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Perhaps c r e d i t  f o r  the  e a r l i e s t  o b serv a tio n  of mammalian lung 

s u r fa c ta n t  should go no t to  workers of the p resen t cen tu ry  however, 

b u t to  F red e ric  Marten who recorded  the  fo llow ing  in  I 67I  under the 

heading ”How they ca tch  the w hale":

"When the  whales blow up th e  w ater, they f l in g  out w ith  i t  some 

f a t t i s h  substance th a t  f lo a ts  upon the  sea  l ik e  sperm, and th is  f a t  

the  Mallemucks devour g re e d ily , of which sev e ra l thousands a tten d  

him, so th a t  a  whale o ften  ha th  more a tte n d a n ts  than a  k ing  h a th  

se rv a n ts  • "

•••  c i te d  in  Lung S u rfa c ta n t ( Goerke, 1974)*
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SUMMARY

This th e s is  begins w ith  an in tro d u c tio n  which d escrib es  the 

ro le  of pulmonary s u rfa c ta n t and the  evidence th a t  a pulmonary 

s u rfa c ta n t d e fic ien cy  in  th e  neonate can lead  to  R esp ira to ry  

D is tre s s  Syndrome. R esp ira to ry  D is tre s s  Syndrome i s  a se rio u s  

problem producing a h igh  in c id en ce  of m o rta lity  and m orbidity  

in  the premature neonate. Lung m atu ra tion  and the  production  

and p ro p e rtie s  of s u rfa c ta n t  a re  o u tlin e d . The sy n th es is  of 

two of the more im portan t jjp lm o n ary 'su rfac tan t phospholip ids, 

l e c i th in  and p h o sp h a tid y lg ly ce ro l, a re  b r ie f ly  exp la ined . 

A tten tio n  i s  drawn to  the  f a c t  th a t  f e t a l  lu r^  m atu rity  cannot 

be in fe r re d  from g e s ta tio n a l  age, em phasising the n e c e ss ity  

of biochem ical t e s t s  to  a s s e ;^ f e ta l  lung s ta tu s .  The in tro ­

duction  concludes w ith a b r ie f  d e s c r ip tio n  of some of the t e s t s  

of f e t a l  lung m atu rity .

The p r in c ip a l aims of th e  work described  in  th is  th e s is  

were:

(a) to  a sse ss  the^ 'leo ith in /sp h in g o m y elin  (L /s ) r a t io ,  l e c i th in  

co n cen tra tio n , the p a lm itic  a c id  co n cen tra tio n , percentage 

p a lm itic  ac id  and p a lm itic  a c id / s te a r ic  acid  r a t io ,u s in g  

the acetone p re c ip i ta b le  l i p id s  ex tra c te d  from am niotic 

f lu id  samples, and a ls o  to  ev a lu a te  the more ra p id  s u r f -

-  a c ta n t t e s t s ,  the bubble s t a b i l i t y  t e s t  and the  sp e c tro -  

photom etric a n a ly s is -o f  am niotic  f lu id ,  and to  compare 

th e i r  r e l i a b i l i t y  f o r  p re d ic tin g  f e t a l  lung m atu rity .

(b) to  a sse ss  the value of a  t e s t  which determ ines. the f e t a l



lung phospholipid  p r o f i l e ,  a technique which i s  used in  North 

American C entres, but as  fax  as  i s  known, not y e t used in  - 

B r i ta in .

(c) to  determ ine the  e f f e c t  of g e s ta tio n a l  age on the r e s u l t s  

obtained from the  v a r io u s  t e s t s .  ;

(d) to  sep a ra te  the  v a rio u s  phospholip ids by h . p . l . c .  This 

i s  a technique which has as  y e t only been used to  sep ara te  

l e c i th in  and sphingom yelin and no t the o ther phospho lip ids.

The use: o f - th i s  technique as  a c l in ic a l  to o l fo r  determ ining 

f e t a l  lung m atu rity  was to  be assessed .

(e) to  in v e s tig a te  the  e f f e c t  of acetone p re c ip i ta t io n  on 

am niotic f lu id  p h o sp h o lip id s , in  terms of s e le c tiv e  p r e c ip i t ­

a tio n  of phospholip ids co n ta in in g  sa tu ra te d  f a t ty  ac id s  and

a comparison of the r e l i a b i l i t y  of the L/S r a t io  determ ined 

on the to t a l  l i p id  e x tr a c t  w ith  the  L/S r a t io  determ ined on 

the acetone p re c ip i ta b le  e x t r a c t .

The assessm ent of th e  L/S r a t io ,  le c i th in  co n cen tra tio n , 

spectrophotom etrio  a n a ly s is  and bubble s ta b i l i t y  t e s t  confirmed 

th a t  the problem i s  no t in  in d ic a tin g  f e t a l  lung m atu rity , but 

r a th e r  in  id e n tify in g  f e t a l  lung im m aturity which was much more 

d i f f i c u l t  to  p re d ic t r e l ia b ly .  The f a t ty  ac id  a n a ly s is  of - 

am niotic f lu id  l ip id s  allow ed de term ination  of the percentage 

p a lm itic  a c id , p a lm itic  a c id  co n cen tra tio n , and the  pa lm itic  

a c id /s te a r ic  a c id  r a t i o ,  which although numbers were sm all, 

gave promising r e s u l t s .

The f e t a l  lung phospho lip id  p ro f i le  (the main fe a tu re s  

of which were the L/S r a t i o  and the presence o r absence of 

phosphatidy lg lycero l) was determ ined by a  s tandard  2D t . l . c .



technique and i t  waa found to  be moat accu ra te  in  id e n tify in g  

f e t a l  lung s ta tu a .  T herefore , fo r  la b o ra to r ie s  w ith ready 

access to  t . l . c .  techniques i t s  use would be h igh ly  recommended 

fo r  determ ining f e t a l  lung m a tu rity .

The e f f e c t  of g e s ta tio n a l  age on the  l/S  r a t io ,  l e c i t h in  

c o n c en tra tio n  and spectropho tom etric  a n a ly s is  showed an expon­

e n t ia l  r e la t io n s h ip  w ith  an obvious in c rease  in  s u rfa c ta n t 

around 54 weeks of g e s ta tio n . No re la t io n s h ip  was found between 

the  p a lm itic  ac id  con ten t of the  am niotic f lu id  l ip id s  and 

g e s ta tio n a l  age. However, in  a l l  t e s t s  th e re  was a considerab le  

in d iv id u a l v a r ia t io n  a t  each g e s ta tio n a l  age.

With s u ita b le  e lu tin g  columns and so lv en ts  the h . p . l . c .  

was shown to  be e f fe c t iv e  in  sep a ra tin g  the am niotic f lu id  

phospholip ids and th e  r e s u l t s  compared w ell w ith those ob tained  

by t . l . c .  and phosphate a n a ly s is .  However, the h . p . l . c .  would 

be too u n re lia b le  f o r  use as a c l in ic a l  to o l,  but may have a 

ro le  as a u se fu l re sea rch  techn ique .

Acetone p r e c ip i ta t io n  was found to  p re c ip i ta te  the a c id ic  

phospho lip id s, and sphingom yelin. Only 50% of the  l e c i th in  was 

p r e c ip i ta te d .  Not a l l  the  u n sa tu ra ted  f a t ty  ac id s  were removed 

by acetone p r e c ip i ta t io n ,  nor were the sa tu ra te d  f a t ty  ac id s  

com pletely p r e c ip i ta te d  however, the l i p id  e x tra c t  was en rich ed  

w ith  s a tu ra te d  f a t t y  ac id s  a f t e r  t h i s  s te p . I t  was concluded 

th a t  the  L/S r a t io  waa a  more r e l ia b le  p re d ic to r  of f e t a l  lung 

m atu rity  a f t e r  the am niotic f lu id  l i p i d  e x tra c t had been acetone 

p re c ip i ta te d .
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INTRODUCTION



CHAPTER ONE

1 .1  In tro d u c tio n

R esp ira to ry  D is tre s s  Syndrome (RDS), a lso  known as Hyaline Membrane 

D isease (HMD), i s  a  se rio u s  problem producing a  high inc idence o f 

m o r ta l i ty  and m orb id ity  in  th e  prem ature neonate. Although th e  

p a e d ia tr ic  management o f th e  problem has g re a tly  improved, th e  a b i l i t y  

to  p re d ic t  th e  r i s k  o f the neonate developing RDS p r io r  to  d e liv e ry  has 

been one of the  most im portan t advances in  o b s te tr ic s  over re c e n t 

y ea rs  (O b s te tr ic s  and Gynaecology Survey, 1975)*

S u rfa c ta n t has been shown to  be e s s e n t ia l  in  the lung because i t  

m ain ta in s a lv e o la r  s t a b i l i t y .  The development of adequate amounts o f 

s u r f a c ta n t  as the  fe tu s  m atures i s  an e s s e n t ia l  prelude to  the  

e f f i c i e n t  fu n c tio n in g  o f the  n eonata l lung, and s u r fa c ta n t  d e fic ien c y  

le a d s  to  th e  development o f RDS (Avery and Mead, 1959)*

1 .  2____ The P ro p e rtie s  and Functions of Lung S u rfa c tan t

I t  was d iscovered  in  1929 th a t  lungs were more d i f f i c u l t  to  i n f l a t e  

w ith  a i r  than  w ater, and i t  was concluded th a t  the  n a tu ra l  in f l a t io n  

o f th e  lung  req u ired  a  low su rfac e  ten sio n  a t  th e  a i r / lu n g  in te r f a c e  

(von Neergard c ite d  in  Goerke, 1974)* This work was only  developed 

much l a t e r  by î'iacklin (1954) and P a t t le  (1955) who d escrib ed  the  

p ro p e r tie s  o f f lu id  su rfaces  and su rface  ten sio n  fo rc e s . P a t t le * s /



work d iscu ssed  the  n a tu re  and e x te n t o f surface  ten sio n  fo rce s  in  the  

a lv eo lu s  in  terms of La P la c e 's  Law and the  s p e c if ic  value o f the 

su rface  ten s io n  of a lv e o la r  l iq u id  l in in g .  The p ressu re  (p) req u ire d  

to  m ain ta in  the a lveo lus p a te n t i s  given by equation  ( i )  :

ï L  , ,
r  .................................................... ( i )

where r  = rad liis  of a lv eo lu s  and X =  surfaoe te n s io n .

This equation  emphasises the  f a c t  th a t  during  e x p ira tio n , when the 

r a d i i  o f  th e  a lv e o li  d ecrease , the  ten s io n  in  the a lv e o li  w alls  in c re ­

a se s , tend ing  to  cause them to  co llapse*  This tendency could be 

co un terac ted  by in c re a s in g  in t r a - a lv e o la r  p re ssu re , by " sp lin tin g "  the 

a lv e o la r  w alls  o r by reducing  the  te n s io n  in  the l iq u id  l in in g  in  the 

w a lls . The maintenance o f an in c reased  in tra - a lv e o la r  p ressu re  fo r  

long  periods i s  im possible a l t h o u ^  th e  neonate w ith  RDS does a ttem pt 

to  do th i s  by in c re a s in g  in t r a th o ra c ic  p ressu re  by exh a lin g  a g a in s t a  

p a r t i a l l y  c losed  g l o t t i s ,  which produces the c h a r a c te r is t ic  g ru n tin g  

noted  in  RDS. "S p lin tin g "  has been proposed as a  p o ss ib le  mechanism 

in  man, th is  being  achieved by s o l id i f i c a t io n  of s u rfa c ta n t as the 

su rfa ce  f ilm  becomes compressed (Morley e t  a l .  I 98I ) .  However, of 

c ru c ia l  im portance i s  the  e f f e c t  o f  s u rfa c ta n t  which reduces the  

su rface  te n s io n  to  below 10 -  12 dynes cm"^. A fu r th e r  im portan t
a

c h a r a c te r is t ic  o f lung  s u r fa c ta n t  i s  the compress a b i l i ty  o f  the  su rfao e  

f ilm , su rface  ten sio n  f a l l i n g  as the  su rface  a rea  o f the f ilm  d ec rease s .

S u rfa c ta n t i s  a  l ip o p ro te in  complex, and c a re fu l biochem ical a n a ly s is  /



from mature anim als has defined  most of i t s  c o n s titu e n ts*  Although the 

exact percentages vary  from study to  s tudy  th e re  i s  g eneral agreement 

on the  b a s ic  substances and th e i r  approximate p roportions in  lung 

s u rfa c ta n t ( ta b le  1*1).

Lika v i r tu a l ly  a l l  n a tu r a l ly  o ccu rrin g  phospho lip ids, pulmonary 

phospholip ids a re  r e a l ly  fa m ilie s  of compounds* Thus p h o sphatidy lcho line , 

a lso  c a lle d  l e c i th in  ( f ig u re  l . l ) ,  c o n s is ts  of a group of compounds,

1 ,2  d ia c y l-sn -g ly c e ro -5  phosphoryl cho lines w ith d i f f e r e n t  f a t ty  ac id s 

a ttached*  The f a t t y  ac id  e s te r  groups u su a lly  comprise e i th e r  p a lm itic  

ac id  and s te a r ic  a c id ,  o r  u n sa tu ra ted  f a t t y  acids# The im portance o f 

the  type of f a t t y  a c id  re s id u e  in  the  fu n c tio n  o f phospholip ids in  c e l l  

membranes has been ex ten s iv e ly  reviewed (Quinn, 1981).

l,2 rd ip a lm ito y l-8 n -g ly o ero -5 -p h o sp h o ry l choline i s  the  major su rface  

a c tiv e  compound in  lung s u r fa c ta n t .  P u rif ie d  d ip a lm ito y l l e c i th in  has 

p ro p e rtie s  th a t  a re  very  s im ila r  to  lung  su rfa c ta n t in  th a t  i t  reduces 

su rface  te n s io n , and produces a  com pressible su rface  f ilm . I t  appears 

th a t  only th e  d is a tu ra te d  le c i th in s  give th is  dram atic red u c tio n  in  

su rface  te n s io n  and th e  req u ired  dependence o f su rface  ten sio n  on the  

su rface  a re a  o f th e  f ilm  (King e t  a l . 1972). The nex t most abundant 

phospholip ids p re sen t in  the mature lung s u rfa c ta n t  a re  phosphatidy lg l— ■ 

y c e ro l and p h o sp h a tid y lin o s ito l. The exact fu n c tio n  of these  phospholi­

p ids in  lung  s u r fa c ta n t  i s  no t y e t known. However, i t  i s  p o ssib le  th a t  

p h o sp h a tid y lg ly cero l has an im portan t ro le  in  determ ining  the  p ro p e rtie s  

o f pulmonary s u r f a c ta n t ,  perhaps by s t a b i l i s in g  the su rface  film  

(Hallman & Gluck, 197&)* C erta in ly  the  absence o f p h osphatidy lg lycero l 

i s  a sso c ia te d  w ith  a h i ^  r i s k  of RDS (Gluck e t  a l . 1979)» a f a c t  

confirmed in  th i s  th e s i s ,  P h o sp h a tid y lin o s ito l does no t appear to  have 

any im portant ro le  as a su rfac tan t*
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T a b le  1 .1  The c o n s t ! tu e n ta  o f  lu n g  s u r fa c t a n t

C arefu l biochem ical a n a ly s is  from mature anim als has defined  most 

o f i t s  co n s titu en ts*  A lth o u ^  th e  exact percentages v a iy  from study  

to  s tudy  th e re  i s  general agreement in  th e  b as ic  substances and th e i r  

approxim ate p ro p o rtio n s  in  lung s u r fa c ta n t .

(from Harwood, J.L . D esai, H. Hexi, P . T e tley , T. R ichards, R ., 

Biochem. J .  (l975) 151, 707-714* » and from a ch ap te r by U sategu i- 

Gome% in  Amniotic F lu id , John Wiley and Sons, New York) *



LIPID 90% w/w

L ip ids % w/w t o t a l  l i p i d

P hosphatidy lcho line  72.6%

P hospha tidy lg lycero l 4*5%

P h o sp h a tid y lin o s ito l 4*5%

Phosphatidylethanolam ine 4*1%

C h o les te ro l 3*2%

T riacy lg ly ce ro l 4 * ^

Sphingomyelin 2.1%

Lysophosphatidylchol ine 0.2%

U n id en tified  Others 1 .0^

U n e s te r if ie d  P a tty  Acids 2.6%

PROTEIN 10% w/w

P ro te in s  % w/w t o t a l  p ro te in

Immunoglobulin G 7*5%

Immunogl o b u lin  A 0 . ^

Cerul opl asmin 0.4%

Albumin 62.6%

P o st Albumins 8.5%

T ra n s fe r r in  l6.9%

The l i p i d  c o n s ti tu e n ts  of am niotic f lu id  are  from Harwood e t .  a l .

(1975)» and the  p ro te in  c o n s titu e n ts  a re  from Usategui-Gomez,1974*



F ig u r e  1 .1  The s te r e o c h e m is tr y  o f  p h o s p h a t id y lc h o lin e

P hosphatidy lcho line  a lso  c a lle d  l e c i th in ,  c o n s is ts  

of a group o f compounds, 1 ,2  d iacy l-sn -g ly ce ro -3  phosphoryl 

ch o lin es w ith  d i f f e r e n t  f a t ty  a c id s . .

R and R* re p re se n t the  d if f e r e n t  f a t ty  a c id s .

X re p re se n ts  ch o lin e .
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S c a rp e ll l  e t  ^  ( I 967) rep o rted  th a t  sphingomyelin has a source in  

th e  lu n g , h u t th i s  phospholipid  does no t appear to  have an im portan t 

r o le  as a  s u r f a c ta n t .  However, the  sphingomyelin co n cen tra tio n  in  

am nio tic  f lu id  i s  t h o u ^ t  to  rem ain r e la t iv e ly  co n stan t and, as w il l  

he shown l a t e r ,  may he used as an in te rn a l  s tandard  in  the de term ina t­

io n  o f f e t a l  lung  m a tu rity  (Gluck e t  1971)#

The presence o f phosphatidylethanolam ine, p h o sp h a tid y lse rin e , 

d ia o y lg ly c e ro ls , t r ia c y lg ly c e ro ls , u n e s te r if ie d  f a t ty  ac id s  and 

ly so p h o sp h a tic^ lch o lin e  in  lung  m a te r ia l has been e s ta b lis h e d . The 

co n c en tra tio n  o f some o f these  compounds changes as the fe tu s  m atures, 

a lthough th e i r  fu n c tio n  i s  g en e ra lly  obscure.

The  ̂ p ro te in  components of am niotic f lu id  th a t  have been id e n t i f ie d  a re  

immunoglobulin G* t r a n s f e r r in ,  post-album in p ro te in s , g ro u p -sp e c ific  

p ro te in s ,  and album in, to g e th e r  w ith  o th e r u n id e n tif ie d  p ro te in s  (Gikas 

e t  a l .  1977)# C e rta in  o f th ese  p ro te in s  are  probably involved in  the  

p roduction , s e c re t io n  and deg radation  o f s u r fa c ta n t.

1 .3  S ynthesis o f L e c ith in  and P hosphatidy lg lycero l in  Lung

The type I I  a lv e o la r  e p i th e l ia l  c e l l s  a re  g en era lly  be liev ed  to  be 

re sp o n s ib le  f o r  the  production  o f s u rfa c ta n t (Niden, 19&7)# The path­

ways fo r  the sy n th e s is  o f l e c i th in  in  the lung are  now f a i r l y  w ell 

understood (van Golde, 1976; Gurr ^  1980) and the c o n tr ib u tio n

of these  pathways to  the sy n th es is  of d ipa lm itoy l l e c i th in  in  

s u r fa c ta n t  have been in v e s tig a te d  and the conclusions drawn from th is  

work a re  o u tlin e d  below (van Golde, 1976).

6



In  th e  de novo sy n th e s is  of l e c i th in ,  phosphatid ic  ac id  ( f ig u re  1 ,2 ) ,  

may be sy n th es ised  e i th e r  from sn -g lycero l-3 -phosphate  o r from 

dihydroxyaoetone phosphate . P hosphatidate  phosphohydrolase (3 . 1 . 3 . 4 ) 

ca ta ly se s  the  conversion  o f phosphatid ic  ac id  in to  d iac y lg ly o e ro l 

(f ig u re  1*3 ) .  M a c ly g ly c e ro l r e a c ts  w ith GDP-oholine, which i s  synth­

e s ise d  from ch o lin e  by the s e q u e n tia l a c tio n  of cho line k inase (2 % A % .) 

and cho line  phosphate c y t id y ly l tra n s fe ra s e  (2.7.7*15)» to  y ie ld  

l e c i th in ,  a re a c t io n  which i s  ca ta ly sed  by cho line  phospb tra n s fe ra s e .  

There i s  abundant evidence th a t  t h i s  CBP-choline or a c tiv a te d  a lco h o l 

branch o f the Kennedy Pathway ( I 96I )  i s  the major pathway fo r  the 

de novo sy n th e s is  o f l e c i th in  in  the  lung . Although N -m ethylation o f 

phosphatidylethanolam ine has been dem onstrated in  the lung , i t  i s  now 

g en e ra lly  b e liev ed  th a t  th i s  pathway i s  of minor s ig n if ic a n c e  fo r  the 

form ation o f l e c i t h in  in  the a d u lt  and f e t a l  lung,
A'

The r e a l  problem in  the sy n th es is  o f l e c i th in ,  and many phosphoglycer- 

id e s ,  i s  the  mechanism(s) which g iv e s  r i s e  to  the s p e c if ic  f a t t y  ac id  

com position and d i s t r ib u t io n  between p o s itio n s  one and two on the 

phosphoglycerol u n i t .  The CDP—ch o lin e  pathway in  the  lung produces 

predom inantly phosphatidy lcho lines co n ta in in g  p a lm itic  ac id  a t  the one 

p o s it io n  and an u n sa tu ra te d  f a t t y  ac id  a t  the two p o s itio n  (van Golde,

1976) .

These novo sy n th es ised  u n sa tu ra ted  phosphatidy lcholines could be 

rem odelled in to  d ip a lm itoy lphosphatidy Icho line  by means of a t  l e a s t  

two p o ss ib le  mechanisntô ( f ig u re  1 .4 ; f ig u re  1,3)*



F ig u r e  1 ,2  S y n th e s is  o f  P h o s p h a tid ic  Aoid

In  the  novo sy n th e s is  o f l e c i th in ,  phosphatid ic  ac id  may be sy n th esised  

e i th e r  from sn -g ly c e ro l—3—phosphate o r from dihydroxyacetone phosphate.

P hospha tidate  phosphol^rdrolase c a ta ly s e s  th e  conversion  of phosphatid ic  
a c id  in to  d iacy lg ly ce ro l*



3 s n  g l y c e r o l  p h o s p h a t e

or  d i h y d r o x y a c e t o n e  p h o s p h a t e  

. +  Acyl -CoA

glycerol - 5 phosphate 
acyl - transferases (l and 2)

P h o s p h a t i d i c  Acid

A phosphatidate Phosphohydrolase
pi^i

1 , 2 - D i a c y l g i y c e r o l
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F ig u r e  1 ,5  D é a c y la t io n  -  T r a n s a c y la t io n  P r o o ess

D nsaturated phosphatidy lcho lines could be rem odelled in to  d ip a lm ito y l-  

p hosphatidy lcho line  by a  d éa cy la tio n  -  tra n sa c y la tio n  cy c le . The f i r s t  

s te p  in  th is  process i s  th e  removal of th e  u n sa tu ra ted  f a t t y  ac id  by 

phospholipase Ag. The ly s o le c i th in  a c y ltra n s fe ra se  ca ta ly se s  the 

t r a n s f e r  of the  pa lm ito y l moiety from one molecule o f 1 -p a lm ito y l-sn - 

g lycero-5-phosphocholine, which r e s u l t s  in  the form ation  o f d ipalm itoy1- 

phosphatidy lcho line  and glycero-3-phosphocholine (van Golde, 1976),



CHOLINE

i choline kinase PHOSHÎATIDIG ACID

PHOSPHOCHOLINE
^  phospbatecyiVdylyltransferase

CDP ,C H O L I N E - 1,2 DIACYIGLYCEROL
'I choline phospho transferase

LECITHIN



(a ) a  d e a c y la tio n -re a c y la tio n  cycle

(b) a  d éacy la tio n —tra n sa c y la tio n  process.

The f i r s t  s te p  in  both processes i s  th e  removal of the u n sa tu ra ted  

f a t t y  ac id  by phospholipase Ag ( 3 .1 .1 .4 )* In  the f i r s t  p rocess the  

l-p a lm ito y l-sn -g ly c e ro -3 —phosphocholine produced by the phospholipase 

Ag could  be re a c y la te d  w ith  palmitoyl-CoA to  y ie ld  dipalm itoylphospha- 

t id y lc h o lin e ,  a  re a c tio n  which i s  ca ta ly sed  by lyso  le c i th in ra c y l  CoA 

a c y ltra n s fe ra se  (2 .5 .1 .2 3 )  (Lands, I960; Erbland, 1963). lu  the 

second p o ss ib le  mechanism ly s o le c i th in  acy l tra n s fe ra se  c a ta ly se s  the 

t r a n s f e r  o f th e  palm itoy l m oiety from one molecule o f 1 -p a lm ito y l-sn - 

g ly o ero-3-phosphocholine, which r e s u l t s  in  the form ation o f 

d ipalm i toy  Ipho s phat id y lch o l in e  and g lycero-3—phosphocholine. These 

p rocesses a re  a c tiv e  in  th e  lung , and are presumed a c tiv e  in  the  type 

I I  a lv e o la r  c e l l s ,  producing l e c i t h in  (van Golde, 1976), bu t d e ta i le d  

s tu d ie s  have in d ic a te d  th a t  the f i r s t  process i s  most im portant 

(van Heusden e t  a l . 1980).

P h ospha tidy lg lycero l i s  sy n th es ised  by the pathways shown in  f ig u re  

1 ,6 . P hosphatidate  c y t id y ly l  t ra n s fe ra s e  ca ta ly se s  the conversion  o f 

phosphatid ic  ac id  in to  G D P-diaoylglycerol and phosphatidy lg lycero l i s  

produced by th e  a c tiv e  GDP-diaoyl g ly c e ro l pathway (van Golde, 1976),

1 .4  Lung M aturation and S u rfa c ta n t Production

Lung development can be d iv id ed  in to  anatom ical and biochem ical a sp e c ts . 

Anatomical development begins in  e a r ly  embryonic l i f e  and, in  the  human, 

a lv e o la r  buds appear a t  around 24 — 26 weeks of g e s ta tio n  and tru e  a lv e o li /
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F ig u re  1 .3  S y n t h e s is  o f  L e o ith in

P hosphatidate  phosphohydrolase c a ta ly se s  the  conversion o f phosphatid ic  

ac id  in to  d ia c y lg ly c e ro l .  D iacy lg ly cero l re a c ts  w ith  GDP-oholine, 

which i s  sy n th esised  from cho line  hy the  se q u e n tia l a c tio n  o f cho line  

k inase  and ch o lin e  phosphate c i ty d tJL y ltran sfe rase , to  y ie ld  l e c i th in ,  a  

re a c tio n  which i s  c a ta ly sed  by ch o lin e  phosph# tra n s fe ra s e  (van Golde, 

1 9 7 6 ) .



LECITHIU LECITHIN

[OSPHOLIPASE A,
ACYL-CoA-LAT

ACYL GoA

LYSOLECITHIN

ACYL-CoA-LAT ==lysopho3phatidylcholine a c y ltra n s fe ra se  

S = sa tu ra te d  f a t t y  a c id  H = u n sa tu ra ted  f a t t y  a c id
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Figure l.A  D éacylation  -  R eacy lation  Cycle

ÎJnsaturated  phosphatidy lcho lines could be rem odelled in to  d ip a lm ito y l-  

phosphatidy lcho line  by a  d éacy la tio n  -  re a c y la tio n  cy c le . The f i r s t  

s te p  in  th is  p rocess i s  the removal o f the  u n sa tu ra ted  f a t ty  ac id  by 

phospholipase Ag. The 1-palm itoyl-sn -g ly c e ro -3 —phosphocholine produced 

by the  phospholipase Ag could be re a c y la ted  w ith  palmitoyl-CoA to  y ie ld  

d ip a lm ito y lp h o sp h a tid y lch o lin e , a re a c tio n  which i s  ca ta ly sed  by ly so  

le o i th in :a c y l  CoA a c y ltra n s fe ra se  (Lands, I960; Erbland, 1965)#



u
LECITHIN LECITHIN

EOSPHOLIPASE A,LAT

LYSOLECITHIN

LAT = lysophosphatidylcholine-lyaophosphatidylcholine acyltransferase 
S =» saturated fatty acid II = unsaturated fatty acid
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F ig u r e  1 * 6  ■ S y n th e a ia  o f  F h o a p h a t id y lg ly c e r o l

P hosphatidate  c y tid y ly l t ra n s fe ra s e  (CTP) c a ta ly se s  the  conversion  

of phosphatid ic  ac id  in to  CLP-diacyl g ly ce ro l and ph o sp h atid y l- 

glyceroL i s  produced hy the a c tiv e  G D P-diacylglycerol pathway 

(van Golde, 1976).



P H O S P H A T I D I C  A C I D

PPi
C I  P

C D P -  D I G L Y C E R I D E

s n-G I y ç  e r o l-3-p h o s  p h a t  e

C M P

O S P H A T I D Y L G L Y C E R O L

P H O S P H A T E

Pi

P H O S P H A T D Y L G L Y C E R O L
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a re  fomid from about 5 4 — 55 weeks# Biochemical development proceeds 

w ith  the  appearance o f l e c i th in  a t  around 24 — 26 weeks# A sm all bu t 

s tead y  in c re a se  in  l e o i th in  co n ce n tra tio n  con tinues u n t i l  around 54 

weeks when th e re  i s  a  sudden r i s e  in  the r a te  of s e c re tio n  in d ic a tin g  

m atu ra tion  o f the  lung* Fan to rs  such as m aternal d ia b e te s  m e ll i tu s ,  

h y p erten sio n , antepartum  haemorrhage and in tra r-u te r in e  growth r e ta rd ­

a t io n  have been recogn ised  to  in flu en c e  these  m a tu ra tio n a l processes# 

(Gluck e t  al# 1975» Obladen e t  al#  1979)* I t  i s  th i s  in d iv id u a l 

v a r ia t io n  in  th e  tim ing  o f lung  m atu ra tion  which u n d erlin e s  the  weak­

ness in  u s in g  g e s ta tio n a l  age as an estim ate  o f f e t a l  lung  m a tu rity , 

and s tren g th en s  the need f o r  a  s p e c if ic  in d ic a to r  o f  lung m aturity# 

During the  f i r s t  h a l f  o f pregnancy the  am niotic f lu id  i s  formed by 

d if fu s io n  acro ss  the f e t a l  s k in  and f e t a l  membranes. However, a f t e r  

20 weeks the f e t a l  sk in  undergoes k é r a t in is a t io n  becoming impermeable 

and f e t a l  u r in e  i s  the  m ajor c o n tr ib u to r  to  the am niotic f lu id  

( f ig u re  1#7)# The lung produces a  co n sid e rab le  volume of f lu id  each 

day and a lthough the  bulk  o f i t  i s  swallowed, the rem ainder, co n ta in in g  

lu n g  s e c re tio n s , passes in to  the am niotic f lu id *

A nalysis of am niotic  f lu id  can provide in fo rm ation  concern ing  the 

s t a t e  o f lung  m atu ra tio n  because, as a lread y  d e sc rib e d , lung  se c re tio n s  

e n te r  the am niotic cav ity*  Amniotic f lu id  can be ob tained  e i th e r  

d i r e c t ly  by am niocentesis o r ,  when the  am niotic membranes a re  rup tu red  

by drainage from the vagina* D eterm ination o f f e t a l  lung  m atu rity  may 

by achieved by an assessm ent o f the su rface  te n s io n  o f the  am niotic 

f lu id  o r the id e n t i f i c a t io n  o f substances which a re  components o f the  

lung  su rfa c tan t#  There a re  d i f f e r e n t  techniques a v a ila b le  to  determ ine/
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F ig u re  1 .7  A m niotio  F lu id  Form ation  and Removal i n  Pregnancy

This f ig u re  i l l u s t r a t e s  the  known and p o s tu la te d  s i t e s  o f am niotic 

f lu id  form ation and removal in  pregnancy.

