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Summary. Twelve hour metabolic rhythms have 
been performed on six maturity-onset diabetic sub- 
jects during successive periods of therapy with phen- 
formin, metformin, and glibenclamide. Moderate 
control of blood glucose concentration was achieved 
with phenformin and metformin, the lowest con- 
centrations being found with glibenclamide. Mean 
blood lactate concentration was grossly elevated 
during phenformin therapy, moderately elevated 
with metformin and normal during glibenclamide 
treatment. Similar patterns were found for the lac- 
tate/pyruvate ratio, alanine, glycerol and ketone 
bodies. Serum triglyceride concentrations were sig- 
nificantly higher during phenformin treatment than 
with the other two regimes. Serum insulin concen- 
tration was higher on glibenclamide than with either 
biguanide. Most of these effects of the biguanides 
could be accounted for by an inhibitory effect on 
hepatic gluconeogenesis. It is concluded that the use 
of biguanides as hypoglycaemic agents in diabetes is 
associated with the production of multiple metabolic 
abnormalities. 
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Three major mechanisms have been postulated to 
explain the hypoglycaemic action of the biguanides. 
They are: - inhibition of glucose and amino acid 
transport across the small bowel [1, 2]; enhanced 
glycolysis in extrahepatic tissues [3]; and inhibition 
of hepatic gluconeogenesis [4, 5, 6, 7]. If either of 

the last two mechanisms are important then changes 
in circulating metabolites, particularly gluconeogenic 
substrates, would be expected. 

In diabetics during biguanide therapy elevated 
concentrations of blood lactate and pyruvate have 
been reported in fasting specimens and during an 
oral glucose tolerance test [8, 9], although some re- 
ports have failed to confirm this finding [10]. In par- 
ticular, attention has been paid to the massive rises 
in lactate, pyruvate, and alanine concentrations 
which occur occasionally in patients taking phenfor- 
min or metformin who present with life-threatening 
lactic acidosis [11, 12, 13]. Little is known, however, 
of the effect of biguanides, or indeed of other oral 
hypoglycaemic agents, on the blood concentrations 
of lactate and other gluconeogenic precursors and 
intermediary metabolites, in stable, maturity-onset 
diabetics during normal life. 

We have, therefore, investigated blood concen- 
trations of intermediary metabolites in six maturity- 
onset diabetics over a twelve hour period, during 
successive periods of therapy with phenformin, met- 
formin and glibenclamide. 

Materials and Methods 

Six patients with maturity-onset diabetes of greater 
than three years duration, and without evidence of 
hepatic or renal disease, were studied. None had 
clinical evidence of diabetic complications and de- 
tails of the patients are given in Table 1. Informed 
consent was obtained from all patients and approval 
was given by the local ethical committee. Initial 
therapy was with phenformin spansules, 50 mg twice 
daily, which was changed to metformin 500 mg 
three times daily, after the first period of study. Af- 
ter one month of therapy with mefformin, a second 
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Table 1. Characteristics of patients 

Patient Sex Age Duration % ideal Other 
of body drug 
diabetes (y) weight therapy 

L.C. ~ 52 4 141 Navidrex K 
G.B. (f 77 4 91 None 
W.H. Cf 65 7 119 None 
A.C. ~ 62 2 148 None 
L.H. Cf 60 3 112 None 
E.G. Cf 50 3.5 121 None 

study was performed and therapy then changed to 
glibenclamide 5 mg daily (5 patients) or 2.5 mg dai- 
ly (1 patient). After a further month the final study 
was performed. 

Each study lasted for 12 h. After an overnight 
fast an indwelling teflon cannula was inserted into 
an antecubital vein at 0800 h. Two fasting samples 
were taken at 0825 h and 0830 h, following which 
breakfast was eaten. Blood samples were taken half- 
hourly until 2000 h with lunch at 1205 h and dinner 
at 1805 h. Snacks were given at 1005 h and 1505 h. 
Each patient ate their normal diet, which in all cases 
comprised 150 g carbohydrate and a total of 1500 
Calories. 

Phenformin was administered at 0835 h and 
1805 h; metformin at 0835 h, 1205 h and 1805 h, 
and glibenclamide at 0835 h. During the study pa- 
tients were encouraged to take gentle exercise be- 
tween blood sampling times. 

