 \ 9 ~ 7 \ 3 b ~ ~ f l ~ 1 t l ~ ~ d ~ ~ ~ 1 5 w d ~ 6 2 7 ~ ~ 5 ~ ~ ~ 1 ~  

2 ? J ~ B  1;bbfi caffeine bba: theobromine olY475 
d d d  

b l ~ : b F I ~ 0 d ~ ~ . l Y l ~  Xanthine u i n I L r i  ~ I L L Y J  di lu~m 
d 

~ i ~ l f l ~ ? J ~ b ~ u n ~ l  Coffea arabica bba:lfl~od~u 

h i i d n i ~ u ~ n u n ; i i ; ' l d s a n ~ L i i  d~cr imuio in 

~ % i b ? u n ~ l  Cola acuminata6) Willian Withering 

Inksdiinia~~~lps"u$u~rsui~artOuuidl#?nu~ 
d 

asthma 16bi0 2 0 0  ~ b F I ~ N i b b & ~  b b ~ : b ~ 0 ~ ~ ~ ~ 1 6 l d  

1 0 0  ~ b ~ 9 3 ' i d i ~ N l  Henry Hyde Salter fib~ubbW'~16 

uwu~v?p~'u9/;iuusn~'b~w"in15~n~iwmaod%.a"nibbd 

?nwi$dau Asthma.' 

%udad&w~a5~3 1 9 2 0  Macht Ting wd John 

Hopkins University baa: ~ i r s c h  6 ~rankfurt boosfiuG 

~ ~ ~ ~ N ~ n i ' i ~ n W l b ~ u a ~ L I b < ~ d  xanthines. Macht 

Ira: Ting ' I ~ ~ r a n d I ~ ~ G u i i  xanthines iiqw:erulu 

n a e n a u l n u l t i n ~ i u a u b o n a o n ~ ~ ~ a ~ n ~  (p ig 
" u 

bronchial muscle) b ~ u & w t 3 a E I d  u a n o l n ~ u ~ u  

~ a ~ ~ j \ 6 f l ~ ~ i ? ~ ~ l ~ n ? ~ ~ 1 ~ 7 u ' ~ \ a a w a ~ ' 2 1 0 ~  xanthine 

mi3bdiluuabdad~d~m%u0~n'uflalua~un5m - 6 i i ~  
P 

bba: state of contraction aodn~lubuo Hirsch 

6 u ~ L ! % ~ ~ 0 d w m a 9 i ] ~ l  theophylline a i u l 5 n ~ m  

U U I U  bovine bronchial smooth muscle 16 baa: 

ds:auwaa"la~o%unl5wmaoil%.a" theophylline ?nu1 
w 

$ 2 ~  asthma 2 51U ~ ~ d . i l l n $ u  theophylline 

i i ~ ~ ~ i n i ~ l ? J o i i u o w ~ n a i u % u n i ~ i n ~ i ~ d a u  

asthma b ~ ~ 6 i - 4 ~ 7 ~  

Chemistry 

theophylline l d ~  dimethylated xanthine 

(1.3 - dimethylxanthine) d d ~ ~ R ~ d ~ < l d ~ ~ ~ i ~ 1 ~  

f l ~ 1 ~ i u m ~ d n " e r  common dietary xanthines ?$ban' 

caffeine ( 1  , 3 ,7  - tr imethylxanthine) baa: 

theobromine (3.7 - 'dirnethylxanthine) uonil in 

L k M l 5 ~ u f l i N  N - 7 substituted methylxanthine 

~d~dbfl51:ns%munlsbfl~uuilin methyl group d 
Lhbbnd\9 N 7 b h . 4  H (hydrogen) M?O side chain 

ve 6 du 7 i iwuii j iqruauun~duuiuuiuwaom~~1K 

~duaf luak '  

Pharmacology 

n a l n n 1 5 o o n ~ w d ~ o ~  theophylline 1% 
3o?&k1dnsiub5undb~0-i,$~ t .~dnui i i intnuna 

In6auniidriio:aduld1R' ( :~d  I ) &if 
I. ~ ~ u a $ o s C u n i ~ ~ ~ u ~ o ~ ~ : ~ u  c AMP 

(3, 5 - cyclic adenosine monophosphate) abaz 

c GNlP (cyclic guanosine monophosphate) 

theophyl l ine T W L ~ ~  non - speci f ic  PDE 

(phosphodiesterase) inhibitor (%ud~~sJ"u~ui i  ., 
cyclic nucleotide PDE cu{!;l 5 family 62u;u )' 

bnu~'UY7%0iinalnwa'nl6~"bbni-s~au c AMP - PDE 

inhibitor d d o : ~ d ~ u ~ d n l s ~ l d l ~ ? J o d b a u ~ u ~  c AMP 

- PDE d ~ a 3 u ~ a a < ~ d f i i j o ~ ~ 7  nisaaiun'aaoa c AMP 

I d ~ 5 u  AMP ~ I ~ $ ~ ~ u I N ? J O ~  c AMP L$BINI~$~ 

d d ~ a  c AMP 'azId~11Ps" bronchial smooth muscle 

ouiugal~? '" (:di 2) u s n o l n i u  theophylline 

Gdbgu c GMP - PDE $2fJ1' w'11ps"d?uis16?10\9 c GMP 

9 9 



Mechanisms of Action of Theophylline L 
Smooth muscle 

CAMP PDE inhibition, 
translocation of CaZ*l. 
adenosine antagonism 

Brain Adrenal gland 
respiratory drive t cortisolt 

THEOPHYLLlNE 

Diaphragm Inflammatory 
contractility t cells 

activation 1 

I Proposed mechanisms o f  action o f  

theophylline (from Church MK. Drugs in Asthma 

Treatment. In : Holgate ST, Church MK: Allergy. 