(From Seeds, A. E* in  A. G. B am es, Ed*, In tr a u te r in e  Development, 

Lea and F eh iger, P h ila d e lp h ia , 1968, p . I 58. )



placenta

a k n i o t i c  ™ i d
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f e t a l  lung  m a tu rity  by a n a ly s is  o f am niotio f lu id ,  some o f whioh w il l  

be described  in  d e t a i l  l a t e r .  No s in g le  t e s t  p re d ic ts  f e t a l  lung 

m a tu rity  w ith  ab so lu te  e e r ta in ty  and i t  i s  the overeill aim of th is  

th e s is  to  p re sen t evidence as to  th e  r e l i a b i l i t y  and d iag n o stic  value 

o f these  v arious tech n iq u es .

The t e s t s  which were ev a lu a ted  a re  described  below,

1 .5  The Bubble S ta b i l i t y  T est

The Bubble S ta b i l i ty  T e s t, which may a lso  be re fe r re d  to  as the Foam 

T e s t, Shake T e s t, o r Rapid S u rfa c ta n t T est, was f i r s t  in troduced  in  

1972 (elem ents e t  a l ) and was an a ttem pt to  d i r e c t ly  determ ine the  

s u rfa c ta n t  q u a l i t i e s  of th e  am niotic  f lu id .  This inexpensive t e s t  i s  

usebl w idely th ro u ^ o u t  th e  w orld, demanding l i t t l e  in  the  way o f 

e x p e r t is e ,  A p o s it iv e  t e s t  n e a r ly  always in d ic a te s  the  presence o f 

mature lu n g s, a lthough  a  n eg a tiv e  t e s t  i s  much le s s  r e l i a b le ,

1 .6  Spectrophotom etrio  A nalysis o f  Amniotic KLuid

This procedure, f i r s t  in tro d u ced  by Sbarra and co-workers (1976), 

ev a lu a tes  the  tu rb id i ty  o f the  am niotic  f lu id ,  which in c rea se s  w ith  

g e s ta tio n a l  age . R esu lts  in d ic a t in g  mature f e t a l  lungs a re  more 

r e l ia b le  than  those in d ic a t in g  immature f e t a l  lu n g s,

U n fo rtunate ly , rep o rte d  s tu d ie s  have only r e la te d  the  spectrophotom et- 

r i c  a n a ly s is  o f am niotic  f lu id  to  lec ith in /sp h in g o m y elin  r a t io s  (l/S  

r a t io s )  (S barra  e t  a l ,  1978); i t  may be more r e a l i s t i c  to  c o r re la te  

the  o p tic a l  d e n s ity  w ith  g e s ta t io n a l  age and i t  may be fa l la c io u s  t o /
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im ply th a t  spectrophotom etrio  a n a ly s is  w il l  n e c e s sa r i ly  in d ic a te  f e t a l  

lu n g  m aturity# This p o in t has been in v e s tig a te d  and d iscussed  in  the  

th e s is#

1 .7  The L e c ith in  C oncentration

Chemical methods to  determ ine the  am niotic f lu id  l e c i th in  co n cen tra tio n  

have been developed (Bhagwanani ^  a l # 1972; B iezensk i, 1972) b u t do 

n o t appear to  be in  common u se . R ecently  a prom ising enzymatic method 

has been in troduced  (B eu tle r  e t  a l # 1979) which es tim a tes  the  t o t a l  

l e c i t h i n  co n cen tra tio n  in  am niotic  f lu id #  This enzymatic d e te rm in a tio n  

i s  more rap id  and the  technique i s  much le s s  lab o rio u s  than  chem ical 

methods used# The e s tim a tio n  o f l e c i t h in  co n cen tra tio n  i s  u n re l ia b le  

in  th e  presence o f blood o r meconium s in ce  red  blood c e l l s  co n ta in  

l e c i t h i n .  F u rth e r, the  c o n c en tra tio n  of a s in g le  substance in  the 

am nio tic  f lu id  i s  a f fe c te d  by changes in  am niotic f lu id  volume#

1 .8  The Lecithin/S-phingom velin R atio  ( L /B  R atio)

The e s tim a tio n  of the lec ith in /sp h in g o m y e lin  (L /s ) r a t i o  by one­

d im ensional th in  la y e r  chromatography ( l  D - t . l . c . )  has become a  

s tan d a rd  t e s t  o f f e t a l  lung  m a tu rity  and i t  has been evalua ted  by a  

number o f in v e s t ig a to rs  ( Gluck e t  a l#  1975; W h itfie ld  e t  a l .  1975; 

Donald e t  1975)* The d iffe re n c e  between th i s  technique and th a t  

o f ev a lu a tin g  the l e c i th in  c o n ce n tra tio n  i s  th a t  sphingom yelin a c ts  as 

an " in te rn a l  s tandard" and reduces the  e f f e c ts  o f changes in  am niotic  

f lu id  volume on the l e c i t h in  concen tra tion#  The r e l i a b i l i t y  o f  the  

l/ s r a t i o  has re su lte d  in  the  t e s t  becoming an im portan t a id  in  o b s te t­

r i c  d e c is io n  making# The presence of blood or meconium in  the  am niotic

17



f lu id  in te r f e r e s  w ith  the  d e te rm in a tio n  o f the L/S r a t io  as i t  does 

w ith  the  e s tim a tio n  of l e c i th in  c o n c e n tra tio n , smd th is  f a c t  reduces 

the d ia g n o s tic  value o f the  t e s t .  The e f f e c t  of contam ination on the 

am niotic f lu id  l/S r a t io  and th e  u n c e r ta in ty  o f the p re d ic tiv e  value 

when the  L/S r a t i o  in d ic a te s  immature f e t a l  lu n g s, has led  to  the 

development o f o th e r  t e s t s  o f  f e t a l  lung  m a tu rity .

1 .9  The Lung Phosuholip id  P ro f i le

As p rev io u sly  mentioned a  number of d i f f e r e n t  phospho lip ids, a p a r t 

from le c i th in  and sph ingonyelin , a re  to  be found in  the  am niotic f lu id  

and a re  thought to  o r ig in a te  in  th e  f e t a l  lung  (P fleg e r e t  a l . 1971) • 

Together they  comprise the  lung  phospholip id  p ro f i le  and have been 

id e n t i f ie d  as p h o s p h a tid y lin o s ito l,  pho sp h a tid y Ig ly o ero l, p h o sp h a tid y l- 

ethanolam ine and p h o sp h a tid y lse rin e . P h o sp h a tid y lin o s ito l and phospha- 

t id y lg ly c e ro l  a re  considered  to  be o f s ig n if ic a n c e  in  lung m atu ra tion  

(Hallman ^  a l . 1976), the  l a t t e r  b e in g  a  p a r t ic u la r ly  im portant 

f a c to r .  Using th e  phospholip id  p r o f i l e ,  i t  i s  p o ss ib le  to  estim ate  

the  l/ s r a t i o  and to  q u a n ti ta te  th e  o th e r  phospho lip ids, e s p e c ia lly  

p h o sp h a tid y lin o s ito l and p h o sp h a tid y Ig ly ce ro l.

S tu d ies  of p h o sp h a tid y lg ly ce ro l a re  a ls o  u se fu l in  e v a lu a tin g  phospho­

l ip id s  from am niotic f lu id  th a t  i s  contam inated w ith  blood o r meconium 

because p h o sp h a tid y lg ly ce ro l i s  found in  n e ith e r  contam inant.

1.10 F a tty  Acid Composition o f Phospholinids in  Amniotic F lu id

Techniques have been developed to  e s tim a te  the co n cen tra tio n  o f 

p a lm itic  ac id  in  am niotic f lu id  as an index of f e t a l  lung m a tu rity .
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Warren and co lleag u es (1974) dem onstrated a  rap id  in c rease  in  p a lm itic  

ac id  co n cen tra tio n s  a t  a  g e s ta tio n a l age o f about 55 weeks, and th e re  

was a  reasonab le  c o r re la t io n  between p a lm itic  ac id  le v e ls  and the  L/S 

r a t i o .

The e s tim a tio n  of p a lm itic  ac id  le v e ls  in  am niotio f lu id  i s  in v a lid a te d  

by the  presence o f blood o r meconium, and a lso  by a l te r a t io n s  in  amnio— 

t i c  f lu id  volume. To overcome th is  l a t t e r  problem s te a r ic  ac id  has been 

used as re fe re n c e  substance to  p a lm itic  ac id  (O 'N eil a l , 1978|

Sîkirar e t  a l .  1975).
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CHAPTER TWO

2 .1  M ateria ls

The ro u tin e  chem icals used were u s u a lly  A nalar grade (BDH Chemicals 

L td , ,  Poole, D orse t, BH12 4UN) when a v a ila b le  o r o therw ise the b e s t 

commercial grade a v a ila b le .  Only d o u b le -d is t i l le d  w ater was u sed .

The fo llow ing  chem icals were ob tained  from the su p p lie rs  l i s t e d .

S i l i c a  g e l 60H (M erck,, BDH Chemicals L td ,,  Poole, D orse t, BH12 4NN) 

Phospholipid and F a tty  Acid Standards ( Sigma Chemical Company L td ,, 

Poole , D orset, BEL? 7NH)

Gas Chrom Q (100-120 mesh)(Chromatography Serv ices L td ,, Hoylake, 

W irra l, M erseyside)

S i la r  IOC (Applied Science L a b o ra to rie s , P ie rce  and W arriner L td , , 

C hester)

P o ra s i l  column 50cm x  4mm I.D , c o n ta in in g  ju P o ra s il  (Waters A ssociates 

( i n s t , )  L td .,  ïfe r tfo rd , Northwioh, C heshire , CW2 2AH),

2 .2  Methods

2 ,2 ,1  C o llec tio n  o f Amniotic F lu id

Amniotio f lu id  samples were c o lle c te d  by am niocen tesis , by v ag in a l 

d ra inage or a t  caesarean  s e c t io n s .  Samples contam inated by blood o r /
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meconium were no t d isc a rd e d ,

2 .2 .2  C en trifu g a tio n

The bulk  of the am niotic f lu id  sample was cen trifu g ed  im m ediately fo r  

f iv e  minutes a t  llOOg ( 5OOO rpm on an MSE minor c e n tr ifu g e )  (M easuring 

and S c ie n t i f ic  Equipment L td , ,  Manor Royal, Crawley, Sussex, England) 

and th e  su p ern a tan t removed fo r  a n a ly s is ,

2 .2 .5  S torage

In  most cases a n a ly s is  o f th e  am niotic  f lu id  specimen was performed on 

th e  day of c o l le c t io n .  When th i s  was no t p o ssib le  th e  su p ern a tan t was 

s to re d  a t  -20^C,

2,2,4. Phospholipid  E x tra c tio n

usually
The phospholip ids w ere/'ex tracted  from am niotio f lu id  by adding 

th re e  volumes o f chloroform tm ethanol (2*1 v /v ) (C h r is t ie ,  1975)* The 

m ixture was shaken v ig o ro u s ly  and cen trifu g ed  fo r  f iv e  m inutes a t  

llOOg, This gave a  c le a r  se p a ra tio n  of the upper aqueous la y e r ,  

i n t e r f a c i a l  p ro te in  la y e r ,  and the  lower chloroform  la y e r  c o n ta in in g  

the  ex tra c ted  p h o sp h o lip id s . This chloroform  la y e r  was tra n s fe r re d  

in to  a  c e n tr ifu g e  tube and evaporated  to  dryness a t  60°C u s in g  a  

stream  o f n itro g e n ,

2 .2 .5  Acetone P r e c ip i ta t io n

The acetone p r e c ip i ta t io n  o f  l ip id s  was c a rr ie d  out as describ ed  by 

B orer ^  a l  ( l9 7 l)*
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The t e s t  tube co n ta in in g  th e  e x tra c te d  l ip id s  was cooled in  crushed 

i c e ,  0,25  ml o f ic e -c o ld  acetone was added and the tube a g ita te d  

s l i g h t l y .  A w hite m a te r ia l could be seen  on the w alls and in  th e  t i p  

o f the  tu b e . An a d d it io n a l  0 ,75  ml o f ic e -c o ld  acetone was then  added. 

The tube was cooled in  ic e  f o r  f iv e  m inutes and c en trifu g ed  a t  llOOg 

f o r  one minute and the  so lu b le  f r a c t io n  was e i th e r  d isca rd ed , or 

tra n s fe r r e d  to  ano ther tube and evaporated  to  dryness and saved fo r  

f u r th e r  a n a ly s is .  The tube co n ta in in g  the  acetone in so lu b le  p r e c ip i t ­

a te  was evaporated  to  dryness in  a  stream  of n itro g en  to  remove any 

rem aining ace to n e ,

2 ,5  One—Dimensional Thin Layer Chromatography (iD t . l . c . )

The acetone p r e c ip i ta te  (Methods, 2 ,2 ,5 )  was re-suspended in  30 u l  of 

ch loroform , 15 u l  o f whioh was then  sp o tte d  onto a  th in  la y e r  o f 

s i l i c a  g e l H u s in g  a  Hamilton sy rin g e  w ith  a  square ended n eed le . The 

th in  la y e r  was made from a  s lu r r y  o f  s i l i c a  g e l H w ith  5% w/v ammonium 

su lp h a te  s o lu t io n  and a  la y e r  0,3mm th ic k  spread on to  a  20 cm x 20 cm 

b o r o s i l ic a te  g la ss  p la te  (Anchor G lass L td ,,  London). The p la te s  were 

a c tiv a te d  by h e a tin g  a t  llO^C f o r  tw enty minutes befo re  u se . S tandard 

chromatography techniques were u sed . The so lv en t was chloroform : 

methanol : w ater : g la c ia l  a c e t ic  ac id  (6 5 :2 5 :4 :8  by v o l) and the chromato­

graphy p la te  was developed in  th i s  so lv en t in  the ascending d ire c t io n  

to  10 cm above th e  o r ig in  in  a  Shandon t , l , c .  tan k .

The p la te  i s  removed from the  tan k , d r ie d  a t  70^0 fo r  f iv e  m inutes and 

then  charred  on a ho t p la te  a t  250°G to  v is u a l is e  the  l i p i d s .  The 

l ip id s  appeared as brown-black sp o ts  on a  white background a f t e r  th is  

tre a tm e n t. The se p a ra tio n  o f l e c i t h in  and sphingomyelin i s  shown i n /
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f ig u re  2 ,1 .  The phospholip id  sp o ts  u su a lly  appeared w ith  w ell defin ed  

edges auad the  a re a  of the  sp o ts  was determ ined p la n im e tr ic a lly  by 

m easuring bo th  th e  maximum le n g th  and b read th  o f the spo t ( f ig u re  2 ,1 ) ,  

The a re a  of the  l e c i th in  sp o t d iv ided  by the  a rea  of the  sphingom yelin 

sp o t allow ed c a lc u la t io n  o f the  L/S r a t i o .  An L/S r a t io  o f 2 ,0  was 

used as  the  c r i t i c a l  v a lu e , s in ce  th is  was the c r i t i c a l  value adopted 

by Gluck e t  ^  ( l9 7 l)*

2 .4  Two-Dimensional Thin Layer Chromatography

The technique o f tw o-dim ensional th in  la y e r  chromatography (2D t . l . c * )  

has been d escrib ed  by Kulovich ^  a l  (1979)* The acetone p re c ip i ta b le  

phospholip ids were d isso lv ed  in  30 u l  of chloroform , 15 u l  of which 

was then  sp o tted  onto a s i l i c a  g e l H t . l . c ,  p la te  u s in g  a  Hamilton 

sy rin g e  w ith  a square ended n e ed le . The th in  la y e r  i s  made from a  

s lu r r y  o f s i l i c a  g e l H c o n ta in in g  5% w/v ammonium su lp h a te  so lu tio n  

and a  la y e r  0 .3  mm th ic k  spreeid onto 20 cm x  20 cm b o ro s i l ic a te  g la ss  

p la te s ,  and the  p la te s  a c tiv a te d  by h e a tin g  a t  110°C f o r  twenty 

m inutes befo re  u se .

The sample was sp o tted  5 cm from th e  r ig h t  hand s id e  and 3 cm from the 

bottom o f the  edge o f a  f r e s h ly  a c t iv a te d  p la te  ( f ig u re  2 ,2 ) ,

5 u l  o f  2 ,5  mg/ml” ^ p h o sp h a tid y lg ly ce ro l s tandard  was sp o tted  onto the  

bottom  o f th e  l e f t  hand s id e  o f th e  p la te  3 cm from the s id e  and 3 cm 

from the  bottom  edge of the  p la te ,  and a  fu r th e r  5 -^  o f phosphatidy l­

g ly c e ro l s tan d ard  was p la te d  a t  the  r ig h t  hand s id e  3 cm from the  top 

and s id e  edges as shown in  f ig u re  2 ,2 ,
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ELgure 2.1 The L/S Ratio

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 .2 .1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 ,2 .4 )  

and acetone p r e c ip i ta te d  (Methods, 2 ,2 ,5 ) .  The se p a ra tio n  o f , l e c i th in  

and sphingom yelin by one dim ensional t . l . c .  (Methods, 2 ,5 ) i s  shown.

The a rea  of the  spo ts  was determ ined p la n im e tr ic a lly  by m easuring 

bo th  the  maximum le n g th  and b read th  of the sp o t. The a rea  of the  

le c i th in  sp o t d iv id ed  by the  a rea  of the  sphingonye 1 in  sp o t allow s the  

c a lc u la tio n  o f the  L/S r a t i o .

1 re p re se n ts  l e c i th in  

S rep re se n ts  sphingom yelin 

a -a  re p re se n ts  maximum len g th  o f le c i th in  

b-b re p re se n ts  maximum b read th  o f l e c i th in



I# II
I

t

Immature 
l/s ratio

m ature 
l / s r a t io
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F ig u re  2 ,2  The Lung P h o sp h o lip id  P r o f i l e

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 ,2 .1  and 

cen trifu g ed  (Methods, 2 .2 ,2 ) ,  The l ip id s  were e x trac te d  (Methods, 2 .2 ,4 ) 

and acetone p re c ip i ta te d  (Methods, 2 .2 ,5 ) ,  A standard  2D t . l . c ,  

technique was used to  se p a ra te  the. phospholipids (Methods, 2 ,4 ) ,

0 re p re se n ts  the o r ig in  where th e  l ip id  e x tra c t  was sp o tted ,

re p re se n ts  the p h o sp h a tid y lg ly cero l s tandard  which has 
t r a v e l le d  w ith the f i r s t  so lv en t system ,

PGg rep re sen ts  the p h o sp h a tid y lg ly cero l s tandard  which has 
t ra v e l le d  w ith  the second so lv e n t system ,

S re p re se n ts  sphingomyelin 

L re p re se n ts  l e c i th in  

PS rep re sen ts  p h o sp h a tid y lse rin e  

PI re p re se n ts  p h o sp h a tid y lin o s ito l 

PE rep re sen ts  phosphatidylethanolam ine 

PG re p re se n ts  p h o sp h a tid y lg ly cero l
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#
4
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f
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A stan d a rd  2D t . l . c #  technique was used. The f i r s t  so lv en t was 

ch lo ro fo rm ;m e th an o l:w a te r:g lac ia l a c e t ic  acid  (65:25:4*8 by v o l)  and 

the so lv en t f ro n t  was allowed to  develop in  an ascending d ire c t io n  to  

10 cm, above the o r ig in .  The p la te  was removed from the  chromatography 

tan k , d r ie d  a t  70°C fo r  f iv e  m inutes, turned a t  r ig h t  angles and 

placed in  the second so lv e n t system of te  trah y d ra fu r an : dime thoxy- 

me thane : me thano l : IM ammonium hydroxide (40:28,5:7*8 *4*2 by v o l) .  This 

new so lv en t f ro n t  was allow ed to  develop in  an ascending d ire c t io n  

fo r  a f u r th e r  10 cm. The p la te  was removed from the chromatography 

tank , d r ie d  a t  100°C, and then  charred  a t  250°C. The se p a ra tio n  of 

th e  phospholip ids i s  shov/n in  f ig u re  2 .2 , They appear w ith  w e ll-  

defined  edges in  most c a se s . The a rea  o f the spo ts was estim ated  

p la n im e tr ic a lly  and the  L/S r a t io  c a lc u la te d . I f  req u ired  the  phospho­

l i p id  phosphain^E co n ten t was then determ ined by sc rap in g  the  spo ts  from 

the  p la te  in to  c le a n  tubes and e s tim a tin g  the phosphate in  each spo t 

(Methods, 2 ,5 ,1 ) .

2 .5  Phosphate Assay
The phosphate assay  was based on the  technique of Kankara £ t  ^  ( l9 7 l)  

and i s  d esc rib ed  below,

2 ,5 .1  Recovery o f Phospholip ids from t . l . c .
The phospholip ids were scraped from the  p la te  in to  c lean  tubes ready

fo r  d ig e s tio n , and th e  g e l blank was made from an a rea  of s i l i c a  ge l

scraped  o f f  from below the  o r ig in ,  where both so lv en ts  had been in

c o n ta c t w ith  th e  g e l bu t n o t w ith  the  l ip id  e x tra c t  ( f ig u re  2 ,5 ) .  The 
appâtent

co n cen tra tio n  of^phosphobti- in  the  ge l b lank i s  d i r e c t ly  p ro p o rtio n a l 

to  the  a rea  of s i l i c a  removed, re g a rd le s s  o f the presence of phospho­

l i p i d ,  and th e re fo re  a co n stan t a re a  of s i l i c a  gel i s  removed fo r  each 

phospholip id  spo t and fo r  the b lank . This area  i s  eq u iv a len t to  the a rea  

of the la r g e s t  phospholip id  spo t p re sen t which i s  u su a lly  l e c i t h in .
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F ig u r e  2 .5  Removal o f  th e  G el B lank

The g e l blank was made from an a re a  o f s i l i c a  g e l scraped o f f  from 

below the o r ig in ,  where both  so lv en ts  had been in  co n tac t w ith  g e l bu t 

n o t w ith  the l ip id  e x t r a c t .

The hatched a rea  re p re se n ts  the  s i l i c a  gel in  c o n tac t w ith  bo th  so lv en ts  

and no t w ith  the l i p id  e x t r a c t .
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2 . 5 . 2  D ig e s t io n

2 ml 5M was added to  each tu b e . The d ig e s tio n  was c a r r ie d  out

a t  180®C fo r  two h ours. The tubes were coo led . 0 .1  ml o f 30% HgOg

was added to  each tu b e , and d ig e s tio n  continued a t  180^0 fo r  a  fu r th e r  

two h o u rs . The volume in  each tube by the  end of the  d ig e s tio n  was 

on ly  0 .5  ml.

2 .5 .5  Colour Development

9 .5  ml d o u b le -d is t i l le d  w ater was added to  each tube and a  s e t  of s ta n ­

d a rd s , co n ta in in g  from 0 to  0 .3u  moles o f ino rgan ic  phosphate in  10 ml 

o f IM HgSO^, p repared .

2 mf o f f re s h ly  prepared  m ixture o f equal volumes o f 5% w/v ammonium 

molybdate and Fiske—Subba Row Reagent (as  prepared by B a r t l e t t ,  199Î!) 

were added to  each tu b e .

The co n ten ts  o f  each tube were mixed u s in g  a  vortex  m ixer. The tubes 

were placed in  a  b o il in g  w ater b a th  fo r  seven m inutes. The tubes were 

then  ce n trifu g ed  f o r  two m inutes a t  370g to  p r e c ip i ta te  the  s i l i c a  g e l .  

A spectrophotom eter (Pye Unicam, SP600) was used and the  o p tic a l  

d e n s ity  determ ined a t  830 nm in  s tan d ard  3 ml c u v e tte s . Reagent 

b la n k s , the  g e l b lan k , and th e  e lu te d  l ip id s  were assayed sim ultaneous­

ly*

A ty p ic a l  s tandard  curve i s  shown in  f ig u re  2 .4 . The phosphate con ten t 

was determ ined fo r  each l ip id  from such a  curve a f t e r  allowance had/
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F ig u r e  2 .4  A T y p ic a l S tandard Curve

The phosphate content was determ ined f o r  each l i p id  from 

such a s tandard  cu rve.
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been made fo r  th e  amount o f s i l i c a  g e l co n ta in in g  the  l ip id *  A
■“1c r i t i c a l  value of 25 jomoll"" am niotic  f lu id  was used , above which no 

cases o f EDS occurred and below which a l l  babies which developed RDS 

were detected*

2 .6  Hi/ah Performance L iquid Chromatography ( h .p . l . c . )

The h .p . l .c *  equipment was su p p lied  by Waters A ssociates Instrum ents 

l t d * , H artfo rd , Northwich, C heshire , CW2 2AH; and th e  apparatus 

c o n s is te d  o f the  fo llo w in g :-

a  Model 6000 A so lv en t d e liv e ry  system , 

a  Model U6K septum less in je c to r ,

a  jLi F o ra s i l  column 50 cm x  4%™ i.d *  co n ta in in g  u P o ra s il  connected to  

a  guard column packed w ith  P o ra s i l ,  and 

a  Model R401 refrac tom eter*

The h * p * l.o . system was s e t  up as fo llo w s:

The re fe re n c e  s id e  of th e  R4OI re fra c to m e te r  was f lu sh ed  w e ll w ith  th e  

so lv e n t system and e f f lu e n t  pumped to  the  top o f a  one—l i t r e  m easuring 

c y lin d e r  p laced  above the machine, thus p rov id ing  back p ressu re  when 

the  flow  i s  stopped and the trapped  re fe re n c e  es tab lish ed *  The so lv en t 

which c o n s is ts  o f chloroform : me th a n o l:  w ater (714:256:20 by v o l)  i s  then  

allow ed to  flow through the P o ra s i l  column a t  a r a te  o f 2 ml/min” and 

a  p re ssu re  of 5*5 to  15*8 Pa. The e lu te d  l ip id s  were d e tec ted  u s in g  

th e  R4OI re frac to m e te r  w ith  a p o s it iv e  p o la r i ty ,  and a tte n u a tio n  x 2 

( le s s  than  th i s  gave an u n s a tis fa c to ry  b a s e l in e ) ,  c h a r t  re co rd e r  speed

2.5  min cm"^. When the s teady  re g u la r  b ase lin e  w ith  minimal n o ise  was 

e s ta b lis h e d  the  sample was in je c te d *

50



The am niotic  f lu id  phospholip ids were d isso lv ed  in  35 ^1  of 

chloroform :m ethanol (95î5 v /v ) and a  25 p i  sample was then in je c te d  

in to  the TJ6K in je c to r  u s in g  a 25 u l  Hamilton sy rin g e  (Waters A ssociates 

( i n s t . )  L td .) and th e  c h a r t  marker p ressed  sim ultaneously . The 

se p a ra tio n  took approxim ately  f o r ty - f iv e  m inutes to  com plete.

The working s tan d ard  fo r  the  h . p . l . c .  comprised phosphatidy le thano l­

amine (1 ,0  mg m l"^), pho sp h a tid y lg ly cero l (2 ,5  mg ml“ ^ ) ,  phosphatidy l­

in o s i to l  ( 2.5  mg ml**^), d ip a lm ito y l l e c i th in  (lO.Q mg m l"^), and 

sphingom yelin (10 .0  mg ml"^) d isso lv ed  in  chloroform :m ethanol (95*5 v /v ) . 

The s tandards were s to re d  a t  -lO^C when no t in  u se ,

P h o sp h a tid y lse rin e  and ly s o le c i th in  were no t included  in  the s tandard  

s in c e  n e i th e r  were d e te c ta b le , a t  le v e ls  found in  am niotic f lu id ,  by 

the  h . p . l . c .  techn ique . I n i t i a l l y  ly s o le c i th in  was in co rp o ra ted  in  

th e  s tan d ard  s o lu tio n  to  a c t  as an in te rn a l  s ta n d a rd . However, 

experience showed th a t  th e  peak h e ig h ts  f o r  each phospholip id  were 

s u f f ic ie n t ly  rep ro d u c ib le  u s in g  25 p i  in je c t io n s ,  th e re fo re  an in te rn a l  

s tan d a rd  proved unnecessary , and ro u tin e ly  the  amounts of in d iv id u a l 

phospholip ids were determ ined by d i r e c t  comparison o f th e  peak h e ig h t 

w ith  th e  peak h e ig h t o f the ap p ro p ria te  phospholip id  in  the chromatog­

rams o f the composite working s tan d a rd . F igures 2# 5 , 2 .6  , 2 . 7 show 

se p a ra tio n s  from a  s tan d a rd , a  mature lung and an immature lung , 

r e s p e c t iv e ly .

2.7 CkLS Liquid Chromatography Used to  Determine the F a tty  Acid 

Composition o f am niotic F lu id  L ipids

The f a t t y  ac id  com position o f the whole am niotic f lu id  f r a c t io n ,  th e /
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FlCTire 2 .5  High Performance Liquid Chromatography

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 ,2 ,1  and 

cen tr ifu g e d  (Methods, 2 .2 * 2 ), The l ip id s  were ex trac ted  (Methods, 2 .2 ,4 )  

and acetone p re c ip ita te d  (Methods, 2 ,2 ,5 ) .  The h . p . l . c ,  was used to  

sep a ra te  the phospholip ids (Methods, 2 ,6 ) .  Figure 2 ,5  shows a ty p ic a l  

chromatogram obtained  usin g  a  composite s tan d a rd ,

IHJ re p re se n ts  in je c t io n  marker 

PE re p re se n ts  phosphatidylethanolam ine 

PG re p re se n ts  pho sp h atid y lg ly cero l 

PI re p re se n ts  p h o sp h a tid y lin o s ito l 

LEG re p re se n ts  l e c i th in  

SPH re p re se n ts  sphingom yelin
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Figure 2 .6  A T ynlcal Chromatogram Obtained Using a  L ipid E x trac t 

from a  Mature Lung

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 .1  and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were ex trac te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 ,2 .5 ) •  The h . p . l . c .  was used to  

sep ara te  the  phospholip ids (Methods, 2 .6 ) .  This f ig u re  shows a 

chromatogram obtained  u s in g  a  l ip id  e x tr a c t  from a  mature lung .

