
Free Pad. Res., Vol. 29, pp. 189-195 
Reprints available directly from the publisher 
Photocopying permitted by license only 

© 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Harwood Academic Publishers imprint, 
part of The Gordon and Breach Publishing Group. 

Printed in Malaysia. 

Oxidative Stress to Rat Lens In Vitro: 
Protection by Taurine 

P.S. DEVAMANOHARAN, A.H. ALI and S.D. VARMA* 

Department of Ophthalmology, University of Maryland, 10 S. Pine Street, Baltimore, MD 21201, USA 

Accepted by Prof. B. Halliwell 

(Received 16 February 1998; In revised form 14 April 1998) 

The concentration of taurine is high in the lens. 
However, its function therein remains unknown. 
Studies from other tissues suggest that in addition to 
several other modes of action, it acts as an antioxidant. 
We therefore hypothesize that taurine may be a part of 
the antioxidant defense mechanisms involved in 
protecting the lens against oxidative stress and con- 
sequent cataract formation. In these studies, the 
protective effect of taurine was examined using lens 
culture system with menadione as an oxidant. Inclu- 
sion of this compound in the incubation medium was 
found to have several adverse effects on the lens, such 
as a decrease in its ability to accumulate rubidium 
against a concentration gradient and fallin the levels of 
glutathione, ATP and an increase in water insoluble 
proteins. All these deleterious effects were attenuated 
significantly by addition of physiological amounts of 
taurine to the menadione-containing medium. 

Keywords: Cataract, lens, oxygen radicals, menadione, 
taurine 

I N T R O D U C T I O N  

The concentrat ion of taurine (2-aminoethane- 
sulfonic acid) in the lens is noticeably high. I1-31 It 

can be der ived by  active t ranspor t  f rom the 
aqueous  h u m o r  I41 as well  as by  de novo synthesis 
f rom cysteine and  other  sulfur  amino  acids, t31 Its 
function therein however  remains  unknown.  In 
other  tissues however,  it has been  shown to act 
as an antioxidant.  Most  convincing evidence  of 
such a function has come out  of studies with 
retina. For example: in the taurine deficient cats, 
an extensive degenerat ion of the photoreceptors  
take place d u e  to oxidative degrada t ion  of large 
amounts  of polyunsa tura ted  fatty acids present  
therein. I5'61 Additionally, it has been  demon-  

strated to protect  against oxy-radical  induced  
damage  to several other  tissues such as the heart,  
lung, macrophage  and erythrocytes,  caused by  
potent  oxidants like paraquat ,  bleomycin,  adria- 
mycin  and ozone.  I7-91 Mechanistically, its m o d e  

of action as an antioxidant  h o w e v e r  remains un-  
established, except the demons t ra t ion  that it can 
scavenge hydroxyl  radicals and  hypochlorous  
acid (HOC1). II°ml Hence,  in v iew of the above 
reports  and the fact that it is present  in the lens 
in ve ry  high concentration, w e  considered the 
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possibility that it may prevent oxidative damage 
to lens and consequent cataract formation. Mena- 
dione, a naphthoquinone, known to generate re- 
active oxygen species (ROS) by its redox-cycling 
was used as an oxidant. The results presented 
herein are in accordance with this hypothesis. 

MATERIALS A N D  M E T H O D S  

Most of the chemicals were purchased from 
Sigma chemical company, St. Louis, MO 63178, 
USA. Rubidium chloride (86RbC1) was obtained 
from the New England Nuclear Company 
Boston, MA 02118. Male Sprague-Dawley rats 
weighing between 150+ 20g were used in all 
the experiments. 

Rubidium uptake and efflux studies 
An overall physiological damage to the lens 
tissue caused by  menadione was assessed in vitro 
by measuring its ability to maintain an adequate 
distribution ratio of rubidium ions between the 
lens water and the medium of incubation, repre- 
sented as CL/CM. This ion, being a surrogate of 
the potassium ion, is actively transported from 
the extra-cellular fluid into the cytosol via the 
ATP dependent  Na+-K + pump. The maintenance 
of this ratio therefore reflects the status of this 
pump and subsequent leakage of the ions out 
of the cell, as well as the status of the tissue 
metabolism involved in generating ATP required 
for the active transport and other energy depen- 
dent cellular functions. A direct measurement of 
the said distribution ratio, therefore, serves as 
a convenient general index of the physiological 
well being of the tissue. 1121 The measurement 
of this ratio was clone as follows: Freshly dis- 
sected rat lenses were incubated contralaterally 
in petri dishes (35x10mm)  containing 4ml 
of Tyrode buffer containing S6RbC1, in the ab- 
sence or presence of 60 gM menadione (sodium 
bisulfite derivative). The dishes were incubated 
at 37°C in an incubator gassed with 95%:5% 
air/carbon dioxide mixture for a period of 16 h. 
Following incubation, the lenses were removed 

from the medium, rinsed with normal saline 
and their radioactivity determined by direct 
gamma counting (CL). The incubation medium 
was also counted simultaneously (CM). The 
distribution ratio (CL/CM) was then calculated 
by dividing the counts present in lens water 
(60% of the wet  weight of the tissue) with the 
counts present in an equivalent volume of the 
incubation medium. 

