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Summary.  The effect of biguanides (phenethylbigu- 
anide, butylbiguanide  and dimethylbiguanide)  on ab- 
sorption of act ively t ranspor ted  sugars was examined by  
incubat ing rings of hamster  small intestine in vitro. 
Biguanides inhibi ted t ranspor t  of D-glucose, D-galactose 
and 3-0-methyl-D-glucose bu t  had  no effect on the  
t ranspor t  of D-fructose. Inhibi t ion of D-xylose t ranspor t  
could only be demonst ra ted  if concentrations far below 
halfmaximal  sa tura t ion concentrat ion (Kin) were used 
(lO-SM), but  not with concentrations approaching concen- 
t ra t ions during a D-xylose tolerance test  (18 raM). For-  
mat ion  of lacta te  by  intest inal  tissue was increased in 
presence of biguanides using D-glucose or D-fructose as 
substrates.  The minimal  inhibi tory  concentrations on 
t ranspor t  of D-galactose were 10-SM for phenethyl-  
biguanide, 2 • 10-aM for butylbiguanide  and 6 • 10-aM 
for dimethylbiguanide.  The metabol i te  of phenethyl-  
biguanide, 1-(4-hydroxy-fl-phenethyl)-biguanide, did not  
affect glucose up take  bu t  increased glucose metabol ism 
to some extent.  The demonstra ted inhibit ion of active 
intest inal  t ranspor t  in vitro m a y  be the mechanism for the  
decreased absorpt ion of glucose observed by  other authors  
in vivo in man  and animals after biguanides. 

Analyse de l'effet inhibiteur des biguanides sur l'ab- 
sorption de glucose: inhibition du transport actif de sucre 

Rdsumd. En incubant  les anneaux de l ' in tes t in  grgle 
chez le hamster  in  vitro, on a pu  examiner l 'effet des 
biguanides (ph6n6thylbiguanide, butylbiguanide  et di- 
melthylbiguanide) sur l ' absorpt ion des sucres transport~s 
act ivement.  Les biguanides ont  inhib6 le t ranspor t  de 
D-glucose, de D-galactose et de 3-0-mdthyl-D-glucose, 
mais n 'ont  eu aucun effet sur le t ranspor t  de D-xylose 
et de D-fructose. La  formation de lacta te  par  les tissus in. 
tes t inaux s 'est  accrue en prdsence des biguanides en 
ut i l isant  le D-glucose et  le D-fructose en t an t  que sub- 
s t ra tum.  Les concentrations minimales inhibitrices du 
t ranspor t  de D-galaetose 6taient de 10-aM pour le phdn- 
6tylbiguanide,  2 •  10-aM pour le butylb iguanide  et 
6 X 10-aM pour le dimdthylbiguanide.  Le mdtaboli te  du 
phgndthylbiguanide,  1-(4-hydroxy-fl-ph6n~thyl)-bigu- 
anide, n ' a  pus affeetd la capta t ion  de glucose, mais  a 

augment6 le m6tabolisme du glucose duns une eertaine 
proportion.  Conformgment k de rdcents rappor ts  de la 
l i t t~rature,  on conclue que l ' inhibi t ion du t ranspor t  
intest inal  peut  ~tre un facteur impor tan t  dans le m~ca- 
nisme de Faction des biguanides en ce qui eoncerne le 
diab~te sucrd et l 'ob~sit& 

Analyse des Einflussen von Biguaniden auf die Glucose 
Absorption: Hemmung des aktiven Zuckertransportes 