London : Gower Medical Publishing. 1 9 9 3  : 1 5  . 3 )  

death seizure brain damage cardiac arrhythmias 

hypokalaemia hypotension hyperglycaemia 

ATP i 1 1 i ' GTP 
CAMP AMP GMP rCMP 

I 
T 

PUA 
4 

, . PKG 

d gdn 2 Action of theophylline as a phospho- 

diesterase (PDE) inhibitor AC : adenyl cyclase ; ATP : 
adenosine triphosphate : GTP : guanosine triphos- 

phate : R : receptor ; GC : guanylyl cyclase ; Gs : 

stirnulatory G - protien : PKA : protein kinase A : PKG 

: protein kinase G : ANP : atrial natriuretic peptide (from 

Barnes P.J, Pauwels R.A. : Theophylline in the 

management of asthma : time for reappraisal ? Eur 

Respir J 1 9 9 4  ; 7 : 5 8 0 )  

nitroprusside La: nitroglycerine d d L 9 ~  potent 

smooth muscle relaxant ~ E I E I n s l Y I ~ L ~ ~  c GMP - 

PDE inhibitor Kau LLa: c GlUP Lod;t4u smooth 

1 00 

Review Article 
Med ..a1 Iournal of Srinakharintvirot 

muscle relaxant fll%~Ld0nu~~lWaUEId theophylline 

Pwfll5uulu bronchial smooth muscle G10:i 

WaNloln c GMP - PDE inhibition 6 2 ~ ' ~  LLd:$d 

nat4ud3r~4ud~nisnn~f iu~n"uoi  

2. W waGil<~~na~4uu~$i~aaa"ama\1 theo- 

phylline GWad0 calcium mobilization %w bronchial 

smooth muscle cell f l l~~Liimnlsamada0d calcium 

ion influx ~ n u ~ w a u ~ i u n i d  receptor operate 

channels ~ ~ ~ ~ ~ ~ W ~ d 0 ~ 1 5 ~ 1 ~ ~ a L ~ ~ N l ~ l L ~ a ~  

u11bwld voltage - dependent channels13 

3. Adenosine receptor  an tagon ism 

theophylline Law potent inhibitor a0d Adenosine 
d 

receptors ( ~ 1 ,  A2, receptors) 616 w5:iu thera- 
d 

peutic concentration14 L L a r L P a 0 d ~ 1 0 l ~ i 3 l ~ d l ~ i l  

adenosine f i18~15f l f l l%~ bronchial smooth muscle 

%u{dau asthma m a  ~duKnTmunis~mmu 
d 

(inhalation)15. l6 m a O A t i b  theophylline 616 w s : h  

therapeutic concentration f l l N 1 4 n ~ 0 d ~ u n 1 5 n m  

b a 0 d  bronchial smooth muscle %Pa{d?U asthma 

iLiimoln ~ d ~ l 0 n i l a ~ 6 i 1 ~ a % ~ n l s  
A ?nwi{i)au asthma gau theophylline dawwud 

0 1 0 0 ~ ~ ~ a N 1 0 1 n n l 5 ~ ~ ~  inhibitor ?lad adenosine 

receptor L ~ L O J  ttF;nd~dn~~L4udsr~iuiWnis 

nnafiudKw.boi~dw~iuan"pa 

4. Wad0 Adrenal gland theophylline Liu 

flI5nh'aod adrenaline  e eta - adrenergic agonist 

%dmNlsn relax bronchial smooth muscle 13 
01n adrenal m e d u ~ l a ' ~ . ' ~  ~ 1 ~ 0 ~ l d ~ ~ t ? m l 8 ~ ~ ~ ~ 7  

d 
d?Nl616a0d adrenaline wwsa0wuluns:uflt~omi 

~ i . 3 J l n ~ n  L1acol i lociwaGio bronchial smooth 

muscle Ii~.11nG'n'~ 

5. Anti - inflammatory action theophylline 
Y d 

f l i N l 5 n ~ u ~ d n i s f l 1 ' ~ 1 ~ 1 w a 0 d  inflammatory cell 

in vitro Laa: in vivo TmYwaiuailmrpl"aun"pa 6" 
s i u ~ i u n i s ~ n w i i o T d 6  

5.1 Coskey LLa:fl616: (1 9 9 3 )  4 l ~ d l ~ ~ l  
U 

theophylline f i 7 8 ~ 1 5 f l ~ u ~ d  NK (natural killer) 

cell cytotoxicity ~m?mudlunld PDE inhibition 

=i:iuuilu~:om 10 - 20  mcgim12' 