Subsequently, we determined the effect of 
menadione and taufine on the efflux of 86Rb+ 
from rat lenses preloaded with 86Rb+ by incubat- 
ing them for 2 h in Tyrode medium containing 
0.1 ~Ci/86RbC1 perml. The loaded lenses were 
rinsed with 0.5 m l o f  normal saline and their 
iru'tial radioactivity determined in a gamma 
counter. They were then transferred atraumati- 
cally to petri dishes containing 4 ml of Tyrode 
medium containing 250 glVI menadione without 
or with taurine (20 rnM) and the efflux of 86Rb + 
determined by counting the radioactivity of the 
med ium every hour. The medium also contained 
10 mM non-radioactive RbC1 to prevent the re- 
uptake of S6Rb+. The basal efflux rate was simul- 
taneously determined by incubating the lenses in 
the normal Tyrode medium without menadione 
or taurine. The efflux rates were expressed as the 
percentage of radioactivity initially present in 
the lens. 

The extent of damage to the lens was also 
determined by measuring the GSH and ATP 
levels; [i21 a s  well a s  by following the protein 
oxidation and aggregation by  SDS-PAGE. I13'141 
Briefly, the lenses were homogenized individu- 
ally in I ml of deionized water. The homogenate 
was centrifuged for 15rain at 4°C in a micro- 
centrifuge to obtain a water-soluble fraction. This 
was maintained on ice. Two hunderd ~1 of this 
fraction was then mixed with 200~1 of a 10% 
trichloroacetic acid solution and centrifuged to 
get a protein free supernatant. Two hundred ~1 
of this acid extract was then mixed with I ml of 
0.3 M disodium hydrogen phosphate and 0.1 ml 
of DTNB reagent (1 mM 5,5~-diothio-bis(2-nitro - 
benzoic acid) in 1% trisodium citrate), and the 
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PREVENTION OF OXIDATIVE DAMAGE BY TAURINE 191 

resulting yellow color was measured spectro- 
photometrically at 412 nm. A series of standards 
prepared from GSH and a blank were also run 
simultaneously. 

ATP determination 
Fifty ~1 of the fresh aqueous tissue extract 
prepared as above was injected into a vial placed 
in a luminometer and containing 200 gl of firefly 
lantern extract prepared by reconstituting the 
arsenate buffered dehydrated extract (Sigma 
FLE-50) with 5 ml distilled H20. The resulting 
luminescence was measured at its peak and 
quantitation done by reference to a series of 
ATP standards. 

PAGE analysis of proteins 
Single lenses were homogenized in l ml of 
phosphate buffered saline and soluble and in- 
soluble proteins were separated by  centrifuga- 
tion. The insoluble protein fraction (precipitate) 
was washed three times with deionized H20 to 
remove any adhering soluble proteins. This was 
accomplished by vortexing the pellet with 1 ml of 
distilled H20, centrifugation and aspiration of the 
supernatant. The washed pellet was then dis- 
solved in 0.3 ml of 7 M urea prepared in 50 mM 
Tris-HC1 buffer, pH 7.4 by incubating it for 30 rain 
at 37°C. The supernatant obtained after centrifu- 
gation was designated as urea soluble proteins. 
Aliquots of this urea soluble proteins were mixed 
with equal volume of denaturing solution (sam- 
ple buffer) containing 0.0625 M Tris (pH 6.8), 10% 
glycerol (v/v),  4% sodium dodecyl sulfate (w/v),  
and 0.0025% bromo phenol blue (w/v)  and 
heated at 100°C for 3 rain. The mixture was then 
cooled and then subjected to PAGE} TM The con- 
centration of polyacrylamide in the stacking and 
separating gels were 4 and 12% respectively. The 
size of the gel cast was 7.3 x 10.2 x 0.1 cms. The 
voltage used was 200V. Following electrophor- 
esis, the gels were submerged in a fixative solu- 
tion containing methanol, acetic acid and water 
(40:50:10 v /v )  for 30 rain, and silver stained. I141 

Subsequent experiments were carried out to 
determine the protective effect of taurine on the 

menadione-mediated damage to the lens under 
culture. This was accomplished by incubation of 
the contralateral rat lenses in Tyrode medium 
containing menadione (60 gM) in the absence or 
presence of 10 and 20mM taurine. The extent 
of protection against the menadione-induced 
damage to the tissue offered by taurine was 
then determined using the  above physiological 
parameters. Experiments were also carried out 
simultaneously with fl-alanine, an amino acid 
structurally similar to taurine, but  containing a 
carboxyl group instead of a sulfonic group 
present in taurine. 

