
Diabetologia 1, 97-I00 (1965) 

A Quantitative Estimate of the Peripheral Glomerular 
Basement Membrane in Recent Juvenile Diabetes 

B y  

I~UTH OSTEI~BY I-IANSEN 

From the Universi ty  Ins t i tu te  of Pathology (Head: S~EEN OLSESr, M.D.), Kommunehospitalet ,  Arhus, Denmark,  and 
the Second Universi ty  Clinic of Internal  Medicine (Head: K. LUlVI)B2EK, M.D.), Kommunehospi talet ,  Arhus Denmark 

Received July 19, 1965 

Summary. A quant i ta t ive  s tudy of electron micro- 
graphs prepared from renal biopsies in 7 young patients 
with recent diabetes me]litus and from 3 non-diabetics 
is presented. In  all the diabetic pat ients  a biopsy was 
taken before t rea tment  and after the normalization of 
the metabolic state. Basement  membrane thickness was 
measured at  constant  intervals on montages of glomeru- 
lar cross sections. The actual  number  of measurements 
varied between 438 and 1745 for each glomerulus. Fre- 
quency distr ibution curves of basement membrane thick- 
ness were similar in diabetics and non-diabetics. No dif- 
ference was found between the results obtained in the 
first and the second biopsy in the diabetic patients.  I t  is 
concluded tha t  there is no thickening of the peripheral  
glomerular basement membrane in recent juvenile diabe- 
tes. 

Rgsumd. I1 a 6t4 fait une 4tude en microscopie dleetro- 
nique des glom6rules de 7 jeunes sujets souffrant d 'un  
diab@te suet6 rgeent et de 3 non-diabdtiques. Chez tous 
les diabdtiques les ponctions-biopsies du rein ont 6t6 fai- 
tes aussi bien avant  le commencement du t ra i tement  
qu'apr~s la normalisat ion de l '6tat  m4tabolique. L'gpais- 
seur de la membrane basale a 6t6 mesurde ~ intervalles 
constants sur des montages de coupes transversales de 
glom6rules. Le hombre de mesures dans chaque cas part i-  

culler a vari6 entre 438 et 1745. Coneernant l '6paisseur 
de la membrane basale les courbes de distr ibution de la 
fr@quence ont 6t6 6gales chez les diab4tiques et les non- 
diab6tiques. On n 'a  pas trouv4 de diff6rences entre les 
rgsultats donnds par  la premiere et la deuxi@me biopsie 
On peut  en conclure qu'il  n 'y  a pas d'6paississement de 
la membrane basale pdriphgrique glom6rulaire darts un 
diab@te juv6nile r@ent. 

Zusammenfassung. Eine elektronenmikroskopisehe 
Untersuchung von Nierenpunktionsbiopsien bei 7 jungen 
Diabetikern und bei 3 Kontrol lpat ienten ist durchgefiihrt  
worden. Die Biopsie wurde bei den Diabet ikern sowohl 
vor der Behandlungseinleitung als auch nach der Nor- 
malisierung der Glueosemetabolismus ausgefiihrt. Die 
Dieke der Basalmembran wurde mi t  konstanten Inter-  
vallen auf Glomerulus-Quersehnitten gemessen. Die Zahl 
der Messungen variierte bei den versehiedenen Glomeruli 
zwisehen 438 und 1745. Die l~esultate wurden als Fre-  
quenzdiagramme aufgeffihrt. Die Diagramme waren bei 
Diabetikern and  Kontrol lpat ienten gleieh. Es wurde kein 
Untersehied zwisehen der ersten und der zweiten Biopsie 
bei den Diabetikern gefunden. Es muB also gefolgert wer- 
den, dal~ keine Verdiekung der peripherisehen Glomerulus- 
Basalmembran bei frischem, juvenilem Diabetes vorhan- 
den ist. 

Diabe t ic  a n g i o p a t h y  is known to develop slowly 
over  the  years .  Clinically i t  usua l ly  becomes manifes t  
only  af ter  t en  or more  years  of diabetes .  

A new perspec t ive  in the  discussion of vascular  
disease in d iabe tes  mel l i tus  has  been opened dur ing 
the  las t  few years  b y  several  repor t s  of changes in the  
capi l la ry  basemen t  m e m b r a n e  in recent  diabetes.  

These repor t s  include electron microscopic s tudies  
of the  g lomerular  capillaries.  Al together ,  some t w e n t y  
cases of juveni le  d iabe tes  of less t h a n  one yea r ' s  dura-  
t ion  have  been s tud ied  b y  different  groups  of invest i-  
gators .  Fu r the rmore ,  a few cases of "p r ed i abe t e s "  have  
also been s tudied.  Glomeru la r  abnormal i t i e s  were des- 
cr ibed in mos t  of these pa t ien ts .  Some au thors  have  
s t ressed the  presence of a th icken ing  of the  per iphera l  
ba semen t  m e m b r a n e  (GOETZ et al., 1960, SABOUg et 
al., 1962, BLOODWORTX, 1963, AZI~tCAD et al., 1964, 
and  MAcDo~cALD and  II~wnAND, 1964) while others  
have  emphas ized  t h a t  the  p r i m a r y  lesion is in the  
mesangia l  region (M]~RIEL et al., 1962, FIASCEI e t a ] . ,  
1963, CAMERINI-D~VALOS et  al., 1964). Ac tua l  measu-  
rements  of the  basemen t  m e m b r a n e  have  been carr ied 
out  b y  some of these  au thors  (GOETZ et al., 1960, 

BLOODWOICTI~, 1963, P~OSENBAUM et al., 1963 and  MAc- 
DONALD and  IlCELAND, 1964). 

