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Summary 

Short and middle term effects of Acarbose were studied in volunteers on a 
standardized, low-fibre, mixed diet for the development of tolerance phenomena 
with gas exhalations and some peptide hormone levels as main parameters. Both 
hydrogen and methane were measured quantitatively as diurnal profiles. Aearbose 
caused an about 20-fold increase of Hz exhalation and had only moderate effects on 
methane production, indicating the presence of fermentable carbohydrates in the 
large bowel. Methanogenic individuals exhaled significantly less H2 than did non- 
methanogenic subjects. Changes in blood glucose, serum insulin, GIP, gastrin, and 
plasma glucagon, caused by Acarbose, reflected delayed glucose absorption and 
were plausible within the regulatory framework of carbohydrate assimilation. 
When the Acarbose regime was maintained for 5 weeks on a controlled diet, 
abdominal  sensations like e.g. meteorism declined remarkably while carbohydrate 
fermentation remained high and lowered GIP was sustained. Thus functional 
responses of the gastro-intestinal tract to altered carbohydrate supplies, elicited by 
Acarhose, were found by 3 independent  parameters: anaerobic gas production, 
peptide hormone levels, and subjective abdominal  sensations. The objective pa- 
rameters seem to remain constant in the longer run, while subjective parameters 
show long-term adaptation. 

Zusammenfassung 

An gesunden Probanden unter  standardisierter, ballaststoffarmer Mischkost mit 
bzw. ohne Acarbose wurden kurz- und  mittelfristige Einflfisse auf Toleranzerschei- 
nungen  mittels Bes t immung yon Pept idhormonen und Atemgasmessungen unter- 
sueht. Wasserstoff und  Methan wurden im Tagesprofil quantitativ bestimmt. Dabei 
bewirkte Acarbose infolge yon Kohlenhydratverg~irung im Dickdarm einen rund 
20faehen Anstieg der Wasserstoffexhalation, die Methanexhalation ~nderte sich im 
Mittel nur  wenig. Methanbildende Probanden exhalierten naeh Stimulierung durch 
Aearbose signifikant weniger Wasserstoff als Personen ohne Methanbildung. Die 
unter  Acarbose erniedrigten Glukose-, Insulin- und  GIP- bzw. erh6hten Glukagon- 
spiegel zeigen die verz6gerte Glukoseresorption an und sind im regulatorischen 
Rahmen tier Kohlenhydratassimilation verst/~ndlieh. Im Laufe einer ffinfw6chigen 
Acarboseeinnahme zusammen mit standardisierter Kost nahmen die aufgetretenen 
abdominel len Empf indungen  wie z.B. Meteorismus deutiich ab, w~hrend die 
mikrobielle Kohlenhydratfermentat ion erh6ht und  die GIP-Sekretion erniedrigt 
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blieben. Funktionelle Reaktionen des Gastrointestinaltrakts auf die durch Acar- 
bose bewirkte ver~inderte Kohlenhydratzufuhr in das Colon wurden somit anhand 
yon drei unabh~ingigen Parametern untersucht: anaerobe Gasproduktion, Freiset- 
zung yon Peptidhormonen und subjektive abdominelle Empfindungen. Die objek- 
tiven Parameter scheinen l~ingerfristig konstant zu bleiben, w~ihrend subjektive 
Parameter in dieser Zeit Anpassung zeigen. 

Key words: Acarbose, hydrogen exhalation, methane exhalation, insulin, gastric 
inhibitory polypeptide, intestinal bacteria 

Introduction 

In  hea l thy  adults ,  the  d ie ta ry  ca rbohydra t e s  which  appea r  in microbia l ly  
colonized lower  par ts  of  the  gastro- intes t inal  t ract  are c o m p r i s e d  of  f ibre 
mater ia l  (19), of  o l igosacchar ides  und iges ted  in the  smal l  in tes t ine  (59), as 
well  as of  smal l  a m o u n t s  of  d igest ib le  ca rbohydra t e s  l ike sucrose  (5), 
f ruc tose  (43), and  s tarch  (2, 23, 36, 56). In  addit ion,  a major ,  t hough  variable,  
source  of  ca rbohydra t e s  s t ems  f rom g lycopro te ins  of  intes t inal  secre t ions  
(1). Ca rbohyd ra t e s  which  thus  ar r ive  in the  h u m a n  colon are deg raded  to a 
l imi ted  ex t en t  or comple te ly ,  d e p e n d i n g  on their  chemica l  s t ruc ture  and  
phys ica l  proper t ies ,  by  anae rob ic  intes t inal  bac ter ia  (18, 31, 60). The  great  
ma jo r i ty  of  shor t -cha in  fa t ty  acids f o rmed  in the f e rmen ta t ion  are 
a b s o r b e d  by  the  colonic  m u c o s a  (20, 47) and  util ized as caloric fuel  b y  the  
co lonocytes  (45). Ano the r  g roup  of  f e rmen ta t ion  products ,  intest inal  gases 
l ike h y d r o g e n  and  me thane ,  also under l ies  part ial  abso rp t ion  in the  colon 
and  is exc re t ed  via the  lungs  (10). F e r m e n t a t i o n  of a cer tain a m o u n t  of  
c a r b o h y d r a t e s  in the  large bowel  is in pr inc ip le  regarded  as a physiological  
p rocess  (55); its ex t en t  is not  well  quant i f ied,  however .  Addi t ions  to the  
h u m a n  diet  o f  nu t r i t ive  swee teners  (29, 51), d ie ta ry  f ibre (9, 24, 28), of  ~- 
lac tulose  (7), and  also of  Aca rbose  (12) m a y  cons iderab ly  enhance  the  
ex ten t  of  c a r b o h y d r a t e  f e rmen ta t ion  in the  lower  gut. 