Approximately 10 ml of free-flowing blood was 
taken at each sample time: 1-2 ml for metabolite 
assays were mixed with 5 ml of 5% (v/v) perchloric 
acid and refrigerated immediately; 1.5 ml blood 
were briefly centrifuged and the plasma frozen im- 
mediately for non-esterified fatty acid (NEFA) esti- 
mation; 2.25 ml were mixed with 0.25 ml Aprotinin 
(2500 i.u.) containing 25 ~tmol of sodium 
ethylenediaminetetraacetate, centrifuged, and plas- 
ma separated and frozen immediately for cyclic 3', 
5'-AMP assay. The remaining blood was allowed to 
clot and the serum stored at - 2 0  ~ C for subsequent 
triglyceride and hormone assays. 

Glucose (hexokinase method), lactate, pyruvate, 
glycerol and alanine were assayed in the perchloric 
acid extract by modified, automated, enzymic 
fluorimetric methods [14]. 

"Total" ketone bodies refers to the sum of 
3-hydroxybutyrate and acetoacetate concentrations, 
which were determined manually by enzymic 
methods [15]. Plasma NEFA were assayed by a 
radio-cobalt method [16], and serum triglycerides by 
an automated colorimetric method [17]. Serum 
cholesterol was estimated by an automated col- 

orimetric method [18]. Serum cortisol was measured 
using a radioactive selenium competitive protein 
binding method (Cortipac | Radiochemical Centre, 
Amersham) and plasma cyclic 3', 5'-AMP using a 
competitive protein binding method adapted from 
the Amersham kit. Serum insulin and growth hor- 
mone (HGH) were assayed by double antibody 
radioimmunoassay [19, 20]. 

Results are given as means + standard error of 
the mean (SEM). The twenty-four values for each 
metabolite or hormone over the 12 h period in an 
individual patient have been averaged and this is re- 
ferred to as the 12 h mean. Significance has been 
calculated using Student's paired t test for fasting 
samples. Significant differences between the three 
treatment regimes over the 12 h period have been 
sought by non-parametric methods because of the 
possibility of non-normal distribution. Values for 
each patient at each time point were ranked and the 
12 h sum of ranks obtained. These were analysed 
using Friedman's test. 

Results 

1. Blood Glucose 

The diurnal rhythm for blood glucose concentration 
during the three treatment regimes is shown in Fi- 
gure 1. There was no significant difference in blood 
glucose concentration during phenformin and met- 
formin therapy at any time during the 12 h period, 
with values moderately elevated throughout the 
studies. During glibenclamide therapy, however, 
fasting values were lower than those during phenfor- 
min and metformin treatment in four and five pa- 
tients respectively (Table 2). 

During the whole study period, there was a high- 
ly significant decrease in blood glucose concentra- 
tion during glibenclamide therapy compared with 
biguanide therapy (p < 0.001). All six patients had 
lower 12 h mean values for blood glucose during 
glibenclamide than during phenformin, and five pa- 
tients had lower values on glibenclamide than during 
metformin (Table 3). Overall there was no signifi- 
cant difference between the three treatment regimes 
when comparing the area under the blood glucose 
curve for the 2 h following meals. Patients on met- 
formin, however, showed a significantly greater rise 
in glucose concentration 1 h after breakfast com- 
pared with phenformin (p < 0.02) whilst at 11/2 (p < 
0.01) and 2 h (p < 0.02) after dinner there was an 
enhanced glucose rise in patients on glibenclamide 
compared with phenformin. 
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Fig. 1. Diurnal pattern of blood glucose 
concentration in patients taking phenforrnin 
(o . . . . .  i) ,  metformin (cy----~) or 
glibenclamide ( 1 1 1 - - - i ) .  Values are given _+ 
SEM. Arrows indicate meal times and triangles 
indicate snacks 

Table 2. Mean fasting metabolite and hormone concentrations (_+ SEM) and metabolite ratios during phenformin, metformin and 
glibenclamide therapy. Differences between the therapies are also shown. P, phenformin; M, metformin; G, glibenclamide; *, difference 
not significant. Significance was assessed with the Student t test 

3-hydroxy- Total 
Glucose Lactate Pyruvate butyrate Acetoacetate ketones Lactate 
mmol/1 retool/1 mmol/l mmol/1 retool/1 mmol/l Pyruvate 

