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Summary. Carnitine is an essential factor for the 
transport of long-chain fatty acids and is impor- 
tant for the heart muscle. A longitudinal study in 
type 2 diabetic patients was carried out. Carnitine 
levels were observed before and during metabolic 
intervention with dietary measures and either sul- 
fonylurea or insulin treatment. In both treatment 
groups a significant glycemic improvement was ob- 
served after 3 months (insulin treatment group: 
hemoglobin Alo 11.3 __+ 2.8 versus 7.0 _+ 1.0; sulfon- 
ylurea treatment group; hemoglobin Alo 11.3 _+ 1.4 
versus 7.3+0.9). Carnitine levels did not differ 
from a control group and did not change signifi- 
cantly during the observed period. 
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In the course of studies on carnitine metabolism 
in diabetes mellitus, divergent results have been 
reported, ranging from normal to diminished plas- 
ma carnitine levels [1, 2, 5, 7, 9, 12-15, 18, 22, 
25]. The importance of carnitine for the lipid and 
carbohydrate metabolism and for the cardiovascu- 
lar system is well established. Carnitine is an essen- 
tial factor in the transport of long-chain fatty acids 
into the mitochondria where /%oxidation takes 
place [15, 17]. A severe lack of carnitine leads to 
myocardiopathy [14, 25], and in diabetic animals 
a positive effect of carnitine administration on the 
heart function has been shown [19]. In type 2 dia- 
betes, no longitudinal studies and no interventional 
studies investigating plasma carnitine levels exist. 
Therefore the present study was undertaken to de- 
termine the effect of insulin treatment and glycemic 
improvement on plasma carnitine levels in type 2 
diabetic patients. 

Abbreviations: FC = free carnitine; TC = total carnitine; AC = 
acyl carnitine; HbA 1o = hemoglobin Ale 

Materials and methods 

Two groups of type 2 diabetic patients were investi- 
gated prospectively. In one group (n = 17) the treat- 
ment was changed from diet and sulfonylurea 
drugs to diet and insulin administration while the 
other group (n = 6) continued sulfonylurea drugs 
and had dietary intervention. The patients were 
treated with two injections of mixed insulin prepa- 
rations (30% short-acting and 70% long-acting) 
per day. The sulfonylurea group was treated with 
glibenclamide (dose ranging between 10 and 15 mg 
per day, mean 13.5 rag). 

Hemoglobin Ale (HbAlo) was measured by 
high-pressure liquid chromatography. Low-(LDL) 
and high-density lipoprotein (HDL) cholesterol 
were determined as described in the literature [11]. 
Blood glucose, total cholesterol, and triglycerides 
were measured by Technicon autoanalyzer. Total 
carnitine (TC), free carnitine (FC), and acyl carni- 
tine (AC) were determined by a radioencymatic 
method [4] before and 10 days, 1, 2, and 3 months 
after metabolic intervention. In addition, plasma 
carnitine levels were measured in a healthy control 
group. TC and FC were measured directly, AC 
was calculated as the difference between TC and 
FC, and the AC percentage of TC was calculated. 
The control group was comparable concerning 
body mass index (sulfonylurea group 25.5, insulin 
group 24.9, control group 24.2), sex (11 men, 12 
women), and age (sulfonylurea group 65 ± 3.5, in- 
sulin group 63 + 2.8, control group 62_+ 4.7). 

Mean values are given with standard deviation. 
The Wilcoxon s statistical test was used. 

