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Summary. We have examined U-LDH excretion, 
protein excretion (a.m. Kjeldahl) and, by means of disc 
electrophoresis, the pat tern  of protein and LDH iso- 
enzymes in urine from 73 diabetics. The diabetics are 
classified into JDM: 0--24 years, ADM: 25--64 years, 
E D M :  > 65 years, Recent JDM: duration _~ 1 year, 
nephropathy:  protein excretion ~_ 500 rag/24 h. -- Con- 
clusions : There is increased urinary protein excretion from 
the onset of the diabetes. Only in JDM is correlation found 
between duration of JDM and protein excretion, protein 
pat tern and U-LDH excretion. In  JDM, U-LDH excretion 
is not  as sensitive as protein excretion and not  as reliable 
in other groups of diabetics. In  all diabetics LDH-I  is 
low, and is useful for detecting the changed function of 
the diabetic kidney but  not its severity. -- Recent JDM 
present increased protein excretion, low proportion of 
albumin, selective proteinuria in the fractions of gamma- 
globulin and prealbumin, and low LDH-I.  Diabetics with 
nephropathy present high protein excretion, proportion- 
ally high albumin, selective proteinuria in the fractions 
of a lbumin and transferrin, increased U-LDH excretion, 
and low LDtt- I .  

Distribution des protdine8 et des isoenzymes-LDH clans 
l'urine de malade8 avee diab~te sucr~ ddterminge par glectro- 
phor~se sur disque 

t~dsumd. Iqous evens examing l'excrdtion de la U-LDH 
et des prot@ines (d'apr~s Kjeldahl) et, par @lectrophor~se 
sur disque, la distribution des prot@ines et des isoenzymes- 
LDH dens les urines de 73 diabdtiques. Les diab@tiques 
dtaient class@s en JDM: 0--24 ans, ADM: 25--64 arts, 
E D M :  plus de 65 arts, JDM rdcents: durde moins d 'une 
annde, ndphropathie: excretion prot@ique plus de 500 
mg / 24 h. -- Conclusions : L'excrdtion urinaire augment6e 
des prot@ines commence d@j~ avee le d@but du diab@te. 
Chez les JDM seulement, il existe nne corrdlation entre la 
durde du diab@te et l'exer@tion et la distribution des pro- 
t@ines et l'exer@tion U-LDH. Chez eux, l 'excrdtion-U- 
LDH n'est  pas aussi sensible que l 'exergtion prot@ique et 
pas aussi sflre que dens les autres groupes de diabdtiques. 
Chez t o u s l e s  diabgtiques, on trouve peu de LDH-I  ce 
qui permet la ddtection de la fonetion Mt@r@e du rein 
diab6tique mais pas l '6valuation de sa s@v@rit6. Des JDM 
r@cents pr6sentent une exer@tion prot@ique dlevge, une 

proportion diminu6e d 'albumine et une prot6inurie 
s@leetive des fractions de gamma-globulines et de pr6- 
albumine area peu de LDH-I.  -- Des diab6tiques avec 
une n6phropathie pr6sentent une excr6tion prot6ique 
61ev6e avec une proportion relativement augment6e d'- 
albumine ainsi qu 'une prot@inurie sglective dens les 
fractions d 'albumine et de transferrine avee une excr@tion 
U-LDH @lev@e et peu de LDH-I. 

Eiweifl- und LDH-Isoenzym-Spelctrum im Urin yon 
Patiente• mit Diabetes mellitus bei der Untersuchung mit 
Hilfe der Dise-Elelctrophorese 

