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Neurogenic disorders of the cornea were produced by intracranial division of the trigeminal nerve 
or by blocking the ciliary ganglion with alcohol and procaine. It was shown by ion-exchange column chro- 
matography that in the course of neurogenic degeneration the content of glucosamine-containing (kerato- 
sulfate) mucopolysaccharides falls, while the content of galactosamine-containing mucopolysaccharides 

(chondroitin sulfate and chondroitin) increases. This is particularly marked in stages Ill (ulcer) and IV 
(scar formation). Following intracranial division of the trigeminal nerve the changes in composition of the 
corneal mucopolysaccharides were more severe than after alcohol-procaine blocking of the ciliary ganglion. 

During recent years considerable attention has been paid to the study of acid mucopolysaccharides in 
the cornea under normal conditions and in various pathological states [6, 7, i0, 11]. Acid mucopolysac- 
charides play an important role in maintenance of transparency of the cornea. So far, however, little atten- 

tion has been paid to the study of these compounds during neurogenic disorders of the cornea. Neurogenic 
disorders of the cornea, a typical manifestation of which is neuroparalytic keratitis, are a widely used 
model for the study of general problems concerned with neurotropic disturbances. Our previous investi- 
gations revealed important changes in the content and distribution of mucopolysaccharides in the various 
stages of neurogenic keratitis [I, 2]. However, no attempt was made then to study the character of changes 
in individual mucopolysaccharides. 

The object of the present investigation was to study the composition of the corneal mucopolysae- 
charides at various stages of neurogenic keratitis produced by different methods. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on 48 rabbits. Neurogenic disorders of the cornea were produced in 
two ways: i) by intracranial division of the trigeminal nerve and 2) by alcohol-procaine block of the ciliary 
ganglion. The rabbits were sacrificed at various stages of neurogenic keratitis and the corneas were dried. 
Acid hydrolysates of the corneas were dried in vacuo and the residue was dissolved in 0.3 N HCI and ap- 
plied to Dowex 50 • 8 ion exchange resin, 200-400 mesh. Subsequent fractionation was carried out by Gar- 
dell's method [8] with slight modifications. Glucosamines and galactosamine~ were detected in the eluates 
as two peaks. 

At the same stages mucopolysacchar ides  were detected his tochemical ly  by staining with alcian blue, 
toluidine blue, colloidal iron by Hale 's  method, and by the PAS reaction. The type of mucopolysaccharide 
was identified by the use of an enzyme control with hyaluronidase.  In some cases  contras t  methods were 
combined: the PAS react ion and staining with alcian blue. 

EXPERIMENTAL RESULTS 

The experimental  resul ts  are  given in Table 1. In the normal  cornea the relative content of glueos-  
amine was twice that of galactosamine.  

At the beginning of neurodegenerat ive kerat i t is  (stage I) no appreciable changes were found in the 
qualitative composition of the corneal  mucopolysacchar ides .  The onset of opacity (stage II) was accom-  
panied by a decrease  in the g lucosamine/ga lac tosamine  ratio to 1.62 ~=0.1 after  int racranial  division of the 
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TABLE I.  Ratio between Glucosamine and Galactosamine in Cornea at Various 
Stages of Neurodegenerative Kerati t is  Produced by Different Methods 

Stage of kerat i t is  

Normal 
stage I. Initial changes 

(6-8 h) 
stage II. Opacity (1-2 

days ) 

stage Ill. Ulcer ,  begin- 
ning of scar formation 
(7-20 days) 

stage IV. Scar formation 
(35-60 days) 

Method 

int raerania l  division of 
t r igeminal  nerve 

Ditto 

alcohol-procaine block of 
ciliary ganglion 

intraeranial division of 
trigeminal nerve 

alcohol-procaine block of 
c i l iary  ganglion 

in t racrania l  division of 
t r igeminal  nerve 

alcohol-procaine block of 
c i l iary  ganglion 

Olucosamine/ 
galactos- 
amine (M • 

2.04 • 
1.96 • 

1.62 ~0.i0 

1.81 i 0.08 

0.82 • 0.07 

1.27 + 0.09 

1.17 • 0.ii 

1.66 • 0.16 

P 

> 0.5 

< 0.05 

< 0.2 

< 0.001 

< 0.01 

< 0.01 

< 0.1 

a glucosamine 
i galactosamine = 

z5 = 2,0 z& 

rio 130 I50 i70 

glucosamine 15 ~ c ~ ~  15 

b glacosamme 
galactosamine 

f05 I ~ =i,0~'. 
lfO 130 150 170 

d glucosamine 
galactosamine 

~ =/..22 

liO 13o 15o 17o zo 13o 15o ~7o 

Fig. 1. Ratio between glucosamine and ga lac tos-  
amine in cornea  at var ious stages of neuropara-  
lyric kerat i t is  produced by in t racrania l  division 
of the tr igeminal  nerve,  a) Normal cornea;  b) 
stage II; c) stage III; d) stage IV. Ordinate, con- 
tent of glucosamine-HC1 (2 /~g/ml); abscissa ,  
volume of eluate (in ml). 

t r igeminal  nerve.  In stage III, when an u lcer  formed 
and prol i ferat ive p roces se s  were well marked mic ro -  
scopically,  sharp changes were found in the composi-  
tion of the corneal  mucopolysaechar ides  and this ratio 
fell to 0.82 • In the last stages of s ca r  formation 
(stage IV) the normal  mucopolysacchar ide  composi -  
tion was not res tored.  Fract ionation of glucosamine 
and galactosamine In the cornea at various stages of 
neuroparalyt ic  kerat i t is  is i l lustrated graphically in 
Fig. 1. 

Depending on the method used to produce neuro-  
genie kerat i t is ,  differences were observed in the quali- 
tative composit ion of the mucopolysacchar ides .  The 
changes were more  marked after  int racranial  division 
of the t r igeminal  nerve.  This was perhaps because 
a lcohol-procaine block did not completely interrupt  
nerve conduction. 

The resul ts  of the biochemical  investigations 
agreed with the his tochemical  findings. In the ear ly  
stages a decrease  in acid mucopolysacchar ides  was 
found in the outer par ts  of the corneal  s t roma.  Ins tage 
III, in regions surrounding the ulcer ,  acid mucopoly- 
sacchar ides  were a lmost  completely absent. In the 
zones of prol i ferat ion an intensive accumulation of 
acid mucopolysacchar ides  of chondroitin sulfate type 
was found. 

Hence, on the basis of the accepted morphological stages of neuroparalytic keratitis [3], characteristic 
changes in composition of the corneal mucopolysaccharides were found, consisting of a relative decrease in 
the glucosamine-containing (kerato-sulfate) and an increase in galactosamine-containing mucopolysaccha- 
rides (chondroitin sulfate and chondroitin). 

Changes of this type are also characteristic of other pathological states of the cornea. An increase 
in content of chondroitin sulfate has also been described during healing of wounds and granulation tissue 
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format ion  15, 11]. The rc la t ive  inc rease  in content of ga lac tosamine-conta in ing  mucopo lysacchar ides ,  
cspec ia l ly  chondroitin sulfate,  in var ious  pathological  s ta tes  [.t, 9] is evidently a common feature  of the 
course  of the pathological  p r o c e s s  in eolmeetive t issue.  
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