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A Test for Crystalline Lens Biocompatibility 

LIAQUAT ALLARAKHIA, * MICHAEL PUUMULA, RICHARD L. LINDSTROM 
Minneapolis, USA 

Summary 
The current use of monkeys for testing intraocular fluids and viscoelastic materials is 
being questioned because of the decreasing availability and increasing cost of these 
scarce animals. The rabbit -is an inexpensive, readily available, and convenient ani
mal which might provide an alternative model for this purpose. In this study we have 
outlined the lens changes (clefts or vacuoles) that are observed in the New Zealand 
white rabbit as a result of toxicity to intraocular test materials. We used two visco
elastic agents, 1 % sodium hyaluronate-Healon® and 2% carboxymethylcellulose, 
and balanced salt solution to evaluate the efficacy and reproducibility of lens changes 
in this test study. The lens changes in each case were reproducible and could easily be 
graded. When used in concert with other tests, this new test can help in the prelimi
nary evaulation of an ophthalmic material before its final clinical use in humans. 

Standard tests have been established for 
ocular testing of materials applied topically in 
animals with observation for changes in the 
lids, conjunctiva, cornea, iris and anterior 
chamber. Friedenwald et all investigated the 
toxic effects of various acidic and basic topical 
solutions in rabbits as early as 1944, recording 
their observations in a numerical grading 
system. McDonald et a(2,3 similarly suggested 
the use of a comprehensive grading system for 
changes to conjunctiva, cornea, and iris; sub
sequently, the McDonald-Shadduck scoring 
system has been widely used for testing both 
topical and intraocular materials. Several 
other studies have also been carried out to test 
intraocular fluids and drugs and their effects 
on the cornea, particularly the endo
thelium.4-6 

None of the grading or scoring systems 
presently in use· include any effects on the 
crystalline lens. Haimann et af' reported a 

study which they conducted to elucidate cat
aractous changes following vitreous cavity 
perfusions with two different irrigating solu
tions. However, there are no reports of lens 
changes following the infusion of solutions or 
drugs into the anterior chamber. With the 
current increase in the development and use 
of improved ophthalmic irrigation fluids and 
viscoelastic agents, it is appropriate to 
develop reliable, simple, and economical 
methods for screening these materials for 
potential intraocular toxicity. It is also appro
priate to investigate and evaluate animal 
models other than primateS for the prelimi
nary trial of ophthalmic irrigating fluids and 
solutions. 

Materials injected into the anterior seg
ment of an eye must be non-toxic to ocular tis
sues including the corneal endothelium, 
trabecular meshwork, iris, and lens. We have 
developed, and describe in this article, a new 
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test in which the lens biocompatibility of an 
intraocular test material is evaluated by injec
tion into the anterior chamber of New Zea
land white rabbits. We have found that the 
lens changes in the New Zealand white rabbit 
are a very sensitive and consistent indicator of 
the toxicity to intraocular test materials. 

Materials and Methods 
The studies described in this article were 
carried out in accordance with the Associ
ation for Research and Vision and Ophthal
mology (ARVO) resolution on the use of 
animals in research. New Zealand white rab
bits of either sex, weighing 2.5-3.5 kg were 
used in this test study. The anterior segments 
of both eyes were carefully examined by bio
microscopy; if lens opacities, signs of inflam
mation, corneal scarring or vascularization 
were noted, these rabbits were excluded from 
the study. Preliminary investigations had 
shown that some normal rabbits, especially 
those weighing less than 3 kg, had tiny 'bleb' 
defects on the lens surface which gave false 
positive or unduly exaggerated reactions on 
exposure to the test material. Rabbits with 
such changes or other anterior segment 
abnormalities were also excluded from the 
study. 

The rabbits were anaesthetized using intra
muscular xylazine (1 mg/kg body weight) and 
ketamine hydrochloride (5 mg/kg body 
weight). The pupils were dilated topically 
using one drop each of cyclopentolate HC1 
1 %, and phenylephrine HC1 2.5%. A Bar
raquer wire lid speculum was inserted to 
obtain adequate exposure and each @ye was 
operated upon sequentially. A 25 guage but
terfly outflow needle was inserted into the 
anterior chamber at the 10 o'clock position, 
0.3 mm anterior to the limbus, avoiding 
trauma to conjunctival vessels and subsequent 
bleeding (Fig. 1). The outflow needle 
remained capped until injection of the test 
material was commenced so as to avoid 
anterior chamber collapse and the possibility 
of trauma to the lens, iris, and/or cornea. 
Breakdown of the blood aqueous barrier and 
a secondary inflammatory response were also 
easily controlled by paying particular atten
tion to this step. An outflow channel was 
essential so that the injected test material 

could displace aqueous humour from the eye, 
maintaining an adequate anterior chamber 
and intraocular pressure. 

