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Intest inal pe rmeab i l i t y as a m e a s u r e of small intest inal 
mucosa l integr i ty: co r re l a t ion with j e j u n a l biopsy 

F. O . A K I N B A M I * , G . A . B R O W N A N D A . S. M c N E I S H 
Institute of Child Health, University of Birmingham, U.K. 

Summary 

T h e permeabi l i ty of the small intest ine was 
measured and j e juna] biopsy p e r f o r m e d in 
39 children with gastrointest inal d isorders . 
Intestinal permeabi l i ty was measu red using 
orally admin is te red manni to l and lactulose as 
probe molecules in an isotonic solution (274 
mOs/l) , and the results were expressed as the 
ratio of the ur inary excret ion of the two sugars 
over 5 h . Ur ine samples were analysed for 
mannitol and lactulose conten t by high per-
formance liquid ch roma tog raphy . Chi ldren 
with small intestinal mucosal d a m a g e , i r respec-
tive of the cause , had a significantly lower ( P < 
0.001) manni to l excret ion (mean recovery 
1.21% of ingested dose) than those with a 
normal mucosa (mean recovery 5 . 3 % ) , while 
lactulose excret ion did not d i f fer ( P > 0 .05) . 
The mean va lue of the lac tulose:manni to l 
urinary excret ion ratios was significantly h igher 
(P < 0.001) in subjec ts with an a b n o r m a l 
mucosa (0.98) c o m p a r e d to those with a no rma l 
mucosa (0.2). Using the m e a n plus two s tan-
dard deviat ions of the normal musosa g r o u p to 
define the uppe r limit of n o r m a l , all lactulose: 
mannitol excret ion rat ios f r om the a b n o r m a l 
mucosa g roup were above this limit. T h e resul ts 
of this study show that the sugar permeabi l i ty 
test is a sensitive, non-invasive screening test for 
je junal mucosal d a m a g e in chi ldren and shows 
good correlat ion with j e juna l biopsy resul ts . 

Resume 

La permeabil i te de I'intestin grele etai t d<5ter-
minee et un biopsic j t f juna lc dtait prise chez 
39 enfants avec des t roubles gas t ro in tes t inaux. 

Present address and address for correspondence: 
F. O. Akinbami, Department of Paediatrics, Univer-
sity College Hospital. Ibadan. Nigeria. 

La permeabi l i te intestinale etait de t e rminee 
employant les sucre lactulose et manni to le 
adminis t res par voie buccale, c o m m e les mol-
ecules dan une solution isotonique (274 mOs/ l ) 
et les resultats ctaient expr imes c o m m e 
une propor t ion de Texcretion des molecules 
pendant cinq heures . Les pre levements de 
Purine etaicnt analyses pour le manni to le et le 
lactulose par la methode de la chromato-
graph ique liquide. Les enfan ts avec une mem-
brane muqueuse abimee sans dgard pour la 
cause avaient une excret ion significativement 
plus bas (P < 0.001) de Tcxcretion de manni-
tole (1 .21% de la dose prise) que ceux avec une 
m e m b r a n e muqueuse normale ( 5 . 3 % ) , pendant 
que leur excretion du lactulose n'<5tait pas 
d i f fe ren t (/* > 0.05). Le moyen p ropor t ion de 
l exc re t i on de lactulose:mannitole 6tait signifi-
cat ivement plus (P < 0.001) chez les ma lades 
ave une m e m b r a n e muqueuse ano rma le (0.98) , 
compar<5 a ceux avec une m e m b r a n e muqueuse 
normale (0.02). Employant le moyen plus deux 
ecar t - types du groupe avec une m e m b r a n e 
m u q u e u s e normale pour de te rmine r la hau te 
l imite de la normal i ty , tous les p ropor t ions de 
I 'excretion de lactulose:manni tole du groupe 
avec une m e m b r a n e m u q u e u s e anormale 
c ta ient au-dessus de cet tc limite. Les rdsultats 
de cet te <3tude mon t ren t que cet e x a m e n , 
employan t la permdabil i td du sucre est un 
e x a m e n sensitif et non-blessant pour deter-
miner si la m e m b r a n e m u q u e u s e est ab imdc 
chez les enfan ts , et mon t ren t aussi une bonne 
cor re la t ion aux resultats des biopsies j e juna les . 

