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The human lens was shown to contain three lactate dehydrogenase (LDH) fractions.  Total 
LDH activity in the cor tex  of the lens is more  than four t imes  higher than in the nucleus. As 
age increases  (from 15 to 89 years)  LDH activity decreases  and its isoenzyme composit ion 
is modified. With the development of senile ca taract  in the lens,changes are  observed in the 
relat ive proport ions  of the different molecular  forms of LDH on account of an increase  in the 
H-subunits.  Pa r t i cu la r ly  marked  changes in the complement  of molecular  forms of LDHtake 
place in the nucleus of the lens affected by cataract .  

It is considered that the development of senile ca ta rac t  is closely connected with and is the resul t  of 
aging p rocess  [9]. According to one theory  of the pathogenesis of senile ca taract ,  its development is based 
on a disturbance of carbohydra te  metabol ism in the aging organism [13, 15]. 

The isoenzyme spec t rum of lactate dehydrogenase (LDH), the enzyme which catalyzes the final r e a c -  
tion of glycolysis  (pyruvic acid ~ lactic acid),is an indicator of the type of metabol ism in the t issues [6, 11]. 
The LDH isoenzyme spec t rum can be regarded  as a delicate molecular  express ion of t issue differentiation; 
each organ  and t issue has its own charac te r i s t i c  complement of i soenzymes ,  which is determined by differ-  
ences in the functional roles  of the H- and M-subunits with their  different enzymic proper t ies  [5, 12, 14]. 

In o rde r  to detect any dis turbances in metabol ism during aging of the lens and ca tarac t  formation,  the 
total LDH activity and activity of its i soenzymes were determined in the lenses of persons  of different ages. 
In paral le l  exper iments  the i soenzyme spec t rum of LDH in the lens and blood se rum was studied in patients 
~4th senile cataract .  

TABLE 1. LDH and its Isoenzymes in Human Transparen t  Lenses  
at Different Ages (M * m) 

Age of persons from Number of 
which lenses were 
taken (in years) lenses 

Froml5 to 45 . . . .  20 
From46 to 69~ i i i / 22 
From70 to 89 18 

Total LDH 
activity * 

250.0--+7,6 
208,0+-5.0 
I49,0~5.5 

Activity of isoenzymes (in percent) 
5DHa (H2M2) LDH4(H1M~) 

17,6~---0,4 36,1~0,4 
20,0+-0,4 38,8~0,4 
20,5+--0,5 43,0+- 1,0 

LD P~ (M4) 

45,8~I,0 
41,1~0,4 
36,2~0,7 

*Total  LDH activity here  and in Table 2 is expressed  in Wroblew- 
sk i ' s  units (activity of enzyme in 1 ml se rum causing a change in 
extinction of NAD by 0.001 in 1 rain at 340 nm). 
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EXPERIMENTAL METHOD 

Transparent human lenses were studied not later than 12 h after death; 
lenses extracted for senile cataract were studied at similar times. Altogeth- 
er, 60 maeroscopically transparent lenses and 30 lenses affected by cataract 
were investigated. Blood was taken from the patient's finger. 

The lenses were carefully washed in physiological saline. By means 
of an ophthalmic scalpel,the cortex of the lens was separated under a hand 
lens from the nucleus with its denser consistency. The tissue for testing 
was homogenized in cold medinal-veronal buffer (pH 8.6) in a Potter's glass 

homogenizer (I ml buffer to I00 mg fresh weight of tissue). The homogenate 
was centrifuged for 15 rain at 9000 rpm. The total LDH activity inthe super- 
natant was investigated spectrophotometrically, using pyruvie acid as sub- 
strate [i0]. Eleetrophoresis on agar by the methodof Yurkov andAlatyrtsev 

[4] was used to determine the LDH isoenzymes. The stained LDH fractions 
were measured on a photoelectric colorimeter by means of a special attach- 
ment [3]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The total LDH activity in the lens (Table 1) is evidence of the low rate 
of glycolysis  in it. LDH in the lens consists  of 3 isoenzymes of muscular  
type (H2M2, H/M3, and Mr) with LDH 5 (M4) as the predominant fraction,  indi- 
cating a marked level of anaerobic metabolism. Differential investigation of 
the various zones of  the lens (Table 2) showed that total LDH activity in the 
nucleus is less than one-quar te r  that in the cortex. The distribution of the 
i soenzymes confirmed the more  marked anaerobic metabol ism of the lens 
nucleus than in the cortex: f ract ion H2M 2 was lower and HiM 3 higher in the 
cor tex  than in the nucleus. The level of glycolytic p rocesses  in the nucleus 
of the t ransparen t  lens is thus much lower than in its cortex. 

