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Summary.  Umbilical  cords have been examined from 
twenty-one normal  full-term pregnancies and from sixteen 
diabetic pregnancies. Cord thickness measured by  plani- 
mer ry  of t ransverse sections was approximate ly  twice as 
great  in the diabetic compared with the normal  material ,  
bu t  did  not  correspond closely with foetal size. The wet 
to d ry  weight rat io  of 13.07 for diabetic cords was signi- 
ficantly greater  than  the figure of 9.73 for normal  material .  
The amount  of mucopolysaccharide as assessed by  the 
measurement  of glucosamine l iberated by  hydrolysis  of 
Whar ton ' s  jel ly was also significantly greater  in diabetic 
cords, measuring 1.32 mg/g wet weight or 16.41 mg/g d ry  
weight compared with  the  normal  figures of 1.03 and 9.42 
respectively. Diabetic  pregnancy is apparen t ly  associated 
with an increased product ion of mucopolysaccharide,  
which could account for water  re tent ion and increased 
thickness of the umbilical cord. 

Contenu en glucosamine de la gelde du cordon ombilieal 
humain dans la grossesse normate et diabdtique 

Rgsumd. On a examin@ les cordons ombil icaux de 
nouveau-ngs de 21 m@res ayan t  eu une grossesse normale 

terme, et de 16 m~res diab@tiques. L'gpaisseur du cor- 
don, mesur6e par  planim@trie des coupes transversales,  
6taft approximat ivement  2 lois plus grande ehez les dia- 
b@tiques qua ehez les famines normales, mais ne corre- 
spondai t  pas exaetement  ~ la taille foetale. Le rappor t  
poids humide/poids see de 13.07 pour les cordons des 
diab6tiques @taft significativement plus grand qua le rap- 
por t  de 9.73 pour les cordons des famines normales. La  
quantit6 de mucopolysaceharide,  6valuge par  la mesure 
de la glueosamine lib@r@e par  hydrolyse de la gel6e de 
Wharton,  6taft 6galement signifieativement plus grande 

dans les cordons des diab@tiques; elle @taft de 1.32 mg/g 
de poids humide ou de 16.41 mg/g de poids sec pour 
respectivement 1.03 et 9.42 chez les famines normales. 
La grossesse des diab@tiques est apparemment  accom- 
pagn@e d 'une product ion accrue de mucopolysaccharide 
qui pourrai t  expliquer la r~tention d 'eau  et l '@aisseur 
accrue du cordon ombilieal. 

Der Glucosamingehalt menschlicher Nabelschnur-Sulze 
bei normalen und diabetischen Schwangerschaften 

Zusammenfassung. Die Nabe]schniire yon 21 ausge- 
tragenen normalen und 16 diabetischen Schwangerschaf- 
ten wurden untersucht.  An Querschnitten konnte plani- 
metrisch nachgewiesen werden, dal3 die Nabelschniire der 
Neugeborenen diabetiseher Miitter doppel t  so dick waren 
wie bei normalen Neugeborenen, wobei sich jedoch kein 
enger Zusammenhang zur GrSl~e des Foeten herstellen 
liela. Das Verhgltnis yon Feucht-  zu Trockengewicht lag 
mi t  13.07 bei den diabetischen Nabelschniiren signifikant 
h6her als bei den normalen mi t  9.73. Auch liel~ sich als 
Ausdruck eines erhShten Mucopolysaccharid-Gehaltes aus 
der Whar ton 'schen Sulze diabetischer Nabelschniire mit  
1.32 mg/g Feuchtgewicht,  bzw. 16.4I mg/g Trockenge- 
wicht signifikant mehr Glucosamin freisetzen als aus Nor- 
malgewebe (1.03 bzw. 9.42 rag/g). W/~hrend der diabeti-  
schen Schwangerschaft kommt  es offensiehtlich zu einer 
verst~rkten Bildung von Mucopolysacchariden, die ffir 
die Wasserretention und die Zunahme des Durchmessers 
der Nabelschniire verantwort l ieh sein kSnnte. 

Key-words: Diabetic pregnancy,  foetal maerosomia,  
glucosamine, mucopolysaeeharide,  umbilical  cord compo- 
sition, Whar ton ' s  jelly. 

