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Corneal Mineralization in Wistar Hannover Rats
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Abstract: We have recently started using Wistar Hannover rats in Japan and are now collecting background data. We have been fre-
quently observing corneal mineralization in Wistar Hannover rats of both the RecHan™:WIST and Crl:WI (Han) strains. In this study,
details of corneal mineralization in Wistar Hannover rats were histopathologically and ultrastructurally investigated. According to the
results, Wistar Hannover rats had a much higher incidence of corneal mineralization compared with Sprague-Dawley rats. The inci-
dence of corneal mineralization was higher in males than females. According to the histological examination, mineral deposits were
positive for calcium by von Kossa’s method. Furthermore, in response to mineralization, keratocytes probably become active to play an
important role against the mineralized substance. (DOI: 10.1293/tox.26.275; J Toxicol Pathol 2013; 26: 275-281)
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Introduction

Corneal mineralization occurs along the basement
membrane or in the subepithelial stroma in both humans
and animals and is observed as a basophilic deposit in sec-
tions stained with hematoxylin and eosin (HE)'. Ultrastruc-
turally, the deposit is composed of aggregating spherules
and amorphous material and occasionally shows a laminar
appearance’ *. X-ray microanalysis reveals that the deposit
predominantly consists of calcium and phosphorus®>°.

In humans, corneal mineralization is known as calcific
band keratopathy and is thought to be associated with the
morbid systemic condition that leads to an increase in serum
calcium levels such as hyperparathyroidism, hypocalcemia
of malignancy and excessive vitamin D therapy'. There are
various factors thought to be responsible for the pathogen-
esis of calcific band keratopathy, such as localized damage
and dryness of the cornea®.

In rodents, spontaneous corneal mineralization has
been reported in Fischer 344, Sprague-Dawley (SD) and Wi-
star rats and CD-1, CF,, C3H, DBA/2, CD2F, and BALB/c
mice but not in Lewis rats>»*~. In mice, mineralization with
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or without corneal edema, ulcer, erosion or vascularization
is sometimes observed'® and is thought to be related to the
frequency of cage cleaning and the ammonia levels in the
cage’. In rats, although details of its pathogenesis are not
clear, it is thought to be a primary change because mineral-
ization is observed without epithelial defects or inflamma-
tory reactions>®,

At present, there are a still few studies using Wistar
Hannover rats in Japan; therefore, we are collecting back-
ground data. Through this work, we realized that there were
high incidences of corneal mineralization in Wistar Han-
nover rats. A greater incidence of corneal mineralization in
Wistar Hannover rats as one of the histological characteris-
tics of this strain was reported'!, but to our knowledge, there
are no reports concerning histological details of corneal
mineralization in this strain. In this study, we demonstrated
the histopathological and ultrastructural characteristics of
corneal mineralization in Wistar Hannover rats, as well as
its incidence.

Materials and Methods

Animals

We used the eyes of Wistar Hannover rats (720 ani-
mals) from two providers and SD rats (102 animals) for
comparison. RccHan"™:WIST (Rcc) rats (240 males and 240
females) from Japan Laboratory Animals, Inc. (Saitama,
Japan) and Crl:WI (Han) (Crl) rats (120 males and 120 fe-
males) from Charles River Laboratories Japan, Inc. (Shiga,
Japan) were obtained at 4 weeks of age. They were housed
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individually in hanging-type stainless steel wire mesh cages
(195W x 325D x 180H mm, Tokiwa Kagaku Kikai Co., Ltd.,
Tokyo, Japan) in an animal room maintained at 22 + 3°C
with a relative humidity of 55 + 20%, air ventilation 6 to 20
times per hour and a 12-hour light/dark cycle. The room was
cleaned every day, and the sanitary trays containing hard-
wood chips placed under the cages were replaced at least
once a week. The ammonia levels in the room were kept be-
low 4 ppm. Pelleted diet (radiation sterilized CR-LPF, Ori-
ental Yeast Co., Ltd., Tokyo, Japan) and drinking water (tap
water, via automatic water supply system) were provided ad
libitum. Animals were divided into four groups for eutha-
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nasia at 8, 10, 19 and 32 weeks of age for Rcc rats and into
two groups at 19 and 32 weeks of age for Crl rats, with each
group consisting of 60 animals of each sex (Tables 1 and 2).
Each group was derived from two different lots, with each
lot consisting of 30 animals of each sex (data not shown). Ad-
ditionally, 2 female Rcc rats at 110 weeks were necropsied,
and their eyes were subjected to a histological examination
in order to demonstrate the presence of calcium; the eyes of
3 male Rcc rats at 14 weeks were examined ultrastructur-
ally. The eyes of 102 SD rats (Charles River Laboratories
Japan, Inc., Ibaraki, Japan) consisted of eyes from 51 males
and 51 females at 9 to 15 weeks of age derived from control

Table 1. Number of Animals and Incidence of Corneal Mineralization (%) in RccHan™:WIST Rats

Rec!