Zusammenfassung. Es wurde der EinfluB verschiede- 
ner Biguanide (Phen/~thylbiguanid, Buty lb iguanid  und 
Dimethylbiguanid)  auf die Resorpt ion verschiedener 
ak t iv  t ransport ierbarer  Zucker am Hamste rd i inndarm 
ir~ vitro untersucht.  Biguanide hemmten den Transport  
yon D-Glucose, D-Galaktose und 3-0-Methyl-D-Glucose, 
beeinfiussten jedoch den Transport  yon D-Fructose nicht.  
Eine Hemmung des D-Xylose-Transportes  konnte  nur 
gezeigt werden, wenn Konzentra t ionen welt unter  der 
halbmaximalen S/~ttigungskonzentration fiir D-Xylose 
benutz t  wurden (10-SM), jedoch nicht  bei Konzentra t io-  
nen, wie sic ann/ihernd w/~hrend eines D-Xylose-Toleranz- 
testes erreicht werden (18 raM). Die Lac ta tb i ldung im 
Darmgewebe aus Glucose und Fructose  war in Gegenwart  
von Biguaniden deutlich gesteigert. Die minimalen Hemm- 
kouzentrat ionen fiir den Galaktoset ranspor t  betrugen 
10-aM far Phen/i thylbiguanid,  2 • 10-3M far  Butyl -  
biguanid und 6 • 10-3M fiir Dimethylbiguanid.  Das nicht  
blutzuckersenkend wirkende Abbauproduk t  des Fhen- 
/ i thylbiguanid, 1-(4-hydroxy-fl-phen/ithyl)-Biguanid, hat-  
te keinen Einflul3 auf die Glueoseaufnahme, bewirkte aber  
eine Steigerung des Abbaues der aufgenommenen Glucose. 
Die gezeigte Hemmung des akt iven intest inalen Zucker- 
t ransportes  in vitro k6nnte der Mechanismus der herab- 
gesetzten Glucoseresorption nach Biguanidgabe in vivo 
sein, der yon anderen Autoren bei Mensch und Tier be- 
schrieben wurde. 

Key-words: Biguanides, phenethylbiguanide,  b u t y l  
biguanide, methylbiguanide,  active sugar t ransport ,  
intest inal  absorption,  hamster  small  intestine, lactate  
formation. 

Introduction 

Var ious  mechan i sms  have  been  p roposed  to  ex- 
p la in  the  t h e r a p e u t i c  ac t ion  of b ignan ides  in  d iabe tes  
mel l i tus  a n d  obes i ty  [18]. The  v a l i d i t y  of the  hypo-  
thesis  t h a t  b ignan ides  lower b lood glucose levels of 

* Pa r t  of this  work has been presented at  the 5th 
annual  meet ing of the  German Diabetes Society, Bad  
Godesberg, May 1970 and the 7th Congress of the  In ter -  
nat ional  Diabetes Federat ion,  Buenos Aires, August  1970. 

d iabe t ics  b y  a d i rec t  effect on pe r iphe ra l  glucose me ta -  
bol ism has  been ser iously ques t ioned.  Concent ra t ions  
of b iguanides  used to  induce  effects in  vitro have  been  
severa l  orders  of ma gn i t ude s  h igher  t h a n  those  which  
ac tua l l y  are  ach ieved  af te r  a t he r apeu t i c  oral  dose of 
b iguanides  [18]. I t  has  been shown, however ,  t h a t  
phene thy lb iguan ide  accumula tes  se lec t ive ly  in the  l iver  
a n d  in  the  gas t ro in tes t ina l  t r a c t  of ra t s  [30], a n d  
b u t y l b i g n a n i d e  ach ieved  i ts  h ighes t  concen t ra t ions  in  
smal l  in tes t ine  of mice [33]. Consequent ly ,  in the  in- 

27* 
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testine concentrations used for studies in vitro may be 
achieved after an oral therapeutic dose of biguanides. 
Observations that therapeutic doses of biguanides 
markedly improved glucose tolerance after an oral 
glucose load [19, 20, 23], but did not affect glucose 
tolerance after intravenous glucose administration [19, 
20, 23] indicate that the effect of biguanides on in- 
testinal transport of D-glucose may be of main import- 
ance for the mechanism of action of these drugs. The 
main difference of these recent reports from earlier less 
impressive results on the effect of biguanide treatment 
on the oral glucose tolerance test is the fact that the 
biguanides were administered shortly before the glu- 
cose load. 