Zusammenfassung. I m  Urin yon 73 Diabetikern wur- 
den die U-LDm-Ausscheidung, die Eiweil~ausscheidung 
(n. Kjeldahl) und  mit  Hilfe der Dise-Elektrophorese des 
EiweiB- und LDH-Spektrum nntersucht.  Die Diabetiker 
warden eingeteflt in:  JDM: 0--24 Jahre, ADM: 25--64 
Jahre, EDSI: fiber 65 Jahre, neuentdeekter JDM: Darter 
unter  1 Jahr, Nephropathie: Proteinausscheidung fiber 
500 rag/24 Std. -- Schlu~folgertmgen: Schon bei Aus- 
bruch des Diabetes kommt es zu einer vermehrten Eiweil~- 
ausscheidung im Harn. Nur bei JD}I lg~t sich eine Korre- 
lation zwischen der Diabetesdauer und  der Eiwei2aus- 
seheidung, dem Proteinspektrum und der U-LDH-AUS- 
seheidung belegen. Bei den JDM ist die U-LDH-Aus- 
seheidung nicht so empfindlieh wie der Eiweil3verlust und  
nicht so verl~131ich wie bei den anderen Teilkollektiven 
yon Diabetikern. Alle Diabetiker wiesen ein niedriges 
LDH-I  auf, was bei der Anffindung der eingeschr~nkten 
Funkt ion  der diabetischen Niere, nicht aber bei der Be- 
urteilung ihres Sehweregrades helfen kann. Neuentdeckte 
JDM zeigen eine erhShte Eiwefl3ausseheidtmg, einen 
niedrigen Albuminanteil  und eine selektive Proteinurie in 
den Frakt ionen des Gammaglobulins und  des Pr~albu- 
rains, sowie ein erniedrigtes LDH-I.  -- Bei den Diabeti- 
kern mit  einer Nephropathie fanden sich ein ausgepr~gter 
Eiweil3verlust mit  hohem Albuminanteil ,  eine selektive 
Proteinurie in den Fraktionen des Albumins ~md des 
Transferrins, eine verst/~rkte U-LDH-Ausscheidung nnd  
ein niedriges LDH-I.  

Key-words: Disc-eleetrophoresis, protein pat tern in 
urine, LDH-isoenzymes in urine, urinary proteins in dia- 
betes mellitus, diabetes mellitus. 

Introduction 

The purpose of this  inves t iga t ion  was to examine the  
protein-  and  LDtLi soenzyme  pa t t e rn  in  the ur ine  
from pa t ien ts  with Diabetes Mellitus (DM). This 
examina t ion  was carried out  by  means  of disc-electro- 
phoresis [13] modified for non-concen t ra ted  urine.  I t  
was also designed to examine the excret ion of lactic- 
acid-dehydrogenase (U-LDH) in  the urine,  in  its 
own right,  and  in  re la t ion to the excret ion of protein.  

Material  and Method 

This inves t iga t ion  was a con t inua t ion  of work 
publ ished in  an  earlier paper  [14]. The only change in  
methodology in  the present  inves t iga t ion  was the 
de te rmina t ion  of U-LDH.  I n  this inves t igat ion we have 
used Biochemiea Test Combina t ion  UV-Test|  Because 
of this change we examined  a new normal  group 
s imul taneous ly  with the examina t ion  of the clinical 
material .  
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The urine samples were collected over a 24 h period, 
the volume was measured, and the urines were exa- 
mined for clinical proteinuria, glycosuria and haema- 
turin using Labstix| (Ames). Microscopic examination 
of the urine sediment was carried out after centri- 
fugation at 800 rev./min for 10rain. 20ml  por- 
tions of the urine samples were dialyzed against 
running tap water for 24 h, using dialysis tubing 
No. 15109--400 (Kalle AG, Wiesbaden). The dialysed 
non-concentrated urine samples were examined for 
protein content by  the method of Kjeldahl [19]. The 
activity of U-LDH was determined by the method 
mentioned above. As previously described [13], the 
fractionation of the proteins was carried out by means 
of disc eleetrophoresis. The proteins were stained with 
Amido Schwartz, and the LDt t  isoenzymes were 
developed with the nitrobluetrazolium method of 
Goldberg [10]. The protein fractions and the LDt I  
isoenzymes were scanned on a Vitatron Universal 
Densitometer. After disc electrophoresis, the protein 
fractions were identified by their relative mobilities 
(RM), using transferrin as reference (RM= 1.00). We 
decided to describe five specific fraction areas, although 
it is possible, inconstantly, to detect several others. 