3-hydroxybutyrate Cyclic3'5'- 
Acetoacetate AMP nmol/1 

Phenformin 
Metformin 
P v s M  
Glibenclamide 
Pvs  G 
M v s  G 

6.9-+0.5 1.17_+0.16 0.08_+0.01 0.10_+0.05 0.04-+0.01 0.14-+0.06 
7.1_+0.5 0.92_+0.14 0.08_+0.01 0.06+-0.02 0.05-+0.01 0.10_+0.03 

5.6_+0.4 0.87_+0.08 0.09+0.01 0.03_+0.01 0.04_+0.01 0.06_+0.01 

* * * * * �9 

13.8--+0.9 1.76_+0.50 15__+4 
12.1_+1.4 1.09_+0.16 18_+2 

10.4_+1.0 0.81_+0.21 11_+3 
<0.05 <0.05 * 
<0.05 * <0.05 

Trigly- Choles- 
Alanine Alanine Glycerol NEFA cerides terol 
retool/1 Pyruvate retool/1 mmol/l mmol/I mmol/l 

Insulin Insulin H G H  Cortisol 
mU/l Glucose ~tg/1 nmol/1 

Phenformin 0.47_+0.03 5.7i_+0.33 
Metformin 0.39_+0.03 5.37+0.63 
P vs M <0.05 * 
Glibenclamide 0.37_+0.03 4.44_+0.50 
P vs G <0.05 * 
M v s G  * * 

0.09_+0.02 0.63_+0.06 1.1+__0.1 5.4_+0.4 5.8_+1.4 0.9_+0.2 
0.07__+.0.01 0.66__+0.03 1.1-+0.1 6.2-+0.6 6.5-+2.0 1.0_+0.3 

0.07_+0.02 0.59_+0.10 1.1_+0.2 6.3_+0.8 5.3_+0.7 1.0__-4-0.2 

1.95__+0.75 464+60 
5.68__+2.02 504_+77 

3.44_+1.58 353_+30 

2. Blood Lactate and Pyruvate 

There was no significant difference between fasting 
blood lactate concentrations during the three treat- 
ments (Table 2). In contrast, concentrations of 
blood lactate (Fig. 2) during the 12 h period were 
markedly elevated during therapy with both phen- 
formin and metformin, particularly the former. Dur- 
ing glibenclamide therapy all blood lactate levels fell 
within the normal range [21]. The difference in the 
blood lactate concentration during the three regimes 

was highly significant (p < 0.001). The difference 
was maximal 1 h after lunch, with values on phen- 
formin ranging from 1.43 to 3.03 retool/1 (mean 
2.12 mmol/1 compared with 0.53 to 1.28 (mean 0.84 
retool/l) on glibenclamide. 

All six patients had lower 12 h mean values dur- 
ing metformin than during phenformin therapy, but 
in all patients the lowest 12 h mean values occurred 
on glibenclamide (Table 3). 

A similar pattern was seen for blood pyruvate 
concentration as for blood lactate (Fig. 2; Tables 2 
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Fig. 2. Diurnal patterns of blood lactate and 
pyruvate concentrations in patients taking 
phenformin, metformin or glibenclamide. 
Symbols and legend as in Fig. 1 

Table 3. Mean 12 h metabolite and hormone concentrations (_+SEM) and metabolite ratios during phenformin, metformin and glibenc- 
lamide therapy. Significance of differences between the three therapies was assessed using the Friedman test. Apparent discrepancies 
between mean values and significance is due to uneven distribution of the twenty four results per patient. Th/s has been allowed for in 
calculating significance. Symbols as in Table 2 

Total 
Glucose Lactate Pyruvate ketones Lactate 3-hydroxybutyrate Alanine Alanine 3-hydroxy- 
mmol/1 mmol/l mmol/1 mmol/l Pyruvate Acetoacetate mmol/l Pyruvate butyrate 