INJ re p re se n ts  in je c t io n  marker 

PE re p re se n ts  phosphatidylethanolam ine 

PG re p re se n ts  p h o sp h a tid y lg ly ce ro l 

PI re p re se n ts  p h o sp h a tid y lin o s ito l 

LEG re p re se n ts  l e c i th in  

SPH re p re se n ts  sphingom yelin
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KlCTire 2 .7  A T ypical Chromatogram Obtained Using a  L ip id  E x trac t 

from an Immature Lung

The am niotic f lu id  was c o lle c te d  as describ ed  in  Methods, 2 .2 .1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The h . p . l . c .  was used to  

se p a ra te  the phospholip ids (Methods, 2*6). This f ig u re  shows a 

chrom togram  usin g  a l ip id  e x tr a c t  from an immature lu n g .

HiJ rep re sen ts  in je c t io n  marker 

P3 re p re se n ts  phosphatidylethanolam ine 

PG re p re se n ts  p h o sp h a tid y lg ly cero l 

P I rep re sen ts  p h o sp h a tid y lin o s ito l 

LEG rep re sen ts  l e c i th in  

SPH rep re sen ts  sphingomyelin
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acetone p re c ip i ta b le  and th e  acetone so lu b le  f ra c t io n  were analysed by 

gas l iq u id  chromatography ( g . l . c . )  u sin g  a Perk in  Elmer E li  gas 

chroma t  ograph•

0*05 ml o f a  heptadecanoic a c id  (l7sO) so lu tio n  co n ta in in g  14*22 pg 

heptadecanoic ac id  was added as an in te rn a l  standard  to  the  d rie d  

l i p i d  e x t r a c t .

2.7*1 T ra n s e s té r i f ic a t io n  o f Amniotic F luid  L ipids

The t r a n s e s té r i f i c a t io n  used to  produce the f a t ty  ac id  methyl e s te r s  

f o r  g . l . c .  was based on th a t  d escrib ed  by C h r is tie  (1973 )* The 

l ip id s  were ex tra c te d  from 9 ml of am niotic f lu id  (Methods, 2 .2 ) ,  were 

tra n s fe r re d  to  a s toppered  t e s t  tube and the so lv en t removed. 5 ml o f 

2% v /v  su lp h u ric  ac id  in  d ry  methanol was added and tube was heated  a t  

60 -  65^0 in  a w ater ba th  f o r  two hours. A fter co o lin g  the  tube , 5 ml 

o f d ie th y l e th e r  and 5 ml o f w ater were added and the  tube v igo rously  

shaken. The upper la y e r  which contained  the  f a t ty  ac id  methyl e s te rs  

was removed and passed t h r o u ^  a  sh o rt column o f anhydrous sodium 

su lp h a te  to  d ry  i t*  The lower aqueous phase from the  t r a n s e s t é r i f i c a t ­

io n  was re -e x tr a c te d  w ith  an o th er 5 ml o f d ie th y l e th e r .  I t  was 

im portant when removing th is  e th e r  e x tr a c t  no t to  contam inate i t  w ith  

w ater from the lower la y e r .  The combined d ie th y l e th e r  e x tra c ts  were 

evaporated to  dryness under a stream  of n itro g e n .

2.7*2 Gas Liquid Chromatogranhv

The f a t ty  ac id  methyl e a te rs  were d isso lv ed  in  10 j i l  o f to luene and 

1 j i l  of th is  s o lu t io n  in je c te d  in to  the  p o rt of the gas chromatograph.
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I n i t i a l l y  methanol was used to  d isso lv e  the f a t t y  ac id s hu t b e t t e r  

r e s u l ts  were ob tained  by u s in g  to luene which d isso lved  more m a te r ia l.

The se p a ra tio n  was c a r r ie d  out on a 2 m long x 5 mm i . d .  s ta in le s s  

s te e l  column co n ta in in g  Gas Chrom Q (lOO -  120 mesh) coated w ith  ICffo 

(w/w) S i l a r  100. The column tem perature was 165°C w ith a n itro g en  

p re ssu re  o f 69 Pa. A ppropriate standards were used to  dem onstrate the  

se p a ra tio n  of the v arious f a t t y  ac id  methyl e s te r s .  R eten tion  tim es 

were measured sim ply as the d is ta n c e  of the f a t ty  ac id  methyl e s te r  

peak from the so lv en t f ro n t  peak on the g . l . c .  c h a r t .  The lo g  

r e te n t io n  time was p lo tte d  a g a in s t the number of carbon atoms in  the  

standard  f a t ty  ac id  methyl e s te r s  to  allow  id e n t i f ic a t io n  of most of 

the  f a t t y  ac id s p re sen t in  the  l i p id  e x tr a c t .  Using an in te rn a l  

s tandard  i t  was p o ssib le  to  c a lc u la te  the abso lu te  concen tra tio n s  of the 

f a t t y  ac id s p re sen t in  the  e x t r a c t .  Heptadecanoic ( l7 :0 )  ac id  was used 

as an in te rn a l  standard  as th i s  f a t t y  ac id  i s  no t p resen t in  am niotic 

f lu id  l i p id s .  F igures 2 .8a  and 2.8b i l l u s t r a t e  tra c e s  from g . l . c .  

a n a ly s is  of am niotic f lu id  l i p i d s ' f a t ty  ac id  methyl e s te r s  to  which no 

in te rn a l  s tandard  has been added. I t  can be seen th a t  th e re  i s  no 

evidence o f heptadecanoic ac id  methyl e s te r  in  the sam ples. Figure 

2 .8c shows a  t r a c in g  where heptadecanoic acid  has been added.

The percen tage com position by w eight, and the co n cen tra tio n  of the  

f a t ty  ac id s  p re se n t were then  determ ined from measurement o f the a rea  

of each peak. The a rea  of each peak was measured by c u tt in g  out and 

w eid ling  the tra c in g s  of each peak.
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F igure 2 .8  Gaa Liquid Chromâtography of F a tty  Acid Methyl E s te rs  

o f  Ananiotlc F lu id  L ipids

The am niotic  f lu id  was c o lle c te d  as described  in  Methods 2 .2 .1  and 

c en tr ifu g e d  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  T ra n s e s té r if ic a t io n  was 

c a r r ie d  out as d escribed  in  Methods, 2 .7 .1  and the  f a t t y  ac id  

com position o f l ip id s  analysed u s in g  a  Perkin  Elmer F l l  Gas 

Chromatograph (Methods, 2 .7 .2 ) .  F igure 2 .8a  and 2.8b i l l u s t r a t e  

t ra c e s  from g . l . c .  an a ly s is  of am niotic f lu id  l i p id  f a t t y  ac id  m ethyl 

e s te r s  to  which no in te rn a l  s tandard  had been added, w h ils t  f ig u re  

2 .8c shows a  t ra c in g  where haptadecanoic ac id  (17 :0 ) has been added 

(Methods, 2 .7 .2 ) .



I

14:0

RETENTION TIME (cm)

57



I 18:0 18:1
14:0

18:2

RETENTION

38



I

17:0

RETENTION TIME (cm)

59



2 .8  Amniotic F lu id  O p tica l D ensity

The technique used, was based on the  method of Sbarra £ t  (1977)»

Amniotic f lu id  samples were analysed  w ith in  one hour of sample 

c o l le c t io n .  A fte r  c e n tr ifu g a tio n  fo r  f iv e  minutes a t  llOOg the 

o p tic a l  d e n s ity  of th e  su p e rn a tan t was determined in  a  Pye Unicam SP600 

spectropho tom eter, w ith  ap p ro p ria te  red  f i l t e r ,  a t  65O nm, u s in g  1 cm 

l i g h t  path  cu v e tte  w ith d i s t i l l e d  w ater as a b lank . An o p tic a l  

d e n s ity  o f 0 .15  was used as th e  c r i t i c a l  value s in ce  th is  was the 

c r i t i c a l  value adopted by o th e r  la b o ra to r ie s  ( Sbarra e t  a l . 19771 

Copeland e t  a l . 1978» S pellacy  e t  a l . 1979; H ill  e t  1979)*

2 .9  The Bubble S ta b i l i ty  T est

The Bubble S ta b i l i ty  T e s t was performed as described  by Clements ^  ^

( 1972) .  A ll am niotic f lu id s  were te s te d  w ith in  one hour o f sample 

c o l le c t io n .  Imm ediately befo re  a n a ly s is  the tube co n ta in in g  the  f lu id  

was g e n tly  in v e r te d  f iv e  tim es to  o b ta in  a  uniform suspension o f 

p a r t ic le s  w ithout causing  th e  fo rm ation  of foam.

1 .0 , 0 . 75, 0 .50  and 0.25  ml o f am niotic  a re  added to  tubes numbered

1 , 2 , 5 and 4 r e s p e c tiv e ly .  0 . 25, 0,50  and 0.75 ml o f s a lin e  are

added to  tubes 2, 3 and 4 r e s p e c t iv e ly .  One ml o f 95% (v /v ) e thanol ia  added

to  each tu b e . The tubes a re  capped w ith  clean  rubber s to p p e rs ,

shaken v ig o ro u sly  fo r  e x a c tly  15 seconds and then stood v e r t i c a l ly .

15 m inutes l a t e r  the a i r / l i q u i d  in te r f a c e  i s  examined in  each tube fo r  

the  presence o f sm all, s ta b le  bubb les. To do th is  th e  tubes were 

viewed a g a in s t a  f l a t  b lack  background with b r ig h t overhead l ig h t in g ,

A tube i s  recorded p o s it iv e  i f  i t  shows a  complete r in g  o f bubbles a t /
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the  meniscus* E ith e r  or bo th  tubes 3 and 4 being  p o s itiv e  was 

in te rp re te d  as an in d ic a tio n  o f mature f e t a l  lungs*

Although th is  t e s t  i s  r e la t iv e ly  sim ple, r ig id  adherence to  the method 

i s  req u ired  to  o b ta in  rep ro d u c ib le  r e s u lts *  I t  has been shown th a t  

the glassw are used must be f re e  o f d e te rg en ts  or o th e r su rface  a c tiv e  

m a te r ia ls ;  the  a lcoho l s o lu t io n , the co n cen tra tion  of which i s  

c r i t i c a l ,  should be f re s h ly  prepared* The t e s t  i s  in v a lid  fo r  am niotic 

f lu id  samples co n ta in in g  blood o r meconium as these substances give 

r i s e  to  f a ls e  p o s it iv e  re su lts*

2*10 Assessment of G es ta tio n a l Age

G es ta tio n a l age was determ ined by the  • o b s te tr ic ia n s  from the

m enstrual h is to ry  and by c l i n i c a l  and e a r ly  u ltra s o n ic  assessm ent of 

u te r in e  s iz e  a t  the  f i r s t  a n te n a ta l v is i t*

2*11 Assessment of RDS

E valuation  of newborn in fa n ts  was by the  p a e d ia tr ic  s t a f f ,  the  

d iag n o sis  o f RDS being  based on c l i n i c a l  fe a tu re s  (tachypnoea, g ru n tin g , 

s te r n a l  re c e ss io n , and r ib  r e t r a c t io n )  p resen t fo r  a t  le a s t  24 hours

and the  ra d io lo g ic a l  appearance o f the  lung f ie ld s .  On the b a s is  of

the  v e n t i la to ry  support req u ired  to  m ain tain  s a t is f a c to ry  oxygenation, 

RDS was assessed  as? mild when only enriched  ambient ©xygen was re q u ire d , 

moderate when co n s tan t p o s it iv e  airw ays p ressu re  was needed, and severe 

when in te rm it te n t  p o s itiv e -p re s su re  v e n t i la t io n  had to  be used .
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2 . 1 2  The S e n s i t i v i t y .  S p e c i f i c i t y *  P r e d ic t iv e  V alu e and

P r e d ic t iv e  A ccuracy  o f  Each T e s t

R e l ia b i l i ty  of an immature r e s u l t  was expressed as s e n s i t iv i ty  defined  

as the percentage of bab ies w ith  EPS and w ith an immature r e s u l t .

S e n s i t iv i ty  = immature r e s u l t ,  RDS p resen t

immature r e s u l t ,  RDS p resen t + 
mature r e s u l t ,  RDS p re se n t.

R e l ia b i l i ty  of a mature r e s u l t  was expressed as s p e c i f ic i ty  defined  a s  

th e  percentage of bab ies w ith  RDS ab sen t.

* S p e c if ic i ty  = mature r e s u l t ,  RIfâ absent

mature r e s u l t ,  RDS absent +

immature r e s u l t ,  RDS ab sen t.

P re d ic tiv e  Value was defined  as the  percentage of immature r e s u l t s  of 

a l l  immature r e s u l t s ,  o r th e  percentage of mature r e s u l t s  o f a l l  mature 

r e s u l t s .

P re d ic tiv e  Value = immature r e s u l t ,  RDS p resen t

a l l  immature r e s u l ts

OR mature r e s u l t ,  RDS absent

a l l  mature r e s u l t s .
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P r e d ic t iv e  A ccuracy  a  c o r r e c t ly  p r e d ic te d  r e s u l t s

a l l  r e s u l ts
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CHAPTER THREE

RESULTS

5.1  The E ffe c t o f G ea ta tio n a l Age and the P red ic tiv e  R e l ia b i l i ty  

o f Teats fo r  F e ta l Lung M atu rity  Based on L ipid Measurements

5 .1 .1  The E ffe c t o f  G e s ta tio n a l Age on the Amniotic F lu id  L e o i t h i ^  

Sphingomyelin R atio  Determined by Two-Dimensional t . l . c .

The Lecith in/Sphingom yelin  (L/S) r a t i o  was determined by 2D t . l . c .  

u s in g  th e  acetone p re c ip i ta b le  l ip id s  from 766 am niotic f lu id  samples 

(Methods, 2 ,4)# The L/S r a t i o  shows a  general in c rease  w ith  

g e s ta tio n a l  age although th e re  i s  a  la rg e  in d iv id u a l v a r ia t io n .  There 

was a  n o tic e a b le  in c rease  in  th e  L/S r a t i o  from 35 weeks o f g e s ta tio n  

as shown in  f ig u re  3*1* Of 478 samples which were c o lle c te d  a t  35 

weeks or g r e a te r ,  4OO (83.7%) had an L/S r a t io  o f 2 .0  o r more ( ta b le  3* l) 

The rem aining 288 samples were c o lle c te d  from neonates w ith  g e s ta tio n a l  

ages o f le s s  than 55 weeks, and on ly  89 o f these samples ( 30 . 9%) had

L/S r a t i o  g re a te r  than  2 .0 .

3 .1 .2  The E ffe c t o f G e s ta tio n a l Age on the Presence o f Phospha- 

t id y lg ly o e ro l in  Amniotic F luid

The presence o f p h o sp h a tid y lg ly ce ro l was determined by 2D t . l . c .  in

766 am niotic f lu id  l ip id  samples (Methods, 2 . 4 ) .  At 35 weeks or l a t e r /
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H g u re  5 .1  The E ffe c t o f G esta tio n a l Age on the Amniotic F lu id  L/S 

R atio  Determined by 2D t . l . c .

The am niotic f lu id  was c o lle c te d  as d escribed  in  Methods, 2 .2 .1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The L/S r a t i o  was determ ined 

by 2D t . l . c .  Assessment o f g e s ta tio n a l age was as d escrib ed  in  Methods, 

2.10.
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Table 5 .1  The e f f e c t  o f g e s ta tio n a l  age on the am niotle  f lu id  

L/S r a t io  by 2D t . l . c .

Amniotic f lu id  samples, were colleciod-(M etfeods,2 .2 .1 ) and c e n tr ifu g e d  

(Methods, 2 .2 .2 ) .  The l i p id s  were e x tra c te d  (Methods, 2 .2 .4 ) and acetone 

p r e c ip i ta te d  (Methods, 2 .2 .5 ) .  The L /s r a t io  was determ ined as d escribed  

in  Methods, 2.4 • Assessment of g e s ta tio n a l  age was as  d escrib ed  in  

Methods, 2 .10 . The number in  b rack e ts  re p re se n ts  the  number of p a t ie n ts .



G esta tio n a l
à s i

No* of Samples % With 
L/S 2 .0

% With 
L/S -C 2 .0

^  35 weeks 478 8 3 .7  (400) 16.3 (78)

^  35 weeks 288 30.9 (89) 69.1 (199)

T otal 1 6 6 63.8  (489) 36.2 (277)
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ph o sp h a tid y lg ly cero l was n e a r ly  always d e tec ted  ( f ig u re  3 .2 ) .  Prom 

478 samples o f f lu id  c o lle c te d  a t  35 weeks of g e s ta tio n  o r l a t e r ,  438 

( 91 . 6%) showed p h o sp h a tid y lg ly ce ro l ( ta b le  3*2). In  the rem aining 288 

samples c o lle c te d  befo re  35 weeks, phosphatidy lg lycero l was p re sen t in  

143 ( 49. 7%) of the sam ples. Using the phosphate , ' assay

(Methods, 2 . 5) ,  the  low est l im i t  of d e te c ta b i l i ty  fo r  phosphatidy lg lyc­

e ro l  by 2D t . l . c .  (Methods, 2 . 4 ) was O.4  jumol l"^  am niotic f lu id .

3 .1 .3  The Presence o f P h ospha tidy lg lycero l as an Index o f F e ta l Lung 

M aturity

A summary of r e s u l t s  appears in  ta b le  3*3* Five hundred and e ig h teen  

p a t ie n ts  were s tu d ied  when th e  am niotic  f lu id  was c o lle c te d  w ith in  72 

hours o f d e liv e ry . In  492 o f th ese  cases phosphatidy lg lycero l was 

p re sen t and only th re e  o f the bab ies developed RIÆ (0.6% ), each of 

th ese  th re e  having been d e liv e red  by emergency caesarean s e c tio n  

because o f  an acu te  o b s te t r ic  com plication . In  the rem aining 26 

p a t ie n ts  p h o sp h a tid y lg ly cero l was absen t in  the am niotic f l u i d .  The 

o v e ra ll  incidence o f RDS in  th ese  p a t ie n ts  was 84. 6%, n ine  o f them 

dying as a  r e s u l t .  In  two o f th e  fo u r in stan ces  in  which RDS d id  not 

occur, th e  mothers had been t r e a te d  w ith  betamethasone phosphate (4  nig 

e i ^ t  hourly  fo r  48 hours) in  an a ttem pt to  a c c e le ra te  f e t a l  lung 

m atu ra tion  (Howie e t  a l . 1977)# In  one o f the rem aining two p a t ie n ts ,  

prem ature ru p tu re  o f th e  membranes had occurred spontaneously 65 hours 

befo re  d e liv e ry . In  the  o th e r  case th e  mother was a d ia b e t ic ,  and the 

l / s  r a t io  o f th is  am niotic  f lu id  was found to be above 2 .0 .
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F ig u r e  3 .2  The E f f e c t  o f  G e a ta t io n a l Age on th e  P r e sen ce  o f

P h o s p h a t id y lg ly c e r o l  i n  A m niotic  F lu id

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 ,2 ,2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 ,4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 ,5 )#  The presence of 

p h o sp h a tid y lg ly cero l was determ ined by 2D t . l . c ,  (Methods, 2 .4 ) ,  

Assessment of g e s ta tio n a l age was as described  in  Methods, 2 ,10 ,
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T a b le  5 .2  The e f f e c t  o f  g e s t a t io n a l  a g e  on th e  p r e sen ce  o f  p h o a p h a t ld y l-

g ly c e r o l  i n  a m n io t ic  f l u i d

Anmiotic f lu id  samples were c o l le c te d  (Methods, 2 .2 .1 ) and c en tr ifu g e d  

(Methods, 2 .2 .2 ) .  The l i p id s  were e x tra c te d  (Methods, 2.2*4) ahdi acetone 

p r e c ip i ta te d  (Methods, 2*2.5)* The l ip id s  were sep a ra ted  by 2D t . l . c *  

(Methodsy 2 .4 ) and th e  p resence o r  absence of p h osphatidy lg lycero l 

noted* G e s ta tio n a l age was a sse sse d  (Methods, 2 .1 0 ). The number in  

b ra c k e ts  re p re se n ts  th e  number o f  p a tie n ts*



G esta tio n a l Age Ho. of Samples Yo With % With

55 weeks 478

PG P resen t 

91.6 (438)

PG Absent

8 .4  ( 40)

>^55 weeks 288 49.7 ( 145) 50.3 ( 145)

T o ta l 766 75.8 (581) 24.2 (185)
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T ab le 5 .5  The p r e se n c e  o f  p h o s p h a t id y lg ly c e r o l  a s  an- in d ex  o f  f e t a l

lu n g  m a tu r ity

Amniotic f lu i d  samples were c o lle c te d  (Methods, 2 .2 .1 )  and cen tr ifu g ed  

as  d escrib ed  in  Methods,  2 .2*2 . The l ip id s , were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p r e c ip i ta te d  (Methods, 2 .2 * 5 ). The l ip id s  were se p a ra te d  by 

2D t . l * c .  (Methods, 2 .4 ) and th e  presence o r  absence of phosphatidyl­

g ly ce ro l n o ted . A ll samples were c o l le c te d  w ith in  72 hours of d e liv e ry . 

Assessment o f RDS was made by the  p a e d ia tr ic  s t a f f  as described  in  Methods, 

2 .11 . The number i n  b rack e ts  re p re se n ts  the number of p a t ie n ts .



No. of 
P a tie n ts

% RTS 
P resen t

% KDS 
Absent

PG P resen t 492 0.61 (3) 99.4 (489)

PG Absent 26 84.6 (22) 15.4  (4)

T o tal 518 4 .8  (25) 95.2 (493)
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The p re d ic tiv e  accuracy was m aintained in  the 260 am niotio  f lu id s  

c o lle c te d  by v ag in a l d ra inage ( ta b le  3*4)* Of 246 samples which had 

p h o sp h a tid y lg ly ce ro l p re se n t only one of the bab ies developed BBS, a  

f a l s e  p o s it iv e  p re d ic tio n  r a te  of 0.4%* In  the  rem aining I 4 samples 

p h o sp h a tid y lg ly ce ro l was absen t and I 3 bab ies developed RBS (92*9%)» 

seven being  f a t a l l y  a f f e c te d .  In  the  in s tan ce  in  which HDS d id  n o t 

occur in  th i s  s e r i e s ,  the  mother had been tre a te d  w ith  betam ethaacne 

phosphate ,

3 .1 .4  The L/S R atio  and the  D etection  of P hosp h a tid y lg ly cero l as  

an Index o f F e ta l L\mg M aturity

A summary o f the  r e s u l t s  appears in  ta b le  3•5* Five hundred and 

e ig h teen  p a t ie n ts  were s tu d ied  when th e  am niotic f lu id  was c o lle c te d  

w ith in  72 hours o f d e liv e ry . In  412 p a tie n ts  the  L/S r a t io  o f the  

am niotic f lu id  was 2 ,0  o r above suggesting  mature f e t a l  lungs and 

p h o sp h a tid y lg ly ce ro l was absen t in  only  one o f th ese  samples c o lle c te d  

from a  p a t ie n t  who was an in s u l in  dependent d ia b e t ic .  None of these  

bab ies  developed RDS.

In  th e  rem aining 106 p a t ie n ts  an immature am niotic f lu id  L/S r a t io  

( le s s  than  2 .0 ) was found and the o v e ra ll  inc idence o f RDS was 23. 6%, 

Eighty-one of th ese  f lu id s  contained  p h o sp h a tid y lg ly cero l le a v in g  25 in  

which i t  was a b se n t. In  r e l a t io n  to  the  am niotic f lu id s  w ith  immature 

L/S r a t io s  bu t d e te c ta b le  p h o sp h a tid y lg ly cero l th re e  o f 81 bab ies 

(3«7%) developed c l a s s ic a l  RI^, each o f these th re e  having been 

d e liv e red  by emergency caesarean  se c tio n  because of an acu te  o b s te t r ic  

com plication . In  the  rem aining 25 p a tie n ts  w ith  immature L/S r a t i o s /
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T a b le  5 .4  The p r e se n c e  o f  p h o a p h a t id v lg lv c e r o l  a s  an  index: o f  f e t a l

lu n g  m a tu r ity  i n  sam p les c o l l e c t e d  by v a g in a l  drainagece

Amniotic f l u i d  samples were c o l le c te d  Iqr vag inal drainage and ce n tr ifu g e d  

as  d esc rib ed  in. Methods, 2 .2 .2 .  The l i p id s  were e x tra c te d  (M ethods,2 .2 .4 ) 

and acetone p re c ip i ta te d  (Methods, 2.2*5) • T h e .l ip id s  .were sep a ra te d  by 

2D t . l . c .  (^lethods, 2 .4 ) and th e  presence o r  absence of phosphatidy l­

g ly c e ro l n o ted . A ll samples were c o l le c te d  w ith in  72 hours of deliV ezy . 

Assessment o f HDS waia made by th e  p a e d ia tr ic  s t a f f  as  describ ed  i n  

Methods, 2 .1 1 . The number in  b rack e ts  re p re se n ts  the  number o f  p a tien t® .



No. o f % RDS % KDS
P a tie n ts  P resen t Absent

PG P resen t 246 0 .4 (1) 99.6 ( 245)

PG Absent 14 92.9 (13) 7.1 ( 1)

T o ta l 260 5*4 (14) 94.6 ( 246)
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Table 3 ,5  The L/S r a t io  and the presence o r absence

of p h osphatidy lg lycero l as an index o f f e t a j  

lung m atu rity

Amniotic f l u i d  samples were c o lle c te d  (Methods, 2 * 2 .l)  and 

c e n tr ifu g e d  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 

2 . 2 . 4 ) and acetone p re c ip i ta te d  (Methods, 2 .2 .5 )*  The l ip id s  were 

sep a ra ted  by 2D t . l . c .  (Methods, 2 .4) and the Ii/S r a t io  determ ined 

and th e  p resence o r absence of phosphatidy lg lycero l n o ted . A ll 

samples were c o lle c te d  w ith in  72 hours of d e liv e ry . Assessment 

of RDS was made by th e  p a e d ia tr ic  s t a f f  (M ethods,2 . l l ) #  The number 

i n  b ra c k e ts  re p re se n ts  the  number o f  p a t ie n ts .



A ll  C ases PG P r e se n t  PG A bsent

L/S Ratio Total Ko. Total No# Total No.
with with with
EDS RDS RDS

^  2 .0 412 0 (0) 411 0 (0) 1 0 (0)

C 2 . 0 106 25 (23 .6 ) 81 3 (3 .7 ) 25 22 (88.0)

T o ta l 518 25 (4 .8 ) 492 3 (0 .6 ) 26 22 (84 .6)
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b u t no p h o sp h a tid y lg ly ce ro l, 21 o f these  babies (84*0%) developed RIG,

9 (42.9%) dying as a  r e s u l t .  As a lread y  described  (R e su lts , 3 .1 .3 )  in  

two o f the fo u r in s ta n ce s  in  which RDS did no t occur, the mothers had 

been tre a te d  w ith betam ethasone and in  ano ther spontaneous premature 

ru p tu re  o f the membranes had occurred*

The p re d ic tiv e  accuracy was m aintained in  the 260 am niotic f lu id s  

c o lle c te d  by v ag in a l d ra inage  ( ta b le  3*6). Two hundred and s ix tee n  

samples showed a mature L/S r a t io  and the presence o f phosphatidy lg lyc­

e ro l  and none of th e  bab ies  developed RDS. In  the rem aining 44 samples 

th e  L/S r a t io  was le s s  than  2 .0  and only 14 of these  bab ies (31.8%) 

developed RDS; p h o sp h a tid y lg ly cero l was p resen t in  30 o f th ese  samples 

w ith  L/S le s s  than 2 .0  and only one baby developed RDS in  th i s  group, 

a  f a ls e  p o s itiv e  p re d ic tio n  r a t e  by p h osphatidy lg lycero l o f 3#3 %• 

P hospha tidy lg lycero l was ab sen t in  the  14 rem aining cases and 13 

bab ies  developed RDS (92.9% ), 7 be ing  f a t a l ly  a f fe c te d . In  the 

in s ta n c e  in  which RIG d id  no t occur in  th is  s e r ie s ,  th e  mother had 

been tre a te d  w ith  betam ethasone.

3 .1 .5  The E ffe c t o f G es ta tio n a l Age on the  Amniotic F lu id  L/S 

R atio  Determined by One-Dimensional t . l . c .

The L/S r a t io  was determ ined by ID t . l . c .  (Methods, 2 .3 ) from the  

acetone p re c ip ita b le  l ip id s  in  am niotic  f lu id  from 93 p a t ie n ts  and 

th e i r  r e s u l t s  p lo tte d  in  r e l a t io n  to  th e i r  g e s ta tio n a l  age ( f ig u re  3 .3 ) 

The d/ s r a t io  in creased  w ith  g e s ta tio n a l  age bu t th e re  was a wide 

s c a t te r  throughout the g e s ta tio n . The b e s t f i t t i n g  curve was/
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T a b le  5*6 The L /S  r a t i o  and th e  p r e se n c e  o r  a b sen ce  o f  .. i . ■

p h o sp h a tid y lg ly ce ro l in  aamnles c o lle c te d  by 

v ag in a l drainage as an index of f e t a l  lung m atu rity  

Amniotic f lu id  samples were c o lle c te d  Ify vag inal d ra inage and cen t­

r ifu g e d  (Methods, 2*2*2) •  The l ip id s  were e x tra c te d  (Methods^2*2*4 )

|9jad< acètaoô  p re c ip i ta te d  (Methods, 2 .2 .5 )*  The l ip id s  were se p a ra te d  by 

2D t . l . c .  (Methods, 2*4) and the  L/S r a t io  determ ined and th e  p resence 

o r  absence o f p h o sp h a tid y lg ly cero l no ted . A ll samples were c o l le c te d  

w ith in  72 hours of delivery*  Assessment of RDS was made by th e  

p a e d ia t r ic  s t a f f  (Methods, 2 * ll)*  The number in  b rack e ts  re p re se n ts  

th e  number of p a t ie n ts .



A ll  C ases PG P r e s e n t PG A bsent

L/S R atio T o tal No. T o ta l No. T o ta l No.
w ith w ith w ith
RDS RDS HDS

2.0 216 0 (0) 216 0 (0) 0 0 (0)

-=^2.0 44 14 (31 .8) 50 1 (3 .3 ) 14 13 (92 .9)

T o ta l 260 14 (5 .4 ) 246 1 (0 .4 ) 14 13 (92 . 8 )
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Figure 5 .5  The E ffe c t o f G es ta tio n a l Age on the  Amniotio F lu id  

L/S R atio

The am niotic f lu id  was c o lle c te d  as describ ed  in  Methods, 2 ,2 .1  and 

c en tr ifu g e d  (Methods, 2 .2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 .2 ,4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) ,  The L/S r a t io  w eis ' 

determ ined by ID t . l . c .  as d escrib ed  in  Methods, 2 .5 . Assessment o f 

g e s ta tio n a l  age was as describ ed  in  Methods, 2 .1 0 . Equation ( i i )  

f i t s  the  d a ta  ( r  = 0 .49 , F -CO.001, n = 95 ).

y  = 0 . 09e   ( i i )

where x i s  the  g e s ta tio n a l  age in  weeks 

and y i s  the  L/S r a t i o .
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e x p o n e n t ia l  ( r  = 0 .4 9 ,  P < 0 . 0 0 l ) .

y  = 0. 09e   ( i i )

where x i s  the  g e s ta tio n a l  age in  weeks and 

y i s  the L/S r a t i o .