Number of animals
with mineralization

Week  Number of

Number of animals with
mineralization and/or
activated keratocytes

Number of animals

of animals with activated
age examined Form . keratocytes® .
- Total  Incidence % Total Incidence %
Granular Linear  Coarse
8 60 10 (7) 44 0(0) 14 233 8 22 36.7
Mal 10 60 13 (7) 17 (13) 5(5) 23% 38.3 6 29 48.3
ale 19 60 84 20(17) 11 (1D 21 35.0 2 23 383
32 60 9(2) 24 (14) 6(4) 249 40.0 0 24 40.0
8 60 72 42 0(0) 10 16.7 5 15 25.0
Femal 10 60 6(3) 119 44 129 20.0 7 19 317
emaie 9 60 40 14312 7(6) 14 23.3 0 14 23.3
32 60 4 (0) 13 (5) 6(4) 169 26.7 0 16 26.7
Total 480 134 28 162

1) Rec, RecHan™: WIST derived from Japan Laboratory Animals, Inc. 2) Number of animals with no visible mineral deposits but ac-
tivated keratocytes. 3) This is composed of 11 out of 30 rats subjected to ophthalmoscopy and 12 out of 30 rats that were not. 4) This is
composed of 13 out of 30 rats subjected to ophthalmoscopy and 11 out of 30 rats that were not. 5) This is composed of 3 out of 30 rats
subjected to ophthalmoscopy and 9 out of 30 rats that were not. 6) This is composed of 10 out of 30 rats subjected to ophthalmoscopy
and 6 out of 30 rats that were not. The number of animals with both mineral deposits and activated keratocytes is shown in parentheses.

Table 2. Number of Animals and Incidence of Corneal Mineralization (%) in Crl:WI (Han) Rats

Crl?

Number of animals

Number of animals with
mineralization and/or

Week  Number of with mineralization Number of animals .
of animals with activated activated keratocytes
age examined Form ) keratocytes® )
Total Incidence % Total Incidence %
Granular Linear  Coarse
8 - - - - - - - - -
Male 10 ) . ) . . - . y _
19 60 9(2) 27 (20) 99 28 46.7 0 28 46.7
32 60 22(2)  39(19) 129 413 68.3 0 41 68.3
8 - - - - - - - - -
10 - - - - - - - - -
Female g 60 2000  11(5) 43) 13 217 0 13 217
kY 60 17(3) 2109 6(5) 249 40.0 0 24 40.0
Total 240 106 0 106

1) Crl, Crl:WI (Han) derived from Charles River Laboratories Japan, Inc. 2) Number of animals with no visible mineral deposits but ac-
tivated keratocytes. 3) This is composed of 20 out of 30 rats subjected to ophthalmoscopy and 21 out of 30 rats that were not. 4) This is
composed of 15 out of 30 rats subjected to ophthalmoscopy and 9 out of 30 rats that were not. The number of animals with both mineral
deposits and activated keratocytes is shown in parentheses. -, Not examined.
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groups of toxicity studies conducted in our laboratory from
2009 to 2010, and these were examined retrospectively for
comparison. Half of the Rcc rats of both sexes sacrificed at
10 weeks of age were used for the ophthalmoscopic exami-
nations three times, at 5, 7 and 9 weeks of age, and half of
the Rcc and Crl rats of both sexes sacrificed at 32 weeks
of age were used for ophthalmoscopic examinations four
times, at 5, 9, 18 and 31 weeks of age. Moreover, all 102
SD rats derived from control groups in the toxicity stud-
ies experienced ophthalmoscopic examinations twice. The
animals were cared for according to the principles outlined
in the guides for the care and use of laboratory animals pre-
pared by the Japanese Association for Laboratory Animal
Science and our institution.

Histopathological examination

For the histopathological examination, the animals
were anesthetized with an intraperitoneal injection of so-
dium thiopental (Ravonal®, Mitsubishi Tanabe Pharma
Corporation, Osaka, Japan) and euthanized by exsangui-
nation from the abdominal aorta. Then, the eyes and other
organs/tissues were removed. The eyes of 720 Wistar Han-
nover rats, including both Rcc and Crl rats, were fixed in
Davidson’s solution and subsequently trimmed and fixed in
10% phosphate-buffered formalin solution. The fixed eyes
were embedded in paraffin, cut at a thickness of 5 um and
stained with HE. All eyes were examined using a light mi-
croscope. The eyes of 2 additional Rcc rats were fixed in
10% phosphate-buffered formalin solution to demonstrate
the presence of calcium by von Kossa’s method. The sec-
tions of these additional eyes stained by von Kossa’s method
or with HE were also examined using a light microscope.