Acarbose ,  a compe t i t i ve  inhib i tor  of  a -g lucos idases  isolated f rom 
A c t i n o m y c e s  cul tures  (50) delays  and  d imin i shes  the  d iges t ion of  d ie tary  
c a r b o h y d r a t e s  in the  u p p e r  in tes t ine  (41); thus  a sharp  pos tp rand ia l  
increase  of  p l a s m a  glucose  levels m a y  be  avoided.  In  n u m e r o u s  s tudies  
(see [17] for review), Aca rbose  has  been  found  to be  effect ive and  useful  in 
t rea t ing  d iabet ic  pat ients .  The  longer  pers i s tence  in the  gut  and  the  
t r ans loca t ion  into i l eum and colon of  d ie tary  ca rbohydra tes ,  wi th  the  
c o n s e q u e n c e  of  bacter ia l  degradat ion ,  m a y  lead to some  intest inal  symp-  
t o m s  l ike f la tu lence  and  me teor i sm.  Aiming  at a c loser  s tudy  of  such  
s y m p t o m s ,  exc lus ive  p roduc t s  of  microb ia l  degrada t ion  of  ca rbohydra tes ,  
h y d r o g e n  (H2) and  m e t h a n e  (CH4), were  s tudied  in this p a p e r  in a quant i ta-  
t ive manner .  S ince  a dec reased  ass imi la t ion  of ca rbohydra t e s  m a y  resul t  
in a l tered  re lease  pa t t e rns  of  gast ro- intes t inal  and  pancrea t ic  h o r m o n e s  (4, 

G I P  ), insulin, and  g lucagon  were  deter-  25, the  pep t ide  h o r m o n e s  gastrin,  1 
m i n e d  in b lood toge the r  wi th  the  me tabo l i t e s  glucose,  t r ig lycer ides  and  
choles te ro l  w h e n  a s tandardized,  low-f ibre  m i x e d  diet  was  g iven wi th  or 
w i thou t  Aca rbose  for  one  or five weeks  to young  hea l thy  adults.  

1) "gastric inhibitory polypeptide" or "glucose-dependent insulinotropic polypep- 
tide" 
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Materials  and m e t h o d s  

Substances 

Acarbose was supplied by Dr. I. Hillebrand, Bayer AG, Wuppertal. ~-Lactulose 
was purchased from Merck, Darmstadt. The investigations were part of a clinical 
study of Acarbose on healthy volunteers and were performed in accordance with 
the provisions of the German drug law, when Acarbose had undergone phar- 
macological and toxicological testing and it had been determined that no objections 
existed against its use in man. The dosage of 2 x 100 mg or 3 • 100 rag, respectively, 
per day was chosen from experience with diabetic patients. Acarbose tablets of 
100 mg each were taken with the first bite or gulp of the respective meals. 

Human subjects 

The study was done in two parts with eleven subjects (I week experiments), and 
with four subjects (35 days experiments), altogether with 15 healthy, female volun- 
teers of 19-23 years of age, weighing 57-86 kg (Broca index 0.86-1.21). Prior to the 
experiment, a high-fibre diet and a single dose of 10g ~-lactulose were used to 
establish that all persons did expire H2 in their breath. Only the qualitative capabil- 
ity to produce H2, and an interval free of antibiotics of at least 3 months before the 
study was begun were the necessary criteria in selecting the volunteers, who were 
subjected to a complete medical check-up and did not show any deviations from 
normal standards in clinical chemistry and hematology. The purpose, nature, risks, 
and benefits of the experiment were described to the volunteers, and they were 
given the opportunity to ask and to have answered all pertinent questions. 
Informed written consent was obtained from all subjects. The conditions of the 
German drug law for the protection of man in clinical studies (w 40 AMG, 
24.08. 1976) were fully met, especially in regard to consent and insurance coverage. 

Table 1. Design of an experimental  week (experiment I). 

I~  1 experimental  week ~ I 

Thu Fri Sat Sun Mon Tue Wed Thu 

experi- 
mental  

day 

2 • daily test substance in orange juice and yoghurt, respectively 

Standard diet 

Collection of stools 

Record on abdominal  sensations daily hourly 
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Exper imental  design 

1 week  studies (experiment  I). 11 volunteers were supplied, in randomized order 
for i week each, with 200 ml orange juice for breakfast and 150 g yoghurt  for lunch, 
containing 20g sucrose without (control) or with 100 mg Acarbose. In a second 
control week, 2x 10 g ~-lactulose was given on the experimental  day (table 1) only. 
Each experimental  week was followed by an interval of at least 7 days without any 
addition to the diet. On each 7th day of  an experimental  week (table 1), exhalation of 
H2 and CH4 was determined before and at hourly intervals after the breakfast for 10 
hours. During the first five hours, venous blood samples were taken. On each 
5th-Tth day of an experimental  week (table 1), standardized diets (see below) were 
given, and stools were collected for these 72 hours. A record with entries for 
eructation, abdominal  noise, fullness, meteorism, flatulence, abdominal pain, even- 
tual diarrhea, and general feeling was made at hourly intervals on the 7th day 
whereas on the ls t -6 th  days this record was made only once a day. 

35 day studies (experiment  II). In order to check for accustoming to both the 
standardized diet (see below) and Acarbose with respect to intestinal gas produc- 
tion and hormonal  parameters, 4 healthy volunteers received in a cross-over design 
for 5 weeks each the standardized diet without (control) or with 3x 100 mg Acar- 
bose. The wash-out interval was 2 weeks. Gas exhalation was determined on each 
7th day of the 5 week periods, as outlined in exper iment  I above. Venous blood was 
collected on the 7th and 35th days only, but  for l0 hours. In every other respect, 
exper iments  I and II were identical. 

Dietary conditions 

The diet was standardized on days 5--7 of each experimental  week (table 1) in 
regard to major nutrients and menu. In exper iment  I, 8.2 MJ were given with 
(energy-percent) protein, fat and carbohydrates = 20/35/45 %. The meals were com- 
posed similar to the mixed diet of the German population. Dietary fibre (according 
to Paul and Southgate, [39]) was kept at no more than 14 g/day which guarantees 
reproducible low H2 production in the control period, as shown repeatedly in a pilot 
study (27). The last meal on day 6 of an experimental  week (table 1) was taken at 
17.30 hrs, thus allowing a fasting period of 14 hours before the first sample of 
respiratory air was collected on day 7. 