5.2 Ward LLR:ANZ ( 1  993)  5 1 ~ 9 1 ~ ~ 1  

mean trough serum concentration7. mcg/ml 
" 

aod theophylline tllul5nthl$\9 late asthmatic 

reaction ~ $ 9  allergen challenge 16 ~a0fl01fl;M 
& 

f h . 4 2 ~ ~ ~  CD4 , CDE counts L ~ Y ~ I U ~ U  peripheral 

blood n~\solnYh challenge bb& 4 8  $ 2 1 ~ 9  Ward 

bla:AN:~\s l$bauon21~1~~~1 theophylline iwa 

w1961u immunomodulatory action $ 2 ~ ~ '  

5.3 Kidney Lbaznn.4: (1 994)  ' b l u ~ l ~ a i l  
d 

Qdau asthma w on full therapy z o i n l s i l i a ~  

~dot8nTd theophylline Inuiwavii lX FEVl (force 

expiratory velocity at 1 second) amad01n 

2.1 6 I/sec bau 1.77 I/sec LLa: bronchial biopsy 

wuii$iuauaoa C D ~  ua: C D ~  L~N&KU$U 
submucosa b u $ l u a u  CD4 Llar CDa B R ~ J K M  
peripheral bloodz3 

5.4 Dent ua:AN: (1994)  4 1 ~ \ 3 1 0 a ~ l  

theophylline ~ w a % n u r n s \ 9 i ~ u n i 4 ~ u E ~ n i 4 ~ " ~ n ~ ~ w "  

a09 human aveolar rnacrophagez4 

d i u a ' i  theophylline Gu$dni=ddou TNF alpha 

(tumor necrosis factor alpha) o ln  mononuclear 

p h a g o ~ y t e ~ ~  

o i n n i s ~ n ~ ~ ~ ~ n ~ i a ~ i ~ ~ ~ o i ~ n d i a ~ n " . d i  

theophylline ~~u?u~zGuuiWddou%i\96iiiairr1~n 
d v * 
wozGuG\9ni4a<i\9~1az~a"d cytokines, GuG~nis 

flS:(u inflammatory cell LLa: microvascular leakage 

1; i b a ~ f l l ~ l 4 0 ~ ~ d f h  airway hyperresponsiveness 

Agnnsz(uInu airway inflammation Z i  
I 

6. uaian~1aJ~uons:~daw (diaphragm) 

waaoir theophylline do respiratory muscle 6uli 
udcn 847uiliua'i aminophylline dau idu~2 la~  

a i u i sn~un i s~m~aaodna " i u~~ons :9~ "dauddo~$ i  

(fatigue) 

7. waEiofluod (brain) theophylline 

wan5:?'uduiliuod I .  respiratory drive %d 

6 i d ~ a ~ ~ ~ ~ 7 5 ~ ~ 8 . 1 ~ ~ ~  tidal volume l ~ d 2 \ 9 ~ 1 5 M i ~ b 1  

~ 1 ~ 9 F l ~ d f l ~ ~  

- i 
dn 2 a ~ u d  2 

Pharmacokinetics and Pharmacodynamics 

1 .  Absorption theophylline %Mzdbbuer rapid 

release formulations ~ i i i ~ r b g u f i i i m J i ~ 3 o ~ i i n  

b G ~ 5 5 5 8 . 1 ~ 1  (plain uncoated tablets) ozt~ngm8u 

~ ~ ~ ~ 1 ~ 5 2 ~ b ~ ~ b b ~ t f l B J b l b ~ ~ ~ ~ ~ ~  28 ~dib8JY:10100: 

t ~ n ~ ~ n a u o i n ~ i ~ i ~ ~ ~ ~ ~ ~  iaazuieri\3oiisr4ioa 

antacid3'. 3z  G1\9flPmiu iadbnukald~~&daiinis 

nndrraou theophylline i d o i i o l i i i u m ~ n l f i n  

nls%+ theophylline ~ ~ ~ l d l i i l n ~ l ~ b ~ ~  
d 

(intramuscular, IM) libbu:Giiuodoinjio:fi 

m s n n ~ ~ a o d u i u ~ ~ ~ ~ d d m i i a ~ n i s ~ m % u ~ d o ~ o  

lil~?~ d4:nouEurYulP;iuiwid IM oz~Zudanuin 
B m d  2 
o ~ l ~ ~ r u z ~ i n i s T X ~ i ~ u a ~ u  

daunisPXuiwid rectum dsuGii3:inis 

gn$rrlR'A u i ~ d d ~ i n a i u  -I ~ k o : d i i r i m s ~ n  

$u8ias e]s:noun"er~ai~I ia:nan~unislXui~~o 

~ d ~ u ~ ~ ~ u u n " e r n i ~ l X u i w ~ ~ d i n ~ ~ a : ~ a n n ~ i  bba: 

i n1>~n8 r rd i do i i o l ~  GiKXnin,st<uinia rectum 

i idlbawir lus1ud~daulimuisn~uu1l6 idu 
o i ~ t u u  ' ~ ~ ~ o ~ o ~ ~ m o i ~ ~ ~ f j o u W D i n i ~ e i i i n '  

data theophylline ~u~dLluU slow release 

formulations wuiiini-sgnBlb.ri~nniidfi"oluuia: 