Ultrastructural examination

For the electron microscopical examination, the eyes
of the 3 Rcc rats described above were fixed in 10% neu-
tral buffed formalin solution for the first fixation. Then, the
corneas were cut out from the eyes, divided in quarters,
postfixed in 1% osmium tetroxide, and embedded in epoxy
resin. Ultrathin sections were stained with uranyl acetate
and lead citrate, and observed under an electron microscope
(H-7600, Hitachi, Tokyo, Japan).

Results

Incidence of corneal mineralization

In SD rats, no corneal mineralization was observed in
either sex (data not shown). On the other hand, in Wistar
Hannover rats, there was a high incidence of corneal min-
eralization as shown in Table 1 and Table 2. At 8,10,19 and
32 weeks, the incidences of mineralization in Rcc rats were
23.3, 38.3, 35.0 and 40.0% in males and 16.7, 20.0, 23.3 and
26.7% in females, respectively. Furthermore, those at 19 and
32 weeks in Crl rats were 46.7 and 68.3% in males and 21.7
and 40.0% in females, respectively. In both Rcc and Crl rats,
males showed a higher incidence of corneal mineralization
than females. The incidences of mineralization in Wistar

Hannover rats did not differ whether the ophthalmoscopic
examinations were performed or not (details of the number
of animals with mineralization are shown in the footnotes
of Tables 1 and 2).

Histopathological findings

Corneal mineralization was located in the center of the
cornea but was not observed in the corneal limbus. Various
forms of corneal mineralization such as basophilic granular
(Fig. 1A), linear (Fig. 1B, C) or coarse deposits (Fig. 1D,
E) were observed with HE staining in a total of 134 Rcc
and 106 Crl rats representing every age group (Tables 1 and
2). Deposits were observed along the basement membrane
of the corneal epithelium, on the anteriormost part of the
corneal stroma (Fig. 1A, B, D, E) or within the stroma at
a short distance from the basement membrane (Fig. 1C).
Deposits in the corneas fixed with 10% phosphate-buffered
formalin solution were positive for calcium by von Kossa’s
method (Fig. 1G). Although keratocytes are normally thin
and parallel the collagen laminae in the stroma, near the de-
posit, some cells with round to oval nuclei and prominent
nucleoli were often observed (Fig. 1D), indicating that they
were activated keratocytes. These activated keratocytes
were also present between the corneal epithelium and the
deposits (Fig. 1E). Furthermore, even if there were no vis-
ible basophilic deposits, we could often see some activated
keratocytes in the anterior part of the stroma (Fig. 1F) in
a total of 28 Rcc rats from the 8-, 10- and 19-week groups
(Table 1). Occasionally, between the corneal epithelium and
the stroma, distinct clefts accompanied the deposits or acti-
vated keratocytes (Fig. 1E, F).

The numbers of animals with mineralization of each
form, including the 3 forms of mineral deposits and activat-
ed keratocytes with no visible deposits, are shown in Tables
1 and 2. In Rcc rats at 8 weeks, most of the mineral deposits
were of the granular form, and no deposits with the coarse
form were observed. In Rcc rats at more than 10 weeks,
there were 3 deposit forms, and an increase in the incidence
of the coarse deposit form with aging was not observed. In
both Recc and Crl rats, activated keratocytes tended to be
observed more frequently nearer coarse deposits rather than
nearer granular and linear deposits. In Rcc and Crl rats at
19 and 32 weeks, activated keratocytes without any visible
deposits were not observed, except in the case of 2 male Rec
rats at 19 weeks. This was observed mainly in younger rats
at 8 and 10 weeks.