Biro et al. [8] already observed that phenethylbi- 
guanide reduced glucose absorption from rat small 
intestine in vivo. Creutzfeldt et al. [17], l~6rster et al. 
[21], and Ghareb et al. [22] found that butylbiguanide 
had an indirect effect on intestinal absorption of glu. 
cose in rats consisting in an impairment of the passage 
from the stomach to the intestine. Czyzyk et al. [19] 
demonstrated by infusing glucose through loops of dog 
small intestine an inhibitory effect of butylbiguanide 
on glucose absorption in vivo. He also observed that 
pretreatment with phenethylbiguanide reduced blood 
glucose in mild diabetes after glucose administration 
by an oral load or intraduodenal drip. 

Animal experiments in rats and guinea pigs have 
also shown that pretreatment of the animals with 
biguanides decreased subsequent transport of D-glucose 
in vitro using the everted-sae technique [22, 24, 25]. 
The intestinal transport system for sugars has been 
well characterized by Crane and coworkers using 
techniques, in vitro especially in regard to its specifi- 
city and transport kinetics [14, 15]. 

The purpose of this report is to analyze the inhi- 
bitory effect of biguanides on intestinal absorption of 
glucose. Transport of several substrates exhibiting 
high and low affinities for the common sugar transport 
system will be measured in the presence of biguanides, 
in order to find out whether the inhibitory effect of 
biguanides is an effect on 1. glucose transport alone; 
2. all substrates using the common sugar transport 
system or 3. all intestinal active transport mechanisms. 

Methods 

The present experiments were performed in vitro 
by the technique of Crane and Mandelstam [13] as 
modified in a more recent publication [9, 10]. Hamsters, 
80• g in weight, were fasted overnight. Rings of 
everted hamster small intestine, 200--300 mg net 
weight, were placed in 25 ml Erlenmeyer flasks, con- 
raining 5 ml or 10 ml of Krebs-Henseleit phosphate 
buffer with the appropriate substrates added. The buf- 
fer was gassed with pure oxygen. D-mannitol was 
used as a marker for extracellular space [9]. 

Compounds. D.glucose, D-galactose, D-xylose and 
D-fructose were obtained from Serva (Heidelberg). 
3-0-~ethyl-D-glucose was a gift from Ayerst Labora- 
tories (New York). Labelled compounds, 14C-D-glu- 
cose, 14C-D-galactose, 14C-3-0-methyl-D-glucose aH-D- 
mannitol were obtained from New England Nuclear. 
Phenethylbiguanidehydrochloride was kindly provided 
by USV Pharmaceutical Corporation (New York), bu- 
ty]biguanide was provided by Chemic Griinenthal 
(Stolberg/Rhld.), dimethylbiguanide was obtained 
from Dr. Heinz I-Iaury (Miinchen). 1-(4-hydroxy-fi- 
phenethyl)-biguanide was a gift of Dr. R. Beckmann, 
Chemic Griinenthal (Stolberg/Rhld.). 

Analytical methods. Incubations were terminated 
by removal of the tissue, which was further processed 
as described by Crane and Mandelstam [13]. 3H-D- 
mannitol, 14C-D-glucose, 14C-D-galactose, 14C-3-0- 
methyl-glucose were assayed by a Packard Liquid 
Scintillation System. D-glucose was assayed by the 
glucose oxidase method using the Biochemica Test 
Combination (Boehringer, 1Vfannheim). D-xylose was 
determined according to the method of Roe [27]. Lac- 
tate was measured with the Biochemica Test Combina- 
tion (Boehringer, 1V[annheim). 

Calculation of data. Results are expressed in 
p.moles/ml tissue water 

per cent filling = i00 X ~zmoles/ml initial medium 

assuming a water content of approximately 80% of 
the tissue wet weight [13]. All data are corrected for 
the D-mannitol space [10]. 

