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Dietary Effect of Abrine on Mimosine Cataract in Rat

SHU-JEN LIN, SHIOW-SHONG YANG, AND YIH-CHIH TUNG

Cataracts may be caused by many different agents. Of dietary cataracts,

protein deficient diets or diets omitting certain amino acids, such as tryptophan,
can induce cataracts in experimental animals. Diet deficiency of phenylalanine,
valine and histidine has likewise been found to be cataractogenic (1), Because of
the unusually high protein content of the lens, the disturbance of the metabolism
of lens protein may be cataractogenic. Mimosine (3-hydroxy-4-pyridone-a—amino
propionic acid), a toxic amino acid isolated from the seeds of Leucaena glauca
Benth, was shown to be cataractogenic to experimental rats (2'3)’" It was found
that by adding 1% DL-phenylalanine or 1% L-tyrosine to a diet containing
mimosine aggravated or alleviated the cataract formation in rats, respectively (4)
Rats, fed by 3% tyrosine (in 6% casein basal diet) showed the formation of
cataract. The supplement of 0.2% tryptophan to this high tyrosine diet can
alleviate the occurrence of cataract () Since the mechanism of cataract forma- .
tion produced by mimosine is still in question, and our laboratory is especially
interested in studying naturally occurring indole compounds, we have investigated

the effect of abrine, an N-monomethy! derivative of tryptophan, on the cataracto-

genesis of mimosine.

MATERIALS AND METHODS

Mimosine was prepared from the seeds
of Leucaena glauca Benth (6), and abrine
from the seeds of Abrus pricatorius L. ) , ac-
cording to the previous reports.

Twenty-five male weaning rats of Long
Evan strain were used in this experiment.
Their body weights and groupings are pre-
sented in Table 1. Rats of each group were
individually housed in a raised screen bottom
cage. Food and tap water were supplied ad

libitum. The food was in dry-powdered form.

The composition of the casein basal diet is
shown in Table 2. Mimosine and abrine were
substituted at the expense of carbohydrate.

Rats were examined with a Goldmann
slitlamp weekly for their ocular changes; 1%
of homatropine solution was applied for the
preparation of mydriasis. Before the experi-
ments, rats were first screened: they were
identified with clear lenses but with various
degrees of keratitis (see Table 3); neverthe-
less, all rats were considered to be qualified
for the experiments. After feeding experi-

ments, an arbitrary score of one “+" to three
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Table 1. Grouping of Rats

Twenty-five male weaning rats of Long Evans Strain, Ranged fron;

40 to 60 gm. of body weight, were divided into four groups.

Number of Rats

Initial Average
Body Weight (gm)

Final Average
Body Weight (gm)

|. Basal Diet
Il. 0.5% Abrine
11, 0.5% Mimosine
1V. 0.5% Mimosine
plus
0.5% Abrine

N OO o Oy

44.7 87.5
47.3 84.7
48 59.5
48.7 54.3

Table 2. Composition of the Casein Basal

Diet: (in per cent)

Vitamin free casein 6.0
DL-Methionine 0.2
Wesson salt mixture 4.0
Vitamin mixture 0.5
Choline chloride 0.2
Peanut oil 5.0
Corn starch 84.1*

* Experimental amino acids were substituted

at the expense of corn starch (5)

Table 3. Screen Test for Eye Lesions
of Rats by Clinical Examina-
tion before the Experiment

Number of Rats Identified

Left Eye Right Eye
Cataract 0 0
Keratitis (+) 9 5
Keratitis (++) 16 17
Keratitis (+++) 0 3

26

“+” was used to describe the severity of
cataract formation.

At the end of the sixth week after the
feeding experiments, all rats were killed. Their
eye balls were enucleated and prepared for
histological examination for ocular changes.
The degree of eye lesion under microscopic
examination was described by a score of “—”
to three*‘+”’. Since the histological sections of
the eye balls were cut through the anterior
aﬁd posterior poles in arbitrary planes, the
results are not necessarily comparable to
clinical observation because of the subjective
nature of the scoring procedure.