The L/S r a t io  was le s s  than 2.0 in  16 of the  50 samples (32.0%) 

c o lle c te d  a t  35 weeks of g e s ta tio n  o r l a t e r  ( ta b le  3#7)# The mean L/S 

r a t i o  o f th ese  50 samples was 3*0. Samples were obtained  from 45 

p a t ie n ts  whose bab ies  had g e s ta tio n a l  ages of le s s  than  35 weeks and 

th e  mean L/S r a t io s  of these  samples was 2 .0 . T h irty -one o f these  45 

samples (72.1%) had L/S r a t io s  below 2 .0 . There was a  n o tic ea b le  in c r ­

ease in  the  L/S r a t io  a t  35 weeks o f g e s ta tio n  when the mean L/S r a t io  

ros'e above 2 .0 .

3 .1 .6  The L/S R atio  Determined by One-Dimensional t . l . c .  as an 

Index o f F e ta l Lung M aturity

A snmmary o f r e s u l t s  appears in  ta b le  3*8* Amniotic f lu id  samples 

were c o lle c te d  from 69 p a t ie n ts  w ith in  72 hours of d e liv e ry . In  45 

p a t ie n ts  the  L/S r a t io  of am niotio f lu id  was 2.0 o r g re a te r ,  su g g estin g  

m ature f e t a l  lu n g s, and none o f th e  bab ies  developed HDS. In  the  

rem aining  24 p a t ie n ts  an immature L/S r a t io  was found b u t only s ix  

bab ies  (25*0%) developed RDS, Thus the  c r i te r io n  o f im m aturity  

( l /S  <  2. 0 ) g ives a  f a ls e  neg a tiv e  p re d ic tio n  r a te  o f 75*0%*
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Table 3.7 The e f fe c t  of g e s ta tio n a l  age on th e  am niotic  f lu id  

Ii/S r a t io  determ ined by ID t . l . c *

The anm iotic f lu id s  were c o lle c te d  as d esc rib ed  in  Methods, 2 .2 .1  

and ce n tr ifu g e d  (Miethods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  • 

(Methods, 2 .2 .4 )  and acetone p r e c ip i ta te d  (Methods, 2 .2 .5 ) .  The 

L/S r a t io  was determ ined by ID t . l . c .  a s  d esc rib ed  in  Methods, 2.3» 

A c r i t i c a l  value of 2 .0  was used  (Gluck e t  a l . 197l)» Assessment 

of g e s ta tio n a l age was as d esc rib ed  in  Methods, 2 .1 0 .



G esta tio n a l Age No. o f Samples % w ith  
L/S 2 .0

% w ith  
L/S .c -  2 .0

' ^  55 weeks 50 68.0  (34) 32.0  (16)

wcC. 55 weeks 45 72.1 (31) 38.7 (12)

T o tal 95 69.9 (65) 30.1  (28)
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Table 3 .8  % e L/S r a t io  determ ined bv ID t . l . c .  as an index of 

f e t a l  lung m atu rity

The am niotic f lu id s  were c o lle c te d  as describ ed  in  Methods, 2 .2 .1  

and c e n tr ifu g e d  (Methods, 2 .2 .2 ) .  The l i p i d s  were e x tra c te d  : 

(Methods, 2 .2 .4 )  and acetone p re c ip i ta te d  (M ethods,2 .2 .5 )• The 

L/S r a t io  was determ ined by IB. t . l . c .  as  d escribed  in  Methods, 2 .3 . 

A c r i t i c a l  v a lu e  of 2 .0  was. used (Gluck e t  a l . 197l)« A ll samples 

were c o lle c te d  w ith in  72 hours of d e liv e ry . Assessment of RBS was 

made by the p a e d ia tr ic  s t a f f  as d escrib ed  in  Methods, 2 .11 . The 

number in  b rack e ts  re p re se n ts  th e  number of p a t ie n ts .



L/S R atio No. o f % RDS % RES
P a tie n ts P resen t Absent

L/S 2 .0 45 0 (o) 100 (45)

d  L/S 2 .0 24 25.0  (6) 75.0  (18)

T o tal 69 8 .7  (6) 91.3 (63)
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5.1*7 The E ffe c t o f  G es ta tio n a l Age on the Amniotic F lu id  L ec ith in  

Cone en t r a t io n

The am niotic f lu id  l e c i th in  co n cen tra tio n  was determ ined by the 

phosphate assay (Methods, 2 .5 ) .  The r e s u l t s  o f 50 determ inations of 

le c i th in  co n cen tra tio n  in  the acetone p re o ip ita b le  l ip id s  are  p lo tte d  

ag a in s t g e s ta tio n a l  age in  f ig u re  3*4» The le c i th in  co n cen tra tio n  

increased  during  pregnancy bu t v a r ia tio n s  were considerab le  a t  a l l  

g e s ta tio n a l ages. The b e s t f i t t i n g  curve was ex p o n en tia l.

(r = 0.66 ,  ̂  ̂ O-OOl)

y = 103.18e   ( i i i )

where x i s  the  g e s ta tio n a l age in  weeks and 

y i s  the  l e c i th in  co n cen tra tio n .

There i s  an obvious in c rease  from 35 weeks of g e s ta tio n . Tw enty-eight 

am niotic f lu id  specimens were c o lle c te d  from p a tie n ts  w ith  a 

g e s ta tio n a l  age o f le s s  than 35 weeks and only 2 o f the  26 samples had 

le c i th in  co n cen tra tio n s  g re a te r  than o r equal to  25 jumol 1**̂  am niotic 

f lu id  ( ta b le  3*9)* When th e  g e s ta tio n a l age was 35 weeks or g re a te r  

only 4 o f the 22 samples (l8.2%) had le c i th in  concen tra tions le s s  than 

25 nmol 1“ ^ am niotic f lu id .

5 .1 .8  L e c ith in  C oncentration  as an Index o f P e ta l Lung M aturity

The le c i th in  co n cen tra tio n  was determ ined in  28 am niotic f lu id s  

c o lle c te d  w ith in  72 hours of d e liv e ry . A c r i t i c a l  valtie of 25 nmol l"*  ̂

am niotic f lu id  was u sed , above which no cases o f RDS occurred and/
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F ig u r e  5 .4  The E f f e c t  o f  G e s t a t io n a l  Age on th e  A m niotic  F lu id

L e c i th in  C o n ce n tr a tio n

The am niotic f lu id  was c o lle c te d  as d esc rib ed  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The le c i th in  co n cen tra tio n  

was then measured by the  phosphate a n a ly s is  technique as d escrib ed  in  

Methods, 2 .1 0 . Equation ( i i i )  f i t s  th e  d a ta  ( r  = 0 .6 6 , P *<^0.001, 

n = 50)*

y = 103. 18e 5*88% .   ( i l l )

where x i s  the  g e s ta tio n a l  age in  weeks 

and y i s  the  l e c i th in  c o n ce n tra tio n .
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T able 5#9 The e f f e c t  o f  g g g t a t io n a l  age on  th e  a m n io tio  f l u i d

l e c i t h i n  c o n c e n tr a t io n

The am niotic  f lu id s  were c o lle c te d  as d esc rib ed  i n  Methods^ 2*2.1 

and c e n tr ifu g e d  (Methods, 2 .2 .2 )  • Tlw l i p i d s  were e x tra c te d  (Methods, 

2,2*4) and acetone p re c ip i ta te d  (Methods, 2 .2 .5 )*  The le c i th in  

co n cen tra tio n  was measured by th e  phosphate a n a ly s is  technique 

(Methods, 2 .5) fo llow ing 2D t , l* c *  A c r i t i c a l  value of 25 iimol ^ 

was used  (R esu lts , 5 .1 ,8 ) .  Assessment o f g e s ta tio n a l  age was 

as  d esc rib ed  in  Methods, 2,10* The number i n  b rack e ts  re p re se n ts  

th e  number o f p a t ie n ts .



G e s ta t io n a l  Age

^ 3 5  weeks 

-il 5 5 weeks 

T o ta l

No, o f  Sam ples

22

28

50

% With 
L ecith in

% With 
L ec ith in

3>25 nmol 1 < 25 umol 1
wl

81 .8  ( 18) 

7.1  (2)

40.0 (20)

18.2 (4) 

92.9 (26)

60.0 ( 30)
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below which a l l  bab ies which developed RDS were de tec ted .

However th e  lack  o f p re d ic tiv e  accuracy when the le c i th in  co n cen tra tio n

i s  le s s  than  the  c r i t i c a l  va lu e  i s  obvious ( ta b le  3*10), Of 16

samples w ith  a le c i th in  co n cen tra tio n  o f  le s s  than 25 pmol l" ^  

am niotic f lu id ,  only 6 o f th e  16 b ab ies  developed RI^. The p re d ic tiv e  

accuracy was only 37 *5%*

3 .1 .9  The E ffec t of G es ta tio n a l Age on the P hosphatidy lg lycero l 

C oncentration in  Amniotic F lu id

Forty-one determ inations o f p h o sp h a tid y lg ly cero l co n cen tra tio n  were 

made u s in g  t . l . c .  (Methods, 2 .4 ) follow ed by phospholipid phosphGk:)^# 

determ in a tio n  (Methods, 2 ,5 ) .  Tw enty-five of the 41 samples had 

phosphatidy lg lycero l p re se n t. The 25 determ inations o f phosphatidy lg l­

y ce ro l co n cen tra tio n  are  p lo t te d  a g a in s t g e s ta tio n a l age in  f ig u re  3*5 

and as i l l u s t r a t e d  the r e s u l t s  a re  w idely s c a tte re d . The co n cen tra tio n  

o f phosphatidy lg lycero l was determ ined in  28 am niotic f lu id  samples 

c o lle c te d  befo re  55 weeks o f  g e s ta tio n  and phosphatidy lg lycero l was

measurable in  12 o f these  samples w ith  an average co n cen tra tio n  o f 4*58

ju moles 1 ^ am niotic f lu id .  At 35 weeks o f g e s ta tio n  or l a t e r  phospha­

t id y lg ly c e ro l  was p resen t i n  each o f th e  13 specimens w ith  an average
—1co n cen tra tio n  o f  B.05n mol 1 am niotic  f lu id .  The co n cen tra tio n  o f 

ph osphatidy lg lycero l p re se n t befo re  and a f t e r  35 weeks of g e s ta tio n  

was n o t found to  be s ig n if ic a n t ly  d i f f e r e n t .  The tim ing o f the  appear­

ance o f p h o sp hatidy lg lycero l i s  very  v a r ia b le ,  e s p e c ia lly  befo re  35 

weeks o f g e s ta tio n  as oein be seen in  f ig u re  3*2.
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T ab le 3 .1 0  H ie l e c i t h i n  c o n c e n tr a t io n  aa an  in d e x  o f  f e t a l  lu n g  m a tu r ity

The am niotic f lu id  samples were c o lle c te d  (Methods, 2 .2 .1 )  and ce n trifu g ed  

(Methods, 2 .2 .2 ) .  The l i p id s  were e x tra c te d  (Methods, 2.2*4) and 

acetone p re c ip i ta te d  (Methods, 2*2*5)• The l e c i th in  co n cen tra tio n  was 

determ ined 'by phosphate a n a ly s is  technique (Methods, ^*5) fo llow ing  

2D t* l .c *  (Methods, 2*4)* A ll samples were c o lle c te d  w ith in  72 hours 

of d e liv e ry . Assessment of RDS w ^  made by th e  p a e d ia tr ic  s t a f f  a s  

d escribed  in  Methods, 2 .1 1 . The number in  b rack e ts  re p re se n ts  the  number 

of p a t ie n ts .



L e c ith in  No. o f 9̂  RN8
C oncentration  P a tie n ts  P resen t Absent

L ec ith in  ^  25 >ueo1 1 ^ 12 0 (o) TOO (12)

L e c ith in  < .2 5  jpmol 1 ^ 16 37*5 (6) 62.5 ( lo )

T o ta l 28 21.4 (6) 78*& (22)
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F ig u r e  3 .5  The E f f e c t  o f  G e s ta t io n a l  Age on th e  C o n c e n tr a tio n  o f

P h o s p h a t id y lg ly c e r o l

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 ,2 .1  and 

ce n tr ifu g ed  (Methods, 2 .2 ,2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 ,4 )  

and acetone p re c ip i ta te d  (Methods, 2 ,2 .5 ) .  The co n cen tra tio n  of 

p h o sp h a tid y lg ly cero l was then  determ ined by th e  phosphate a n a ly s is  

technique as described  in  Methods, 2 .5  fo llow ing  2D t . l . c .  (Methods, 2 ,4 ) 

Assessment o f g e s ta tio n a l age was made as describ ed  in  Methods, 2 .1 0 .
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5 ,1 .1 0  : P h o B p h a t id y lg ly c e r o l C o n ce n tr a tio n  and F e ta l  Lung M a tu r ity

P hosp h a tid y lg ly cero l was p resen t in  25 o f the 28 am niotic f lu id

specimens which were c o lle c te d  w ith in  72 hours o f d e liv e ry . There was

no RDS in  th ese  25 bab ies whose phosphatidy lg lycero l co n cen tra tio n s
■•1v a rie d  co n sid e rab ly  and ranged from 1*9 mol l "  amnio t i c  f lu id  to

21.8 ja mol 1*^ am niotic f lu id *  However, in  the  5 rem aining samples 

w ith  no d e te c ta b le  p h o sp h a tid y lg ly cero l a l l  5 bab ies developed EDS.

5 .1 .1 1  The E ffe c t o f G es ta tio n a l Age on the Percentage P a lm itic  

Acid in  F a tty  Acids o f Acetone P re c ip ita b le  Amniotic F lu id  

L ipids

Figure 5*^ shows the  percentage p a lm itic  ac id  in  the acetone 

p re c ip i ta te d  l ip id s  in  am niotic f lu id s  from 57 p a tie n ts  a g a in s t  

g e s ta tio n a l  age* The l ip id s  were is o la te d  from f lu id  samples c o l le c te d  

w ith in  72 hours o f d e liv e ry . There i s  a  g re a t dea l o f in d iv id u a l 

v a r ia t io n  in  the  percentage p a lm itic  ac id  found in  the am niotic  f lu id  

taken  from 28th  week of g e s ta tio n  to  term . The mean percentage 

p a lm itic  ac id  co n ten t o f the e ig h teen  samples c o lle c te d  a t  l e s s  than  

55 weeks was 55.0% bu t a t  55 weeks or g re a te r ,  the mean percen tage 

p a lm itic  a c id  co n ten t o f the  twenty samples analysed was only  54.0%, 

n o t a  s t a t i s t i c a l l y  s ig n i f ic a n t  d if fe re n c e .

5 .1 .12  The Percentage P a lm itic  Acid Content o f Amniotic F lu id  

as an Index of F e ta l Lung M aturity

T h irty -sev en  bab ies were d e liv e red  w ith in  72 hours o f c o l le c t in g  the  

am niotic  f lu id  and 4 o f them developed RDS. A summary of r e s u l t s  i s /
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Figure 5*6 The E ffe c t o f G esta tio n a l Age on the  Percentage 

P a lm itic  Acid Content of the  F a tty  Acid Residues 

in  Acetone P re c ip ita b le  Amniotic F lu id  L ipids

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 ,2 ,1  and 

c e n t r i f u ^ d  (Methods, 2 ,2 .2 )*  The l ip id s  were ex trac te d  (Methods, 2 .2 ,4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 ,5 ) .  The percentage of p a lm itic  

ac id  measured as d escrib ed  in  Methods, 2 .7  was compared w ith  

g e s ta tio n a l  age . G e s ta tio n a l age was assessed  as described  in  

Methods, 2 ,1 0 . There was no c o r re la t io n  found (P % >0.l).
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shown in  ta b le  5 .1 1 , When 25% or more o f the f a t t y  ac id  in  the  acetone 

p re c ip i ta b le  l ip id s  was p a lm itic  ac id  only one of the 53 babies 

developed RDS. However, w ith a value o f le s s  than 25 % of p a lm itic  

ac id  p re se n t, 5 ou t o f 4 babies developed RI^. The mother of the one 

baby which developed RDS bu t w ith  an am niotic f lu id  p a lm itic  ac id  le v e l  

above 25% rece iv ed  betamethasone phosphate and the  ac tu a l co n cen tra tio n  

of p a lm itic  ac id  was very  low.

5 .1 .13  The E ffe c t o f G es ta tio n a l Age on the C oncentration of 

P a lm itic  Acid in  Acetone P re c ip ita b le  Amniotic F lu id  L ipids

The r e s u l t s  o f 57 de term inations o f the abso lu te  co n cen tra tions of 

p a lm itic  ac id  a re  p lo tte d  a g a in s t g e s ta tio n a l age in  f ig u re  3 , 7 . 

E ighteen sam ples, c o lle c te d  from p a tie n ts  w ith a g e s ta tio n a l age of 

le s s  than 55 weeks had a mean p a lm itic  ac id  co n cen tra tio n  o f 1 . 9 ,/?mol 

1 ^ am niotic f lu id .  There was a  n o tic ea b le  in crease  from 55 weeks of 

g e s ta tio n  when the  mean value ro se  to  6 .9  mmol l" ^ .

5 .1 .1 4  P a lm itic  Acid C oncentration  as an Index of F e ta l Lung 

M aturity

The p a lm itic  ac id  co n cen tra tio n  found in  the acetone p re c ip ita b le  

l ip id s  was determ ined in  57 am niotic  f lu id s  obtained 72 hours befo re  

d e liv e ry . Four o f the 57 bab ies developed EDS, The p a lm itic  acid  

co n cen tra tio n  was found to  be le s s  than 5 imnol l"*  ̂ in  each sample.

Of th e  rem aining 53 am niotic f lu id  sam ples, w ith no a sso c ia te d  cases 

of RDS, 12 had a  p a lm itic  ac id  co n cen tra tio n  le a s  than  5 mmol 1*"̂  and 

the rem aining 21 had values above th is  ( ta b le  5 . 12) .
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Table 5*11 The •percentage p a lm itic  a c id  rea iduea  in  amniotic: 

f lu id  l ip id s  aa an index of f e t a l  lung m atu rity

!Q%e am nio tic  f lu id  samples were c o lle c te d  (Methods, 2 ,2 .1 )  and 

ce n tr ifu g e d  (Methods, 2 .2 .2 ) .  The l i p id s  were e x tra c te d  (Methods,

2 .2 .4 )  and acetone p r e c ip i ta te d  (Methods, 2 .2 .5 ) .  The l ip id s  

were tra n se s t e r i f i e d  (Methods, 2 .7 .1 )  and th e  f a t ty  ac id  com­

p o s it io n  analysed  by gas l iq u id  chromatography (Methods, 2 .7 .2 ) 

and the percentage p a lm itic  a c id  c a lc u la te d . A ll samples were 

c o lle c te d  w ith in  72 hours of d e liv e ry . Assessment of RDS was 

made by th e  p a e d ia tr ic  s t a f f  (Methods, 2 .1 1 ) . The number in  brac­

k e ts  re p re se n ts  th e  number of p a t ie n t s .



Percentage of 
P a lm itic  Acid 

Residue

No. o f 
P a t ie n ts

% RDS 
P resen t

% HDS 
Absent

>  25.0 33 3.0  ( 1) 97.0  ( 32)

- ^ 25.0 4 75.0  ( 3 ) 25.0  (1 )

T o ta l 57 10.8  (4 ) 89.2 (33)
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Figure 5 .7  The E ffe c t o f G es ta tio n a l Age on the  C oncentration  o f 

P a lm itic  Acid in  Acetone P re c ip ita b le  Amniotic F lu id  

L ip ids

The am niotic  f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2*2,1 and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  Tlie l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The co n cen tra tio n  of 

p a lm itic  ac id  was determ ined as d escribed  in  Methods, 2 .7 , and the  

r e s u l t s  compared w ith  g e s ta tio n a l  age . G e s ta tio n a l age was assessed  

as d escribed  in  Methods, 2 ,10 .
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T able 5 .1 2  The p a lm it ic  a c id  re s id u e , c o n c e n tr a t io n  aa an in d e x

o f  f e t a l  lu n g  m a tu r ity

The am niotic f lu id  samples were c o lle c te d  (Methods, 2 .2 .1 )  and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were ex tra c te d  (Methods,

2 . 2 .4 ) i^tnd acetone p re c ip i ta te d  (Method», 2 .2 .5Î-* The l ip id s  were 

t r a n s e s te r i f l e d  (M ethods, 2 .7 , l )  and the f a t t y  a c id  com position 

analysed by gas l iq u id  chromatography (Methods, 2 .7*2). An 

in te rn a l  s tan d a rd  was used  (Methods, 2 .7 ) allow ing e s tim a tio n  

of the p a lm itic  a c id  co n c e n tra tio n . A ll samples were c o lle c te d  

w ith in  72 hours of d e liv e ry . AsseEssment of RDS was made T%r the  

p a e d ia tr ic  s t a f f  (Methods, 2 .1 l ) . The number in  b rackets  re p re se n ts  

the  number of p a tie n ts#



P alm itic  Acid No. o f % RDS % RES
C oncentration  P a tie n ts  P resen t Absent

> 3 . 0 ^ o l  1"^ 21 0 (O) 100 (21)

«Cg.Oyfimol 1~^ 16 25.0  (4 ) 75.0  ( 12)

T o ta l 37 10.8 (4 ) 89.2 (33)
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5 .1 .1 5  The E ffe c t o f G esta tio n a l Age on the P a lm itic  A c id /S tea ric  

Acid R atio  in  the Acetone P re o ip lta h le  Amniotic P lu id  L ipids

The r e s u l t s  o f 57 de term ina tions of p a lm itic  a c id /s te a r io  ac id  r a t io  

in  the acetone p re c ip i ta b le  l ip id s  of am niotic f lu id  a re  p lo tte d  

a g a in s t g e s ta tio n a l  age in  f ig u re  5*8* Eighteen samples were c o lle c te d  

from p a tie n ts  w ith  a  g e s ta tio n a l  age of le s s  than 35 weeks, and the 

mean p a lm itic  a c id / s te a r ic  ac id  r a t io  was 7*5* The mean p a lm itic  a c id /  

s te a r ic  ac id  r a t i o  found in  th e  19 samples c o lle c te d  a t  55 weeks of 

g e s ta tio n  o r g re a te r  was 12.4* There i s  a  wide s c a t te r  of p a lm itic  a c id /  

s te a r ic  ac id  r a t io s  from 28 weeks to  term as i s  shown in  f ig u re  5. 8»

5 . 1.16  P a lm itic  A c id /3 tea ric  Acid Ratio as an Index of F e ta l Lung 

M aturity

The p a lm itic  a c id /s te a r ic  ac id  r a t io  o f the acetone p re c ip ita b le  

l ip id s  was determ ined in  57 am niotic f lu id s  taken le s s  than 72 hours 

p r io r  to  d e liv e ry  ( ta b le  5*15)* Four of the  57 bab ies developed RDS 

and the  p a lm itic  a c id /s te a r ic  ac id  r a t io  was le s s  than 2.0 in  th re e  o f 

th ese  four b a b ie s . In  th e  rem aining case the p a lm itic  a c id /s te a r ic  

ac id  r a t io  was 29 ( th e  percentage p a lm itic  acid  was 86.0 and the 

p a lm itic  ac id  co n cen tra tio n  was "^pmol 1 ^ ) .  Betamethasone phosphate 

had been adm in istered  to  th is  mother in  an attem pt to  a c c e le ra te  f e t a l  

lung  m a tu rity . Of the  55 bab ies  w ith  no RDS the  p a lm itic  a c id /s te a r ic  

ac id  r a t io  was le s s  than 2 .0  in  only f iv e  sam ples. The rem aining 29 

samples a l l  had p a lm itic  a c id /s te a r ic  ac id  r a t io s  o f two or above (87.9%)*
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Pim ire 5 .8  The E ffe c t of G es ta tio n a l Age on the  P alm itio  A cid/

S te a r ic  Acid R atio  in  the  Acetone P re c ip ita b le  Amniotic 

F lu id  L ipids

The am niotic f lu id  was c o lle c te d  as describ ed  in  Methods, 2 ,2 .1  and 

c en tr ifu g e d  (Methods, 2 .2 .2 ) ,  The l ip id s  were ex tra c ted  (Methods, 2 ,2 .4 )  

and acetone p r e c ip i ta te d  (Methods, 2 .2 .5 ) ,  The p a lm itic  a c id /s te a r ic  

ac id  r a t i o  was determ ined by gas l iq u id  chromatography as d esc rib ed  

in  Methods, 2 .7 , and the  r e s u l t s  compared w ith g e s ta tio n a l age. 

G es ta tio n a l age was assessed  as describ ed  in  Methods, 2 ,1 0 , There was 

no c o r re la t io n  found ( P > * 0 , l ) .
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T ab le 5 .1 3  The n a lm lt ic  a c id  /  s t e a r i c  a c id  r a t i o  a s  an in d e x  o f

f e t a l  lurug m a tu r ity

The am niotic f lu id  samples were c o lle c te d  (M ethods,2 .2 .1 )  and . 

c e n tr ifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 

2.2.4-) and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The l ip id s  were 

tra n se s  t e r i f i e d  (Methods, 2 .7 . l )  and the  f a t t y  a c id  com position 

analysed by gas l iq u id  chromatography (Methods, 2 .7 * 2 ). The p a lm itic  

ac id  /  s te a r ic  a c id  r a t io  was th e n  c a lc u la te d . A ll samples were - 

c o lle c te d  w ith in  72 hours of d e liv ery *  Assessment of RDS was made 

by th e  p a e d ia tr ic  s t a f f  (Methods, 2 , l l ) .  The number in  b rack e ts  

re p re se n ts  th e  number of p a t ie n ts .



P a lm itic  A cid/ 
S te a r ic  Acid 

R atio

No. o f 
P a tie n ts

% RDS 
P resen t

% RDS 
Absent

^  2 .0 29 5.5  (1) 96.5 (28)

2 .0 0 57.5 (5) 62.5  (5)

T o ta l 37 10.8 (4) 89.2 (33)
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5*2 Rapid S u r fa c ta n t  T e sta

5 .2 .1  The E ffec t o f G es ta tio n a l Age on the  Amniotic F lu id  O p tica l 

D ensity

The o p tic a l  d en s ity  o f the am niotic  f lu id  was measured (Methods, 2 .8) 

in  120 sam ples. The o p tic a l  d e n s ity  in creases  ex p o n en tia lly  r a th e r  

than l in e a r ly  w ith g e s ta tio n a l  age ( f ig u re  5* 9 )•

( r  = 0 . 66, P O.OOl). The equation  th a t  f i t s  the r e s u l t s  i s

y  = 1.186 X 10"%    ( iv )

where x i s  the g e s ta tio n a l  age in  weeks and 

y i s  th e  o p tic a l  d e n s ity .

There i s  an obvious ab rup t in c re a se  a t  55 weeks of g e s ta tio n  or g re a te r .  

F if ty —e ig h t specimens were c o lle c te d  from p a tie n ts  w ith a g e s ta tio n a l  

age o f le s s  than  35 weeks and 38 o f these samples (65*5%) had an 

o p t ic a l  d en s ity  le s s  than  0 ,15  ( a t  650 nm). When the g e s ta tio n a l  age 

was 55 weeks or g re a te r  only 4 o f th e  62 samples (6.5%) analysed had 

o p tic a l  d e n s it ie s  below 0.15 ( ta b le  5 *14)#

5 .2 .2  O ptical D ensity Measurements as an Index of F e ta l Lung 

M aturity

The o p tic a l  d e n s ity  o f am niotic f lu id  was measured from 85 p a tie n ts  

w ith in  72 hours of d e liv e ry . An o p tic a l  d en s ity  of 0.15 was used as 

the c r i t i c a l  va lu e , s ince  th is  was the  c r i t i c a l  value adopted by o th e r 

la b o ra to r ie s  (Sbarra e t  a l . 1977» Copeland e t  1978; Spellacy  

1979; H ill  e t  a l .  1979)* A summary of r e s u l t s  i s  shown i n /
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F igu re  5 .9  The E f f e c t  o f  G e s ta t io n a l  Age on th e  A m niotic F lu id

O p tic a l  D e n s ity

The am niotic f lu id  was c o lle c te d  by am niocen tesis , and cen trifu g ed  

(Methods, 2 .2 ,2 ) .  The o p tic a l d e n s ity  of the am niotic f lu id  was 

measured as d escrib ed  in  Methods, 2 .8 . Assessment o f g e s ta tio n a l age

was made as describ ed  in  Methods, 2. . Equation ( iv )  f i t s  the d a ta

( r  = 0 .6 6 , P <  0 .001 , n = 120).

y = 1.186 X 10”^e ( iv )

where x i s  the  g e s ta tio n a l  age in  weeks

and y i s  the  o p tic a l  d e n s ity  o f the

am niotic f lu id .



0.80

0.50
s;z
o
m

1“<

LUQ

O

0.20

X

G E S T A T I O N A L  AGE IN  WEEKS

76



T ab le 3 .1 4  The e f f e c t  o f  g e s t a t io n a l  age on th e  a n m io tic

f l u i d  o p t ic a l  d e n s i t y

The o p tic a l  d en s ity  of am niotic f lu id  samples was 

determ ined as d escribed  in  Methods 2 .8 . Only samples 

c o lle c te d  by am niocentesis were analysed . The g e s ta tio n a l 

age was assessed  as  described  in  Methods 2 .1 0 . The number 

in  b rackets  re p re se n ts  th e  number of p a t ie n t s .