formulation ~ i a : ~ u u u ? u n { u u i d m ~ i ~ n g n % ~ ~ $  
6.3 or 

n ~ n n u o n ~ i n i s ~ n 8 u d u n n ~ i ~ E ~ ~ ~ d ~ r i i ~ 1 s i i m u  

61"14:u:~aai4z~a'i\s dose ui~wui:au?iaiiui~nw"i 

I w " s : ~ u u i T u b ~ o m a C i i ~ r r o Z ~  ~ : i i ' uu i l~a~Zon  
2 A 
? J U ~ ~ ~ ~ ~ b I ~ l n i ~ ~ R ~ ~  (absorption rate) "d0: 

i~wndi~Kui~a"ai~i ' t lGrnao~ui, G'm=rini5Ri5'moon 
, e r  Y ,  

(elimination rate) ddsz~~nnd id r iuu~2rnm~d2u  
P * 

L l a : 5 ~ ~ ~ ~ 2 a l 4 ~ ~ 9 ~ i d ~ ~ ~ i  (dosing interval)' {dpa"u 
I 

n ~ ~ n " ~ p l w r n s z u ~ ~ a a i ~ ~ w ; i ~ ~ ~ ~ u ~ ~ ~ m " ~ ~ G ~ ~ ~ m ~  
u w ,  

&aiinaouuiua:maud2uioafiu 
d 

2. Distribution LBIO theophylline L < I ~  

ns:~~a~iomor5'uKaEuIdsiu 40010 ~~a :o t j l u~d  

Sas=Zn 6 0 % ~ ~  n i ~ n ~ : ~ i u a a ~ u i ~ i n n s : ~ ~ a ~ ~ o m  
I d 

~ i i d i u o ~ u o d o ~ i i d 5 a ~ ~ ? a  bnus:Guui%uiZomor 
2 d ~iin"pJs:Kuuiluiuoiuoniulu 1 ifaIu\sn&nislPs" 

u i b m u " a ~ n ~ ~ i " 7 l u ~ ~ o n d i ~ ~  theophylline a ~ u l s n  

e j iuo in~~Bj ldG~~n l~"bnue j iuw i~~n (p~acenta)~' 
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" 
bba:nid~iuu (breast milk)37 ~~dfi5iudiubiiud 

b ~ n ~ o u b ~ + , t u ~ u w a d b i i R f u n " u ' Y I i ~ n  theophylline 

Fjlu blood brain ? ? l n i l  caffeine b b d ~ ~ d o l n d i  

n i ~ n ~ : o i u ~ a i a r i u u i o u ~ ~ a " a w u i i ~ u  CSF (cere- 

brospinal fluid) i5:L%uldd 900/0 ?JFId5:m"eruia~ 

~ i o n P u w i ~ n n a o n f i o u f i i ~ 9 ~ ~ ~ ~  L L ~ :  50% Tubin 

dfliY9 

3. Metabolism theophylline ;nfilCnoon 

bmun15~diuu~~das~?Ju inactive metabolites i i u  

w l d b o u $ N i  cytochrome P 4 5 0  d ~ u d 5 : N l ~  

8 5  - 90% slodu~~?dwun bnudiu 2 pa thways l k~ f i  

N - demethylation LL8: 8 - hydroxylation 

f u o o n w i ~ ~ a a i a : d o l ~ 4 0 " ~ ~ u n i ~ f i i C n u - ~ b n u  

diumaln$uotji7u urine flow rate4' InufiuiGou 

n i l  I 5.10 d;nfuounmd9aaia:lu3d~iu 

l u ~ d a u d n i s d i ~ i u a o ~ ' b ~ l i ~ n i ~ ~ l i d i ~ 5 u r s l " o ~  
d?uaulnerodui t h e ~ ~ h ~ l l i n e ~ ~  unb<uluwlsn 

