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cept ion  to occur f rom Day  8-10 and  7-9 respect ively  in 
cases of pe t ro leum e ther  and  chloroform ext rac ts .  TaMe I I  
indica tes  t h a t  the  basic p a r t  and  the  Frac t ions  I and I I I  
of the  acid pa r t  of the  chloroform ex t r ac t  possess max ima l  
in te rcep t ive  ac t iv i ty  which is less, t h o u g h  still significant,  
in the  cases of the  neu t ra l  p a r t  and the  ch romatograph ic  
f rac t ion II  of t he  acid par t .  The in te rcep t ion  was com- 
plete  also wi th in  the  per iod of D a y  7-9 in all these  cases, 
excep t  in t h a t  of the  acidic f rac t ion  I I I  which  requi red  a 
longer  t ime  for comple t ion  of t he  in te rcep t ive  act ivi ty .  
There  is no toxic  effect  a t  the  par t icu lar  dose level. 
F u r t h e r  work  is in progress.  

1 The authors are thankful to Mr. P. P. G~IosH DASTIDAR, Medicinal 
Chemistry Division for the plant extracts. Thanks are also due to 
Indian Council of Medical Research and Council of Scientific and 
Industrial Research for granting scholarships to two of them (B.C. 
and A.D.) and to Prof. R. N. CHAKRAVARTI, Director of the 
Institute for encouragement. 
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Summary .  As pa r t  of s tudies  on the  pa thogenes i s  of exoph tha lmos  of Graves '  disease, the  biochemical  composi t ion  of 
h u m a n  re t robu lba r  t issue was inves t iga ted .  The connect ive  t issue was composed of 72.7% lipid, 23.8% wa te r  and  3.5% 
dried de fa t t ed  tissue. Tota l  t issue g lycosaminoglycan  (GAG) a m o u n t e d  to  0.18% of dr ied de fa t t ed  tissue. Approxi -  
ma te ly  27% of t he  to ta l  hexosamine  and 19% of t he  t o t a l  t issue ga lac tosamine  were recovered in the  GAG fract ion.  
Cellulose microco lumn f rac t iona t ion  of GAG showed  t h a t  t he  hyaluronic  acid and  d e r m a t a n  sulfate  were the  two  
major  GAG species. 

Changes in r e t robu lba r  connec t ive  t issue p lay  a signif- 
icant  role in the  p roduc t ion  of e x o p h t h a l m o s  of Graves '  
disease 2. Major evidence of these  observa t ions  is based 
upon studies  in expe r imen ta l  animals.  For  example ,  t he  
induc t ion  of exoph tha lmos  in  guinea-pig and  fish was 
shown to resul t  in increased metachromas ia ,  hexosamine  
and  hexuronic  acid con ten t s  and  35S-sulfate incorpora t ion  
in t he  r e t robu lba r  t issue 3. Recent ly ,  we repor ted  the  use 
of the  mouse orbi ta l  t issue as a m e t h o d  to  s t u d y  the  
et iology and  pa thogenes i s  of e x o p h t h a l m o s  of Graves '  
disease ~. To clarify t he  re levance of these  observa t ions  
to  clinical exoph tha tmos ,  t he  p resen t  s t u d y  was under -  
t aken  to  charac ter ize  t he  b iochemica l  compos i t ion  of 
h u m a n  re t robu lbar  connec t ive  t issue.  

Materials and methods. 16 h u m a n  cadavers  ranging in 
age f rom 47 to 90 years  (average 65 years) were s tudied.  
Wi th in  48 h of dea th ,  r e t robu lba r  t issue was ob ta ined  by  
cu t t ing  open a window in the  orbi ta l  plate.  F i b r o f a t t y  
connect ive  t issue was dissected free of t he  muscle  fibres, 
cut  into small  pieces and weighed.  Tissue segments  were 
lyophilized,  weighed, t h e n  passed t h rough  several  changes  
of methano l -ch lo roform and  dried to a c o n s t a n t  weight  in 
vacuo. The wa te r  and  lipid con ten t s  were calculated 
f rom the  wet,  dr ied and  dr ied de fa t t ed  t issue weights.  

Ind iv idua l  eye samples  were analyzed for wa te r  and  
lipid de t e rmina t ions  and  subsequen t ly  the  t issues f rom 
bo th  eyes were pooled for fu r the r  s tudies.  