The selected areas are: Prealbumin (RM~ 1.85), 
albumin (RM = 1.85), postalbumin (RM < 1.85 & RM 
1.00), transferrin (RM=I.00)  and gammaglobulin 
(RM ~ 1.00 and RM ~ 0.00). 

The LDt t  isoenzymes were also identified by  their 
relative mobilities. The five LDH isoenzymes we de- 
scribe are: L D t t . I  (RM= 1.30), LDH-I I  (RM~-~ 1.00), 
LDI-I-III (RM=0.75), LDH-IV (RM=0.30) and 
LDH-V (RM = 0.00). 

24 h urine samples from 80 patients with DM have 
been examined. 

The following criteria for the diagnosis and investi- 
gation have been used: 

1. Fasting blood sugar > 140 rag/100 ml, measured 
on capillary blood (potassium ferrieyanide reduction 
method, normal range: < 120 rag/100 ml). 

2. If the fasting blood sugar i s > 1 2 0  rag/100 ml 
and ~ 140 rag/100 ml, a 21/e h glucose tolerance test is 
performed. The blood sugar of the patients in this 
investigation exceeded 120 rag/100 ml after 21/~ h. 

3. At the time of the investigation none of the 
patients displayed ketonuria. 

We have excluded 7 diabetics in whom other 
diseases were a possible cause of proteinuria. The final 
material therefore consists of 73 patients, classified 
according to the WHO Exper t  Committee on Diabetes 
Mellitus 1966 [24]. This classification is based on age 
of recognized onset of the diabetes. We have combined 
Infantile and Young Diabetes into one group: Juvenile 
Diabetes (JDM), age 0--24years ,  acceptable in a 
non-tropical clinical material. Adult Diabetes (ADM) 
includes the age group 25--64 years. Elderly Diabetes 
(EDM) includes patients older than 64 years. 

Some subgroups are also considered: 
1. Recent Juvenile Diabetes Mellitus (I~ecent JDM) 

has a duration of less than one year. Recent Adult 
and especially Recent Elderly Diabetes Mellitus 
(Recent ADM and Recent EDM) are not well defined 
as clinical entities because recognition of the diabetes is 
often preceded by  a long subclinical course. At the 
time of diagnosis, such patients not infrequently 
present long-term diabetic complications. Thus the 
Recent ADM and the Recent EDM in this material 
have not been differentiated from the other patients in 
ADM and EDM. 

2. Diabetic nephropathy is, in this investigation, 
defined as a daffy protein excretion ~ 500 rag/24 h. 
This limit has beeI1 chosen because it invariably 
corresponds to a positive Labstix| and because 
there is a division in the material at this level  

3. Diabetics with obesity are defined as weighing 
50 kg or more than the calculated normal weight 
(kg ---- height in cm--100). 

4. Insulin-dependent diabetics. 
Analysis by sex is not displayed in this paper 

because statistical calculations demonstrated no 
difference between the two sexes. 

Results 

The normal material is made up of 47 healthy 
persons, 24 females and 23 males, between 19 and 
56 years of age, (average 33 years for both sexes). 

The normal subjects showed no clinical proteinuria, 
glycosuria or haematuria, and microscopy of the urine 
was normal. The average 24 h diuresis is 1300 ml. The 
average protein excretion was 121 rag/24 h with a 
0.95-Range of 33--209 rag/24 h, identical for the two 
sexes. The average excretion of U-LDtI  was 6000 
i.u./24 h with a 0.95-Range of 0--14000 i.u./24 h. The 
percentage distribution and the excretion of the 
protein fractions is given in Table 3. The percentage 
distribution of the LDI t  isoenzymes is given in Table 4. 

