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Summary. The effect of a 14 day-administration of 
butylbiguanide was investigated in a group of 10 
obese patients with mild-to-moderate glucose into- 
lerance. Glucose tolerance was significantly im- 
proved, while fasting blood glucose and plasma 
levels of free fatty acids, insulin and glucagon re- 
mained unchanged. The estimation of the amount of 
the oral glucose load oxidized into CO2 was per- 
formed by means of a recently described procedure 
using "naturally labelled 13C-glucose" as tracer. The 
curves depicting the oxidation of the exogenous glu- 
cose load were similar in shape and magnitude be- 
fore and after administration of the biguanide; in 
the latter case, however, slightly higher rates of oxi- 
dation of exogenous glucose were recorded during 
the 2nd, 3rd and 4th hours of the test. These data 
do not provide evidence that the biguanide-induced 
improvement in glucose tolerance in patients with 
mild-to-moderate glucose intolerance is associated 
with any inhibiting or delaying effect of this type of 
drug on intestinal absorption (and subsequent ox- 
idation) of the exogenous glucose load. On the con- 
trary, a slight, but statistically significant, increase in 
the oxidation of exogenous glucose has been ob- 
served after butylbiguanide. 

Key words: Biguanide, butylbiguanide, diabetes, 
free fatty acids, glucagon, glucose, insulin, manage- 
ment, stable isotopes. 

We have recently reported a procedure which allows 
estimation of the amount of an oral glucose load ox- 
idized into CO2 in man [1-6]. The method includes 
the use of glucose "naturally labelled" [1] with the 
stable isotope, t3C. 

The aim of the present paper is to report the ap- 
plication of this new and innocuous procedure to the 
study of the mechanism of the blood glucose lower- 
ing action of butylbiguanide in human diabetes. 
Despite a wide therapeutic use [7], the site(s) and 
mode(s) of action of biguanides remain controver- 
sial [8]. Several recent observations suggest that the 
biguanides might slow or inhibit the intestinal ab- 
sorption of glucose [9-12], while various clinical or 
experimental reports indicate that these drugs may 
act by decreasing liver gluconeogenesis [13] or in- 
creasing peripheral utilization of glucose [14, 15]. In 
the present study, we investigated the effect of a 14 
day-administration of butyl-biguanide on the oxida- 
tion of an exogenous glucose load, using naturally 
labelled 13C-glucose, in a group of obese patients 
with mild-to-moderate glucose intolerance. 

Methods 

Study group 

Ten obese patients (20 per cent or more in excess of 
their ideal body weight) served as experimental sub- 
jects (Table 1). All had normal liver and kidney 
function as evaluated by routine criteria. Four (n ~ 2, 
3, 5, and 6) had moderate fasting hyperglycaemia 
(109 to 133 mg %) and all had glucose intolerance 
according to standard criteria [16]. All subjects were 
investigated before and 14 days after biguanide 
therapy (butylbiguanide or Silubin-retard | 100 mg 
twice daily, the last dose being given two hours be- 
fore the beginning of the second test). During the 
study, and for at least 3 days before the first test, the 
subjects were fed on a normal diet providing 
a minimum of 250 g of carbohydrate per day and no 
other medication than biguanide was provided. The 
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Table 1. Clinical data 

r/~ r/3 

1 F 27 163 102.5 192 
2 F 60 155 81.5 163 
3 M 55 175 81,0 120 
4 F 42 170 77.0 129 
5 M 54 172 79,0 124 
6 F 49 155 67,0 134 
7 M 37 176 95,0 140 
8 F 46 162 64,0 124 
9 M 25 165 82.0 136 

10 c F 54 160 71.0 135 

a The weights of the patients were identical at the times of the 
two studies 
b IBW: Ideal body weight according to the tables of the Metro- 
politan Life Ins. Co [40] 
c No blood data were available in the second test for this patient 

weights of the patients remained constant through- 
out the study. All subjects were fasted overnight be- 
fore the test and all tests started at about 8 A.M. 

