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Summary: A non-invasive, radioisotopic method was utilised to study the effects 
o fa  laetulose-sweetened yoghurt product on gastric emptying and intestinal transit. 
Healthy human volunteers were given ~mteehnetium-DTPA-labelled lactulose 
yoghurt before and after adaptation to the product. A control group received a 
similarly labelled glucose solution. Gastric emptying and intestinal transit were 
evaluated by scintigraphy. The mean half-time for gastric emptying for glucose was 
39.8 + 3.4 rain and for laetulose yoghurt, 31.3 + 11.0 rain. After 10 days' adaptation, 
the corresponding value for lactulose yoghurt was 25.2 +_ 8.2 min. Intestinal transit 
t ime was faster after lactulose yoghurt than after glucose solution and did not 
change during adaptation. The observed effects indicate that lactulose yoghurt  may 
be beneficial in the treatment or chronic constipation using dietary methods. 

Zusammenfassung: Um die Wirkung eines mit Lactulose gesfll3ten Joghurts  auf 
die Magenentleerung und den intestinalen Transit zu untersuchen, wurde eine 
nicht invasive Methode gewfihlt, bei der radioaktive Isotope zum Einsatz kamen. 
Gesunde, freiwillige Probanden erhielten einen mit ~"'ITc-DTPA markierten Lactu- 
lose-Joghurt  (vor und nach Adaptation an das Produkt). Als Kontrolle diente eine 
fihnlieh markierte Glueose-L6sung. Magenentleerung und intestinaler Transit wur- 
den szintigraphisch gemessen. Die mittlere Halbwertszeit for die Magenentleerung 
nach Gabe der Glucose-L6sung betrug 39,8 _+ 3,4 Minuten, naeh Verzehr des 
Lactulose-Joghurts waren es 31,3 i 11,0 Minuten. Nach 10ttigiger Adaptation lag 
der entspreehende Weft for den Laetulose-Joghurt  bei 25,2 + 8,2 Minuten. Die 
intestinale Transitzeit war nach Gabe des Lactulose-Joghurts ktirzer als nach 
Einnahme der Glucosel6sung und ~nderte sich w~hrend der Adaptation nicht. Die 
beobaehteten Wirkungen zeigen, dab Lactulose-gest~Bter Joghur t  ein gutes Mittel 
bei der difitetisehen Behandlung der ehronischen Verstopfung sein k6nnte. 
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Introduction 
Lactulose is a carbohydrate sweetener which is not absorbed by the 

small intestine. Lactulose has been indicated to be a useful agent for 
treating chronic constipation (3, 9). However, high lactulose doses can 
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cause t r a n s i e n t  d ia r rhoea .  I t  has  b e e n  s u g g e s t e d  t ha t  the  d i a r r h o e g e n i c  
effect of  po lyo l s  is m o r e  m a r k e d  w h e n  g i v e n  in  l i q u i d  fo rm t h a n  in  so l id  
form (8). This  has  b e e n  a t t r i b u t e d  to m o r e  r ap id  e m p t y i n g  of the  s t o m a c h  
after  l i qu id  t h a n  sol id  food inges t ion .  O s m o t i c a l l y  i n d u c e d  pe r i s t a l s i s  is 
also b e l i e v e d  to be  r e d u c e d  by  sol id  m e a l s  w i t h  c o n c o m i n a n t  l e n g t h e n i n g  
of the i r  t i m e  of pas sage  t h r o u g h  the  sma l l  i n t e s t i ne .  H o w e v e r ,  in  p r e v i o u s  
s tud ies  we have  i n d i c a t e d  (6, 7) t ha t  xy l i to l  s o l u t i o n s  m a y  d e c r e a s e  gas t r ic  
e m p t y i n g  w h e n  c o m p a r e d  to g lucose .  

We d e c i d e d  to u t i l i se  a n o n - i n v a s i v e ,  r a d i o i s o t o p i c  m e t h o d  for the  mea -  
s u r e m e n t  of  gas t r ic  e m p t y i n g  t i m e  (2, 4) to s t u d y  the  effects  of  a l ac tu lose -  
s w e e t e n e d  y o g h u r t  p r o d u c t  on  gas t r ic  e m p t y i n g  a n d  i n t e s t i n a l  t r ans i t .  
This  y o g h u r t  p r o d u c t  was  d e s i g n e d  to ac t  as a l axa t i ve  food p r o d u c t  for the  
d ie ta ry  t r e a t m e n t  of c o n s t i p a t i o n .  Also,  the  effects  of  c o n t i n u o u s  l a c t u l o se  
y o g h u r t  c o n s u m p t i o n  on  the  ra te  of gas t r ic  e m p t y i n g  were  s t ud i ed .  Th i s  
s t u d y  was  c o m p l e t e d  to i m p r o v e  u n d e r s t a n d i n g  of  t he  m e c h a n i s m s  b y  
w h i c h  l a c t u l o s e - s w e e t e n e d  y o g h u r t  m a y  re l ieve  c h r o n i c  c o n s t i p a t i o n  a n d  
also to o b s e r v e  a n y  a d a p t i v e  c h a n g e s  in  l o n g e r  c o n t i n u o u s  c o n s u m p t i o n  of 
the  p roduc t .  