A 27-gauge hypodermic needle mounted 
on a 1 ml tuberculin syringe containing the 
test solution was similarly inserted at the 2 
o'clock position, 0.3 mm anterior to the lim
bus. A 0.2 ml injection of the test material 
into the anterior chamber was found to be suf
ficient and excess fluid easily exited through 
the outflow needle. On completion, both 
needles were carefully removed, avoiding 
further trauma. The entire surgical procedure 
and follow-up observation for lens changes 
were carried out using a table mounted sur
gical binocular microscope (Wildt, Switzer
land), with good coaxial illumination. The 
period immediately following the injection 
was important. The lens was carefully 
observed using high magnification (X 20-40) 
every five minutes for the first 30 minutes, and 
then at 30 minute intervals for the next six 
hours. The lens was subsequently examined at 
24 and 48 hours and every week for the next 
two months. The grading of the lens changes 
was determined by observing the crystalline 
lens for a period of six hours from the time of 

initial injection. The appropriate grade was 
then assigned depending on the various 
changes noted. To obtain an accurate grading 
it was important that the lens was observed at 
regular intervals as outlined above. 

To evaluate the efficacy and reproducibility 
of this test study two test materials were used. 
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Fig. 1. Needle channels into anterior chamber; one 
for delivery of test sample and the other for exit of 
aqueous humour or excess test material. 
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Sodium hyaluronate (Healon®) and carboxy
methycellulose 2% (an experimental visco
elastic agent) were injected into opposite eyes 
of five rabbits as outlined above. Healon is a 
widely used and commercially available vis
coelastic agent. The carboxymethylcellulose 
is a widely used topical ophthalmic solution, 
however, it has not been used as an intra
ocular viscous solution. This material was pre
pared as a viscoelastic agent for this study as 
recommended by Fechner for hydroxypropyl
methylcellulose.8 The material was prepared 
under strict aseptic conditions to obtain 
samples that were free from bacteria, pyro
gens, toxins and other contaminants. A buf
fered balanced salt solution was used as 
solvent, to maintain physiological pH and 
osmolarities in the test samples. 

To determine the role that may be played 
by fluctuations in pH and osmolarity in caus
ing lens changes, we adapted the above tech
nique for continuous infusion experiments 
with balanced salt solution (B.S.S., Alcon, 
Fort Worth, TX). The pH of balanced salt 
solution was adjusted to the desired level by 
adding sodium hydroxide or hydrochloric 
acid, but maintaining the osmolarity in the 
normal range. Likewise the osmolarity was 
adjusted by adding distilled water or sodium 
chloride but maintaining the pH unaltered. 
These solutions were prepared under a lam
inar flow hood using strict aseptic procedures 
and aliquots of 100 mls were sealed into clean, 
sterile infusion bottles. Each sample was con
tinuously infused into the anterior chamber of 
New Zealand white rabbits for 1 h using grav
ity infusion with the bottle elevated to 24 
inches above the surgical eye level. Each infu
sate was tested in one eye each of five rabbits. 
The crystalline lens was carefully observed 
during and immediately after the procedure 
and any lens changes such as those described 
in the grading system and other changes 
including corneal oedema, iris injection/ 
ischaemia, and anterior chamber inflam
mation was appropriately recorded. 

Results 

Grading System 
A spectrum of lens changes were noted 
depending on the viscoelastic test material 
injected. These varied from subtle lenticular 

microvacuoles and early observation of a 
suture line lasting a few minutes, to gross 
vacuoles, markedly visible suture lines, and 
lens swelling which persisted for two months 
or longer. The grade obtained following injec
tion of test material was assigned after careful 
observation for a period of six hours from 
time of initial injection. It is important that 
the lens is observed for the entire six hour 
period at intervals as specified in the methods 
section to avoid any errors in grading. The fol
lowing grading scheme was adopted. 
Grade 0 Normal 

Grade 1 

Grade 2 

No lens changes were visible. 
Microvacuoles (Fig. 2) 
These became apparent within 
two to three minutes after test 
sample injection. Clusters of 
microvacuoles were located in a 
crescentic fashion just inside the 
pupillary zone giving an impres
sion of microprecipitation on the 
lens surface. These disappeared 
within ten minutes. 
Faint Suture Line Appearance 
(Fig. 3) 
The suture line appeared within 
the first or second minute, asso
ciated with microvacuoles as 
noted in Grade 1. The suture 
line was almost linear and 
occasionally was 'Y' shaped 
with one of the arms shorter 
than the other. These changes 
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Fig. 2. Microvacuoles located peripherally around 
the pupil-lens junction. Note the microprecipitation like 
appearance. 
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Fig. 3. Faint suture line located centrally. 