G esta tio n a l Age No* of Samples % w ith
O ptical
D ensity

% w ith
O p tica l
D ensity
C .0.13

^ 3 5  weeks 62 93.5 (58) 6 .5  (4)

35 weeks 58 34.5 (20) 65.5 (38)

T o ta l 120 65.0 (78) 35.0  (42)
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ta b le  3 . 15 . In  70 p a t ie n ts  the  o p tic a l  d en s ity  of the am niotic f lu id  

was 0,15  o r g re a te r  and none of these babies developed RDS* In the  

rem aining 15 p a tie n ts  an immature o p tic a l  d e n s ity  measurement ( le s s  

than 0 . 15) was found in  the am niotic flu id *  Four of these  babies 

developed RDS (27*0^6) * Three of these  babies were d e liv e red  a t  28 

weeks o f g e s ta tio n  because of acu te  o b s te tr ic  com plications, and the  

fo u rth  was d e liv e re d  a t  35 weeks o f gesta tion*

3*2*3 The E ffe c t o f G es ta tio n a l Age on the Amniotic F lu id  Bubble

S ta b i l i ty  T est

The Bubble S t a b i l i t y  T est was performed on I 90 am niotic f lu id  samples* 

E ig h ty -fiv e  samples were c o lle c te d  from p a tie n ts  w ith a g e s ta tio n a l  

age of le s s  than  35 weeks, and 65 o f these had negative r e s u l t s  ( 76*5%)# 

’.vben th e  g e s ta tio n a l  age was 35 weeks or g re a te r ,  only 8 of the  IO5 

samples analysed had n eg a tiv e  r e s u l t s  (7-6%), ( ta b le  3.16)*

3.2*4 The Bubble S ta b i l i ty  T est as an Index of F e ta l Lung M aturity

The Bubble S ta b i l i ty  T est was performed on the  am niotic f lu id  taken  from 

155 p a t ie n ts  w ith in  72 hours p r io r  to  delivery*  A summary o f r e s u l t s  i s  

shown in  ta b le  3*17. One hundred and seventeen am niotic f lu id  samples 

gave a  p o s it iv e  r e s u l t  su g g estin g  mature f e t a l  lungs and only  one baby, 

d e liv e re d  a t  32 weeks o f g e s ta tio n  because o f an antepartum  haemorrhage, 

developed RDS, an inc idence  of 0*7%. In  the rem aining 38 p a t ie n ts  the  

am niotic f lu id  bubble s t a b i l i t y  t e s t  was negative and 19 of these 

bab ies developed RDS (50*CÇé)*
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T ab le  3 .1 5  O p tic a l D e n s ity  M easurem ents as an Index  o f  F e t a l  Lung

M a tu rity

The o p t ic a l  d en s ity  of am niotic  f lu id  was measured as d escrib ed  in  

Methods 2 .8 . A c r i t i c a l  value o f 0.15 was used (Methods, 2 .8 ) ,  A ll 

samples were c o lle c te d  w ith in  hours of d e liv e ry . Only samples 

c o lle c te d  by am niocentesis were analysed . Assessment o f EDS was made 

by the  p a e d ia tr ic  s t a f f  as d escribed  in  Methods 2 .1 1 , The number in  

b rack e ts  re p re se n ts  the number o f  p a t ie n ts .



O p tic a l D e n s ity

3 : 0 . 1 5

<C,0.15

T o ta l

No. o f 
P a tie n ts

70

15

85

% EPS 
P resen t

0 (0 )

26.7 (4 ) 

4 .7  (4)

°/o RDS 
Absent

100 (70)
75.5  ( 11) 

95.3  (81)
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T ab le  3 .1 6  The e f f e c t  o f  g e s t a t io n a l  age on th e  a m n io tic

f l u i d  bub b le s t a b i l i t y  t e s t

The bubble s t a b i l i t y  t e s t  was performed as d escribed  

in  Methods 2.9» Samples c o lle c te d  by am niocentesis, 

vag in a l drainage o r a t  cae sa rian  sec tio n  were analysed . 

Assessment of g e s ta tio n a l age was as described  in  

Methods The number in  b rack e ts  re p re se n ts  th e

number o f p a t ie n ts .



G esta tio n a l
Age

No# o f Samoles % With 
Bubble S ta b i l i ty  

T est +ve

% With 
Bubble S ta b i l i ty  

T est —ve

35 weeks 105 92 .4  (97) 7.6  (8)

<135  weeks 85 23.5  ( 20) 76.5  ( 65)

T o ta l 190 61.6  (117) 38.4 ( 73)
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T ab le  3 .1 7  The B ubble S t a b i l i t y  T e s t  a s  an In d ex  o f  F e t a l  Lung

M a tu r ity

The Bubble S ta b i l i ty  T est was performed a s .d e sc rib e d  in  Methods 2 .1 0 . 

A ll samples were c o lle c te d  w ith in  72 hours of d e liv e ry . Amniotic 

f lu id  samples were c o lle c te d  by am niocen tesis , v ag in a l d rainage or 

a t  time o f caesarean  s e c tio n . Assessment of HDS was made by the  

p a e d ia tr ic  s t a f f  as d escrib ed  in  Methods 2*11. The number in  b rack e ts  

re p re se n ts  the  number o f p a t ie n ts .



Bubble S ta b i l i ty  
T est

+ve

—ye

T o ta l

No. o f 
P a tie n ts

117

38

155

% BPS 
P resen t

0 .8  ( 1)

50.0 (19)

12.90 (20)

% BBS 
Absent

99.2 (116)

50.0 (19)

87.1 (155)
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5m5 Amniotic F lu id  Phoa-pholluid C oncentrations Obtained by Hijdi 

Performance Liquid Chromatography Compared w ith  the  R esu lts 

Derived from Phosphate A nalysis Following 2D t . l . o .

The co n cen tra tio n s  o f acetone p re o ip ita b le  l e c i th in ,  phosphatidy lg lyc­

e r o l ,  p h o sp h a tid y lin o s ito l, phospbatidylethanolam ine and sphingomyelin 

in  am niotic f lu id  were determ ined by bo th  h . p . l . c .  (Methods, 2 .6 ) and 

by ino rgan ic  phosphate e s tim a tio n  (Methods, 2 ,5 ) fo llow ing  2D t . l . o .  

(Methods, 2 ,4 ) .  The r e s u l t s  show th a t  the values ob tained  from the  two 

methods a re  in  good agreem ent,

3 .3 .1  L e c ith in  C oncentration

A comparison of the r e s u l t s  obtained  from 40 am niotic f lu id  samples i s  

shown in  f ig u re  3.10 The equation  (v) f i t s  the d a ta  ( 2̂ , 99, P'CO.OOl).

y = 0 . 98% + 3 .0      (v)

where x i s  the l e c i t h in  co n cen tra tio n  

determ ined by phosphate a n a ly s is  fo llow ing  2D t . l . c .  and 

y  i s  the le c i th in  co n cen tra tio n  determ ined by h . p . l . c .

3 .5 .2  P hosp h a tid y lg ly cero l C oncentration

A comparison o f the r e s u l t s  ob tained  from 11 am niotic f lu id  samples i s

shown in  f ig u re  3 .11 . P h o sp h a tid y lg ly cero l was no t d e tec ted  in  4

samples by both  tech n iq u es . H alf the  l im it, of s e n s i t iv i ty  was 
used f o r . th e  samples w h e r e . -phosphatidylg lycero l was' hot d e tec te d . 
Equation ' (v l)  f i t s  the d a ta  ( r= .0 .9 3 , PC.O.OO1) .
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F ig u r e  3 .1 0  The C o n ce n tr a tio n  o f  l e c i t h i n  O bta ined  b y  h . p . l . c .

Compared w ith  the  R esu lts  Derived from Phosphate A nalysis 

Follow ing 2D t . l . c .

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 .1  and 

c en trifu g ed  (Methods, 2 .2 .2 ) ,  The l ip id s  were ex tra c te d  (Methods, 2 ,2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 ,5 ) .  A comparison of the  

co n cen tra tio n  of l e c i th in  determ ined by h . p . l . c .  as d escribed  in  

Methods, 2 .6  w ith  the  r e s u l t s  derived  from th e  phosphate e s tim a tio n  

(Methods, 2 .5 ) fo llow ing  2D t . l . c .  (Methods, 2 .4 ) i s  shown. Equation 

(v) f i t s  th e  d a ta  ( r  = 0.99» P < .0 .0 0 1 , n = 40) .

y = 0.98x + 5 .0     (v)

where x i s  the l e c i th in  co n cen tra tio n  obtained  

by phosphate a n a ly s is  fo llo w in g  2D t . l . c .  

and y i s  the co n cen tra tio n  o f l e c i th in  determ ined 

by h . p . l . c .
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Figure 3.11 The C oncentration  o f P h o sp h a tid y lg ly cero l Obtained 

by h . p . l . c .  Compared w ith  th e  R esu lts  Derived from 

Phosphate A nalysis Follow ing 2D t . l . o .

The am niotic f lu id  was c o lle c te d  as d esc rib ed  i n  Methods, 2.2*1 and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 ,4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  A comparison of the 

co n cen tra tio n  o f p h o sp h a tid y lg ly cero l determ ined by h . p . l . c .  as 

d escribed  i n  Methods, 2 .6  w ith  th e  r e s u l t s  d eriv ed  from the  phosphate 

e s tim a tio n  (Methods, 2 ,5 ) fo llow ing  2D t . l . c .  (Methods, 2 .4 ) i s  shown.

The equation  (vi.) f i t s  the  d a ta  ( r  = 0 .93  P < .0 ,0 0 1 , n  = l l ) .

y^0,r44% +0.T5 -   (v i)

where x i s  the  p h o sp h a tid y lg ly ce ro l co n cen tra tio n  

obtained  by phosphate a n a ly s is  fo llo w in g  2D t . l . c *  

and y i s  th e  co n cen tra tio n  o f p h o sp h a tid y lg ly ce ro l 

determ ined by h . p . l . c .
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y=>0,'443t+0.75   (v i)

where x i s  the  co n cen tra tio n  o f p h o sp hatidy lg lycero l

determ ined by phosphate a n a ly s is  fo llow ing  2D t . l . o .  and

y  i s  the  p h o sp h a tid y lg ly cero l co n cen tra tio n  determ ined by h . p . l . c .

3 .3 .3  P h o sp h a tid y lin o s ito l C oncentration

The co n c en tra tio n  of p h o sp h a tid y lin o s ito l was determ ined by both  

techniques in  11 am niotic f lu id  samples (fig iire  3 .1 2 ) . The equation

( v i i )  f i t s  th e  d a ta  ( r  = 0.94» P <  O.OOl).

y  = 1.10X -  3 .0 8    ( v i i )

where x i s  the  co n cen tra tio n  o f p h o sp h a tid y lin o s ito l 

determ ined by 2D t . l . c .  and 

y  i s  the  co n cen tra tio n  of p h o sp h a tid y lin o s ito l 

determ ined by h . p . l . c .

3 .3 .4  Phosphatidylethanolam ine C oncentration

The co n cen tra tio n  o f phosphatidylethanolam ine was determ ined by bo th  

techniques in  24 am niotic f lu id  samples ( f ig u re  3*13). The equation

( v i i i )  f i t s  the d a ta  ( r  = 0.97* P <  O.OOl).

y = 0.97X -  0 .49    ( v i i i )

where x i s  the  co n cen tra tio n  of phosphatidylethanolam ine 

determ ined by phosphate a n a ly s is  fo llo w in g  2D t . l . o .  and 

y  i s  the  co n cen tra tio n  o f phosphatidylethanolam ine 

determ ined by h . p . l . c .
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l i g u r e  3 #12 The C o n ce n tr a tio n  o f  P h o s p h a t id y l in o s i t o l  O btained  by

h . p . l . c .  Comijared w ith  the  R esu lts  Derived from Phosphate 

A nalysis Following 2D t . l . c .

The am niotic  f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 .1  and 

c e n tr ifu g e d  (Methods, 2 .2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  A comparison of the  

co n c e n tra tio n  o f p h o sp h a tid y lin o s ito l determ ined by h . p . l . c .  as 

d escrib ed  in  Methods, 2.6 w ith th e  r e s u l t s  derived  from th e  phosphate 

e s tim a tio n  (Methods, 2 .5 ) fo llo w in g  2D t . l . c .  (Methods, 2 .4 ) i s  shown. 

Equation ( v i i )  f i t s  the d a ta  ( r  = 0.94* 0.001, n = l l ) .

y  Œ 1.18x -  5.08    ( v i i )

where x i s  the p h o sp h a tid y lin o s ito l co n cen tra tio n  

ob tained  by phosphate a n a ly s is  fo llow ing  2D t . l . o .  

and y i s  the  co n cen tra tio n  o f p h o sp h a tid y lin o s ito l 

determ ined by h . p . l . c .
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Figure 3 #13 The C oncentration o f Phosphatidylethanolam ine Obtained 

hy h .^ e l.G . Compared w ith  th e  R esu lts  Derived from 

Phosphate A nalysis Following 2D t . l . o .

The am niotic fln id . was c o lle c te d  as describ ed  in  Methods, 2 .2 .1  and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x trac ted  (Methods, 2 ,2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 ,2 ,$ ) .  A comparison o f the  

co n cen tra tio n  o f phosphatidylethanolam ine determ ined by h . p . l . c .  as 

described  in  Methods, 2 .6  w ith  th e  r e s u l t s  obtained  from the  phosphate 

e s tim a tio n  (Methods, 2 .5 ) fo llow ing  2D t . l . c .  (Methods, 2 ,4 ) i s  shown. 

Equation ( v i i i )  f i t s  the  d a ta  ( r  = 0.97» P 0 .001, n = 24).

y = 0.97% -  0.49    ( v i i i )

where x i s  the co n cen tra tio n  o f phosphatidylethanolam ine 

ob tained  by the phosphate a n a ly s is  fo llow ing  2D t . l . c .  

and y i s  the  co n cen tra tio n  o f phosphatidylethanolam ine 

determ ined by h . p . l . c .
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3 . 3 . 5  Sphlnjaroiiiyelin C o n c e n tr a tio n

The co n cen tra tio n  of sphingonQrelin waa determ ined by both  techniques 

in  11 samples ( f ig u re  3.14)* The equation  ( ix )  f i t s  the r e s u l t s  

( r  = 0 .8 9 , P <  0 .0 0 1 ).

y -  0.68x + 1.51      ( ix )

where x i s  the  co n cen tra tio n  of sphingomyelin 

determ ined by phosphate a n a ly s is  fo llow ing  2D t . l . c .  

and y  i s  the  co n cen tra tio n  of sphingomyelin 

determ ined by h .p . l .c #

3 .4  Comparison o f A n a ly tica l Methods

3 .4 .1  A Com-parison o f the L ec ith in  C oncentration and th e  L/S R atio

in  Amniotic F lu id

The l e c i th in  co n ce n tra tio n  o f am niotic f lu id  measured e i th e r  by 

h . p . l . c .  (Methods, 2 .6 ) o r phosphate an a ly s is  (Methods, 2 .5 ) fo llow ing  

2D t . l . c .  (Methods, 2*4) was compared w ith  the L/S r a t i o .  A comparison 

o f th e  L/S r a t io s  a g a in s t the l e c i th in  co n cen tra tio n  in  08 am niotic 

f lu id s  i s  i l l u s t r a t e d  in  f ig u re  3*35* The equation  (x) f i t s  the 

r e s u l t s  ( r  = 0 .5 8 , P <10.001).

y  = 0.02x + 1.74      (x)

where x i s  the l e c i th in  concen tra tion  

and y i s  the L/S r a t i o .
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Pigure 3.14 A Compaxison of the Concentration of Sphingomyelin
by h . p . l . c .  and by the  Phosphate Assay a f t e r  2D t . l . o .

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 * 5 ). A comparison of the  

sphingom yelin co n cen tra tio n  determ ined by h . p . l . c .  (Methods, 2 .6 ) and 

by the  phosphate assay  a f t e r  2D t . l . c .  (Methods, 2 .5 ) i s  i l l u s t r a t e d .  

Equation ( ix )  f i t s  the d a ta  ( r  = 0 .8 9 , P <C 0.001, n = l l ) .

y = 0,68x + 1.51      ( ix )

where x i s  th e  co n ce n tra tio n  o f sphingomyelin 

determ ined by the  phosphorus technique a f t e r  2D t . l . o *  

and y i s  the  co n c e n tra tio n  of sphingomyelin 

determ ined by h . p . l . c .
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F ig u r e  5 .1 5  A Gomparison o f  th e  L/S R a tio  and th e  L e o ith in

C o n ce n tr a tio n  i n  A nm lotio  F lu id

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2*2*1 and 

cen tr ifu g e d  (Methods, 2.2*2)* The l ip id s  were ex tra c te d  (Methods, 2*2*4) 

and acetone p re c ip i ta te d  (Methods, 2 ,2 * 5 ). The L/S r a t io  was 

determ ined by 2D t . l . c ,  as d escribed  in  Methods, 2*4 and th e  r e s u l t s  

compared w ith  th e  le c i th in  co n cen tra tio n  obtained by e i th e r  h . p . l . c .  

(Methods, 2 ,6 ) or phosphate assay  (Methods, 2*5) fo llow ing  2D t . l . c *  

Equation (x) f i t s  the d a ta  ( r  = 0*58, P <C.0*001, n = 8 8 ).

y = 0.02x + 1*74   (x)

where x i s  the co n cen tra tio n  o f l e c i th in  

and y i s  th e  L/S r a t io .
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- 1Using c r i t i c a l  values o f 25 mol 1 fo r  le c i th in  co n cen tra tio n  

( r e s u l t s  5*1*8} and an L/S r a t io  o f 2 .0  ( r e s u l ts  5 . I . I )

72 of the 88 r e s u l t s  (06. 8%) were in  agreement lead in g  to  the same 

in te rp r e ta t io n  of f e t a l  lung  m a tu rity  ( ta b le  3 .1 8 ) . T h ir ty -fo u r  

am niotic f lu id s  had bo th  le c i th in  co n cen tra tio n  and the L/S r a t io  

above th e i r  c r i t i c a l  values and 38 had both  measurements below th e i r  

c r i t i c a l  v a lu e s . Of the rem aining 16 am niotic f lu id s  the  two 

teclm iques gave d i f f e r in g  r e s u l t s ,  9 samples having L/S r a t io s  o f  2 .0  

o r above and a l e c i th in  co n cen tra tio n  below i t s  c r i t i c a l  v a lu e . In  

th e  rem aining 7 am niotic f lu id  samples the le c i th in  co n cen tra tio n  was 

above the c r i t i c a l  value and the  L/S r a t io  was le s s  than  2 .0 .

The occurrence of RDS in  28 bab ies  when d e liv e ry  was w ith in  72 hours 

of,sam ple c o l le c t io n  i s  shown in  ta b le  3#19* When both l e c i th in  

co n cen tra tio n  and L/S r a t i o  measurements were below th e i r  c r i t i c a l  

values 6C% of the babies developed RDS. However, no baby developed 

HUS i f  e i th e r  param eters were above th e i r  c r i t i c a l  v a lu e s .

3 .4 ,2  A Comparison o f the  Percentage P a lm itic  Acid o f the F a tty  

Acids in  the Acetone P re c ip ita b le  L ipids o f Amniotic F lu id  

and the  C oncentration of Acetone P re c in ita b le  L eo ith in  in  

Amniotic F lu id

No re la t io n s h ip  was found between th e  percentage p a lm itic  ac id  and the 

l e c i th in  co n cen tra tio n  in  the  acetone p re c ip ita b le  l ip id s  from 26 

am niotic f lu id s  ( r  = 0 .1 4 , P >  O .l ) .

Using c r i t i c a l  values o f 25.0% fo r  the percentage p a lm itic  a c id /
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Table 3 >18 A compariaon of th e  l e c i t h i n  co n c en tra tio n  and 

the  L/S r a t io  in  am n io tie  f lu id

The am niotic f lu id s  were c o lle c te d  as  d escrib ed  in  Methods, 2 .2 .1  

and cen tr ifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  a s  des­

c rib ed  in  Methods, 2 .2 .4  and ace tone  p re c ip i ta te d  (Methods, 2 .2 .5 ) .  

The l e c i t h in  co n cen tra tio n  was determ ined by h . p . l . c .  (Methods, 2 .6) 

o r  by phosphate a n a ly s is  techn ique  (Methods, 2 .5 ) fo llo w in g  2D t . l . c ,  

A c r i t i c a l  value of 25 >unol I  ^ was used (R e su lts , 3 .1 8 ) . The L/S 

r a t i o  was determ ined by 2D t . l . c .  An L/S r a t i o  of 2 .0  was used as 

th e  c r i t i c a l  va lu e . The in te rp r e ta t io n  of th e  r e s u l t s  was then  

compared.



Leoithin 25 umol 1*"̂  Leoithin ■*==■25 >amol l"^

L/S ^  2 .0  34 9

L/S < . 2 ,0  7 38
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T able 3 .1 9  L e c i th in  c o n c e n tr a t io n  and L /S  r a t i o  a s  an  in d e x  o f  f e t a l

lu n g  m a tu r ity

The am niotic f lu id  waa c o lle c te d  (Methods, 2 .2 .1 )  and ce n trifu g ed  

(Methods, 2 .2 .2 ) .  The l i p id s  were e x tra c te d  (Methods, 2 .2 .4 )  and 

acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The l e c i th in  co n cen tra tio n  

was determ ined by phosphate a n a ly s is  technique (Methods, 2 .5 )  fo llow ing  

2D t . l . c .  (Methods, 2 .4 ) o r by h . p . l . c .  (Methods, 2 .6 ) .  The L/S r a t io  

was determ ined by 2D t . l . c .  (Methods, 2 .4 )*  A ll samples were c o l le c te d  

w ith in  72 hours o f d e liv e ry . Assessment of RDS was made by the p a e d ia tr ic  

s t a f f  (Methods, 2 .1 l ) .  The number in  b rack e ts  re p re se n ts  the number of 

p a t ie n ts .



No. o f  % w ith
P a tie n ta  RDS

L e c ith in  ^  25 jimol '
and L/S 2 .0  15 O  (p)

L ec ith in  ^  25 im ol
and L/S < . 2 . 0  1*. D

L e c ith in  <  25 jm ol
and L/S üç* 2 .0  ^  O i® )

L e c ith in  <. 25 pmol 1*"̂
and L/S < . 2 .0  5 60 (5)

T o ta l 28 10.7 (3)

95



( r é s u l ta  3*1.12) and 25 ai mol 1**̂  fo r  th e  co n cen tra tio n  o f l e c i t h in  

( r e s u l t s  3 .1*8 ) 15 of the  26 r e s u l t s  (57*7%) were in

agreement le a d in g  to  th e  same in te rp r e ta t io n  o f f e t a l  lung  m a tu rity  

( ta b le  3 . 20) .  Twelve samples in d ic a te d  m ature lungs and none of th e  

bab ies developed RDS. In  the rem aining 3 both  te s t s  in d ic a te d  

immature f e t a l  lungs and a l l  5 bab ies  developed RDS, Of the  11 samples 

in  which the two techniques gave d i f f e r in g  r e s u l t s  a l l  had the  

p ro p o rtio n  of p a lm itic  ac id  above 25. 0% w hile the co n cen tra tio n  of 

l e c i t h in  in  th ese  samples was below i t s  c r i t i c a l  v a lu e . One baby in  

th i s  group was d e liv e re d  a t  28 weeks of g e s ta tio n  because of an acu te  

o b s te t r ic  com plication  p and t h i s  baby developed severe RDS.

3 .4 .3  A Comparison o f P a lm itic  Acid as a  Percentage o f the  F a tty  

Acids and the  L/S R atio  of Amniotic F luid

The percentage p a lm itic  ac id  was compared w ith  th e  L/S r a t i o  in  the

acetone p re c ip i ta te d  f r a c t io n  from 37 am niotic  f lu id s  and no 

c o r re la t io n  was found ( r  = 0 .12 , P ^  O . l ) .

Using c r i t i c a l  values o f 2 .0  and 25% f o r  the L/S r a t i o  ( r e s u l t s  3*1.1)

and th e  percen tage p a lm itic  ac id  ( r e s u l t s  3 . 1 . 12) r e s p e c t iv e ly ,  24 o f 

the  37 r e s u l t s  (64 . 9%) were in  agreement lead in g  to  the  same 

in te rp r e ta t io n  o f f e t a l  lung m a tu rity  ( ta b le  3 .2 1 ) . Twenty-one 

am niotic  f lu id s  had r e s u l t s  above th e i r  c r i t i c a l  values and th e re  were 

no cases o f RDS. In  th e  rem aining 3 am niotic  f lu id  samples the 

r e s u l t s  were below th e i r  c r i t i c a l  v a lu es  and a l l  th ree  bab ies developed 

RDS.
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A: Gomparison o f the  -percentage pal mi t i c  acid, reaiduea 

in  am nio tic  f lu id  l ip id s  and the  co n cen tra tio n  of 

l e c i t h in  in  am niotic f lu id

The am niotic f lu id s  were c o lle c te d  (Methods, 2 .2 .1 )  and cen trifu g ed  

(Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 ) and 

acetone p r e c ip i ta te d  (Methods, 2 .2 .5 ) .  The percentage pa lm itic  

a c id  was determ ined by tra n s e s t e r i f y ing  the l i p id s  (Methods, 2 .7 * l) 

and analysing  th e  f a t t y  a c id  com position a f t e r  gas l iq u id  chromato­

graphy (Methods, 2 .7 * 2 ) . The l e c i t h in  co n c en tra tio n  was determ ined 

by phosphate a n a ly s is  technique (Methods, 2^5) fo llow ing  2D t . l . c .  

(Methods, 2 .4 ) .  The r e s u l t s  of each t e s t  were compared. AH 

samples were c o l le c te d  w ith in  72 hours of d e liv e ry . Assessment of 

BDS was made by the p a e d ia tr ic  s t a f f  (Methods, 2 .1 l ) .  The number, 

in  b rack e ts  re p re se n ts  the number of p a t ie n ts .



Palmitio Acid BUS Palmitic Add RD3
^  2594 Present <̂. 259  ̂ Present

Lecithin ,
> 2 5  pm ol 1"^ 12 a

Lecithin , _
L 11 O25 pm ol 1  11
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Table 5.21 A oomtiariaon of th e  percentaite p a lm itic  a c id  re s id u es  

in  am niotic f lu id  l ip id e  and the  L/S r a t io  of am niotlo 

f lu id

The am niotic f lu id  samples were c o l le c te d  (Methods, 2 .2 .1 )  and 

c en tr ifu g e d  (Methods» 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 

2 . 2 . 4) and acetone p re c ip i ta te d  (Methods, 2 .2 .5 )*  The l ip id s  were 

tra n s e s t e r i f i e d  (Methods, 2 .7 .1 )  and the  f a t t y  a c id  com position 

analysed  by gas l iq u id  chromatography (Methods, 2 .7 .2 )  and the 

percentage p a lm itic  a c id  c a lc u la te d . The L/S r a t io  was determ ined 

by 2D t . l . a .  (Methods, 2 .4 )*  The r e s u l t s  of each t e s t  were compared. 

Each sample was c o lle c te d  w ith in  72 hours of d e liv e ry . Assessment 

of RDS was made by the  p a e d ia tr ic  s t a f f  (Methods, 2 .1 1 ). The 

number i n  b rackets  re p re se n ts  the  number of p a t ie n ts .



No. of % with
Patients RDS

L/S 2 .0 and 21 0 (O)
palmitic acid 25̂ 6

L/S -C 2 .0 and 13 (1)
palmitic acid 25%

L/S ^  2.0 and 0 q (O)
palmitic acid <. 25%

L/S <  2 .0 and 3 ,00 (3)
palmitic acid <  25%

Total 37 lO'S (4)



In  the rem aining 13 cases th e  two techniques gave d i f f e r in g  r e s u l t s ,  

a l l  having the p ro p o rtio n  o f p a lm itic  ac id  above 25% w hile the L/S 

r a t io s  were below 2.0# One baby in  th is  group d id  develop RDS#

3 .4 .4  A Comparison o f the  Percentage P alm itio  Acid in  Acetone 

F re c ip ita b le  L e c ith in  and the C oncentration of Acetone 

P re c ip ita b le  L e c ith in  in  Amniotic F luid

A comparison of the percen tage o f p a lm itic  ac id  in  th e  acetone 

p re c ip i ta b le  l e c i th in  and the  co n cen tra tio n  of acetone p re o ip ita b le  

l e c i t h in  in  s ix  specimens o f am niotic f lu id  i s  i l l u s t r a t e d  in  f ig u re  

3A ^ As can be seen th e  percen tage p a lm itic  ac id  in  l e c i th in  

in c rea se s  w ith the l e c i th in  concen tra tion#  The equation  (x i)  f i t s  the 

r e s u l t s  ( r  = 0 .9 7 , 0 .01 >  P >  O.OOl).

y = l#08x -  0 .54  . . # # # # . . , # . , . * ,  (x i)
where x  i s  th e  co n ce n tra tio n  of l e c i th in  and y i s  the  percentage 
of p a lm itic  a c id  in  l e c i t h i n .

Using c r i t i c a l  values o f 25% and 25 mol l "  fo r  the  percentage of

p a lm itic  ac id  and the co n c e n tra tio n  o f l e c i th in  re sp e c tiv e ly  a l l  6

samples p red ic ted  f e t a l  lu n g  m aturity#  The 6 bab ies were d e liv e red

w ith in  72 hours o f sample c o l le c t io n  and none o f the  babies developed

RDS#

3.4#5 A Comparison o f th e  Percentage of P alm itio  Acid in  the  Acetone

P re c lp ita b le  L e c ith in  and the  Acetone F re c ip ita b le  L/S R atio  

of Amniotic F lu id

The percentage of p a lm itic  ac id  in  the le c i th in  f a t t y  ac ids was 

compared w ith  the  L/S r a t i o  in  6 am niotic f lu id s .  As i s  i l l u s t r a t e d /
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F ig u re  3 .1 6  A Com parison o f  th e  P e r ce n ta g e  P a lm it io  A oid  i n  L e c i th in

and th e  C o n ce n tr a tio n  o f  L e c i t h in  i n  A m n io tic  F lu id

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods 2 .2 .1 , and 

c en trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 ,2 .5 ) .  The percen tage of p a lm itic  

ac id  in  l e c i th in  f a t t y  ac id  re s id u es  (Methods, 2 .7 ) was compared 

w ith  the  l e c i th in  co n cen tra tio n  (Methods, 2 .5  o r 2 .6 ) .  Equation (x i)  

f i t s  the d a ta  ( r  = 0 .9 7 , 0 .01*7 P T^O.OOl),

y = l.OSx -  0 .54   (%i)

where x i s  the  co n cen tra tio n  o f l e c i th in  

and y i s  the  percentage of p a lm itic  ac id  in  l e c i th in .
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i n  f ig u re  3^17' the  p ro p o rtio n  o f pa lm itio  acid  tends to  in c rease  w ith 

L/S r a t i o .  The equ a tio n  ( z i i )  f i t s  the r e s u l ts  ( r  = 0 .75 , 0*1 > P >  O.QJ*

y = 1.55% + 12.77   ( x i i )
where x ia  th e  L/S r a t io  and y i s  th e  percen tage of p a lm itic  ao id  
in  l e c i t h in .

Using c r i t i c a l  values o f 25*09  ̂ and 2*0 fo r  the  percentage p a lm itio  ac id  

and the L/S r a t io  re s p e c tiv e ly  a l l  6 samples led  to  the  c o r re c t 

in te rp r e ta t io n  of f e t a l  lung  m a tu rity .

5*4*6 A Comparison of th e  L ec ith in  C oncentration and the  O ptical 

D ensity  o f Amniotic F lu id

The acetone p re c lp i ta b le  l e c i th in  co n cen tra tio n  of am niotic f lu id  was 

compared w ith  the  o p tic a l  d e n s ity  of am niotic f lu id *

The r e la t io n s h ip  of th e  o p tic a l  d e n s ity  measurements to  the l e c i th in  

co n cen tra tio n  in  50 am niotic f lu id s  i s  i l l u s t r a t e d  in  f ig u re  5*18*

The o p tic a l  d e n s ity  in c re a se s  w ith  le c i th in  co n cen tra tio n  ( r  s  0 .6 6 ,

P < 0 * 0 0 1 ).