Mater ia l s  and Methods  

The radioisotope marker ~m"technetium-DTPA (Solco Nuclear, Switzerland) was 
prepared from a commercial kit and utilised as described by Christofides et al. (2). 
I00 pCi of the radiomarker was mixed with lactulose yoghurt or glucose solution 
immediately prior to use. Scintigraphy was completed using a gamma camera 
(General Electric, Maxicamera 500, Autotune ZS) coupled with a computer (General 
Electric STAR Data Processing System) and a Polaroid camera. Data were recorded 
on magnetic disc. 

Pictures of gastric emptying were recorded at a speed of one fi'ame per 60 s. 
Results were analysed using STAR Data Processing Software capable of construct- 
ing time/activity curves generated from the region of interest over the stomach. The 
target area was determined by an external medical physicist. The effective half-time 
of gastric emptying was determined assuming mono-exponential  behaviour of 
gastric emptying of sugar solutions, as indicated by Kiln (4) and others (1, 5). One 
exponential function was then fitted to the data, using a Fortran program solving a 
non-linear, least-squares problem. An attempt to fit a two-exponential curve to the 
data was also made but  abandonned as unsuitable. 

Lactulose-containing yoghurts were produced utilising lactose-hydrolyzed fat- 
free milk and Lactobacillus acidophilus starter bacteria. The final product was 
prepared to contain 9.0 % lactulose syrup with a 67 % lactulose content (Duphalac). 

The study group consisted of six healthy male volunteers who had not been 
introduced to lactulose yoghurt prior to the study. Five volunteers were utilised as a 
control group. On two occasions after an overnight fast (12 h) the test group 
volunteers were seated in front of the gamma camera and given 150 ml of test 
yoghurt containing lactulose. The test yoghurts were given 10 days apart and 
consumed within 2 rain. After the first test, the volunteers were asked to consume 
150 ml of lactulose yoghurt for breakfast and lunch every day Ibr 10 days unti l  the 
second test was completed. After an overnight fast (12 h) the control group were 
served a test drink of similar volume but consisting of water and 30 g glucose. 

After consumption of the test drink or test yoghurt, gastric emptying was meas- 
ured every 60 s for 50 min from the ingestion. Thereafter, static pictures were taken 
of the whole lower gastrointestinal tract area with the subjects standing in the front 
of the gamma camera. These were taken to delineate intestinal transit of the marker. 
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Tab le  1. Ca l cu l a t ed  b iological  ha l f - t ime  of  gas t r i c  e m p t y i n g  af te r  oral i n g e s t i o n  of  
l a c t u l o s e - s w e e t e n e d  y o g h u r t  pr ior  to a n d  af te r  p r o l o n g e d  l a c t u l o s e  y o g h u r t  con-  
s u m p t i o n .  A 30-g g l u c o s e  so lu t i on  s e r v e d  as a cont ro l .  T h e  da ta  u s e d  for one  
e x p o n e n t i a l  cu rv e  f i t t ing  are  i nc luded .  

T e s t  s u b s t a n c e / G r o u p  S u b j e c t  A k • 10 ~ tIA/min U n p l e a s a n t  e f fec t s  

L a c t u l o s e  y o g h u r t  g iven  to 
v o l u n t e e r s  

L a c t u l o s e  y o g h u r t  g iv en  to 
af ter  10 d ay s  of  dai ly  
l ac tu lose  y o g h u r t  
c o n s u m p t i o n  (300 ml /day)  

A s o lu t i o n  c o n t a i n i n g  
30 g g l u c o s e  g iv en  to 
n o r m a l  v o l u n t e e r s  

1 127 -0.526 22.0 f l a t u l e n c e  
2 116 -0.461 25.1 f l a t u l e n c e  
3 106 -0.240 48.2 - 
4 111 -0.444 26.0 f l a t u l e n c e  
5 100 -0.273 42.3 f l a t u l e n c e  
6 122 -0.476 24.3 f l a t u l e n c e  

1 106 -0.393 29.4 - 
2 122 -0.553 20.9 - 
3 131 -0.592 19.6 f l a t u l e n c e  
4 123 -0.686 16.9 f l a t u l e n c e  
5 104 -0.461 25.1 - 
6 117 -0.294 39.3 - 

1 80 -0.269 43.0 - 
2 71 -0.296 39.0 - 
3 105 -0.276 41.8 - 
4 71 -0.337 34.3 - 
5 123 -0.283 40.8 - 

The control volunteers were given the glucose drink and similar procedures to 
those with the test yoghurt group were followed. The study was approved by the 
Hospital Oncology Clinic Ethical Committee. 

Resu l t s  

All volunteers found lactulose yoghurt pleasant to consume and con- 
tinued the required consumption throughout the study. 