Phenformin 7.0-+0.2 
Metformin 7.0+_0.4 

P v s  M * 
Glibenclamide 5.3_+0.3 
P vs G <0.001 
M vs G <0.001 

1.53+0.22 0.12-+0.10 0.12~+0.04 13.2+0.7 1.92+0.40 0.55+0.02 5.2+0.4 0.09+0,03 
1.20+0.16 0.10-+0.01 0.10_+0.01 12.1_+0.9 0.97_+0.07 0.48_+0.03 5.1+0.3 0.05+0.01 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
0.79-+0.06 0.08+0.01 0,09-+0.09 10.1+0.8 0.86-+0.18 0.35+0.02 4.6-+0.4 0.04+0.01 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
<0,001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Acetoacetate Glycerol NEFA Triglycerides Insulin Insulin HGH Cyclic3'5' 
mmol/1 mmol/1 mmol/1 mmol/l mU/l Glucose I~g/1 AMP nm01/1 

Phenformin 
Metformin 
P v s M  
Glibenclamide 
P v s G  
Mvs  G 

0.05+0.01 0.08+0.01 0.54+0.05 1.7+0.1 16.3+3.3 2.3+0.5 1.31_+0.36 18_+5 
0.05_+0.01 0.06_+0.01 0.55+0.03 1.6+0.1 18.5+2.6 2.6-+0.5 1.43_+0.26 15_+2 
* <0.001 * <0.001 <0.001 * <0.01 * 
0.05_+0.01 0.06_+0.06 0.52+0.10 1.6+0.2 23,5+5.1 4.5+0.9 1.35_+0.22 11+4 
* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
* < 0 . 0 0 1  < 0 . 0 0 1  * < 0 . 0 0 1  < 0 . 0 0 1  < 0 . 0 0 1  < 0 . 0 0 1  
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Fig. 3. Diurnal patterns of blood alanine and 
total ketone body concentrations in patients 
taking phenformin, metformin and 
glibenclamide. Symbols and legend as in Fig. 1 

and 3). Although concentrations were elevated 
above the normal range during the 12 h periods dur- 
ing both biguanide therapies, the increases were 
proportionately less than those seen in blood lactate 
concentration. 

3. Blood Total Ketone Bodies 

Blood total ketone body concentrations during the 
12 h studies showed elevated concentrations on both 
biguanides compared with glibenclamide (Fig. 3): 
the highest values, clearly above the normal range 
[21], were obtained with phenformin (Tables 2 and 
3). The difference between blood total ketone 
bodies on the three treatments was highly significant 
(p < 0.001). 

The difference in total ketone body concentra- 
tion was due primarily to changes in blood 3-hyd- 
roxybutyrate concentration (p < 0.001), as there 
was no significant difference in blood acetoacetate 
concentration during the three regimes. 

4. Lactate/Pyruvate (L/P) Ratio and 
3-Hydroxybutyrate/Acetoacetate Ratio 
The difference between L/P ratios on the three re- 
gimes was significant (p < 0.001). L/P ratios were 
highest on phenformin in five of the six patients and 
all had their lowest 12 h mean value during gliben- 
clamide (Table 3). 

During both biguanide therapies the difference 
in fasting values for L/P ratio compared with the 
values during glibenclamide was significant (p < 
0.05) (Table 2). 

Five of the six patients had lower mean values 
for the 3-hydroxybutyrate/acetoacetate ratio on 
metformin than phenformin and all had lower values 
on glibenclamide compared with phenformin (Table 
3). Over the 12 h period the difference between the 
three regimes was significant (p < 0.001). 

5. Blood Alanine and Alanine/Pyruvate Ratio 
The diurnal rhythm of blood alanin e concentration 
is shown in Figure 3. Elevated concentrations were 



150 M. Nattrass et al.: Metabolic Effects of Oral Hypoglycaemic Agents 

seen during therapy with both biguanides, with high- 
er concentrations during phenformin therapy. Dur- 
ing glibenclamide therapy there was a significant de- 
crease (p < 0.001) and, during the 12 h period, all 
these concentrations lay within the normal range 
[21]. All six patients had lower 12 h mean values on 
glibenclamide than on either biguanide and all six 
had lower values on metformin than on phenformin 
(Table 3). The fasting concentration of blood 
alanine during phenformin therapy was above the 
fasting concentration found on both metformin and 
glibenclamide (p < 0.05 for both) (Table 2). 

As with blood lactate concentration the increase 
in blood alanine concentration during biguanide 
therapy was proportionately greater than that seen 
in blood pyruvate concentration, resulting in a sig- 
nificant increase in the blood alanine/pyruvate ratio 
(p < 0.01 for phenformin and metformin; p < 0.001 
for biguanides and glibenclamide) (Table 3). 

