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T he  d isappearance  r a te  o f  p la sm a  free  g lycero l, free f a t ty  acids an d  
tr ig lycerides follow ing the te rm in a tio n  o f  s h o r t- te rm  (6-hr) in fusion  o f  fa t
em ulsion (In tra lip id ® ) w as s tu d ie d  in  12 lo w -b irth -w e ig h t in fan ts . T he  m ean  
К  va lues fo r each  lipid co m p o n en t w ere fo u n d  to  be  h igher in  in fa n ts  re c e iv ­
ing 10%  glucose. Owing to  th e  w ide in d iv id u a l v a ria tio n  o f  responses an d  
the sm all n u m b e r o f in fan ts  s tu d ie d , o n ly  th e  d isappearance  ra te  o f  free 
fa t ty  ac id s reach ed  th e  level o f  sign ificance. I t  is concluded th a t  increased  
am o u n ts  o f  glucose given s im u ltan eo u sly  w ith  f a t  em ulsion could d im in ish  
h y p erlip id aem ia  b y  increasing  th e  c lea rance  o f  lip ids from  th e  p la sm a .

The role of glucose adm inistration  
in intravenous feeding is no t merely 
to  provide calories to  m aintain  an  
adequate  energy balance; its availab il­
ity  for creating specific m etabolic 
an d  horm onal conditions is also essen­
tia l to  ensure an  op tim al ratio  o f 
anabolic and catabolic substra te  u ti l­
ization. Thus, e.g. adequate  protein 
synthesis from am ino acids and hence 
a  positive n itrogen balance could 
hard ly  be achieved w ithou t the h o r­
m onal effects o f glucose infusion.

In  view of the well-known re la tion­
ship between ca rbohydra te  and fa t 
m etabolism  [1, 2, 9, 10, 19, 22, 23] 
it is logical to  assum e th a t  fa t u tili­
zation  is more efficien t if glucose is 
adm inistered sim ultaneously . S tu d ­
ies perform ed in ad u lts  [17] have 
shown th a t  while th e  elim ination o f

free fa tty  acids increased, th e  ra te  
o f clearance o f triglycerides rem ained 
unaffected  when greater am ounts 
o f glucose were given. Likewise, the  
d isappearance ra te  of triglycerides 
from  th e  blood following repea ted  in ­
travenous bolus injections of fa t em ul­
sion in to  low -birth-w eight in fan ts 
did  n o t increase when a 10%  g lu ­
cose-fructose solution was given b e­
tw een th e  in jections [13].

Our stud ies dealing with the  m e ta ­
bolic responses to  fa t em ulsion in ­
fused over a  6-hrs period [18] gave an  
o p p o rtu n ity  to  study  the clearance 
o f free glycerol, free fa tty  acids an d  
trig lycerides from  the  p lasm a o f low- 
b irth -w eigh t in fan ts receiving a b ase­
line p a ren te ra l calorie supply e ith e r 
as 5%  o r 10%  glucose. The p resen t 
paper rep o rts  on results po in ting
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to w ard  th e  need an d  im portance of 
th e  concom itant use o f carbohydra te  
an d  fa t  emulsion in com plete p a ren ­
te ra l nu trition .

M e t h o d s

T h e  exam ina tions w ere perfo rm ed  on 
12 p re m a tu re  in fan ts  w ith in  th e  f irs t tw o  
d a y s  o f  e x tra u te r in e  life. B ir th  w eigh t 
ra n g e d  betw een  1350 g an d  2150 g (m ean, 
1736 g), an d  g e s ta tio n a l age betw een  30 
a n d  37 w eeks (m ean , 33.4 w eeks). T he 
w e ig h t o f  n ine  in fan ts  w as ap p ro p r ia te  for 
g e s ta tio n a l age and  t h a t  o f  th re e  below  
th e  10 th  pe rcen tile .T h e  in fa n ts  w ere se lec t­
ed  on  th e  basis o f  th e ir  in a b ili ty  to  to le r ­
a te  o ra l o r tu b e  feed ing  w ith o u t inducing  
ap n o e ic  spells and  cau sin g  a sp ira tio n .

T h e  techn ique  a n d  design o f in t r a ­
v e n o u s  a lim en ta tio n  w ere  a s  follow s. Six 
in f a n ts  received 5%  glucose a t  a  r a te  o f 
2.8 m g/kg /m in , an d  6 in fa n ts  10%  glucose 
a t  a  r a te  o f  4.8 m g /kg /m in  in fused  in to  
a  s c a lp  vein . A fte r th e  f i r s t  12 h o u rs  o f 
in tra v e n o u s  glucose a lim e n ta tio n , in  a d d i­
t io n  to  glucose a  f a t  em ulsion  ( In tra lip id ® ) 
w as in fused  over a  6 -h rs period  a t  a  
r a t e  o f  5.6 m g/kg /m in . Fo llow ing  th e  
te rm in a tio n  o f In t ra l ip id  a d m in is tra tio n  
a g a in  o n ly  glucose w as g iven over th e  
n e x t  24 h r.