The influence of m a t e r n a l  d iabe tes  on the  develop-  
m e n t  of the  foetus  has  been  the  sub jec t  of m a n y  in- 
ves t iga t ions ,  and  bo th  humora l  a n d  genet ic  fac tors  
have  been imp l i ca t ed  in the  causa t ion  of foeta l  macro-  
somia.  I t  is now genera l ly  held  t h a t  the  p roduc t ion  of 
excess insul in  b y  the  in fan t ' s  is let  t issue f rom the  
s t imulus  of hype rg lycaemia  resul ts  in  the  e x a g g e r a t e d  
synthes is  of fat ,  and  this ,  r a the r  t h a n  fluid re tent ion ,  
is respons ib le  for the  in fan t ' s  size (0SLIER, 1960; PEDER- 
SEN a n d  OST,ER, 1961; STEI~KE and  DRISCOLL, 1965). 
Never theless ,  the  umbi l i ca l  cords of these  big  babies  
have  a gross ly  oedematous  appearance ,  and  the i r  sub- 
sequent  shr inkage  wi th  loosening of the  cord su ture  
has  been the  cause of serious haemor rhage  (FISCHER, 
t961). 

The p resen t  s t u d y  was u n d e r t a k e n  to  assess the  
degree of h y d r a t i o n  of such umbi l ica l  cords t oge the r  
wi th  the i r  mueopo]ysacehar ide  content ,  as a n y  in- 
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crease in th is  connect ive  t issue componen t  would  be 
expec ted  to  increase  the  c a p a c i t y  for wa te r  re ten t ion .  
I t  is p rob lema t i ca l  whe ther  the  anabo]ie  ac t ion  of 
hyper insu l in i sm in the  foetus or the  d iabe t ic  environ-  
m e n t  p r o v i d e d  b y  the  m o t h e r  can influence the  syn- 
thesis  and  composi t ion  of homogeneous  g round  sub- 
stance.  UmbflieM cord prov ides  a r e a d y  and  copious 
supp ly  of fresh g round  subs tance  for such studies,  
which could be e x t e n d e d  to include the  influence of 
p re -d iabe tes  and  o ther  endocr ine  disorders  on connec- 
t ive  t issue metabol i sm.  

Materials  and Methods 

Segments  of umbi l ica l  cord measur ing  a b o u t  10 cm 
in l eng th  were ob t a ined  as soon as possible  a f te r  b i r t h  
f rom s ix teen  infants  of d iabe t ic  mothers  a n d  f rom 
tw e n ty -one  m a t u r e  infants  of no rma l  b i r t h  weight  (3 to  
3.5 kg) whose mothe r s  had  no d iabe t ic  t r a i t  and  were 
in good heal th .  These specimens were s tored  in closed 
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containers at --20~ Macrosomia was conspicuous in 
ten of the sixteen diabetic babies and invariably as- 
sociated with umbilical cord thickening. Some varia- 
tion in thickness was evident among the control speci- 
mens, but no material from any suspected case of pre- 
diabetes or latent diabetes is included. 

While still frozen, transverse sections of umbilical 
cord about 3 mm thick were made with a sharp scalpel 
or ~azor blade. The width of each specimen was assessed 
from camera lucida drawings of transverse sections 
taken from at least three levels. By means of plani- 
merry mean transverse area exclusive of vascular area 
was calculated, and is expressed in square millimetres. 

Portions of jelly were dissected free from the outer 
fibrous covering of the cord and from the blood vessels. 
The arteries may be pulled away with fine forceps but 
the vein is sometimes resistant. Any portion showing 
blood staining was avoided, although this was rarely 
necessary as blood had been expressed from most cords 
at the time of collection. The tissue was then minced 
with fine scissors, and carefully weighed aliquots 
transferred to glass Soxhlet thimbles for extraction 
with a hot ethanol-diethyl ether mixture for 24 h. The 
residue was dried to constant weight in  vacuo over 
phosphorus pentoxide. Other weighed portions of jelly, 

i.e. unhydrolysed, glucosamine standards were em- 
ployed in all cases. 