uaaosni~iu9aaia:o:awGoua~ i i l vYn i~ f i iCn 

u ~ ' i u ~ d d ~ d $ u u u d a d ~ ~ a " a ~ d u f u  an:~?JuileCu 

d ~ ~ ~ ~ u n i ~ ~ m d i u a ~ a ~ a i ~ a o i l a i ~ ~ a : ~ ~ o ~ o ~ n  

ni5RiCm theophylline ozamadbd05:~uuiaubio~ 

u ~ s ~ i l G ~ : ~ u u i ~ u ~ ~ o n ~ ~ u l i l k T ~ d a u  
d ' Y  

n"uauinno~uiw~Tiuau~ 

5. Efficacy 

Chronlc asthma i n l 5 8 n u l w u i l  
102 

theophylline d a u a ~ o l n l ~ ~ ~ ~ d a u  chronic asthma 

u a : C ~ d a u a ~ d i u a u n ~ ~ a o ~ n i ~ ~ n u i ~ ~ o i o i n i 5  

n'ib5uk2f~' b~obd?uub!uun'u oral beta - 2 agonist 

La: slow - release terbutaline wU41 theophylline 

i u a i n i i P u n i 5 d a u ~ a ~  nocturnal asthma44 45 

ua:dauwauq~oini5lkWnii inhaled beta - 2 
d 

agonist 6au Ra~rGii potency o:hiniiiiwiu ~ u o d  

o ln inhaled beta - 2 agonist 5I:%$LJaib~wi:a~ 

n s G d i j o i n i u ~ w K u  (acute) a~a:T??9osn"ra 

exercise induce asthma i ( o n o i n $ u ~ w u i i l u i  

daudl?? inhaled steroid bba: inhaled beta - 2 

agonist odraa"acY~~Gnld theophylline ii 'ufio:iil( 

i dau f io in i5b~ iad~~  

Acute asthma l u a ~ : d ~ n ~ n ~ i u ~ u $ u  

$~1b0~i?dd~:b~?l1i9l09 theophylline 1% chronic 

asthma bbdufl56 acute asthma f%b?Judblnb?iud 

n"uotj n l 5 8 n u l d a u ~ n ~ 5 l u d l u i l  theophylline 

I ~ l n i a u d i l G o i n i s a o ~ ~ d a u  acute asthma i f u  
od1 ; l~~ud l~D.J  rioad"su~Guui7u beta - 2 agonist 

i in is lw"  theophylline Tu~odidauqnb4udauan 

huau$aud~oio~iul<~nvinil J s ~ w u i u i a ~ ~  bba: 

daudilG lung function i $ u ~ ~ o l ~ ~ ? J u u i i a u ? n u i  

' l ~ t d 3 ~ d ~ ~ l < ? f l ~ i  ~a bba"a4' 

daud3:bu~luTuwid~Gfinaod theophylline 
I 

d i d o n i ~ n n ~ a e 1 o ; l n a " i u ~ u o n ~ : ~ ~ a u n i ~ s b ~  

hypoxic ventilatory drive ~ ? 0 f l i 5 a n  work of 

breathing ~ d f l d ~ ~ d ~ i 5 ~ 1 5 8 ~ ~ i d ~ ~ d  

6. Side - effect, toxicity bba: safety ua 

$ldb~uP (side - effect) s l0d  theophylline 0:b5~ 
d~ing9w"~Guados:~uui~u~iom;dn-di 20  mcg/ 

ml (msiad I ) w a & ~ ~ i u ~ d w u ~ i o u l k  danni 

na"ulc!' OII!$UM damw"os ~~a:n5:Tun3:aiuli 

aeriuKa uuono in~u~~" i lw"7a f l s "b i i~n i~n~~n~~u in  

(cardiac arrhythmia) $fl bba:nloi?d1;;1iel~t? 
d iuir i iu~iundiai?suanros theophylline w 



unnxui?u$5u~nls 
1 

ns"un<urn5?b~wdl1~~l~17s 

Potential Unwanted Effects of Theophylline 

theophylline 

plasma 

concentration 

(P stml) 

therapeutic effects 

10 

below therapeutic level 

0 

d 
m 1 5 7 9 W  1 Dose - related therapeutic and toxic 

effects of theophylline (from Church MK. Drugs in 

Asthma Treatment. In : Holgate ST, Church MK : Al/ergy. 

London : Gower Medical Publishing. 1 993 : 1 5. 4.) 

~4uu-j'~plosaffn ~~inis3nw1dauln$~4un1~flnw1 
tlGm unblinded study ~d~Si~fll5i?n~l6fifl75 
o a n ~ ~ u u o r i i ~ ? ~ ~ u ~ B u a ~ ~ G ~ : ~ u ~ u u a f i o a  

d 
theophylline i ~ i a~~n lu~50a6and1a~au~  

lu~$aana~~daa~f i 'u  (safety) lun~=ilCu~ 

theophylline I~Gs1u~ioan1~8nv1~1u1ml~~  2 

wud~uiis~<osn"dnd~a n75i7nv1a~zniiluiaa 

3zuzbaai 9 3 lu{4?u+1uau 35,000 51u ua=IA 
~v lukou~ 223,000 %U W U - ~ I G L ~ U S  35 5iu~vi-1  

~u~$a\s~i1Tun75Tnw7lsrbrs~~ui~ia~~aoo1nfiw 
I d  Y d 

(toxicity) ?lo9 theophylline bla:~uu~bEiu%~mba~~~ 
~ n n i ~ 8 n u 7 w d a w ' i l p a d a 4 ~ a a i  z 3 bnu~3unl.j 
~ n w 1 w a n ~ ~ w ~ a o n 1 5 = n " v u 1 ~ u ~ ~ o m d i ~ a a o a  555 7 

v d a  
K ~ U ~ I U  o i n ~ r i a u d u ~ i n w ~ n a n n n ~ n ~ ~ u i ~ u a u  

230,000 RR W U ~ I U ~ L G U \ I  10% G i = i z h o ~ ; ~ n i i  

20 mcg/ml LLR: 2.8% (1  1 6  5 1 ~ )  485:n'uul 
d Y d  @ n i l  30 rncg/rnl vazuy~~u%?n 7 sie lnulu 