Using c r i t i c a l  values o f  25 xl moles l" ^  am niotic f lu id  and 0.15 fo r  

th e  co n cen tra tio n  o f l e c i th in  ( r e s u l ts  5*1*8) and th e  o p tic a l  d e n s ity  

r e s p e c t iv e ly ,  20 o f th e  50 r e s u l t s  (66*7%) were in  agreement, 

in d ic a t in g  f e t a l  lung  m a tu rity  ( ta b le  5*22). Seven am niotic f lu id s  

had bo th  the l e c i th in  co n cen tra tio n  and the  o p tic a l  d e n s ity  above 

c r i t i c a l  values w h ils t  15 am niotic f lu id s  had le c i th in  co n cen tra tio n s 

and the o p tic a l  d en s ity  measurement below c r i t i c a l  v a lu es . Of the 

rem aining 10 am niotic f lu id s  the r e s u l ts  would have led  to  d i f f e r e n i /
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F ig u r e  3*17  A Com parison o f  th e  P e r c e n ta g e  P a lm it ic  A oid In  L e o ith ln

and th e  L/S R a t io  o f  A m n iotic  F lu id

The am niotic  f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 ,2 .1  and 

c e n tr ifu g e d  (Methods, 2 .2 .2 ) ,  The l ip id s  were e x trac ted  (Methods, 2 ,2 ,4 )  

and acetone p r e c ip i ta te d  (Methods, 2 .2 .5 )*  The percentage of p a lm itic  

a c id  in  l e c i th in  f a t t y  ac id  re s id u es  (Methods, 2 .7) was compared w ith  

th e  L/S r a t i o  (Methods, 2.4)* Equation ( x i i )  f i t s  the  d a ta  ( r  = 0 .7 5 ,

0 .1  7 - P > 0 .0 5 )*

y = 1.55X .+ 12.77   ( x i i )

where x i s  the L/S r a t io  

and y i s  th e  percentage of p a lm itic  ac id  in  l e c i th in .
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F ig u r e  3 .1 8  A GomTparison o f  th e  L e c i t h in  C o n ce n tr a tio n  and th e  O p t ic a l

D e n s ity  o f  A m niotlo  F lu id

The am niotic f lu id  was c o lle c te d  by am niocentesis and cen trifu g ed  

(Methods, 2 .2 .2 ) .  The o p tic a l  d e n s ity  was determ ined as described  in  

Methods, 2 .8 . The phospholip ids were then  ex tra c ted  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 )*  The le c i th in  co n cen tra tio n  

was determ ined as d escribed  in  Methods, 2 .5  or 2 ,6 . Equation ( x i i i )  

f i t s  the  d a ta  ( r  = 0 .6 6 , P <. O.OOl).

............... (xiii)y 2.88 X  10 e

where x i s  the l e c i th in  co n cen tra tio n  (pmol 1 ^)

and y  i s  the o p tic a l  d e n s ity  o f the am niotic f lu id .
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Table 3.22 A comparison of the lecithin concentration and the
optical density of amniotic fluid

The amniotic- f lu id s  were c o l le c te d  by am niocentesis and cen tr ifu g ed  

(Methods, 2 .2 .2 ) .  The o p tic a l  d e n s ity  was measured a t  650nm as des­

c rib ed  in  Methods 2 .8 .  A c r i t i c a l  value o f 0 .15 was used (R esu lts , 

3 .2 .2 ) .  The l i p id s  were then  e x tra c te d  (Methods, 2*2.4) and acetone 

p re c ip i ta te d  (Methods, 2 .2 * 5 ), and th e  l e c i th in  co n cen tra tio n  was detf- 

ermined by h . p . l . c .  (Methods, 2 .6 ) o r  by phosphate a n a ly s is  technique 

(Methods, 2 .5 ) fo llo w in g  2D. t . l . c .  (Methods, 2 .4 ) .  A c r i t i c a l  va lu e  o f 

25 >«nol (R e s u lts , 3 .18) was u sed .



L e c ith in  25 ^ o l

O p tica l O p tica l
d e n s ity  d e n s ity
3 ^ 0 .1 5  C  0 .15

L e c ith in  c  25 jmnol l"*^ 8 13



in te rp r e ta t io n s  of f e t a l  lung  m a tu rity , e i ^ t  samples having an o p tic a l  

d e n s ity  above the c r i t i c a l  v a lu e , b u t l e c i th in  concentrationsbelow  

25 M moles 1 ^ am niotic f lu id #  In  th e  o th e r 2 am niotic f lu id  samples 

the  l e c i th in  co n cen tra tio n  was above the  c r i t i c a l  value b u t the 

o p tic a l  d e n s ity  was le s s  than  0 . 15.

The occurrence of RDS in  16 bab ies when d e liv e ry  was w ith in  J 2  hours 

o f sample c o l le c t io n  i s  shown in  ta b le  5 . 25. When both l e c i th in  

c o n cen tra tio n  and o p tic a l  d en s ity  measurements were below th e i r  c r i t i c a l  

vEilues only  25% o f the  bab ies  developed RDS. However, when e i th e r  

l e c i th in  co n cen tra tio n  o r o p tic a l  d e n s ity  (s in g ly  o r in  com bination) 

was above th e  c r i t i c a l  v a lu e , no baby developed RIfâ.

3 .4 .7  A Comparison of th e  L/S R atio  and the O ptical D ensity of 

Amniotic F lu id

The L/S r a t i o  determ ined by 2D t . l . c .  in  the acetone p re o ip ita b le  

am niotic f lu id  l ip id s  was compared w ith  the o p tic a l d e n s ity  of 

am niotic  f lu id  measured a t  650 nm.

F igure 3.19 i l l u s t r a t e s  th e  r e la t io n s h ip  between the o p tic a l  d en s ity  

measurements th e  the L/S r a t i o  in  120 sam ples. The equation  ( x i i i )  

f i t s  th e  d a ta  ( r  = O.4O, P <  O.OOl).

y = 0 . 09X + 0 .08      ( x i i i )
where x  i s  th e  L/S r a t io  and y i s  the o p tic a l d en s ity .

The o p tic a l  d e n s ity  in c reases  w ith  L/S r a t io ;  however, th e re  i s  a wide 

s c a t te r .
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T a b le  3*2? The L e c i t h in  C o n c e n tr a tio n  and th e  O p tic a l  D e n s ity  a s  an

In d ex  o f  F e t a l  Lung M a tu r ity

The am niotic  f lu id s  were c o lle c te d  by am niocen tesis and cen trifu g ed  

(Methods,2*2*2 .)• The o p tic a l  d e n s ity  was measured a t  650nm as des­

c r ib e d  in  Methods,2*8* A c r i t i c a l  value  o f 0 .15  was used  (R esu lts , 

3*2*2 ) * The l ip id s  were then  e x tra c te d  (Methodi^2*2*4) and acetone 

p re c ip i ta te d  (Methods,2 * 2 .5 ), and th e  l e c i t h in  co n cen tra tio n  was d e t­

ermined by h . p . l . c .  (M ethods,2 .6 ) ,  o r  by phosphate a n a ly s is  technique 

(Methods,2*5) fo llow ing  2 D t.I* c . (M ethods,2 .4 )•  A c r i t i c a l  value of 

25 ;imol l" ^  (R e su lts , 3*18) was u sed . Assessment o f HDS was made by 

th e  p a e d ia tr ic  s t a f f  a s  d esc rib ed  in  Methods, 2 .1 1 .



Ho. o f % w ith
P a tie n ts  RDS

L e c i t h in  25 hm ol 7 O (o)
and O.D. ^  0 .1 5

L e c ith in  25 pmol 1*"̂  4 O (o)
and O.D. 0.15

L e c ith in  25 pmol l" ^  1 0  (O)
and O.D. <<0-15

L e c ith in  <  25 pmol l “^ 4 25 ( l )
and O.D. <_ 0.15

T o ta l 16 6'3 ( 1 )
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F ig u re  3 .1 9  A Com parison o f  th e  L/S R a t io  and th e  O p tic a l D e n s ity

o f  A m niotic  F lu id

The am niotic f lu id  was co lle c te d  by am niocentesis and cen trifu g ed  

(Methods, 2 ,2 .2 ) .  The o p tic a l  d e n s ity  was determ ined as described  in  

Methods, 2 .8 . The phospholipids were then  e x tra c te d  (Methods, 2 .2 .4 )  

and acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  The L/S r a t io  was 

determ ined by 2D t . l . c .  as described  in  Methods, 2 .4 , and th e  r e s u l t s  

compared w ith  the  o p tic a l  d en s ity  of am niotic  f lu id .  Only samples 

c o lle c te d  by am niocentesis were used . E quation (x iv ) f i t s  the d a ta  

( r  = 0 .4 0 , PZLO.OOl, n = 120).

y = 0 . 09x + 0,08     (x iv )

where x i s  th e  L/S r a t i o  

and y i s  th e  o p tic a l  d e n s ity  o f the  am niotic  f lu id .
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Using c r i t i c a l  values o f 2 .0  and 0.15 f o r  the  L/S r a t i o  ( r e s u l t s  3*2.2) 

and the  o p tic a l  d e n s ity  re s p e c t iv e ly ,  93 of the 120 r e s u l t s  (77*3%) 

would have re s u l te d  in  th e  same in te rp r e ta t io n  of f e t a l  lung m atu rity  

( ta b le  3 *24)* 33 am niotic  f lu id s  analysed had both  an L/S r a t i o  and

an OD le s s  than  t h e i r  c r i t i c a l  v a lu e s , and 60 am niotic f lu id s  had an 

L/S r a t io  and the  o p t ic a l  d e n s ity  above th e i r  c r i t i c a l  v a lu e s . Of the  

rem aining 27 the r e s u l t s  would have le d  to  d i f f e r e n t  in te rp re ta t io n s  of 

f e t a l  lung m a tu rity , 25 samples were found to  have an o p tic a l  d en s ity  

above the c r i t i c a l  value and an L/S r a t i o  of le s s  than  2 .0 . In  the 

o th e r 2 am niotic f lu id  samples th e  L/S r a t io  was above the c r i t i c a l  value 

and the  o p tic a l  d e n s ity  was le s s  than  0 . I 5#

The occurrence of HDS in  85 b ab ies  when d e liv e ry  was w ith in  72 hours 

of sample c o lle c t io n  i s  shown in  ta b le  3*25* When bo th  t e s t s  

in d ic a te d  f e t a l  lung  im m aturity  30*6% of the babies developed RIS. 

However, when e i th e r  the  L/S r a t i o  o r the  o p tic a l  d e n s ity  (s in g ly  or 

in  com bination) was above the  c r i t i c a l  value no baby developed RDS.

3 .5  The E ffe c t o f Acetone P re c ip i ta t io n  on Measurement of Lung 

Amniotic F lu id  L ip ids and L in id  Comnonents

3.5*1 The E ffec t of Acetone P re c ip i ta t io n  on Amniotic F lu id  L ec ith in

The acetone p re c lp i ta b le  l e c i t h in  co n cen tra tio n  in  am niotic  f lu id  i s  

p lo tte d  a g a in s t the t o t a l  l e c i t h in  co n cen tra tio n  in  am niotic f lu id  ih; 

f ig u re  3. 20. In  each o f th e  15 samples analysed about 50 per cen t o f 

the l e c i th in  i s  acetone p r e c lp i ta b le  as can be seen from the  slope of 

the  graph.
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T a b le  3*24 A com p arison  o f  th e  L /S  r a t i o  and t h e  o p t ic a l ,  d e n s i ty  o f

a m n io t ic  f l u i d

The am niotic  f lu id »  were c o l le c te d  by am niocentesis and cen trifu g ed  

(Methods, 2.2*2)* The o p tic a l  d e n s ity  was measured a t  650nni a s  des­

c r ib e d  in  Methods 2*8. A c r i t i c a l  value  o f 0*15 was used  (R esu lts , 

3*2*2)* The l i p i d s  were then  e x tra c te d  (Methods, 2*2*4) and acetone 

p re c ip i ta te d  (Methods, 2*2*5), and th e  I»/S r a t i o  determ ined by 2D t* l* c , 

(Methods, 2*4)* An L/S r a t io  o f 2*0 was u sed  a s  the c r i t i c a l  value*

The in te r p r e ta t io n  o f th e  r e s u l t s  was th en  compared*



O p tica l O p tical
D ensity  D ensity
^  0 .15  ^ 0 * 1 5

L /S  ^  2 .0  60 2

L/S ^  2 .0  25 33
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T ab le  3 .2 5  The I i/S  r a t i o  and o p t i c a l  d e n s i t y  meaaurementa aa an  in d e x

o f  f e t a l  lu n g  m a tu r ity

The am niotic  f lu id  samples were c o lle c te d  by am niocentesis and c e n tr ifu g e d  

(Methods, 2 .2 .2 ) .  The o p tic a l  d en s ity  was measured a t  650nm. (Methods, 2 .8 ) .  

The l i p id s  were then  e x tra c te d  (Methods, 2.2*4) and acetone p re c ip i ta te d  

(Methods, 2 .2 .5 ) .  The L/S r a t i o  was determ ined by 2D t . l . c .  (Wbthods, 2 .4)*  

A ll samples were c o lle c te d  w ith in  72 hours o f d e liv e ry . Assessment of RDS 

was made by th e  p a e d ia t r ic  s t a f f  (Methods, 2 .1 l)»



No. o f % w ith
P a tie n ts  RDS

L/S <  2 ,0  15 O  (0 )
and O.D. ^  0.15

L/S > 2 .0  2 o  (0 )
and O.D. 0 .1 5

l /S  ^  2 .0  13 3 0 ‘1  (4 )
and O.D. O .I5

T otal 85 k '9 .  (4)
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F ig u re  3*20 The E f f e c t  o f  A ceton e P r e c i p i t a t i o n  on th e  A inniotio  F lu id

L e c i th in  C o n ce n tr a tio n

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 .2 .4 )*  

Two a liq u o ts  o f each am niotic  f lu id  sample were used . The e x tra c te d  

l ip id s  from one a liq u o t were acetone p re c ip i ta te d  (Methods, 2 ,2 .5 )*  In  

the o th e r a l iq u o t  th is  s te p  was o m itted . The co n cen tra tio n  of l e c i th in  

was measured by the phosphate technique (Methods, 2 .5 ) fo llow ing  

2D t . l . c .  (Methods, 2 .4 ) ,  Equation (x iv ) f i t s  the  d a ta  ( r  = 0*95,

P <  0 .001 , n = 15)*

y = 0*55x + 5.29    (x iv )

where x i s  the  l e c i th in  co n cen tra tio n  

of the  t o t a l  l i p id  f r a c t io n  (umol l" ^ )  

and y i s  th e  l e c i th in  co n cen tra tio n  

of the  acetone p re c lp i ta b le  f r a c t io n  (umol 1*"^).
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Equation (x iv )  f i t s  the  d a ta  ( r  = 0.95» P < 0 ,0 0 1 ).

y =s 0.53x + 5.29      (x iv )

where x i s  the  l e c i th in  co n cen tra tio n  of the  t o t a l  f ra c t io n  and 

y i s  the  l e c i th in  co n cen tra tio n  o f the  acetone p re c ip ita b le  f r a c t io n ,

5 ,5 ,2  The E ffe c t o f Acetone P re c ip i ta t io n  on the Amniotic F lu id

L/S R atio

Tw enty-eight determ in a tio n s of the L/S r a t io  o f the acetone 

p re c ip i ta b le  l ip id s  in  am niotic f lu id  a re  p lo tte d  ag a in s t the  L/S 

r a t i o  in  th e  t o t a l  am niotic f lu id  ( f ig u re  5 ,2 1 ). In  each sample the 

L/S r a t io  was reduced by acetone p r e c ip i ta t io n .  The L/S r a t io  in  

acetone p re c ip i ta b le  m a te r ia l i s  approxim ately h a lf  the value in  the 

whole am niotic  f lu id  l ip id s  as can be seen  from equation  (x v ).

Equation (xv) f i t s  the  d a ta  ( r  = 0 .9 1 , P < 0 ,001 ),

y = 0 , 53x + 0.37  , , . , , , ................................ (xv)

where x i s  the  L/S r a t io  o f the  whole f r a c t io n  and

y i s  the  L/S r a t io  o f the acetone p re c ip ita b le  f r a c t io n .

The slope i s  very  s im ila r  to  th a t  ob tained  from a  p lo t  o f acetone 

p re c ip i ta b le  l e c i th in  a g a in s t the  t o t a l  l e c i th in  (see f ig u re  3 , 2 0 ),

5 ,5 ,5  The E ffec t of Acetone P re c ip i ta t io n  on Amniotic F lu id

Sphingomyelin

The acetone p re c ip i ta b le  sphingom yelin co n cen tra tio n  in  15 am nio tic /
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F ig u re  3*21 The E f f e c t  o f  A ceton e P r e c ip i t a t io n  on th e  L/S R a t io

The am niotic f lu id  waa c o lle c te d  as described  in  Methods, 2 .2 .1  and 

cen trifu g ed  (Methods, 2 ,2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 ,2 ,4 )  

Two a l iq u o ts ,o f  each am niotic  f lu id  sample were used . The e x tra c te d  

l ip id s  from one a liq u o t were acetone p re c ip i ta te d  (Methods, 2 ,2 ,5 ) ,

In  th e  o th er a liq u o t th i s  s te p  was om itted . The L/S r a t io  was measured 

as described  by 2D t . l . c .  (Methods, 2 ,4 ) ,  Equation (xv) f i t s  the d a ta  

( r  « 0 ,95, P <  0 ,001, n = 2 0 ),

y = 0.53X + 0,37   (xv)

where x i s  the L/S r a t i o  of the  t o t a l  l i p id  f r a c t io n  

and y i s  the  L/S r a t i o  o f the acetone p re c ip i ta b le  f r a c t io n .
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f lu id  samplea i s  p lo tte d  a g a in s t th e  t o t a l  sphingomyelin co n cen tra tio n  

in  these  am niotic f lu id s  ( f ig u re  5•22)» Equation (xv i) f i t s  the 

r e s u l t s  ( r  = 0 ,8 7 , P 0 ,0 0 1 ),

y  = l.OOx -  0 ,28  (x v i)

where x i s  the co n cen tra tio n  o f sphingom yelin of the 

t o t a l  l i p id  f r a c t io n  

and y i s  the sphingomyelin co n c e n tra tio n  o f the acetone 

p re c ip i ta b le  f r a c t io n .

The r e s u l t s  in d ic a te  th a t  v i r t u a l ly  a l l  the  sphingomyelin i s  

p r e c ip i ta te d ,

5 ,5 ,4  The E ffec t of Acetone P re c ip i ta t io n  on the F hosphatidy lg lyc- 

e ro l in  Amniotic F lu id

The con ten t of phos phat id y l g ly c e ro l in  the  acetone p re c ip ita b le  

f r a c t io n  was determ ined in  10 am nio tic  f lu id s  and p lo tte d  a g a in s t the 

t o t a l  phosphatidy lg lycero l c o n c en tra tio n  ( f ig u re  5,2 5), The equation  

(x v ii)  f i t s  the  d a ta  ( r  = 0 ,9 8 , P <  0 ,0 0 1 ),

y = 0,94% -  1 ,04       (x v ii)

where x i s  the p h o sp h a tid y lg ly ce ro l co n cen tra tio n  

o f the t o t a l  l i p id  f r a c t io n  

and y i s  the p h o sp h a tid y lg ly cero l co n cen tra tio n  

of the acetone p re c ip i ta b le  f ra c t io n .
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F ig u re  5*22 The E f f e c t  o f  A ceton e  P r e c i p i t a t i o n  on th e  S p h in gom yelin

C oncentration

The am niotic  f lu id  was c o lle c te d  as d esc rib ed  in  Methods, 2 ,2 ,1  and 

cen tr ifu g e d  (Methods, 2 ,2 ,2 ) ,  The l ip id s  were ex trac ted  (Methods, 2 ,2 ,4 ) ,  

Two a liq u o ts  o f each am niotic f lu id  sample were used. The e x tra c te d  

l ip id s  from one a liq u o t were acetone p re c ip i ta te d  (Methods, 2 ,2 ,5 ) ,

In  the  o th e r a liq u o t th is  s te p  was om itted . The co n cen tra tio n  of 

sphingom yelin was measured by th e  phosphate technique (Methods, 2 ,5 ) 

fo llo w in g  2D t , l , c ,  (Methods, 2 ,4 ) ,  Equation (x v ii)  f i t s  the  d a ta  

( r  = 0 ,9 8 , P <  0 ,001 , n  = 1 5 ).

y = 0,94* -  1 .04   . . .  (x v ii)

where x i s  the sphingom yelin co n cen tra tio n  

o f th e  t o t a l  l i p id  f r a c t io n  (umol l ” ^) 

and y i s  the  sph ingon^elin  con cen tra tio n  

of th e  acetone p r e c ip i ta b le  f r a c t io n  (umol l ” ^ ) .
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F ig u re  3 .2 3  The E f f e c t  o f  A ceton e P r e c ip i t a t io n  on th e  Phoa-phatidyl—

g ly c e r o l  i n  A m n iotic  Fluid.

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 ,2 .2 ) .  The l ip id s  were ex tra c te d  (Methods, 2 ,2 ,4 )  

Two a liq u o ts  o f each am niotic  f lu id  sample were used . The ex tra c te d  

l ip id s  from one a l iq u o t  were acetone p re c ip i ta te d  as described  in  

Methods, 2 ,2 .5#  In  th e  o th e r  a liq u o t th is  s te p  was om itted . Phospha­

t id y lg ly c e ro l  was sep ara ted  by 2D t . l . c .  as d escribed  in  Methods, 2 ,4  

and the phospho-te^ c o n c e n tra tio n  determ ined as d escrib ed  in  Methods, 2.5# 

Equation (x v ii)  f i t s  th e  d a ta  ( r  = 0 .9 8 , P < 0 .0 0 1 , n -  lO ).

y  = 0.94X -  1.04  . . . . . . . . .  (x v ii)

where x i s  th e  pho sp h atid y lg ly cero l co n cen tra tio n  

o f the  t o t a l  l ip id  f ra c t io n  (umol l" ^ )  

and y i s  th e  pho sp h a tid y lg ly cero l co n cen tra tio n  

of the  acetone p re c ip i ta b le  f r a c t io n  (umol l ” ^ ) .
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I t  can be seen from the r e s u l t s  th a t  about $ 0  per cen t of 

p h o sphatidy lg lycero l i s  p re c ip i ta te d .

5 .5 .5  The E ffe c t of Acetone P re c ip i ta t io n  on the  F h o sp h a tid y lin o s it-  

o l C oncentration

The con ten t of p h o sp h a tid y lin o s ito l in  the  acetone p re c ip i ta b le  f ra c t io n  

was determ ined in  6 am niotic f lu id s  and p lo tte d  a g a in s t th e  t o t a l  

p h o sp h a tid y lin o s ito l co n cen tra tio n  ( f ig u re  5 .2 ^ ) . The equation  ( x v i i i )  

f i t s  th e  r e s u l t s  ( r  = 0 .9 8 , P < O.OOl).

y = 0.91x + 1.58   ( x v i i i )

where x i s  the p h o sp h a tid y lin o s ito l co n cen tra tio n  

o f the t o t a l  l ip id  f r a c t io n  

and y i s  the p h o sp h a tid y lin o s ito l co n cen tra tio n  

o f the acetone p re c ip i ta b le  f r a c t io n .

I t  can be seen from the  equation  th a t  about 90 p e r cen t o f the  

p h o sp h a tid y lin o s ito l i s  p r e c ip i ta te d .

5 .5 .6  The C oncentration o f the  P a tty  Acid Residues Determined in  

th e  T o ta l Amniotic F lu id  L ip id s , the  Acetone P re c ip ita b le  

L ipids and the Acetone Soluble L ipids

The co n cen tra tio n s  o f the  f a t ty  ac id  re s id u es  (from m y ris tio  (14:0) to  

l in o le io  (1 8 ,2 ))  were determ ined fo r  the to t a l  am niotic  f lu id  l ip id s ,  

the acetone p re c ip i ta b le  f r a c t io n  and th e  acetone so lu b le  f ra c t io n  

from 57 am niotic f lu id  sam ples. F igure 5*2 5 shows th a t  m y ris tio  a c id /
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F ig u r e  5* 24 The E f f e c t  o f  A ceton e P r e c ip i t a t io n  on th e  P h o sp h a tid y l—

i n o s i t o l  C o n ce n tr a tio n

The am niotic  f lu id  was c o lle c te d  as described  in  Methods, 2 .2 .1  and 

c en tr ifu g e d  (Methods, 2 .2*2), The l ip id s  were e x trac te d  (Methods, 2.2*4)# 

Two a l iq u o ts  o f each am niotic f lu id  sample were used . The e x tra c te d  

l ip id s  from one a l iq u o t  were acetone p re c ip i ta te d  as d esc rib ed  in  Methods, 

2 ,2 .5#  In  th e  o th e r  a liq u o t th is  s te p  was om itted . P h o sp h a tid y lin o s ito l 

was sep a ra ted  by 2D t . l . c .  as describ ed  in  Methods, 2 .4  and the  

phosphoufc^ co n cen tra tio n  determ ined as described  in  Methods, 2 .5 .

Equation ( x v i i i )  f i t s  the  d a ta  ( r  = 0 .9 8 , P <  O.OOl).

y = 0 . 91x + 1.38    ( x v i i i )

where x i s  the p h o sp h a tid y lin o s ito l co n cen tra tio n  

o f the t o t a l  l i p id  f r a c t io n  (umol 1*^) 

and y i s  the  p h o sp h a tid y lin o s ito l co n cen tra tio n  

o f th e  acetone p re c ip i ta b le  f ra c t io n  (umol l " ^ ) .
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Figure 5. The co n cen tra tio n s  o f the  f a t ty  ac id
re s id u e s  determ ined in  the whole am niotic 
f lu id  l i p i d s « the  acetone p re c ip ita b le  
l ip id s  and th e  acetone so lub le  l ip id s

Twa a liq u o ts  o f each am niotic f lu id  sample were 

used . Q5ie e x tra c te d  l ip id s  from one a liq u o t were 

acetone p re c ip i ta te d  as d escribed  in  Methods 2 .2 .5»

The acetone so lu b le  l ip id s  were re ta in e d  f o r  a n a ly s is . 

In  the  o th e r a liq u o t th i s  s te p  was om itted . The con­

c e n tra tio n s  of th e  f a t t y  ac id  re s id u es  were determ ined 

fo r  th e  whole am niotic f lu id  l i p id s ,  the acetone 

p re c ip ita b le  f r a c t io n  and the  acetone so lub le  f ra c t io n  

as described  in  Methods 2 .7  acd the r e s u l t s  a re  

shown.

g  re p re se n ts  th e  t o t a l  l i p id  f ra c t io n

0  re p re se n ts  the acetone p re c ip ita b le  f r a c t io n

n  re p re se n ts  the acetone so lu b le  f r a c t io n
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re s id u es  a re  the  only f a t t y  ac id  re s id u e s  which are  alm ost com pletely 

p re c ip i ta te d  by ace to n e . F igure 5»25 a lso  dem onstrates th a t  the 

co n cen tra tio n  of any p a r t ic u la r  f a t t y  a c id  resid u e  in  th e  am niotic 

f lu id  l i p id  i s  equal to  th e  sum of the co n cen tra tio n  of th a t  f a t ty  

ac id  resid u e  in  the acetone p re c ip i ta b le  and acetone so lu b le  l ip id s ,  

in d ic a tin g  the  r e l i a b i l i t y  of th e  a n a ly t ic a l  technique*

5 .5 .7  The F a tty  Acid Residue Composition of T otal L ipids* Acetone 

P re c ip ita b le  L ip id s  and Acetone Soluble L ip id s  of Amniotic 

F lu id

The f a t ty  a c id  re s id u e  com position was determ ined using  57 am niotic 

f lu id  l ip id s  f o r  th e  t o t a l  l i p i d  f r a c t io n ,  th e  acetone p re c ip i ta b le  

l i p i d  f r a c t io n  and th e  ace tone  so lu b le  f r a c t io n .  The f a t ty  ac id  

com position of f a t ty  a c id  re s id u es  (from m y ris tio  ac id  (l4îO ) to  

l in o le io  ac id  ( l8 :2 )  ) o f  each bf._the l i p i d  f ra c tio n s  i s  shown in  

f ig u re  5 .26 . I t  can be seen th a t  the acetone in so lu b le  f r a c t io n  of 

the  l ip id s  co n ta in s  a g re a te r  p ro p o rtio n  of m y ris tio  a c id . The 

p roportion  of s te a r ic  a c id  i s  a lso  increased  in  the acetone 

p re c ip i ta b le  f r a c t io n .  The p ro p o rtio n  of p a lm itic  ac id  i s  s im ila r  

i n  each f r a c t io n ,  as i s  th e  p ro p o rtio n  of o le ic .  The p roportions 

of l in o le io  a c i d , ' r^yr i s tole tc  a c id  a re  reduced in  the  acetone 

p re c ip i ta b le  f r a c t io n .  I t  can be seen  th a t  the  so lu b le  f r a c t io n  

co n ta in s  bo th  u n sa tu ra te d  and s a tu ra te d  f a t ty  ac id s and th a t  th e  

major f a t ty  a c id  in  each of the  fra c tio n s , i s  p a lm itic  acid#
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F ig u r e  5 26 The P r o p o r t io n s  o f  th e  F a t ty  A cid  R es id u e s  D eterm ined  i n

th e  Whole A m n iotic  F lu id  L ip id s

Two a liq u o ts  o f each am niotic f lu id  sample were used . The e x tra c te d  

l ip id s  from one a liq u o t were acetone p re c ip i ta te d  as described , in  

Methods, 2 .2 .5*  The acetone so lu b le  l ip id s  were re ta in e d  f o r  a n a ly s is .

In  th e  o th e r  a l iq u o t  th is  s te p  was om itted . The percentage com position

o f the  f a t t y  ac id  re s id u e s  were determ ined fo r  the  whole am niotic  f lu id  

l i p i d s ,  the  acetone p re c ip i ta b le  f r a c t io n  and the  acetone so lu b le  

f r a c t io n  as d esc rib ed  in  Methods, 2.7#

#  re p re se n ts  the  t o t a l  l i p id  f r a c t io n .

0  re p re se n ts  the  acetone p re c ip i ta b le  f r a c t io n .