Results 

Sugar transport in the intestine has been charac- 
terized as a Na+-dependent, phlorizin-sensitive, energy 
dependent, carrier-mediated process of accumulation 
against an electrochemical concentration gradient [13, 
14]. D-glucose (Kin= 1.5 raM) [14] exhibits the highest 
affinity for the intestinal sugar transport system. The 
affinity of 3-0-methyl-D-glucose (Kin=22 mlVI) [10], 
a non-metabolizable sugar analogue is considerably 
lower. The 'weakest' substrates for the common sugar 
pathway are L-glucose (Kin=65 mM) [9] and D-xy- 
lose (Km=100--300 mM) [1]. 

Since D-glucose is the main and best substrate we 
tested the effect of phenethylbiguanide on the uptake 
of D-glucose (Fig. 1). No significant inhibitory effect 
could be observed up to an incubation time of 5 rain. 
After 45 rain. of incubation 80.8% of the radioactivity 
of tdC.D-glucose could be recovered as D-glucose. This 
corresponds to reports in the literature for rat intestine 
where D-glucose can be metabolized to quite an extent 
[3]. In the presence of phenethylbiguanide (10-2M) up- 
take of l~C-D-glucose was inhibited by 64.4%, none 
of which could be found as 'true' D-glucose in the 
tissue. Therefore phenethylbiguanide decreased influx 
of D-glucose while simultaneously increasing the recta- 
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bolism of D-glucose entering the intestinal epithelial 
cells. 

I f  rings of hamster  small intestine were preineubat- 
ed for 30 rain in the presence of phenethylbiguanide, 
and subsequently the t ransport  capacity for D-galae- 
rose was tested without phenformin present  in the 

metabolizable substrates should be used. Therefore 
t ransport  of D-galactose, which is very poorly meta-  
bolized [15], of 3-0-methyl-D-glucose [10], a non-meta- 
bolizable sugar analogue, and D-xylose [1] was measur.  
ed and the effect of phenethylbiguanide and butylbi-  
guanide was examined. I f  biguanides exert  their inhibi- 
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Fig. 2. Effect of pre-incubation with phenethylbiguanide 
on subsequent, intestinal transport, of D-gMactose. Rings 
of everted intestinal tissue were pre-incubated for 30 rain 
in t~2rebs-ttenseleit phosphate buffer or in buffer plus 
phenethylbiguanide. Tissue was then transferred to a new 
medium containing buffer and 0.6 mM ~4C-D-galactose, 
and incubated for the ~ime periods indicated. I~esults are 

given as means :~ 8EM (n = 5) 

medium we found an immediate and stronger inhibi- 
tory  effect (Fig. 2). No longer is intraeellular concen- 
t ra t ion against a gradient achieved. Since biguanides 
are known to inhibit respiration thus leading to an in- 
crease in anaerobic glyeolysis [28, 18], we examined the 
effect of biguanides on lactate formation of intestinal 
tissue from D-glucose. With increasing concentrations 
of phenethylbiguanide glucose accumulation in the 
tissues decreased a n d  formation of lactate increased 
(Fig. 3). 

As metabolism of D-glucose occurs during the 
course of t ransport  even in the absence of phenethyl.  
biguanide [3] (Fig. l), D-glucose is not  a suitable com- 
pound ~o measure transport .  Instead,  poorly or non- 
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Fig. 3. Effect of phenethylblguanide on accumulatlon of 
D-glucose and lactate formation fl-om D.glucose by  
hamster small intestine in  vitro. Rings of everged hamster 
small intestine were incubated for 45 minutes wi~h 18 m3/I 
D-glucose in the presence of various concentrations of 
phenethylbiguanide. Intracellular concentration of D- 
glucose is expressed in %-filling, lactate production is 
expressed in ~zmoles of lactate formed/g of tissue wet 
weight/45 rain. Results are given as means • SEM (n = 6) 