Glucose Tolerance Test 

In the standard oral glucose tolerance test (OGTr),  
100 g of glucose (Glucopur, Glucoseries R6unies, 
Alost, Belgium) were administered in 400 ml of wa- 
ter. Melting point determinations showed that this 
glucose was partially hydrated and calculations indi- 
cated that the amount of pure glucose in the load 
given was in fact 95 + 1 g (mean _+ S.D., n = 4). 
This glucose, whose 6 13C~ equals 17.8 _+ 0.3 (mean 
+ S.D., n = 4) has a 13C content greater than that 
normally found in human expired air [1]. Blood was 
sampled from an indwelling catheter inserted in an 
antecubital vein at 15 and 0 minutes before glucose 
ingestion and 30, 60, 90, 120, 150, 180, 210, 240, 
270 and 300 minutes thereafter. The bladder was 
emptied before the test; all urine produced during 
the test was collected. 

Blood and Urine Analysis 

Blood glucose was determined by the method of 
Hoffman [17] adapted to the Technicon Auto- 
Analyzer | Plasma free fatty acids (FFA) were de- 
termined by microtitration [18]. For hormone deter- 
mination, 3.6 ml of blood was added to 0.4 ml of 
a solution containing Trasylol | 5000 U/ml and 
Na2EDTA 12 mg/ml.; the mixture was kept in an 
ice-bath until centrifugation at 4 ~ C. The separated 
plasma was stored at - 2 0  ~ C. Plasma glucagon was 
determined in duplicate by radioimmunoassay [19], 
using ~3~I-glucagon as tracer and 30K antiserum 
(Dr.R.H. Unger, Dallas). Plasma insulin was 
assayed in duplicate by radioimmunoassay [20]. Uri- 
nary glucose was determined enzymatically using 
hexokinase (Biochemica Test | Boehringer n ~ 
15994). 

Expired Air Analysis 

The procedure has been described in detail 
elsewhere [5]. In brief, expired air was collected 
during 5 min every half-hour for the 7 hours follow- 
ing glucose ingestion; its CO2 content was deter- 
mined using a Tissot gasometer and a respiratory 
mass spectrometer (Varian (MAT-M3); the 13C/12C 
ratio of this CO 2 was analysed using a double-collec- 
tor mass spectrometer (Varian MAT-CH5). This 
isotopic ratio is expressed as 6 ~3C which gives the 
enrichment in ~3C isotope of the sample relative to 
the reference CO 2 (see foot-note~). 

Calculations 

The amount of exogenous glucose oxidized to CO2 
was derived from the ~3Cfl2C ratio in the glucose 
given, the 13C/12C ratio in the samples of expired air 
and the amounts of exhaled COz, using calculations 
published elsewhere [5]. 

All data were analysed using the Student t test 
for paired and non-paired data [21]. Unless other- 
wise stated, all results are expressed as mean 
_-_ SEM. 

1 The relative abundance of 13C and a2C atoms in a sample is 
given by the formula of Craig [43]: 

13C/12C sample 
6 13C (per ml) = 10 3. 13C/12C standard - 1 

One unit of 6 13C corresponds to a change of about 1.10 -s in the 
ratio 13C/12C, and the precision of a measurement is + 0.2 unit of 
6 I3C. We used as standard carbon sample 21 provided by the 
National Bureau of Standards (NBS 21) 

Results 

Blood Glucose and Plasma FFA 

Basal blood glucose, averaging 99 ___ 7 mg % before  
and 97 + 7 mg % after treatment, was not affected 
by the 14 day-biguanide therapy. Glucose tolerance 
was significantly improved after butyl-biguanide 
(BuBG) (Fig. 1). The mean of the maximal blood 
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Fig. 1. Changes in blood glucose levels in the OGTI" before and 
after butylbiguanide (BuBG). Results are expressed as mean 
_+ SEM 
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Fig. 2. Changes in plasma insulin levels in the OGTT before and 
after butylguanide (BuBG). Results are expressed as mean 
• SEM 
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Fig. 3. Changes in plasma glucagon levels in the OGTT before 
and after butylbiguanide (BuBG). Results are expressed as mean 
_+ SEM 
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Fig. 4. Changes in the isotopic ratio 13C/12C (expressed as 6 ~3C) 
in the expired air CO 2 during the OGTI" before and after butyl- 
biguanide (BuBG). Results are expressed as mean + SEM. Time 
0 on the abscissa corresponds to the ingestion of glucose 

