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ABSTRACT 

Apne a , a pro l o nged ce s s at i on of breathing , i s  common ly 

seen i n  premature i nfa nt s .  Thi s cond i t ion , in its s eve re s t  

fo rm ,  can be letha l and i s  a su s pe cted c au s e  of sudden 

i n fant de ath syndrome ( S I D S ) . Some time s referred to a s  

apne a o f  prema tu r i ty , recurrent apne a i s  pre s e nt ly being 

treated wi th re spi ratory s t imu lants known a s 

methy lxanth i ne s  (MX) such a s  the ophy l l i ne and caf fe ine . 

The bene f i t s  o f  MX s are accompanied by centra l ne rvou s 

s y s t em s t imu l at i o n  and cardi o s t imulat ion whi ch may be 

det r imenta l to a premature infan t . Theophy l l i ne ( l , 3 - d iMX ) 

ha s been shown to produ c e  some of i t s  effect s by 

antagon i z i ng endogenous adeno s ine . Anothe r xanthine , 

e nprofy l l i ne ( 3-propy l xa nth i ne ) ,  i s  pre s e nt ly be ing 

inve s t igated a s  an ant i a s thmatic drug due to i t s  

bronchodi l a ti ng effe ct s .  Un l ike theophy l l i ne i t  ha s n o  CNS 

tox ici ty nor doe s it antagoni z e  adeno s ine , except in h i gh 

concentrat ions . Due to i t s  lack of antagon i sm one wou ld 

de duce that e nprofy l l ine would not s t imu late re spi ration . 

The pre sent study fo cu s e d  on the effe ct s of the se two 

xanthine s on the re s p i ra t i on o f  adu lt mi ce and newborn 

rats . Re spiratory studi e s  we re conducted on newborn rat s 

( 4- to 7 -days o l d ) and adu l t  mice ( 2 0 - 3 0 g ) , u s i ng the 

volume di s p l acement body p l ethy smograph . Subcutaneou s 

i n j e ct i on s  o f  ami nophy l l ine ( the ethy lenediamine s a lt o f  

the ophy l l i ne )  o r  enp rofy l l i ne we re admi n i s te red and the 

effe c t s  compared to base l i n e  re s pi rat ion . Aminophy l l i n e  



( 2 0  mg / kg )  s ign ifi cant l y  incre a s e d  VE by 30% i n  adu l t  mice 

wi th a pe ak effe ct a t  2 0  min . Thi s i n c re a s e  wa s due to 

s i gnifi cant inc re a s e s in bot h VT (13%) and f (18%). 

Aminophy l l ine s i gn ificantly increa sed VE by 44% i n  neon a t a l  

rats wi th a p e a k  effec t  a t  20 min . The i n c re a s e  wa s due t o  

i ncre a s e s i n  both VT (30%) and f (9%). On ly f wa s 

s i gnifican t ly gre ater than s a l ine con tro l s . Enpro fy l l i ne 

( 2 0 mg / kg )  s howed no con s i stent patte rn of e f fe ct s nor nor 

were i t s  effe c t s  s i gnificantly d i ffe r ent from s a l ine for 

adu l t mice or neona t a l  rat s . The re we re no s ignifi cant 

diffe rence s i n  VE betwee n  do se s (10, 20 and 40 mg/kg ) of 

aminophy l l ine in mi c e . Enprofy l l ine (20, 40 and 80 mg / kg ) 

a l so showed no s i g n if i c ant diffe rence s in VE betwe e n  do s e s  

fo r mice . Howeve r ,  do se s of enprofy l l ine we re 

s ign ifi cant ly diffe rent from one another in neonata l r a t s . 

The trend s hown by enprofy l l ine (40 mg/kg ) wa s a con s i stent 

r e s p i r atory depre s s i on whe re a s  the 80 mg/kg dose s howed a 

latent stimu lation in re spiration . Dur ing the s e  

expe r iment s 7 o f  8 pup s di ed aft e r  i n j e c t ion o f  80 mg/kg 

enpr ofy l l i n e . In summa ry ami nophy l l i ne s t imu l a t e d  

r e s p irat i on i n  both adu lt mi ce a n d  neona ta l rat pups , whi l e 

enprofyl l ine did not s t imu late re spi ration a t  any do s e  

t e s t ed , exc ept at a do se whi ch wa s letha l t o  neona t a l rat s . 

The s e  data support the hypothe s i s  that theophy l l i ne 

s timu late s re s p i ra t i on by adeno s i ne ant agon i sm .  
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INTRODUC T I ON 

Neona t a l  apne a i s  a re spi ratory cond i t ion who s e  

e f fe c t s  c la im thou s and s o f  l ive s e ach year . Neonata l apne a 

i s  de s c r ibed a s  pro longed ce s s a t ion o f  breathing ( greate r 

than 2 0  s e c )  (Ri gatto and Br ady , 1 9 7 2 ) . I t  i s  ob served in 

2 5 %  of neonate s we ighing l e s s  than 2 5 0 0  g a t  b i rth and in 

as many a s  8 5 % o f  ne onate s we igh i ng le s s  than 10 0 0 g at 

birth ( Aranda and Turmen , 1 9 7 9 ) . Apne a is  u sua l ly reve r se d  

s p ontaneou s ly but o ft en requ i r e s  vigorou s re su s c i ta t i ve 

e f fort s . I n fant s requ i r ing such treatment are found to b e  

at increa sed ri s k  o f  sudde n i n fant de ath syndrome ( S IDS ) 

( Ke l ley e t  a l . , 1 9 7 8 ) . S ID S  i s  de f i ned a s  the unexpe c ted , 

s udden de ath o f- a seemi ng ly he a l thy infant fo r whom a 

routine autop sy fa i l s  to ide n t i fy the cause o f  de a th . I n  

t he U . S . i t  ki l l s  7 , 0 0 0  i n fant s a y e a r  or about one i n  5 0 0 

babie s born , maki ng i t  the mo st frequent cau s e  o f  death 

betwee n  the age s o f  o ne month and one year ( Naeye , 1 9 8 0 ) . 

One o f  the strategie s towards prevent ion o f  neonata l apne a 

i s  the use o f  resp i ratory s t imu l ant drug s . 

The re spi ratory s t imu lant e f fect s o f  the chemi c a l 

g roup known a s  the me thy lxanth i ne s  ( MX )  have been known for 

over a ce ntury (Leven , 1 8 6 8 ) . At one t ime MX ' s  such a s  

the ophy l l i ne ( 1 , 3 -d iMX ) ( f i g . 1 )  and ca f fe i ne ( 1 , 3 , 7 - t r iMX) 

were used as diure t i c s ,  howeve r they we re eve ntua l ly 

replaced with more potent diure t i c s hav i ng fewe r s i de 

e f fe c t s  ( Ra l l , 1 9 8 5 ) . The e f fe c t i vene s s  of ami nophy l line , 



the ethy lened i amine s a l t  o f  theophy l l i ne , i n  the treatment 

o f  adu lt s  wi th Cheyn e - S toke s re spiration wa s demonstrated 

in 1 9 2 7  by Vog l . The primary c l i ni c a l  u s e  o f  theophy l l i ne 

today i s  i n  the tre atment o f  a s thma i n  adu l t s  and c h i ldre n 

( He nde le s and We i nbe rge r , 1 9 8 3 ) . Theophy l l i ne ' s  

bronchodi lat i ng e f fe c t  re l i eve s con s t r i c t ion o f  the 

bronchi o l a r  smooth mus c le brought on du r i ng an a s thmat i c  

attac k . 

Ku z emko and Pa a l a  ( 1 9 7 3 ) , found that aminophy l l i ne , 

r e ct a l ly admi n i stered , de crea sed the inc idence o f  apne a i n  

p remature infant s . S i nc e  tha t  t ime many re searche r s  have 

·c on firmed the se observations in addi t ion to f i nding that 

c a f fe i ne is a l s o  e f fect ive i n  the tre atmen t  o f  neonata l 

apne a ( Aranda and Turmen , 1 9 7 9 ) . Recurrent apne a o f  

prematuri ty i s  now rout i ne ly treated with theophy l l i ne or 

c a f fe i n e . E f fe c t s  o f  MXs wh i ch are bene fi c ia l  i n  the 

t reatment o f  a premature in fant inc lude an increase in 

minute ven t i la tion ( VE ) '  a de c re a s e  in the inc idence o f  

apne a and improvement o f  the a rter i a l  b lood g a se s . The s e  

r e sp on s e s are apparent ly med i a ted a t  the leve l o f  the 

medu l la ( E ldridge e t  a l . , 1 9 8 3 ) . Another po s s ib l e  bene fi t 

c ou l d  be an incre a s e d  force o f  contra ct ion o f  the 

di aphragm ,  a prin c i p le mu s c le of re spirat ion ( Aub ier e t  

a l . , 1 9 8 1 ) . Me thy lxanth i ne s  have a l so bee n s hown t o  reduce 

fat i gue o f  t h i s  mu sc le . I t  i s  per t i nent to c l ari fy tha t  

a ccompany i ng the se bene f i c i a l  e f fect s o f  the MXs the re ·a l so 

exi st e f fe ct s  unde s i rable to a premature i n fant . The 
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leading side e f fe c t  cau s e d  by some MXs i s  a s t imu l a t ion o f  

the cent r a l  ne rvous s y s tem ( CNS ) . Concent rat ion s o f  

theophy l l i ne 5 0% gre ate r than the accepted the rapeu t i c  

range c a n  re su l t  in e f fe c t s  such a s  ne rvou sne s s , 

r e s t le s s ne s s , insomn i a , tremo r s  and a sen s a t ion of p a i n  

when pr e s sur e i s  app l ie d  t o  the s k i n . A t  eve n h ighe r do s e s 

i t  can produ c e  fo c a l  and ge ne r a l ized convu l s ions ( Ra l l , 

1 9 8 5 ) . Tac hycardia above 1 8 0  be a t s  pe r mi nute i s  a l so a 

c ommon comp l i ca t ion of MX treatment (Dav i  e t  a l . , 1 9 7 8 ) . 

Ga st r i c  i r r i t a t ion i s  a l so a concern . Due to the vomi t i ng 

whi c h  may accompany MX t re a tme nt the ga s t r i c  l i ning be c ome s 

i rr i t a ted a s  we l l  a s  a re su l t ing los s o f  we ight and wate r , 

wh i c h  can be fa ta l in an a l ready unde rwe ight , 

undernour i s he d  in fant . 

The mecha n i sm ( s )  by wh ich MXs have the se e f fe c t s  i s  

not ye t kn own . There h ave been a few hypothe se s howeve r . 

One ide a i nvo lve s the i nh i b i t i on o f  the enzyme cyc l i c  

nuc leotide pho sphodi e stera s e . Pho sphod i e s t e r a s e  i s  

r e sp on s i b l e  fo r cata ly z i ng the react ion wh i ch break s down 

cyc l i c  a de no s ine - 3 ' , 5 ' -monopho spha t e  ( cAMP) to i t s  i nac t iv e  

form 5 ' -adeno s i ne monopho sphate ( AMP ) (Bu tche r  and 

Suthe r land , 1 9 6 2 ) . Thi s proce s s  wou ld de c re a s e  a l l  a c t i on s  

fu e l e d  by cAMP . A n  i n  vitro s tudy with theophy l l i ne 

re su lted in de l aye d  bre akdown o f  cAMP but on ly at 

c oncentra t i on s  ten time s gre a t e r  than those concentra t i on s  

that produce broncho d i l a t i on ( Ra l l , 1 9 8 5 ) . 

3 



An othe r pos s i bl e  me chani sm o f  MX a c t ion i s  the 

tran s loc at ion of i ntrace l lu lar c a l c ium ( Ra l l , 1 9 8 5 ) . 