In t roduct ion 

It has been suggested that changes in intestinal 
permeabi l i ty which occur in the damaged 
mucosa of the small intest ine, may be impor tan t 
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in t h e pa thophys io logy of va r ious gast ro-
intest inal d iseases | 1 . 2 | . In mucosa l d a m a g e 
f r o m a var ie ty of causes , intest inal pe rmeab i l i t y 
c h a n g e s in t w o ways; t he re is an inc reased up-
t a k e of und iges t ed o r part ial ly d iges ted mac ro -
molecu les . a n d the re is a lso a m a l a b s o r p t i o n 
of the smal ler molecules . Recen t ly , t h e r e has 
b e e n cons ide rab l e in teres t in t h e ques t ion of 
a l t e r ed intest inal mucosal permeabi l i ty a n d 
this has led to the use of the p h e n o m e n o n as a 
sc reen ing m e t h o d for small intest inal mucosa l 
d a m a g e | 3 - 5 | . 

In clinical prac t ice , s tudies on adu l t s using 
t w o sugars of d i f fe ren t molecu la r size have 
shown that in vil lous a t r o p h y , t h e r e is a de-
c reased abso rp t ion of the smaller molecu le 
a n d an increased absorp t ion of the larger 
molecu le (3,4]. T h e r e a re very few s tud ies in 
chi ldren (5—7] but these have also sugges ted 
similarly a b n o r m a l permeabi l i ty in ch i ldhood 
en t e ropa th i e s . 1 l oweve r , these f e w s tudies need 
f u r t h e r con f i rma t ion . Studies in adul ts have 
usually used hype r ton ic solut ions, by the addi-
t ion of non- in te r fe r ing osmot ic fillers such as 
glycerol and lactose to the test so lu t ion . In 
younger ch i ld ren , this pract ice p roduced un-
w a n t e d p r o b l e m s such as nausea , vomit ing o r 
d i a r r h o e a a s r epo r t ed by Pearson et al. (5]. 

Th i s repor t ex t ends the evaluat ion of the 
sugar permeabi l i ty test as a non- invasive in-
vest igat ion in chi ldren with a variety of gastro-
intest inal d i sorders . 

Sub jec t s a n d me thods 

Children in vesligaied 

All ch i ldren a t t end ing the gas t roen te ro logy 
clinic at B i rmingham Chi ld ren ' s Hospi ta l 
( U . K . ) ove r a 6 m o n t h pe r iod , w h o had a 
j e j u n a l b iopsy , were also sub j ec t ed to the sugar 
pe rmeab i l i ty tes t . Of t h e 39 chi ldren investi-
g a t e d . 20 were boys a n d 19 w e r e girls. All w e r e 
Caucas i an and their ages ranged f r o m 5 m o n t h s 
t o 13 years ( m e a n , 6 .5 years ) . T h e i r d iagnoses 
w e r e a s follows: coel iac disease (13) : cows ' 
milk in to le rance (2); o t h e r food allergies (5); 
i r r i table bowel s y n d r o m e (5); C r o h n ' s disease 
(2); pers i s ten t d i a r r h o e a (6); and fa i lure t o 
thr ive (6). Tes t s w e r e ca r r ied out in all 39 
ch i ldren b e f o r e c o m m e n c i n g any t r e a t m e n t 
r eg ime . Six of the 39 (cows ' milk in to le rance , 2; 

coel iac d i s e a s e . 4) had repea t tests during 
t r e a t m e n t , at 6 w e e k s a n d 3 - 6 m o n t h s respec-
tively, a f t e r the p r e t r c a t m c n t test. T h e children 
with coe l iac d i sease w e r e placed on a gluten-
f r ee diet while those with cows ' milk intoler-
a n c e w e r e advised t o wi thd raw milk f rom their 
d ie t . T h e d ie ta ry a s ses smen t and supervision 
w e r e ca r r i ed ou t by the hospital diet i t ian. 

Biopsy procedure 

J e j u n a l b iopsy w a s o b t a i n e d with a double-por t 
C r o s b y capsu l e fo r p a c d i a t r i c use , u n d e r radio-
logical g u i d a n c e , f r om the p rox ima l j e j u n u m 
just distal to t h e l igament of Tr ie tz . T h e biopsy 
spec imen w a s e x a m i n e d with a dissect ing micro-
scope a n d p r o c e s s e d for conven t iona l histo-
logical d iagnos is . T h e h is to logy was classified 
i n d e p e n d e n t l y by the hosp i t a l h is topathologis t 
as e i the r a b n o r m a l wi th par t ia l ( P V A ) or 
sub to ta l vi l lous a t r o p h y ( S T V A ) . o r essen-
tially n o r m a l wi th n o r m a l villus a n d crypt 
a rch i t ec tu re . 