Ultrastructural findings

The electron microscopic examination revealed details
of the granular (Fig. 2A), linear (Fig. 2B, C) and coarse
forms (Fig. 2D) of the mineral deposits. The deposits were
composed of aggregating spherules and amorphous mate-
rials, which often made laminated high and low electron
dense plaques (Fig. 2A, C, D). The laminae were roughly
parallel to the outermost contour of each deposit. In all
forms, although the epithelial basal cells overlying the de-
posit formed irregular basal invaginations, their basement
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Fig. 1. Cornea with various forms of mineralization in Wistar Hannover rats. A, B, C: Granular (A) and linear (B, C) deposits (arrowheads)
in 32-week-old male Crl rats. HE. They occurred along the basement membrane of the corneal epithelium, on the anterior edge of the
corneal stroma (A, B) or within the stroma at some distance away from the edge (C). D, E: Coarse deposits (arrowheads) in 32-week-
old male Rcc rats. HE. Near the deposits, some activated keratocytes with round to oval nuclei and prominent nucleoli can be ob-
served (arrows). Among these, three keratocytes between the corneal epithelium and deposits can be observed (E, arrows). Near the
deposits or activated keratocytes, there is occasionally a distinct cleft below the corneal epithelium (E, asterisk). F: Two activated
keratocytes (arrows) and clefts (asterisks) without any visible mineral deposits in a 10-week-old male Rcc rat. HE. G: Linear deposit
(arrowheads) in a 110-week-old female Rcc rat. Von Kossa’s method. The deposit is positive for calcium. e, corneal epithelium; s,

corneal stroma. Bar = 10 um.

membranes were on the epithelial side and did not peel off
(Fig. 2A-D), and there were hemidesmosomes in epithelial
cells facing the basement membrane (Fig. 2E, F), indicat-
ing that each epithelial cell itself was intact. Based on this,
every deposit existed mainly in the anterior part of the cor-
neal stroma just below the epithelial basement membrane
or sometimes in the stroma at some distance away from the

basement membrane (Fig. 1C). Activated keratocytes that
were slightly expanded and extending their cytoplasmic
processes were observed near deposits (Fig. 2C, D). Some
of them were between deposits and the epithelium, with fine
collagen fibrils around them (Fig. 2G, H).
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Fig. 2. Electron micrographs of various forms of corneal mineralization in a 14-week-old male Rcc rat. A-D: Granular (A), linear (B, C)
and coarse (D) deposits can be observed in the anterior part of the corneal stroma just below the epithelial basement membrane (red
dashed lines) or inside the stroma at some distance away from the basement membrane (C). Each deposit is composed of aggregat-
ing spherules and amorphous materials, and they often produce laminated high and low electron dense plaques (A, C, D). Activated
keratocytes (arrows) are observed near the deposits (C, D). Furthermore, some are between the epithelium and the deposits (C, D,
white arrows). E, F: Higher magnification of A and B. There are hemidesmosomes (yellow arrows) in the epithelial cell facing the
basement membrane. G, H: Higher magnification of C and D. Fine collagen fibrils are observed around activated keratocytes (white
arrows). e, corneal epithelium; s, corneal stroma. Bar =0.5 um (A, B, E, F) and 2.0 um (C, D, G, H).

Discussion

The incidence of mineralization was higher in Wistar
Hannover rats than SD rats, and the interstrain variation
suggests a close relation with the genetic factor'. In both
Rec and Crl, the incidence of mineralization was higher in
male rats. An association with the testosterone concentra-
tion in male SD rats has been previously reported’. We often
observed activated keratocytes in the corneal stroma near
mineral deposits. Furthermore, without any clear basophilic
deposits, we observed some activated keratocytes in the an-
terior part of the stroma in 28 Rcc rats. As there were no
other histological or ultrastructural abnormalities in the cor-

neas, we surmised that the activation of keratocytes must be
attributed only to mineralization. In fact, in some corneas,
no mineralization was observed histologically, but very fine
deposits were observed ultrastructurally as described in a
past report’. Therefore, we also counted the number of ani-
mals with no visible mineral deposits except for activated
keratocytes as a kind of corneal mineralization, in addition
to the number of animals with clearly observable mineral
deposits.

In the histopathological examination, the 3 deposit
forms of corneal mineralization were observed. At the
youngest age (8 weeks), the most common form was the
granular form, and the coarse deposit form was not ob-
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Fig. 3. This figure suggests the role of keratocytes with regard to mineral deposits. e, corneal epithelium; s, corneal
stroma; a, the anterior part of the corneal stroma; k (k1, k2), keratocytes; la, laminated coarse mineral de-

posit.

served. However, at more than 10 weeks, all 3 mineral de-
posit forms were observed. Furthermore, mainly at younger
ages (8 and 10 weeks), activated keratocytes without any
visible deposits were observed. These findings suggest that
at 8 and 10 weeks, the mineral deposits were too small to
be recognized in the histopathological examination, but the
keratocytes could notice this mineralization and be activat-
ed. Then, by 19 weeks, the small mineral deposits may have
aggregated and formed granular, linear or coarse deposits.