6. Blood Glycerol, Plasma NEFA, Serum Trigly- 
cerides and Serum Cholesterol (Tables 2 and 3) 

Blood glycerol concentration differed significantly 
during the three regimes (p < 0.001). Highest con- 
centrations were found during phenformin and low- 
est concentrations during glibenclamide therapy. 
Four patients had lower 12 h values on gliben- 
clamide than metformin, although in one patient 
there was a marked increase in blood glycerol con- 
centration with glibenelamide therapy. 

There was no significant difference in plasma 
NEFA concentrations during phenformin and met- 
formin therapy. A significant decrease (p < 0.001) 
was found, however, during glibenclamide therapy 
(Table 3). 

Serum triglycerides were significantly higher 
during phenformin (p < 0.001) than either metfor- 
min or glibenclamide therapy (Table 3). Serum 
cholesterol was measured on fasting specimens only, 
and no significant difference was found between the 
three drugs. 

7. Serum Insulin and Insulin~Glucose (I/G) Ratio 

Serum insulin concentrations over the 12 h period 
were highest on glibenclamide and lowest on phen- 
formin (Table 3). The difference between the three 
regimes was significant (p < 0.001). There was no 
significant difference, however, between fasting con- 
centrations (Table 2). 

The increase in serum insulin concentration fol- 
lowing the three meals of the 12 h was greater with 
glibenclamide than either of the biguanides and 
higher concentrations were maintained for longer 

than with the biguanides. If the individual responses 
are analysed, however, it can be seen that only three 
of six patients showed greatly increased concentra- 
tions of serum insulin following meals while on 
glibenclamide; the remaining three patients showing 
similar responses to meals during all three therapies. 
This difference in response is reflected in the 12 h 
mean values during the different treatments (Table 
3). 

There was a significant increase (p < 0.001) in 
the I/G ratio on glibenclamide but no significant dif- 
ference between the biguanides (Table 3). 

8. Serum HGH, Serum Cortisol, Plasma Cyclic 3', 
5 ' -AMP 

Serum HGH concentrations were significantly high- 
er during the 12 h period on metformin. Lowest 
concentrations were found during glibenclamide (p 
< 0.001 compared with both biguanides) (Table 3). 
The difference between serum HGH concentrations 
during the two biguanides was significant (0.001 < p 
< 0.01). Serum cortisol was measured only at 0830 
h, 1200 h and 1800 h. No significant difference was 
found between the three treatments (Table 2). 

In the three patients for whom cyclic 3', 5 ' -AMP 
results were obtained during the three therapies 
there was no significant difference between the 
biguanide therapies, but a significant (p < 0.001) 
decrease in plasma cyclic 3', 5 '-AMP levels occur- 
red with glibenclamide. 

Discussion 

Despite 20 years of biguanide therapy for maturity- 
onset diabetes their mechanism of action remains 
uncertain. They have been shown to inhibit intesti- 
nal absorption of glucose [1, 2] and many other nut- 
rients, including amino acids [22], vitamin B12 [23] 
and other hexoses [24]. While animal experiments 
have shown phenformin to inhibit hepatic 
gluconeogenesis [4, 5, 6, 7], this is difficult to de- 
monstrate in humans. Indeed, increased glucose 
turnover [25] and increased peripheral glucose util- 
isation [3] are two of the major findings reported in 
man, although these represent isolated reports. 

In the present study we have shown a significant 
increase in circulating concentrations of the 
gluconeogenic precursors, lactate, pyruvate, alanine, 
and glycerol, during both biguanide therapies, with 
higher concentrations being found during phenfor- 
min therapy. 

Other workers have reported elevated fasting 
concentrations of lactate and pyruvate during phen- 
formin therapy [9, 26], but amounts used were 
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greater than in the present study, ranging from 125 
mg to 400 mg per day. Normal fasting concentra- 
tions have been reported with doses of phenformin 
such as those used in the present study in both 
diabetic [9] and normal subjects [27]. 