Grade 3 

Grade 4 

disappeared within thirty 
minutes. 
Moderate Suture Line Appear
ance (Fig. 4) 
The suture line was more promi
nent and appeared within the 
first minute of injection and was 
visible for up to two hours. 
Microvacuoles may have been 
present and, in addition, some 
of these may coalesce over a 
period of twenty to thirty min
utes to form larger vacuoles. 
Marked Suture Line with Vacu
oles 
The suture line was much more 
intense and appeared within 
seconds of the test sample injec-

Fig. 4. Moderate suture line and peripheral 
macro vacuoles. 

tion. This was followed shortly 
by small vacuoles, coalescing to 
form larger ones which were 
easily seen. In addition, there 
was minimal swelling of the crys
talline lens. The suture line 
lasted up to four hours while 
some of the vacuoles were pres
ent for several days or weeks. 

The suture lines, normally not visible in the 
rabbit lens, were seen as subcapsular or deep 
cortical structures and located centrally in 
almost a linear fashion. The micro and macro
vacuoles were localized in a peripheral cres
centic or circular fashion just inside or at the 
pupil-lens junction; however, they were 
occasionally noted more centrally. 

Viscoelastic Test Samples 
Grading of the lens changes following 
anterior chamber injection of the two viscoe
lastic agents are shown in Table I. In each case 
Healon was found to be non toxic to the crys
talline lens compared to carboxymethylcellu
lose which showed lens changes of grade 2-3. 
Grade 4 changes were only seen when the pH 
and osmolarity of carboxymethylcellulose 
were markedly altered to non-physiological 
levels. 

Balanced Salt Solution Infusions 
Table II shows the lens changes recorded fol
lowing one hour continuous infusion with 
balanced salt solutions altered to various pH 
values. No lens changes were noted between 
pH 5. 2 and 7.6 and minimal lens changes were 
noted beyond this range. However, iris and 
corneal changes were prominent particularly 
at the extremes of pH (below 5.2 and above 

Table I. Viscoelsatic test samples and associated grade 
of lens changes 

Rabbit Eye Test materials Lens grade 

Rabbit 1 OD Healon 0 
OS carboxymethycellulose 3 

Rabbit 2 OD Healon 0 
OS carboxymethycellulose 2 

Rabbit 3 OD carboxymethylcellulose 3 
OS Healon 0 

Rabbit 4 OD carboxymethylcellulose 3 
OS Healon 0 

Rabbit 5 OD Healon 0 
OS carboxymethycellulose 2 
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Table II. BSS Infusions with pH alterations and its effect on the lens (osmolarity held constant)" 

pH Osmolarity Lens changes Other changes 

4.1 316 Grade I. no vaculoes Iris pale and ischaemie, 
cornealoedema +3, cells +2 

320 Nil Cornealoedema +2, cells + 1 
317 Nil Nil 
316 Nil Nil 
327 Nil Nil 
320 Nil Nil 

5.2 
6.0 
6.5 
7.0 
7.6 
8.1 
9.2 

317 Grade I, no vacuoles Nil 
324 Grade -l, no vacuoles Iris inj +2, corneal 

edema + 2, cells +2 
10.1 320 Grade 1 +microvacs Iris inj +3, corneal 

edema +2, cells +3 

* Above results including lens and other changes are averages obtained by injecting into 5 rabbits (one eye each). 

9.2). These changes included corneal 
oedema, iris congestion and ischaemia, and 
inflammatory cells in the aqueous humour. 

The lens was much more sensitive to fluctu
ation in osmolarity than pH, as shown in 
Table III. There was a relatively narrow range 
within which no lens changes were noted 
(270-331 mmol). Lens changes progressively 
increased outside this range (e.g. grade 3 at 
84 mmol and grade 4 at 505 mmol). There was 
also considerable congestion, oedema and 
superficial haemorrhages of the iris and cel
lular and fibrinous exudation in the anterior 
chamber at the extremes of osmolarity (below 
155 mmol and above 362 mmol). 

Discussion 
Materials injected into the anterior chamber 
at the time of surgery need to be evaluated 
carefully before being accepted for human 
use. The new lens test we have described is an 

accurate, sensitive and reproducible study for 
lens toxicity. The lens changes can be graded 
and can also be used as an adjunct to tests for 
other tissues, such as conjunctiva, cornea, iris 
and trabecular meshwork. It is important to 
note that this lens test together with other 
ocular tests can be carried out in the New Zea
land white rabbit. 

Several factors may be responsible for lens 
changes: 
1. Alteration of pH beyond the physiolog

ically tolerable range. 
2. Osmolarity alterations; this seems to be 

more important in causing lens changes 
than variation of pH. The 'safe' osmolarity 
range for the lens is very narrow. 

3. Electrical charge of the material. 
4. Interaction with lens components such as 

inhibition of enzymes or alteration of 
membranes. 