Sugar permeability test 

T h e test so lu t ion c o m p r i s e d 7 .5 g lactulose 
and I g m a n n i t o l d i sso lved in 1(H) ml wa te r , 
giving an osmola l i ty of 274 m O s . T h e sugar test 
was p e r f o r m e d main ly o n an ou t -pa t i en t basis, 
in the wa rd u n d e r t h e superv i s ion of F . O . A . 
and the w a r d s is ter . 

A f t e r fas t ing (ove rn igh t fo r o l d e r chi ldren 
and 4 h for i n f an t s a n d y o u n g ch i ld ren under 
3 years of a g e ) , s u b j e c t s e m p t i e d the i r b ladders 
to p rov ide a base l ine u r i ne s a m p l e , which was 
saved . O n e h u n d r e d mill i l i trcs of the test sol-
u t ion was given pe r m b o d y su r f ace a r e a to 
each child u p t o a m a x i m u m to ta l v o l u m e of 
100 ml and a m i n i m u m of 20 ml. T h e child 
then c o n t i n u e d fas t ing fo r the next h o u r . All 
ur ine p a s s e d wi th in 5 h of the sugar drink 
was co l l ec t ed , with the add i t ion of 0 . 5 ml of 
20 g/100 ml s o d i u m az idc preserva t ive . T h e 
vo lume was m e a s u r e d a n d 50 ml s to red at 
- 2 0 ° C until it was ana ly sed . U r i n e was col-
lected with u r ina ry bags in ehi ldren below 2 
yea r s of a g e , whi le t h e o lde r chi ldren passed 
ur ine in to t h e ur inals . In the fo rmer g roup , 
a d e q u a t e m e a s u r e s w e r e t aken to ensure no 
faecal c o n t a m i n a t i o n of u r ine col lec ted . 
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Intestinal permeability ami jejunal biopsy 189 

Mannitol and lactulose assay 

The ur ine samples were ana lysed for manni to l 
and lactulose c o n t e n t using high p e r f o r m a n c e 
liquid c h r o m a t o g r a p h y ( I I P L C ) . S a m p l e s w e r e 
p repa red for analysis by thawing , mixing and 
centr i fuging at 5°C to r e m o v e any ur ine de-
posit , fo l lowed by desa l t ing wi th A m b e r l i t e 
MB-1, ace ta te fo rm ( B D H Ltd , Poole , U . K . ) . 
T h e vo lume of desa l ted u r ine that con ta ined 
2 jimol c rea t ine was pur i f i ed f u r t h e r by thin 
layer c h r o m a t o g r a p h y o n foi l -backed silica 
gcl-G p la tes using I l a ldo r sen ' s solvent system 
|8 | . A r e a s of the ur ine s epa ra t i ons co r r e spond-
ing to manni to l and lactulose s t anda rds , run in 
paral lel , w e r e excised and e lu ted with ace to-
ni t r i le :water (v/v) and the e luent d r ied u n d e r 
vacuum. 

T h e res idue was dissolved in 200 )tl accto-
ni t r i le iwater just pr ior t o m e a s u r e m e n t of man-
nitol a n d lactulose con t en t . Manni to l and 
lactulose were m e a s u r e d by I I P L C using 
ei ther a 250 x 5 m m Spher i so rb -5 a m i n o col-
umn (Phase S e p a r a t i o n s L t d . O u e e n s f e r r y . 
U . K . ) . o r a 250 x 4 m m L i C h r o s o r b a m i n o (E . 
Merck . D a r m s t a d t . F R G ) e lu ted with ace toni -
t r i le :water (70:30, v/v) at 1.5 ml /min . E lu ted 
solutes w e r e dc t cc t cd with a mass de tcc to r 
(Appl ied C h r o m a t o g r a p h y Sys tem, Maccles-
field, U . K . ) a n d quan t i f i ca t ion was achieved by 
compar ison with s t a n d a r d manni to l and lac-
tulose mix tu res , c h r o m a t o g r a p h y peak a reas 
being m e a s u r e d with a Mi l t on -Roy C I - 1 0 
integrator (S tone , U . K . ) . Tes t s with u r ine f r o m 
fasting sub jec t s , con ta in ing m o r e than a t race of 
solutes with r e t en t ion t imes c o r r e s p o n d i n g to 
manni tol o r lactulose w e r e d i sca rded . All 
analyses w e r e d o n e in dup l i ca t e a f t e r the 
desalting s tage a n d m e a n s w e r e t a k e n for 
calculation of l ac tu lose :manni to l ra t ios . Re-
covery of manni to l and lac tu lose a d d e d to u r ine 

was ^ 8 5 % . T h e coeff ic ient of var ia t ion of 
d i f f e r ences b e t w e e n dup l i ca te analyses was 
2 . 5 % . 