A n  um b ilica l venous c a th e te r  w as in s e r t­
ed  to  w ith d raw  blood sam p les fo r follow ing 
th e  ch an g es in  th e  co n c e n tra tio n  o f free 
g ly ce ro l, free f a t ty  ac id s an d  tr ig ly cerid es 
in  th e  fa s tin g  s ta te , befo re , a t  th e  en d , as 
w ell a s  a t  30, 60, 90, 120 m in u tes , 12 h rs  
a n d  24 h rs  a f te r  In t ra lip id  su p p le m e n ta ­
t io n . F re e  fa t ty  ac id s w ere d e te rm in ed  
acco rd in g  to  D a lto n  a n d  K ow alsk i [7], 
a n d  L a u re ll and  T ibb ling  [16]; free g ly ce r­
o l a n d  to ta l  glycerol b y  th e  U V  m eth o d  
u s in g  th e  B oehringer B iochem ica T e s t 
C o m b in a tio n ; n e u tra l  f a t  w as o b ta in ed  
fro m  th e  eq u a tio n  (to ta l g ly ce ro l—free g ly c ­
ero l) X 9.62 =  m g n e u tr a l  fa t/100  m l. 
T he  k in e tic  ch a rac te ris tic s  o f th e  th re e  lip ­

id  co m ponen ts  w ere d e fin ed  b y  follow ing 
th e  fa ll o f  th e ir  co n cen tra tio n  a t  30 m in u te  
in te rv a ls  over th e  f i r s t  tw o  h o u rs  a f te r  
te rm in a tio n  o f th e  in fu sion  o f  f a t  em u l­
sion . T he th ree  consecu tive  p o in ts  from  
30 to  90 m inu tes  o f th e  sem ilo g arith m ic  
co n c e n tra tio n  p lo t w ere u sed  fo r ca lcu la tin g  
h a lf  tim e :

Tl  = ____  * X log 2
log E ,  log

a n d  u tiliza tio n  co n s ta n t:

ln  Y ,  — ln  Y ,
К  (% /m in) = -------------------------—  X lo o

i 2 — t j

F o r  s ta tis tic a l ana ly s is , th e  m ean s  an d  
s ta n d a rd  erro rs w ere c a lc u la te d ; w hen  i t  
seem ed  necessary , sign ificance  w as e s t i­
m a te d  b y  S tu d e n t’s t te s t .

R e s u l t s

T he plasm a concen tra tion  of free 
glycerol, free fa tty  acids an d  trig ly c­
erides obtained in tw o groups of 
low -birth-w eight in fan ts  a t  d ifferent 
tim es during the observation  period 
are shown in Fig. 1. I t  is seen th a t  
th e  concentration o f each lip id  p a ram ­
e te r  by the end o f th e  f irs t  12 hrs 
glucose period was found  to  be lower 
th a n  in the fasting s ta te . This fall, 
however, was no t significant. The 
m arkedly  increased concen tration  of 
these factors in response to  infusion 
o f fa t emulsion over six hours fell 
g radually  approaching o r reaching 
th e  p re-In tra lip id  levels over two 
hours following te rm in a tio n  of fa t 
supplem entation. T hereafte r, while 
glucose infusion was being continued 
a t  a  constan t ra te  for th e  nex t 24 
hours, the p lasm a co n ten t of free 
glycerol, free fa tty  acids an d  triglyc-
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F ig . 1. R esponses to  In tra lip id  infusion o f  b lood  glucose, p la sm a  F F A  an d  trig lycerides 
in  low -b irth -w eigh t in fa n ts  receiving 5%  o r  10% glucose a s  a  base-line calorie supp ly . 
■  F a s tin g  values; П v alu es o b ta ined  befo re  In tra lip id  infusion  w hile th e  in fa n ts  w ere 
receiv ing  glucose on ly ; □ v a lu es ob ta ined  a t  110-minute in te rv a ls  o v e r a  tw o -h o u r period , 

a t  720 an d  1440 m in u te s  a f te r  th e  te rm in a tio n  o f  In tra lip id  infusion

Free glycerol Free fatty acids Triglycerides

mg/100ml mEq/l m g/100 ml

F ig . 2. D isappearance  o f  free  glycerol, free  f a t ty  acids an d  tr ig lycerides from  th e  p la sm a  
a f te r  a  six -hour period  o f  In tra lip id  in fu sion  in to  low -b irth -w eig h t in fa n ts  receiv ing

6%  o r  10% glucose
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T a b le  I