to ry  action by  affecting the common sugar binding site, 
uptake  of all substrates should be affected as in the 
ease of phlorizin [i4] or sulphydrylgroup reagents such 
as n-ethyl-maleimide. Transport  of D-galactose was 
more strongly inhibited than  t ransport  of the 'poorer '  
substrate 3-0-methyl-D.glucose (Fig. 4). Uptake  of 
D.xylose was not inhibited using 18 mM D.xylose as 
the substrate. One has to keep in mind tha t  with D.xy-  
lose as a substrate, an  intracellular concentration 
against  a gradient has not  been achieved, even tough 
its t ranspor t  shows all the criteria for acceptance as a 
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substrate for the common sugar transport  system [1, 
14]. 

In order to find out the lowest inhibitory concen- 
trations of phenethylbiguanide, butylbiguanide and 
dimcthylbiguanide, we incubated rings of hamster small 
intestine with different concentrations of biguanides. 

hydroxylated form [30]. If  this compound would affect 
intestinal transport  in equimolar concentrations to the 
same extent  as phenethylbiguanide, one might consider 
the inhibitory effect of biguanides on intestinal trans- 
port  as an unspecific side-effect having no significance 
for the blood glucose-lowering effect of these drugs in 
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Fig. 4. Comparative effect of phenethylbig~anide and 
butylbiguanide on intestinal transport of D-galaetose, 
3-0-methyl-D-glucose and D-xylose. Intestinal rings were 
incubated for 45 minutes with the appropriate substrates, 
biguanides were added as indicated in the graph. Results 

are given as means =k SEM (n = 4) 
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Fig. 5. Inhibit, ion of intestinal transport of D-galactose by 
different concentrations of phenethylbiguanide. Intestinal 
rings were incubated for 45 minutes with 0.6 mM ltC-D- 

galactose. Results are given as means =k SEM (n = 6) 

Phenethylbiguanide exerted an inhibitory effect on 
transport  of D-galactose even at a concentration of 
10-~M (Fig. 5). The lowest inhibitory concentration of 
butylbiguanide was 2 • 10-31~ (Fig. 6). Dimethylbigua- 
hide (not shown) was ir~ibi tory at  a concentration of 
6.5 • 10-3M. 

The metabolite of phencthylbiguanide, 1-(4-hy- 
droxy-fl.phenethyl).biguanide, is known to have 
no blood-glucose-lowering effect in the mouse [4] and 
to be less potent  in the rat, compared with the non- 

diabetics. 1-(4-hydroxy-fl-phenethyl)-biguanide did not 
inhibit uptake of D-glucose at  a concentration of 10-~M; 
however, an increase of intracellular glucose meta- 
bolism was induced as measured by  a decreased 
amount  of D-glucose in the tissue (Table 1). 

D-fructose is absorbed by the intestine but  it  is 
not actively transported [14, 15]. Intraeellularly, D- 
fructose, however, can be converted to D-glucose 
which then may be actively transported [15]. There 
are two pathways for the conversion of fructose to 
glucose, both of which require ATP: one, in which the 
initial reaction is the formation of fructose-6-phos- 
phate catalyzed by  hexokinase and the other, by  
which fructose-l-phosphate formation is catalyzed by 
fructokinase [15]. Experiments were done by  incubat- 
ing rings of intestine with D-fructose in the presence 
and absence of phenethylbiguanide. As expected; 
phenethylbiguanide (10-~M) did not affect intracellular 
concentration of fructose after an incubation of 45 min 
with 18 mM D-fructose; however, after incubation 
with phenethylbiguanide glucose formed from fructose 
was nearly absent. This may have been due to depress- 
ed intracellular conversion of fructose to D-glucose or, 
more likely, due to an increase of anaerobic glycolysis 
of glucose resulting in ~n increased formation of lactate 
(Table 2). 