- 3 nijuidau I I 6 s,uurnm?if~iI~5rsiuuiIw~om 

Clinical use 

Acute severe asthma 

~ i 3 b b ~ i l O d 6 i n l 3 % ~  aminophylline W l d  

l ~ ' ~ ~ ~ a n n ' l a ~ a i n u 1 ~ d a u  acute severe asthma 

unY~uoa1ni7 50 9 ~ ~ t ~ a i ? i m ~ u ~ '  . L U ~ Y ~ U ~ ( ~ U W  

ulwaod aminophylline lun~s?nwi~dlla~ acute 

sever asthma i%dI&%lilb0~~fl lutdau acute 

asthma n15lWY aminophylline ~ 1 9 b ~ ~ b ~ o m i l ~ i ? i  

wa~ouni1nls~'lw" nebulized beta - 2 agonist5' 
d bLa:w~~ll~$d'3fiI severe asthma W H I ? U ~ I ~  

inui$n'ngntdu$u nlsld aminophylline mi! 
b$uba"o mn"7<2~ld~~nl5%w" nebulized beta - c 

agonists lrjl~$1lWYn1sw'7\r1uaoirdon~$unilnis 

7; nebulized beta - 2 agonists b ~ ~ i r n d l a r ~ u ? ~ ~ ' ~ ~  
d uonoin~uE~Ud51uil1u~nd1aiian1~lp;i amino- 

phylline ~iab$u~garni~l'~Qdau acute severe 

asthma ~ l ~ d ~ : b ~ t l ~ ~ ~ ~ l 5 ~ f l ~ l 6 ~ 6  

IN% R.H. I 993 Carter bba=~6ld:~n"1luil7~ 

41 theophylline G s z ~ u u ~  I 0 - 20 mcg/ml IiT; 
ri1t~~daub~nhutRnd~n"75'~n15?nw1n'a~~bsd~ulula 

n"aul<aJ asthma b~ar~i?i%Jnl~~f!~7n" 'J~ nebulized 

albuterol iauldih methylprednisolone WldLa"'tb 
dad'  ~Romn"i ~ o ~ n ~ ~ n r ~ l a p a ~ b ~ o ~ i d ~ w ~ ~  Digiulio uaz 

nm=l6s1~~1un153nw7Iu3~Aeran'ea~c~dii l u  
d Y Y 

~daeb~nniaisunls~nui~a~ub59wu7u1am"ao~~od 

asthma 6u nl5lvi theophylline Ylldbfl"PaL~plot3il 
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d 
L~u~u(dauwl$inhaled albuterol LLR: corticosteroid 

nia~$utgondisd~~ha:lilnilsrIuaG~~u~iu~~ 

uar'lu0 n n .  I 994 strauss uarnru:lKfi?dwa 

n i s d n u i ~ u ~ i l a u ~ I n d t d i ? u n i r ~ n u i K a f u  
d 

b s a ~ u i u i a ~ a u ~ s o a  asthma ~~nls'l'wYarninoph~lline 

w i a ~ $ u ~ ~ o ~ d i ~ ~ ~ d ~ s : ~ u a u ~ u n i s ? n w i u n ' k  

wadi"liriua~innis?nwitfiatiuCau~~ 

0 t i i \ 9 ~ 5 ? i F l i ~ ~ ~ ~  R.H. 1971 Pietson Lta: 

nrudhiua iurnr i lnwiwui i in is~ iu~unoa FEV~ 

P u n ~ u ~ a u t i n d I 6 ? u n i s i n w i ~ a u  aminophylline 

nia~$u~i30 ~ii<aun"uni5Pps" c~rticosteroid t~a: 
d 

adrenergic agonist aerosal t ~ C I t d ? ~ ~ ~ l ~ ~ u f h i  
d u u  

dau~ f lnw lnsu~aw i :  corticosteroid Ua: adrenergic 

agonist aerosal tYilLu5' Iu$R.R. 1991 Wrenn 

~ra:nm:lKsiuaiuZad'i:Iu'~~G'~]oanis% amino- 

phylline ~u'wYoaqnL~utt~a~1Pvl"~dau acute asthma 

~<i~~~ioa~di?unis?nwi~aluI~awuiuiaanaa~' 

Chronic asthma 

~ u u ~ < ~ a : t ~ d n n t ~ u a n " u o ~ i i t h e o p h ~ ~ ~ i n e  

kds:bua~n?o~i~unis~nwi~dau acute asthma 

tadscbaGaaa theophylline l un i sn?e rquo in i s  

aeai i lau chronic asthma L u t O u A ~ i l u i u n i (  

oiiana"7aplaia Kao:~n"ul$oinsiuaiunisdnwi 
2 

d o l d u  Nassit braznru: (1 981 ) l 6 s i u a i u n i s  

Anui(daur ln 33 n u d i j o i n i s  moderate severe 

asthma tra:ioa'ld prednisone 30 mg ?ut<u?u 

H?O beclornethasone dipropionate 550 mcglday 

~ ~ u u i d ~ & a u ~ u a i n i ~  L ~ E I L ~ H  theophylline t& 

l d l u n i s ? n w i w u i i ~ d a u i o i n i ' i ~ o u m o u n a i a  
W ~ ~ ~ a z T o a ~ n \ 3  u o n ~ i n ~ u ~ a f i i u i s a o o n ~ i ~ a  

bnuioin~swouslnpa"ouaaCau~~ Joad tLa:nru:l$ 

S I U ~ - I ~ ~ I ~ ~ ~ \ J I ~ ~ ~ U  18 5 i u  d ~ g u  asthma 

lu<iuauif 9 sia l r i lm7b steriod w u i i i d a u d l d  

theophylline L4u maintainance therapy i01n14 

aoa asthma pa"oufl i1~daudld inhaled albuterol 

LOU maintainance therapy6' Brenner LLA:RN~ 

( 1  988)~&7ua1un15dnw7~u~dauchronicasthma 

A i s i m s ~ u u s a u a : u i n ~ o n i ~ n a u q u o i n i s I ~ ~ ~ u i  
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theophylline I n u f l a u q ~ 5 : ~ ~ ~ 1 ' l ~ ~ a " 0 ~ l a " ~  I 2 - 