In exper iment  II, the dietary conditions were identical with those of exper iment  I, 
except  that for better acceptance up to 10 % of the energy intake on days 1--4 (table 
1) was allowed to be consumed in free choice, however, under no circumstances 
were additional dietary fibre, nutritive sweeteners, antibiotics or laxatives permit- 
ted during the whole course of both experiments.  Meal compositions on day 7 
(experimental day) are given in table 2. Only in experiment  I was a formula 
breakfast used. 

Sampl ing  o f  respiratory air and analysis for tt2 and CH4 

For the quantitative determination of H2 and CH~, exhaled air was concentrated in 
a slightly modified VT-3 spirometer (Hellige, Freiburg) by rebreathing for 5 
minutes. Aliquots of the spirometer air were analysed in the gas chromatograph GC 
5720 A (Hewlett Packard) with a thermal conductivity detector. With a correction 
for the respective bronchial and spirometer volumes, determined by the helium 
dilution method,  the volumes of exhaled H2 and CH4 respectively were calculated as 
ml or ~1 gas per minute. A detailed description of the whole procedure was recently 
published (29). 

Mouth-to-caecum transit 

According to Bond and Levitt  (8), the first significant increase of  H2 exhalation 
above the fasting value after breakfast was taken as the t ime between ingestion of a 
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T a b l e  2. C o m p o s i t i o n  of  b r e a k f a s t  a n d  l u n c h  on  t he  e x p e r i m e n t a l  clays d u r i n g  
e x p e r i m e n t s  I a n d  II. 

E n e r g y  P r o t e i n  Fa t  Carbo-  Die ta r~  
(k J) (g) (g) h y d r a t e s  f ibre  

(g) (g) 

Experiment  I 
Break fa s t :  
500 m l  l i qu id  f o r m u l a  2100 19 17 69 

L u n c h :  
100 g t u r k e y  leg  502 21 3.5 - - 

60 g c u r r y  r ice  924 4 1 48 1.5 
( u n b o i l e d  we igh t )  
200 g z u c c h i n i  79 1 - 3 1.2 

10 g m a r g a r i n e  318 - 8 - - 
10 g oil 389 - 1 0  - - 

5 g c r e a m  67 - 1.5 - - 
150 g y o g h u r t  429 6 6 7 - 
200 m l  o r a n g e  j u i c e  410 1 - 22 0.1 

3118 33 30 80 2.8 

Experiment  H 
B r e a k f a s t :  
cof fee  o r t e a  

20 g s u c r o s e  330 - 
80 g w h i t e  b r e a d  866 7 
10 g m a r g a r i n e  318 - 
50 g c u r d s  243 6 
25 g s t r a w b e r r y j a m  272 

1 0 0 m l  c u r r a n t j u i c e  210 

- 2 0  - 

1 40 2.2 
8 - -  - -  

3 2 - 

- 16 0.3 
- 1 2  - 

2239 13 12 90 2.5 

L u n c h :  
100 g p o r k  cu t l e t  703 21 8 - - 
100 g p a p r i k a  117 1 - 5 0.9 
150 g p o t a t o e s  546 3 - 28 3.0 
30 g l e t t u c e  20 - - 1 0.4 
10 g oil 389 - 1 0  - - 

1 0 0  g o r a n g e  f i le ts  226 1 - 12 2.0 
20 g s u c r o s e  330 - - 20 - 

2331 26 18 66 6.3 

m e a l  a n d  t h e  a r r iva l  o f  f e r m e n t a b l e  m a t e r i a l  in  t he  u p p e r  co lon  ( m o u t h - t o - c a e c u m  
transi t ) .  

Hormonal and other assays in blood samples 

B l o o d  s a m p l e s  w e r e  t a k e n  f r o m  the  cub i t a l  v e i n  w i t h  an  A b b o c a t h  | a n d  a n  
o b t u r a t o r  p r io r  to  b r e a k f a s t  a n d  t h e n  at  i n t e rva l s  for  5 or  l0  h o u r s  on  e x p e r i m e n t a l  
d a y s  (Table  1). I m m u n o r e a c t i v e  g a s t r i n  (44) a n d  i n s u l i n  (61) w e re  d e t e r m i n e d  w i t h  
R I A  k i t s  (12~I) f r o m  B e c t o n  D i c k i n s o n  Co., O r a n g e b u r g ,  N.Y., a n d  f r o m  B e h r i n g -  
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werke AG, Marburg, respectively. Glucagon was determined (52) with a RIA kit 
(~2~I) specific for pancreatic glucagon from Serono GmbH, Freiburg. The gastric 
inhibitory polypeptide (GIP) was measured with a radioimmunoassay of our 
laboratory, modified from those of Kuzio et al. (34) and Thomas et ah (58), respec- 
tively; rabbit anti-GIP was obtained from Novo, Bagsvaerd, Denmark. '~I labelling 
of GIP was performed with the chloramine-T-method (32), 125I-GIP was separated 
on microfine silicate (Quso G 32). Glucose was assayed with glucose dehydrogen- 
ase, triglycerides with GPO-PAP, and total cholesterol with CHOD-PAP using 
standard methods. 

Statistical evaluation 

The data were evaluated on the TR 440 machine of the computer centre of the 
University of W(irzburg; as software, MEDAS programs as well as self-developed 
ALGOL programs were used. 

H~ and CH4 excretions as well as blood parameters were calculated from their 
time integrals over 5 and l0 hrs, respectively. Differences between mean values 
were evaluated with Student's t-test, in the case of skewed distributions, however, 
with the Wilcoxon matched pairs signed rank test; significance is reached with 
p < 0.05. 

