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ABS TRA C T _ _
Chromium is one of ihe most studted chenucal.s linked to occupat:onal izazards and is o proven tmm
1-mmagen and carcinogen, Peaple are exposed to chromium campomtd it d wide vauen' vf situations as it
is ‘comimonly used in industricl chrome plating, welding, painting, mefa! finishes, steel marm_;"ac!urmg ;
alfoy, cast iron and wood treatsient. So; this study aimed to evaluate the" oy fomxtcm of hexdvalent ¢hro-
"o mitum on raf corneas using light and seanning electron m:crascoptc examinations: Ten adult albiniy rats

- were used as a control groip, whereas twenty adult albine rdts were treared with 25 and 2. 5 ing/kg hika:

‘valent chromium by intraperitoneal ( ip) injection for 7 days and foi 90 days respecrwel ¥ E \ammanuu of
" ihe comtrol rat cornea demonstrated that, it consisted of five layers. The aurer surface vas stratified siuia-
mons non-keratinized epithelium with polygonal shape and smface microvilli, Aftér seven dmh dose of 25
~miglkg hexavalent chromivm aa'mmzsrranon the examined comeal specimens revealed increused corneal "
- thickness and loss of cellular demarcanon of corneal epithelinnt with cleﬂ formation cmd few mzcmvu’h
There were cytoplasmic vicuolation and nuclear chcmges Also ihere was loss of the nmmai .w.ranml Ia-
o mellar architecture and various ‘empty spaces. Moreover, after 90 days of chrontitm m.ucm there was fr-
- regular comeal surface with marked patchy epithelial loss and multiple surface ostia. A!w there wus
morphological alieration of the smj‘"ace microvilli and intercellilar foca[ dnmpnon The Buwman ¥ feh?f :
was lost. The corneal stroma showed marked loss of lamellar drehitectiire and empn' \pcrces Cornedt
‘vascularization was also séen with mﬂammaton' infiltrates. So, n're preaem .smd\ concluded thai, hexaval-

ent chroniium is very foxic té' :he cornea especra!!y after pro!onged expa.mre cau.smg muai unpammm

and loss. . I RSN IDUI LT ¢ S
____INTRODUCT_’!ON - . impurity; chromium is found in coal, oil,
. o feeding stuffs, fertilizers, chalk and clay, it
Chrommm is a fragﬂe, steel grey metal ~ is used among other -things in cement
~which is extracted from the w1despread -manufacture. Chromium combines in sev-
ferrugmous chromite (FeOCrZOB) As an eral oxidation phases: divalent (+II), triva-
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lent {+I10) and;.h@xévalem (#VI)- (,Bi'&s;f:up.".."_-' _'
and Wagg, 1983). It occurs in the work:

place predominantly in two valence states:

hexavalent chromium (chromium VI) and :
trivalent chromium (chromium III). Hexa-
valent chromium compounds. find exten-.

sive application in diverse industries,

while trivalent chromium salts, are used
as micronutrients and dietary supple--
Due to its acidic and oxidizing
properties hexavalent chromium is very.
important in industry but it is also the . -
most toxic and it is one of the most stud- -
ied chemicals linked to gccupational haze
ards. It is used in various alloys ie. stain-
less steel and heat. resistant steel, for
chromium plated metals, plastics.and pol-
yethylene. Various chromium compounds -
are also used as dyes in car paint, textiles,
glass and pottery, Chromium is widely
used in leather tanning and along with ar-
senic and ¢opper compounds in impregna-

ments.

tion of wood (B1dstrup and Wagg, 1983;
Bagchi et al., 2002) '

There are four _im.portant routes . of
exposure for chromium, dermal absorp-
tion, ingestion, inhalation and ingestion

secondary to inhalation. Chromium can
act directly at the site of contact or be ab-
sorbed into or through human tissue.
Once absorbed into the blood, it is rap-
idly reduced to chromium III and ex-
creted by the kidney and liver and it is re-

leased into the urine (ngl and Grant,
1999). o

Mansoura J. Forensic Med. Clin, Toxicol,

The toxxc effect on skm and IHLICoUS

_membrane from prolong,ed exposure o

hexavalent chromium is well known in oc-
cupational medical literature. The cardinal
clinical feature is inflammation of the na-

- sal mucous membrane with ulceration or

perforation of the nasal septum. Other hu-
man health effects are papillomas in the
nasal cavity, oral cavity and the larynx,
lung cancer, dermatitis, kidney and liver
damage (Gunaratnam and Grant, 2002).