glucose rises in each individual test was 208 + 9 mg 
% before and 182 _+ 14 mg % after B u B G  (p<0 .05  
on paired comparison).  Total glycosuria during the 
test was less than 1 g/7 hours in all patients (before 
or after B u B G )  with the exception of case n~ 
( 2 . 4 8 g / 7  hours before B u B G )  and case n~ 
(6.12 g/7 hours, before and 8.26 g/7 hours, after 
BuBG) .  Basal plasma F F A  (mean of the samples 
collected at - 1 5  and 0 min) averaged 769 _+ 61 
~tmol/1 before, and 706 _+ 64 gmol/1 after BuBG,  
a difference which is not statistically significant. Oral 
glucose administration resulted in a profound de- 

pression of F F A  plasma levels, similar in magnitude 
before (298 _+ 31 mmol/1) and after B u B G  (325 
_+ 52 retool/l), B u B G  did not affect the secondary 
rise observed after the 210th minute of the test. 

Plasma Insulin and Glucagon 

Basal plasma insulin was similar before (9.5 _+ 2.4 
btU/ml) and after B u B G  (11.0 _+ 3.1 ~tU/ml). The 
mean response to oral glucose was unaffected by 
B u B G  (Fig. 2). Owing to marked individual varia- 
tions in the insulin responses,  the data were 
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Table 2. Cumulative oxidation of exogenous glucose in the OGTT before and after butylbiguanide (BuBG) a 

Time from glucose ingestion 0-1 0-2 0-3 0-4 0-5 0-6 0-7 
(hours) 

Mean quantities of exogenous 
glucose oxidized (g) 
Before BuBG 0.66_+0.15 
After BuBG 0.98_+0.13 

3.33-+0.54 7.93-+1.04 13.52_+1.45 19.01-+1.71 23.79-+1.86 27.57__+2.02 
4.18-+0.41 9.58-+0.85 16.05+1.39 22.20__+1.93 27.31__+2.23 31.13_+2.44 

Mean change after BuBG +0.32_+0.19 +0.85-+1.63 
p (paired t test) N.S. N.S. 

+1.65-+0.77 +2.53-+0,87 +3.19-+1.09 +3.52-+1.37 +3.56_+1.63 
N.S. <0.02 <0.02 <0.05 NS 

a Results are expressed as mean _+ SEM; n = 10 
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Fig. 5 Rates of exogenous glucose oxidation in the OGTI" before 
and after butylbiguanide (BuBG). Results are expressed as mean 
+ SEM; * p < 0.05; ** p < 0.02. Time 0 on the abscissa cor- 
responds to the ingestion of glucose 

analyzed by calculating the sum of insulin incre- 
ments above basal levels at 30, 60, 90, 120, 150 and 

180 min. ( /~  --lIRI "~ This parameter  averaged 312 
\ / . _ a 0 - 180 /  

_+ 88 ~tU/ml before and 283 + 89 btU/ml after 
BuBG. The difference was not statistically signifi- 
cant by both non-paired and paired t test analyses. 

Basal plasma glucagon was similar before (78 
_+ 9 pg/ml) and after BuBG (73 _+ 8 pg/ml). Oral 
glucose elicited a 40% reduction in plasma gluca- 
gon, a change which was not affected by biguanide 
(Fig. 3). 

Changes in 6 13C in Expired CO 2 and Evaluation of 
Exogenous Glucose Oxidation 

Biguanide therapy did not modify the natural 
abundance of 12C and 13C atoms in expired CO2 un- 
der basal conditions: 6 13C in expired air averaged 
5.00 + 0.32 before and 5.17 _+ 0.22 after BuBG. As 
illustrated by Figure 4, the administration of 
"naturally-labelled" 13C glucose resulted in a rise in 
expired COz 6 13C which was very similar before 

and after BuBG. As shown in Figure 5, the curve 
depicting the oxidation of the exogenous glucose 
load was similar in shape and magnitude before and 
after administration of biguanide: slightly higher 
rates of oxidation of exogenous glucose, however, 
were recorded during the 2nd, 3rd and 4th hours of 
the test. Cumulative data on the oxidation of the ex- 
ogenous glucose load are given in Table 2. Here  
again it appears that the total quantities of exogen- 
ous glucose oxidized are slightly but significantly in- 
creased in the BuBG-t rea ted  group after the third 
hour of the test. 