R e s u l t s  

H y d r o g e n  exhalat ion  

After  6 days with 2 x 100 mg/day  Acarbose  (experiment  D, H2 exhalat ion 
(:~ + s.d.) amoun ted  to 235 + 63 ml/10 hrs, compared  with 9.9 + 6.8 ml H2/10 
hrs in the control  period, whereas  2x 10 g/day of  ~-lactulose led to 148 + 51 
ml HJ10 hrs (fig. 1). The increase of  H2 exhalat ion during the day occurs  in 
synch rony  with the meal  timing, with a m a x i m u m  at late afternoon. The 
difference be tween  the Acarbose  and ~-lactulose is significant at af ternoon 
peak t imes (p < 0.01). 

When Acarbose  was also given with the supper  (exper iment  II), fasting 
values of  H2 exhalat ion the next  morn ing  were about  5 t imes h igher  than  
in the breakfas t / lunch dosing scheme of exper iment  I. The mean  integrals 
(n = 4) of  H2 exhalat ion dur ing  cont inuous  adminis t ra t ion of  3x 100 mg/  
day Acarbose  over 5 weeks  were not  significantly different amongs t  
themselves  (fig. 3a), as was the case in the 5 weeks  of  the control  period. 

M e t h a n e  exhalat ion 

Six volunteers  (40 %) had dist inct  amoun t s  of CH4 in their  respiratory 
air. In  addi t ion to these 6 subjects,  two more  had CH4 (10 t imes and more  
the exspi ra tory  value) in the gas phase  above fresh stool. CH4 exhalat ion 
was, in contras t  to the behavior  of  H2, relatively constant  over 10 hours,  
wi thou t  recognizable  peaks dependen t  on meal  intakes (fig. 2). The 
adminis t ra t ion  of  Acarbose  or ~-lactulose did not  result  in changes  of  CH4 
exhalat ion (fig. 2). Compared  with 1 week  controls,  Acarbose  elicited 
considerable  alterations of CH4 exhalation, though  not  in a uni form 
manner .  

In  exper imen t  II, 3 subjects  were p roduc ing  rather  constant  amoun t s  of  
CH4 in the control  period of  35 days; when  3• 100 mg/d Acarbose  was 
given over 35 days, CH4 exhalat ion changed  considerably  with the indi- 
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breakfast lunch 

8OO 

.c_ 6 0 0 -  
E 

-~ 400 

R 200 

0 2 4 6 8 10 
hours 

Fig. 1. Exha la t i on  o f  H2 (~Z; s.e.m.; n = l l )  b y  subjects on a low- f ib re  standardized,  
m i x e d  d iet  (contro l )  (0) ,  af ter  admin is t ra t i on  of  2x  100 rag/day o f  Acarbose for  6 
d a y s  ([~) o r  a f t e r  2 x  10 g 6 -1ac tu lose  o n  t h e  e x p e r i m e n t a l  d a y  (see t a b l e  1) (O) ,  a t  
b r e a k f a s t  a n d  l u n c h  ( e x p e r i m e n t  D. S i g n i f i c a n c e  o f  d i f f e r e n c e s  b e t w e e n  a r e a s  
u n d e r  c u r v e :  c o n t r o l / A c a r b o s e  a n d  c o n t r o l / ~ - l a c t u l o s e  p < 0.001; A c a r b o s e / ~ - l a c t u -  
l o s e  p < 0.05. 
S i g n i f i c a n c e  a t  e a c h  h o u r l y  s a m p l i n g  t i m e :  

S a m p l i n g  t i m e s  (h rs ;  b r e a k f a s t  = 0) 

0 1 2 3 4 5 6 7 8 9 i0 

C o n t r o l / A c a r b o s e  n . s .  n . s .  * ** ** *** *** *** *** *** *** 
C o n t r o l / ~ - l a c t u l o s e  n . s .  n . s .  * * *** *** *** *** *** *** ** 
A c a r b o s e / ~ - l a c t u l o s e  n . s .  n . s .  n . s .  * n . s .  n . s .  n . s .  ** ** * * 

breakfast  lunch 

2~ 1 1 

150 

-~ 100 

w 
E 50 

0 i i i i t r , t t I 
0 1 2 3 4 5 6 7 8 9 '~0 

hou[s  

Fig .  2. E x h a l a t i o n  o f  CH4 (:k; s . e .m . ;  n = 3) b y  m e t h a n o g e n i c  i n d i v i d u a l s  o n  a l ow-  
f i b r e  s t a n d a r d i z e d ,  m i x e d  d i e t  ( con t ro l )  ( �9 a f t e r  a d m i n i s t r a t i o n  o f  2 x  100 m g / d a y  
o f  A e a r b o s e  fo r  6 d a y s  (/D) o r  a f t e r  2 x  10 g ~ - l a c t u l o s e  o n  t h e  e x p e r i m e n t a l  d a y  ( see  
t a b l e  1) ( 0 ) ,  a t  b r e a k f a s t  a n d  l u n c h  ( e x p e r i m e n t  I). N o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  
f o u n d .  
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400 

.x: 300 

8 
200 

.~100 

0 
a 1. 2. 3. 4. 5. 1. 2. 3. 4. 5. week 

control Acarbose 

200 

~ '  150 

"~ 100 

E 50 

0 
1. 2. 3. 4. 5. week 

b Acarbose 
1. 2. 3. 4. 5. 

control 

Fig. 3. Integrals of 11 hrs gas exhalation by 4 volunteers on a standardized, mixed 
diet without (control) and with 3x 100 mg/day ofAcarbose (:~; s.e.m.). Panel a: data 
for H2; panel b: data for CH4. Amounts of gas = mYll hrs. 

v idual  subject, but  not  significantly (fig. 3b). Interes t ingly enough  sub- 
jects  p roduc ing  H2 exclusively exhaled significantly more  H2 in the after- 
noon  than those subjects  who  also exhaled CH4 (fig. 4). This applies to 
bo th  exper iments  I and II, with 581 + 245 ml H2/10 hrs in pure  H2 
producers  (n = 7), and 424 __+ 157 m] H2/10 hrs in producers  of  both  H2 and 
CH4 (n = 6). 