.. The cornea is the clear disk-like anterior
portion of the outermost fibrous support-
ing. coat of the wall of the eye globe and
lies anterior to the iris. It protrudes anteri-
orly and forms a small segment of the eye
sphere. It constitutes the anterior one-sixth
of the eyeball and is more curved than the
remainder. of the globe. The cornea ap-
pears slightly elliptical when viewed from
infront (12 x 11mm), but it is circular when
viewed from behind. The posterior surface
of the cornea is more spherical than the

- anterior surface, so. . the central cornea is

thinner (0.52 mm) than the periphery (0.65
mm). The zone of the transition between
the cornea and sclera, known as the lim-
bus of the cornea, is about Imm in width.
Although the sclera and cornea are struc-
turally continuous, their line of junctions
is marked externally by a slight circular
furrow, the external scleral sulcus and in-
ternally by the internal scleral sulcus (Co-
perthaver et al., 1978; Proia, 1997). The cor-
nea is transparent as it is devoid 'of blood
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vessels, but it is richly supplied by sensory

nerve endings via the first division of the
trigeminal nerve (Copenhaver et al., 1978;
Stevens and Lowe, 1997). Most of the re-
- fraction of light takes place at the surface
of the cornea. Damage to the cornea may
result in comneal opacity that may 1mpa1r
vision (Cormack, 2001).

-Little data are known about hazards
and biomonitoring possibilities of this
type of chromium for workers who may
be occupationally exposed to such com-
pound so, the aim of the this study was to
evaluate the toxic effects of hexavalent
chromium on the rat corneal structure us-
ing light as well as scanning electron mi-
croscopes. Also, for assessment of time-
dependent effects on increase corneal
damage which may help in understanding
its pathogenesis. : : B

: MATERIALAND METHODS
Chemlcal RS i
Sodium  dichromate -was purchased

from Aldrich Chemical Co.

Ammals and %reatments

- Thirty (30) healthy adult: Whlte albmo
rats (160-180 gm) were used in this study.

All animals were housed in a controlled
environment at 25°C with a 12 hours light
and 12 hours dark cycle and acclimated
for at least 5 days before use. Animals
were divided into three groups, ten for

Mansoura J. Forensic Med. Clin. Toxicol.

“each group: The first group was served as
‘a control ‘group. The second and third

groups - were “served as  experimental

‘groups and were given a daily dose of 25
'mg (0.5 LDsg) and 2.5mg (0.05 LD ) sodi-

um  dichromate - / kg body weight by in-

- traperitoneal (IP) injection for 7 days and

for 90 days respectively (Bagchi et al,,
2002).

* Tissue collection and preparation:

At the apprc)prlate date of the experi-
ment animals were anesthetized with in-
traperitoneal injection’ of thiopental sodi-

um and sacrificed 24 hours after the last

exposure. Marial separation of the eye

lids was done and a drop of the fixative

was rapidly applied to each eye. Both the

right and left corneas were dissected at-

raumatically and were resected from area
behind - the ‘limbus. The rlght cornea of
each amrnal was fixed in 10% formol sa-
line as a primary fixation for at least 3-4
days and then post fixed in Bouin's solu-
tion for 24 hours only as a secondary fixa-

tion. Then it was dehydrated and embed-

ded in paraffin. Sections were cut at 4-6
microns and stained with haematoxylin

‘and eosin for ordinary histological exami-
- nation (Drury and Wallinigton, 1980). The

left cornea was fixed immediately in 3 %

- glutraldehyde ‘in 0.1M phosphate buffer,

PH 74.-After that, the specimens were
washed in 0.IM phosphate buffer, dehy-
drated by ascending grades of alcohol,
and critical point dried by CO, in Samdri-
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PYT-3B-JEOL(110 volt). (Hayat, 1981; Kim
et al., 2002). Hereafter, the dried samples
were mounted on metal stubs, coated with

gold by Ion sputtering device (JEOL JEC
1100 E) and examined by ]EOL JEM-5300

scanning electron m1croscope
RESULTS

Light microscopic results:

Light microscopic examination. of hae-
matoxylin-eosin _ stained. control . corneal
sections showed smooth regular thickness

of the cornea with five layers beginning at
the outer to the | nner surface. They were: a

layer of stratified  squamous  non-
keratinized ep1thehum Bowman's layer,

corneal stroma, Descemet's. membrane

and endothelium (Fig. 1). The stratified
squamous non-keratinized corneal epithe-
liura consisted of five layers. The basal
cells were coiumnar in shape resting on
basal lamina with well identified cell
boundaries. Their nuc1e1 were oval in
shape with homogenaus chromatin and

their long axis appeared at right angles to

the surface of the cornea (Figs. 1,2,3). The
cells of the remaining layers were polygo-
nal in shape in the deepest part and flat
nucleated forming. several layers at the
surface (Fig. 2). The Bowman's layer. ap-
peared as a thin layer of acellular homoge-
nous tissue and consisted of collagen fi-
brils (Fig. 3). The. corneal stroma formed
the bulk of the corneal thickness and con-
sisted of connective tissue and cells, the

Mansoura J. Forensic Med. Clin. Toxicol.

former -was arranged in lamellae and 'was.
- parallel with the corneal surface (Fig. 2).

The cells of the corneal stroma (keratocy-
tes).appeared flat parallel and were locat-

- ed intervening between the connective:tis-

sue - lamellae - (Fig.3). The - Descemet's
membrane - appeared: homogenous rand
was highly refractile linned by a smgie
layer of endothelial cells which extended

10 form the inner epxthehal lmmg of the
- cornea as a whole (Fig. 2).-

Seven_ days after 25 mg/kg heaxavalent

chromium- injection, the examined corneal
sections revealed apparent increase of cor-
neal thickness (Figs. 4&5) and loss of cellu-
lar demarcation of corneal epithelium (ep-
ithelial - degeneration). There was a cleft
between the degenerated epithelium and
underlying Bowman's layer (Fig. 4). The
corneal stroma showed loss of normal la-
mellar architecture and had empty spaces
of various: shape and size inbetween the
connective tissue lamellae (Figs. 4&5).
This was in association with presence of
noticeable few corneal endothelial cells
(Fig.5). Also, there was inflammatory cel-
lular infiltration in-between the disrupted
stromal lamellae (Fig. 6).. On the other
hand, the epithelial lining of some corneal
sections appeared with loss of cell boun-
daries. Cytoplasmic vacuolation was also
detected. Nuclear changes was marked as
some of the nuclei showed margination of
the chromatin especially in the superficial
layer or heterogenous clumped chromatin
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with irregular nuclear ‘membrane in the -

- deep layer (Figs. 6&7).

Ninety days after 2.5 mg/kg :héaxavtzlent' B

chromium injection, the examined corneal
sections showed apparent irregular sur-
face and degeneration of the‘épithelium-as
there was either marked patchy epithelial
loss leaving bare areas with the remaining
epithelial cells appeared necrotic and had
no nuclei (Figs. 8&9), or intact epithelium
but exhibited loss of cellular demarcation
and had no nuclei (Fig. 10). There was loss
-of Bowman's layer. The corneal stroma
still showed loss of lamellar aréhitecture
and marked increase of empty spaces with
inflammatory infiltrates (Figs. 84&10).

B Séanning electron microscopic results :
The cornea of the adult control albino
. rat showed that the scanned surface cells

were squamous and polygonal in shape =
They had surface microvilli which ap-

peared tiny and rounded. The cell borders
- were well defmed and looked intact (Fxgs
11&12). - et

- Seven days .aﬂ;er-zs 'mg/kg_ch'rbmium D

injection, the corneal epithelium ‘was de-
formed that cell configuration was hardly
dnstmgulshabie due to ill defined cell bor-

ders with apparent few m1crov11h (Flg
13). S

Moreover, 90 days after 2.5 mgﬂcg chromi-
um (V1) injection, there were multiple ostia

Mansoura J. Forensic Med. Clin. Toxicol.