Discussion 

The results presented show that  biguanldes do 
inhibit transport  of actively transported sugars in 
vitro. This inhibition was strongest for substrates 
achieving highest accumulations in the intestinal 
epithelial cells. These findings agree with observations 
of other investigators tha t  administration of biguani- 
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des to rats and guinea pigs in vivo resulted in a sub- 
sequent decreased transport of D.glucose in vitro [22, 
24, 25]. These authors [22, 24, 25] carried out  their 
experiments with the everted-sae technique [32], using 
D-glucose as a substrate and measured glucose at  the 
mucosal and serosal side of the intestine, taking muco- 

glucose and also to an increase of glucose metabolism 
in the intestinal wall of patients pretreated with big- 
uanides. Biguanides did not have an effect on trans- 
port  of D-xylose, which is in agreement with several stu- 
dies in vivo [2, 5, i8, 31], and proves that  theD-xylose 
tolerance test is an inadequate parameter to use if one 

Table 1. Effect of phenformin and its metabolite 1-( g-hydroxy-~-phenethyl)-biguani~te 
on uptake of D-glucose by hamster small intestine in vitro 

Substrate %-filling %-inhibition %-filling %-inhibition 
(14C) (GOD) 

Control 
(6 toNI D-glucose) 663 4- 15 -- 626 ! 26 -- 
Plus phenformin 
(10-~ M) 1324-14 80 6 8 ! 1 0  89.1 
Plus 1-(4-hydroxy-fl- 
phenethyl)-biguanide 
(10 -3 M) 631 q- 43 5 492 ~ 18 21.5 

Rings of hamster small intestine were incubated for 45 rain in Krebs-Henseleit 
phosphate buffer. 
Results are expressed as means 4- SE1VI (n ---- 5) 

Table 2. Effect of phenethylbiguanide on uptake of D-fructose, formation of D-glucose from fructose and lactate formation, 

Substrate intracellular D-fructose 
(t~moles/ml tissue water) 

formation of D-glucose 
(vmoles/g tissue wet-w.) 

lactate formation 
(~moles/g tissue wet-w.) 

D-fructose (18 mM) 3.48 :k 0.72 7.3 4- 0.64 23.8 :k 3.3 
D-fructose (18 mM) 
plus phenethylbiguanide 
(10 -~ M) 3.87 4- 0.63 0.45 4- 0.05 34.8 ~= 4.3 

Rings of hamster small intestine were incubated for 45 rain in Krebs-Henseleit phosphate buffer. Tissue and medium 
were analyzed for D-glucose and lactate. 
Results are given as means 4- SENI (n = 6) 

sal.serosal concentration differences of D-glucose as a 
measure for transport,  but  did not analyze the tissue 
compartment for glucose. Since D-glucose can be meta- 
bolized to a considerable extent  in the small intestinal 
wall [3] their studies could not  distinguish whether the 
decreased amount  of D-glucose appearing at  the serosal 
side of the intestine from animals pretreated with 
phenethylbiguanide, was due to a decreased uptake of 
D-glucose or an increased intracellular metabolism of 
D-glucose. By  using non-metabolizable substrates for 
the intestinal sugar transport  system we could show 
that  indeed uptake of sugars is decreased by  biguani- 
des. 

If  a metabolizable substrate, like D-glucose, is 
used there is in addition an increase in anaerobic gly. 
colysis in presence of biguanides, thus leading to a 
lower intracellular glucose concentration and a de- 
crease of the amount of D-glucose appearing in the 
serosal compartment of a preparation in vitro. The 
decreased blood glucose response after oral glucose ad- 
ministration as reported by Czyzyk et al. [19, 20] and 
Hollobaugh [23] in maturity-onset diabetics as well 
as in normal adults, could be, judging from our results 
in vitro, due to a decreased or delayed transport  of D- 