Me thy lxanth i ne s  cau s e  an incre a se in the conc e ntrat ion o f  

intrace l lu lar c a l c ium a s  a re sult o f  i n c re a sed pe rme abi l i ty 

o f  the sarcop l a smi c re t i cu lum . Th i s  me ch an i sm may exp l a i n  

the incre a sed force o f  contract ion some t ime s c a u s e d  b y  MX s 

howeve r ,  i t  i s  an un l ike ly hypothe s i s  s i nce conce nt ration s  

o f  theophy l l i ne a n d  c a f fe ine requ i red t o  e l i c i t  such 

e f fe ct s  are gre ater than the max imum tre atment for 

the r apeuti c  u s e . 

A th i rd , more wide ly accepted hypothe s i s i nvo lve s 

adeno s in e  antagon i sm .  Adeno s ine i s  a pur i n e  wh i c h  i s  

p re sent nea r ly eve rywhere with in the body . Adeno s i ne 

cause s contraction o f  trache a l  smooth mu s c le ( F redho lm e t  

a l . , 1 9 7 9 )  and bronchoco n s t r i ct i on i n  a st hma t i c s  ( Cush ley 

et a l . , 1 9 8 3 ) . S tab le adeno s ine ana log s h ave sedat ive a n d  

a nt i - c onvu l sant e f fe c t s  o n  mi ce and ra t s  ( Dunwidd i e  and 

Worth , 1 9 8 2 ) . 

Lage rcrant z and co l l e ague s ,  i n  1 9 84 ,  s tudied the 

e f fe c t s  of adeno s ine on re spi ration u s i ng unane s the t i z e d  

a nd ane sthe t i z ed rabb it pup s . Pup s give n intrape r i tone a l  

( ip )  i n j e ction s o f  increa s ing do se s o f  L- P IA (O.l t o  5 . 0  

umo l / kg )  showe d depre s s ed vent i l a t ion . Dos e s  a s  high a s  

5 . 0  umol re su l te d  i n  i r r ever s i b le apnea and death . The 

e f fe ct of ade no s i ne wa s c omp le t e ly reve r s e d  or prevented 

wi th admi n i s t ra t ion of 2 0  mg/ kg theophy l l ine ( Lagerc rant z 

e t  a l . , 1 9 8 4 ) . I n  1 9 8 5  Re dne r and c o l le ague s , u s ing the 
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occ luded bre a th te chn ique on ane s t he t i z e d  pre t e rm rabb i t s , 

found tha t with ip admi n i s tration o f  ade no s i ne ana logs such 

a s  phe ny� sopropyl adeno s ine ( P IA )  and 5 ' -N­

e thy l carboxamidoade no s i ne ( NECA ) the re we re s ign i f i cant 

de c re a s e s i n  frequency ( f ) , tidal vo lume ( VT ) and VE . Te n 

mi nute s pos t i n j e ct ion VE had de c r e a s e d  to 3 5% o f  the 

contr o l . Tre atment with theophyl l in e  1 0  mi n a fte r P I A  

i n j e ct i on reve r sed the P I A  e f fe c t  near ly comp le t e ly by 

i n c re a s i ng both VT and f towa rds contr o l  ( He dn e r  e t  a l . ,  

1 98 5 ) . Wa tt and Ru t l e dge ( 1 9 8 5 ) did not , howeve r ,  support 

the s e  fi ndings showing that re s p i ra t i on wa s do s e -

depende n t ly s timu lated b y  admi ni stra t io n  o f  adeno s i ne i n  

human subj e c t s . Th i s  stimu l a t i on wa s prima r i ly due t o  a n  

incre a s e  i n  VT . - Runold ( 1 9 8 6 ) u sed the barome t r i c  metho d 

o f  mea sur i ng re s p i r a t ion on unane s the t i z e d  1 - t o  8-day-o l d  

r abb i t  pup s . Ve nt i l a t i on wa s depre s s ed with ip 

c a thete r i ze d  admi n i stration of 1 . 0  umo l R- P IA .  Thi s  

depre s s i on wa s prima r i ly due to a decre a se i n  f .  Tho s e  

pup s  give n  pretreatment o r  subs equent treatment w i th a 1 0  

mg / kg do se of theophy l l i ne showed preve nt i on o f  o r  ne a r ly 

comp lete r e c ove ry from the e f fe c t s  caused by the adeno s i n e  

a na log . R-P I A  p roduced a gre ater e f fe c t  in 1 - to 3 -day - o l d  

rabbi t s , whi c h  wa s a c companied b y  a h ighe r a f f i n i ty o f  R-

P IA for adeno s i ne re cepto r s  in the newbo rn rabb i t  brain . 

Adeno s ine i nteracts with two type s o f  ce l l - sur face 

r e ceptor s de s i gnated a s  A 1 a nd A2 t o  produce some of i t s  

e f fe ct s  ( Da ly ,  1 9 8 2 ) . I n  gene r a l , A 1 re cepto r s  medi ate an 
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inhib i t ion o f  adeny late cyc l a se a ctivi ty and A 2 receptor s 

stimu l ate ade ny late cyc l a s e  a c t iv i ty ( S chwabe e t  a l . , 1 9 8 5 ; 

Fredho lm and Pe rs son , 1 9 8 2 ) . The re spect ive ro l e s  o f  A 1 

and A 2 receptor s in r e s p i ratory control are unc le ar .  

The mo s t  a cc epted ce l lu lar me chan i sm o f  MX a c t ion a t  

thi s t ime i s  ade no s ine antagon i sm .  I n  terms o f  re s p i ratory 

control , xanthine s may have e f fe c t s  on pe r iphera l 

c hemoreceptors and the re s p i ratory cente r . 

There are two type s o f  rec eptor s re spon s ib l e  for 

detect ing the blood ga s s t atu s of the anima l , known as the 

centra l and pe r i phe r a l  c hemoreceptor s .  The ma j or chemi c a l 

determi nant o f  re sp i ratory act i v i ty i s  part i a l  pre s sure o f 

ca rbon d i ox ide ( Pco 2 ) or pH . Ve nt i la tory s t imu lat ion i s  

probably not cau sed direc t ly by co 2 but i n s t e ad i s  due to 

the u ltimate i n c re a s e  in hydrogen ion concentrat ion o f  the 

c e rebrosp ina l flu id caus ed by the re act ion o f  co 2 wi th 

wate r , a ccordins to the fol lowi ng equ i l ibr ium equation : 

+ co 2 + H 20� H 2 COJ , H + HC0 3 

The incre a s e  i n  pH i s  then detected by centra l 

c hemoreceptor s lo c ated ne a r  the ve ntra l sur fa ce o f  the 

me du l la , and stimulat ion o f  bre athing i s  i n i t i a te d . Thi s 

i ncrease i n  vent i l at ion re su l t s  i n  co 2 leve l s  be i ng lowe red 

and pH be i ng rai sed toward the norma l .  The pe r i pher a l 

c hemoreceptors are located in the aort i c  bodi e s , within the 

arch o f  the aorta , and the carotid bodie s ,  near the 

b i furcat ion of the carot i d  a rte r i e s .  A de c re a s e  in part i a l  

pre s sure o f  b lood oxygen ( Po 2 ) i s  detected by the se bod i e s 



and ne rve impu l se s  sent a long the vagus and 

g lo s sopharynge a l  nerve s to the re spi ratory cente r i n  the 

me du l la , stimu lating vent i l a t ion . Davi and re s e arche r s  

( 1 9 7 8 ) , us i ng newborn in fant s showed tha t admi n i s trat ion o f  

theophyl line re s u l te d  i n  an incre a sed s e n s i t ivity o f  the 

brainstem to co 2• I n  add i t i on to thi s the co 2 - r e spon se 

curve wa s s h i fte d to the le ft , s ugge s t i ng an a c t ion on 

c entral chemoreceptor s .  Lundberg et a l . ( 1 9 8 1 ) suppor ted 

the se findings in a s imi lar s tudy u s i ng ane s the t i zed adu l t  

rats . E ldr idge and othe r s  ( 1 9 83 ) s upported Dav i ' s  and 

Lundbe rg ' s  re search showing that aminophyl l i ne shi fted the 

co 2 - r e spon s e  curve to the le ft . Howeve r ,  thi s s tudy wa s 

take n  a step furthe r i n  orde r  to show that d i r e c t  

admi n i s tration o f  ami nophy l l i ne i n t o  t h e  thi rd ventri c le 

re su lted i n  no e f fe c t  on the c entral chemorec eptor s .  They 

a l so determined tha t ami nophy l l i ne cou ld not penetrate the 

me du l la to the deep neuron s nece s sa ry for re spi ratory 

s t imu la t i on . E l dr i dge and co l le ague s did show tha t  

i n tr avenous ( iv )  admi n i strat ion o f  aminophy l l i ne cou l d  

reach the dee p  neurons havi ng a s t imu l atory e f fe ct on 

re spiration at the l eve l o f  the medu l l a . 

The sy s tema t i c  study o f  the s t ructure act i v i ty 

re lation s h i ps ( SAR ) o f  theophy l l i n e ' s  core mo le c u l e  wi l l  

e nable re s e arche r s  to predi c t  more de s i rab l e  compounds fo r 

the tre atment o f  premature apne a . SAR a re the s tudy o f  

c o rre lations between the struc ture o f  a mo lecule and i ts 

b i o log i c a l  a c t ivi ty . For examp le , sub s t i tut ion at a 
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c er t a i n  po s i t ion may be re spon s ib l e  for the s i de e ffe ct s  o f  

a drug and the s i z e o f  the sub st ituent at th i s  po s i tion may 

d ictate the potency or tox i c i ty . Anothe r group may be 

re spon s i b le for a de s i red a c t ion , for examp le , re spi ratory 

s t imu lat ion . Theophy l l i ne cont a i n s  me thyl g roup s on 

po s i tion s  1 and 3 of the xanthine nuc leus a s  shown i n  

f i gure 1 .  Ac cord i ng to the work o f  Pe rs son and othe r s  

( 1 98 2b )  the !-po s i t ion i s  nece s sa ry for adeno s ine 

a ntagon i sm ,  but not nec e s s ary for bronc hodi lat ion . The 3 -

po s i t ion i s  nece s s a ry for bronchodi l a t ion and i s  

r e spons i ble for some a spect s o f  tox i c i ty such a s  

cardi o s t imu lat ion ( f ig . 2 ) . I n  gene r a l  SAR s tudie s have 

s hown tha t larger , nonpo lar sub s t i tuent groups on pos i t ions 

1 and" 3 or addi t i ona l group s on po s i t ion 8 o f  the xanthine 

nuc leus usu a l ly di sp l ay enhancement of ade no s i ne antagon i sm 

and bronchod i l a t ion a s  a re su lt o f  the s e  po s i t i on s . 

Mo l e cu le s  lacki ng sub s t i tuent group s a t  po s i t ion 1 u su a l ly 

have r e duced ade no s i ne antagon i sm .  Tho se havi ng 

s ub s t i tuent groups on po s i tions 7 and 9 s how a gene ra l l o s s  

o f  potency . The addi tion o f  an aroma t i c  r i ng a t  the 8 

pos i tion incre a s e s  pot ency con s i derab ly a s  an ade nos i ne 

antagon i s t . Enpro fy l l ine ( 3 -propy lxanthin e )  ( f ig . 1) i s  

current ly unde rgo i ng c l i n i c a l  tr i a l s  for i t s  

bronchodi la t i ng e f fe c t  i n  the treatment o f  a s thma . I t  i s  

s imi lar to the ophy l l i ne i n  that i t  conta i n s  the s ame core 

mo l e cu l e , xan thine , howeve r e npro fy l l i ne ha s a propy l group 

on pos i t i on 3 a nd lacks a sub s t i tuent group at po s i t ion 1 .  
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Enpr o fy l l ine i s  five t ime s  mo re potent than theophy l l ine a s  

a bronchodi l ator and lac ks the CNS st imu l at i on exhibited by 

theophy l line ( Pe r s son and E rj e fa l t , 1 9 8 2 ;  P e r s s on e t  a l . , 
--

1 98 2 a ) . Enpr o fy l l i ne doe s s t imu l ate cardiac ti s su e a s  do e s  

theophy l line ( Tr i ppe nbach e t  a l . , 1 9 8 0 ) . Bron cho d i l a t ion 

i s  brought about by direct re laxa tion or di lation o f  the 

smooth mu sc le o f  the bronchi o le s . Unt i l  recent ly i t  wa s 

p ropo sed that enpro fy l l i ne produced i t s  e f fe ct s  without 

antagon i z i ng adeno s ine receptors ( Pe r s s on et a l . , 1 9 8 2b ) . 