The mean half-life (mean • standard deviation) of gastric emptying for 
glucose was 39.8 • 3.4 rain. For lactulose yoghurt without prior consump- 
tion, the mean half-life was 31.3 + ii.0 rain and after a continuous 10-day 
comsumption, the corresponding value was 25.2 • 8.2 rain. Individual 
values and mono-exponentia] curve fitting data are summarized in Table 
i. The data for intestinal transit indicated that 50 rain after lactulose 
yoghurt ingestion, the radioactivity from the marker had clearly reached 
the most distal parts of the colon in five of the volunteers. Similar intesti- 
nal transit was observed even after i0 days of regular lactulose yoghurt 
consumption. In glucose controls the radioactivity still remained in the 
small intestine area after the test. 

In the first test and during the first couple of days of lactulose yoghurt 
consumption, five out of six volunteers had cases of flatulence and even 
meteorism, but these were gradually diminished during lactulose yoghurt 
consumption. At the end of the study period, all volunteers were able to 
tolerate the product without side effects. A small, but not significant, 
increase in the number of faecal productions was observed during lac- 
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tulose yoghu r t  consumpt ion .  No cases of  d ia r rhoea  were  obse rved  dur ing  
the study.  

Discussion 
Init ial ly the  effect  of  lactulose  y o g h u r t  on gastr ic  e m p t y i n g  was  s imi lar  

to that  of g lucose  solution.  After  10 days  of  regular  lac tulose  y o g h u r t  
consumpt ion ,  gastr ic  e m p t y i n g  was sl ightly faster,  indica t ing  tha t  s o m e  
physiological  adap ta t ion  to lactulose  y o g h u r t  m a y  have  occurred.  How-  
ever, in bo th  tes t  s i tuat ions,  lac tulose  y o g h u r t  that  left the  s t o m a c h  rapid ly  
t raversed  the small  intes t ine and  reached  the distal  co lon wi th in  50-60 
rain. This  p h e n o m e n o n  did not  a p p e a r  to be  in f luenced  by  the  con t inuous  
lactulose yoghu r t  c o n s u m p t i o n  and  it is the re fo re  a s s u m e d  tha t  no phy-  
siological intest inal  adap ta t ion  occur red  dur ing  the  10-day period.  By  
compar i son ,  the  contro ls  rece iv ing  a g lucose  solut ion  had  the  m a r k e r  
radioact iv i ty  still in the small  intes t inal  area 50-60 min  af ter  the test.  No 
adap ta t ion  to g lucose  solut ions was  uti l ised s ince all vo lun tee r s  were  
t hough t  to be  adap ted  to large a m o u n t s  of  g lucose  in the i r  no rma l  diet. 

To our  knowledge ,  no prev ious  data  have  been  pub l i shed  on the  rate  of  
gastr ic e m p t y i n g  and  intest inal  t ransi t  af ter  l ac tu lose-conta in ing  y o g h u r t  
products .  However ,  earl ier  work  has  clear ly d o c u m e n t e d  gas t ro in tes t ina l  
d i scomfor t  and even  d ia r rhoea  af ter  large oral doses  of  lac tulose  (3, 9). Our  
resul ts  indicate  tha t  up  to 15 g lactulose  c o n s u m e d  daily in y o g h u r t  did not  
appea r  to cause  any  d ia r rhoea  in hea l thy  h u m a n  volunteers .  However ,  
cases of  f la tu lence  and  m e t e o r i s m  were  observed ,  bu t  these  d i s a p p e a r e d  
even though  gastr ic  e m p t y i n g  was s l ight ly increased  dur ing  p ro longed  
lactulose  yoghu r t  consumpt ion .  Lac tu lose  y o g h u r t  a p p e a r e d  to act  as a 
mild laxative,  increas ing  the  n u m b e r  of  faecal  p roduc t ions  in hea l thy  
vo lun tee rs  and  no adap ta t ion  to lactulose  y o g h u r t  was  obse rved  dur ing  
the 10-day c o n s u m p t i o n  period.  Addi t ional ly ,  the  inges ted  Lac tobac i l lus  
ac idophi lus  bacter ia  m a y  util ise added  lac tulose  in the  colon lower ing  the  
pH and p r o m o t i n g  the  laxa t ive  act ion of  the  tes t  yoghur t .  Our  resul t  s eems  
to indicate  that,  c o m p a r e d  to glucose,  lac tulose  y o g h u r t  and  its p ro longed  
c o n s u m p t i o n  m a y  increase  gastr ic empty ing .  Lac tu lose  y o g h u r t  also signi- 
f icant ly  dec reased  the  intest inal  t ransi t  t ime  of the  m a r k e r  p r e s u m a b l y  by  
increas ing intest inal  motil i ty.  However ,  s t imula t ing  of pep t ide  ho rmones ,  
as in the case of  xyli tol  (7) m a y  also occur  and  needs  to be  fu r the r  s tudied.  
The  obse rved  effects,  which  did not  d i s appea r  dur ing  p ro longed  lac tu lose  
yoghur t  consumpt ion ,  m a y  be benef ic ia l  in the  t r e a t m e n t  of  chronic  
cons t ipa t ion  us ing  d ie ta ry  m e t h o d s  ra ther  than  laxat ive  pharmaceu t i ca l s .  
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