Table 2 presents the average 24 h protein excretion. 
On average, JDM excrete more than ADM, and 
EDM excrete the least of the three groups. Excluding 
patients with nephropathy, the same three groups 
show no significant differences in protein-excretion, and 
do not differ significantly from recent JDM. ttowever, 
the average urinary protein excretion for all diabetics 
without nephropathy (227 mg/24h) is significantly 
higher than the protein-excretion in the :normals 
(p < 0.001). The Recent JDM also have a significantly 
higher protein excretion (214 rag/24 h) than the normal 
(p < 0.05). The chosen diagnostic limit for nephropathy 
(500 rag/24 h) is higher than the upper limit of all 
diabetics without nephropathy (0.95 --  Range: 
0--447 rag). The average protein excretion from all 
diabetics with nephropathy is also listed in Table 2. 

Table 2 also shows the average daily excretion of 
U-LDtt .  The Recent JDM and JDM without ne- 
phropathy, ADSI without nephropathy and EDM 
without nephropathy do not  differ significantly from 
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Table 1. 73 Patients with diabetes mellitus classified according to the criteria recommended by 
WHO 

Age when Age of 
examined recognized 

onset 
range �9 range 

Duration of 
diabetes when 
examined 

range 

Juvenile diabetes mellitus: 
Females ( n =  6) 20 
Males ( n =  12) 17 
Females and males ( n =  iS) 18 
Recent JDM ( n =  6) 7 
Nephropathy ( n =  3) 43 
Adipositas ( n =  0) 
Insulin-depend. ( n =  18) 

(6--47) 10 (5--19) 10 
(1--43) 11 (1--22) 6 
(1--47) 11 (1--22) 7 
(1--16) 7 (1--16) 1/2 

(40--47) 11 (6--22) 32 

(6-42)  
(<1- -37)  
(< i--42) 

( 1 8 - 4 2 )  

Adult  diabetes mellitus: 
Females (n----20) 59 (37-- 83) 51 (34-- 64) 9 
Males (n=19)  53 (28--71) 47 (25--64) 7 
Females and males (n=39) 56 (28--83) 49 (25--64) 8 
Nephropathy ( n =  8) 61 (51--71) 50 (37--63) 12 
Adipositas (n---- 10) 55 (37 -- 65) 47 (34-- 64) 8 
Insulin-depend. ( n =  18) 55 (28-- 83) 44 (25 -- 64) 13 

< 1-27)  
< 1--23) 
< 1--27) 
< 1--20) 
< 1--20) 
< 1--23) 

Elderly diabetes mellitus: 
Females ( n =  8) 76 (67--87) 73 (67--87) 4 
Males (n---- 8) 73 (66--85) 70 (66--79) 4 
Females and males (n=16) 75 (66--87) 72 (66--87) 4 
Nephropathy (n~-- 2) 71 (70--73) 68 (67--70) 3 
Adipositas ( n ~  7) 71 (66--77) 68 (66--71) 4 
Insulin-depend. ( n ~  3) 73 (66--82) 68 (66--72) 6 

< 1-1o)  
<1--12)  
< 1 -- 12) 
< 1 -  6) 
< 1 - -  6) 

( < 1 - 1 o )  

n : number  of pat ients;  age and duration in years 

Table 2. The daily excretion of urinary protein and lactic acid dehydrogenase in  the 
normal and in  patients with diabetes meUitus 

Protein U-LDH 
excretion excretion 
mg/24-h i.u./24 h 

Normal material (n = 47) 
Standard DV. 
l~eeent JDM ( n ~  6) 
Standard DV. 
Diabetics, without nephropathy ( n=  60) 
Standard DV. 
Diabetics, with nephropathy (n = 13) 
Standard DV. 