“lesions in

“appeared on the surface cells (Fig. 14). Su-
perficial vascularization of the surface of
“the cornea’ was also noticed “associated
-~ with no apparent microvilli (Fig. 15). The
‘microvilli showed different morphological
alterations as, some of them were trimmied
and others were absent especially around
~a blood vessel ot around an ostium (Figs.
' 15&16). The cell borders showed definite
“intercellular - focal -disrtiption (Fig. 15).
Some areas “appeared ‘with’ ‘severely de-
formed - surface epithelium ‘and showed
~epithelial cell loss with disrupted cell bor-
~-ders so-that, the surface eplthehum ap-
' peared as’ plaques (P1g 17)

DISC‘USSION

' Many chermicals -foun’d in’ c'cc'tipation'al

and /or “environmental':‘setting induce
the ‘mucous membrane in

the “form ‘of inflammation, degeneration,

~and proliferation; others cause more spe-
. cific effects (Shrivastava et al.; 2002). Evi-
~dence of hazards was documented in
studies for chromate workers (Merritt and
‘Brown, 1995); but 'Stu'dieé of chromium

tox1c1ty on the cornea have not widely

| .'”Thi’s'Stu‘dy revealed-increase of corneal

~ thickness and evident degenerative chang-
-es as loss of cellular demarcation of cor-

neal epithelium that cell configuration was
hardly -distinguishable due to ill defined

cell borders with apparent few microvilli

" Vol. XII 'No.1, January 2004
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seven days after 25 mg/kg chromium (VI)

injection. Moreover, the presence- of cyto- |
plasmiic vacuolation indicate occurrence of
hydrobic. cell: degeneration, ‘This may be
due to distension.of the endoplasmlc retic-

ulum  and mltochondrza (Cotran et al

Proia (1997) cencluded' that hydi‘opic e
swelling of the cells is a manifested sign of -
epithelial edema which in. turn may result

in separation of the ep1the11um from the
Bowman's layer. The present study- was

consistent with this explanation as- there
was a cleft between the degenerated epi- -
thelium and underlymg Bowman's layer .
which may be due to:loss of mtercellulaf -

attachment and cause degeneration of this

layer. Unfortunately this damage does not -
regenerate after injury as reported by Kan-

ski (1999) and results in the formation: of

an opaque corneal . scar. because repair is
by irregular deposxtzon of collagen (Steven_ _

and Lowe, 1997).

Nuciea_r_-- changes_ as. margination- and -

heterogenous clumped chromatin with ir-
regular nuclear membrane were observed.

The margination of nuclear chromatin
could indicate apoptotic changes as re- -

ported by Steven and Lowe (2000):: But
chimping of chromatin may represent one
of the reactions of cells to anoxia or ische-
mida and is possibly due to lactate accumu-
lation with a resulting reduction of cell pH

(Trump et al, 1978; Cotran et al,, 1999).

Mansoura J. Forensic Med. Clin. Toxicol.

be contributed to the release of hydrolytic
enzymes from the lysosomes. If this signif-

“Icant destruction of superficial corneal epi-
- thelium occurs together with basal epithe-
- lial cell damage, epithelial wound healing
| -:_mlght be more comprormsed (Tamh et aI
. 1995) RS -

E __f.-.With reference to the corneal stroma,
- there: was’ ‘loss * of normal lamellar ar-

chitecture . with' various' empty spaces
and . inflammatory.  cellular - infiltration.

‘This' may indicate occurrence of corneal
edema and explained the noticeable in-

crease .of corneal thickness at this stage
and results -in - cloudness, opacity and
reduction of normal transparency of the

cornea. as-a result of disruption of regu-

lar arrangement of corneal lamellae as re-
ported by Kanski (1999). The above patho-
logical changes of the cornea may 1mpa1r

~ vision.

* Moreover, in this study, the noticeable
decrease of endothelial cells, may give rise
to fluid accumulation in the corneal stro-
ma which may be contributed to loss of
normal functio_n of endothelium which is
responsible for passage of glucose, amino
acids, oxygen;, salt and water from aque-
ous humour to the corneal stroma (Steven
and Lowe, 1997). Proia (1997) accepted
that the endothelium actively pupms wa-
ter from the corneal stroma and is essen-
tial for normal corneal hydration. It does

- VoL.XII No.1, January 2004
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not regenerate, SO that loss of endothelial
cells may lead to comeal edema.