Mouth- to-caecum transit 

In  the control  week  of  exper iment  I, mouth- to -caecum transit  was 4.4 _+ 
1.3 hrs (:~ _+ s.d.; n = 11), and  was shor tened by  100 m g  Aearbose  to 2.6 __+ 1.0 
hrs  (p < 0.01) bu t  by 10 g ~-laetu]ose to 2.3 + 1.1 hrs (p < 0.01). Elevated pre- 
breakfast  values of  H2 exhalation,  due to the evening dosage of Acarbose  
(exper iment  II) ra ther  prevented  a clear-cut recognit ion of  the H2 peak and 
interfered with the gastro-colonic reflex of  an immedia te  H2 increase (57); 
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Fig.  4. E x h a l a t i o n  o f  H2 (5:; s .e .m.)  b y  6 m e t h a n o g e n i c  and b y  7 n o n - m e t h a n o g e n i c  
subjec t s  on a low- f ibre  s tandardized ,  m i x e d  die t  w i t h o u t  (controls)  (D, (3 respec-  
t ive ly )  and  w i t h  A c a r b o s e  ( I ,  �9 respect ive ly ) ,  
S i g n i f i c a n c e  at each  h o u r l y  s a m p l i n g  t ime  (breakfast  = 0) after admin i s t ra t ion  o f  
A e a r b o s e  for 6 days:  
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Fig.  5. W e i g h t s  o f  s too l s  and  f r e q u e n c i e s  o f  d e f e c a t i o n s  (:~; s.e.m.; n = 4) dur ing  
5 w e e k s  o f  subjec t s  on a re la t ive ly  low-f ibre  m i x e d  die t  w i t h o u t  (control)  - - -  and  
w i t h  A c a r b o s e  (3 x 100 rag/day) - -  
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Fig.  6. 5 hour-prof i les  of  g lucose  
and s o m e  h o r m o n e s  in b lood of  11 
vo lun t ee r s  (3; s.e.m.) w h e n  fast ing 
for 14 hrs  and af ter  a m i x e d  formu-  
la breakfas t  w i thou t  addi t ions  
(control) (0 - -0 ) ,  with  100 m g  
Aca rbose  ( @ - - @ ) ,  or  wi th  10 g 
~-lactulose ( - - - - ) .  
Fig. 6a: g lucose  (mmol/1); 
Fig. 6b: i m m u n o r e a c t i v e  insul in  
(mU/ml);  
Fig. 6c: i m m u n o r e a c t i v e  G I P  (pg/ 
ml); 
Fig. 6d: i m m u n o r e a c t i v e  pancrea-  
tic g lucagon  (pg/ml); 

, , , , Fig. 6e: i m m u n o r e a c t i v e  gastr in  
0'0 ,20 , 8~  2 ,0  30o m~ (pg/mI). 
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thus,  mouth- to -caecum transit  t imes were not  evaluated in the 35 day 
studies. 

W e i g h t  a n d  f r e q u e n c y  o f  s too l  

After  1 week  with 2x 100 m g  Acarbose/day,  stool weights  were signifi- 
cant ly higher  by 58 % than under  the control  diet (98 +- 37 g/day; :Z +_ s.d.; 
n = 11). Mean stool f requencies  were not  significantly different with 1.5 
defecat ions/day unde r  Acarbose  and 1.2 in control  conditions. 

With 3x 100 rag/day Acarbose  in exper iment  II, weights  of  stools and 
f requencies  of defecat ions are depicted in figure 5. Whereas the stool 
weight  remained  elevated over 5 weeks,  stool f requencies  approached  
control  values after 5 weeks. Diarrhea was never observed under  Acar- 
bose; stools were less dark and of  less consis tency than in the control  
period. 

B I o o d  p a r a m e t e r s  

In format ion  on the glucose assimilation under  the influence of  Acarbose  
was obtained by measur ing  glucose, insulin, glucagon, and GIP  levels. 
Since the mixed  formula  breakfast,  composed  in accordance  with the 
r ecommenda t ions  of  the German  Nutr i t ion Society, p roduced  only a 
modera te  increase of  blood glucose (fig. 6a), effects of Acarbose  on blood 
glucose were small. As shown in figure 6b and 6c, however,  Acarbose  
2• 100 mg/day  caused significant changes  in insulin and GIP  levels, thus 
indicat ing an effect of  Acarbose  on the regulation of  the glucose metabo-  
lism. Glucagon  levels (fig. 6d) were not  inf luenced by the intake of test  
meals, p robab ly  due to the s imul taneous  supply  of amino acids (enhanc- 
ing) and glucose (lowering), however,  Acarbose  adminis t rat ion led to 
significantly h igher  g lucagon levels in blood plasma. 

~-Lactulose (figs. 6 a-d) caused less p ronounced ,  insignificant alterations 
of  glucose, insulin, GIP,  and glucagon levels in blood whose  tendencies  
were similar to those after Acarbose  t reatment;  glucose concent ra t ions  
were d iminished more  by ~-lactulose than by Acarbose.  

Gastr in levels (fig. 6e) were not  changed  significantly over 5 hours  by 
Acarbose  and by ~-lactulose but  Acarbose  caused some f luctuat ions at the 
2nd and 5th hour  of  the experiment .  

Table 3. Maximal post-prandial glucose concentrations after 1 and 5 weeks' treat- 
ment with 3x 100 rag/day of Acarbose in subjects on a standardized, mixed diet. 
(Blood glucose as retool/l; :~ + s.d.; n = 4). 