Hydrolys is  of the  dried de fa t t ed  t issue (approx imate ly  
10-12 mg) was pe r fo rmed  wi th  4 N HC1, in a sealed glass 
tube,  a t  100~ for 16 h in an oven. Af ter  d iv id ing  the  
hydro lyzed  t issue into 2 aliquots,  HC1 f rom each a l iquot  
was r emoved  in vacuo over  N a O H  pellets.  The residue 
was  dissolved in 0.1 ml  0.1 N HC1 for the  de t e rmina t i on  
of hexosamine  ~ and  ga lac tosamine  6. 

Glycosaminoglycans  were l ibera ted  f rom the  dried de- 
f a t t ed  t issue by  pro teo ly t ic  digegtior~ w i t h  pronase  7 and  
recovered as po tas s ium salt  according to  a previously  
descr ibed m e t h o d  s. Subsequen t ly  the  crude glycosamino-  
glycans (GAG) p repa ra t ion  was dissolved in 0.075 M NaC1 
and  div ided in to  a l iquots  for ch roma tog raph ic  separa t ion  
of GAG species and  for the  m e a s u r e m e n t  of uronic acid 9, 
hexosamine  6 and ga lac tosamine  5. E a c h  sample  was 
desa l ted  by  dialysis aga ins t  dist i l led wa te r  a t  4 ~ over- 
n igh t  pr ior  to  hexosamine  and  ga lac tosamine  deter-  
minat ions .  GAG was f rac t ioned on 0.8 • 16 cm cellulose 
columns according to the  e lut ion procedure  of SVEJCAR 
and  ROBERTSONT. In  th is  m e t h o d  GAG are p rec ip i t a t ed  
as ee ty lpyr id in ium chloride (CPC) complexes  on cellulose 

Table I. Water, lipid and protein content of retrobulbar connective 
tissue 

Water Lipid Dry weight Protein 

Mean j= SEM 23.8 4- 0.9 72.7 ~ 1.0 3.5 -t- 0.1 3.3 4- 0.2 
Range 15.2-- 32.5 63.9-- 83.1 2.2-- 5.1 2.1 -- 4.4 

All values are expressed as percent of wet tissue weight. Retrobulbar 
connective tissue was removed within 4-48 h of death of 16 male 
humans and dissected free of extraorbital muscles before analysis. 

1 Acktlowledgments. This study was supported by VA research 
funds. The authors are thankful to Dr. J. Ro and S. K. SINOH for 
obtaining the tissue samples, and to Mrs. R~JTH M. BoxeovIeH for 
typing the manuscript. 
D. A. MCGILL and S. P. ASPER, New Engl. J. Mad. 267, 188 (1962). 

8 B. M. DOBYNS, in The Pituitary Gland (Butterworth, London 
1966), p. 411. 

4 S. P. SltCGH and J. iV[. MCKENzlE, Metabolism 20, 422 (1971). 
5 C. CEssI and F. PILLEGO, Biochem. J. 77, 508 (I960). 
6 C. Cgssl and F. SERAFIN1-CEs8I, Biochem. J. 88, 132 (1963). 
7 3. SVEJCAR and W. B. ROBERTSON, Analyt. Biochem. 18, 333 

(1967). 
s S. P. SINGH and 3. M. MCKENZIE, Endocrinology 85, 952 (1969). 
9 T. BITTER and H. M. MUIR, Analyt. Bioehem. 4, 330 (1962). 



396 Speeialia EXP~IENrlA 32/3 

co lumns  a n d  sequen t i a l l y  Muted  w i t h  increas ing  con-  
c e n t r a t i o n s  of salt ,  t a k i n g  a d v a n t a g e  of d i f fe ren t ia l  
solubi l i t ies  of G A G  species in organic  so lven ts  a n d  acid 
solut ions .  I n d i v i d u a l  e lua tes  are cons idered  to  c o n t a i n  in  
sequence  a) k e r a t a n  sul fa te  a n d  g lycoprote in ,  b) hya l -  
u ron ic  acid, c) h e p a r i n  sul fa te ,  d) chondro i t in -4 -su l fa te ,  
e) chondro i t in -6 - su l fa te ,  f) d e r m a t a n  sulfate,  a n d  g) 
hepar in .  A l t h o u g h  possible  presence  of o t h e r  ma te r i a l s  
n o t  n a m e d  above  in i nd iv idua l  f rac t ions  cou ld  n o t  be  
excluded, SViEJCAR a n d  ROBERTSON 7 h a v e  con f i rmed  t h e  
v a l i d i t y  of these  f rac t ions  in  a v a r i e t y  of connec t ive  t is-  
sues. As a f u r t h e r  check,  G A G  recoverY f rom t he  co lumns  
was t e s t e d  b y  app ly ing  pure  a n d  a m i x t u r e  of k n o w n  
a m o u n t s  of h y a l u r o n i c  acid ,  chondro i t in -4 -su l fa te ,  chon-  
droi t in-6-sul fa te ,  d e r m a t a n  sul fa te  and  h e p a r i n  (S igma 
Chemica l  Co.). W i t h  t he  h u m a n  o rb i t a l  connec t ive  t issue,  
m e a n  r ecove ry  of t i s sue  G A G  as uronic  acid f rom the  
cellulose m i c r o c o l u m n  was 83% (n = 15). Therefore ,  
uronic  acid va lue  of each  e lua te  was cor rec ted  accordingly .  