The presen t  r epor t  presents  the  resul ts  of a quan- 
t i t a t i ve  s t u d y  of the  per iphera l  g lomerular  ba semen t  
membrane  in 7 newly  discovered juveni le  d iabet ics  and  
in 3 non-diabet ics .  

The Patients 

The pa t ien t s  had  no t  rece ived  an t i -d iabe t i c  thera-  
py ,  except  for case No. 6 who h a d  been p u t  on a "free 
die t  w i thou t  sugar"  eight  mon ths  pr ior  to  admission.  
The  age of the  pa t ien ts ,  the  du ra t ion  of d iabe tes  and  
the  d iabet ic  s ta te  as well as the  diagnosis  of the  control  
cases appea r  in the  Table.  

None of the  controls  had  glycosuria.  The glucose 
to lerance  t es t  was no rma l  in case No. 8 and  No. 10. I t  
was no t  pe r formed  in case No. 9. 

Rena l  funct ion  - -  as e s t ima ted  b y  endogenous 
creat inine clearance - -  was no rma l  in all the  d iabet ics  
and  in 2 of the  controls  (cases No. 8 and  No. 10), I n  
case No. 9 no clearance s t u d y  was per formed;  however ,  
there  was no pro te inur ia .  
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Table 

Duration of 24 hrs urine glucose, gram* fasting blood glucose, rag%** 
Case Ilo. age sex diabetic symp- 

toms, months at 1st biopsy at 2nd biopsy at 1st biopsy at 2nd biopsy 

1 18 M 1 303 0 318 117 

2 25 M 3 112 0 252 89 

3 16 F i 60*** 0 207*** 106 

4 32 ~ 12 ? 115 5,7 211 65 

I 5 19 M 3~ 102 2 237 93 

1 6 21 M 12 253 12 255 129 

7 13 F ~ 132 1.0 274 94 

cause of admission 

~1 8 19 M cholelithiasis 

ooro  ol  mo r o o 

] 10 12 M subacute appendicitis 

Methods 

A renal biopsy, using the technique of IVERS~S and 
Bairn (1951) in a later modification (BRu~ and I%AA- 
SC~O[r (1958), was performed on the diabetic patients 
before any therapy was given and it was repeated 
again after 3--6 weeks of vigorous treatment in hospi- 
tal with diet and insulin. 

In  eases No. 8 and 10 needle biopsy was taken 
from the exposed kidney through the peritoneum at 
laparotomy. Case No. 9 was a donor for renal trans- 
plantation, and here a slice was taken from the renal 
cortex immediately after death. 

Tissue for light microscopy was embedded in paraf- 
fin, while tissue for electron microscopy was fixed for 
one hour in 1 ~o Os04 buffered in veronal-acetate to 
pH 7.3, dehydrated in aeetbne and embedded in Vesto- 
pal W. 

A small pyramid containing a single glomerulus at 
its top was prepared from each plastic-embedded 
block. Care was taken to obtain complete glomeruli. 
Thin sections were picked up on No. 100 copper grids. 
A total glomerular cross section can be contained in one 
square of such grids. The sections were photograph- 
ed with a Philips EM 200, and the entire cross sec- 
tion of a glomerulus was mapped. Primary magnifica- 
tion was 1400; prints were processed with a ten-fold 
enlargement. The magnification of the microsope was 
checked for each glomerulus by photographing a ear- 
bon-grating replica grid. 

The micrographs (50--100 in number) were fitted 
together to form a montage, producing a picture which 

* average of 3 days before biopsy (p-toluidin). 
** average of 3 days before biopsy (Hagedorn-Norman 

Jensen). 
* * * on the day of biopsy. 

represented the entire cross section of a single glo- 
merulus. 

Measurements were made at intervals of 0.5/~ along 
the entire length of the peripheral basement membrane 
where the section was perpendicular to the basement 
membrane. The "peripheral basement membrane" is 
considered as that  part which is beyond the first en- 
dothelial pore starting at the mesangial region. A sec- 
tion was only regarded as being perpendicular to the 
basement membrane when the limiting endothelial and 
epithelial cytoplasmic membranes were both distinct. 
I f  a measuring point was arrived at which did not 
fulfill this criterion, the basement membrane was then 
searched for a point where it did so. 

The number of measurements thus defined varied 
between 438 and 1745 in each glomerular section with 
an average of 860 in diabetics and 1043 in controls. 
The low figure of 438 is from ease No. one's first 
biopsy, in which only about a third of one glomernlar 
cross section was available. Complete cross sections 
were obtained in the remaining glomeruli, except in 
3 cases in which small areas representing up to about 
10~o of the section were missing. 