Results 

The patients who received insulin therapy and 
those who continued their treatment with sulfony- 
lurea showed a statistically significant glycemic im- 
provement (HbAlo, P < 0.0001 ; blood glucose, P < 
0.0005; HDL cholesterol, P < 0.03) 3 months after 
the beginning of intervention (Table 1). In neither 
group did plasma carnitine levels change signifi- 
cantly during the observed period and were within 
the normal range (Table 2). 
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Table 1. Parameters of carbohydrate and lipid metabolism be- 
fore, after .10 days, and after 1, 2, and 3 months of insulin 
treatment (normal values in parentheses) 

Insulin Sulfonylurea 
group group 

HbAlc 
(4.5-6A %) 

Before 11.3 +- 2.8 * 11.3 -+ 1.4' 
10 days 10.3_+2.1 11.4_+1.0 
1 month 8.8 ___ 1.3 8.8 +- 1.3 
2 months 7.4 _+ 0.5 7.4 _+ 0.5 
3 months 7.0 + 1.0" 7.3 _+ 0.9 * 

Blood glucose 
(50-110 mg/dl) 

Before 269 +- 82"* 267 _+ 101 ** 
10 days 171 + 30 146_+ 63 
I month 181 -+ 57 162 _ 50 
2 months 161 _+46 131 _+22 
3 months 163 _+ 43 170 _ 56 ** 

Triglycerides 
(50 180 mg/dl) 

Before 279 _+ 234 246-+ 136 
10 days 138_+ 46 193_+ 106 
1 month 156 +- 57 183 _+ 108 
2 months 172_+ 96 233 _+ 152 
3 months 136_+ 105 245 +- 198 

Total cholesterol 
(150-220 mg/dl) 

Before 247 +- 98 254_+ 29 
10 days 199_+ 65 228_+ 10 
1 month 227 _+ 32 211 _+ 29 
2 months 242 _+ 56 205 _ 57 
3 months 229-+ 52 255 -+ 68 

HDL cholesterol 
(35-55 mg/dl) 

Before 44+23*** 46_+ 10"** 
10 days 48 +- 24 48 _+ 10 
1 month 59 +- 26 53 _+ 13 
2 months 66 + 30 55 _+ 12 
3 months 62_+23*** 59_+ 14"** 

LDL cholesterol 
(< 150 mg/dl) 

Before 120 _+ 44 159 _+ 15 
10 days 134_+45 141 _+ 15 
1 month 136+40 121 _+20 
2 months 132_+48 122--,43 
3 months 132 _+ 39 123 _+ 29 

*, P<0.0001 ; **, P<0.0005; *** P<0.03 

D i s c u s s i o n  

In  in t race l lu lar  me tabo l i sm ,  carn i t ine  is an  essen- 
tial carr ier  fo r  the  t r a n s p o r t  o f  long-  a nd  m e d i u m -  
cha in  fa t ty  acids in to  the m i t o c h o n d r i a  where  fl- 
o x i d a t i o n  takes  p lace  [1, 17]. O n  the o the r  hand ,  
w h e n  l o n g - c h a i n  fa t ty  acids a c c u m u l a t e  in the mi-  
t o c h o n d r i a ,  they  have  a toxic  effect, inhib i t ing  the 
f u n c t i o n i n g  o f  the r e sp i r a t o ry  chain ,  a n d  these fat-  
ty acids can  be car r ied  ou t  o f  the m i t o c h o n d r i a  

Table 2. Plasma carnitine levels (~tmol/t) before, after 10 days, 
and after 1, 2, and 3 months with either insulin or continuous 
treatment with sulfonylurea (values for healthy controls in pa- 
rentheses) 

Insulin Sulfonylurea 
group group 

Total carnitine 
(49_+11) 

Before 51 _+ 15 50_+ 9 
10 days 52 _+ 16 54_+ 16 
1 month 57 + 20 49 _+ 11 
2 months 57 4-16 45 +- 13 
3 months 60 _ 24 49 _+ 6 

Free carnitine 
(40_+11) 

Before 38_+ 14 36 +- 12 
10 days 39 + 12 42_+ 14 
i month 45 +- 18 37 _+ 9 
2 months 45_+ 14 37_+ 13 
3 months 47_ 15 38 +- 6 

Acyl carnitine 
(8.5_+7) 