Results. Tab le  I shows t h e  m e a n  • SEM va lues  a n d  
t he  r ange  of h u m a n  r e t r o b u l b a r  c o n n e c t i v e  t i ssue  con- 
s t i t u e n t ,  expressed  as % w e t  t i ssue  weight .  F a t  a n d  
w a t e r  fo rmed  t he  b u l k  of t h e  t issue,  72 .7% and  23.8% 

Table II. Analysis of human retrobulbar connective tissue 

Whole tissue GAG GAG 
(dried, defatted) fraction 'Whole tissue • 100 

Hexosamine 660 4- 20 180 4- 7 27 i 1.0 
Galactosamine 380 -4- 35 71 4- 3 19 -4- 3.0 
Glucosamine 280 4- 50 110 ~ 8 39 4- 4.0 
Uronic acid �9 180 4- 8 

Data presented are the mean • SEM values of 13 experiments. 
Retrobulbar connective tissue from both orbits of individual humans 
was pooled for each eCxperiment. All analyses were done as ~xg/100 
mg dry defatted tissue. ,Uronic acid estimation of whole tissue was 
not done due to the presence of proteins. 
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Glyeosaminoglycan content of normal human retrobulbar connective 
tissue based on CPC-eellulose column separation (see text). Each bar 
represents Mean 4- SEM value of 15 observations. KS, Keratan 
sulfate; HA, hyaluronic acid; Hep-S, heparin sulfate; Chond-4-S, 
chondroitin-4-sulfate; Cbond-6-S, chondroitin-6-sulfate; DS, der- 
matan sulfate; Hep, heparin. 

(mean  value) ,  respect ively .  Dr ied  d e f a t t e d  t i ssue  con-  
s t i t u t e d  3.5~o of t he  whole  t i ssue  a n d  m o s t  of it, i.e. 3.3 ~o, 
was  p ro t e in  in  na tu r e .  The re  was no co r re la t ion  b e t w e e n  
c o n c e n t r a t i o n  of f a t  a n d  w a t e r  in  the  r e t r o b u l b a r  t i ssue  
a n d  t he  a u t o p s y  diagnoses.  The  a n a l y t i c a l  d a t a  for  t i le  
dr ied  de fa t t ed  t i ssue  a n d  t h e  i so la ted  G A G  are sum-  
mar i zed  in Tab le  I I .  A p p r o x i m a t e l y  27% of t h e  t o t a l  
t issue h e x o s a m i n e  and  19% of t he  t o t a l  t i ssue  ga lac to-  
s amine  were recovered  in t he  G A G  frac t ion.  G lucosamine  
c o n t e n t  ca l cu la t ed  f rom the  differences b e t w e e n  hexo-  
s amine  a n d  ga l ac tosamine  levels showed  t h a t  39% of t he  
t o t a l  t i ssue  g lucosamine  o r i g i n a t e d  f rom the  G A G  frac-  
t ion.  The  ra t io  b e t w e e n  ga l ac to samine  a n d  g lucosamine  
c o n t e n t s  of t he  t i ssue  GAG was 1 : 1.8. 

As is s h o w n  ill t h e  Figure,  w h e n  t he  G A G  h a r v e s t e d  as 
p o t a s s i u m  sal t  were f u r t h e r  f r a c t i o n a t e d  on  a cellulose 
mic roco lumn,  s ign i f ican t  a m o u n t s  of G A G  were re- 
covered  in f rac t ions  1, 2 and  6. A l t h o u g h  c o n t a m i n a t i o n  
b y  o t h e r  smal l  molecu la r  we igh t  GAG could n o t  be  ex- 
cluded,  a p p a r e n t l y  f r ac t ion  1 m a t e r i a l  r ep re sen t ed  hya l -  
uronic  acid r a t h e r  t h a n  g lycopro te in  or  k e r a t a n  sulfate.  
I n  a s epa ra t e  expe r imen t ,  w h e n  commerc ia l ly  a v a i l a b l e  
hya lu ron ic  acid (Sigma Chemica l  Co.) was  appl ied  to  t he  
cellulose mic roco lumn,  87% of i t  was  e lu ted  in f r ac t ion  2 
(0.3 M NaC1) as expec t ed  b u t  some was r ecovered  in 
f r ac t ion  1. Therefore ,  t he  a c t u a l  c o n c e n t r a t i o n  of hya l -  
uronic  acid m i g h t  be  t he  sum of t h e  m a t e r i a l  Muted  in 
f rac t ions  1 a n d  2. 