Maximal post-prandial 
glucose concentration 

1 week Acarbose 5 weeks Acarbose 

- + - + 

After breakfast 8.94 7.78 8.72 
___ 1.9 + 0.3 + 1.4 

After lunch 8.78 9.50 9.44 
+ 1.5 + 1.8 + 1.6 

8.61 
+ 2.2 

9.22 
+ 1.6 
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Fig. 7. Serum levels of immunoreact ive  insulin (7a) and GIP (7b), when fasting for 14 
hrs and after taking meals (indicated by arrows) during 10 hrs (~; n = 4), compared 
for a 1-week and a 5-week administration of Acarbose (3x 100 rag/day). 

S o m e  b l o o o d  p a r a m e t e r s  w e r e  c o m p a r e d ,  in  e x p e r i m e n t  II, for t h e  
e f fec t s  o f  A c a r b o s e  after 1 a nd  after 5 w e e k s  o f  a d m i n i s t r a t i o n .  D a t a  for 
p o s t - p r a n d i a l  m a x i m a  o f  b l o o d  g l u c o s e  are g i v e n  in  tab le  3 and  d e m o n -  
strate that  o n l y  at breakfas t  after 1 w e e k  c o u l d  a s i g n i f i c a n t  l o w e r i n g  o f  
b l o o d  g l u c o s e  b e  o b s e r v e d  after 3 x  100 m g / d a y  o f  Acarbose ;  h o w e v e r ,  

Table 4. Mean values of blood triglycerides and total cholesterol after I and 5 weeks' 
treatment with 3x 100 rag/day of Acarbose in subjects on a standardized, mixed 
diet. The mean refers to 10 samples, drawn in hourly intervals, after the start of the 
experiment (mg/dl; ~ + s.d.; n = 4). 

Mean concentration i week Acarbose 5 weeks Acarbose 

- -  + - -  + 

Triglycerides 121 + 29 108 ___ 22 105 _+ 23 111 + 20 
Total cholesterol 202 ___ 30 197 + 22 175 + 22 179 + 16 
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b l o o d  g lucose  m a x i m a  were  de l ayed  af ter  l unch  for a b o u t  30 m i n  b y  
Acarbose .  

As seen  f rom f igures  7a and  b, effects  of  3x 100 mg /day  of  A c a r b o s e  were  
no t  s ign i f i can t ly  d i f fe ren t  af ter  1 and  af ter  5 weeks  on insu l in  and  G I P  
levels ,  no r  d id  cont ro l  va lues  d i f fer  to any  g rea te r  ex tent .  Thus,  d i f fe rences  
b e t w e e n  con t ro l  and  A c a r b o s e  g roups  in regard  to insu l in  and  G I P  levels  
in b l o o d  were  m a i n t a i n e d  over  a pe r iod  of 5 weeks .  

A c c o r d i n g  to t ab le  4, no effects  were  exe r t e d  by  A c a r b o s e  on se rum 
t r i g lyce r ides  and  on to ta l  s e r u m  choles te ro l  af ter  1 week  as wel l  as af ter  5 
w e e k s  of  t r e a t m e n t  wi th  3• 100 mg/day.  The  t e n d e n c y  to l owered  choles-  
te ro l  levels  af ter  5 w e e k s  wi th  A c a r b o s e  d id  not  r each  s ign i f icance  (p < 0.1). 

A b d o m i n a l  s e n s a t i o n s  

The en t r ies  r e c o r d e d  on the  e x p e r i m e n t a l  days  ( table 1) of  e x p e r i m e n t  I 
wi th  2x  100 m g / d a y  of  A c a r b o s e  are  c o m p i l e d  in f igure  8. No d i f fe rences  
b e t w e e n  A c a r b o s e  and  [3-1aetulose (2• 10 g/day) were  s ignif icant .  However ,  
s ign i f i can t  d i f fe rences  were  found  b e t w e e n  eont ro ls  and  e x p e r i m e n t a l  
g roups  in r ega rd  to a b d o m i n a l  noise,  ful lness,  me teo r i sm,  and  f la tulence.  
In  the  p r e c e d i n g  6 days  be fore  the  e x p e r i m e n t a l  days,  no s igns  of adap ta -  
t ion  were  observed .  In  general ,  the  11 sub jec t s  l i s ted  the i r  s ta te  of hea l th  
b e t w e e n  good  and  ve ry  good.  

In  the  35-day e x p e r i m e n t  wi th  3x 100 rag /day  of  Acarbose ,  s imi la r  
r ecords  were  o b t a i n e d  as d e s c r i b e d  above  for e x p e r i m e n t  I. However ,  in 
the  course  of  the  5 e x p e r i m e n t a l  weeks ,  the  en t r ies  b e c a m e  less  pro-  
n o u n c e d  f rom the  2rid w e e k  or later,  thus  ind ica t ing  a c ons i de r a b l e  adap-  
ta t ion  of  co lonic  p rocesses  to a longer - las t ing  e x p o s u r e  to Acarbose .  In  the  
con t ro l  w e e k s  a b d o m i n a l  sensa t ions  were  no ted  only  occas ional ly .  

12 

c L A 
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pain 

C L A C L A C L A C L A C L A 
Burb~ng Abdominal Fullness Meteorisrn Flatulence 

noise 

Fig. 8. Entries for abdominal sensations by 11 volunteers on a low-fibre, stand- 
ardized, mixed diet (control = C) and with the addition of 2x 100 mg/day of Acar- 
bose (A), or of 2x 10 g of [3-1actulose (L). The subjects were asked to note on each 
hour for 10 hrs their sensations; the entries (low = 1, medium = 2, strong = 3) were 
averaged over the experimental day and are given as mean values. 
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Discussion 