Before 12+8 15_+6 
10 days 13_+6 13_+5 
1 month 12+6 11-+5 
2 months 12-+5 8_+4 
3 months 13 ,-_11 11 +5 

Percentage acyt carnitine 
(17.8_+8) 

Before 25 +- 13 31 +- 13 
10 days 24_+9 24_+8 
1 month 22 +- 9 23 _+ 9 
2 months 22 _+ 9 19 _+ 10 
3 months 19-+ 10 23 -+ 10 

via the carn i t ine  sys tem [21]. M i t o c h o n d r i a l  dys-  
func t ion  is of ten  l inked wi th  c a r d i o m y o p a t h y ,  a n d  
indeed  some  chi ldren  wi th  m y o c a r d i o p a t h y  have  
low p l a s m a  carni t ine  levels a n d  can  be t rea ted  suc- 
cessfully wi th  carn i t ine  [21, 25]. A n i m a l  experi-  
men ta l  mode l s  under l ine  the i m p o r t a n c e  o f  carni -  
tine for  the hea r t  musc le  [8, 19, 23]. 

In  type  1 d iabet ic  pa t ien ts  w i t h o u t  ketosis  or  
ke toac idos i s  p l a s m a  carn i t ine  is s ignif icant ly  lower  
t h a n  in n o r m a l  con t ro l s  o r  in type  2 diabetes  [12]. 
In  ke toac ido t i c  type  1 d iabet ic  pa t ien ts  low p l a s m a  
free carn i t ine  levels are  p r o m p t l y  reversed to  no r -  
mal  c o n c e n t r a t i o n s  by  insulin t h e r a p y  [12]. I t  can  be 
therefore  specu la ted  tha t  in type  2 diabetes  pa t ien ts  
p resen t ing  wi th  s e c o n d a r y  fai lure to  su l fony lu rea  
and  relat ive insul in deficiency,  low p l a s m a  carni -  
tine levels are  to  be expected.  In  this s tudy,  where  
the inf luence  o f  l o n g - t e r m  g lycemic  i m p r o v e m e n t  
on  p l a s m a  carn i t ine  levels in type  2 d iabet ic  pa-  
t ients was  s tudied  fo r  the first t ime, this me tabo l i c  
s i tua t ion  did  no t  lead to  a dep le t ion  o f  p l a s m a  
carni t ine.  Insul in  t r e a t m e n t  was  n o t  fo l lowed  by  
a fu r the r  increase  o f  p l a s m a  carn i t ine  levels. 
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In contradiction to the findings of a positive 
effect of carnitine on the heart are the reports of 
the effects of etomoxir, an inhibitor of palmitoyl- 
transferase I, on perfused ischemic hearts [16]. 
Further investigations are necessary to elucidate 
these contradictory results. Therefore it is unclear 
whether exogenous carnitine administration in dia- 
betic patients has a positive effect on the heart 
muscle. Regarding the cardiovascular complica- 
tions often found in these patients, this question 
is of great interest. 

In addition, the metabolic effects of carnitine 
depletion or carnitine administration in diabetes 
mellitus also remain to be further investigated. Re- 
cently, Ferrannini and coworkers [10] have evalu- 
ated the effect of carnitine infusion on glucose me- 
tabolism in normal controls; these authors ob- 
served a significant influence of carnitine on the 
nonoxidative glucose disposal in the well-insulin- 
ized state; available nonoxidative glucose in- 
creased by 50%, leading to a stimulation of whole- 
body glucose utilization of 17%. Additionally, car- 
nitine has been shown to improve peripheral glu- 
cose disposal in non-insulin-dependent patients [3]. 

In summary, based on the present longitudinal 
study, it can be concluded that in type 2 diabetic 
patients no additional beneficial effect of insulin 
therapy in comparison with continued administra- 
tion of sulfonylureas on the myocardium via a rise 
of plasma carnitine levels can be expected. 
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