121 6000 
44 4000 

214 7000 
68 7000 

227 10000 
100 11000 

1951 15000 
1633 14000 

Juvenile diabetes mellitns (n = 18) 597 11000 
Juvenile, without nephropathy ( n =  15) 222 9000 
Juvenile, with nephropathy (n ~ 3) 2469 22 000 

Adult  diabetes mellitus (n---- 39) 589 12 000 
Adult, without nephropathy (n = 31) 221 11000 
Adult, with nephropathy (n = 8) 2017 15 000 

Elderly diabetes mellitus (n~--16) 330 11000 
Elderly, without nephropathy (n = 14) 247 11000 
Elderly, with nephropathy ( n ~  2) 912 5000 

n ~- number  of patients 
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each other. As with protein excretion, the excretion 
of U-LDt t  in all diabetics without nephropathy is 
significantly higher than the excretion in the normal 
(p < 0.01). The U - L D H  excretion of Recent JDM does 
not differ significantly from the normals, and all 
diabetics with nephropathy demonstrate elevation of 
low significance compared with the normals (p < 0.1). 
The excretion of U - L D H  in the diabetics with nephro- 
pa thy  demonstrates a fall from the juvenile through 
the adult to the elderly, similar to the protein ex- 
cretion. 

Table 3 gives the average percentage distribution 
of the proteins in the five fraction areas. The protein 
pat tern  differs characteristically in the groups without 
nephropathy from the groups with nephropathy.  
Recent JDM demonstrates a characteristic protein 
pat tern  with a significantly lower proportion of al- 
bumin (p < 0.02) than  the normal. The protein pat tern  

of albumin is higher (73~o, p < 0.001), of postalbumin 
is lower (10%, p < 0.001), and of transferrin is higher 
(8%, p <0.02)  than  in the normals. 

We h~ve tried to describe the most  characteristic 
changes in the protein pat tern  by  means of t]he selec- 
t ivi ty  of the proteinuria. The selectivity in our material  
is calculated by  means of a factor. This factor is 
defined as the proportion between the average protein 
excretion in the pat ient  group and the average protein 
excretion in the normal material  within the fraction 
area concerned. The percentage distribution of the 
factors, calculated for the fraction areas, gives us the 
selectivity of the proteinuria (Fig. 1). A high percentage 
value within a specific fraction means a high selecti- 
vity. All diabetics with nephropathy demonstrate 
selectivity for albumin (31%) and transferrin (35%). 
All diabetics without nephropathy demonstrate a low 
selectivity for transferrin (25%) and gammaglobulin 

Table 3. The protein-pattern in urine from the normal and from patients with diabetes mellitus 

Pre- Albu- Post- Trans- Gamma- 
alb. rain alb. ferrin glob. 
% % % % % 

Normal material (n = 47) 11 51 25 5 7 
Standard DV. 7 14 10 3 5 

Recent JDM (n= 6) 18 39 21 8 14 
Standard DV. 10 6 12 4 8 
Diabetics, without nephropathy (n = 60) 10 51 22 7 9 
Standard DV. 7 14 12 4 7 
Diabetics, with nephropathy (n= 13) 3 73 10 8 6 
Standard DV. 2 14 9 3 4 

Juvenile diabetes mellitus (n= 18) 12 51 19 7 10 
Juvenile, without nephropathy (n= 15) 15 46 21 7 l l  
Juvenile, with nephropathy (n= 3) 3 72 10 8 6 

Adult diabetes mellitus (n = 39) 8 55 20 8 9 
Adult, without nephropathy (n ~ 31 ) 9 50 23 8 9 
Adult, with nephropathy (n---- 8) 3 72 10 8 7 

Elderly diabetes mellitus (n= 16) 6 61 18 7 7 
Elderly, without nephropathy (n = 14) 7 58 19 7 8 
Elderly, with nephropathy (n= 2) 3 79 11 5 2 

n = number of patients 

in the groups without nephropathy is very similar to 
the protein pat tern  of the normal. A small difference 
between the juvenile group and the elderly group can 
be seen. The most  characteristic difference when the 
groups without nephropathy are compared with the 
normals is the higher transferrin percentage (p ~ 0.01) 
and gammaglobulin percentage (/o ~ 0.1) in the former. 
There are only small differences between JDM with 
nephopathy,  ADM with nephropathy and EDM with 
nephropathy.  Taken together, all diabetics with 
nephropathy demonstrate a characteristic protein 
pat tern  which differs significantly from the normal 
within all the fraction areas except gammaglobulin. 
The proportion of prealbumin is lower (3 %, ;o ~ 0.001), 