The presence of menadione in the lenses 
incubated with the quinone in the absence or 
presence of taurine was determined by spectro- 
scopic measurement on the aqueous extracts 
prepared by homogenizing the post-incuba- 
tion lenses in I ml of water and subsequent 
centrifugation. 

RESULTS 

The distribution ratios of the rubidium ion 
between the lens water and the medium of 
incubation under various conditions are sum- 
marized in Figure 1. The basal value was 37 + 7. 
In the presence of menadione it was 6 + 4 ,  
indicating a severe damage to the tissue. In the 
presence of taurine, the menadione-induced 
damage was minimized. The ratios with 10 and 
20 ~tM taurine were 20 -4- 6 and 25 & 6 respectively. 
Interestingly, fl-alanine, which differs from tau- 
rine only in having a carboxyl group instead of a 
sulfonate group was without any protective 
effect. This suggests that the effect observed is 
dependent on the presence of the sulfonate 
group. The requirement of taurine in concentra- 
tions higher than that of the menadione used 
might be attributable to a continuous generation 
of the ROS by menadione via its redox-cycling, 
and consequently the need for the continued 
availability of the protective agent. 

The results of S6Rb efflux from lenses incubated 
under various conditions are summarized in 
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FIGURE 1 Distribution ratio of 86Rb+ between lens water and medium of incubation: Freshly dissected rat lenses were 
incubated over night in Tyrode medium (spiked with 86Rb+) containing 60 ~M menadione in the absence (BAR: B) or 
presence of 10 and 20mM taurine (Bars: C & D), or fl-alanine (Bar: E). Bar: A =blank control. Following incubation, CL/CM 
ratios were determined as described in the methods. At least 6 experiments were conducted in each case. The values are 
mean q- standard deviation. 

Figure 2. As shown therein, the efflux of 86Rb was 
much greater in lenses incubated with mena- 
dione as compared to controls, indicating that it 
affects the passive efflux also. However, when 
taurine was added to the menadione-containing 
medium, the lenses were able to maintain an 
effiux rate similar to that of the controls. 

Figure 3 shows that the absorption spectra of 
the aqueous extracts prepared from lenses in- 
cubated in the basal medium as well as in 
medium containing menadione with or without 
taurine. As may noted, there is a general increase 
in the absorption in the case of menadione 
incubated lenses with or without taurine, as 
compared to the basal controls. Also, the absorp- 
tion of the extracts in the former two groups was 

similar. Their specific absorption at 303 nm (A~a× 
for menadione bisulfite) was also very close to 
each other (1.44+0.033 for menadione and 
1.40 + 0.072 for menadione + taurine). Hence the 
preventive effect of taurine cannot be attributed 
to any blockage of menadione penetration into 
the lens. 

Tissue damage by menadione and its preven- 
tion by taurine was further apparent by the levels 
of ATP and GSH. As summarized in Table I, 
addition of menadione to the incubation medium 
decreased the levels of both ATP and GSH 
significantly. Again, these levels were signifi- 
cantly higher in the presence of taurine. Taurine, 
in addition, prevented the oxidation-induced 
aggregation of soluble lens proteins into high 
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FIGURE 2 Efflux of 86Rb+ from the lens: Freshly dissected rat lenses were incubated for 2 h  in Tyrode medium containing 
86Rb+ (0.1 ~Ci/ml) at 37°C. Following incubation, they were rinsed with normal saline and their initial radioactivity deter- 
mined by gamma counting. They were then transferred to 4 ml of Tyrode medium containing 250 paM menadione with 
(20mM) or without taurine, and the efflux of 86Rb+ was determined by counting an  aliquot of the medium (100~1) at 
indicated times. The efflux rate was expressed as the percent of initial radioactivity present in the lens. 

1 . 8 8 8 0  

[ n b s ]  

O .OOO8 
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FIGURE 3 Spectral change in the lens caused by menadione: Rat lenses were incubated with menadione and taurine as 
described in Figure 1 without any 86Rb+. Following incubation, they were rinsed with normal saline and homogenized in 
1 ml of distilled water. A supernatant was obtained by centrifugation. The absorption spectrum of the supernatants was then 
recorded in a Beckman spectrophotometer. 1 = Basal control, 2 = menadione, 3 = menadione + taurine. 
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194 P.S. DEVAMANOHARAN et al. 