Discussion 

Stable isotopes are increasingly used for physiologi- 
cal, pathophysiological and pharmacological investi- 
gations [22]. Lacking any radiation hazards, they of- 
fer major  advantages against radioactive isotopes as 
far as tracer studies are concerned [23, 24]. Glucose 
artificially enriched in 13C is available for metabolic 
studies [23], but it is relatively rare and expensive. 
We have described the interest of "naturally label- 
led 13C-glucose" for metabolic studies in animals 
[25] and in man [1-6]. 

The higher concentration of 13C atoms in some 
natural sugars is related to a selective isotopic effect 
occurring during photosynthesis in certain types of 
plants [25, 27]: the abundance of 13C atoms in cane 
and maize sugar, from which the glucose used for 
O G T T  is often manufactured, is higher than that of 
sugar derived from most other plants. In previous 
studies we have described the enrichment of expired 
CO;  in 13C atoms after oral administration of 
"naturally labelled ~3C-glucose" [1]. At rest in nor- 
mal man, roughly 1/3 of a 100 g load of glucose given 
by mouth was oxidized to CO a in 7 hours [5]. 

In the present investigation we applied this pro- 
cedure to the study of the mechanism of the blood 
lowering effect of butylbiguanide in human diabetes. 
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We simultaneously determined blood glucose, plas- 
ma FFA, plasma insulin and glucagon in order to 
characterize precisely the group under study. The 
patients were selected on the basis of a mild-to- 
moderate glucose intolerance and of the presence of 
obesity. The reasons for this choice are: (1) this type 
of patient frequently represents an indication for 
biguanide therapy when diet alone has been proven 
to be ineffective (2) glycosuria during the test would 
be minimal at this degree of glucose intolerance and 
this would eliminate the presently unsolved problem 
of evaluating the amount of e x o g e n o u s  glucose lost 
in the urine. This isotopic enrichment of naturally 
labelled 13C-glucose is extremely low and currently 
available methods for extraction of glucose from 
a complex medium such as urine may involve 
isotopic effects which are as yet not fully evaluated. 
The biguanide selected for this investigation, butyl- 
biguanide, is a drug used on a large scale in Europe 
and particularly in Germany [28]. It is usually con- 
sidered as safer then phenylethylbiguanide as far as 
potential lactic acidosis is concerned [29] and it usu- 
ally leads to less gastro-intestinal intolerance than 
dimethylbiguanide [30]. In the present investigation, 
the drug was well tolerated by all subjects. 

After a 14 day-treatment with butylbiguanide, 
glucose tolerance was significantly improved while 
basal blood glucose, which was already near to nor- 
mal before treatment, was unchanged. This finding 
is in agreement with previous reports [8]. Plasma 
FFA were unchanged both under basal conditions 
and after oral glucose. Their basal level was, as ex- 
pected, higher than the one usually found in our 
laboratory for normal controls [31]. In contrast to 
the findings of other authors [8], we did not find 
decreased plasma insulin responses to oral glucose 
after biguanide administration. In agreement with 
Reaven et al. [32], we observed a marked hetero- 
geneity in the insulin responses to oral glucose in 
this group of obese mildly diabetic patients. Plasma 
glucagon was unchanged after butylbiguanide. Both 
before and after treatment, oral glucose elicited 
a significant fall in plasma glucagon as it does in 
normal subjects. This finding suggests that the im- 
provement in glucose tolerance induced by butyl- 
biguanide is not due to a change in glucagon cir- 
culating levels. It confirms our previous finding that 
arginine-induced glucagon rise is not affected by 
biguanide (here dimethylbiguanide) treatment [33]. 
These data seem to rule out the possibilities that 
biguanide-induced improvement of glucose toler- 
ance is mediated by changes in FFA, insulin or 
glucagon. 

Among the numerous mechanisms evoked to 
explain the blood lowering effect of biguanides [34], 

the possibility that these drugs might act by inhibit- 
ing or slowing the intestinal absorption of glucose 
has been raised [9]. In fact, inhibition of glucose ab- 
sorption has been demonstrated by perfusion tech- 
niques in vivo [9, 11, 12] and also observed in vitro 
[10]. It has been suggested that biguanides might 
lower the ATP content of intestinal epithelial cells 
and thereby reduce the energy available for active 
transport [35]. In agreement with this theory is the 
apparent ineffectiveness of biguanides to improve 
glucose tolerance when infused intravenously [8, 
36]. 