Thi s wa s the rea s on fo r the lack o f  the CNS t ox i c i ty . I n  

1 98 5  We s sbe rg and othe r s , u s ing the occ luded breath 

techn i que on ane sthe t i z ed rat s , found that wi th 

intracer e br ove nt r i cular ( i cv)  and ip admi ni s t ration o f  

ade no s i ne ana logs the re wa s a dose -depende nt depre s s ion o f  

re spiration . Frequency and VT were depre s sed by a s  much a s  

2 5% o f  contr o l  and VE depre s se d  by 3 9% o f  c ontro l .  

Admi n i s tration o f  theophy lline pr ior to admi n i stration o f  

a n  ade no s i ne ana logs re su lted in comp l e t e  antagoni sm o f  the 

re spiratory depre s s ion . Pretre atme nt wi th e npr o fy l l i ne 

fo l lowed by ade no s i ne ana logs resu lted i n  no antagon i sm ,  

sugge s t i ng that enpro fyl l ine i s  not an antagon i st o f  

a de no s i ne . Howeve r recent pape r s  provide dat a  suppor t i ng 

adeno s ine antago n i sm o f  both A 1 a nd A2 receptor s ite s wi th 

high con centrat ion s o f  enpro fy l l ine ( Ukena e t  a l . , 1 9 8 5 ;  

S c hwabe et a l . ,  1 9 85 ) . Although thi s ant agon i sm may be 

minute i t  mu s t  be taken into account . 
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I n  summa ry , MXs su ch a s  theophy l l i ne and c a f fe i ne are 

be i ng u se d  in the tre atment of apnea of prema tur i ty . 

Theophy l l i ne , po s se s s i ng sub s t i tuent group s on po s i t ion s 1 
and 3 of the xanthine mo lecule , s t imu l ate s re spi rat ion i n  

a n  a l re ady depre s se d  sy s tem . The ophy l l i ne ha s bee n  shown 

to antagon i ze a den o s ine , whi le enpro fy l line , lacking the 1 -

pos i t i on sub s t i tuent , ha s not been sat i s factora l ly s hown to 

antagon i ze adeno s ine . For the se re a son s i t  wou ld b e  

b ene f i c i a l  to study the i r  e f fe c t s on re s p i r a t i on in orde r 

to determi n e  i f  the 3 -po s i t i on i s  important for re s p i ratory 

s t imu la t i o n . Subsequen t l y  i t  i s  hoped tha t thi s s tudy wi l l  

a s s i st i n  the s e arch fo r a more e f fe c t ive treatment o f  

a pne a o f  prematu r i ty wi thout the de t r imenta l s ide effe ct s . 

The hypothe s i s  t o  be te s te d  i s  that theophy l l i ne s t imu l ate s 

r e s p i r a t i on by ade no s i ne antagon i sm .  
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F i gure 1 .  S t ructure s o f  theophy l l i ne and enpro fy l l i ne .  
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F igur e 2 .  S t ru c ture o f  xanthine mo lecu le d i s p l aying 
charact e r i s t i c s o f  sub s t i tu t ion s  a t  va rious 
posi tion s . 
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METHODS 

Anima l s : Expe riments we re per formed on adu lt mice and 

n ewborn rat s . Ma le mice , we igh i ng 2 0 - 3 0 g ,  we re obta ined 

from a mixe d  strain c o lony hou sed i n  the Zoo logy 

D e partment ' s  faci l i ti e s . Newborn Sp rague -Dawley rat s we re 

re are d i n  the Zoo l ogy Departmen t ' s  an ima l care unit and 

kept with the i r  mothe r s  when not be i ng t e s ted . On ly 4 - to 

7 -day-old rat s we ighi ng 1 0 - 1 5 g we re te s ted . F o l lowing 

e ach procedu re the an ima l s  we re re turned to the anima l 

c o lony o r  de st royed humane ly . 

Drugs : Aminophy l l i ne wa s pur cha s e d  from S i gma Chemi c a l  

Co . , S t .  Lou i s ,  Mo . and enpro fy l l ine wa s a g i ft o f  A .  B .  

Dr aco , Lund , Swe den . 

Ve nt i lato ry Me asurement s :  Ve nt i l a t i on wa s mea su re d  in 

unane sthe t i ze d  adu lt mice and newborn r a t s  with the u s e  o f  

a vo lume di s p l a cement body p le thy smogr aph modi f i ed from the 

me thod o f  Alar i e  ( 1 9 6 6 ) . An open s y s tem wa s u t i l i z e d  for 

a l l  exper iment s ( Me ad , 1 9 6 0 ) . The pl ethy smograph i s  

composed o f  a p la s t i c  c y l inde r , 2 . 1  cm i n  d i ame te r , cove re d  

a t  one end wi th a thi n  rubbe r she ath ( f ig . 3 ) . The mou s e  

or rat wa s maneuve red i nto the c y l i nde r so that the head 

p ro j ected through a 9 mm d i ameter ho le in the rubbe r 

s he a th . A wat e r - s o luble lub r i cant s e a led the area around 

the neck . The oppo s i te end o f  the cy l i nde r wa s s e a le d  with 

a one -ho le rubbe r s toppe r . Through the ho le p ro j e c te d  a 

p ie c e  o f  tubi ng conne c t i ng the p l e thy smog raph to a # 0 0 0 
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F l e i sch F low Trans duce r .  Contra c t i on and expan s i on o f  the 

c he s t wa l l  re su lted in a flow o f  a i r  into and out of the 

cy l in de r  and through the transduce r . A i r  f l ow wa s mea su re d  

a nd i ntegrated b y  a Va l i dyne CD 1 9A C a rr i e r  Demodu l a tor and 

re corded as f l ow ,  vo lume and cumu l a t ive vo lume t ra c i ngs on 

a Na rco MK I I I - S  Phy s iograph ( f ig . 4 ) .  Minute vent i la tion 

( VE ) and frequency ( f ) we re de te rmined from 1 0 - to 3 0 - s e c  

segments o f  the po lygraph re cordings and tida l volume ( VT ) 

wa s c a lcu la ted ( VT = VE / f ) . I n  mou s e  stud i e s , the 

apparatus wa s co o le d  by p lac ing crushed i c e  on the sur face 

of the plethy smograph .  Th i s seemed to reduce the amount o f  

st rugg l i ng wi thout a lt e r i ng b a s e l ine ve nti l a t ion . Body 

temperature of newbg,rn 
./····· 

rats wa s ma i nta i ne d  a t  3S0c by a heated wa ter j ac ke t  

surroundi ng the l a rge r c hambe r .  

Compa r i son of the venti l a tory e f fe c t s  o f  ami nophy l l i ne and 
e npr o fyl l in e : Mice or rats were d ivided i nto three group s 

with each group con s i s t i ng o f  e ight an ima l s . Re s p i r a t i on 

wa s me a sured i n  each a n ima l  fo r a min imum o f  1 0  min i n  

o rde r t o  obta i n  a base l i ne ( BL )  con tro l reading fo r e a c h  

roden t .  Each mou s e  or rat then rece ived a subcutaneous 

( s . c . )  inj e c t i on in the sca lp of 0 . 9 % NaC l , 2 0  mg / kg 

ami nophyl line (AM) o r  2 0  mg / kg e npro fy l l ine ( ENP ) . Th i s  

wa s accomp l i shed wi thout remov ing the an ima l from the 

p le thysmograph . Re spi ration wa s the n me a su red fo r 6 0  min 

p o st i n j e c t i on with read i ngs take n at 5 m i n  interva l s . Th i s 

wa s done i n  order to determine i f  and a t  what t ime there 
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may be an e f fe c t  fo r each drug . Once an e f fe ct wa s found 

for aminophy l line , dos e -re spon se studie s were attempted . 

Thi s wa s accomp l i shed by tak i ng re s p i ratory me asurement s 

eve ry 5 mi n , fo llowing the i n j e c t ion o f  three con s e cu t ive 

do se s o f  drug , up to and inc lud i ng that t ime of peak e f fe c t  

( 2 5  mi n ) . An e f fe c t  for e npro fy l l ine wa s never d i s c ove red 

dur i ng the prima ry exper imen t s . Th i s  made i t  ne ce s s a ry to 

dup l icate the te st s a t  4 0  and 8 0  mg / kg i n  order to 

determine i f  any do se had an e f fe ct . Once VE' VT and f 

were c o l le cted they were e xpre s sed a s  a percentage o f  the 

i ndividua l BL contro l va lue s . Pe rcent incre a se s  in VE' VT 

or f were p lo tted aga i n s t  t ime for the va r i ou s  dose s 

t e sted . Theophy l l i ne at dos e s  o f  1 0 ,  2 0  a nd 4 0  mg / kg were 

compared to one· anothe r wh i le do se s of e npro fy l l ine , 2 0 ,  4 0  

and 8 0  mg / kg , we re compared . 

S ta t i s t ic s :  Data we re ana ly z e d  by two-way ana ly s i s  o f  

vari ance ( ANOVA ) w i th repe ated me a su re s ( Wi ne r , 1 9 6 2 ) . 

The s e  computa t ion s were per formed u s i ng NWA Statpack 

s o ftwa re on an IBM PC / XT .  S imp le me ans ana ly s i s  ( Wi ne r , 

1 9 6 2 )  wa s used to de termine s ign i f i c ance at e ach t ime 

i nterv a l  and Tukey ' s  mu l t i -c ompar i s on te s t  ( St ee l  and 

Torri e , 1 9 8 0 ) wa s then ut i l i z e d  to compare individua l 

mean s . Th e s e  comput a t i on s , based on the re su l t s  o f  the 

ANOVA , were per forme d  by hand c a l c u lator . D i f fe rence s with 

a probab i l i ty leve l o f  le s s  than 0 . 0 5 we re con s i de red 

stat i st ic a l ly s i gn i f ic ant . 



F i gure 3 .  D i agram o f  mou s e  in body p l e thysmograph . 
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F igur e 4 .  D i agram o f  body p lethy smograph and equ ipme n t  
u s ed fo r me a s u reme nt o f  ve nti lat i on . 
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RESULTS 

Time Cour s e  o f  S a l in e , Aminophy l l in e  and Enpro fy l l i n e  i n  
AdUit Mice 

F i gure 4 a  repre sent s a traci ng o f  an adu l t mou se 

be fore and a fter admi n i strat ion o f  ami nophyl l ine (2 0 

mg / kg ) . The s a l i ne tre ated mi ce had me an ba s e l i ne ( B L )  

contr ol s fo r VE' VT and f o f  1 4 . 9  ml/min , 0 . 0 6 8  m l  and 2 1 7  

bre ath s /min , re spe ct ive ly (see append ix I for i nd ividu a l  

va lu e s ) . F o r  tho se anima l s  that rece ived ami nophy l l i ne ( 2 0 

mg / kg s . c . ) B L  me ans we re 2 2 . 8  ml/min for VE' 0 . 0 9 0 m l  fo r 

VT and 2 5 7  breath s /min fo r f .  Me an BL VE for the 

e npr o fy l line group wa s 3 5 . 3  ml/mi n wh i le BL VT and f we re 

0 . 1 3 6  ml and 2 6 2 bre a th s /mi n , re spe c t ive ly .  