TABLE I ATP and GSH content of rat lenses: Effect of 
menadione and taurine 

Blank control Menadione B + Taurine 
(A) (B) (C) 

ATP umol/g lens 1534 4- 332 457 4- 238* 1048 4- 373* 
GSH ~mol/g lens 3.68 4-1.0 0.86 4- 0.29* 1.60 + 0.36** 

ATP and GSH contents were determined in the incubated 
lenses as described in the Methods section. The values are 
mean 4- standard deviation. N = 6 in each case. P values are as 
follows: *between A and B < 0.001, **between B and C < 0.05. 

FIGURE 4 SDS-PAGE profile of the water insoluble pro- 
teins run without the use of fl-mercaptoethanol in the dena- 
turing buffer. One ~g protein was loaded in each case. 
Lane 1 = lens incubated in basal medium, Lane 2---lens in- 
cubated in menadione containing medium, Lane 3 = lens 
incubated in menadione+taurine containing medium, 
Lane 4 = molecular weight standards: 1 = 18 kDa, 2 = 29 kDa, 
3 = 48 kda. 

molecular  we igh t  species as appa ren t  f rom the 

SDS-PAGE of the wa te r  insoluble (urea soluble) 
proteins.  As s h o w n  in Figure 4, the stain inten- 
sities in the s tacking gel, as well  as at the top of 
the resolving gel were  m u c h  greater  in Lane 2, 

represent ing  prote ins  f rom lenses incubated  wi th  
menadione ,  as Compared to basal  (Lane 1), and  

the m e n a d i o n e  + taur ine  t reated lenses (Lane 3). 
The prote in  pa t te rn  of the taurine t reated lenses 
(Lane 3) resembles  that  of  the b lank  controls or  
even  sl ightly better, sugges t ing  the effectiveness 

of taur ine  in p reven t ing  prote in  oxidat ion as well. 

D I S C U S S I O N  

Cataract  is one  of the major  causes  of visual  
i m p a i r m e n t  and  bl indness  t h roughou t  the wor ld .  

Several  p rev ious  studies have  d e m o n s t r a t e d  that  
an  in t ra-ocular  genera t ion of ROS is one  of the 
significant r isk factors invo lved  in the genesis  

of mos t  cataracts,  including the senile cata- 
racts, t12"15-17] In this regard,  na ture  has  p r o v i d e d  

the lens wi th  several  enzymat ic  (catalase, super -  
oxide d i smutase ,  g luta thione peroxidase)  and  

non-enzymat i c  (ascorbate,  glutathione)  antioxi- 
dants  to protect  it against  ROS med ia t ed  damage .  

The present  s tudies  demons t r a t e  that  taur ine  
could be  ano ther  such  substance  work ing  in a 

concer ted m a n n e r  wi th  other  enzymat ic  and  non-  
enzymat ic  ant ioxidants  invo lved  in de laying  the 
cataractogenic  process.  This could be  a t t r ibuted 
to its abili ty to direct ly scavenge  the h ighly  

react ive O H  °111~ genera ted  as a resul t  of mena-  
d ione  redox-cycling.  The results  descr ibed herein 

are, therefore,  in acco rdance  wi th  the above  
hypothesis .  This has  been  physiological ly  de- 

mons t r a t ed  b y  the organ  culture exper iments .  

The presence  of m e n a d i o n e  in mic romola r  
a m o u n t s  in the m e d i u m  induced  significant 
physiological  stress to the tissue as ev idenced  
b y  the inhibi t ion of the active t r anspor t  mecha -  

nism,  enhanced  cation efflux rate, decrease  in the 
contents  of G S H  and  ATP, and  an increase in the 
fo rmat ion  of high molecu la r  weight  proteins ,  as 

quant i ta t ively  appa ren t  b y  SDS-PAGE. These 

menad ione - induced  changes  were  p reven ted  
significantly f rom taking place in the presence  

of taur ine  at  levels no rma l ly  presen t  in the 
lens. The m e c h a n i s m  of taurine effect in this 
and  other  s i tuat ions against  oxidat ive  stress 
h o w e v e r  still r emains  unsett led.  It should  also 

be  po in ted  out  that  the physiological  effects of 
taur ine  u n d e r  non-oxidat ive  condit ions r ema in  
more  difficult to unde r s t and  and  can v a r y  
d e p e n d i n g  u p o n  the na ture  of the physiological  
s i tuat ion as well  as the tissue involved.  For 

example:  recent  s tudies f rom our  l abora tory  h a v e  
demons t r a t ed  that  it can also compet i t ive ly  
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PREVENTION OF OXIDATIVE DAMAGE BY TAURINE 195 

inhibit glycation related protein modifications, I~81 
known to be associated with cataract formation 
in diabetes. Additionally, studies in other tissues 
have suggested that it is involved in maintain- 
ing cellular calcium levels. I19'2°1 Hence, further 
studies on the significance of taurine in lens 
physiology and cataract formation are desirable. 
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