In  certain selected cases the following supplemen- 
tary investigations were undertaken: a) the quanti- 
tation of hexosamine in both the dried residue and 
extraction product of cord jelly; b) the use of internal 
glucosamine standards to assess the possible loss of 
amino-sugar during hydrolysis and recovery from ion- 
exchange resin columns; c) a comparison of the hexo- 
samine content of blood-stained jelly and unstained 
jelly from the same specimen. 

Results 

Thickness of  Cord 

The mean cross sectional area for the diabetic group 
is increased signicantly above the normal figure of 
65.75 sq/mm, although fairly wide variations were en- 
countered in both groups (Table 1). 

Wet to Dry  Weight Ratio 

Approximately 90 per cent of the mass of normal 
umbilical cord jelly could be extracted with hot 
aqueous and lipid solvent. A somewhat greater amount 

Table 1. Mean values for transverse sectional area, wet to dry weight ratio and glucosamine content of umbilical cords from 
21 normal and 16 diabetic pregnancies 

NormM Diabetic Comparison of 
pregnancies pregnancies Means 
Mean S.E.M. Mean S.E.M. t P 

Area mm ~ 65.42 :t: 4.88 128.99 -t- 19.27 
Wet weight/ 9.73 4- 0.57 13.07 • 0.69 
dry weight 
Glucosamine 1.03 4- 0.07 1.32 • 0.07 
mg/g wet weight 
Glucosamine 9.42 ~- 0.54 16.41 -t- 0.56 
mg/g dry weight 

3.159 < .01 > .001 
3.510 < .01 > .001 

2.483 < .02 > .01 

8.355 > .001 

Table 2. Uorrelations between transverse sectional area, wet to dry weight ratio and glucosamine content of umbilical cords 
from 21 normal and 16 diabetic pregnancies 

Correlation Normal pregnancies Diabetic pregnancies All pregnancies 
r t P r t P r t P 

Wet weight/ 
Dry weight 0.748 4.911 < .001 0.437 1.819 < .1 > .05 0.581 4.224 < .001 
with area mm 2 

Glucosamine mg/g 
wet weight with 
a r e a  m m  2 

Glueosamine mg/g 
dry weight with 
a r e a  2 

--0.488 2.440 < .05 > .02 --0.247 0.953 < .4 > .3 --0.028 0.163 < .9 > .8 

0.098 0.431 < .7 > .6 0.087 0.326 < .8 > .7 0.423 2.764 = .01 

0.15 to 0.35 g, were hydrolysed with cation exchange 
resin (Amberlite CG 120 -- H +, 100 mesh) at  105~ 
for 18 h in sealed glass ampoules fixed on a slowly 
rotating plate within a hot air oven. Acid eluates of 
these resins were concentrated to 10 ml and their glu- 
cosamine content measured by Boas's (1953) modifi- 
cation of the Elson and Morgan technique. External, 

could be extracted from the diabetic material and this 
difference is also statistically significant (Table 1). As 
might be expected, the ratio can be correlated with 
cord thickness when calculated for the whole series. 
This is also true for normal specimens, but  there is no 
close correlation between these values among the dia- 
betic material (Table 2). 
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Glueosamine recovered by hydrolysis of cord jelly 

The amount of hexosamine recovered from the hydro- 
lysis of umbilical cord jelly and expressed as glueosa- 
mine is approximately 1 mg/g wet weight. The cor- 
responding figure for the diabetic material in this series 
was somewhat higher, viz. 1.3 mg/g wet weight. 

When these hexosamine values are related to the 
dry weight of umbilical cord jelly, the mean difference 
between the two groups becomes more highly signi- 
ficant (Table 1). Figures relating to the glueosamine 
of dried, defatted material were obtained for three 
normM and three diabetic cords, and were approxima- 
tely similar to those obtained by cMculation from the 
wet/dry weight ratios. This result was expected, since 
no trace of hexosamine was found in any extraction 
fluid. 

As both cord area and glucosamine content of dried 
material are increased in diabetic cases, there is some 
correlation between these two values. No such corre- 
lation exists, however, between, these values within the 
normal and diabetic groups studied separately. A neg- 
ative correlation between cord thickness and the less 
significant value for glucosamine calculated on a wet 
weight basis is found only among the normal cases 
(Table 2). 