Statistics 

T h e s ignif icance of d i f f e r ences be tween g roup 
m e a n s was d e t e r m i n e d using S t u d e n t ' s t-test. 

Results 

Forty-f ive biopsies and sugar tes ts ( including six 
r epea t s ) were p e r f o r m e d on the 39 sub jec t s . 
T h e sub jec t s were divided in to t w o groups , the 
chi ldren with normal j e juna l his tology and the 
ch i ldren wi th S T V A o r P V A . 

Pretreatment tests 

T a b l e 1 shows the resul ts of the ur inary excre-
tion of bo th sugars in the t w o groups of 
sub jec t s . T h e sub jec t s with n o r m a l histology 
excre ted 1 .56-19 .72% ( m e a n , 5 .3 ± 4 14) of 
the ingested m a n n i t o l , while those with abnor -
mal histology exc re t ed significantly less of their 
mann i to l load ( m e a n , 1.21 ± 1 . 6 2 ; r ange . 0 . 2 6 -
7 . 0 % ) . T h e d i f f e rence b e t w e e n the m e a n s 
was highly significant ( P < 0 .001) . T h e m e a n 
lactulose excre t ion of the n o r m a l his tology 
g r o u p w a s 0 . 1 3 % ( r a n g e , 0 . 0 5 - 0 . 5 6 % ) les> 
than the m e a n lactulose exc re t ion for those wi th 
a b n o r m a l histology ( 0 . 3 5 % ; r a n g e , 0 .01 l >-4%). 
H o w e v e r , t h e d i f f e r e n c e was not s ignif icant 
(/» > 0 .2) . 

T h e exc re t i on of the t w o sugars was ex-
pressed fu r the r as a r a t io of lactulose ( tng) t o 
mann i to l (mg) . For t hose wi th n o r m a l histo-
logy, m e a n l ac tu lose :mann i to l r a t io w a s 0 .20 
( r a n g e , 0 . 0 8 3 - 0 . 3 2 ) , a n d for t hose wi th m u -
cosal e n t e r o p a t h y w a s 0 .98 ( r a n g e , 0 .50 -2 .23 ) 

Table 1. Urinary recoveries of lactulose and mannitol in relationship to 
jejunal histology 

Jejunal histology Lactulose recovery (%)* Mannitol recovery ( % ) ' 

Normal (/» = 29) 0.13 ± 0.128 5.30 ± 4.14 
Abnormal (« = 16) 0.35 ± 0.98 1.21 ± 1.62 
/ 0.894 4.707 
r >0.2 <0.001 

'Mean ± standard deviation. 
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(Tab ic 2). T h e d i f f e r e n c e was highly significant 
(P < O.(K)l). T h e r e was no o v e r l a p be tween the 
excre t ion ra t ios of the t w o g r o u p s (Fig. 1). T h e 
u p p e r limit of n o r m a l for the lac tu lose imanni to l 
r a t io (0.352) was d e f i n e d as the m e a n plus two 
s t a n d a r d dev ia t ions (x + 2 s .d . ) of the ra t ios 
for those wi th no rma l histology. 

Post-treatment tests 

Six chi ldren w h o had repea t suga r tests and 
b iops ies had had a b n o r m a l b iopsies and high 
permeabi l i ty ra t ios pr ior t o t r e a t m e n t . Five of 
these ch i ldren had a normal repea t biopsy 
a n d their l ac tu lose .manni to l ra t ios fell f r om 
a c lear ly a b n o r m a l value to within the nor-
mal range (Fig. 2). T h e d i f f e r ence b e t w e e n 

Tabic 2. Lactulosc:mannitol ratios in relationship to 
jejunal histology 

Jejunal histology Lactulose: mannitol* 

Normal (/» = 29) 0.20 ± 0.076 
Abnormal (n = 16) 0.98 ± 0.52 
/ 5.965 
P <0.001 

'Mean ± standard deviation. 

2.3 r 

2.0 

1.5 

1.2 
1.0 

0 .8 

0.6 

0 .4 

0.2 i 
U p p e r 
limit of 
n o r m a l 

Normol 
(/? = 29) 

A b n o r m a l 
(/»= 16) 

J e j u n a l b i o p s i e s 

Fig. I. Lactulose:mannitol ratios in all subjects 
including the repeat tests. 