In  the first nine glomeruli studied, the thickness 
of the basement membrane was measured by placing 
a piece of graph paper over the basement membrane 
which allowed an accuracy of 0.5 millimeters, or 357 
AngstrSm. However, in the next eight glomeruli point- 
ed-leg calipers, calibrated at 0.1 millimeter were used. 

Results 

On light microscopy all of the patients but one 
were found to have normal renal tissue. In  case No. 4 
it was felt that  there might be a slight increase in the 
PAS-positive material in the mesangial regions. 
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Fig.  1--3.  Frequency dis t r ibut ion curves of basement  n]embrane thickness 
in 7 young pat ients  with recent diabetes and in 3 young non-diabetics 

The results of basement membrane measurements 
of single glomeruli were plotted as frequency distribu- 
tion curves. The thickness in millimeters obtained by 
direct measurement was converted to AngstrSm units 
according to the calculated magnification. 

Figs. 1--3 show the distribution of results obtained 
in individual diabetic and normal cases. I t  appears that  
the curves are approximately the same in all cases. 
No difference is found between diabetics and non- 
diabetics, and no difference is found between the first 
and second biopsy specimen from diabetics, i.e. before 
and after normalization of the metabolic state. 

The modal values in these cases vary from 2140 
to 2860 A in diabetics and from 2500 A to 2860 A in 
controls. As expected, the mean values are somewhat 
larger than the modal ones due to the shape of the 
curves. The few high values found in M1 cases are 
partly due to focal thickenings found both in diabetics 
and non-diabetics. 

Discussion 

The results of the present study differ from those 
obtained in earlier published studies, but this might be 
due to technical differences. 

The idea of using total cross sections in the present 
study was to omit bias in the selection of areas for pho- 
tography as well as in the choice of measuring points. 

GO~TZ et al. (1960), in a short abstract, presented 
ranges of basement membrane thickness in 2 young, 
recent diabetics. No details of measurements are given, 
and thus comparison with the present study is not 
possible. 

SABOUt{ et M. (1962) reported a study based on 
renal biopsies from 4 young, insulin-treated patients 
with a duration of diabetes of less than two years. 
They found that  the mean value of basement mem- 
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brane  thickness  va r i ed  be tween  4000 and  6000 Ang-  
s t rSm units ,  however ,  no in fo rmat ion  is g iven as to 
how these values  were obta ined .  

L a t e r  (1964) MAcDoNAr.D and  Il~S~ASD from the  
same l a b o r a t o r y  publ i shed  new measu remen t s  ob ta in-  
ed  f rom glomernl i  f rom 2 of these  pa t i en t s  and  f rom 
one new ease as well as f rom 5 controls.  I n  the  th ree  
d iabe t ic  pa t i en t s  t h e y  found  an  average  basemen t  
m e m b r a n e  th ickness  of 2416, 2980 and  3033 A in the  
th ree  cases, based  on 50- -100  measurement s  in each 
ease. I n  the  5 controls  the  average  values  were bet-  
ween 1400 and  2700 A. They  conclude t h a t  in some 
cases of recen t  juveni le  diabetes ,  th icken ing  of the  
basemen t  m e m b r a n e  is present .  

Thei r  average  values  for d iabe t ic  pa t i en t s  do no t  
differ f rom ours;  however ,  some of the i r  control  va-  
lues are smal ler  t h a n  ours. No in fo rmat ion  is avai lable ,  
however ,  concerning select ion of measur ing  points .  

I~OSE~BAU~ et  al. (1963) r epor t ed  r a the r  high 
average  values  for ba semen t  m e m b r a n e  th ickness  in 
2 of 3 chi ldren wi th  recen t  d iabetes ,  b u t  the i r  mean  
va lues  were based  on only  a few measurements .  

As men t ioned  above  some au thors  feel t h a t  t he  
p r i m a r y  lesion in d iabe t ic  glomerul i  is in the  mesangia l  
region. The  e luc ida t ion  of th is  quest ion requires  quan-  
t i t a t i v e  studies.  

Sti l l  m a n y  prob lems  regard ing  the  g lomeru la r  base-  
men t  m e m b r a n e  r ema in  to be solved. I n  the  presen t  
s t u d y  only  a single eross sect ion f rom a single glomern-  
lus f rom each b iopsy  was used for measurement .  W e  
do no t  y e t  know if one sect ion is t r u l y  r ep resen ta t ive  
of the  whole glomerulus ,  or whe ther  one g lomerulus  
ean be accep ted  as r ep resen ta t ive  in a n y  single pa- 
t ien t .  

However ,  the  un i fo rm resul ts  ob ta ined  in these  
14 biopsies m a k e  i t  reasonable  to  conclude t h a t  there  
is no th ickening  of the  pe r iphera l  g lomeru la r  ba semen t  
m e m b r a n e  in recent ,  juveni le  d iabet ics .  

This study was supported by grants from "Statens 
Almindelige Videnskabsfond", the Novo Foundation and 
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