S t a t i s t ical ana lys i s  (repe ated me a sure s )  showe d a 

s i gn i f icant di f fe rence i n  VE between t r e atme n t s  and ove r 

time (F= 6 . 0 0 ,  p < 0 . 0 1 and F= 4 . 5 8 ,  p < 0 . 0 1 )  (tab le 1 ) . 

Aminophyl l i ne incre ased VE i n  adu lt mi ce by 3 0 %  above BL at 

a pe ak time of 2 0  mi n , po s t i n j e c t ion ( f i g . 5 )  (see appendix 

I I I  fo r samp l e  ca lcu l a t i o n s  o f  s imp l e  ma i n  e f fe c t s  and 

Tukey ' s  te s t ) . VE de c l i ned stead i ly a f ter 2 0  min . The 

increa s e  i n  VE produced by ami nophy l l i ne wa s du e to 

incre a se s  in bo th f ( 1 8 % , p < 0 . 0 5 )  and VT ( 1 0 % , p < 0 . 0 5 ) 

( fi g s . 6 an d 7 ) . The i ncre a s e  i n f wa s s ig n i f i cant ly 

d i f fe rent from cont ro l at 2 0 - 3 5  m i n  and 5 0  m i n  whi le VT wa s 

s i gn i f ican t ly di f fe rent f rom control at 1 0  and 1 5  mi n 

( f i g s . 6 and 7 ) . 
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VE neve r incre ased more than 5 %  above BL a fter 2 0  

mg / kg e npro fyl l ine ( f ig . 5 ) . No enpro fy l l ine va lue s for VE 

were s igni f icant ly di f fe rent from sa l i ne contro l s . 

S imi l a r ly VT and f we re neve r s i gni f i cantly d i f fe rent from 

control ( fi g s . 6 and 7 ) . 

Do se Re sponse o f  Aminophyl l i ne and Enpro fy l l i ne in Adul t  
Mice 

Me an BL va lue fo r VE of the ami nophy l l i ne g roup s ( 1 0 ,  

2 0  and 4 0  mg / kg ,  re spect ive ly ) wer e  2 9 . 4 ,  2 8 . 6  and 2 8 . 9  

m l /min , re spect ive ly . The BL va lu e s  for VT a t  do s e s  1 0 ,  20  

and 4 0  mg / kg were 0 . 1 1 2 ,  0 . 1 2 2  and 0 . 1 1 5  ml whi le frequency 

BL va lue s we re 2 6 5 , 2 3 7  and 247 bre aths/m i n , re spect ive ly . 

VE' fo l lowing admi n i s trat ion o f  aminophy l l ine ( 1 0  

mg / kg ) , i ncrea sed b y  4 2 %  above B L  a t  a pe ak t ime o f  2 0  min 

( f i g . 8). Do s e s  o f  2 0  a nd 4 0  mg/kg ami nophy l l i ne i ncr e a s ed 

VE by more tha n  3 0 % above Bi at peak e f fe c t s  o f  2 0  a nd 1 5  

min re spect ive ly ( fig . 8 ) . There was no s t a t i s t i ca l ly 

s i gn i f icant di f fe rence be twe en do s e s  ( F= 0 . 1 3 ,  p= 0 . 8 8 )  

( table 2). The incre a s e  in VE wa s due to incre a s e s  in both 

VT (> 1 5 % )  and f (> 1 0 % )  ( f i g s . 9 a nd 1 0) .  The peak e f fect 

for fr equency o f  a l l  do se s (1 0 ,  2 0  and 4 0  mg/kg ) wa s 1 5  m i n  

whe re a s  the peak e f fect fo r VT wa s 2 0  m i n  for 1 0  and 2 0  

mg / kg and 1 5  mi n for 4 0  mg/kg ( f i g s . 9 and 1 0) • 

The BL va lu e s  for 2 0 ,  4 0  a nd 8 0  mg/kg dose s o f  

enpr o fyl line were , 2 7 . 6 ,  2 8 . 2  and 2 7 . 9  ml/mi n  for VE' 0 . 1 1 ,  

0 . 1 0 and 0 . 1 0 fo r VT and 2 6 0 , 2 84 a nd 2 7 2  breaths/min for 

f ,  re spect iveiy .  Enpro fy l l ine s howed no s t a t i stica l ly 
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F i gure 4 a . Re pre s entat ive traci ng of mou s e  re spi rat ion 
be fore and a fter admi n i s t r a t ion o f  
aminophy l l i ne . 
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Tab le 1 .  Two -way ANOVA , w i th repeated mea sure s ,  o f  
aminophyl l ine and e npro fy l l ine t ime cou r s e  
experiment s for adu lt mice , n =  8 .  

*** ANOVA TAB LE *** 

S ource DF S S  MS F p 

Treatmen t  2 4 1 55 0 . 9 2 2 0 7 7 5 . 4 6  6 . 0 0 < . 0 1 
Er ror 2 1  7 2 6 6 0 . 7 5 3 4 6 0 . 0 4  

T ime 1 1  4 7 7 2 . 59 4 3 3 . 8 7 4 . 58 < . 0 1 
I n teract i on 2 2  6 6 02 . 3 3  3 0 0 . 1 1 3 . 1 7 < . 0 1 
E rro r 2 3 1 2 1 8 9 7 . 4 6 9 4 . 7 9  
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F igur e 5 .  E f fect s  o f  ami nophy l l ine and enpro fy l l i ne on 
minute venti lation in adu l t  mi ce . B a r s  indicate 
mean + SEM . Aste r i sks ind icate me a n s  
s i gn i ficant ly di f fe rent from s a l i ne contro l s  (* 
p < 0 . 0 5 ,  ** p < 0 . 0 1 ;  Tukey ' s  te st ) . 
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Effects of Aminophylline and 
Enprofylline on Minute Ventilation 

in Adult Mice 
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F i gure 6 .  E f fect s  o f  ami nophy l l i ne and enpro fy l line on 
re spirato ry fr equency in adult mic e . Ba r s  
i ndicate mean + S EM .  As t e ri s ks indicate me ans 
s igni f icantly di f ferent from s a line contro l s  (* 
p < 0 . 0 5 ,  ** p < 0 . 0 1 ;  Tuke y' s  te s t ) . 
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Effects of Aminophylline and 
En profyl l i n e  on Resp iratory Frequen cy 

in Adult Mice 
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F igure 7 .  E f fe c t s  o f  ami nophy l l ine and enpro fy l line on 
t ida l vo lume in adu l t  mi c e . Ba rs indi cate me an 
+ SEM . Aste r i s k s  indi c ate me ans s igni f i cant ly 
d i f fe rent from s a l i ne con t ro l s  (* p < 0 . 0 5 ,  ** p 
< 0 . 0 1 ;  Tuke y ' s  te s t ) . 
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F i gure 8 .  E f fe c t  o f  ami nophy l l ine on minu te venti l a tion in 
adu lt mic e . Bar s indic ate mean + S EM . The r e  
were n o  s i gni f i cant di f fe rence s be tween the tree 
do se s of aminophy l l ine (p > 0. 05, two -way ANOVA 
w i th repe ated me a sures ) .  
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Effect of Aminophylline on 
Minute Ventilation in Adult Mice 
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Table 2 .  Two -way ANOVA , with repeated me a s u re s , o f  
aminophyl l i ne dos e - re sponse i n  adu lt mi c e , 
n= 6 .  

*** ANO VA TABLE *** 

S o urce DF S S  MS F p 

Treatment 2 3 0 3 . 8 4  15 1 . 9 2 . 1 3 0 . 8 8 
E rro r 1 6  1 7 9 8 8 . 2 8 1 1 9 9 . 2 2 

T ime 3 3 0 4 5 . 4 6  1 0 15 . 15 1 2 . 4 0  < . 0 1  
I nteraction 6 1 0 7 3 . 2 0 1 7 8 . 8 7 2 . 1 9 0 . 0 6 
E r ro r  4 5  3 6 8 3 . 0 2 8 1 . 8 4  
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Fi gure 9 .  E f fe c t  o f  ami nophy l l ine on re spi ratory frequen c y  
i n  adu l t  mi ce . B a r s  indicate me an + SEM .  The re 
were no s igni fi cant di f ference s b e twee n  the 
three do se s of ami nophy l l ine (p > 0 . 0 5 ,  two -way 
ANOVA with repe ated me a sure s ) . 
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Effect of Aminophylline on 
Respiratory Frequency in Adult Mice 

60-.--���������--, 

55 

50 

45. 

40 
'I-

C 
35 

·-

Q) 30 en 
c 
_g 25 
u 
� 20 

15 

10 

5 

I ,,..L, .. I ....... 
.... ..... 1 .............. .. . 

.. _,,� �....__ / ....... --
i' ...----_,.,,. 

// l/ 
// // 

:'/ ¥ 
Q+--�-=-----t-������--j 

-5-'--��-+-�--�-+-�-+--� 

BL 10 20 
Minutes after injection 

37 

LEGEND 

_ 10 mg/kg 
__ 20 mg/kg 
··--··· 40 mg/kg 



F i gure 1 0 .  E f fe ct o f  ami nophy l l ine on tida l vo lume 
adu lt mice . Bars indic ate mean + S EM .  
we re no s ign i ficant di f fe rence s between 
three do se s o f  ami nophy l l ine (p > 0.05, 
ANOVA w i th repe ated mea su re s ) . 
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Effect of Aminophylline 
on Tidal Volume in Adult Mice 
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Table 3 .  Two-way ANOVA , wi th repe ated mea sure s , o f  
e npro fy l li ne do s e - r e sponse i n  adu l t  mi ce , 
n= 6 .  

*** AN OVA TABLE *** 

S o urce DF S S  MS F 

Treatment 2 4 7 6 3 . 6 9 2 3 8 1 . 8 5 . 4 1 8  
E rror 1 5  8 5 5 7 4 . 3 6 5 7 04 . 9 6  

T ime 1 1  8 5 7 . 6 0 7 7 . 9 6 . 6 0 3  
I ntera ction 2 2  1 9 7 7 . 7 9 8 9 . 9 0 . 6 9 5  
E rror 1 6 5 2 1 3 4 3 . 0 9 1 2 9 . 3 5 

40 

p 

0 . 6 7 

0 . 8 3 
0 . 8 4 



F igure 1 1 .  E f fe c t  o f  e npro fyl l ine on minute ven t i l at ion i n  
a du l t  mi ce . B a r s  indicate me an + S EM .  The re 
were no s igni ficant di f fe rence s be tween the 
three do se s of enpro fyl l i ne ( p  > 0 . 0 5 ,  two -way 
ANOVA wi th repe a ted mea sure s ) . 
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Effect of Enprofylline on 
Minute Ventilation in Adult Mice 
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Figure 12. Effect of enprofylline on re spiratory frequency 
in adult mice. Bars indicate mean + SEM. 
There were no significant di fferences between 
the three doses enprofylline (p > 0 . 05 ,  two - way 
ANOVA with repeated measures). 
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Figur e 1 3 . E f fe c t  o f  enpro fy l l ine on t i da l  vo lume i n  adu l t  
mice . Ba rs ind i c ate me an + SEM . There we re no 
s i gn i ficant d i f ference s betwe e n  the three dos e s 
o f  enpro fy l l i ne ( p  > 0 . 0 5 , two -way ANOVA with 
repe ate d me a sure s ) . 
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s igni f i c ant di f fe renc e s  between do se s or t ime s ( F= 0 . 4 1 8 , 

p= 0 . 6 7: F= 0 . 6 0 3 , p= 0 . 8 3 )  ( tab le 3 ) . There wa s no 

c on s i s tent pattern i n  VE' f or VT throughout the 

experiments ( fig . 1 1 ,  1 2  and 1 3 ) . 

