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Summary. The metabolic response to a standard meal was 
studied in six Type 2 (non-insulin-dependent) diabetic pat- 
ients at diagnosis and following 4-6 weeks of dietary treat- 
ment. The fall in blood glucose concentration following treat- 
ment was accompanied by significant reductions in circulat- 
ing concentrations of  lactate, pyruvate, alanine and glycerol. 

Blood 3-hydroxybutyrate concentrations also fell with treat- 
ment. 
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Despi te  cons iderable  con t roversy  conce rn ing  the mos t  
app ropr i a t e  diet fo r  t reat ing pat ients  with Type  2 (non-  
insu l in -dependent )  diabetes  melli tus [1, 21, the role o f  
c a rbohydra t e  a n d / o r  calorie restr ict ion in correct ing 
hype rg lycaemia  is well establ ished [3]. Little a t tent ion 
has been  paid,  however ,  to  abnormal i t ies  o f  o ther  inter- 
med i a ry  metabol i tes  in un t rea ted  T y p e  2 d iabet ic  pat-  
ients and  the response  o f  these to t reatment .  In  previous  
studies o f  Type  2 diabet ic  pat ients  t reated with su lpho-  
nylureas  [4] or  b iguan ide  the rapy  [5, 6], abnormal i t ies  o f  
circulat ing in te rmedia ry  metabol i te  concent ra t ions  
were  found ,  a l though  the therapeut ic  and  p rognos t i c  
impor t ance  o f  these abnormal i t ies  is no t  k n o w n  [7]. We 
have  s tudied the r e sponse  o f  b l o o d  concen t ra t ions  o f  
the g luconeogen ic  precursors ,  lactate, pyruvate ,  a lanine 
and  glycerol ,  and  the ke tone  body ,  3 -hydroxybutyra te ,  
in Type  2 diabet ic  pat ients  for  4 h fo l lowing a s t andard  
breakfast ,  at d iagnosis  and  fo l lowing correc t ion  o f  hy- 
pe rg lycaemia  by a pe r iod  o f  diet. 

Patients and Methods 

Patients 

Six newly diagnosed male Type 2 diabetic patients were studied. All 
had polydipsia and polyuria, with a random blood glucose > 12 
mmol/1 at diagnosis. None had evidence of hepatic or renal disease 
on routine biochemical screening and none were taking drugs known 
to affect carbohydrate metabolism. Subjects were considered suitable 
for initial treatment by diet on the basis of little or no weight loss and 
absence of ketonufia at presentation. The protocol of the study was 

approved by the Ethical Committee of the Central Birmingham 
Health District and informed consent was obtained. Mean age of pat- 
ients was 55 years (range 42-65 years) and mean weight 87 kg (range 
78-102 kg) at diagnosis; all were over 120% desirable body weight [8]. 

Protocol 

After an overnight fast an indwelling Teflon cannula was inserted into 
an antecubital vein at 0800h. Two fasting samples were taken at 
0825 h and 0830h, after which a standard 40 g carbohydrate breakfast 
was eaten. Blood samples were taken half-hourly for 4 h. Blood for 
metabolite assays (1-2 ml) was mixed with 5 ml of 5% (v/v) ice-cold 
perchloric acid and refrigerated immediately. Glucose (hexokinase 
method), lactate, pyruvate, glycerol, alanine and 3-hydroxybutyrate 
were assayed in the perchloric acid extract by automated enzymic 
fluorimetric methods [9]. 

Diet 

The standard meal stimulus consisted of 80 g bread (40 g of carbohy- 
drate) and butter with a boiled egg (weight 60 g). One cup of tea was 
drunk with the meal containing 20 ml of milk. The meal was started 
immediately after withdrawal of the second fasting sample and eaten 
within 10 min. Following the blood sample at 1000 h subjects drank a 
cup of coffee containing 20 ml of milk and ate two biscuits (30 g 
weight, containing 20 g carbohydrate). 