RESULTS AND DISCUSSION

At the third week of the feeding experi-
ment, rats fed with 0.5% mimosine diet all
produced cataracts with various degrees of
opacity in the anterior and/or posterior part
of the cortex. At the fourth week, these
cataracts developed into a mature form (see
Table 4). This result was generally similar to
that reported previously (4)
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Table 4. Incidence of Cataract Formation (Slitlamp)

Basal Diet 0.5% Abrine 0.5% Mimosine 0.5% Mimosine + 0.5% Abrine
Incidence Incidence Incidence  Severity Incidence Severity
1= R o 18 R

1st week 0/6 0/6 1/6 02 0 1/7 0.1 0.1
2nd week 0/6 0/6 4/6 0.7 0.7 3/7 0.1 0.1
3rd week 0/6 0/6 6/6 1.9 1.6 4/7 0.3 0.9
4th week 0/6 0/6 6/6 27 25 4/7 0.9 0.9 U
5th week 0/6 0/6 6/6 27 25 4/7 0.9 0.9 “
6th week  0/6 0/6 6/6 27 27 4T 111 i

Interpretation:

Number in each denominator represents the number of rats examined, and in each numera-

tor, the number of rats produced cataract.

Severity was judged by a score of 0 to “+". Phese data are expressed with the total number

of “+* divided by the number of eyes examined.
L stands for left eyes and R for right eyes.

When 0.5% abrine was added in the diet
containing 6% casein and 0.5% mimosine at
the third week of the feeding experiment,
only 4 out of 7 rats developed a mild form of
cataract. The other 3 rats of this group
showed clear lenses throughout the experi-
ment (see Table 4). Adding 0.5% abrine to
a diet containing 0.5% mimosine showed a
decreased incidence and alleviation of the
severity of cataract induced by mimosine,
although it could not completely prevent the
occurrence of cataracts.

No change in the lens were found in rats
fed on basal diets alone and those fed diets
containing 0.5% abrine throughout the
experiment.

At the end of feeding experiment (after
six weeks), all rats were killed, and both of
their eye balls were enucleated and fixed in

formalin. Microscopic examination was made

on a routine paraffin section stained by
hematoxylin and eosin.

All of the six rats fed on 0.5% mimosine
containing diet developed cataract, mostly
bilateral and rarely unilateral. The types of
lenticular change and estimated -degrees of
cataract are presented in Table 5.. The cata-
racts developed were all cortical cataract -
mostly mature of Morgagnian catarac Only a
few lenses showed stratification of the sub-
capsular epithelium. This finding, together
with the absence of phycolytic glaucoma,
apsence of macrophage or lens protein in the
posterior chamber, no pathological finding
in the other intraocular structures rupture, or
degeneration of lens capsule is not the im-
portant factor in mimosine cataract.

Swelling of the cortical cells was
universal. The swelling was often tremendous
and balloon-like (so called bladder cells). The
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Table 5. Histological Observation of Cataract

Group  Animal Number  Epithel. Proli.  Bladder Cell Liquef. ~ Morgan. globule Conclusion

1. Lt. - - - - =
Rt. - - - - =
2. Lt. ?
Rt. - - - - =
o 3. Lt. - - - - =
s Rt. - = = 5 -
3 4. Lt. - s 2 = =
a Rt. - - - - =
5. Lt. - - = - -
Rt. - - - - =
6. Lt. - - - = =
Rt. - - - - =
P - - = = -
Rt. - - - = -
o 2. Lt. - - = = -
5 Rt. - - = - -
£ 3. Lt. - - - = -
3 Rt. - - - = -
=< 4. Lt. - - = = -
2 Rt. - - = = -
5. Lt. - - = - -
Rt. 0 0 0 0 ?
6. Lt. - - = = -
Rt. - - = = -
1. Lt. - ++ +++ +++ +++
Rt. e R 4+ ++ +++
. 2. Lt. - +++ ++ +++ +++
S Rt. + 44 4+ 4+ 4+
2 3. Lt. ++ +++ +++ +++ +++
'z Rt. ++ +++ +++ +++ +++
E 4. Lt. - it +++ +H++ 4+
: Rt. - ++ +++ +++ +++
2‘ 5. Lt. - ++ +++ +++ +++
Rt. - ++ - + +
6. Lt. - +++ +++ +++ +++
Rt. - + ) - e +
1. Lt. - ++ ++ + ++
Rt. - ++ +++ + ++
231t - ++ - + o
Rt. - + =~ - +
3. Lt. - = = = -
Rt. - = = = -
4. Lt. 0 + = + T
o .§ Rt. - + - - +
£ 3 5. Lt. - ++ 4+ e +++
-g @ '§ Rt. ++ - +++ ++ +++
=a< 6. Lt. - + = = +
] B Rt. - - - - =
(=] S 7. Lt. - + = = +
Rt. - + = = +
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Fig. 1. Severe cataract. Marked liquefaction and
globular decomposition of cortical fibers
but rather intact nucleus.