The method that we have described for evaluat- 
ing the oxidation of an exogenous glucose load using 
naturally labelled 13C-glucose has limitations which 
we have previously discussed [4, 5]. It provides indi- 
cations about the amount of exogenous glucose car- 
bons oxidized to COz, independently of the met- 
abolic pathways followed. It does not take into con- 
sideration factors such as equilibration between the 
glucose pools or changes in the bicarbonate-CO2 
pool. As originally demonstrated by Krebs et al. 
[37] and discussed by Vranic [38] and Streja et al. 
[39] another difficulty arises because many meta- 
bolic pathways share common metabolic pools and 
"crossing over" of label occurs. In the example 
given by Krebs et al [37], the flux of 14C from lac- 
tate to glucose underestimated the actual synthesis 
of glucose from lactate. This was due to an inter- 
change of 12C and 14C in the oxaloacetate pool, 
a pool shared by the Krebs cycle and the gluco- 
neogenic pathways: thus "the fate of the label does 
not allow predictions to be made about the ne t  fate 
of the labelled metabolites" [37]. For similar 
reasons, in our experiments the calculation of ex- 
ogenous glucose oxidation would probably represent 
an u n d e r e s t i m a t e  of true ne t  glucose oxidation. The 
impact of this underestimate is probably minimized 
by the fact that our conclusions are based on the 
comparison of exogenous glucose oxidation in the 
s a m e  Subjects under two different conditions. With 
these limiting factors in mind, the method has per- 
mitted us to estimate the amount of an exogenous 
glucose load of about 95 g completely oxidized to 
CO2 in normal individuals at rest as 28.4 _+ 1.4 g 
[5]. This value is very close to the one obtained, in 
the control OGTF, in the present group of obese 
patients with moderate glucose intolerance: 27.5 
_+ 2.0 g. Urinary losses of glucose can be ignored 
since they were below 1 g/7 hours in 8 out of the 
subjects. These data might indicate that the oxida- 
tion of an exogenous glucose load given orally is 
very similar in normal subjects and in patients with 
mild glucose intolerance, a finding which is in agree- 
ment with recent results obtained using indirect 
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ca lo r ime t ry  [40] or  14C-glucose t u rnove r  m e t h o d s  
[41]. 

A f t e r  bu ty lb iguan ide  t r e a tmen t ,  the  lower ing  of  
the  b l o o d  glucose  curve af ter  inges t ion  of the  
"na tu ra l l y  l abe l l ed  13C-glucose" is no t  a c c o m p a n i e d  
by  any de lay  in the  a p p e a r a n c e  of the  13C a toms  in 
exp i r ed  air  CO2 (f igure 4). F u r t h e r m o r e ,  ne i t he r  the  
curves  dep ic t ing  the  hour ly  ra tes  of ox ida t ion  of 
exogenous  glucose (f igure 5) nor  the  ca lcula t ions  of 
the  cumula t ive  amoun t s  of exogenous  glucose 
ox id ized  (Tab le  2) indica te  any lower ing  o r  de lay ing  
effect  a t t r i bu tab le  to  the  b iguan ide  t r ea tmen t .  O n  
the  con t ra ry ,  a slight,  bu t  s ta t is t ical ly  significant ,  in- 
c rease  in the  ox ida t ion  ra te  of  exogenous  glucose  
has  b e e n  o b s e r v e d  af ter  bu ty lb iguan ide .  Thus,  ou r  
da t a  do  not  p rov ide  ev idence  of any inhibi t ing  or  
de lay ing  effect  of  b iguan ides  on  in tes t ina l  g lucose  
abso rp t ion  (and  subsequen t  exogenous  glucose 
ox ida t ion )  in pa t ien t s  wi th  m i l d - t o - m o d e r a t e  g lucose  
in to le rance .  T h e y  are  c o m p a t i b l e  wi th  an inh ib i to ry  
effect  of these  drugs  on  hepa t i c  g lucose  o u t p u t  o r  
wi th  a mi ld  s t imula t ion  of p e r i p h e r a l  u t i l i sa t ion of 
glucose or  wi th  b o t h  mechan isms .  
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