Time Cour se o f  Sa l i ne , Arninophy l l i ne and Enprofy l l i ne in 
Newbor n Rat s  

F i gure 1 3a repre sent s a trac i ng o f  newbo rn rat 

re spi ration be fore and a fter admi ni stration o f  

ami nophy l l ine ( 2 0 mg / kg ) . The sa l i ne group had me an BL 

va lue s for VE' VT and f o f  1 6 . 5  m l /min , 0 . 1 2 4 m l  and 1 3 4  

bre ath s /min , re spe c t ive ly ( s ee appendix I I  for individua l 

va lu e s ) • B L  means fo r tho se anima l s  that rece ived 

aminophy l l ine ( 2 0  mg / kg s . c . ) were 4 . 7  m l /mi n for VE' 0 . 0 4 2  

ml fo r VT and 1 1 4 breath s /min fo r f .  The enpro fy l line 

grou p  ( 2 0  mg / kg s . c . ) s howed BL means o f  6 . 6  m l /min for VE' 

0 . 0 4 7  ml for VT and 1 4 3 breath s /min for f .  

S tat i s t i c a l  ana ly s i s  ( repe a ted mea sure s de s ign ) showe d 

a s i gn i f i cant di f fe rence in VE between t ime s ( F= 5 . 3 0 ,  p < 

0 . 0 1 )  and no s i gn i f i cant drug e f fec t s  ( F= 1 . 8 5 ,  p= 0 . 1 8 )  

but a sign i f ic ant i nte ract i on o f  drugs and t ime ( F= 2 . 0 3 ,  p 

< 0 . 0 1 )  ( ta b l e  4 ) . Arninophy l l ine incre a s ed VE i n  4 - to 7 -

day-old rats b y  4 4 %  above B L  a t  a pe ak t ime o f  2 0  m i n  

pos t i nje ction ( f i g . 1 4 ,  p < 0 . 0 1 ) . VE dec l i ned s teadi ly 

a fte r 2 0  mi n .  The incre a s e  i n  VE produced by ami nophy l l ine 

wa s pr ima r i ly due to a s i gn i f i cant incre a s e  in f (> 5 % ,  p < 

0 . 0 1 ) and a 3 0% i nc re a s e  in VT wh i ch wa s not s igni f i c an t ly 

d i f ferent from contr o l s  ( f igs . 1 5  and 1 6 ) . 
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S t at i stica l ana ly s i s  showe d no s ign i f i cant change i n  

VE at any time after i n j ect ion o f  2 0  mg / kg e npro fy l l i ne 

( f ig . 1 4 ) . Enpro fyl l ine peaked a t  5 min w i th an 1 8 %  

i ncrease above B L  ( p  > 0 . 0 5 ) . At othe r t ime s VE wa s 

e levated by le s s  than 7% . None o f  the s e  va lue s we re 

s i gn i f i cantly di f fe rent from contro l .  VT and f o f  

enpr o fy l l ine -treated rat s were not s igni f i cantly di f fe rent 

from e i the r sa l i ne or ami nophy l li ne ( f igs . 1 5  a nd 1 6 ) . 

Do s e  Re spon s e  o f  Enpro fy l l in e  i n  Newborn Rat s  

The 4 0  mg / kg e npro fy l l i ne group exhibi ted B L  me ans o f  

9 . 9  m l / mi n  for VE' 0 . 0 6 7  m l  fo r VT and 1 5 2  breath s /min fo r 

f .  B L  va lue s for the 8 0  mg / kg dose group were 9 . 6 ml / min , 

0 . 0 6 4 m l  and 1 5 3 b re a th s /min fo r VE' VT and f re spect ive ly . 

Stati stic a l  ana lys i s  re s u l ted i n  s ign i f i c ant di f fere nce s 

betwe en tre a tme n t s  ( F= 1 2 . 5 1 ,  p < 0 . 0 1 )  and interact i on ( F= 

2 . 9 9 ,  p < 0 . 0 1 )  ( tab l e  5 ) , but no t betwee n time s  ( F= 0 . 8 6 ,  

p= 0 . 5 8 ) . Enpro fy l l i ne ( 4 0  mg / kg )  s howe d stati s t i ca l ly 

s i gn i f icant de c re ase s i n  VE at 5 ,  1 5  a nd 4 0  m i n  ( p  < 0 . 0 5 )  

and 4 5  min ( p  < 0 . 0 1 )  when compared to the 2 0  mg / kg do s e  

( fi g . 1 7 ) . There we re no stati s t i c a l ly s i gn i f i cant 

c ha nge s in VT or f ( f i g .  1 8  and 1 9 ) . When compared to the 

2 0  mg / kg do s e , VE fo r 8 0  mg / kg do se wa s s ign i f i cant l y  

de cre a sed a t  5 mi n ( p  < 0 . 0 1 )  y e t  s igni f i cant ly incre a sed 

a t  5 0  a nd 6 0  min ( p  < 0 . 0 1 )  ( f i g .  1 7 ) . Aga i n , there we re 

no stat i s t i ca l ly s i gn i f i c ant cha nge s in VT or f ( fi g . 1 8  

and 1 9 ) . 

48 



Letha l Do se S t udy 

S even o f  the e ight pups g i ve n  the 80 mg / kg do se o f  

e npr o fyl l ine died betwee n  3 t o  8 hr s a f ter i nje c t ion . 

Short ly be fore de ath a pa le color to the pup s wa s noted . 

To determin e i f  de a th wa s caused by the dos e  o f  

e npro fy l li ne ( 8 0  mg / kg )  or the high p H  o f  the so lut ion ( pH= 

9 . 0 ) , 8 pups were i n j e c ted with a 0.9% NaC l solut ion with 

a n  adj usted pH o f  9 . 0 .  Pups we re inje c ted with vo lume s 

coinciding to tho s e  g ive n i n  the enpro fy l l i ne te s t s . N o  

pups di ed a fter re ce i v ing pH 9 . 0  NaC l  and n o  change s in 

beh avio r  were o b s e rve d . 
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F i gure 1 3a .  Re pre sentat i ve tra c i ng o f  rat re spi rat ion 
be fo re and a fter admi n i s t r a t ion o f  
aminophy l li ne. 
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Tab le 4 .  Two-way ANOVA , wi th repe ated mea su re s , o f  
aminophy l l ine and enpro fy l l i ne t ime cour se 
expe r iments for newborn rat s , n= 8 .  

* * *  ANO VA TABLE * * *  

S o urce DF S S  MS F p 

Treatment 2 1 6 9 0 3 . 7 4 8 4 5 1 . 8 7  1 .  8 5  0 . 1 8 
Error 2 1  9 6 1 4 1 . 6 9 4 5 7 8 . 1 8 

T i me 1 1  1 0 6 5 3 . 9 5 9 6 8 . 5 4 5 . 3 0 < . 0 1  
I nteraction 2 2  8 1 6 1 . 1 2 3 7 0 . 9 6 2 . 0 3 < . 0 1 
Erro r  2 3 1  4 2 1 8 6 . 9 9 1 8 2 . 6 3 
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F i gure 1 4 . E f fe ct o f  ami nophy l l ine and enpro fy l l i ne on 
minute venti lat ion in n ewborn rat s . Bar s 
i ndic ate mean + SEM . As teri s k s  indi c ate me ans 
s ign i f ic an t ly di f ferent from s a l ine contr o l s (* 
p < 0 . 0 5 ,  ** p < 0 . 0 1 ,  Tukey ' s  t e s t ) . 
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F igure 1 5 .  E f fe c t  o f  aminophy l l i ne and enpro fy l l ine on 
r e sp i ratory frequency i n  newborn r at s . Ba r s  
indi c ate me an + SEM . Aste r i s ks indic ate me an s 
s i gn i f i c antly di f fe rent from s a l i ne control s ( *  
p < 0 . 0 5 ,  * *  p < 0 . 0 1 ;  Tukey ' s  te s t ) . 
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F i gure 1 6 .  E f fe ct o f  ami nophy l l i ne and enpro fy l l i ne on 
t ida l vo lume in n ewborn r a t s . B a r s  indi cat e  
mean + S EM .  The re we re no s i gni f i cant 
di f fe rence s with ami nophy l l ine no r 
e npro fy l li ne . 
( p  > 0 . 0 5 ,  two -way ANOVA w i t h  repe a ted 

mea sure s ) . 

5 7  



Effect of Am inophy l l i n e  a n d  
En p rofy l l i n e  o n  Tida l Vo l u m e 

i n  N ewbo rn R a ts 
50..---��������---.. 

LEGEND 55 
50 

45 
40  
35 

> 30 
.� 25 
CD 20 Ol 
� 15  
-5 1 0  

� 5 
o �����-�_.__--t�-t-t 

-5 

- 1 0 
- 1 5 
- 20 
-25 .L--..f---+---i��--1--4-+�-+--+---+--f 

BL 1 0  20 30 40 50 60 
Minutes ofter injection 

5 8  

_ Saline 
_ _  AM 20 mg/kg 
_____ ENP 20 mg/kg 



Tab l e  5 .  Two-way ANOVA , wi th repe ated me a sure s , o f  
e nprofy l li ne do s e - r e spon s e  newborn ra t s , 
n= 6 .  

* * *  AN OVA TABLE * * *  

S o urce DF S S  MS F 

Treatment 2 4 1 3 8 4 . 2 9 2 0 6 9 2 . 1 5 1 2 . 5 1  
E rro r 1 5  2 4 8 0 4 . 1 7 1 6 5 3 . 6 1 

T ime 1 1  1 5 1 2 . 4 3 1 3 7 . 4 9 . 8 6 
I nteraction 2 2  1 0 5 2 5 . 5 8 4 7 8 . 4 4 2 . 9 9 
Error 1 6 5 2 6 3 5 7 . 4 8 1 5 9 . 7 4 

5 9  

p 

< .  0 1  

0 . 5 8  
< . 0 1 



F i gure 1 7 . E f fect o f  enpro fy l l i ne on minute ve nti l a t i o n  i n  
n ewborn rat s . B a r s  ind i c a te mea n  + SEM . 
Asteri s k s  indi cate me ans s ign i f i c ant ly 
d i f fe rent from 2 0  mg / kg contro l s  (* p < 0 . 0 5 ,  
** p < 0 . 0 1 ;  Tukey ' s  t e s t ) . 
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F i gure 1 8 .  E f fe c t  o f  enpro fy l l ine on re spi ratory frequency 
i n  newborn rat s . B a r s  ind i cate me an + S EM .  
There were no s igni f i c ant di f fe rence s-be twe e n  
dose s o f  enpro fy l l i ne . ( p  > 0 . 0 5 ,  two -way 
ANOVA with repe a ted me a su re s ) . 
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F i gure 1 9 .  E f fe ct of enpro fy l l i ne on t i da l  vo lume i n 
n ewborn rat s . Bars ind i c a te mean + S EM .  The re 
we re no s ign i f i cant di f ferenc e s  between do s e s  
o f  e npro fy l l in e . ( p  > 0 . 0 5 ,  two-way ANOVA w i t h  
repe ated mea su re s )  • 
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D I SCUSS I ON 

I t  ha s become incre a s i ng ly important to de termine the 

cause s of neonatal apne a . Apne a of prema tu r i ty , a 

c ondi tion often a s s o c i ated wi th sudde n in fant de ath 

syndrome ( S I DS ) , leads the cause s of de a th among prematu re 

i nfants (Naeye , 1 9 8 0 ) . Of gre at nec e s s i ty is the s tudy of 

tho s e  drugs pre s e n t ly be ing u se d  for the t r e a tment of apne a 

and the continued sea rch for a more e f fe c t i ve t r e a tme nt 

wi th fewe r  s ide e f fe c t s . 

As surmi sed from the li terature , a wide ly accepted 

hypothe s i s  behind the me chan i sm of apne a is the re lea s e  o f  

e ndogenou s ade no s i ne in the brain . Adeno s i ne may be 

re lea se d  in the br a i n  dur i ng an hypox i c  attack ( Winn e t  

a l . , 1 9 8 1 ) . Hy pox i a , a de f i c i ency o f  o xyg en a t  the t i s sue 

l eve l , may then cause e xte nded inte rrupt ion o f  the 

r e sp i ratory rhy thm that has previou s ly been re ferred to a s  

apne a ( Cr o s s  and Oppe , 1 9 5 2 ; Rigatto e t  a l . , 1 9 7 5 ) . 