In the histopathological examination, distinct clefts be-
tween the corneal epithelium and the stroma near deposits
or activated keratocytes were observed. The cleft was re-
ported to be an artifact in rats and mice®'°. Moreover, in
calcific band keratopathy of humans, the anterior part of
the corneal stroma, the so-called “Bowman’s layer,” often
becomes detached from the underlying deposit because of
its brittleness®. We consider that the cleft, especially that
observed with mineralization or activated keratocytes, re-
sulted from the weakening of adhesion in the anterior part
of the corneal stroma.

In this study, the corneal mineral deposits in Wistar
Hannover rats were positive for calcium by von Kossa’s
method, and the serum calcium level was normal (data not
shown), as seen with other strains of rats'>’. Corneal stromal
tissue contains calcium at a nearly saturated concentration,
and even minor alterations in its microenvironment could
induce an increase in pH or dryness and result in the precip-
itation of calcium'*'>!3, The structure of the cornea of Wi-
star Hannover rats may be more susceptible to an increase in
pH and dryness than that of SD rats. Besides, it is unlikely
that ammonia is associated with the pathogenesis of corneal
mineralization like mice because the frequency of air ven-
tilation, room cleaning and sanitary tray replacement kept
the ammonia level below 4 ppm, which is widely accepted
as appropriate for animal housing conditions. Moreover,
though half of the Wistar Hannover rats sacrificed at 10 and
32 weeks of age and all SD rats had 2—4 ophthalmological
examinations in this study, it did not increase the incidence
or size of mineralization (size data not shown).

Bellhorn et al. reported corneal mineralization without
any other corneal lesions as spontaneous corneal degenera-
tion in the rat and considered the calcific keratopathy in the

rat to be spontaneous and possibly of a primary origin rather
than degeneration secondary to other corneal disease®. On
the other hand, corneal mineralization in mice was reported
with other corneal lesions, such as necrosis and disorgani-
zation of the basal epithelium, corneal erosions and ulcers,
neutrophils in the corneal stroma and thinning of the over-
lying epithelium’. So it is appropriate to consider that the
mineralization occurred in relation to keratitis. Similarly,
the mineralization of the coarse form in our rats possibly
appeared as a healing feature of traumatic keratitis, though
other corneal lesions were not observed except for activated
keratocytes.

In this study, the mineralized deposits were present in
the anterior part of the corneal stroma, mainly just below
the epithelial basement membrane, and this was almost con-
sistent with previous reports' *®7. The anterior part of the
corneal stroma is a special differentiated area of the corneal
stroma and corresponds to the Bowman’s layer in humans'?.
Small and sparse collagen fibrils are present there random-
ly>*!* and may act as a nidus for or a filter against the pre-
cipitation at the beginning of mineralization® *. We consider
that the anterior part of the corneal stroma in Wistar Han-
nover rats is vulnerable to the precipitation of calcium.

Activated keratocytes were often observed near miner-
al deposits in the anterior part of the corneal stroma, where
there are normally very few cellular components. They
were recognized not only below mineral deposits but also
between the deposits and the epithelium and were accompa-
nied by fine collagen fibrils surrounding them. Keratocytes
are fibroblasts in the corneal stroma'’. When the cornea is
damaged, it becomes active and produces collagen fibrils
to repair and maintain the corneal tissue®'*!%. We surmised
that keratocytes play a role against mineralization (Fig. 3).
Keratocytes react to mineral deposits immediately, activat-
ing and locating near them, and produce collagen fibrils
there. Activated keratocytes might infiltrate between the
corneal epithelium and deposits (Fig. 3, k2) as well as be-
low deposits (Fig. 3, k1) to separate the deposits from the
corneal epithelium, because the anterior part of the corneal
stroma (Fig. 3, a) corresponding to the Bowman’s layer in
humans lacks or contains very few keratocytes originally.
In the histopathological observations, activated keratocytes
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were more remarkable near coarse deposits than near granu-
lar and linear deposits. It has also been reported in mice that
the collagen fibrils produced by activated keratocytes could
be a new nidus for mineralizaition'®. Therefore, in some
cases, the more keratocytes producing fibrils, the larger
the mineralized deposit becomes. This may have resulted
in formation of the laminated coarse mineral deposits ob-
served in the ultrastructural examination (Fig. 3, la).

In conclusion, we found that corneal mineralization
frequently occurs in Wistar Hannover rats and at a higher
incidence in males. The high incidence of mineralization
is one of the characteristics of Wistar Hannover rats. Fur-
thermore, keratocytes have a close relationship with corneal
mineralization.
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