The most outstanding features of 90
days of 2.5 mg/kg heaxavalent chromium
injection were the presence of morpholog-
ic evidence of corneal ulceration due to
patchy epithelial loss and disruption of
the intercellular junctions giving irregular
severely deformed corneal surface. Also,
degenerative changes were observed as
the remaining epithelial cells appeared ne-
crotic and had no nuclei (Copenhaver et
al., 1978; Gresham, 1992). The increased
empty spaces inbetween the corneal stro-
mal lamellae may indicate increase of cor-
neal edema which cause the overlying epi-
thelium to separate giving epithelial
ulceration with intercellular focal disrup-
tion (Steven and Lowe, 1997).

Proia (1997) reported that, chronic stro-
mal edema leads to thinning and rupture
of the epithelium with abnormal healing
and deposition of basement membrane
within the epithelium. As a consequence,
the results of the present work were con-
sistent with this finding as there were
multiple ostia appeared on the surface
cells. A similar finding was found by Kim
et al. (2002) who observed exposed base-
ment membrane at areas of detached cells
in his study of 20% alcohol toxicity on rab-
bit corneal epithelial cells.

The surface irregularities was seem to

Mansoura [. Forensic Med. Clin. Toxicol.

be from the toxic effect of chromium on

superficia cells and presumably related to

an abnormal epithelial wound healing
process from damaged basal cells with
disrupted anchoring structures (Taioli et
al., 1995).

This study revealed different morpho-
logical alterations of the surface microvilli
as, some of them were trimmed and others
were absent especially around a blood
vessel or around an ostium. This is in
agreement with Kim et al. (2002) who re-
ported deformed microvilli and disrup-
tion of intercellular junction especially
with prolonged exposure and to high con-
centration of alcohol. Gong et al. (2003)
also found decrease of corneal microvilli
in magnesium deficient rats which may in-
terfere with protection from infections,
foreign bodies and dryness. Also the
present work was in agreement with Van
et al. (1980) who found that vitamin A de-
ficiency lead to punctuate epithelial ero-
sions and keratinized plaques with de-
créased number of microvilli on the
surface of the cornea.

Moreover Johansen et al. (1994) report-
ed a case of chronic keratoconjunctivitis
with cicatricial adhesion between the tar-
sal conjunctiva and the bulbar conjunctiva
as well as perforation of the nasal septum
due to chromium vapor exposure.

Despite the fact that the cornea is nor-
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rally entirely. devoid of blood vessels and
depends on diffusion of. oxygen from.the -
atmosphere or from the aqueous humor i in -

the anterior chamber, _corneal vasculariza-
tion was detected at the surface of the ex-
amined specimens after 90 days of chromj-
um  adminstration which  is associated
with a spec1f1c corneal lesion and was re-

ported as a major clinjcal problem that in-
terfere ‘with. vision. (Kanskl 1999;. Prom, '

1997).

With regard to: the tlme factor the re-
sults of the present study showed that

there was more corneal damage w1th pro-

longed exposure to hexavalent chromlum |
This was in- agreement: with Kim et al.

(2002) who concluded that i increasing ex-
posure time results in: significant: damage

to superficial corneal eplthehum and pro-

longs its normal, recovery: time and:was

also in line with Johansen et al. (1994) who .
concluded that chronic inflammation of
the mucous membranes due to prolonged_ B
exposure to chrormum may be 1rrever51bie' |

with risk of late development of cancer

The mechanism of cytotommty of c:hro-.' o

mium {VI) is not completely understood.
However it can be contributed by.the for-

mation of reactive intermediates that to-
gether with oxidative stress through en- -

hanced production of reactive: oxygen
species which were believed to play a key
role in chromium (V1) induced carcinogen-
esis (Shi-and Jiang, 2002). Meert et al.

Mansoura J, Forensic Med, Clin. Toxicol.

- (1994) suggested that immediate doses of

reducing agent as ascorbic acid after am-
monium dichromate poisoning would al-

1ow effectzve reduction of hexavalent chro-

mlum " with- Iess < cellular

toxicity.