O re p re se n ts  th e  acetone so lu b le  f r a c t io n .
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5 .5 .8  The S a tu ra te d  F a tty  A cid /ïïnsatu ra ted  F a tty  Acid R atio  in  th e  

T o ta l L ip id  F ra c tio n , the  Acetone P re o ip ita b le  and Soluble 

F rac tio n s  in  Amniotic F lu id  l ip id s

The r a t i o  o f s a tu ra te d  f a t t y  ac id s  to  u n sa tu ra ted  f a t ty  ac id s  in  

am niotic  f lu id  l ip id s  was c a lc u la te d  f o r  the whole l ip id  f r a c t io n ,  th e  

acetone p r e c ip i ta b le  f r a c t io n  and th e  acetone so lub le  f r a c t io n .  The 

average r a t io s  ob ta ined  f o r  each f r a c t io n  from 57 am niotic f lu id  

samples a re  shown in  f ig u re  5 ••27. I t  can be seen th a t  th e  acetone 

p re c ip i ta te d  f r a c t io n  i s  enriched  w ith  sa tu ra te d  f a t ty  ac id  re s id u es  

(P -ilO .O O l), w hile th e  acetone so lu b le  f r a c t io n  con ta ins le s s  s a tu ra te d  

f a t t y  ac id  re s id u e s  (P-=CO.CX)l).

5 .5 .9  The P ro p o rtio n  of F a tty  Acid Residues as P a lm itic  Acid in  

T o ta l Amniotic F lu id  and Acetone P re c ip ita te d  L ipids

T h irty -sev en  d e te rm in a tio n s  of the percentage p a lm itic  ac id  in  the 

acetone p re c ip i ta b le  l ip id s  a re  p lo tte d  a g a in s t th e  percentage 

p a lm itic  ac id  o f the  t o t a l  l ip id s  ( f ig u re  5*^^#  Equation (x ix ) f i t s  

th e  r e s u l t s  ( r  = 0 .7 2 , P O.OOl).

y  = 0.85% + 10.27        (x ix )

where x i s  th e  percentage o f p a lm itic  ac id  o f the 

whole l i p id  f r a c t io n  

and y i s  th e  percentage o f p a lm itic  acid  o f the 

acetone p re c ip i ta b le  l i p i d  f r a c t io n .

1 2 0



F ig u r e  5 .37  The Mean S a tu r a te d /ïïn a a tu r a te d  F a t ty  A cid  R a t io  i n  th e

Whole Amniotic F lu id  L ip id s , th e  Acetone P re c ip ita b le  

L ip ids and th e  Acetone Soluble L ipids

Two a liq u o ts  o f each am niotic  f lu id  sample were used* The e x tra c te d  

l ip id s  from one a l iq u o t  were acetone p re c ip i ta te d  as d escribed  in  

Methods, 2 .2 .5* The acetone so lu b le  l ip id s  were re ta in e d  f o r  a n a ly s is .  

In  the o th er a liq u o t the  acetone s te p  was o m itted . The p a lm itic  a c id /  

s te a r ic  ac id  r a t io s  were determ ined f o r  each sample, (Methods, 2*7) and 

th e  mean r a t i o  c a lc u la te d  fo r  each f r a c t io n .

#  re p re se n ts  the  t o t a l  l ip id  f r a c t io n .

13 re p re se n ts  th e  acetone p re c ip ita b le  f r a c t io n .

O re p re se n ts  th e  acetone so lu b le  f r a c t io n .
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F igure 5.28 The P ro p o rtio n  of F a tty  Acid Residues as P a lm itic  Aold 

in  Whole Amniotic F lu id  and Acetone P re c ip ita te d  L ip ids

The am niotic f lu id  was c o lle c te d  as d escrib ed  in  Methods, 2 .2 ,1  and 

c en tr ifu g e d  (Methods, 2 ,2 .2 ) .  The l ip id s  were e x trac te d  (Methods, 2 .2 ,4 ) .  

Two a l iq u o ts  of each sample were u sed . The e x tra c te d  l ip id s  from one 

a liq u o t were acetone p re c ip ita te d  (Methods, 2 ,2 ,5 ) .  In  the o th e r  

ailiquot th is  s te p  was om itted . The percen tage p a lm itic  ac id  in  the 

acetone p re c ip i ta b le  l ip id s  and the percen tage p a lm itic  ac id  of the 

t o t a l  lip id s*  f a t t y  ac id  re s id u es  in  the  am niotic  f lu id  were determ ined 

u s in g  the  technique described  in  Methods, 2,7» and the  r e s u l t s  

compared. Equation (x ix ) f i t s  the  d a ta  ( r  = 0 .7 2 , P < 0 .0 0 1 , n  = 37)*

y = 0.83x + 10.27    (x ix )

where x i s  the percen tage of p a lm itic  ac id  

o f the  whole l i p id  f r a c t io n  

and y i s  the percentage of p a lm itic  ac id  

i n  the acetone p re c ip i ta b le  f r a c t io n .
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I t  can be seen from th e  r e s u l t s  th a t  the  p roportion  o f f a t t y  ac id  

re s id u e s  as p a lm itic  a c id  does n o t change g re a tly  a f t e r  acetone 

p r e c ip i ta t io n  o f the l ip id s  in  th e  am niotic f lu id  sample*

5*5.10 The C oncentration  of P a lm itic  Acid Residues in  the  Acetone 

P re c ip ita b le  F ra c tio n  in  R e la tio n  to  th e  P a lm itic  Acid 

Residue C oncen tra tion  of th e  T o ta l L ipids

The r e s u l t s  of 57 d e te rm in a tio n s  of the p a lm itic  ac id  co n c e n tra tio n  

o f the  acetone p re c ip i ta b le  l ip id s  * f a t t y  ac id  re s id u es  in  am niotic  

f lu id  a re  p lo tte d  a g a in s t  the  p a lm itic  ac id  co n cen tra tio n  o f th e  t o t a l  

l ip id s  ( f ig u re  5*297) • The p a lm itic  ac id  co n cen tra tio n  in  acetone 

p re c ip i ta b le  m a te r ia l i s  approxim ately  h a l f  the value of th e  whole 

am niotic  f lu id  l i p i d s ,  as can be seen from equation  (x x )* Equation

(xx) f i t s  the r e s u l t s  ( r  = 0*79, P <CO.OOl).

y =3 0*47x + 1.26    . . .  . . .  (xx)

where x i s  the p a lm itic  a c id  co n cen tra tio n  of the 

whole l ip id  f r a c t io n  

and y  i s  the p a lm itic  ac id  co n cen tra tio n  of the 

acetone p re c ip i ta b le  l i p i d  f r a c t io n .

The s lope  obtained i s  very  s im ila r  to  those obtained from p lo ts  of 

acetone p re c ip i ta b le  l e c i th in  and L/S r a t io  a g a in s t t o t a l  l e c i th in  and 

L/S r a t i o  re sp e c tiv e ly  (see  f ig u re s  5*1 and 5*2 re s p e c t iv e ly ) .
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Figure 3.29 The P a lm itic  Aoid C oncentration  o f the  Acetone P re c ip ita b le  

Lipids* F a tty  Acid Residues in  R e la tio n  to  the  P a lm itic  

Acid C oncentration  of the T o ta l L ipids

The am niotic f lu id  was c o lle c te d  as d escribed  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) ,  The l ip id s  were ex trac ted  (Methods, 2 .2 .4 )#  

Two a liq u o ts  o f each am niotic  f lu id  sample were used . The e x trac ted  

l ip id s  from one a l iq u o t  were acetone p re c ip i ta te d  (Methods, 2 .2 .5 )#

In  the o th e r  a l iq u o t  t h i s  s te p  was om itted . The p a lm itic  ac id  

co n cen tra tio n  o f th e  acetone p re c ip i ta b le  lip id s*  f a t t y  ac id  re s id u es  

in  am niotic f lu id  and th e  p a lm itic  ac id  co n cen tra tio n  o f the t o t a l  

l ip id s  were determ ined u s in g  the  technique describ ed  in  Methods, 2 .7 , 

and the r e s u l t s  compared. Equation (xx) f i t s  the  d a ta  ( r  = 0 .79 ,

P < 0 .0 0 1 , n  = 5 7 ).

y = 0.47% + 1,26 . . . . . . . . . . .  (xx)

where x i s  the  p a lm itic  ac id  co n cen tra tio n  

of th e  whole l i p id  f r a c t io n  (mmol 1""^)

and y  i s  the  p a lm itic  ac id  co n cen tra tio n  

of the acetone p re c ip i ta b le  l i p id  f r a c t io n  (mmol l " ^ ) .
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The P a lm itic  A c id /S tea rlc  Acid R atio  in  the  Acetone 

P re c ip ita b le  L ipida In  R ela tion  to  the P a lm itic  A cid/

S te a r ic  Acid R atio  in  T o tal Lipids

The r e s u l t s  o f 57 de term ina tions of the p a lm itic  a c id /s te a r io  ac id  

r a t i o  o f the acetone p re c ip i ta b le  l ip id s  in  am niotic f lu id  a re  p lo tte d  

a g a in s t  the  p a lm itic  a c id /s te a r ic  aoid  r a t io  of the  t o t a l  l i p id s  

( f ig u re  3»30). Equation (x x i)  f i t s  the r e s u l ts  ( r  = 0 .6 2 , P <’ O.OOl).

y  = 0 . 90% + 2.20     (x x i)

where x i s  the p a lm itic  a c id /s te a r ic  ac id  r a t i o  of 

the whole l ip id  f r a c t io n  

and y i s  the p a lm itic  a c id /s te a r ic  ac id  r a t io  of 

the acetone p re c ip i ta b le  f r a c t io n .

I t  can be seen from the r e s u l t s  th a t  the p a lm itic  a c id /s te a r io  aoid 

r a t i o  in  acetone p re c ip i ta b le  l ip id s  i s  approxim ately 85 p e r cen t of 

th e  value in  t o t a l  am niotic f lu id  l i p i d s .

5 ,5 .1 2  The Percentage o f O leic Acid of the  Acetone P re c ip ita b le

L ip id  % ,tty  Acid Residues in  r e la t io n  to  the  Per Cent O leic 

Acid T o tal L ipids

The r e s u l t s  o f 17 d e term ina tions o f percentage o le ic  ac id  o f the 

acetone p re c ip ita b le  lip id s*  f a t t y  acids in  am niotic f lu id  a re  p lo tte d  

a g a in s t th e  percentage o le ic  ac id  of the t o t a l  lip id s*  f a t t y  ac id s  in  

f ig u re  3 ,3 i , Equation (x x ii )  f i t s  the  r e s u l ts  ( r  = 0 .8 4 , P <C O.OOl).
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Figure 5.30 The P a lm itic  A cid /S teario  Acid R atio  in  the  Acetone

P re c ip ita b le  L ip ids in  R e la tio n  to  the  P a lm itic  A cid/

S te a r ic  Acid R atio  in  T o ta l L ipids

The anm iotic f lu id  was c o lle c te d  as d escribed  in  Methods, 2 .2 ,1  and 

cen trifu g ed  (Methods, 2 , 2 , 2 ) ,  The l ip id s  were e x tra c ted  (Methods, 2 .2 .4 ) •  

Two a liq u o ts  o f each sample were used . The ex trac ted  l ip id s  from one 

a l iq u o t  were acetone p r e c ip i ta te d  (Methods, 2 .2 .5 ) .  In  the  o th e r 

a l iq u o t  th is  s te p  was om itted . The p a lm itic  a c id /s te a r ic  ac id  r a t io  

o f the  acetone p re c ip i ta b le  l ip id s  in  am niotic f lu id  and the  p a lm itic  

a c id /s te a r ic  ac id  r a t i o  of th e  t o ta l  l ip id s  were determ ined u s in g  the 

technique d escrib ed  in  Methods, 2 ,7 , and the r e s u l t s  compared. Equation

(x x i)  f i t s  the  d a ta  ( r  = 0 .6 2 , P <  0 .001, n = 3 7 ) *

y = 0 , 90x + 2,20 . . . , .................. (x x i)

where x i s  the  p a lm itio  a c id /s te a r ic  ac id  r a t io

of th e  whole l ip id  f ra c t io n  

and y i s  th e  p a lm itic  a c id /s te a r ic  ac id  r a t io  

o f th e  acetone p re c ip ita b le  f r a c t io n .
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Figure . The Percentage of O leio Aoid o f th e  Acetone P re c ip ita b le  

L ipid  F a tty  Aoid Residues in  R e la tio n  to  the  Percentage 

O leic Acid in  T otal L ipids

The am niotic f lu id  wets c o lle c te d  as d escribed  i n  Methods, 2 .2 .1  and 

cen trifu g ed  (Methods, 2 .2 .2 ) .  The l ip id s  were e x tra c te d  (Methods, 2 .2 .4 ) .  

Two a liq u o ts  of each sample were used . The e x tra c te d  l ip id s  from one 

a liq u o t were acetone p re c ip i ta te d  (Methods, 2 .2 .5 ) .  In  the  o th er 

a l iq u o t th is  s te p  was om itted . The percen tage o f  o le ic  aoid  o f the  

acetone p re c ip ita b le  l ip id s*  f a t t y  ac id  re s id u e s  in  am niotic  f lu id  and 

the percentage o f o le ic  ac id  of the  t o t a l  l ip id s  was determ ined u s in g  

the  technique d escribed  in  Methods, 2*7, and th e  r e s u l t s  compared. 

Equation (x x ii)  f i t s  the  data. ( r^ O .8 4 , P c 0 .0 0 1 , -n»17).

y -  0 . 52x + 5.52     (x x ii)

where x i s  the  percentage o f o le ic  ac id  

of the  whole l i p id  f r a c t io n  

and y i s  the  percentage o f o le ic  ac id  

of the acetone p re c ip i ta b le  f r a c t io n .
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y  «  0 .5 2 x  + 3*32   ( x x i i )

where x i s  the  percentage o f o le ic  ac id  of the 

whole l ip id  f r a c t io n  

and y i s  the percentage o f  o le ic  acid  o f the 

acetone p re c ip i ta b le  f r a c t io n .

The r e s u l t s  in d ic a te  th a t  the acetone p re c ip ita b le  l ip id s  co n ta in  

about h a l f  the percentage of o le ic  ac id  compared w ith  the  whole 

am niotic  f lu id  l ip id s .

5 .5 .13  The Absolute C oncentration  of Oleio Acid in  th e  Acetone

P re c ip ita b le  L ipids in  R e la tio n  to  the Absolute C oncentration 

of O leic Acid in  the  T o ta l L ipids

The r e s u l t s  of 17 d e term ina tions o f o le ic  ac id  ( l 8 : l )  co n cen tra tio n  of 

the  acetone p re c ip ita b le  lip id s*  f a t t y  acids in  am niotic f lu id  a re  

p lo t te d  a g a in s t the  o le io  ac id  co n cen tra tio n  of the  t o t a l  l i p i d s ' 

f a t t y  ac ids ( f ig u re  3*32). In  each sample the o le ic  ac id  co n cen tra tio n  

was reduced by acetone p r e c ip i ta t io n .  Equation ( x x i i i )  f i t s  the  

r e s u l t s  ( r  = 0 .84 , P <  O.OOl).

y = 0.88x -  0.63 . . . . . . . . . . . . .  ( x x i i i )

where x i s  the o le ic  aoid  co n cen tra tio n  of the 

t o t a l  l ip id  f r a c t io n  

and y i s  the o le ic  ac id  co n cen tra tio n  o f the 

acetone p re c ip i ta b le  f r a c t io n .
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Figure 3.52 The Absolute C oncentration of O leio Aoid in  the  Acetone 

P re c ip ita b le  Lipids* I h t ty  Acids in  R e la tio n  to  the  

Absolute C oncentration of O leic Acid in  th e  T o ta l Lipids* 

F a tty  Acids

The am niotic f lu id  was c o lle c te d  as described  in  Methods, 2 ,2 .1  and 

ce n tr ifu g e d  (Methods, 2 , 2 , 2 ) ,  The l ip id s  were ex tra c te d  (Methods, 2 .2 .4 ), 

Two a liq u o ts  of each sample were used . The ex trac te d  l ip id s  from one 

a liq u o t were acetone p re c ip i ta te d  (Methods, 2 ,2 .5 ) .  In  th e  o th e r 

a l iq u o t th is  s tep  was om itted . The o le ic  ac id  co n cen tra tio n  o f the 

acetone p re c ip i ta b le  l ip id s  * f a t t y  acids in  am niotic f lu id  and th e  o le io  

ac id  co n cen tra tio n  o f the  t o t a l  lip id s*  f a t t y  ac id s were determ ined 

u s in g  the  technique d escribed  in  Methods, 2 .7 , and the  r e s u l t s  compared. 

Equation ( x x i i i )  f i t s  the d a ta  ( r  = 0 .84 , P < .0 .0 0 1 , n = 17),

y = 0.88x -  0.63  . . . .  ( x x i i i )

where x i s  th e  o le ic  acid  co n cen tra tio n  

o f the t o t a l  l i p id  f ra c t io n  (mmol l ” ^) •

and y i s  the o le ic  acid  co n cen tra tio n  

of the  acetone p re c ip ita b le  f r a c t io n  (mmol l " ^ ) ., - 1'
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The r e s u l t s  in d ic a te  th a t  approxim ately 80 per cen t o f  the o le ic  ac id  

i s  p re c ip ita te d *

5*5*14. The E ffe c t of O m itting Acetone P re c ip ita t io n  in  Determ ining 

F e ta l Lung M aturity  Usina the  L/S R atio  Technique

In  23 am niotic f lu id  samples the L/S r a t io  had been determ ined on both  

the acetone p re c ip i ta b le  l ip id  f r a c t io n  and the whole l ip id  f ra c t io n .

A ll the  bab ies were d e liv e red  w ith in  72 hours a f t e r  

sample c o l le c t io n , the presence o r absence of RDS was noted* A summary 

of the  r e s u l t s  appears in  ta b le  3*26. When acetone p re c ip i ta t io n  was 

used the L/S r a t i o  was above 2 .0  in  16 cases and none of the bab ies 

developed RDS. In  the rem aining 7 p a t ie n ts  the  L/S r a t io  was found to  

be below 2 .0  and 4 o f  the  bab ies developed RDS (57*1%)* However, when 

the acetone p re c ip i ta t io n  was om itted from the procedure on the same 

am niotic f lu id  sam ples, 20 of the 23 samples had an L/S of 2 .0  or 

above, and 3 of th ese  bab ies were found to  have RDS (15*0%)• In  the  

rem aining 3 p a t ie n ts  an immature L/S r a t io  was found and one baby 

developed RDS (33*3%)#
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Table 5*26 The e f f e c t  o f o m lttiiig  acetone ore c l  p i t a t  io n  in

determ ining f e t a l  lung m atu rity  by th e  L/S r a t io  t e a t

The am niotic f lu id s  were c o lle c te d  as d esc rib ed  in  M ethods,2*2.1, 

and ce n tr ifu g e d  (M ethods,2*2*2)• Two a liq u o ts  o f each sample.were 

used* The l ip id s  were e x tra c te d  as d escrib ed  in  M ethods,2 .2 .4  

and one a liq u o t was acetone p re c ip i ta te d  (Methods, 2 .2*5)• The 

L/S r a t io  was determ ined (Methods, 2*4) on both the acetone p re ­

c ip i ta b le  f r a c t io n  and the  t o t a l  l i p i d  f ra c tio n *  A ll samples 

were c o lle c te d  w ith in  1 2  hou rs  o f d e liv e ry . Assessment o f RDS 

was made by th e  p a e d ia tr ic  s t a f f  a s  d escrib ed  i n  M ethods,2.11*

The number i n  b rack ets  re p re s e n ts  the  number of p a tie n ts*



A ceton e  P r e c ip i t a b le
P a t io

I/S ^  2.0 
L/S <  2 ,0  

T o ta l

No. o f 
P a tie n ts

16

7

23

% RDS 
P resen t

o  ( o )  

57.1 (4) 

17.4 (4)

% KPS 
Absent

100 (16) 

42.9 (3) 

82.6 (19)

T ota l Amniotic F luid  
b /s  R atio

L/S ^  2 .0  

L/S < .2 .0  

T o ta l

No. o f 
P a tie n ts

20

3

23

% RDS 
P resen t

15.0 (3)

33.3 (1)

17.4 (4)

% RDS 
Absent

85.0 (17) 

66.7 (2) 

82.6 (19)
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CHAPTER POUR

DISCUSSION

4 .1  The L ec ith in  C oncentration

A number o f chemical methods have been developed to  determ ine the 

am niotic  f lu id  l e c i th in  co n c en tra tio n  bu t they do no t appear to  be in  

common use (Bhagwanani a l . 1972; B iezensk i, 19&7)* The technique 

i s  la b o r io u s , inv o lv in g  the e x tra c t io n  of the l ip id s  from the am niotic 

f lu id ,  follow ed by th e i r  s e p a ra tio n  by t . l . c #  E lu tio n  of the l e c i th in  

from the  chromatogram and e s tim a tio n  of the  phosphorus co n cen tra tio n  

in  the e lu te d  f lu id  f in a l ly  allow s the de term ination  of the amount of 

l e c i th in  p re se n t. R ecently  B eu tle r  ^  ^  (1979) developed a s p e c if ic  

enzymatic assay  fo r  the q u a n t i ta t iv e  determ ina tion  o f l e c i th in  in  

am niotic f lu id .  This assay  g ives ab so lu te  co n cen tra tio n s  of l e c i th in ,  

and does no t re q u ire  e x tra c tio n  o f l ip id s  from the am niotic f lu id  and 

s e p a ra tio n  o f l ip id s  by t . l . c .  The enzymatic d e term ina tion  re q u ire s  

about 45 m inutes and the  technique is  much le s s  lab o rio u s  than the 

phosphorus assay  fo llow ing  2D t . l . c .  However, i t  i s  the  t o t a l  

l e c i th in  co n cen tra tio n  and n o t  the acetone p re c ip ita b le  l e c i th in  

co n cen tra tio n  th a t  i s  m easured, and the om ission of th is  s te p  causes 

in accu rac ie s  when p re d ic tin g  f e t a l  lung m atu rity  (R e su lts , 3*5*14)•
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Bhagwanani e t  ^  (1972) dem onstrated th a t  am niotic f lu id  le c i th in  

co n cen tra tio n s  in c rease  g rad u a lly  w ith  g e s ta tio n a l age and they found 

a  c r i t i c a l  value fo r  l e c i th in  of 3*5 mg% (47.6  m  mol l" ^ )  above which 

no cases of RDS occurred . However, although B iezenski (1972) a lso  

observed a gradual in c rease  in  l e c i th in  co n cen tra tio n  w ith  g e s ta tio n a l  

age he observed a  d i f f e r e n t  range o f v a lu es , em phasising the 

im portance o f e s ta b lis h in g  normal values fo r  each la b o ra to ry .

In  th is  th e s is  the f in d in g  of a h igher co n cen tra tio n  of am niotic f lu id  

l e c i th in  near term than e a r l i e r  in  g e s ta tio n  i s  in  agreement w ith  the 

re p o r ts  o f Gluck and co lleagues ( l9 7 l ) ,  Bhagwanani ak a l  (1972) and 

B iezenski (1972). A c r i t i c a l  value fo r  l e c i th in  o f 25 u  mol l"^  

am niotic f lu id  was e s ta b lish e d  above which no cases o f RDS occurred , 

a l t h o t ^  when the l e c i th in  co n cen tra tio n  was below th is  c r i t i c a l  value 

only 5 ^  of the babies developed RDS.̂

Various fa c to rs  may in te r f e r e  w ith the  r e l i a b i l i t y  o f the l e c i th in  

co n cen tra tio n  e s tim a tio n . Blood or meconium in  the am niotic f lu id  

in v a lid a te s  the r e s u l t s ,  w h ils t the co n cen tra tio n  o f a  s in g le  substance 

in  the am niotic f lu id  i s  s e r io u s ly  a f fe c te d  by changes in  volume. 

Falconer ^  ^  (1973) found th a t  the es tim a tio n  of le c i th in  was more 

u se fu l when r e la te d  to  the volume o f am niotic f lu id  p resen t measured 

by dye d i lu t io n  techn iques, although th is  involved a d d itio n a l time in  

an a lread y  time-consuming techn ique.
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4 .2  The L/S R a t io

The es tim a tio n  of the L/S r a t io  by one-dim ensional t . l . c .  has become 

a  s tandard  t e s t  of f e t a l  lung m a tu rity , and i t  has been evaluated  by a  

number o f in v e s tig a to rs  (Gluck e t  a l .  1973» W hitfie ld  e t  a l .  1974» 

Donald e t  a l .  1973)* Sphingomyelin, which has a source in  the lung 

(S c a rp e l l i ,  I 967) ,  a c ts  as an in te rn a l  standard  reducing  the e f fe c ts  

o f am niotic f lu id  volume on the l e c i th in  co n cen tra tio n .

S tan d a rd isa tio n  o f the  t e s t  procedure i s  im portant and f a i lu r e  to  do 

th is  leads to  u n s a tis fa c to ry  r e s u l t s ,  and the in flu en ce  upon the r e s u l t s  

o f  the p re p a ra tio n  and s to rag e  of am niotic f lu id s  p r io r  to  p rocessing  

has been examined e x te n s iv e ly  by W agstaff £ t  a l  (1974); o f p a r t ic u la r  

im portance a re  the d u ra tio n  and fo rce  of c e n tr ifu g a tio n  used to  remove 

th e  p a r t ic u la te  m atte r from th e  f lu id .  Gluck and h is  co lleagues (1974) 

have reviewed v ario u s  a sp ec ts  of the technique and as a lread y  rep o rted  

(R esu lts , 5 *5*14) recognised  the  need fo r  acetone p re c ip i ta t io n .  They 

e s ta b lish e d  an L/S r a t io  o f  2 .0  as the  c r i t i c a l  value above which RDS 

ra re ly  occurred . A review  of the world l i t e r a tu r e  (Harvey, 1975) 

found 25 papers in  which d e liv e ry  had been e ffe c te d  w ith in  72 hours of 

am niocen tesis, and the L/S r a t io  had been performed as o r ig in a l ly  

described  by Gluck (1974)* In  a t o t a l  of 2524 p a t ie n ts ,  r a t io s  g re a te r  

than 2 .0  were a sso c ia te d  w ith  an incidence of RDS o f 2.2%. R atios o f 

below 2.0 were a s so c ia te d  w ith  an incidence of 56. 5%,

The r e s u l ts  rep o rted  h e re , u s in g  the  technique described  by Gluck and 

a c r i t i c a l  L/S r a t io  o f 2 ,0  s u b s ta n tia te s  the rem arkable p re d ic tiv e  

accuracy o f the  L/S r a t i o  t e s t  in  confirm ing f e t a l  lung m atu ra tio n /
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(R e su lts , 5 ,1 ,6 ) ,  The much le s s  s a t i s f a c to ry  p re d ic tiv e  accuracy 

( 25%) o f  r a t io s  below the  c r i t i c a l  value fo r  the method i s  a lso  

confirm ed. The inc idence o f neonata l RDS was lower than the  56#5% 

inc idence  re p o rte d  in  the  review  (Harvey, 1975)* The reason  fo r  the  

low er incidence o f n eo n a ta l RDS when the  L/S r a t io  was le s s  than  2 .0  

could be th a t  the  samples which were analysed in  th is  s e r ie s  were 

c o lle c te d  n o t only by am niocentesis b u t a lso  by v ag in a l d ra in ag e , a  

ro u te  known to  be a s so c ia te d  w ith  u n r e l ia b i l i ty  in  the  determ in a tio n  

o f  th e  L/S r a t i o  ( Dombroaki jet a l ,  I 98I )  •

Many of th ese  d ra inage  samples were c o lle c te d  when the  mother had 

spontaneous prem ature ru p tu red  membranes. The d a ta  rep o rted  here show 

th a t  even a t  le s s  th an  55 weeks of g e s ta tio n , an L/S g re a te r  than  or 

equal to  2 ,0  in d ic a te s  th a t  RDS w il l  be u n lik e ly , making i t  a  most 

u se fu l t e s t  in  p a t ie n ts  in  whom premature d e liv e ry  may be in d ic a te d  by

signs o f m aternal o r f e t a l  jeopardy . Conversely many neonates d id  n o t
rafâD

develop RDS even w ith  an am niotic f lu id  L/S le s s  than 2 ,0  so th a t  the 

t e s t  i s  a  poor p re d ic to r  o f lung im m aturity . However, the  o v e ra ll  

e f fe c tiv e n e s s  of the  L/S r a t io  has r e s u l te d  in  the  t e s t  becoming an 

im portan t a id  in  o b s te t r ic  decision-m aking.

Although good p re d ic tio n  o f neonatal r e s p ir a to ry  problems seems 

fe a s ib le  u s in g  the  L/S r a t i o ,  blood admixed w ith  am niotic f lu id  i s  

most o f te n  a s so c ia te d  w ith  a  f a ls e  e le v a tio n  in  L/S r a t io  (W agstaff, 

1974; Gluck, 1974)# a lthough the opposite  e f f e c t  has been obseirved 

(S p e llacy , 1972)* The L/S r a t io  of red  blood c e l l s  i s  1 ,5  (A nsell and 

Hawthorne, 1973) and plasma has an L/S r a t io  o f 6 ,0  (A nsell and 

Hawthorne, 1973)* I t  i s  the high L/S r a t io  in  plasma which would r e s u l t  

in  the  e le v a tio n  of the L/S r a t io  in  am niotic f lu id  contam inated b y /
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blood r e s u l t in g  m erely in  an u n re lia b le  L/S r a t i o .  Meconium has a lso  

been found to  e le v a te  the L/S r a t i o  (W agstaff, 1974) although again  

the  converse opinion has been s ta te d  (S pellacy , 1972).

The e f f e c t  o f contam ination on the am niotic f lu id  L/S r a t io  and the 

u n c e r ta in ty  o f the p re d ic tiv e  value when the L/S r a t io  i s  below 2 ,0  

has le d  to  th e  development of o th e r t e s t s  of f e t a l  lung  m a tu rity .

4.3  The Lung Phospholipid P ro f i le

The value o f 2D t . l . c .  in  an a ly s in g  am niotic f lu id  phospholip ids has 

been rep o rted  by â i  (1979) to  be u sefu l in  determ ining  f e t a l

lung m a tu rity , A number o f d i f f e r e n t  phospholip ids, a p a r t from

le c i t h i n  and sphingom yelin, a re  to  be found in  the  am niotic f lu id  and a re  

thought to  o r ig in a te  in  the  f e t a l  lung (p fleg e r e^ a l ,  1971)#

Together w ith  l e c i th in  and sphingom yelin they comprise th e  lung  

phospholip id  p ro f i le  and have been id e n tif ie d  as p h o sp h a tid y lin o s ito l, 

phosphatidyl g ly c e ro l, phosphatidylethanolam ine and p h o sp h a tid y lse rin e . 

Hallman ejb ^  (1976) co n sid e r p h o sp h a tid y lin o s ito l and phosphatidy lg ly - 

o e ro l to  be o f s ig n if ic a n c e  in  terms o f f e t a l  lung m atu ra tio n , phospha- 

t id y lg ly c e ro l  in  p a r t ic u la r  b e ing  im portant in  improving s u rfa c ta n t  

e f f ic ie n c y . Gluck ^  (1979) dem onstrated th a t  phosphatidyl g ly ce ro l 

f i r s t  appeared a t  55 to  56 weeks g e s ta tio n , i t s  co n cen tra tio n  r i s in g  

s te a d ily  towards term .