I n d iv id u a l  and  m ean  u tiliz a tio n  c o n s ta n ts  an d  h a lf  tim es in  th e  tw o  g ro u p s  o f in fan ts

Free glycerol Free fatty acids Triglycerides
Number Utilization

constant
Half time, 

min
Utilization
constant

Half time, 
min

Utilization
constant

Half time, 
min

5%  glucose 
1 1.00 69.0 0.36 189.9 0.39 177.7
2 0.95 72.4 0.93 74.5 1.26 54.6
3 2.22 31.0 0.62 1 11.0 0.75 91.5
4 1.07 64.4 0.61 113.2 1.77 39.0

5 1.71 40.3 0.59 115.9 0.76 91.1
6 1.26 54.8 0.80 86.1 1.26 54.8

M ean 1.37 55.3 0.65 115.4 1.03 84.8

±  SE 0.20 6.7 0.07 16.4 0.20 20.5

10%  glucose 
7 1.67 41.3 1.71 40.3 1.70 40.6
8 4.35 15.9 2.51 27.5 4.03 17.1
9 2.08 33.2 1.47 47.0 1.19 58.0

10 2.54 27.1 0.95 72.6 1.29 53.4
11 1.57 44.0 0.98 70.6 1.13 61.2

12 1.38 50.2 1.03 67.2 1.54 44.9

M ean 2.26 35.3 1.44 54.2 1.81 45.9
± S E 0.45 5.1 0.24 7.5 0.45 6.5

P 0 .1 -0 .0 5 < 0 .0 5 <  0.02 <0.01 0.2 — 0.1 0.2 —0.1

erides was dim inished in re la tion  to  
t h a t  observed p rio r to  in travenous 
fa t  em ulsion.

T h e  m ean sem ilogarithm  ic p lo t of 
th e  po st-In tra lip id  concen tra tion  of 
free  glycerol, free fa tty  acids and  t r i ­
g lycerides obtained in the  tw o  groups 
(5 a n d  10%  group) is d em o n stra ted  
in  F ig . 2; it shows th a t  em ulsified 
f a t  was rapidly cleared from  the  
p la sm a  of low -birth-w eight in fan ts 
receiv ing  intravenous glucose.

Table I  sum m arizes th e  calculated 
individual and  m ean h a lf  tim e and 
К  value (u tilization constan t) of 
d isappearance for each p aram eter in 
the  two groups o f in fan ts. I t  can be 
seen th a t  each lipid com ponent was 
m ore rap id ly  elim inated  from the 
blood of infants in th e  10%  glucose- 
group, b u t only th e  disappearance 
constan t of free fa tty  acids was sig­
nifican tly  higher th an  in infants re ­
ceiving 5%  glucose. The decrease in
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h alf tim e of free glycerol also reached 
the  level of significance.

D i s c u s s i o n

T here is a com plex and  m utual 
relationship and in terac tio n  betw een 
carbohydrate  an d  fa t  m etabolism  
[1, 2, 9, 10, 19, 22, 23]. A m arkedly 
raised plasm a trig lyceride or free 
fa tty  acid level m ay be associated 
w ith a decreased glucose tolerance 
and , in tu rn , oral or paren tera l g lu ­
cose adm inistration  m ay increase th e  
rem oval of triglyceride and  free fa tty  
acids from  the p lasm a. This in terre la­
tionship  between th e  tw o nu trien ts, 
m ed iated  probably by  m etabolic and  
horm onal factors [4, 6, 9, 11, 27], 
appears to  be of g re a t practical im ­
portance in to ta l pa ren te ra l n u tr i­
tion , when glucose and  fa t emulsion 
are sim ultaneously given for an ad e ­
q u ate  supply of n u trien ts  and calo­
ries. U nder such conditions, profound 
a lte ra tio n s in the  m etabolic and h o r­
m onal milieu are to  he expected, 
whose exploration is essential to  g e t 
a  deeper insight in to  the  in teraction 
an d  m etabolic fa te  o f th e  two im por­
ta n t  sources of energy.

Experim ental an d  clinical studies 
[3, 5, 8, 14, 15, 17, 27] dealing w ith 
k inetic  principles o f th e  elim ination 
and  utilization of p a ren tera lly  adm in­
istered  fa t emulsion have shown th a t  
infused lipids, even a t  high concen tra­
tions, are partly  sto red , oxidized, or 
m etabolized by th e  neonatal o rgan­
ism. In  intravenous alim entation o f 
the  newborn, it is o f g rea t im portance

th a t the  m axim um  disappearance ra te  
of triglycerides intravenously in jected  
as In tra lip id  in pre term  infan ts was 
found to  be w ithin the norm al ad u lt 
range [12, 13, 24, 25, 26]. This obser­
vation  suggests th a t  low -birth-w eight 
in fan ts are capable of rem oving t r i ­
glycerides from  the  blood by various 
m echanism s an d  organs.