Acarbose  causes  an increase  of  h y d r o g e n  exha la t ion  by  a factor  of  abou t  
20, thus  indica t ing  effect ive inhibi t ion of  intest inal  c a rbohydra se s  wi th  the  
c o n s e q u e n c e  of  la rge-bowel  f e rmen ta t ion  of those  ca rbohydra t e s  which  
were  not  spli t  and  abs o rbed  dur ing  the  passage  of the  small  intest ine.  
Diurna l  profi les  of  H2 excre t ion  d e p e n d  on the  type  of c a r b o h y d r a t e  
c o n s u m e d ,  as p rev ious ly  shown  for  dissolved and  solid sucrose  by  
L e m b c k e  et al. (35). In  this inves t iga t ion  a m i x e d  diet  was  used.  Thus  
ca rbohyd ra t e s  t r ans fe r red  into the  large intes t ine as a resul t  of  ca rbohy-  
drase  inhibi t ion canno t  be  un i fo rm but  r ep resen t  a wide  m i x t u r e  of  
o l igosacchar ides .  This condi t ion  migh t  ra ther  r e s emb le  the no rma l  west-  
ern  si tuation.  I t  d epends  on the  t ime  of  in take  of  Acarbose  w h e t h e r  ear ly 
fas t ing  H2 va lues  are low (fig. 1, last  med ica t ion  at the  prev ious  lunch)  or 
h igh  (last admin i s t r a t ion  of  Aca rbose  wi th  the  suppe r  on the  foregoing 
day, da ta  not  shown).  One should  expect ,  wi th  the lat ter  regime,  tha t  
con t inuous  intes t inal  secre t ions  (see In t roduc t ion)  are not  as readi ly  
d iges ted  overn igh t  as s eems  to be  the case wi th  a 20 hr in terval  of  
Aca rbose  in take  (fig. 1). 

A b imoda l  shape  (fig. 1) of  the  d iurnal  10 hr  H2 profile, t hough  less 
p ronounced ,  has  also been  obse rved  wi th  guar  granules  (28), w h e n  the H2 
peaks  were  de layed  b y  several  hours ,  and wi th  Pala t in i t  | (29) wh ich  
d e m o n s t r a t e d  a str ict  dose-effect  re la t ionship  be tween  the  a m o u n t s  of  
Pa la t in i t  | g iven and  H2 + CH4 exhaled.  

Me thanogen ic  subjec ts  p roduce  less H2 af ter  Acarbose  in take  than  non- 
m e t h a n o g e n i c  individuals  (fig. 5), a s i tuat ion which  was  also found  wi th  a 
h igh-f ibre  diet  (38) and  af ter  admin is t ra t ion  of ~-lactulose (3). In  our  
expe r i ence  (see also 29) m e t h a n o g e n i c  pe rsons  d e m o n s t r a t e  var iab le  H J  
CH4 ratios, thus  sugges t ing  the  use  of  added  values  of  H2 + CH4 in the  
eva lua t ion  of quan t i t a t ive  b rea th  tests.  

No easy  exp lana t ion  is at hand  w h y  m e t h a n e  p roduc t i on  var ies  inter- 
individual ly,  however ,  ep idemiologica l  surveys  seem to indicate  tha t  the 
h u m a n  race and  sex as well  as a close domes t i c  contac t  (parents /chi ldren  
and a m o n g s t  b ro the r s  and  sisters) dur ing  the first years  of  life are of  
i m p o r t a n c e  (40). Nei ther  is it k n o w n  w h y  the  H2 exha la t ion  reacts  so fast  
on oral in take  of  su i table  diets  whereas  the  CH4 exhala t ion  behaves  
dis t inct ly  s luggishly.  The  m e t h a n o g e n i c  or non -me thanogen i c  p rope r ty  of  
an individual  does  not  s eem to depend  on the  type  of  the  diet  (6) and  
canno t  be  al tered by  high doses  of  Acarbose  (750 mg/day)  or b y  t race  
a m o u n t s  of  Ni 2e (M. Fritz and  G. Siebert ,  u n p u b l i s h e d  observat ions)  which  
are requ i red  by  m e t h a n o g e n i c  mic roorgan i sms .  Once the  capabi l i ty  of  CH4 
p r o d u c t i o n  is es tabl ished,  d ie tary  factors  l ike a long- te rm c o n s u m p t i o n  of  
pen tose - r i ch  po lysacchar ides  (33) m a y  enhance  the  CH4 exha la t ion  rela- 
t ive to H2. When  cer ta in  ca rbohydra t e s  were  ove rdosed  and  d ia r rhea  
observed ,  CH4 exha la t ion  s topped  ra ther  drast ical ly  (M. Fritz and  G. 
Siebert ,  u n p u b l i s h e d  observat ions) ,  a s y m p t o m  which  m a y  also in the  case 
of  Aca rbose  be  of  s o m e  value  in indicat ing a pre-diarrheic  si tuation.  

The  dec rease  of  the  in tens i ty  of  abdomina l  sensa t ions  wi th  p ro longed  
in take  of  Aca rbose  is t aken  as ev idence  of  adapta t ion ,  leading to some  
k ind  of  tolerance.  In  any  case, it c anno t  d e p e n d  on changes  in the  diet, as 
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sugges t ed  by  F61sch et al. (25), s ince the  vo lun tee rs  of  this s tudy  str ict ly 
adhe red  to the  diet  p rovided;  ne i ther  can it d e p e n d  on a decrease  of  
f e rmen ta t ive  activit ies in the  large bowel  since essent ial ly  u n c h a n g e d  H2 
exha la t ions  were  obs e rved  over  5 weeks  (fig. 3a); s imilar  resul ts  were  
found  by  Ehle  et al. (22) wi th  a con t inued  excre t ion  of shor t -chain  fat ty  
acids b y  subjec ts  on high-f ibre  diets whi le  a b d o m i n a l  s y m p t o m s  b e c a m e  
less ma rked .  In  addit ion,  s tool  f requenc ies  dec reased  in the  course  of  
5 w e e k s  (fig. 5) whi le  stool  weights  and  gas  exha la t ions  did not  decrease.  
The  fact  tha t  a b d o m i n a l  sensa t ion  and  stool f r e q u e n c y  decreased,  
a l though  stool  we igh t  and  pH2 p roduc t ion  r ema ined  u n c h a n g e d  dur ing  
the  5 w e e k  obse rva t ion  per iod,  m igh t  be  exp la ined  by  an adap ta t ion  of 
a tonic  mobi l i ty  to increased  stool  we igh t  and  v o l u m e  in the  gut  lumen.  A 
poss ib le  exp lana t ion  m i g h t  be  tha t  p H  2 m a y  inf luence the  s t reng th  of  
a b d o m i n a l  sensa t ions  as well  as the act ivi ty  of  H2 c o n s u m i n g  bacter ia l  
s y s t e m s  (37). To le rance  p h e n o m e n a  are not  un ique  to Aca rbose  but  are 
also obse rved  wi th  long- te rm feeding of polyols  (30, 51) and  o ther  sy s t ems  
and  m a y  be  an expres s ion  of  the  f lexibil i ty of  microb ia l  life and  func t ion  of  
the  colon. 