‘Moreover, Shi- & Jiang (2002) had been

N :'_shown that through its antioxidants prop-
: erties, apple juice can protect hexavalent
: chromlum induced cellular injury and
_ may reduce 1ts carcmogemc potentlal '

Bagch1 et al. (2002) and Shrlvastava et

-al. (2002) suggested that DNA damage, as
: Weli as enhanced excretion of urinary lipid

metabohtes and: actwatmn of protein ki-

- nase C; ox1dat1ve tissue damage and a cas--
~cade of cellular events including apoptotic

cell death: and- altered gene expression
may be a possﬂ:le contrlbutzon of chromi-

‘um toxicity,

- Chromium is of mgmﬁcant Importance

in altermg the immune response by immu-
- nost1mu1atory or zmmunosuppresswe pro-
- cesses as shown by its effects on T and B
s _lymphocytes, macrophages, cytokme pro-

duchon and. the' immune response that
may  induce - hypersenmhwty reactions

-(Shnvastava et al, 2002). On the other

hand, Catelas et al. (2003) concluded that

both cobalt and chromium i ions can induce

macrophage mortality in a dose-and time-
dependent manner w1th initial apoptosis
followed by necrosis. The results of the
present work were consistent with the
above findings as most of the nuclear
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changes showed elther apoptotlc or ne-":_f' e
crotic changes. These results indicated evi-
derice of two dszerent pathways (apopto«"; %

sis or necrosis) as- mterpretatlon of_ '_‘oreathmg masks and protective eye glass-

oes should be. used in th1s type of work un-
’.'-'_'_:Iess mmstenmg or:a surface finish on
" the chromium’ sheetmg is capable of pre-

: e -'-'.-.;ventmg the’ release of dust. The introduc-

It could be- concluded that tox:cxty by"-_'f:- ~ tion of cytologmal nasal ‘examination in
hexavalent chromium resulted in definite
structural damage of the cornea of the ai- .

bino rat that may lead to V1sua1 1mpa1r— _portance. Also, ‘regular ‘examination for

: -excludmg mahgnancy must be done.

chromium tox1c1ty (Schmltz et ai 2003)

CON CLUSI ON

ment.

Mamnsoura J. Forensic Med. Clin. Toxicol.

o '--Ef-'kECO'MMENDA TIONS

Protectlve equlpment in the form of

_ _'health survelllance programs for this cate-
ogory of workers acqmres cons1derable im-
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Fig.(1): A photomicrograph of a section through the cornea of the eye of adult control albi-
no rat showing that the cornea has regular thickness with smooth surface and con-
sists of five distinct layers from outer to inner: I-stratified squamous non-
keratinized epithelium (5 layers of cells), 2- Bowman's layer, 3-corneal stroma. 4-
Descemet's membrane and 5-endothelium. (Hx & E X200)

e

Fig. (2) : A magnified photomicrograph of the previous section showing the basal cells of
the external stratified squamous non- eratinized corneal epithelium apﬁ)ear colum-
nar in shape (arrow) resting on basal lamina (double arrow) with well identified
cell boundaries and have oval nuclei (n). Above the basal cells there is a layer of
Fo]ygonal cells (arrow head). The most su’Fcrﬁcial cells appear flat nucleated
orming several layers (double arrow head). i
the corneal stroma (cs) appears parallel with the corneal surface and forms the
bulk of the corneal thickness. The Descemet's membrane (d) appears homogenous
in shape and lined by a single layer of endothelial cells (e). (Hx & E )g(400)

Mansoura J. Forensic Med. Clin. Toxicol, Vol. XII No. 1, January 2004
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Fig. (3) : A magnified photomicrograph of another area of the same section showine the nu-
clei of the basal layer of the corneal ef)ithclium are oval in shape with ﬁomoge-
nous chromatin (arrow head) and their long axis appears at right angles to the sur-
face of the cornea. Bowman's layer (*) appears as a thin layer of acellular
homogenous tissue. The stromal cells (keratocytes) are flat (arrow) embedded in-
between the connective tissue lamellae. (Hx & E  X1000)

58
) H};.Jf]?

Fig. 4): A photomicrograph of a section of
the cornea of albino rat 7 days after
hexavalent chromium injection
showing apparent increase of cor- -
neal thickness and loss of cellular 7 g L e e
demarcation of corneal epithelium e
(*). There was a cleft (arrow) be- i
tween the degenerated epithelium
and the underlying Bowman's
layer. The corneal stroma (cs) ap-
pears with loss of normal lamellar
architecture and has empty spaces - (e
(O) of various shape and size. : ~ A

(Hx & E  X200) A

>,

=
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Fig. (5): A Ell_xotomicqograph of another corneal section of albino rat after 7 days hexavalent
: chromium injection demonstrating noticeable increase of corneal thickness with

empty spaces (O) and apparent few corneal endothelial cells (arrow head).
(Hx & E  X200)