Table III. BSS infusions with osmolarity alteration and its effect on the lens (pH held constant)* 

Osmolarity pH Lens changes Other changes 

84 7.1 Grade 3 Iris inj +3,oedema 
& haem, cells +3 

155 7.1 Grade 2 with micro Iris inj +2, cells +2 
& macro vacuoles 

235 7.1 Grade 1 Nil 
270 6.9 Nil Nil 
300 7.0 Nil Nil 
300 7.0 Nil Nil 
331 7.0 Nil Nil 
362 7.0 Gradc 1 Cells + 1 
410 7.1 Grade 2, suture line Iris inj + 2, cells + 2 

no vacuoles 
505 7.0 Grade 4 plus Iris grossly inj +4 

lens swelling pale & oedematous, 
cells +4 & fibrin 

* Above results including lens and other changes are averages obtained by injecting into 5 rabbits (one eye each). 
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5. Mechanical properties of the material pre
venting easy exchange of lens nutrition, 
gases, and waste products. 

6. Induction of anterior segment 
inflammation. 

In our studies in which the two viscoelastic 
materials were tested we noted that Healon 
was, for all practical purposes, non-toxic to 
the lens while the carboxymethylcellulose was 
somewhat toxic. Our results indicate that pH 
and osmolarity, beyond the normal physio
logical range, could be potential causes for 
lens changes. However, the viscoelastic test 
materials we used in this study were isotonic 
and iso-osmolar and therefore it is more than 
likely that the chemical and phsyical proper
ties and the various interactions of the car
boxymethylcellulose may have led to the lens 
changes noted. 

In our anterior chamber BSS infusion stud
ies we observed that the crystalline lens was 
tolerant to wide fluctuations in pH. No lens 
changes were noted between pH 5.2 and 7.6, 
although outside this range minor lens 
changes were noted. The lens, however, was 
noted to be much more sensitive to fluctu
ations in osmolarity (Table III). It is impor
tant to note that although osmolarity may be 
an important cause of lens changes when 
using balanced salt solution, its effects may be 
different depending on the solutes used and 
the relative permeability of the lens mem
branes to those solutes. Therefore a direct 
comparison of the viscoelastic test materials 
with the balanced salt solution results cannot 
be made. 

Edelhauser et at and Gonnering et allO 

carried out similar studies but confined their 
experimental observations to changes in the 
cornea. In the Edelhauser et al in vitro study/ 
rabbit and human corneas were perfused with 
balanced salt solution of varying osmolarities 
(200-500 mOsm). They observed corneal 
swelling when hyposmotic solutions were per
fused, or thinning when hyperosmotic solu
tions were perfused. Specular microscopy, 
however, revealed no permanent corneal 
endothelial changes. In a study carried out by 
Gonnering et al corneas were similarly per
fused using balanced salt solutions of varying 
pH (3.5-10.0). They reported corneal thick
ness and electron microscopic alterations 

when solutions outside the pH range of 6.5 to 
8.5 were perfused. Direct cellular damage 
included disruption of junctional complexes 
leading to breakdown of the endothelial bar
rier function. 

Our results indicate that the rabbit crys
talline lens is much more sensitive to osmolar
ity fluctuations than the rabbit or human 
cornea. The chemical or physical structure of 
an injected material and its concentration may 
also lead to toxicity. In a study conducted by 
Killey et alII concentrations of 1-20% chon
droitin sulfate were injected into the anterior 
chamber of rabbit eyes; lens vacuoles were 
noted in all cases in which chondroitin sulfate 
of 5% or greater concentration was injected. 
They also observed that the severity of the 
vacuoles was greater with higher concentra 
tions of chondroitin sulfate. Allarakhia et al12 

also showed the appearance of peripheral lens 
vacuoles when Viscoat® was injected into the 
anterior chamber of phakic New Zealand 
white rabbits; the concentration and electrical 
charge of chondroitin sulfate (4%) in Vis
coat® were believed toxic to the crystalline 
lens. 

In conclusion, the authors recommend use 
of the described test beacuse of the wide
spread use of viscoelastic agents and irrigation 
fluids in phakic eyes. The lens may be exposed 
to possible toxic effects with the use of such 
materials during penetrating keratoplasty, 
glaucoma surgery, trauma surgery and a host 
of posterior segment procedures, including 
vitrectomy. The lens changes may be minimal 
and transient but may lead to long term catar
actogenic effects. In addition to this lens test, 
we suggest that possible toxicity to the con
junctiva, cornea, iris, and trabecular mesh
work be recorded using the 
McDonald-Shadduck scoring system and cor
neal endothelial specular microscopy, corneal 
pachymetry, and applanation tonometry be 
performed to enable a comprehensive eval
uation of a test material for eventual clinical 
use in humans. 
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