With the  unproven ,  t hough  not  unreal is t ic  a s s u m p t i o n  tha t  the  carbohy-  
drate  mix tu re ,  f e r m e n t e d  in the  colon af ter  Acarbose  adminis t ra t ion ,  
yields  c o m p a r a b l e  a m o u n t s  of  H2 as are ob ta ined  f rom ~-lactulose, the H2 
exha la t ion  da ta  of  f igure 1 would  indica te  tha t  abou t  32 g of  c a r b o h y d r a t e  
has  not  been  ass imi la ted  in the  smal l  intest ine,  an a m o u n t  which  repre-  
sents  a b o u t  20 % of  the  ca rbohydra t e s  inges ted  wi th  b reak fas t  and  lunch  
in this inves t iga t ion  (table 2). In  the  case of  100 g sucrose  as c a r b o h y d r a t e  
and  200 m g  Acarbose ,  Caspa ry  (12) has  ca lcula ted  tha t  abou t  40 % was  
f e r m e n t e d  in the  colon; yet,  d i f ferent  e x p e r i m e n t a l  condi t ions  p roh ib i t  a 
c loser  e x a m i n a t i o n  of  this d i screpancy .  

Due  to the  close corre la t ion  be tween  the release of  G I P  (58) and  the  
abso rp t i on  of g lucose  and  fat const i tuents ,  G I P  is found  d imin i shed  u n d e r  
condi t ions  of  impa i r ed  absorp t ion  (16). The  insul inot ropic  effect  of  G I P  
(14) is not  a lways  ev iden t  (49) and  depends  on a s ignif icant  h y p e r g l y c e m i a  
wh ich  does  not  per ta in  in these  e x p e r i m e n t s  (fig. 6a) a l though  insulin 
increases  s t rongly  (4). The  da ta  on insulin and  glucose  r e sponses  (figs. 6 
and  7) are none the less  compa t ib l e  wi th  a po ten t ia t ing  (21) or con t r ibu t ing  
(4) effect  o f  G I P  and  are in a g r e e m e n t  wi th  data  on insulin and  G I P  by  
Collier and  O 'Dea  (13) and  by  F61sch et al. (26). In  s tudies  wi th  Pala t in i t  | 
G I P  has  b e e n  found  as a sens i t ive  early p a r a m e t e r  of  c a rbohydra t e  assimi-  
la t ion (Fritz et al., u n p u b l i s h e d  observat ions) ;  s imilar  resul ts  are repor ted  
by  Sa lminen  et al. (48) in e x p e r i m e n t s  wi th  xyl i to l -adapted  rats. 

Panc rea t i c  g lucagon  values  (fig. 6d) co r r e spond  in an inverse  m a n n e r  
wi th  b lood  g lucose  data  (fig. 6a) and  the  insul in  drop  (fig. 6b) and  are t aken  
as an exp re s s ion  of  the  regu la to ry  func t ion  w h e n  g lucose  absorp t ion  f rom 
the  smal l  in tes t ine  is d imin i shed  u n d e r  the  inf luence  of  Acarbose .  
Whe the r  g lucagon  exer t s  an inh ib i tory  act ion on gastr ic  and  small- intest i-  
nal moti l i t ies  (52) in the  p resen t  expe r imen t s ,  r ema ins  uncer ta in .  

Gas t r in  effects  on gastr ic  mot i l i ty  and  eventua l ly  also on colonic moti l-  
i ty (54) have  been  the  reasons  w h y  gast r in  levels were  de t e rmined  in these  
s tudies  (fig. 6e). Changes  in gast r in  levels were  very  small  indeed,  
a l though  the  m o u t h - t o - c a e c u m  transi t  as ev idenced  f rom the H2 p e a k  af ter  
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break fa s t  was  cons ide rab ly  shor tened.  P rev ious  repor t s  on changed  gas- 
t r in  r e s p o n s e  af ter  Aca rbose  (42, 53) could  not  be  con f i rmed  in these  
expe r imen t s .  

The  c o m b i n a t i o n  of  d ie tary  m eas u re s  and  metabo l i c  da ta  on anaerob ic  
gas p r o d u c t i o n  wi th  h o r m o n a l  pa ramete r s ,  as p resen ted  above,  pe rmi t s  
u n d e r  cont ro l led  condi t ions  a deepe r  insight  into the  phys io logy  of  the  
gut. Once  Acarbose  is given, a l tered intes t inal  funct ions  remain ,  a l though  
in n u m e r o u s  aspec t s  of  a s ignif icant  character ,  wi th in  the  f r ame  of  func- 
t ional  r e sponses  of  the  gast ro- intes t inal  t ract  to modi f ied  c a r b o h y d r a t e  
suppl ies .  

The  au thors  would  like to t h a n k  Mrs. Bea te  L a m p e r t  and  Mrs. Ge rda  
Duse l  for  t echn ica l  ass i s tance  wi th  the  r ad io immunoas says ,  as well  as Mrs. 
Mon ika  Wild and  Mrs. E l i sabe th  Zang  for m u c h  help  in des igning  and  
p repa r ing  the  diets  given.  
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