In  a previous stu d y  [21] we have 
shown th a t  a  certain  p roportion  of 
the lipids adm in istered  is com pletely  
oxidized, resu lting  in a fall o f the  
resp ira to ry  q u o tien t and  an increased 
con tribu tion  o f fa t com bustion to  
energy m etabolism . F urtherm ore , in 
studies [18] re la ted  to  the changes in 
p lasm a n u trien ts  and m etabolites 
provoked by  exogenous triglycerides 
(In tralip id ) we observed some correl­
ative a lte ra tio n s suggestive o f in te r­
action in hepatic  m etabolism  and  
su b stra te  u tiliza tion  leading to  s tim u ­
lation of gluconeogenesis. All these 
findings in low -birth-w eight in fan ts 
prove a  reasonably  sufficient elim i­
nation  an d  utiliza tion  capacity  o f 
in travenously  adm inistered fa t em u l­
sion and  ind icate  m etabolic effects 
th a t  necessitate fu rther research and  
clinical stud ies to  clarify various as­
pects o f com plete intravenous n u tr i­
tion in the new born.

The p resen t s tu d y  has confirm ed 
the observations of Gustafson e t  al. 
[12, 13] concerning the ab ility  to  
clear the p lasm a from  exogenous fa t. 
In  add ition  to  the  difference w ith re ­
gard  to  elim ination  of free glycerol, 
fa tty  acids an d  triglycerides, th e  ob ­
servations ou tlined  above also show 
th a t  increasing am ounts of sim ulta-
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neo u sly  adm inistered glucose increase 
th e  rem oval ra te  o f lipid. Hence, 
glucose, the m ost im p o rtan t source 
o f  calories, can be regarded  as a 
usefu l tool to  increase the  elim inating 
c a p ac ity  of p rem atu re  in fan ts. A l­
th o u g h  only the increase in  К  value 
fo r free  acids had  reached  the  level 
o f  significance, the elim ination  of free 
g lycero l and triglycerides also showed 
a  ten d en cy  to  increase in response to  
1 0 %  glucose. C ontrary  to  th is fin d ­
ing, in  adults receiving com plete 
p a re n te ra l  nu trition  M acFadyen et 
al. [17] observed no difference in t r i ­
g lyceride clearance when th e  am ount 
o f glucose was increased; the d is­
ap p earan ce  ra te  o f free fa tty  acids, 
how ever, was found to  be consider­
ab ly  elevated.

T h e  individual К  values for the  
d iffe ren t lipid com ponents (free g lyc­
ero l, free fa tty  acids, triglycerides) 
o b ta in e d  in the p resen t s tu d y  showed 
a  w ide variation. O bviously, several 
fa c to rs , exogenous an d  endogenous, 
in fluence serum fa t clearance in the 
ea rly  period  of ex trau te rin e  life. Thus, 
low -birth-w eight due to  in trau te rin e  
m a ln u tritio n  has been show n to  he 
asso c ia ted  with a low u tiliza tion  ra te  
o f exogenous lipid as com pared  w ith 
t h a t  in well-nourished p re te rm  in­
fa n ts  [13]. I t  is conceivable th a t in 
such  instances a concurren t h y p e rto n ­
ic (10% ) glucose infusion would no t 
o n ly  correct the glycopenia b u t m ight 
also  be useful in p reven ting  the accu­
m u la tio n  of p lasm a lipids. T he m eta­
bolic an d  horm onal s ta te  associated 
w ith  glucose deficiency in in tra u te r­
ine m alnourished in fan ts could well

be one o f the factors responsible for 
th e  low tolerance to  in travenous fa t 
em ulsion.

To clarify the  ex ac t m echanism  
o f the  increased rem oval ra te  o f lipid 
com ponents caused by  10%  glucose 
infusion, fu rther investigations are 
necessary. H yperinsulinism  which has 
been shown to occur in  response to  
hyperto n ic  glucose ad m in is tra tio n  in 
low -birth-w eight in fan ts [20] m ight 
be one o f the horm onal an d  m etabolic 
facto rs contribu ting  to  th e  increased 
elim ination  from th e  blood. B ut, 
w h a tev er the m echanism , glucose can 
be regarded  as a  com ponent o f the 
n u tritiv e  m ixtures capable of control­
ling lip id  blood levels during  com plete 
in travenous feeding. A dm in istration  
o f adequate  q uan titie s  of glucose 
sim ultaneously  w ith  In tra lip id  p re ­
v en ts  hyperlipidaem ia, and  allows 
to  tak e  m axim um  benefit of th e  use 
o f fa t emulsion as p a r t  o f a well- 
balanced  intravenous n u tritio n .
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