wants to make conclusions on glucose absorption. 
D-xylose is a 'weak' substrate of the common in- 
testinal sugar transport system [14], whereas D-glu- 
cose has a very  high affinity for the system [14] and in 
addition can be metabolized to quite a considerable 
extent  before appearing in the portal venous system 
[15]. In  our experiments we used 18 mN[ D-xylose as 
the substrate approaching the conditions in vivo during 
the xylose tolerance test. However, an inhibitory 
effect can be expected only if concentrations of D- 
xylose far below Km  or tracer amounts are used, be- 
cause with concentrations of 5.4• 10-5~I D-xylose 
Bihler et al. succeeded in achieving concentrations 
against a gradient [5a]. As expected, in additional ex- 
periments using laC-D-xylose in 10-sM cold carrier 
substance we could demonstrate an inhibitory effect 
of phenethylbiguanide (10-~M) on uptake of D-xylose 
(23% inhibition). 

Berger et al. [7] have shown an increase in portal 
lactate concentration after an oral load of D-glucose in 
patients pretreated with dimethylbiguanide. Our results 
in vitro confirm this observation, since phenethyl- 
biguanide increased lactate production from D-glucose 
by  intestinal tissue. Formation of lactate from D- 
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fructose was also increased in the presence of phene- 
thylbiguanide (Table 2). Transport  of D-fructose, which 
is not actively t ransported in the intestine, was not 
affected by  biguanides. The amount  of glucose, how- 
ever, formed from D-fructose was much less in presence 
of biguanides. This may  be due to an increase of anae- 
robic glycolysis of the glucose formed from D-fructose, 
thus leading to an increased lactate production or an 
inhibition of the conversion of D-fructose to D-glucose 
catalyzed in the intestinal mucosal wall by  hexokinase 
or fructokinase and requiring ATP. 

The fact tha t  the inhibitory action on active trans- 
port, and possibly on any  reaction requiring energy in 
the intestine (like phosphorylation) is exerted only by  
known blood-glucose-lowering biguanides (phenethyl- 
biguanide, butylbiguanide, dimethylbiguanide) and 
not by  a biguanide which has no [4] or only a small [30] 
effect on lowering blood glucose, like 1-(4-hydroxy-fl- 
phenethyl)-biguanide, suggests tha t  the effect of 
biguanides on intestinal absorption may  be an impor- 
t an t  factor in the mechanism of action of these drugs. 
Inhibit ion of active sugar t ransport  by  biguanidcs 
is not specific for the D-glucose t ransport  system. Ac- 
t ive t ransport  of myo-inositol, structurally very 
similar to D-glucose but  entering the intestinal muco- 
sal cell by  a route different from the D-glucose path- 
way [11], is also inhibited by  phenethylbiguanide [12]. 
Active t ransport  of amino acids [12, 18] in hamster  small 
intestine, and active intestinal t ransport  of calcium in 
ra t  duodenum is further inhibited by  biguanides [12, 18]. 

The concentrations of biguanides used to induce 
effects in muscle and adipose tissue in vitro were much 
higher than  those achieved in vivo by  therapeutic 
doses. This is not true for the intestine. An inhibition 
of glucose absorption by  biguanides has been reported 
already in diabetics [19, 20] and in normals [23]. I t  is 
not yet  possible to relate quanti tat ively the effects of 
biguanides on intestinal t ransport  to the overall 
therapeutic action of these drugs in patients with dia- 
betes mellitus. An increased absorption of glucose has 
been shown by  several authors in alloxan-diabetie rats  
using techniques in vitro [16, 26], and in juvenile dia- 
betics with the intestinal peffusion technique [29]. 
However, applying different methods in rive Levinson 
etal. [24a] were unable to confirm this in alloxan-dia- 
betic rats. Further  studies are necessary to find out 
whether the diabetic state really is associated with an 
increased and accelerated absorption of glucose. 

I f  the earlier reports [16, 26, 29] can be confirmed, 
inhibition of glucose absorption by  biguanides may  be 
of special importance in the mechanism of action of 
these oral antidiabetic drugs. 
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