(24%). Recent JDM demonstrates selectivity for 
prealbumin (24%) and gammaglobulin (30%). In  
Fig. 1 the evolution of the selectivity from Recent  
J D ~  to all diabetics without nephropathy and all 
diabetics with nephropathy is clearly illustrated within 
each protein fraction. 

Table 4 gives the average percentage distribution 
of the five LDH-isoenzymes. L D t t - I  is lower than  in 
the normal within all the diabetic groups. The diffe- 
rence is significant except in Recent JDM. An increase 
in L D t I - I I I  is also demonstrated in Recent  JDM 
(8%) through JDM without nephropathy (13%), 
ADM without nephropathy (15%) to EDM without 
nephropathy (23%). The same change in L D H - I I I  is 
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demonstrated within J D ~  with nephropathy (8%), 
ADM with nephropathy (21%) and EDM with nephro- 
pa thy  (34%). 

Pre- 
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Fig. 1. By means of factor calculation the selectivity of 
the proteinuria is demonstrated in recent JDM (R-JDM), 
diabetics without nephropathy (DM-N) and diabetics 
with nephropathy (DM +N).  The percentage distribution 
of the proteins and the excretion of the protein fractions 
within the same groups and the Normals is also shown 

All diabetics, with nephropathy and without 
nephropathy,  differ significantly from the normals. 
Both groups demonstrate a significantly lower L D H - I  
and a significantly higher L D H - I I I  compared with 
the normals. Moreover, all diabetics without nephro- 
pa thy  demonstrate elevated LDt I - IV  and LDII -V 
(p <0 .05  in all fractions). We have calculated the 
correlation between the duration of the disease in 
JDM and the other measured parameters.  We have 
found positive correlation with the protein excretion 
( r=0.76) ,  albumin concentration ( r=0 .56)  and the 
U-LDtt-excret ion ( r =  0.62). We have found negative 
correlation with concentrations of prealbumin 
(r = - -  0.51), postalbumin ( r = - - 0 . 5 2 )  and gamma- 
globulin ( r =  - -  0.79). Further,  we have found tha t  
there is no large increase in protein excretion in JDM 
until more than  10 years of the disease have passed. 
Similar calculations have been made on ADIVI and 
EDM, but  it is not possible to draw any conclusions in 
these two groups, possibly because of a long subclinical 
course, which makes the determination of the true 
duration of the disease uncertain. 

We have calculated the correlation between the 
protein excretion and the other measured parameters,  
and have found it  positively correlated with the U- 
LDIt-excret ion in JDM ( r=0 .70)  and with serum 
creatinine in all diabetics: ( r =  0.66). 

Finally, we have compared all diabetics with 
nephropathy with all diabetics without nephropathy.  
The difference in protein excretion between the two 
groups is obvious by  definition. The protein pa t te rn  
is also differs significantly. Diabetics with nephropathy 
demonstrate a lower prealbumin (p < 0.001), postalbu- 
rain (p<O.O1) and gammaglobulin (p<0 .05) .  At the 
same t ime albumin is significantly higher (p < 0.001). 