I-'ig. 2. Lactulose:mannitol ratios in four coeliac 
subjects ( ) and two subjects with intol-
erance to cows' milk ( ). before and after 
treatment. 

the m e a n s ( ± s . d . ) of the ra t ios of the initial 
(1 .16 ± 0 .64) a n d r e p e a t tes ts (0 .18 ± 0.05) was 
s ignif icant ( P < 0 .01) ( T a b l e 3) . Fu r the rmore , 
their m e a n m a n n i t o l r ecove ry rose significantly 
by sixfold f r o m 0 .7 to 4 . 2 7 % (P < 0.05). Only 
one s u b j e c t , a coe l i ac , with a b n o r m a l repeat 
b iopsy , still had an a b n o r m a l l y high per-
meabi l i ty r a t i o (Fig . 2) . 

Discussion 

T h i s p r o s p e c t i v e s tudy c o n f i r m s o t h e r repor ts 
which have a t t e s t e d t o t h e u s e f u l n e s s of non-
met abo l i zab le d u a l s u g a r abso rp t i on tests 
as a non - invas ive m e a n s of assessing mucosal 
d a m a g e in v a r i o u s gas t ro in tes t ina l d isorders in 
a d u l t s (3.4) a n d ch i ld ren | 5 - 7 ) . It also conf i rms 
the r epor t by S t r o b e l et al. | 9 | . that the re is 
good c o r r e l a t i o n b e t w e e n the results of such 
tes ts a n d t h e his tological f ind ings in the je junal 
m u c o s a . M a n n i t o l a n d lac tu lose have been used 
as p r o b e m o l e c u l e s in permeabi l i ty tests, 
b e c a u s e of the i r phys icochcmica l proper t ies . 
T h e y a r e hydroph i l i c a n d l i pophob ic and have 
no a f f in i ty fo r m e d i a t e d t r a n s p o r t . T h e y are not 
m e t a b o l i z e d , wi th a lmos t to ta l recovery in the 
u r i ne a f t e r i n t r a v e n o u s in j ec t ion |1). The i r 
u r ina ry exc re t ion t h e r e f o r e ref lects gastro-
in tes t inal a b s o r p t i o n . T h e mechan i sm by which 
these s u g a r s p e r m e a t e t h r o u g h the epithel ium 

Upper limit 
of normol 

Init ial R e p e a t 

S u g a r fes f 
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Intestinal permeability ami jejunal biopsy 191 

Table 3. Urinary recoveries of lactulose and mannitol and 
lactulose:mannitol ratios in five subjects who had repeat 

biopsies and sugar tests 

Lactulose Mannitol Lactulosc:mannitol 
Test recovery (%)* recovery (%)• ratio* 

Initial 

Repeat 

0 . 1 2 ± 0 . 1 
(/» = 5) 

0.11 ± 0.09 
(" = 5) 

0.17 

>0.5 

0.7 ± 0.36 
( " = 5) 

4.27 ± 3.08 
(« = 5) 

2.57 

<0.05 

1.16 ± 0.64 
(« = 5) 

0.18 ± 0.05 
(/i = 5) 

3.41 

<0.01 

'Mean ± standard deviation. 

remains hypothe t ica l . T h e permeabi l i ty of the 
small in tes t ine to wa te r so luble subs tances , 
appears to be d e p e n d e n t u p o n molecu la r size. 
Since the small in tes t ine is p e n e t r a t e d by 
pathways of radius 0 . 3 - 0 . 9 n m . with a h igher 
populat ion of the larger pa thways being present 
in the j e j u n u m than in the i leum [ 10], small 
molecules the size of mann i to l ( r ad ius 0.4 n m ; 
MW 182) may p e r m e a t e these pa thways with 
ease, while larger molecu les like lactulose 
(radius 0 .5 n m ; MVV 342) may not . H o w e v e r , 
lactulose is thought t o pass th rough intercel lular 
spaces where junc t iona l complexes al low f ree 
passage of large molecules . Ext rus ion zones at 
villous tips may also play a par t in the u p t a k e of 
the disaccharide [3,4). 