Re sp iratory s t imu l ant s , such a s  theophy l l i ne and 

c a f feine , are p re s e n t ly be ing u sed for t r e a tme nt o f  

r ecurrent neonat a l  apnea ( Ar anda and Tu rmen , 1 9 7 9 ) . The 

e f fe c t s , as we l l  as the tox i c i ty , o f  t he MXs depend upo n 

subst i tuent group s be ing att ached to ce r t a i n  pos i t i o n s  o f  

the xanthine nuc leus . SAR s tudie s have shown that 

subs t i tut i on on the 1 -p o s i ti on i s  nece s s a ry for ade no s i ne 

antagon i sm wh i le the 3 - po s i t ion c ontribute s to 

b ronchod i lation . Theophy l l i ne ha s me thy l group s on both 

the 1 - and 3 -po s i t i on s  wh i le enpro fy l l i ne ha s a s ing le 
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p ropyl group on po s i t ion 3 .  S i nc e  enpro fy l l i ne conta i n s  no 

sub s t i tuent group on po s i t io n  1 it ha s ve ry l i t t l e  

ade no s i ne antagon i s t i c  capab i l i ti e s . Fo r the se re a sons 

enpro fy l l ine and theophy l l ine were cho s e n  for the pre s e n t  

s tud i e s ,  the ophy l l i ne repre senting a potent ade no s i ne 

antagoni st and enpro fy l l ine , a weak adeno s ine antagoni s t , 

i f  one at a l l . 

The hypothe s i s  wh i ch wa s te s t ed in the pre sent s tudy 

wa s that theophyl l i ne s timu late s re spi ration by adeno s i n e  

antagoni sm .  Ac cord i ng t o  th i s  hypothe s i s  theophy l l i ne 

would s t imulate re spirat ion and enpro fy l l ine wou ld not . 

En pro fy l l i ne had not , unt i l  recen t l y , been shown t o  

antagon i z e  adeno s ine re ceptor s in any t i s sue s . Fredholm 

and Pe r s son ( 1 9 8 2 )  did show tha t enpro fy l l i ne s e le ctive ly 

antago n i zed adeno s ine A 2 recepto r s  in rat h i ppocampa l 

s l ice s ,  howeve r at do se s muc h  gre a te r  than tho s e  u sed to 

produc e  bronchodi l a t i on . The se re su lt s we re supported by a 

pair o f  pape r s  ( Ukena e t  a l . , 1 9 8 5 : S c hwabe e t  a l . , 1 9 8 5 )  

i n  whi c h  data s howed tha t  enpro fy l l i ne ( 1 0 0  a nd 1 0 0 0  uM ) 

s t imu lated a de ny l ate cyc l a s e  by compe t i t ive ly antagon i z i ng 

ade no s i ne recepto r s  in human blood p l ate le t s , howeve r 

enpr o fy l l ine did not antagon i ze adeno s i ne i n  p l ate l e t  

aggregation stud i e s .  Se l e c t i v i ty o f  enpro fy l l i ne f o r  

e i the r A 1 o r  A2 rec eptor s wa s di sputed . However , Schwabe 

e t  a l . ( 1 9 8 5 )  showe d that enpro fyl l ine wa s a we ak 

a ntagoni s t  of adenos i ne , b e i ng le s s  potent than xanthi ne 

i t se l f , at A 1 receptor s of rat and bov i ne bra i n  and rat fat 
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c e l l s . In o the r pharmaco logica l s tudie s enpro fy l l i ne ha s 

b een shown not to antagoni z e  ade no s i ne receptor s o r  

stimu late t h e  C N S  ( Pe r s son e t  a l . , 1 9 8 2a ) . 

I t  i s  we l l -known tha t the ophy l l i ne s t imu l at e s  

re spiration ( Aranda and Turme n , 1 9 7 9 ; Pe r s son and F re dho lm , 

1 9 8 2 ;  Pe r s s o n  et a l . ,  1 9 8 2a , b ,  1 9 8 3 ) . I f  the re s p iratory 

stimu lant e f fe c t s  o f  theophy l l ine are indeed the re su lt o f  

aderio s i ne ant agoni sm then e npr o fy l l i ne shou l d  not s t imu l a te 

re spiratio n . The re su lt s o f  th i s  the s i s  support thi s 

hypothe s i s . 

There wa s con s i derab le va r i ab i l i ty in BL me an s be twe e n  

the three groups o f  mice i n  t h e  i n i t i a l  s tudy , howeve r the 

va lue s  fo r f we re con s i s tent wi th prev ious s tud i e s  

( McG i l li ard and - Takemo r i , 1 9 7 8 ) . The B L  me an s for V E  o f  

enpro fyl l ine a r e  much higher than ami nophy l l ine o r  

c ontro l s . Th i s  can be attribu ted to poo r random samp l i ng 

from a dive r s e  populat ion . Mice u sed for the cont r o l  

expe r iment s  came from fac i l i tie s whe re the temperature wa s 

kept fair ly con stant and the popu lat i on c lo s e ly mon i tored 

( L i fe Sci ence room 3 2 3 ) . Al though the se expe rime n t s  took 

p lace dur ing the month s of F ebruary and March the bu i lding 

t emperature ave raged 2 s0c .  Once thi s  popu l at ion wa s 

exhau sted a popu lation hou sed i n  a separate bu i lding ( the 

v ivarium)  wa s exp lo i ted . Thi s fa c i l i ty wa s muc h  co lde r and 

cage s more c r owde d . Coinc identa l ly ,  the se mi ce were used 

p r ima r i ly fo r enpro fy l l ine and a few ami nophy l l ine 

experime nt s .  Al though the re spi ratory studie s we r e  
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c onducted under con s tant condi tions fo r a l l  mi c e , the low 

ambi ent tempe rature s i n  wh ich the se an ima l we re b red and 

r a i sed may have re s u l ted in a hi ghe r me tabo l i c  rate , hence 

hi ghe r re spir atory rate . The ove rpopu l a t ion o f  c age s may 

have a l s o  contr i buted to di f fe rence s in BL through a s t re s s  

mec han i s m . To reduce the s e  prob lems a l l  anima l s  u sed in 

the do s e - r e spon se studi e s  were brought into the core 

fa c i lity and a s s i gned to separate c age s of 5 anima l s  or 

l e s s . The prob lem o f  randomi z ation wa s not s o  e a s i ly 

r e duce d . To e l iminate var i ab i l i ty due to the dive r s i ty i n  

B L  between anima l s , drug e f fe c t s  we re expre s sed a s  a 

percent change f rom the B L  va lue o f  each anima l . 

Aminophy l l ine , the e thy le ned i ami ne s a l t  o f  

theophy l l i ne , wa s cho s e n  for the se s tud i e s  be c au s e  o f  i t s  

improve d  solub i l i ty i n  wa ter . After i n j e c t ion i t  

di s so c i ate s re sult ing in theophyl l ine and e thy lenedi amine • 

. Aminophyl l i ne ( 2 0  mg / kg )  s timu lated re s p i ra t ion in both the 

adu lt mi c e  ( f i g . 5 ,  6 and 7 )  and the neonata l rats ( f ig . 

1 4 ,  1 5  and 1 6 ) . Minute ve nt i l at ion wa s incre a sed by a s  

much a s  3 0% i n  mice ( f i g . 5 )  and more than 4 0% i n  rat pup s 

( fi g . 1 4 ) . In 1 9 8 6  Runo ld and co l l e ague s pub l i she d  da ta 

from a s tudy s imi lar in s ome ways to the pre sent s tud ie s .  

Wi th unane s the t i z ed rabb i t  pup s they showe d that 

theophyl l ine ( 1 0  mg /kg ) s t imu lated re spi r a tion by more than 

2 0% o f  the contro l va lue . Theophy l l i ne tre atment a l so 

re s u lted in n�a r l y  comp lete reve r s a l o f  the re spi ratory 

depre s s ant e f fe c t s  o f  R- P IA .  Redne r et a l . ( 1 9 8 5 )  a l s o  



s howed that theophy l l in e  ( 5 0  mg / kg ) reve r sed the 

r e s p ira tory depre s sant e f fe c t s o f  P I A . S i nce P I A  ha s been 

s hown to be a pot ent A 1 receptor agoni s t  ( Ukena et a l . , 

1 9 8 5 ) , Runol d ' s  and Hedne r ' s  re su l t s  sugge s t  that 

theophy l l i ne had its e f fe ct by antagoni sm of the A 1 

re ceptor s i t e . The s e  data , u s i ng newborn rabb i t s , support 

the pre sent stud i e s  invo lving newborn rat s . 

Enpro fyl l ine i s  f ive t ime s  more potent than 

theophy l l i ne a s  a bronchodi lator ( Pe r s son and K j e l l i n , 

1 9 8 1 ; Lune l l  e t  a l . , 1 9 8 2 )  and cardi o s t imu l an t  ( Pe r s son e t  

a l . , 1 9 8 3 ) . When g iven a t  the same do s e  a s  ami nophy l l i ne 

( 2 0 mg / kg ) , enpr o fy l l ine did not s t imu late re spi ration i n  

e ithe r adu l t  mi ce ( fi g .  5 ,  6 a nd 7 )  o r  newborn rats ( f i g . 

1 4 ,  1 5  and 1 6 ) . - According to the l i te rature theophy l l in e  

mu s t  have i t s  re sp iratory e f fe c t s  b y  the mechani sm o f  

adeno sine antagon i sm .  

Eve n though no do s e -re spon se wa s de termined for do s e s  

o f  ami nophy l line ( 1 0 ,  2 0  and 4 0  mg / kg )  i n  adu lt mi c e , data 

dupl i cated that o f  the time course s tudi e s  n i c e ly ( f i g . 8 ,  

9 and 1 0 ) . S ince di f ference s we re not s i gni f i c ant i t  

a ppeared that the 1 0  mg / k g  do se may b e  the max imum do se a t  

which a n  e f fe c t  wi l l  b e  e l i c i ted for adu lt mi ce and do se s 

g re ater than tha t produce no greater s t imu l at i on . Do s e ­

re spon se s tudi e s  f o r  aminophy l l ine ( 1 0 ,  2 0  a n d  4 0  mg / kg ) 

w i th neonata l rats were f l awed . The re sp i ratory e f fe c t s o f  

the s e  do se s appeared t o  b e  mi nima l . Upon ana ly s i s  o f  data 

i t  wa s conc luded that the drug so lutions may no longer have 
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been e f fe c t ive . Enpro fy l l ine do s e - re s pon s e  s tudie s fo r th e 

adu l t  mic e  re s u l t ed i n  no s i gni f i cant di f fe rence s be twe en 

do se s nor wa s there any e f fe c t  on the re s p i rat ion of the s e  

a nima l s  ( fi g .  1 1 ,  1 2  a nd 1 3 ) . Do s e - r e spon s e  expe r iment s 

for the newborn rat s we re intrigu i ng ( f ig . 1 7 ,  1 8  and 1 9 ) . 

The 4 0  mg / kg dos e  s howed a s ign i f i c ant depre s s i on o f  VE 

compared to the 2 0  mg / kg do s e . The 8 0  mg / kg do se a l s o  

depre s sed re sp irat ion s l ight ly , but s i gn i f i cantly compared 

to the 2 0  mg / kg dose a t  5 mi n po s t i n j e c t i on . Howeve r with 

t ime VE wa s cons i s tently s t imu l ated to mo re than 3 5 %  above 

BL whi c h  wa s a s i gni f i c ant i n c re a s e . Th i s  e f fect i s  

puz z l i ng and pos s ib i l i t i e s end le s s . I t  i s  pos s i b le that 

enpro fy l l in e  ( 4 0  mg / kg } , provi ding i t  i s  a se le ct ive 

antagon i s t  of Ai a de no s i ne receptor s i te s  ( F redho lm and 

Per s son , 1 9 8 2 ) , may bind to the A 2 s i t e s  a t  thi s dose 

le avi ng on ly the A 1 s i te s  ava i l able fo r ade no s i ne binding . 