N e x t  to  hya lu ron ic  acid, d e r m a t a n  sul fa te  was  found  
to  be  t h e  m a j o r  GAG. O t h e r  c h r o m a t o g r a p h i c  f rac t ions  
c o n t a i n e d  G A G  in r e l a t ive ly  smal l  a m o u n t s .  I n  t e r m s  of 
p e r c e n t a g e  of t he  t o t a l  uronic  acid Muted  f rom the  co- 
lumns~ t he  re la t ive  d i s t r i b u t i o n  of t h e  i n d i v i d u a l  G A G  
was as follows: hya lu ron ic  acid 50.8~o (sum of f rac t ions  
1 a n d  2), d e r m a t a n  sul fa te  31.1%, chondro i t i n -6 - su l f a t e  
8.0%, chondro i t in -4 - su l f a t e  3 .4%, h e p a r i n  su l fa te  3.9% 
and  h e p a r i n  2.6%. 

Discussion. The  resu l t s  of t h e  p r e s e n t  s t u d y  show t h a t  
w a t e r  and  fa t  are t h e  m a j o r  c o n s t i t u e n t s  of t he  h u m a n  
r e t r o b u l b a r  connec t ive  t issue. The  dr ied  d e f a t t e d  t i ssue  
ha s  r e l a t i ve ly  low h e x o s a m i n e  con t en t ,  of wh ich  ap-  
p r o x i m a t e l y  27% is der ived  f rom t h e  t i ssue  g lycosamino-  
g lycans  (GAG). 

The  m i c r o f r a c t i o n a t i o n  p rocedure  used in t h e  p r e sen t  
i nves t iga t ions  s epa ra t e  d i f fe ren t  f rac t ions  of G A G  w i t h  a 
r e a s o n a b l y  good reproduc ib i l i ty ,  b u t  does n o t  p e r m i t  a n y  
def in i te  conc lus ion  to  be d r a w n  concern ing  t h e  chemica l  
n a t u r e  of each  f rac t ion.  Never the less ,  we h a v e  conf i rmed  
t he  f ind ings  of PRAME, GARDELL a n d  ANTONOPOULOS 10 
t h a t  hya lu ron ic  acid and  d e r m a t a n  sul fa te  are  t he  m a j o r  
G A G  fract ions .  The  i d e n t i t y  of t he  f rac t ion  1 Muted  w i t h  
1% CPC has  n o t  been  f ina l ly  es tab l i shed .  A p p a r e n t l y  
f r ac t ion  1 h a d  gross c o n t a m i n a t i o n  w i t h  h y a l u r o n i c  acid 
or  G A G  of low molecu la r  weight .  

Our  d a t a  sugges t  t h a t  r e l a t i ve ly  smal l  a m o u n t s  of 
ch rondro i t in -4 - su l fa te ,  chondro i t in -6 -su l fa te ,  h e p a r i n  sul- 
f a t e  and  h e p a r i n  are p r e s e n t  in  t h e  h u m a n  r e t r o b u l b a r  
c o n n e c t i v e  t issue.  PRANE et  al. 1~ r epo r t ed  t h a t  s u b s t a n t i a l  
a m o u n t s  of G A G  were p r e sen t  in  f r ac t ion  3 e lu ted  w i t h  
0 .28% MgC12. This  so lven t  ha s  been  s h o w n  to e lu te  
h e p a r i n  sulfate .  I n  our  s t u d y  on ly  4 %  of t o t a l  uronic  
acid was recovered  in f r ac t ion  3. The  reasons  for  th i s  
d i s c r epancy  are unclear ,  a l t h o u g h  p o s t m o r t e m  changes  
in t he  m o l e c u l a r  we igh t  of t he  G A G  m i g h t  p a r t l y  be  a 
respons ib le  factor .  

10 G. PRAME, S. GARDELL and C. A. ANTONOPOULOS, Expl Eye Res. 
5, 79 (1966). 