16 meg/ml, prednisone 10 - 30 mg ?uL<uyu 

inhaled beclomethasone dipropionate 400 - 800 
meg/day, nebulized beta - 2 agonist, inhaled 

anticholinergics ua: cromoglycate w u i i r d o n u n  

Ips"  theophylline L u k n a P n ' u i B u ~ n i ~ l u ~ i u  i 
i l au8o in isu t iaa  ua:lajsriuisno:nau?uoinis 

~ ~ L t ~ ~ : L f i u f l ~ l ~ ' I ] o \ 9  steroid t ta"a i in1~ udtiioln" 

theophylline t n d ~ n ~ t a  f i i ~ - 1 5 n ~ a u ? u o i n i 5 a o a  

bsnln"" u o n o i n ~ u ~ a ~ ~ i u a i u n i s d n w i Z a  
d 

ds:~u'LIGn0\3 slow - release theophylline LuoI'wY 

douuou~~a"aaiuisnnauquoinisaoa nocturnal 

asthma ~ n u ~ ~ ~ n ~ i u ~ ~ a ~ u ~ v l " t ~ u i 7  slow - 

release theophylline ~ d ~ ~ ~ Y I ~ ~ i ~ ~ d n T d 7  slow - 

release oral beta - 2 agonists LLa: short - acting 

inhaled beta - 2 agonists ~ ~ n l ~ f l ? ~ ? ~ E I i n i 5 ~ F I ~  

nocturnal asthma45. 

'4 
theophylline buoP'wY<aun"u beta agonists bra:/ 

H% steroid o z b ~ u u i i i d 5 : ~ ~ a ~ o ~ i ~ u ~ n ~ u n ~ s  

n a u ~ ~ e i n i ~ a e a ~ d a u  chronic asthma udtdou 
d 

oln theophylline i q w 5  bronchodilator pa"EI~nTd1 
'4 ' 

beta - agonists F la 'd~ 'ap -b t~o t f i ~  theophylline 

t i ' i \d lu(daudl$ iu beta - agonist t u a u i n d  

~ n r n : f i u o ~ ~ ~ a l i l $ ~ i P ' w Y w s l a n a u a u i u h u i n h  
K ~ I . & . ~ ~ : ~ J ~ I G ~ E N  theophylline ~un ls ' l $~aun"uu i  

~ i d u t u n i s n a u ? u s i n - I s a e u  chronic asthma 

~ ~ ~ : u i o i n ~ n ~ ~ u n i ~ n u i u ~ a o ~ a u t d u a o d i a t n " u a  

r r d r i i ~ z u i o i n ~ w f  anti - inflammatory action 62u 

Therapeutic range 

5:Ku~inoa theophylline~un15?nw1 asthma 

t~ i r iu~ut%o<ui i i s :n"u  I 0 - 20 mcg/ml $u 
d 

~io :~Sus:Kuu iw~nu i : f iu  udlus:u:nKainis 
d 

dnwiwndiaii5:Kuu-i I 0 - I 5 mcg/ml i i i i o z  
'4 

t i u a w o l u n i s i n w i  asthma64 tuoao in  50% nod 
* 

q ~ ~ n i . j a ~ i u ~ H t l ~ H ~ ? J ~ \ l  theophylline kQ:Lfin 
I d '4 
uuwszn"uui I 0 mcg/mi tra:tuot~u.j:KuuiL9u 

20 mcg/ml 



-- - - 

L;,, 17% ayi7itue5 w a i l ( j J o u w u i i n i = i ~ ~ n ~ ' ~ ~ B  

Iau anti  - inflammation to9 theophylline 

~ l u l s n e ~ r r u ~ ~ ~ 5 z m ' u u l  5 -  1 5 rncg/ml ~ d t u  
d a d 

~ w o r d u n i ~ w f f n ~ d u ~ w n ~ i o ~ f l u ~ a a ~  theiphylline n 

oiowerI&das:$uuilna"~flu~ 20 mcg/ml fl15%"dY 

5 z h u l  5 -  1 5 mcg/ml I a u I 8 1 ~  NIU l i 7 8 z i i  

n a i u ~ n ~ 7 z ~ ~ ~ i n n i i T u i ~ o ~ ~ u 6  

fufl75I$ul~u7 theophylline kfi idauchmnic 

astDrna t u  ~da~3uni4wadn~adug~ad7~~Eug6u  

oiooz~iin?!ulm" " a i ~ w u i z a u l i ~ ~ r l  n i . i ~ ? ~ u i  

6 ' ae l "aua in~ iou~ i~d~d5 :~~1~  1 2  - 1 6  mg/kg/day 

I 

Conclusin 

Theophvlline ~ a u u i d ~ n l i i ~ i t a " i u n i = i  

?ns~-i$au asthma u i ~ ~ u ~ a a i u i u ~ a ~ a ~ a  ~ ~ n z t h  

7 

after 3 days if tolerated increase to 
1 

FIRST INCREMENTAL INCREASE 
-1 6 -20  mg/kg/day to a maximum of 400-600 mglday 

I 
4 

after 3 days it tolerated increase dose to 

I 1 8 - 2 2  mg/kg/day to a maximum of 6 0 0 - 8 0 0  mg/day I 
1 

Check serum concentration at the t ime of estimated peck serum concentration for the formulation 
used when no doses have been missed, added, or taken a t  unequal intervals for 3 days. 