S ince A 1 s i te s  are re s pon s i b l e  for de cre a s i ng synthe s i s  o f  

ade nylate cyc l a s e  i t  may b e  po s s i b le that th i s  de crea s e  

c au s e s  re s p ira tory depre s s ion . Subsequent ly , i f  

enpro fy l l in e  ( 8 0  mg / kg }  binds to A 1 a s  we l l  a s  A2 s i t e s  

then a deno s ine ha s no ava i lab l e  b i nd i ng s i te re su l t i ng i n  

net synthe s i s  o f  adenyl ate cyc l a s e  and consequent i a l  

stimu lation in re s p i r a t i o n . 

S even o f  the e i ght rat pup s ( 8 8 % )  rece iving 8 0  mg /kg 

enpro fyl line died be twee n 3 t o  8 hr a fter i n j e c t io n . A fter 

s ome cons ideration , a fa ta l pH e f fect or le tha l drug e f fe c t  

were conc luded to be po s s i b le cause s .  Because no pups we re 
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k i l le d  when given a pH 9 . 0  NaC l s o lution i t  wa s de termined 

that 8 0  mg / kg enprofy l l in e  is a letha l d o s e  for neonata l 

r a t s . A pale color wa s noted j u s t  be fore de ath , but no 

unu sua l  beh avi o r  wa s obse rved . Although cau s e  of de ath i s  

uncerta i n , s i nce no convu l s i o n s  were ob s e rved CNS tox i c i ty 

wa s not con s i de red a s  the c au s e  o f  de a th . It i s  po s s ib le 

howeve r , tha t  convu l s i ons took p lace be twe en observa t i o n s  

or that t h e  toxi c ity o f  the enpro fy l l i ne s o lution wa s suc h 

that the CNS sys tem wa s seve re ly depre s s ed . In th i s  c a s e  

CNS t o x i c i t y  c ould be a po s s i b i l i ty wi thout ob serving 

c onvu l s i on s . The pa le color of the s k i n , howeve r ,  may 

indic ate a card i ova s cu lar comp l i ca ti o n . I f  enp ro fy l l ine i s  

i nde e d  5 t ime s greate r a cardi o s t imu l ant than theophyl l ine 

( Pe r s son et a l . ; 1 9 8 3 )  then the se rat pups may have d ied 

due to an incred i b l e  ins u l t  to the c ard i ova s c u l a r  sy s tem . 

No adu lt mice died from any o f  the enpr o fy l l ine do s e . · The 

8 0  mg / kg do se may have a f fe cted the rat pup s whi le not 

a f fe ct i ng adu lt mice s i nce ma ny drugs are me tabo l i z e d  mor e 

s lowly in newborn s than i n  adu lt s . I t  may a l so be po s s ible 

that the immature card i ova s cu la r  s y s tem c o u l d  be a f fected 

by th i s  drug to a greater ext ent than the more mature 

cardi ova s cu lar sy s tem of adu lt mice . Thi s comp l icatio n 

warrant s furthe r s tudy . 

I n  summary it wa s found tha t theophy l l i ne s t imu lated 

re sp i ration i n  adu lt mice and newbor� r a t s  wh i le 

e npr o fy l l i ne did not . There we re no s ign i f i cant 

d i f ference s be tween do se s of aminophy l l ine i n  the mice no r 

7 2  



we re the re any s igni f i c ant di f fe rence s betwe en enpro fy l l ine 

do se s in mic e . Enpro fy l l ine produced s igni f i c ant 

a l tera t ion s o f  respiration in newborn rats only a t  leth a l  

and near ly letha l dose s .  The se data support the hypothe s i s  

that the ophy l l i ne s timu l ate s re sp i r a t i on by adeno s i ne 

antagon i s m . 
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Appe ndix I .  E f fect o f � ami nophy l l ine and enpro fy l l ine on VE 
in adu lt mice with re spect to % change from 
b a se l i ne . 
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3 5 . 2  3 5 . 2  o . o  3 4 . 8  - 1 . 1  3 4 . 8  - 1 . l 3 4 .  8 - 1 . 1  3 3 . 6  4 .  6 3 6 . 0  2 . 3  3 7 . 2  5 . 7  3 8 . 0  8 . 0  3 7 . 6 6 . 8  4 0 . 0  1 3 . 6  4 0 . 0  1 3 . 6 4 0 . 0  1 3 . 6  
4 2 . 4 2 2 . 8  - 4 6 . 2  3 0 . 0  - 2 9 . 3  2 9 . 6  - 3 0 . 2  2 6 . 8  - 3 6 . 8  3 4 . 8  - 1 7 . 9  3 2 . 4 - 2 3 . 6  3 2 . 0  - 2 4 . 5  3 0 . 8  - 2 7 . 4  3 2 . 0  - 2 4 . 5  3 2 . 0  - 2 4 . 5  3 1 . 2  - 2 6 . 4  2 6 . 4  - 3 7 . 7  
3 9 . 2  4 4 . 8  1 4 .  3 4 0 . 8 4 .  1 4 3 .  2 1 0 . 2  4 0 . 2 2 .  6 4 3 . 2  1 0 .  2 4 3 .  6 1 1 .  2 4 3 . 2  1 0 .  2 4 3 . 6  1 1 .  2 4 0 . 8  4 . 1  4 0 . 0  2 . 0  3 8 .  4 2 .  0 3 8 . 4  2 . 0  

Me a n  3 5 .  3 3 3 . 9  - 3 . 1 3 5 . 3  1 .  1 3 5 . 3 l .  4 3 5 . 0  0 . 3  3 6 . 6 5 .  4 3 7 . 0  5 .  7 3 7 . 0  6 .  I 3 6 . 6  4 . 4 3 6 . 0  3 .  4 1 6 .  5 4 .  5 3 5 .  7 3 .  2 3 4 .  1 4 .  1 
S EH ! .  9 3 . 0  7 . 6  2 .  1 6 . 2 2 .  1 6 .  6 2 .  5 7 . 2 2 .  4 5 .  7 2 . 3  6 .  3 2 .  I 6 .  4 2 .  3 5 .  7 I .  7 5 .  4 2 .  1 5 .  7 I .  7 6 . 6  1 .  9 7 . 3 

%= % c h a n g e  i n  VE f r om ba s e l i ne 



Appendi x  I I .  E f fe ct o f  ami nophy l l i ne and e npro fy l l i ne on 
VE i n  neona ta l rat s wi th re spect to % change 
from b a s e l ine . 
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B L  5 mi n 1 0  mi n 1 5  mi n 2 0  mi n 2 5  m i n  3 0  mi n 3 5  mi n 4 0  mi n 4 5  min 5 0  min 5 5  m i n  6 0  m i n  
VE VE % VE % VE ' VE % VE ' VE ' VE % VE % VE % VE ' VE ' VE ' 

NaCl 3 1 . 5  3 1 .  8 1 .  0 2 8 . 5 - 9 . 5  2 6 . 7  - 1 5 . 2  2 5 . 5 - 1 9 . 1  2 4 . 2 - 2 3 . 2  2 4 . 0 - 2 3 . 8  2 4 . 8  - 2 1 . 2  2 4 . 0  - 2 3 . 8  2 8 ; 2  - 1 0 . 5  2 8 . 5  - 9 . 5  2 4 ." 0  - 2 3 . 8  2 6 . 3  - 1 6 . 5  

3 2 . 0  2 1 . 0  - 3 4 . 3  2 6 . 4  - 1 7 . 5  3 2 . l  0 . 3  3 2 . 4  1 . 3  3 3 . 6  5 . 0  3 0 . 0  - 6 . 3  3 1 . 8  - 0 . 6  3 0 . 0  - 6 . 3  2 6 . 4  - 1 7 . 5  2 4 . 0  - 2 5 . 0  2 3 . 4  - 2 6 . 9  2 3 . 7  - 2 5 . 9  

1 8 . 0  2 5 . 0  3 8 . 9  2 0 . 0  1 1 . 1  2 1 . 0  1 6 . 7  1 7 . 4 - 3 . 3  1 7 . 4  - 3 . 3  1 8 . 0  0 . 0  1 8 . 6  3 . 3  2 0 . 0  1 1 . 1  1 8 . 0  0 . 0  1 7 . 0  - 5 . 6  1 9 . 2  6 . 7  1 8 . 1  0 . 6  

2 4 . 0  1 2 . 6  - 4 7 . 5  1 2 . 6  - 4 7 . 5  3 1 .  8 3 2 . 5  2 7 . 3  1 3 . 8  2 8 . 2  1 7 . 5  2 6 . 4  1 0 . 0  1 8 . 4  - 2 3 . 3  2 6 . 4  1 0 . 0  1 8 . 0  - 2 5 . 0  2 2 . 0  - 8 . 3  2 1 . 0  - 1 2 . 5  2 1 . 5  - 1 0 . 4  

6 . 6  6 . 9  4 . 6  6 . 0  - 9 . 1  6 . 0  - 9 . 1  6 . 3  - 4 . 6  6 . 0  - 9 . l  6 . 0  9 . 1  6 . 0  - 9 . l  6 . 0  - 9 . l  5 . 7  - 1 3 . 6  6 . 0  - 9  . 1  6 . 0  - 9 . l  3 . 3  - 5 0 . 0  

7 . 5  8 . 1  8 . 0  8 . 4  1 2 .  0 8 . 4  1 2 . 0  7 . 8  4 . 0  7 . 5  o . o  8 . 1  8 . 0  6 . 0  - 2 0 . 0  6 . 6  - 1 2 . 0  6 . 9  - 8 . 0  8 . 1  8 . 0  7 . 5  0 . 0  7 . 8  4 . 0  

5 . 7 8 . 1  4 2 . l 6 . 9  2 1 . 1  7 . 5  3 1 .  6 7 . 2  2 6 . 3  6 . 9  2 1 . 1  6 . 9  2 1 . 1 7 . 2  2 6 . 3  6 . 9  2 1 .  l 6 . 6  1 5 .  8 6 . 3  1 0 .  5 6 . 6  1 5 . 8  7 . 2  2 6 . 3  

6 . 6  7 . 5  1 3 . 6  8 . 1  2 2 . 7  8 . 1  2 2 . 7  7 . 2  9 . 1  7 . 8  1 8 . 2  6 . 9  4 . 6  6 . 6  0 . 0  7 . 5  1 3 . 6  7 . 2  9 . 1  7 . 8  1 8 . 2  6 . 3  - 4 . 6  6 . 3  - 4 . 6  

Mea n  1 6 . 5  1 5 . l 3 . 3  1 4 .  6 - 2  . 1  1 7 . 7  1 1 .  4 1 6 .  4 3 . 4  1 6 . 5  3 . 3  1 5 . 8  0 . 6  1 4 . 9  - 5 . 6  1 5 . 9  0 . 6  1 4 .  6 - 6 . 2  1 5 . 0  - 2 . 6 1 4 . 3  - 6 . 8  1 4 . 3  - 9 . 6  

S EM 4 . 0  1 3 . 4  1 1 . 1  3 . 2  8 . 4  4 . 0  6 . 4 3 . 8  4 . 8  3 . 9  5 . 4  3 . 5  4 . 8 3 .  5 5 . 9  3 . 6  5 . 5  3 . 3  4 . 8  3 . 2  4 . 9  2 . 9  5 . 1 3 . 2  8 . 0  