It is of interest that the effects of the two 
biguanides on intermediary metabolite concentra- 
tions were different. The reasons for this are unclear 
but may well be related to differences in distribution 
and concentration in tissues. It is clear, however, 
that for doses of the two drugs which have a similar 
effect upon blood glucose, greater metabolic abnor- 
mality is seen with phenformin than with during 
metformin. 

It follows that the metabolic abnormalities 
during the biguanide therapies were not simply a 
consequence of the mild elevation of blood glucose. 
In addition we have re-studied two of the six pa- 
tients on diet alone. Blood glucose concentrations 
remained the same in one and were elevated in the 
other. The other abnormalities, however, were ab- 
sent. We have also shown that when biguanide 
therapy is stopped in patients taking combined sul- 
phonylurea and biguanide therapy, gluconeogenic 
precursor concentrations fall, although blood glu- 
cose concentration rises [28]. 

Enhanced peripheral utilisation of glucose alone 
is insufficient to account for the accumulation in the 
blood of gluconeogenic precursors since increased 
concentrations were not found when peripheral in- 
sulin concentrations were raised with glibenclamide. 
An increase in concentration of gluconeogenic pre- 
cursors would occur, however, if hepatic utilisation 
and/or uptake of these metabolites was impaired, 
with or without increased extra-hepatic production. 
This implies that inhibition of hepatic gluco- 
neogenesis must be one of the primary actions, but 
not necessarily the sole action, of the biguanides. 

Inhibition of hepatic gluconeogenesis by 
biguanides has been well documented in animal ex- 
periments. There is however still considerable con- 
troversy concerning the mechanism. Suggestions in- 
clude inhibition of ATP production [5, 29], interfer- 
ence with the transport of reducing equivalents 
across the mitochondrial membrane [30] and altera- 
tion in the nature of the mitochondrial membrane 
[31]. Some doubt is cast on the ATP hypothesis by 
the finding that inhibition of gluconeogenesis can 
occur without any change in total hepatic ATP [30]. 
We have found increased lactate/pyruvate and 
3-hydroxybutyrate/acetoacetate ratios, which give a 
crude index of the cytosolic and hepatic mitochond- 
rial redox ratio respectively. These findings could be 
explained by any of these hypotheses. 

A significant increase in ketone body concentra- 

tions was found in our patients on biguanide 
therapy. This has received scant attention previously 
although isolated reports of increased ketonaemia 
have appeared [32, 33] and a small increase in 
3-hydroxybutyrate concentration was noted in pa- 
tients taking buformin [34]. This could be explained 
by the more reduced state within the cell. This 
would lead to an increase in the malate/oxaloacetate 
ratio with a fall in oxaloacetate concentration. The 
latter would no longer be available for condensation 
with acetyl CoA to form citrate and acetyl CoA 
would be directed into ketone body formation. This 
hypothesis is supported by the finding of decreased 
intrahepatic citrate in animal experiments [35]. 
Others have suggested that enhanced NEFA supply 
to the liver is responsible for the increased 
ketogenesis [34], but in our patients there was no 
significant difference in plasma NEFA concentration 
during phenformin compared with metformin 
therapy, while ketonaemia was more marked with 
phenformin. 

The significant increase in glycerol concentra- 
tions seen with both biguanides is in agreement with 
results from perfusion of isolated rat [7] and guinea 
pig [5] livers. Glycerol enters gluconeogenesis by 
conversion of glycerol-l-phosphate to dihydroxy- 
acetone phosphate and the equilibrium of this reac- 
tion is dependent upon the redox state of the 
cytosol. An increase in the cytosol NADH/NAD 
ratio would result in a shift of equilibrium to favour 
an increase in glycerol-l-phosphate, thus preventing 
the entry of glycerol into the gluconeogenic path- 
way. Phenformin has been reported to lower serum 
triglyceride and NEFA concentrations in diabetic 
patients [36, 37]. Since we did not study our patients 
without drug therapy we are unable to support these 
findings but, at the least, biguanide therapy did not 
offer any advantage over glibenclamide therapy in 
this respect. 

In conclusion therefore, we have shown abnor- 
malities in intermediary metabolite concentrations 
which occurred during therapy with both biguanides, 
but were more marked during phenformin therapy 
than during metformin, despite similar blood glu- 
cose concentrations. If our aim in treating diabetes 
is to produce metabolic normality, discretion must 
be used in the use of drugs which fail this aim. 
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