The addition of internal standards of glucosamine 
to materiM from four normal and two diabetic cases 
led to a calculated recovery of at least 85 per cent of 
hexosamine. The presence of blood staining in umbilicM 
cord jelly made no difference to the amount  of gtueo- 
samine recovered from the single diabetic case in which 
this feature was investigated. 

Discussion 

I Iuman umbilical cord is a rich source of readily 
available connective tissue mucopolysaecharide, and 
has been utilized in a number of investigations into 
the nature of these compounds, e.g., 5[EYE~ and PAL- 
ME~ (1936). The major component is hyaluronie add,  
but  chondroitin sulphates are also present in substan- 
tial amounts (JEA~LOZ and I?O~CmELH, 1950; KA~K- 
K~iI?;EN et M., 1965), together with heparin from mast 
cells and a sulphated glucosamine compound of un- 
certain nature (D~SHEFSKu and BELLA, 1966). A tri- 
or tetra.saccharide precursor has also been described, 
but, is markedly reduced in the later months of preg- 
nancy when the composition as found at birth becomes 
established (ScHoEN~EaG and MOO~E, t958). Hyalu- 
tonic acid in particular has a high capacity for water 
binding, and a water content of approximately 90 per 
cent of the cord mass has also been recorded by  
M~S0HE~ (1959). 

H ~ N  (1960) found a total of 1.3 per cent hexo- 
samine in frozen dried umbilical cord, and a similar 
figure may be calculated from the amount  of individual 
mueopolysaecharides recorded by Danishefsky and 
Bella. Some of our own normal specimens yielded corn- 

parable amounts, but  the overall mean value was 0.94 
per cent. Higher direct or calculated figures are given 
in earlier publications (,I-tADIDIAN and PIRIE, 1948; 
JEA~LOZ and FO~CHIELLI, 1950). We have chosen 18 h 
as the optimum safe period of hydrolysis when loss of 
hexosamine should be negligible (HAA~ and ANASWAS- 
SIADIS, 1961). In our experience of recovery of internal 
standards added prior to hydrolysis, there can be a 
reduced yield of up to 15 per cent. 

We have assessed the quanti ty of mucopolysac- 
eharides in terms of glucosaraine, whereas gMaetosa- 
mine-yielding compounds also exist within the cord, 
the glucosamine -- galactosamine ratio being 3.5 (HAL. 
Li:N). The exact distribution of these compounds is not 
known, but  there is histochemical evidence to show 
that  much chondroitin sulphate exists in the inner ar- 
terial walls (MooRE and SCHOENBEgG, 1957), which we 
have excluded from our investigations. 

Considerable exchange of water occurs between the 
foetal circulation and amniotic fluid by  passage across 
the substance of the umbflicM cord, (HuTcm~so~ et 
M., 1959; PLE~TL, 1961). tIowever, we found no free or 
bound hexosamine in the extraction fluid, and blood 
staining of cord jelly did not influence the result in 
one case in which this was investigated. 

0 u r  gIueosamine estimations clearly indicate that  
diabetic pregnancy is associated with an increase of 
homogeneous, ground-substance mucopolysaccharides 
in umbilical cord. These maeromoleeutes normally en- 
train water (ScHuBERT, t966), and theh" excess can 
help to explain the related increase in cord size. Simi- 
lar changes have been demonstrated in the vitreous 
humour of some cases of diabetes mellitus (WALK~ 
and PATRICK, 1967), but, in the eye, the sclera effec- 
tively prevents an increase in the volume of the vit- 
reous. 

We have found that  infantile macrosomia is in. 
variably associated with some degree of umbilical cord 
enlargement, although there is no close correlation be- 
tween these two observations, and some babies of dia- 
betic mothers had grossly thickened cords, although 
not conspicuously overweight. A fairly wide variation 
in cord thickness was also observed among our control 
group of babies who were all of normal birth weight. 
Consequently, the cord dimensions may be influenced 
by  factors other than those which influence the size 
of the rest of the foetus. The total water content of 
big babies of diabetic mothers is not  excessive, and 
may in fact be less than normal (0SLER and PEDEI~SO~, 
1960), with a shift from the extra-cellular to intra- 
cellular phase during the first few days of life. Never- 
theless, local injection of hyaluronidase can reduce sub- 
cutaneous swelling, which suggests the presence of ex- 
cessive water-retaining mucopolysaecharides at this 
site (DoI~F~AN, 1958). 