AM 4 . 8  3 . 9  - 1 8 . 8  3 . 9  - 1 8 . 8  5 . 5  1 4 . 6  4 . 5  - 6 . 3  4 . 5  - 6 . 3  3 . 9 - 1 8 . 8 3 . 9  - 1 8 . 8 3 . 5  - 2 7 . l  4 . 0  - 1 6 . 7  3 . 3  - 3 1 . 3 4 . 2  - 1 2 . 5  4 . 5  - 6 . 3  

6 . 0  5 . 4  - 1 0 . 0  6 . 6  1 0 . 0  6 . 9  1 5 . 0  6 . 3 5 . 0  6 . 3  5 . 0  6 . 0  0 . 0  6 . 0  0 . 0  6 . 0  0 . 0  6 . 0  0 . 0  5 . 4  - 1 0 . 0  4 . 8  - 2 0 . 0  4 . 5  - 2 5 . 0  

3 . 6  4 .  8 3 3 . 3  5 . 7  5 8 . 3 6 . 9  9 1 .  7 8 . 1  1 2 5 . 0  6 . 3 7 5 . 0  5 . 4  5 0 . 0  5 .  1 4 1 .  7 5 . 1  4 1 .  7 5 .  1 4 1 .  7 4 . 8  3 3 . 3  4 . 8  3 3 . 3  4 . 8  3 3 .  3 

4 . 2  5 . 4  2 8 . 6  5 . 4  2 8 . 6  5 . 7  3 5 .  7 5 . 7  3 5 . 7  5 . 7  3 5 . 7  5 . 4  2 8 . 6  4 . 8  1 4 . 3  4 . 8  1 4 . 3  4 . 8  1 4 . 3  4 . 8  1 4 . 3  4 . 8  1 4 . 3  4 . 8  1 4 . 3  

6 . 3  6 . 6  4 . 8  6 . 6  4 . 8  7 . 8  2 3 . 8  7 . 5 1 9 . 0  5 . 4  1 4 . 3  5 . 4  1 4 . 3  5 . 4  1 4 . 3  5 . 7  9 . 5  5 .  1 9 . 0  3 . 6  4 2 . 9 3 . 0  5 2 . 4 3 . 0  5 4 . 4 

4 . 5  6 . 0  3 3 . 3  6 . 6  4 6 .  7 6 . 9  5 3 . 3  8 . 1  8 0 . 0  7 . 2  6 0 . 0  7 . 2  6 0 . 0  6 . 6  4 6 . 7  6 . 6  4 6 . 7  6 . 6  4 6 .  7 6 . 6  4 6 . 7  6 . 6  4 6 . 7  6 . 0  3 3 . 3  

5 . 4  6 . 9  2 7 . 8  6 . 9  2 7 . 8  6 . 9  2 7 . 8  8 . 1  5 0 . 0  6 . 6  2 2 . 2  6 . 3  1 6 . 7 6 . 3  1 6 . 2  6 . 0  1 1 . 1  6 . 0  1 1 . 1  6 . 0  1 1 . 1  6 . 0  1 1 . 1  6 . 0  1 1 .  l 

3 . 0  3 . 3  1 0 . 0  3 . 9  3 0 . 0  4 . 2  4 0 . 0  4 . 2  4 0 . 0  4 . 2  4 0 . 0  3 . 6  2 0 . 0  3 . 6  2 0 . 0  3 . 6  2 0 . 0  3 . 6  2 0 . 0  3 . 6  2 0 . 0  3 . 6  2 0 . 0  3 . 9  3 0 . 0  

Mea n 4 . 7  5 . 3  1 3 . 6  5 . 7 2 3 . 4  6 . 4  3 7 . 7 6 . 6  4 3 . 6  5 . 8  2 7 . 2  5 . 4  1 7 . 8 5 . 2  1 3 . 3  5 . 2  1 2 . 1 5 . 2  1 2 . 3 4 . 8  5 . 2  4 . 7  5 . 0  4 . 7  4 . 6  � 
S EM 0 . 4  0 . 4  7 . 2  0 . 4  8 . 6  0 . 4  9 . 0  0 . 6  1 5 . 0  0 . 4  1 1 . 1  0 . 4  1 0 .  0 0 . 4  8 . 4  0 . 4  8 . 7  0 . 4  8 . 5  0 . 4  1 0 . 9  0 . 4  1 1 .  3 0 . 4  1 1 . 1  00 

ENP 5 . 7  6 . 0  5 . 3  5 . 4  - 5 . 3  5 . 4  - 5 . 3 4 . 8  - 1 5 . 8 5 . 1  - 1 0 . 5  5 . 1 - 1 0 . 5 6 . 0  5 . 3  4 . 8  - 1 5 . 8  5 . 4  - 5 .  3 5 . 7  0 . 0  5 . 7  o . o  5 . 1  - 1 0 . 5  

8 . 7  7 . 8  1 0 . 3  7 . 8  .1 0 .  3 7 . 8  1 0 . 3  6 . 9  - 2 0 . 7  7 . 2  - 1 7 . 2  6 . 9  - 2 0 .  7 7 . 2  - 1 7 . 2  7 . 2  - 1 7 . 2  6 . 0  - 2 0 . 7  5 . 4  - 3 1 . 0  4 . 8  - 4 4 . 8  4 . 8  - 4 4 . 8  

6 . 6  1 2 . 0  8 1 . 8  9 . 0  3 6 . 4  8 . 0  2 1 .  2 8 . 4  2 7 .  3 7 . 5  1 3 . 6  5 . 4 - 1 8 . 2  6 . 0  - 9 . l 8 . 4  2 7 . 2 6 . 6  o . o  6 . 0  - 9 . l  6 . 3  - 4 . 6  6 . 3  - 4 . 6  

7 . 8  7 . 5  - 3 . 9  6 . 0  - 2 3 . 1  7 . 2  - 7 . 7  7 . 8  0 . 0  8 . 4  - 7 . 7  7 . 8  0 . 0  6 . 6  1 5 . 4  7 . 2  - 7 . 7  7 . 2  - 7 . 7  6 . 3  - 1 9 . 2  7 . 5  - 3 . 9  6 . 6  - 1 5 . 4  

6 . 6  8 . 1  2 7 . 7 7 . 8  1 8 .  2 9 . 2  9 . 1  8 . 1  2 2 . 7  7 . 2  9 . 1  7 . 8  1 8 . 2  8 . 4  2 7 . 3  9 . 8  1 8 . 2  8 . 7  3 1 . 8  8 . 1  2 2 . 7 7 . 8  1 8 . 2  8 . 4  2 7 . 3  

6 . 0  7 . 2  2 0 . 0  6 . 3  5 . 0 6 . 3  5 . 0  6 . 3  5 . 0  6 . 6  1 0 . 0  8 . 1  3 5 . 0  7 . 5  2 5 . 0  8 . 4  4 0 . 0  8 . 1  3 5 . 0  8 . 4  4 0 . 0  8 . 7  4 5 . 0  7 . 5  2 5 . 0  

5 . 7  5 . 1 1 0 . 5  6 . 0  5 . 3  6 . 0 5 . 3  6 . 3  1 0 . 5 6 . 0  5 . 3  6 . 6  1 5 . 8 6 . 6  1 5 . 8  5 . 1  - 1 0 . 5  5 . 4  - 5 .  3 6 . 6  1 5 . 8  6 . 6  1 5 . 8  6 . 3  1 0 .  5 

6 . 0 7 . 2  2 0 . 0  7 . 3  2 0 . 0  7 . 8  3 0 . 0  9 . 0  5 0 . 0  8 . 4  4 0 . 0  7 . 8  3 0 . 0  7 . 5  2 5 . 0  6 . 0  0 . 0  8 . 1  3 5 . 0  7 . 2  2 0 . 0  7 . 2  2 0 . 0  7 . 8  3 0 . 0  

Mea n  6 . 6  7 . 6  1 8 . 2  6 . 9  8 . 4  7 . 0 8 . 5  7 . 2  9 . 9  7 . 0  5 . 3  6 . 9  6 . 2  7 . 0  1 0 . 9  6 . 9  4 . 3  6 . 9  7 . 9  6 . 7  4 . 9  6 . 8  5 . 7  6 . 6  4 . 8  

S EM 0 . 4  0 . 7  1 0 . 0  0 . 4  6 . 3  0 . 3  4 . 4  0 . 5  5 . 3  0 . 4  6 . 3  0 . 4  1 '. 6 0 . 3  5 . 9  0 . 5  7 . 6  0 . 5  7 . 9  4 . 0  8 . 4  0 . 4  9 . 2  0 . 4  9 . 0  



Appe n d i x I I I  

Samp l e  compu ta t i o n  of s im p l e  ma i n  e f fe c t s  ( Wi ne r , 1 9 6 2 ) : 

Va r i a t ion due to t r e a tme n t s  a t  2 0  m i n  a f t e r  i n j e c t io n .  

S SA a t  2 0  m i n = ( S um o f  2 0  m i n  NaC l l
2 

+ ( S u m  o f  2 0 m i n  AM l
2 + ( S u m  o f  2 0  m i n  EN P } 2 

- 8 5 . 4 9
2 + 2 6 7 . 7 5

2 + 2 . 5 6
2 

MS
A a t  2 0  m i n  

9 8 7 5 . 6 4 4 7 - 1 4 2 3 . 2 6 8 0  
8 4 5 2 . 3 7 6 7  

S SA a t  2 0  m i n  

r - 1 
8 4 5 2 . 3 7 6 7  

2 
= 4 2 2 6 . 1 8 8 4  

s s
w i t h i n  cel l 

= s s
e r r o r  A + s s

e r r o r  

7 2 6 6 0 . 7 5 + 2 1 8 9 7 . 4 6  
9 4 5 5 8 . 2 1  

MS
w i t h i n  c e l l 

,. S SW ce l l  

r e  ( n - 1 1 
9 4 5 5 8 . 2 1  

2 5 2  
3 7 5 . 2 3 1 0  

F = MSA a t  2 0  m i n  

MS
w i th i n  ce l l  

4 2 2 6 . 1 8 8 4  
3 7 5 . 2 3 1 0  

.. 1 1 . 2 6 2 9  

Compared to t a bu l a ted F . O l  1 2 , 2 5 2 1  = 
4 . 8  

Con c l u s i o n : T h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t r e a tme n t s  
a t  2 0  m i n  ( p  < 0 . 0 1 }  

Sa mp le compu t a t i o n  o f  Tu k e y ' s  Mu l t i compa r i son Te s t  ( S t e e l a n d  To r r i e , 1 9 8 0 ) : 

Compa r i son o f  t r e a tmen t me a n s  a t  2 0  m i n  

Tukey ' s w
0 . 0 1  = q 0 . 0 1 ( 3 , 2 5 2 ) x Sy 

s- = y 
MS

w i t h i n  ce l l  

n 

3 7 5 . 2 3 1 0  
8 

6 . 8 4 8 6 

Tukey ' s  wO . O l 4 . 1 5  x 6 . 8 4 8 6  

Tu key ' s  w 0 • 0 5 
= 3 . 3 3 x 6 . 8 4 8 6  

2 8 . 4 2 1 7  

2 2 . 8 0 5 8  

Di f ferences b e t we e n  t r e a tm e n t  me a n s  a t  2 0  m i n : 
SAL - AM =  3 3 . 4 6 8 8  - ( - 1 0 . 6 8 2 5 )  

= 
4 4 . 1 5 1 3  

SAL - ENP = 0 . 3 2 0 0  - ( - 1 0 . 6 8 2 5 )  = 1 1 . 0 0 2 5  

Conc l u s ion : Am i noph y l l i ne VE a t  2 0  m i n  i s  s i g n i f i ca n t l y  g r e a t e r  t h a n  s a l i ne 
( p  < 0 . 0 1 ) . 

E n pr o f y l l i ne VE i s  not s i g n i f i c a n t l y  d i f fe r e n t  f rom s a l i ne 
( p  > 0 . 0 5 ) . 
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