Table 4. LDH-isoenzyme-pattern in urine from the normal and from patients with diabetes mellitus 

LDtI- I  LDH-I I  L D H - I I I  LDtt- IV LDtt-V 
% % % % % 

Normal material (n----47) 58 29 7 4 2 
Standard DV. 11 8 6 6 3 
t~ecent 5DM (n= 6) 46 32 8 10 4 
Standard DV. 14 6 6 5 3 
Diabetics, without nephropathy (n=60) 44 27 16 9 3 
Standard DV. 15 9 13 8 5 
Diabetics, with nephropathy (n= 13) 32 33 17 8 2 
Standard DV. 12 13 11 7 2 

Juvenile diabetes mellitus (n= 18) 42 31 12 10 5 
Juvenile, without nephropathy (n= 15) 44 30 13 8 5 
Juvenile, with nephropathy (n= 3) 35 36 8 16 4 

Adult diabetes mellitus (n ~-- 39) 43 30 16 9 3 
Adult, without nephropathy (n= 31) 45 29 15 9 3 
Adult, with nephropathy (n= 8) 36 37 21 6 1 

Elderly diabetes mellitus (n= 16) 41 22 23 7 1 
Elderly, without nephropathy (n= 14) 45 22 23 8 1 
Elderly, with nephropathy (n= 2) 20 34 34 12 1 

n : number of patients 
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The only significant differences between all diabetics 
with nephropathy and all diabetics without nephro- 
pa thy  in relation to the U-LDII-excretion and the 
LDt t  isoenzyme pat tern are, a lower LDH-I  (p < 0.1) 
and a lower LDH-V (p < 0.05) in the nephropathy 
group. 

Discussion and Conclusions 

Of the clinical features which characterize diabetic 
nephropathy, increased excretion of protein in the 
urine ("proteinuria") has been recognized as the 
initial clinical sign. 

In the present study we have shown that  diabetics 
demonstrate increased excretion of protein in 24 h-urine 
from the recognized onset of the disease. This can be 
compared with the investigations of Keen and Chlou- 
verakis [17], which demonstrated increased excretion 
of albumin in 2 h-urine collections from recently 
discovered diabetics. The patients investigated in tha t  
study constituted diabetics of all ages, most of them 
old people. The group of patients is thus less well- 
defined than ours and cannot be compared with the 
Recent JDM in our material. 

We found, like Keen and Chlouverakis, that  testing 
the urine with Labstix| may fail to show the presence 
of increased excretion of protein until it exceeds 
500 rag/24 h. The explanation is, among other reasons, 
the large 24 h-urine volume of many diabetics. We 
therefore recommend the use of more sensitive methods, 
such as the method of Kjeldahl, in order to detect the 
increased excretion of protein in urine from diabetics, 
especially in Recent diabetics and in diabetics without 
nephropathy. 

I t  is interesting that  this investigation has shown 
that,  compared with the normal, recent JDM de- 
monstrated a statistically significant reduction in the 
proportion of urinary albumin. The absolute excretion 
of albumin was however slightly increased. These altera- 
tions in the excretion of protein and the protein 
pat tern in urine from Recent JDM, can possibly be 
related to the electron microscopic changes demon- 
strable in JDM soon after the onset of the disease 
[12, 27, 5, 26]. I t  may  also be connected with the 
increased glomerular filtration rate in the same group 
of patients, demonstrated by Ditzel et al. [6]. 

Disc electrophoresis has not previously been used 
to characterize the selectivity of the proteinuria in 
diabetics. Its use in the present study, together with 
the factor calculation introduced in this paper, has 
demonstrated characteristic patterns and changes in 
the selectivity of the proteinuria in diabetics. In Recent 
JDM, the selectivity was found in the fractions of pre- 
albumin and especially gammaglobulin. In diabetics 
without nephropathy, low selectivity was found in the 
fractions of transferrin and gammaglobufin. In 
diabetics with nephropathy, high selectivity was found 
in the fractions of albumin and transferrin. 

Our modification of disc electrophoresis, together 

with factor calculations, has been valuable in defining 
the selectivity of proteinuria. I t  may also have 
therapeutic implications, as in the t reatment  of 
proteinuria in diseases other than DM [3, 15, 8, 16]. 