Fig. (6) : A magnified photomicrograph of another area of the same section showing loss of
cell boundaries of the epithelium(*). Most of the nuclej appear with margination
of the chromatin (arrow). There is inflammatory infiltration (arrow head) invading
the disrupted corneal stromal lamellae (L). (Hx & E X400)

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XII No. 1, January 2004
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Fig. (7) : Another magnified hotaQiecmﬁraph of the grevious section showing a large cyto-
lasmic vacuole (vgin the epithelium. The basal lamina appears ill-defined (arrow
ead). The nuclei have either marginated chromatin (arrow) especially in the su-

perficial layer of the epithelium or heterogenous clumped chromatin (double ar-
row) with irregular nuclear membrane. (Hx & E X1000)

Fig. (8) : A photomicrograph of a section of the cornea after 90 days of hexavalent chromi-
um injection illustrating an area with irregular surface and marked patchy epithe-
lial loss (arrow) reaching the basal lamina associated with loss of Bowman's layer
(arrow head). The corneal stroma (cs) still shows loss of lamellar architecture and
there is marked increase of empty spaces (O). (Hx & E X200)

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XII No.1, January 2004
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Fig. (9) : A photomicrograph of a section of the cornea after 90 days of hexavalent chromi-

um injéction showing epithelial cell loss leaving bare areas (arrows). The remain-
ing epithelial cells appear necrotic and have no nuclei (arrow head).

(Hx & E  X400)

|

Fig. (10): A thtomicrograph of a section of the cornea after 90 days of hexavalent chromi-

um injection s

Mansoura J. Forensic Med. Clin. Toxicol.

owing another area with loss of cellular demarcation of the epithe-
lial cells (*) and exhibits loss of their nuclei (arrow head). The underlying stroma
-~ shows inflammatory infiltration (arrows). | (Hx &.E .. X400)

o RS yo:.hf No.1, January 2004
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Fig. (11): A scanning electron micrograph of the surface of the cornea of adult control albi-
no rat showing squamous corneal epithelium, its cells appear polygonal in shape
and having well defined cell borders (arrows) and surface microvilli. (X 2000)

15kV Xi9,000 irm 843223

Fig. (12): A scanning electron micrograph of the surface microvilli which appear tiny and
rounded (arrows). Three dpol gonal surface cells also can be seen with well de-
fined intact cell borders (doubie arrows). (X 10000)

Mansoura J. Forensic Med. Clin. Toxicol. Vol.XII No.1, January 2004
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Fig. (13): A scanning electron micrograph of the surface of the cornea of albino rat 7 days

er hexavalent chromium injection showing an area with ill defined cell borders

and hardly distinguishable cell configuration associated also with apparent few
microvilli (*). (X2000)

o

43352

18km @

Fig. (14): A scning electron micrograph of the surface of the cornea of albino rat 90 dags
e

after hexavalent chromium injection demonstrating multiple ostia (arrows) on t
surface cells. | (X1000)

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XII No. 1, January 2004



Hassan & Shehab

\ ‘ j 13kV Xi,3J00 10¥m 243323

Fig. (15): A scanning electron micrograph of the surface of the ¢

after hexavalent chromium injection showing definite
tion of cell borders (arrows).

e

ornea of albino rat 90 days
intercellular focal dlsrug-

ote, a blood vessel (double arrow) appears on t

surface of an area with no apparent microvilli (arrow heads). (X1500)

Fig. (16): A scanning electron microgra
rat 90 days after hexavalent cgr
villi appear with different shapes, some are trimmed
‘ be detected (absent) (double arrows) around an ostium

Mansoura J. Forensic Med. Clin. Toxicol.

(X 2000)

h of a portion of the surface of the cornea of albino
omium injection illustrating that the surface micro-

(arrows) and others can not

17

Vol. XII No. 1, January 2004



Hassan & Shehab . 5k y

A = Ji

. 18KkVIX2.008

Fig. (17): A scanning electron nlicroﬁraph of another portion of the surface of the cornea of
albino rat 90 days after hexavalent chromium injection showing severely de-
formed surface epithelium with definite epithelial cell loss (*) an. disrL}?)ted cell
borders (arrows) so that the corneal surface appears as plaques. (X 2000)

Mafisoura J. Forensic Med. Clin. Toxicol. " Vol.XII No. 1, January 2004
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