I t  is claimed that  in insulin-deficient states carbo- 
hydrates are directed into metabolic pathways which 
are independent of insulin and in consequence an ex- 
cess of hexosamine-containing compounds are syn- 
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thes ised  (SPree, 1963). This  t h e o r y  can ce r ta in ly  ac- 
count  for the  change in a l loxan-d iabe t i e  v i t reous  
h u m o u r  (WALKER and  PATRICK, 1968), b u t  i t  does n o t  
r ead i ly  exp la in  the  changes in h u m a n  d iabe t ic  v i t reous  
h u m o u r  or in h u m a n  umbi l i ca l  cord jel ly.  I n  d iabe t ic  
p r egnancy  there  is an  increase  in the  a m o u n t  of um-  
bi l ical  cord insul in  assoc ia ted  wi th  hype rp l a s i a  of the  
foetal is let  t issue (BAIRD and  FARQUHAR, 1962 ; STII~IM- 
~ma et al., i964; Sm~A et al., 1966). This endogenous 
insu]in could be inhibited by maternal insulin antibody, 
which unlike the hormone itself, can cross the placental 
bar r ie r  (SP]~L~ACY a n d  GOETZ, 1963 ; Jr e t  al. ,  
1966). There  is, however ,  no re la t ionsh ip  be tween  the  
degree of infant i le  is let  hype rp l a s i a  and  the  presence 
or  absence of insul in a n t i b o d y  in the  c i rcula t ion  of 
these  in fan ts  ( S T E I ~ E  and  D~SCOLL, 1965). 

A l t e rna t ive ly ,  the  increase  in a m o u n t  of cord je l ly  
m a y  be r ega rded  as a man i f e s t a t i on  of a genera l  ana-  
bel ie  process.  Ev idence  for excessive g rowth  hormone  
or p l acen ta l  lac togenic  hormone  a c t i v i t y  in  the  causa-  
t ion  of foeta l  mac rosomia  in  d iabe tes  is unconvinc ing  
(BECK et al., 1965; J o A s s ~  et  al., 1967; LARON et  al. ,  
1967). Insu l in  i tself  has  anabol ic  ac t iv i ty ,  s t imu la t i ng  
the  synthes is  of p ro t e in  in expe r imen t a l  an imals  (SAL- 
TER and  BEST, 1953) and  in the  neona te  (NAEYE, 1965) ; 
moreover ,  neona tes  m a y  increase in size fol lowing the  
a d m i n i s t r a t i o n  of exogenous insul in for t e m p o r a r y  
hype rg lycaemia  (HU~JCHISON et  al., 1962). I t  is qui te  
l ike ly  t h a t  h igh level endogenous  insul in in  these  babies  
m a y  s t imula t e  the  synthesis ,  no t  only  of prote in ,  b u t  
also of p ro te in -po lysacchar ide  complexes.  

Whi l e  i t  seems possible  t h a t  the  cause of excess 
ba semen t  m e m b r a n e  a n d  v i t reous  po lysacchar ide  in  
the  es tab l i shed  a d u l t  d iabe t ic  m a y  be different  f rom 
the  cause of excess W h a r t o n ' s  jel ly,  i t  would,  never-  
theless,  be of in te res t  to  de te rmine  whe the r  the  a l te ra-  
t ion  in  the  composi t ion  of the  umbi l i ca l  cord  which 
we have  descr ibed  can a c c o m p a n y  the  foe ta l  enlarge-  
m e n t  of p red iabe t i e  p regnancy .  The  de tec t ion  of such 
changes in mucosubs tance  in ea r ly  d iabe tes  a n d  pos- 
s ib ly  in  the  p re -d iabe t i c  s ta te  is c lear ly  r e l evan t  to  an  
unde r s t and ing  of the i r  pa thogenes is .  
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