In  accordance with other authors [28, 20, 21, 4], 
this investigation has shown that  in JDM a large rise 
in excretion of protein is found after a diabetes duration 
of more than 10 years. Moreover in JD1K we have 
demonstrated a quantitative relationship between 
duration of the diabetes and the excretion of protein, 
the protein pat tern and the excretion of U-LDH. Like 
other workers, we have been unable to demonstrate a 
relationship between obesity or insulin treatment and 
the course of the proteinuria. As a matter  of fact, we 
have found that  patients treated with insulin and 
obese patients do not differ from the other patients in 
this study. We have therefore only used those two 
subgroups in the description of the patients in this 
paper (Table 1, see page 514). 

In  Table 1 one will find that  in accordance with 
other authors [22] there is a substantial number of 
normal-weight or under-weight, insulin-treated patients 
especially in the ADM-gronp but  also in the EDM- 
group. This confirms the fact tha t  in these two groups 
(ADM+EDM),  a considerable number of diabetics 
present with features in common with the juvenile 
type of diabetes. JDM in contrast is a uniform group, 
all patients being treated with insulin and none 
overweight. 

In JDM the U-LDH-excretion was a fairly reliable 
method for assessing the severity of the nephropathy 
as judged by the correlation between protein excretion 
and U-LDtt-excretion in JDM. The U-LDH excretion 
was not significantly increased in l%ecent JDM, and 
therefore is not as sensitive as the protein-excretion in 
detecting the onset of the change in kidney function 
in diabetics. In the other groups of diabetics, the 
correlation between protein excretion and U-LDtI  
excretion was also less good. This apparent difference in 
reliability is in accord with similar disagreements, 
reported by different authors, on the diagnostic 
reliability of the U-LDtI  excretion in a variety of 
diseases of the kidney [9, 18, 25, 1]. The LDH isoenzyme 
pat tern showed distinct changes compared with normal 
in all the diabetic groups. The most characteristic 
feature was a low LDIt-I .  Theories of the influence of 
oxygen tension on the LDH isoenzyme pat tern [2, 23, 
7, 11], would explain this pattern as evidence of 
alteration of the metabolism of the kidney towards 
anaerobic conditions. 

The LDH isoenzyme pattern is just as sensitive as 
the protein excretion in detecting the onset of the 
change in the kidney function in diabetics. I t  is not so 
useful for measuring the severity and evolution of the 
nephropathy. 

From the above, the following conclusions can be 
drawn: 

1. Urinary protein excretion is increased[ right 
from the onset of DM. 
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2. Maj or rises in protein excretion are seen after more 
than 10 years duration of the diabetes in JDM. In  
this group, there is a good correlation between the 
duration of the disease and the protein excretion, 
protein pattern and U-LDH excretion. 

3. Although the U-LDH excretion in JDM is 
correlated with the protein excretion, the U-LDH 
excretion is not as sensitive a method as the protein 
excretion, and it is less reliable in other groups of 
diabetics. 

4. All groups of diabetics demonstrate low LDH-I  
and different degrees of elevation of the other LDt t  
fractions. The LDH isoenzymes are reliable in detecting 
the early stages of altered function of the diabetic 
kidney. They are less useful for judging the severity of 
the nephropathy. 

The most interesting two groups of diabetics can be 
described as follows: 

5. Recent JDM are different from the normal in the 
following points: increased protein excretion, and a 
characteristic protein pattern presenting low albumin 
percentage and, by means of factor calculations selec- 
tive proteinuria in the fractions of gammaglobulin and 
to a less degree prealbumin. LDt t - I  is low. 

6. The features of diabetics with nephropathy are 
not only the expected increased protein excretion, but 
also a characteristic protein pattern presenting a 
high proportion of albumin. Factor calculations show 
highly selective proteinuria in the fractions of albumin 
and transferrin. The U-LDH excretion is increased and 
LDH-I  is low. 

7. Although diabetics with nephropathy differ 
from diabetics without nephropathy in their protein 
excretion and protein pattern, they differ only slightly 
in LDtt-isoenzyme pattern and not at all in the 
U-LDt t  excretion. 
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