Fig. 3. Marked globular decomposition of cortical
fibers and a space filled with homogeneous
albuminous fluid beneath the intact
epithelium at anterior pole.

staining reaction of those cells vary consider-
ably; many were markedly acidophilic, others
pale pinkish. The swollen cells packed tightly
together at first, but later the cell membrane
disa‘ppeared, forming homogeneous eosinophi-
lic fluid. The bladder cells were most
numerous in the equator and a few cells
extended to the anterior cortical surface, but
none to the posterior pole. Liquefaction of
the cortical fibers involved both the anterior
hemisphere and the posterior hemisphere. It
began frem the subepithelial cortex or under
the ballooning cell layer. For most.of the

mimosine fed animals, the liquefactive change

Fig. 2. Bladder cells. Marked swelling of cortical
cells. They are mostly located in the
equator.

Fig. 4. A lake of albuminous fluid covered by a
“few lager of bladder cells. The left lower
show globular particles mixed in swollen

cortical fibers.

of the cortical fibers involved the entire
cortex; thus, a Morgagnian cataract resulted
and the distance between the anterior pole
and posterior pole increased. Coagulative
decomposition of the lens fibers or Mor-
gagnian globule formation was also a common
finding. They were deeply situated, often at
the junction of the liquefied cortical fibers
and the periphery of the nuclei. Groups of
these globular protein particles packed in the
clefts of the disintegrated peripheral nuclear
fibers were also commonly seen.

Of the group of rats fed on 0.5% mimo-

sine with 0.5% abrine, four out of the seven
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rats developed cortical cataract. Two of them
bilaterally and the other two unilaterally.
Only one showed severe bilateral cataract.
Among the eight non-cataract lens, five
showed a few bladder cells in the equator. But
the bladder cells did not extend to the an-
terior or posterior hemispheres and no Moy-
gagnian globule formation nor liquefactive
decomposition ‘of the cortical fibers was
found. The actual disturbance to transmission
of light was unknown, so the estimation of
the degree of cataract to these lenses was
given a “t+”. (Table 5). These histological
findings coincide very well with the ophthal-
moscopic observation that this group devel-
oped milder cataract.

There were no pathological findings in
the lenses for both groups of rats fed on basal
diets and basal diets containing 0.5% abrine
(see Table 5).

Although 0.5% abrine included with a
6% casein basal diet promoted the growth of
rats considerably and this observation con-
firms the finding in an earlier report (8) , the
addition of 0.5% abrine to a 0.5% mimosine
diet could not improve the growth retardation
caused by the toxicity of mimosine (see Table
1). This might be due to the different metabo-

lic rate of these two amino acids. Abrine
might be metabolized faster than mimosine,
since a considerable portion of consumed
mimosine was found in the urine of rats
without any change (°!

Adding niacin to a mimosine containing
diet can not prevent the formation of cata-
racts (3) . Since abrine may be metabolized
to tryptophan by N-methyl-amino-acid oxi-
dase, and metabolized further to niacin (19)
it should follow that abrine can not prevent
cataract formation either. But the additioh
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of abrine reduces the incidence of cata-

racts, so it is likely that abrine acts directly
against mimosine.

Two possible explanations for this are
advanced. Since intestinal absorption of
mimosine leads to cataracts, and the addition
of abrine to mimosine prevents cataracts,
abrine may reduce intestinal absorption of
mimosine. Or the addition of abrine to a
mimosine containing diet can accelerate the
metabolism of mimosine, thus increasing the

rate of catabolism by the organism.

SUMMARY

(1) Addition of 0.5% abrine to a 6% casein
basal diet containing 0.5% mimosine
can alleviate the cataract formation
induced by the mimosine in experimen-
tal rats. This finding was obtained by
examination of enucleate eyeballs with a
Goldmann  slitlamp and histological
observation.

(2) Growth retardation, one of the toxic
effects of mimosine, is not prevented by
the presence of abrine.
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