It was also shown that with an increase  in age there  is a success ive  
decrease  in total LDH activity. The following changes take place in the iso-  
enzyme spec t rum of LDH: activity of fract ions H2M 2 and H1M 3 is increased 
and activity of f ract ion M 4 is reduced.  Frac t ion  HiM 3 (LDH4) evidently bears  
the main responsibi l i ty for  the change in glucose metabol ism in the lens with 
increas ing  age. 

A study of LDH activity and its isoenzyme spec t rum in human lenses 
affected by ca ta rac t  showed that in senile ca taract  there is a decrease  in 
total LDH activity and a change in the complement of its molecular  forms:  
an increase  in LDH 5 (M 4) activity and a decrease  in LDH 3 (H2M2) activity 
(Table 2). Pa r t i cu la r ly  marked deviations were observed when the nucleus 
of the lens with ca ta rac t  was investigated; in this case the activity of f rac -  
tion H2M 2 was reduced compared  with normal  by more  than five t imes ,  while 
activi ty of fract ions HiM 3 and M 4 was considerably increased.  

These changes are s imi la r  to those taking place in the t ransparent  
lens during aging (in both cases  there is a charac te r i s t i c  decrease  in total 
LDH activity), but in senile ca tarac t  a much more  market  change in glucose 
metabol ism toward the anaerobic pathway of oxidation of glucose in the lens 
takes place predominantly in its nuclear  zone. 

No deviations f rom normal  were found in the spec t rum of LDH isoen- 
zymes  in the blood se rum of patients with senile ca taract ,  evidently because 
of the low activity of this enzyme in the t issues  of the eye by contras t  with 
other t i ssues  of the body. 
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T A B L E  3. Re la t ive  Content  of M- and H-subuni t s  of LDH in N o r -  
real  Human  Lens  and in Lens  Affected  by C a t a r a c t  

I Whole lens 

State of lenses total total 
M H ~4:H 

Normal . . . . . . . . . .  79,3 20,3 3,9 
Affected by cataract..  83,9 17,0 4,9 

Cortex of lens 

total t 
[ M : H M o~al 
I 

76,6 I 23,9 3,3 
87,1 I 11,9 7,3 

M•  m) 

Nucleus of lens 

to~l to~al M: H 

L 

79,1 ] 20,9 3,1 
84,2 I 15,7 5,3 

Ca lcu la t ion  of the r e l a t i v e  p r o p o r t i o n s  of H-  and M-subun i t s  in each  of the i s o e n z y m e s  of the l ens ,  
and ca lcu la t ing  f r o m t h e s e  r e s u l t s  the s u m  of the H- and M-subun i t s ,  showed a m a r k e d  p r e d o m i n a n c e  of M-  sub-  
units  in the t r a n s p a r e n t  h u m a n  lens and m a r k e d  change in this  r a t io  t oward  M-subun i t s  in the lens  a f fec ted  
by c a t a r a c t  (Table 3). 

T h e s e  changes  in the r e l a t i ve  content  of LDH i s o e n z y m e s  in the lens  a f fec ted  by c a t a r a c t  can  be a t -  
t r i bu ted  e i the r  to an i n c r e a s e  in ac t iv i ty  of the M-subun i t s  o r  a change  in the r a t e  of syn thes i s  of M- and 
H-sub tmi t s  in f avor  of  the M-subun i t s .  

LDH~ (M4) is known to be an a l l o s t e r i c  i s o e n z y m e ,  and its ac t iv i ty  i n c r e a s e s  with a change  in pH 
toward  the ac id  s ide [3, 8]; syn thes i s  of H-subun i t s  is in tens i f ied  with a d e c r e a s e  in the oxygen  p r e s s u r e  in 
the s u r r o u n d i n g  m e d i u m  [8], o r  on addi t ion of inh ib i tors  of r e s p i r a t o r y  c a t a l y s t s  [7]. An e x c e s s  of  s u b s t r a t e  
has  a power fu l  inh ib i to ry  ac t ion  on LDH [6]. 
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