Patients were prescribed a diet following an initial dietary assess- 
ment of previous calorie intake by a dietitian. Those in whom previ, 
ous dietary intake was in the range t 000-2000 kcal were prescribed 
1000 kcal diets. When previous dietary intake exceeded 2 000 kcal pat- 
ients were prescribed diets containing 1500 kcal. The moderate calo- 
rie restriction was accompanied by advice to exclude refined sugars 
from the diet. The approximate carbohydrate concentration of the 
diet was 40%. 
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Table 1. Fasting and 4-h mean concentrations of blood intermediary metabolites and serum insulin before and after dietary treatment in six 
Type 2 diabetic patients 

Fasting concentration 4-h mean concentration 

Diagnosis After diet Diagnosis After diet 

Metabolite (mmol/l) 
Glucose 13.2 +1.6 7.9 +0.8 15.8 +0.6 9.4 _+0.4 b 
Lactate 1,08 _+ 0.12 0.71 _+ 0.07 ~ 1.05 + 0.02 0.74-t- 0.03 b 
Pyruvate 0.09 + 0.0"1 0.05 _ 0.01- a 0.09 _+ 0.01 0.06 Jr- 0 . 0 1  b 

Alanine 0.28 + 0.03 0.25 -t- 0.03 a 0.29 + 0.0t 0.25 + 0.01 b 
Glycerol 0.06 + 0.01 0.05 +0.01 ~ 0.05 + 0.01 0.04 + 0.0l b 
3-Hydroxybutyrate 0.09 _+ 0.03 0.11 +__ 0.02 0.07 + 0.01 0.05 ___ 0.01 b 

Insulin (mU/l) 12.6 (1.0-27.1) 8.4 (4.1-14.6) 23.6 (5.8-45.8) 24.8 (16.0-46.5) 

Results expressed as mean _+ SEM for metabolites and mean (range) for insulin. Significance was sought using Student's paired t-test for fasting 
samples and two-way analysis of variance for 4-h responses. ~ p < 0.05 ; b p < 0.01 
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Fig.l. Blood lactate and blood pyruvate concentrations (mean _+ 
SEM) following a standard breakfast in six Type 2 diabetic patients 
before ( 0 - - - - 0 )  and after ( m )  a period of dietary treatment. 
The large arrow indicates breakfast and the small arrow a snack 

Statistical Analysis 
Results are presented as mean + SEM. The nine values for each 
metabolite or hormone over the 4-h period in any individual patient 
have been averaged and this is referred to as the 4 h mean. Signifi- 
cance has been calculated using Student's paired t-test for fasting 
samples and two-way analysis of variance for values for each patient 
over the sampling period before and after treatment. 
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Fig.2. Blood 3-hydroxybutyrate concentrations (mean _ SEM) fol- 
lowing a standard breakfast in six Type 2 diabetic patients before 
(O-- - - -O)  and after (E-------~) a period of dietary treatment. The 
large arrow indicates breakfast and the small arrow a snack 

fall in post-prandial blood glucose of a least 5 mmol/1 
(range: 5.0-22.4 mmol/1). Mean weight loss was 3.5 kg 
(range: 0.5-7.0 kg) and no patient gained weight. Mean 
fasting blood lactate concentration was elevated at di- 
agnosis but fell with treatment (p < 0.05, Table 1, Fig. 1). 
A similar fall was seen following treatment for 4-h mean 
lactate concentration (p<0.01) and for mean fasting 
pyruvate (p < 0.05), alanine and glycerol, and 4-h mean 
pyruvate, alanine and glycerol (all p<  0.01). Ketone 
body concentrations were within the normal range. No 
difference was observed in fasting values, although 4-h 
mean values were significantly different (p < 0.01, Table 
1). Concentrations fell post-prandially, rising again to- 
wards the end of the sampling period (Fig. 2). The dif- 
ference between the two studies lies in the rate of fall of 
3-hydroxybutyrate in the first 30 min. 

Discussion 

Results 

All patients showed a satisfactory clinical response as 
judged by loss of symptoms, loss of glycosufia, and a 

All patients lost symptoms and glycosuria and showed a 
fall in post-prandial blood glucose concentration. This 
occurred concomitant with modest weight reduction. 
The most striking finding was the small but consistent 
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and significant fall in 4-h mean concentrations of inter- 
mediary metabolites. The mechanism by which inter- 
mediary metabolite concentrations are reduced by diet 
is unclear. Increased glycolysis in muscle, or enhanced 
inhibition of gluconeogenesis would be expected to in- 
crease blood concentrations of lactate, pyruvate and al- 
anine. The fall in these metabolites, concomitant with 
the fall in glucose implies intracellular diversion to 
other fates, either pyruvate oxidation in tissues such as 
muscle, or into glycogen in liver. The fall in 3-hydroxy- 
butyrate concentration is of interest since dietary re- 
striction might be expected to increase lipolysis and 
hence ketogenesis. The results suggest that lipolytic in- 
hibition is enhanced which is further supported by the 
fall in glycerol. 
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