1 
SERUM 
CONCENTRATION DIRECTIONS 

Below 7.5 pg/ml Increase dose about 25% and recheck serum theophylline for 
guidance in further dose adjustment. 

7.5 to 1 0 pg/ml Increase dose about 25% and maintain if tolerated. 

1 0  to 2 0  pg/ml Maintain dose if tolerated.* 

2 0  to 25 pg/ml Decrease dose at least 10%. 

2 5  to 3 0  pg/ml Skip next dose and decrease subsequent doses at least 25%. 

Over 3 0  pg/ml Skip next 2 doses, decrease subsequent doses at least 50%, 
and recheck serum theophylline for guidance in further 
dose adjustment. 

ONCE FINAL DOSAGE IS DETERMINED BASED ON NEED, TOLERANCE, AND SERUM 
CONCENTRATION, RECHECK AT 6 TO 12  MONTH INTERVALS (DEPENDING ON RATE OF 
GROWTH) UNLESS CLINICALLY INDICATED SOONER 

" (Finer adjustment in dosage within thls range of serum concentrations may be needed for some patients: drug lnteracftions or 

physiologic abnornialitles may mandate earlier reexamination) 

d 
FllT19?l 2 Dosage schedule for treatment of chronic asthma (from Weinberger M, Hendeles L. Jheophylline. 

In : Middleton Jr E, Read CE, Ellis Ef, et a/. Allergy : Principles and Practice. St. Louis: CV Mosby. 4th ed 7 993 

; 84 1 .) 
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naiini5'lbiiua r i iauwinn iu lu i lup~u6 iiuuriiio: 

16 in i~Kuwuui 'bwd 1 din?uni5?nwiQdau 

asthma L ~ N N I ~ ~ ~ ~ ~ w ~ N  theophyl l ine ~41.4 
dimethylated xanthine d u i ~ ~ s b ~ ~ u a ? i u i u ~ i u  

~ ~ l ~ ~ ~ \ l l t ~ f l l 5 d ~ ~ o l n 5 ~ 5 8 1 ~ l i ~ ~ ~ ~ ~  caffeine 

nalntunisssnqw$aau theophylline uj ldwsiu 

u4'm ~ a d o i n n i ~ ~ n w i b m u a ~ ~ ~ u ~ w u < i n a l n ~ ~ i  
il-aqddln" Im"~~fi nicjaanqw$auiuwaama~bmu 

~ I M ~ I ~ " R V ~ ~ I ~ L ~ M  PDE inhibitor LLa:nisaan 

qwBBu anti - inflammatory agent dunalnnk 

twuIK~~lj9us:~uuidlri~arin theophylline Gn 

~m%ulKa~i~sam~~abmuni~?uds:wiu0~Guulps"ui 

wiudinBuQdau chronic asthma u18:t~fl 

metabolite diuuri-r~uaanmjlnlu~dtiud5:bua~ 

aau theophylline %unls?flbkl~dau acute asthma 

u j tqudnn~i iu~ni iat j  ~~id~~buauC1uQdau chronic 

asthma h i ~ n i l ~ i d ~ G u ~ ~ u 5 m ~ o u  (duwao: 

~7dlK<i~~uwauioinnalnlunisw"iuiuaau theo- 

pyhlline V4~i~flalflK2fJtI.4 u d d ~ u w u l w d ~ l ~ ~ ~ ~  

~ ~ f i  nisauiunaamau ~~a:nis~?Ju anti-inflammatory 
d 

agent) daulunauwafila~iiu~d~uuzawuliuin 
G n ~ ~ a : a i ~ i s n n ~ n ~ ~ u \ s l K ~ i ' b 5 u i s r i i u ~ t i m ~ : ~ u  

~ i u u w a  ~ a n o i n ~ u ~ ~ u i l T i i n i ~ i n u i d a a n a ~ u u  

~ r i i ~ ? m ~ ~ t i u u ~ u n d i a ~ u u a n s : w ~ l u ~ ~ a u a i ~ ~ ~  

W ~ ~ ~ ~ T T B J  bbti:f l l5b:~%$~bGfl ~ ~ L ~ M u ~ N I ~ I ~ ~  

theophylline ~ u a l o f l a ' l a ~ ~ < l  theophylline 6 u A u f m  

~ ~ u u i d i ~ a i u l i i ~ ~ ' l u n i s d a u n ~ u ~ u a i n i ~ ' b u  

idau chronic asthma LLR: nocturmal asthma 
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