In  agreement w ith Gluck and h is  co lleagues (1979) the r e s u l t s  in  th is  

th e s is  in d ic a te  th a t  ph o sp h atid y lg ly cero l i s  a p a r t ic u la r ly  im portan t 

in d ic a tio n  o f f e t a l  lung  m atu rity  and i s  a c r i t i c a l  component o f th e /
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lung su rfac tan t#  About 50% of the am niotic f lu id  specimens c o lle c te d  

a t  g e s ta tio n a l ages of le s s  than 35 weeks have phosphatidy lg lycero l 

p re se n t (R esu lts , 3*1*2), the e a r l i e s t  g e s ta tio n a l age a t  which 

pho sp h a tid y lg ly cero l appeared being  26 weeks. The im tie n t had a  

prem ature ru p tu re  o f membranes and d e liv e red  a boy weighing 0.8 kg 

w ith in  72 hours of sample c o l le c t io n ,  the baby n o t developing RDS.

In  c o n tra s t ,  an am niotic f lu id  sample c o lle c te d  by v ag in a l drainage 

w ith in  72 hours of d e liv e ry  from a p a t ie n t  a t  35 weeks of g e s ta tio n  

contained  no p h o sp h a tid y lg ly cero l and the p a t ie n t  d e liv e red  a baby 

boy weighing 2 . 5I  kg le s s  than  72 hours a f te r  the a n a ly s is  of am niotic 

f lu id .  This baby, weighing 2,51 kg, developed severe RDS and d ied .

I t  i s  th is  in d iv id u a l v a r ia t io n  in  th e  tim ing  o f f e t a l  lung 

m atu ra tion  which emphasises the  u se fu ln ess  of an o b je c tiv e , s p e c if ic  

in d ic a to r  o f f e t a l  lung m a tu rity .

The L/S r a t io  combined w ith the d e te c tio n  of phosphatidy lg lycero l 

proved to  be o f g re a t p re d ic tiv e  value  in  a sse ss in g  f e t a l  lung s ta tu s ,  

Q u an tita tio n  o f p h o sp h a tid y lg ly cero l appeared to  be an unnecessary 

refinem ent s in ce  the mere presence o f th is  phospholipid in  the am niotic 

f lu id  re g a rd le ss  o f the L/S r a t i o  a c c u ra te ly  p re d ic ts  lung m atu rity  

(R e su lts , 3*1*5)* By re ly in g  on th e  presence of phosphatidy lg lycero l 

in  the am niotic f lu id  whenever the  L/S r a t io  was le s s  than  the c r i t i c a l  

value the only in s tan c e s  of unp red ic ted  RDS would have been in  th re e  

sm all bab ies whose immediate d e liv e ry  was deemed e s s e n t ia l  because of 

o b s te tr ic  com plica tions, a f a ls e  p o s it iv e  p re d ic tio n  r a te  by 

pho sp h a tid y lg ly cero l o f 0,61%, In  c o n tra s t  when phosphatidy lg lycero l 

was absen t and the  L/S r a t io  was le a s  than 2 ,0 , 80,8% of the babies 

developed RDS. By excluding  from co n sid e ra tio n  the  two m others/
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t r e a te d  by g lu co co rtic o id  therapy  and the  p a tie n t w ith  prolonged 

spontaneous membrane ru p tu re , on the grounds th a t  these  f a c to rs  may 

a c c e le ra te  f e t a l  lung m atu ra tion  (Howie e t  a l .  1977), the  incidence of 

RDS when ph o sp h atid y lg ly cero l was absen t i s  increased  to  24 ou t of 26 

b ab ies  (92.3% ), v i r tu a l ly  the  same as the 93% incidence by Kulovich 

e_t ^  ( 1979)# In  p r a c t ic a l  terms an am niotic f lu id  L/S r a t io  below 

2 .0  w ith  no p h osphatidy lg lycero l th e re fo re  in d ic a te s  the  near 

c e r ta in ty  o f RDS i f  d e liv e ry  cannot be postponed. On th e  o th e r hand,

knowledge th a t  p h o sphatidy lg lycero l i s  p resen t d e sp ite  an immature L/S

r a t i o  should encourage immediate d e liv e ry  of even a  very  sm all preterm  

fe tu s  judged to  be a t  very  se rio u s  r i s k  m  u te ro .

The lung  phospholipid  p ro f i le  i s  a lso  of use when the am niotic f lu id  i s  

Gon'J^aminated w ith  blood or meconium or when the f lu id  has been

c o lle c te d  by vag ina l d ra in ag e . The reason  i s  th a t  p h o sp h a tid y lg ly cero l

o r ig in a te s  s p e c i f ic a l ly  from the  lung  (Kulovich ^  1979) and

p h o sp h a tid y lg ly cero l was absen t in  plasma and in  only n e g lig ib le  

amounts in  the red  blood c e l ls  (A nsell and Hawthorne, 1973)* The 

presence o f p h osphatidy lg lycero l in  am niotic f lu id  th e re fo re  in d ic a te s ,  

more r e l ia b ly  than the L/S r a t i o ,  f e t a l  lung m atu rity  re g a rd le s s  of 

the  s ta t e  of the am niotic f lu id .  In  c o n tra s t ,  l e c i th in  co n cen tra tio n  

and the  L/S r a t io  would be changed in  the  case of blood s ta in e d  

am niotic  f lu id .

4 .4  P a lm itic  Acid Content of Acetone P re c ip ita b le  Amniotic F lu id  

L ipids

Other workers have rep o rted  the  p r a c t i c a b i l i ty  of u s in g  p a lm itic  a c id /
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co n cen tra tio n  to  a sse ss  f e t a l  lung m atu rity  (Ekelund e t  a l .  1975;

Warren e t  a l . 1973; Arvidson ^  a l . 1972), In  babies w ith EDS 

Ekelund e t  a l  (1973) found a  s ig n if ic a n t ly  lower le v e l  o f p a lm itic  

ac id  in  am niotic f lu id  f a t t y  ac id  re s id u e s . The amount o f p a lm itio  

ao id  was found to  in c re a se  w ith  g e s ta tio n a l  age (F ran tz  ^  a l . 1975; 

Ekelund e t  a l .  1973; Arvidson e t  a l .  1972).

The r e s u l t s  in  th is  th e s is  (R e su lts , 3*1*11 to  3*1*16) are  c o n s is te n t 

w ith  the fin d in g s  o f th ese  w orkers, and suggest th a t  a n a ly s is  of the 

com position of the f a t t y  ac id  re s id u e  could be of d iag n o stic  v a lu e . 

However, such an a n a ly s is  tak es about fo u r hours, no more than  s ix  

specimens being  processed d a i ly .  As w ith the d e term ina tion  of the  

le c i th in  c o n cen tra tio n , th e  co n cen tra tio n  of p a lm itic  ac id  in  am niotic 

f lu id  i s  in v a lid a te d  by a l te r a t io n s  in  f lu id  volume (0*N eil, 1978; 

S h ira r ,  1975)* To overcome th is  problem, these au thors used s te a r ic  

ac id  as a re fe ren ce  substance to  p a lm itic  a c id . The o v e ra ll  

p re d ic tiv e  accuracy o f the  p a lm itic  a c id /s te a r ic  ac id  r a t io  (83*78%) 

(R e su lts , 3*1*16) i s  b e t te r  than  the  p a lm itic  ac id  co n cen tra tio n  

( 67*57%) (R e su lts , 3*1 *14) a lo n e . However, the percentage of pa lm itio  

a c id  in  the  t o t a l  l i p id  f a t t y  ao id  re s id u es  gives the  b e s t  p re d ic tiv e  

accuracy (97*3%) (R e su lts , 3*1*12). P ossib ly  th is  i s  because the 

percen tage of p a lm itic  ac id  in  t o t a l  f a t ty  acid  re s id u es  of th e  am niotic 

f lu id  takes a l l  the u n sa tu ra ted  f a t t y  ac id  resid u es  in to  c o n s id e ra tio n , 

a llow ing  fo r  changes in  th e  r e l a t iv e  f a t ty  acid  re s id u e  com position of 

am niotic  f lu id  phospholip ids as w ell as changes in  f lu id  volume. These 

changes may occur because th e  o th e r  f a t ty  acids may a c t  as s u b s tra te s  

in  th e  manufacture o f the  s u r fa c ta n t  phospholip ids (van Golde, 1976).

I t  i s  p o ssib le  th a t  th e  p a lm itic  a c id /s te a r ic  acid  r a t io  i s  a f fe c te d /
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by such changes to  the f a t ty  ac id  re s id u e  com position. The r e s u l t s  

dem onstrate th a t ,  a l t h o u ^  numbers a re  sm all, the p a lm itic  aoid 

co n c e n tra tio n , th e  p ro p o rtio n  of p a lm itic  ac id  and the p a lm itic  a c id /  

s te a r ic  ao id  r a t i o  were a l l  good p re d ic to rs  of lung m a tu rity .

4*5 O p tica l D ensity

Measurement o f o p tic a l  d e n s ity  a t  65O nm has been compared w ith the

L/S r a t i o  and 92% o f the r e s u l t s  were in  agreement on am niotic f lu id s

c o lle c te d  by am niocentesis (S barra  a l ,  197#)* At 65O nm an o p t ic a l

d e n s ity  re ad in g  o f 0,15 o r above i s  sa id  to  be eq u iv a len t to  an L/S

r a t io  of 2 ,0  o r above and th e re fo re  in d ic a te s  f e t a l  lung m a tu rity .

The method has also been recommended by Copeland ^  al (1978) as being
h ig h ly  ac cu ra te  and extrem ely u se fu l f o r  la b o ra to r ie s  ill-e q u ip p e d  to  

*
perform  the L/S r a t i o .  H ill  e t  a l  (1979) suggested th a t  i t  might 

prove a u se fu l sc reen in g  technique and th a t  by adopting  a  c r i t i c a l  

value g re a te r  than  O .I5 , in  an attem pt to  exclude any f a ls e  p o s it iv e s ,  

a  la b o ra to ry  m i ^ t  s ig n if ic a n t ly  reduce i t s  work lo ad .

The r e s u l t s  rep o rted  here agree w ith  those  of o th e rs , th a t  the  t e s t  

a c ts  as a  s im p le , reasonab ly  r e l ia b le  screen ing  techn ique. An 

am niotic  f lu id  o p tic a l  d e n s ity  above the  c r i t i c a l  value was ra re ly  

a s so c ia ted  w ith  RDS, w h ils t below the  c r i t i c a l  value 37*0% o f the  

bab ies developed RDS. T herefo re , as w ith  most o th e r t e s t s  of f e t a l  

lung m atu rity  th e  much le s s  s a t i s f a c to ry  p re d ic tiv e  accuracy when the 

r e s u l t  i s  below the c r i t i c a l  value i s  again  confirm ed.

A rias et_ (1978), however, d id  no t f in d  the t e s t  r e l i a b le ,  and 

encountered cases of RDS when the am niotic f lu id  specimens had o p t ic a l /
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d e n s i t y  v a lu e s  g r e a te r  th an  th e  c r i t i c a l  v a lu e ,

Reported s tu d ie s  have only r e la te d  the  o p tic a l  d e n s ity  measurements 

to  L/S r a t io s ,  w h ils t i t  might have been more r e a l i s t i c  to  c o r re la te

i t  w ith  g e s ta tio n a l  age. The r e s u l t s  (3 . 4*7 ) dem onstrated th a t  the
poot-Ly

o p tic a l  d e n s ity  measurements c o rre la te^ ,^ in ea rly  w ith  the  L/S r a t io s  

( r  =5 0 . 40, P < 0 . 001) ,  and as w ith  the  L/S r a t io  th e  o p tic a l  d e n s ity  

a lso  has an exponen tia l c o r re la t io n  w ith  g e s ta tio n a l  age ( r  = 0 .66 ,

P < 0 . 001) (R e su lts , 3 .. 2 . 1) .  T herefo re , the  o p tic a l  d en s ity  c le a r ly  

does correspond to  the L/S r a t io .

4 ,6  The Bubble S ta b i l i ty  T est

The b as is  of th i s  t e s t ,  o r ig in a l ly  d escrib ed  in  1972 by Clements e t  a l  

i s  th a t  th e  s u rfa c ta n t  m a te r ia l from the  lung a lv e o l i  reduces the 

su rface  ten sio n  of the am niotic f lu id .  I t  has been suggested th a t  the 

shake t e s t  i s  b e s t  used as a  screen ing  t e s t  because when i t  i s  p o s itiv e  

RIfi i s  r a r e .  The r e s u l t s  o f th i s  sim ple t e s t  ob tained  from o th er 

la b o ra to r ie s  were reviewed by Harvey eb ^  (1978) and when d e liv e ry  

was w ith in  72 hours of am niocen tesis , a  p o s it iv e  t e s t  in d ic a te d  a r i s k  

to  the  neonate o f  developing RDS o f 0.63%, When th e  t e s t  was negative 

Harvey’s review  showed th a t  about 5C% o f the  bab ies  develop RDS. The 

r e s u l t s  rep o rted  (R e su lts , 3*2.4) in d ic a te  a  r i s k  to  the neonate of 

0 . 85% when the  t e s t  i s  p o s i t iv e .  V/hen the  r e s u l t s  were negative  50.0% 

o f the babies developed RDS. Therefore th ese  r e s u l t s  confirm  th a t  the 

t e s t  i s  most u se fu l when i t  i s  p o s i t iv e .

U n fo rtunate ly , blood and meconium w il l  in te r f e r e  w ith  the v a l id i ty  o f 

th e  t e s t  and i t s  value in  e s tim a tin g  f e t a l  lung m atu rity  from am nio tic /
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fluid collected by vaginal drainage is uncertain.

Attempts to improve the predictive accuracy of the test have been 
made. When the quantity of bubbles remaining following agitation was 
used, so that an incomplete ring did not necessarily represent a 
negative test, a totally negative test (i.e. no bubbles in any tube) 
was associated with a 79% incidence of RDS (S chi enter _et 1979), a 
considerable improvement in prediction.

4 .7  The S eparation  o f Phospholipids by h . p . l . c .

Despite th e  success o f t . l . c .  fo r  the  sep a ra tio n  and measurement o f 

th e  am niotic f lu id  phospholip ids o f in t e r e s t  in  f e t a l  lung m a tu rity , 

th e  a p p lic a tio n  o f h . p . l . c .  to  lung  m atu rity  s tu d ies  has as y e t 

re s u l te d  in  very  lim ite d  p ro g re ss .

Jungalw ala ^  ^  (1976) d escrib ed  a  technique using  u .v .  ab so rp tio n  a t  

203 nm and h . p . l . c .  fo r  th e  se p a ra tio n  and q u a n ti ta t io n  o f l e c i th in  

^ d  sphingom yelin which has been ap p lied  to  am niotic f lu id  to  provide 

e s tim a tio n  o f the lec ith in /sp h in g o m y e lin  r a t io ,  bu t as y e t no method 

has been d escribed  which g iv e s , in  one chromatogram, se p a ra tio n  and 

q u a n ti ta t io n  o f phosphatidylethanolam ine, p h o sp h a tid y lg ly cero l, 

p h o sp h a tid y lin o s ito l, p h o sp h a tid y lse rin e , l e c i th in ,  sphingom yelin and 

ly s o le c i th in .

In order to use the kind of solvents used widely in the t.l.c. of 
phospholipids, a means of detection different from u.v. absorption was 
necessary and in this thesis the results from the use of differential/
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re frao to m e try  as a means o f d e te c tio n  and q u a n ti ta t io n  o f am niotic 

f lu id  phospholip ids sep ara ted  by h . p . l . c .  are  shown (R e su lts , 3 . 3) .

The h . p . l . c .  method provides a comparable technique fo r  determ ining  

c l i n i c a l l y  im portant am niotic f lu id  phospholip ids. I t  takes only two 

hours compared w ith  up to  e ig h t hours when q u a n ti ta t io n  by phospholipid  

phosphorus method fo llow ing  2D t . l . c .  i s  performed. However, a g a in s t 

th is  advantage must be p laced  the f a c t  th a t  many samples were wasted 

du rin g  a n a ly s is  by h . p . l . c .  because o f b ase lin e  d r i f t ,  n o ise , or peak 

fu s io n  due to  column f a i lu r e .  F u rth e r , a  g rea t deal of te c h n ic a l time 

was expended in  so lv in g  th ese  v ario u s  problems. As a  c l in i c a l  

tech n iq u e , the  h . p . l . c .  apparatus was too u n re lia b le  to  be ac cep tab le . 

F u rth e r , i t  would seem th a t  q u a n ti ta t io n  of phospholipids such as 

pho sp h a tid y lg ly cero l i s  n o t c l i n i c a l l y  necessary . However, the 

technique may have a p o te n t ia l  re se a rch  ro le  since i t  provides a  more 

ra p id  method o f q u a n ti ta t io n  than  th a t  p o ssib le  by the phosphate a n a ly s is  

techn ique.

U .v. ab so rp tio n , as a method of d e te c tio n , would be d e s ira b le ,  being  

devoid o f the problems o f v a r ia b le  s e n s i t iv i ty ,  no isy  b a se lin e  a t  

h i p e s t  s e n s i t i v i t i e s ,  s u s c e p t ib i l i ty  to  tem perature f lu c tu a tio n s  and 

d rau g h ts , which a r is e  d u rin g  re fra c to m e tr ie  d e te c tio n . However, no 

u .v .  tra n sp a re n t so lv en t m ixture has been devised which would c a rry  

out th e  sep a ra tio n  o f the  am niotic  f lu id  phospholip ids. U n til th i s  i s  

achieved, a  very s e n s i t iv e ,  c l i n i c a l l y  r e l ia b le  h . p . l . c .  method 

appears e lu s iv e  s ince  the d e te c tio n  and q u a n tita tio n  of the sep ara ted  

phospholip ids in  a  s u f f ic ie n t ly  s e n s i t iv e  and r e l ia b le  manner fo r  

ro u tin e  c l in i c a l  use appears no t to  be p o ssib le  by re fra c to m e try .
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4 .8  The E f f e c t s  o f  A ceton e P r e c ip i t a t io n  on A jm lo tlo  F lu id  L ip ld a

The e f f e c t  of acetone p r e c ip i ta t io n  a t  0°C on the am niotic f lu id  L/S 

r a t i o  i s  s t i l l  a  c o n tro v e rs ia l s u b je c t,  and opinions d i f f e r  concerning 

th e  e f f e c t  o f th is  s tep  in  the  p re c ip i ta t io n  o f su rfa c e -a c tiv e  l i p i d s .  

F u r th e r , th e re  i s  con troversy  surrounding the ro le  of acetone 

p r e c ip i ta t io n  in  improving the p re d ic tiv e  a b i l i t y  o f the L/S r a t io  

d e te rm in a tio n . Gluck _et a i  (1972) rep o rted  th a t  ic e -c o ld  acetone 

p re c ip i ta te d  s u rfa c e -a c tiv e  l e c i th in .  These authors a lso  p o s tu la ted  

a  complete p r e c ip i ta t io n  of sphingomyelin w ith cold  ace to n e . Olson 

(1975) ;  Smith (1978) and Torday (1979) produced evidence su g g estin g  

th a t  th i s  s te p  could be om itted from the an a ly s is  o f  th e  l ip id s  

because they  found th a t  th e  L/S r a t i o  was unchanged by cold  acetone 

p r e c ip i ta t io n ,  while o th e r au tho rs  have recommended th a t  acetone 

p r e c ip i ta t io n  be re ta in e d  as a  s te p  in  the L/S r a t io  procedure as i t

improves the r e l i a b i l i t y  o f the method (Gluck 1974î Parkinson

and Harvey, 1973» W agstaff e t  a l ,  1974; Jackson e t  a l . 1975; Renney 

e t  a l ,  1976).

This th e s is  p a r t ly  involved a study o f the e f fe c t  of cold  acetone

p r e c ip i ta t io n  on am niotic f lu id  l ip id s  and om ission o f th i s  s te p

re s u l te d  in  an L/S r a t io  about tw ice th a t  obtained when acetone 

p re c ip i ta t io n  was inc luded , because most of the sphingom yelin and only 

50% of the  l e c i th in  i s  p re c ip i ta te d  by cold acetone. Thus these  

r e s u l t s  confirm  Gluck’s p o s tu la te  of an almost complete p r e c ip i ta t io n  

of sphingom yelin and they d isag ree  w ith  those au thors who re p o r t  an 

unchanged L/S r a t io  a f t e r  acetone tre a tm en t. In  c o n tra s t  w ith the  

f a c t  th a t  50% of the l e c i th in  i s  acetone p re c ip i ta b le ,  th e  in d ic a t io n s /
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a re  t h a t ,  ■ -, : as w ith  sphingom yelin, phosphatidy lg lycero l and 

p h o sp h a tid y lin o s ito l axe alm ost com pletely p r e c ip i ta te d . I t  appears 

th a t  by u s in g  acetone and red u c in g  the amount of l e c i th in ,  the  

p re d ic tiv e  accuracy o f th e  L/S r a t i o  technique i s  improved (R esu lts , 

3 . 5 . 14) and these  r e s u l t s  a re  in  agreement w ith  the au thors who re p o rt 

th a t  in accu rac ies  a r i s e  in  th e  p re d ic tio n  of f e t a l  lung  m atu rity  i f  

th e  acetone s te p  i s  o m itted .

I t  can be seen from f ig u re  3.21 th a t  the  h igher the le c i th in  

co n cen tra tio n  in  th e  am niotic  f lu id  th e  g re a te r  the  decrease in  the 

L/S r a t io  in  th e  acetone p r e c ip i ta b le  f ra c t io n .  C o n tro v ersia l r e s u l ts  

could th e re fo re  be ob ta ined  i f  th e  m ajo rity  of samples analysed had 

L/S r a t io s  in  the  reg io n  o f le s s  than  3*0 w ith only a few w ith  h igher 

L/S r a t io s  when the change in  th e  L/S r a t io  in  the acetone p re c ip ita b le  

f r a c t io n  i s  more d ram atic . Thus, c o r re la t io n  an a ly s is  of the r e s u l t s  

ob ta ined  show a  tren d  which would n o t be obvious when comparing an 

average change in  th e  L/S r a t i o  on acetone p r e c ip i ta t io n .  However, i t  

i s  no t p o ss ib le  to  t e l l  from th e  r e s u l t s  of those au thors who re p o rt 

an unchanged L/S r a t i o  a f t e r  acetone p re c ip i ta tio n  what range o f L/S 

r a t io s  they  were a n a ly s in g , o r what s t a t i s t i c a l  a n a ly s is  they used .

The q u estio n  o f whether th e  acetone p re c ip i ta tio n  s e le c t iv e ly  

p r e c ip i ta te s  1 ,2  d ip a lm ito y lle c ith in  cannot be answered unequivocally  

from the  r e s u l t s  re p o rte d  in  t h i s  th e s is  (R esu lts , 3*5) because th is  

sp ec ie s  o f l e c i th in  was n o t determ ined s p e c if ic a l ly .  However, the  

t o t a l  l ip id  f r a c t io n ,  th e  acetone p re c ip ita b le  f ra c t io n  and the acetone

so lu b le  f r a c t io n  were a l l  analysed  and the f a t ty  ac id  com position
i

determ ined. The r e s u l t s  (3*5 .8 ) in d ic a te  th a t  the  acetone p r e c ip i ta t io n /
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of th e  l ip id s  in  am niotic f lu id  does en rich  the  f r a c t io n  w ith  

s a tu ra te d  f a t ty  a c id s , although not a l l  a re  p re c ip ita te d  (R esu lts ,

In  a d d it io n , th e re  are u n sa tu ra ted  f a t ty  ac id s in  the acetone 

p re c ip i ta te d  f r a c t io n .  As can he seen in  f ig u re  3*26, the 

co n cen tra tio n  of th e  f a t t y  ac ids in  the so lub le  f r a c t io n s  added to  th a t  in  

the in so lu b le  f r a c t io n  , r e s u l t s  in  a  value alm ost equal to  the 

co n cen tra tio n  of th e  f a t t y  ac ids in  th e  t o t a l  l ip id  f r a c t io n ,  

in d ic a t in g  the r e l i a b i l i t y  o f the techn ique .

The use o f acetone p r e c ip i ta t io n  to  sep a ra te  phosphatides from n e u tra l 

l ip id s  (K ates, 1972) depends upon th e  g eneral in s o lu b i l i ty  in  cold 

acetone of most phosphatides, p a r t ic u la r ly  acid  phosphatides. I t  i s  

in te r e s t in g  th a t  an alm ost complete p r e c ip i ta t io n  of the a c id ic  

phospho lip id s, p h o sp h a tid y lg ly cero l and p h o sp h a tid y lin o s ito l was found 

(R esu lts , 5*5#4 and 3*5*5)# The procedure described  by Kates (1972) 

invo lves p r e c ip i ta t io n  o f a c id ic  phospholip ids by acetone in  the 

presence of magnesium io n s , bu t the  ex te n t of magnesium s a l t  form ation 

by the  a c id ic  l ip id s  in  the  procedures used i s  no t known* On the 

o th e r hand, in  most papers acetone p re c ip i ta t io n  i s  considered  to  be 

s e le c t iv e  not fo r  a c id ic  phospholipids b u t fo r  l ip id s  co n ta in in g  

s a tu ra te d  f a t t y  ac id s  o r a  preponderance o f s a tu ra te d  f a t ty  a c id s .

The s e le c t iv e  p r e c ip i ta t io n  of sa tu ra te d  f re e  f a t ty  ac ids has been 

e x te n s iv e ly  reviewed by Brown ^  a l * 1955*

One o f the main problems in  the acetone p re c ip i ta t io n  of f a t t y  acids 

i s  th a t  the s o lu b i l i ty  o f each component of a m ixture in  acetone can 

be a f fe c te d  by the  o th e r components of the  s o lu tio n . Therefore the/
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presence of unsatnrated . f a t t y  ac id s may fo r  example in crease  the 

s o lu b i l i ty  of o th e r  f a t t y  ac ids in  a m ix tu re . The p re c ip i ta t io n  of 

phospholip ids which co n ta in  two f a t t y  ac id  resid u es  which may or may 

no t be both  s a tu ra te d  i s  thus complex.
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CONCLUSIONS

(1) F e ta l lung s ta tu a  cannot be in fe r re d  from g e s ta tio n a l age 

as th e re  i s  a g re a t  in d iv id u a l v a r ia t io n .

( 2) The acetone p r e c ip i ta t io n  s te p  s e le c t iv e ly  p re c ip i ta te s  

the  a c id ic  phospholip ids and sph ingonyelin . Only 509̂  of 

the  l e c i th in  i s  p r e c ip i ta te d .  Although the l ip id  e x tra c t  

was enriched  w ith  s a tu ra te d  f a t t y  ac id s  a f t e r  acetone 

p r e c ip i ta t io n  not a l l  the  u n sa tu ra te d  fatty^  ac id s were 

removed, nor were the  s a tu ra te d  f a t ty  ac id s  com pletely ' 

p r e c ip i ta te d .  The acetone p r e c ip i ta t io n  s te p  should be 

included  in  the determ in a tio n  of th e  L/S r a t io  as i t  imp­

roves the  p re d ic tiv e  r e l i a b i l i t y  of th i s  procedure.

( 3) S eparation  of the phospholip ids by h . p . l . c .  proved to  be 

too u n re lia b le  as a c l in ic a l  to o l f o r  assessing, f e t a l  lung 

m atu rity  bu t may have a p o ss ib le  ro le  as a re sea rch  technique.

(4 ) The assessm ent of some of the v a rio u s  t e s t s  av a ila b le  fo r  

p re d ic tin g  f e t a l  lung m atu rity  has confirmed th a t  w ith 

most t e s t s  the  problem i s  no t in  id e n tify in g  mature f e t a l  

lungs bu t ra th e r* in  confirm ing immature f e t a l  lungs ( ta b le  4*l) 

However, use of th e  lung  phospho lip id  p r o f i le ,  the main 

fe a tu re s  of which a re  the  L/S r a t i o  and the presence or 

absence of p h o sp h a tid y lg ly ce ro l, was shown to  be a r e l ia b le  

technique fo r  p re d ic tin g  f e t a l  lung  s ta tu s  ( ta b le  4»l)« I f  

p h o sphatidy lg lycero l i s  found to  be p resen t th e re  i s  very 

l i t t l e  chance th a t  the  baby w il l  develop KDS. On the o th er 

hand, i f  pho sp h a tid y lg ly cero l i s  absen t from the am niotic 

f lu id  i t  i s  very  l ik e ly  th a t  the baby w ill  develop KDS

(ta b le  4 " l ) '  In  a d d itio n , th i s  technique m ain tains i t s
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T ab le  4 .1  The s e n s i t i v i t y ,  s p e c i f  i c i  t T i .p r e d x o t iv e  v a lu e  and the^

p r e d ic t iv e  a c c u r a cy  o f  t h e  v a r io u s  t e s t s  a s s e s s e d

The s e n s i t iv i ty ,  s p e c i f ic i ty ,  p re d ic tiv e  va lue  and the  p re d ic t iv e  

accuracy o f th e  v a rio u s  t e s t s  assessed  were c a lc u la te d  (Methods, 2 ,12)



Immature R e su lt Mature R esu lt; P r e d ic t iv e
Accuracy

T e s t  S e n s i t i v i t y
”  .......m .....

P r e d ic t iv e  
V alue (9i)

P r e d ic t iv e  
Value (94)

I / s  and PG 100 8 8 .0 9 9 .3 100 9 8 .8

I /S  (2D t . l . c . ) 100 23 .6 8 3 .6 100 8 4 .4

I / s  (ID  t . l . c . ) 100 25 .0 7 1 .4 100 7 3 .9

I /S  (2D t . l . o ,  
t o t a l  l i p i d ) 25 .0 3 3 .5 8 9 .5 85 4 8 .T

PG 8 8 .0 8 4 .6 9 9 .2 9 9 .4 9 8 .7

L e c ith in  
C o n cen tra ti on 100 3 7 .5 54 .6 100 64.3

% P a lm it ic  A cid 7 5 .0 7 5 .0 9 7 .0 97 9 4 .6

P a lm it ic  A cid  
C o n cen tra tio n 100 25 .0 63.6 100 6 7 .6

P a lm it ic  A c id /  
S te a r ic  A cid  
R a tio 7 5 .0 3 7 .5 8 4 .9 9 6 .5 8 3 .a

O p tic a l D e n s ity 100 2 6 .7 86.4 100 8 7 .1

Bubble S t a b i l i t y  
T est 9 5 .0 50 .0 8 5 .9 99.2 8 7 .1
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p re d ic tiv e  accuracy even when the  samples a re  c o lle c te d  by 

vag inal drainage and contam inated w ith  blood or meconium.

For la b o ra to r ie s  w ith  ready access  to  t . l . c .  techniques 

the determ in a tio n  of the f e t a l  lung phospholip id  p ro f i le  would 

be h ig h ly  recommended fo r  an accu ra te  p re d ic tio n  of f e t a l  lung 

s ta tu s .
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