In this s tudy, ch i ldren with e n t e r o p a t h i e s , 
irrespective of the cause , a b s o r b e d significantly 
less manni tol than those with a no rma l mucosa , 
presumably as a c o n s e q u e n c e of the reduced 
surface a r ea . Al though the m e a n lactulose 
output by the chi ldren with an a b n o r m a l mu-
cosa was h igher than that for ch i ldren with a 
normal mucosa , the d i f f e rence was not statisti-
cally significant. This suppor t s the f indings of 
Pearson et al. [5 | in chi ldren, but is at var iance 
with findings f rom adult s tudies (3,4) which 
have shown an increased abso rp t i on of the 
disaccharide used. T h e lack of d i f f e r e n c e in the 
lactulose ou tpu t by the t w o g r o u p s in this s tudy 
may be due to the low osmolal i ty of the ora l 
solution c o m p a r e d to that used in adul t s tudies . 
Menzies et al. |4) and W h e e l e r et al. (11 | have 
shown that there is a cor re la t ion be tween 
osmolality and the a m o u n t of sugar a b s o r b e d . 

T h e h igher the osmolal i ty of the so lu t ion , the 
m o r e of the d i sacchar ide is a b s o r b e d by the 
d a m a g e d m u c o s a , and for this r e a s o n , s tudies 
o n adul t popu la t ions have used hyper ton ic 
solu t ion p r o d u c e d by add i t ion of glycerol , 
lactose o r sucrose to t h e test solut ions. 

P rev ious m e t h o d s fo r measu r ing intest inal 
pe rmeab i l i ty involved the ingest ion and urin-
ary m e a s u r e m e n t of a single n o n - m e t a b o l i z e d 
suga r , such a s o -xy lose . T h e resul ts o b t a i n e d 
using these single suga r m e t h o d s a re in f luenced 
by non-mucosa l fac to rs such as gastr ic e m p t y -
ing. intest inal t rans i t , di lut ion by intest inal 
f luid, renal c l ea rance a n d reliabili ty of ur ine 
col lec t ion . T h e s i m u l t a n e o u s ingest ion of two 
sugars in the test so lu t ion , as in this s t udy , 
conven ien t ly avo ids the e f fec t s of t h e var iables 
m e n t i o n e d a b o v e . A l t h o u g h these var iables 
may a l te r the tota l recovery of t h e sugars in the 
u r ine , t hey m a k e little d i f f e r ence to t h e ur inary 
exc re t ion ra t io as the va r iab les affect bo th 
c o m p o n e n t s s imilar ly , so that t h e ra t io is 
d e t e r m i n e d solely by the s ta te of intest inal 
pe rmeab i l i t y . Express ion of t h e ur inary re-
cover ies of these sugars a s a ra t io has been 
s h o w n to e n h a n c e f u r t h e r the d iscr iminat ion of 
n o r m a l f r o m a b n o r m a l m u c o s a , which the 
r ecove ry of e i t h e r m a r k e r a l o n e fails t o d e m o n -
s t r a t e c lear ly . T h e surpr is ingly high ra t ios 
o b t a i n e d with a b n o r m a l h is to logy, a n d con-
f i r m e d in this s tudy , a r e d u e principal ly to the 
s ignif icant r educ t ion in the abso rp t i on of man-
nitol by the d a m a g e d m u c o s a . A s po in ted out 
by H a m i l t o n et al. (12] and s u p p o r t e d by the 
resu l t s of the six ch i ld ren w h o had repea t tes t s . 
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t h e sugar test may p r o v e useful in fo l lowing the 
r e sponse t o t r e a t m e n t of pa t i en t s with mucosa l 
d a m a g e . 

In d e v e l o p i n g coun t r i e s w h e r e intest inal in-
fec t ions , in fes ta t ions and ma lnu t r i t i on con -
t inuously d a m a g e the small bowel m u c o s a , t h e 
sugar test will be a n inva luab le sc reen ing test to 
d e t e r m i n e t h e e f f cc t s of the resul t ing mucosa l 
morpho log i ca l a l t e ra t ion on func t i on . A l t h o u g h 
t h e pe rmeab i l i t y test is not d iagnos t ic of any 
d i s ea se , it is a sensi t ive sc reen ing test for small 
intest inal e n t e r o p a t h y a n d thus of smal l intesti-
nal f unc t i on in var ious gas t ro in tes t ina l con -
di t ions . A n a b n o r m a l ra t io , h o w e v e r , must be 
cons ide red as a n indicat ion fo r the de f in i t ive 
p r o c e d u r e for d e m o n s t r a t i n g e n t e r o p a t h y , such 
as the p e r f o r m a n c e of the j e j u n a l b iopsy. 
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