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ABSTRACT

Gentamicin (GM) is an effective antibiotic against severe gram-negative infections. However it can
prodiice nephrotoxicity in lunnan. The Nigelia sativa (NS) oil has been subjected to several investigations
that have revealed its antioxidant activity in different conditions. The aim of this study is to assess the tox-
ic effects of GM on the kidney and the protective value of nigella sativa oil supplementation against gen-
tamicin toxicity. Sixty rats were equally divided into 6 groups: Group I (-ve control group), Group 1l (Sa-
line group), Group I (Corn oil group), Group IV (NS group), Group V (GM group) and Group VI
(GM+NS group). The period of the study extended for 10 days. In the last 24 hours, urine was collected
1o estimate urinary protein excretion. Then, the rats were sacrificed for biochemical analysis (blood urea
nitrogen, creatinine, superoxide dismutase and catalase} and renal histopathology by light and electron
microscope. The resuits of this study showed no significamt difference between the negative control, sa-
line, corn oil and NS groups in all measured biochemical parameters. However, there was significant dif-
Jerence in these measured biochemical parameters between GM group and the negative control group.
Furthermore, there was significant difference between GM+NS group and GM group. Light microscopic
examination of kidney specimens of the rats of GM groups showed proximal tubular degeneration, necro-
sis, desquaniation in epithelial cells of the proximal tubules, disturbed architeciure and inflammatory in-
filtrate. However, the electron microscopic examination of the same rats revealed detatled histopathologi-
cal changes that help in explanation the mechanism of roxicity of this drug. The co administration of NS
with GM revealed marked improvement in histopathological changes of kidney by light and electron nii-
croscopic exammination. It was concluded that gentamicin has toxic effects on kidney, and the use of nigel-

la sativa in combination with gentamicin could ameliorate its toxicity.

INTRODUCTION (Ho and Barza, 1987; Karahan et al., 2005).

It has high antibacterial efficacy, rapid on-

Gentamicin (GM) is an aminoglycoside set of action, low rate of true resistance
antibiotic that is very effective in treating and low cost. However, therapeutic doses
life-threatening gram-negative infections of gentamicin can cause nephrotoxicity,
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and it is among the most common causes
of acute kidney injury (Safa et al., 2010).

Gentamicin induced nephrotoxicity is
characterized by direct tubular necrosis,
which is localized mainly in the proximal
tubule (Pedraza-Chaverr{ et al.,, 2003). It
was also reported that the renal toxicity of
gentamicin had no morphological changes
in glomerular structures (Cuzzocrea et al.,
2002). Gentamicin undergoes more exten-
sive accumulation in kidneys, and it is
trapped by cells of renal cortex via differ-
ent mechanism (Wiland and Szechcinski,
2003). The real mechanism by which gen-
tamicin -induces nephrotoxicity is un-
known; however, GM has been shown
both in vitro and in vivo studies to en-
hance the generation of reactive oxygen
species (ROS) (Morales et al., 2002; Yanag-
ida et al.,2004; Karahan et al., 2005). Ali
(2003) stated that ROS are important me-
diators of gentamicin-induced apoptosis.
In addition, GM is known to cause defi-
ciency in intrinsic antioxidant enzymes
(Maldonado et al., 2003).

Nigella sativa (NS), an annual herba-
ceous plant, have been used for the treat-
ment of various diseases (Phillips, 1992).
Recently, many therapeutic effects of NS
extracts have been documented, including
antioxidant effects in both clinical and ex-
perimental studies (Burits and Bucar,
2000). Accordingly, among the main ap-
proaches used to ameliorate GM-induced.
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nephrotoxicity is the use of agents with
powerful antioxidant properties. Several
recent studies have reported that the oil of
NS or its components may be useful in
ameliorating signs of GS nephrotoxicity
(Ali, 2004; Ahmed and Nagi, 2007).

The aim of this study is to assess the
toxic effects of gentamicin on the kidney
and the protective value of nigella sativa
oil supplementation against gentamicin
toxiaity.

MATERIAL AND METHODS

Drugs:

1. Gentamicin sulfate was obtained
from Memphis Co. for Pharm. and Chem.
Ind. Cairo- Egypt Under authority of
Schering-Plough Corporation/US.A. It
was in the form of ampoules called garam-
ycin, each contains 40 mg gentamicin suf-
phate, aqueous solution. It was given in-
traproteineal in a dose of 67.4 mg / kg bw
that equal to 1/10 of LD50 of gentamicin
sulphate (674 mg / kg bw) (Robbins et al.,
1971). As a point of reference, the gentami-
cin dosage range that is typically used in
rodents to simulate clinical gentamicin
toxicity is 40-120 mg/kg 7-10 days (Zager,
2007).

2. Nigella sativa seed oil: Baraka cap-
sule each contain 450 mg of nigella sativa
seed oil, manufactured by Technopharma
Egypt. It was given by oral gavage in a
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dose of: 2.88 m!/ kg in 2 ml corn oil {Zaoui
et al., 2002).

Experimental Design:

Sixty adult male albino rats weighing
150-200 gm were obtained from the Ani-
mal House of the Faculty of Medicine,
Zagazig University. The rats were kept in
cages made of galvanized zinc plates and
fed on basal food containing all rat's re-
quirements. They were divided into six
groups each of ten rats, the experemints
was extended for 10 days:

Group I (-ve control group): The rats
were given only the basal diet and
water to determine the basic val-
ues of the tested parameters.

Group II (Saline group): The rats were
given daily 0.5 ml isotonic saline
by intraperitoneal injection.

Group I (Corn oil group): The rats
were given daily 2 ml corn oil by
gastric gavage, which is the vehi-
cle of NS.

Group IV (NS group): The rats were
given daily 2.88 ml/ kg of nigella
sativa oil in 2 ml comn oil by gas-
tric gavage.

Group V (GM group): The rats were
given daily 67.4 mg / kg bw of
gentamicin in 0.5ml isotonic saline
intraperitoneally.

Group VI (GM+NS group): The rats
were given GM and NS in the
same previous doses simultane-
ously.
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Methods:

* Biochemical Studies

Urinary protein excretion in 24 hours:

Rats were placed in metabolic cages
(figure 1); urine was collected in the last 24
hours of the study (tenth day). Protein
concentrations were measured using the
method described by Nishi and Elin (1985)

Blood urea nitrogen and creatinine:

After light anesthesia with ether inhala-
tion, the blood was collected from the ret-
ro orbital plexus in a test tube and left to
clot then centrifuged at 3000 rpm for 15
minutes. The clear sera were separated for
determination of blood wurea nitrogen
(BUN) and creatinine. Blood urea nitrogen
was measured according to the method of
Kaplan, (1965). However, creatinine was
determined using the method described
by Bonsens and Taussky, (1945).

Oxidative Stress Biomarkers in Renal
Tissues:

After sacrificing the animals, the enzy-
matic activity of renal superoxide dismu-
tase (SOD) was assessed in kidney homog-
enate by following the method described
by Marklund, (1985). The catalase activity
(CAT) was estimated in the rat kidney tis-
sue according to the method of Claiborne
(1985).

* Light microscopic study:
Kidney specimens were taken and par-

affin blocks and sections were prepared,
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stained with Hematoxyline and Eosin and
subjected to histological examination by
following the method described by Ban-
croft and Stevens (1996).

* Electron microscopic study:

Specimens taken from the kidney for
electron microscopic study were, immedi-
ately fixed in 2.5% phosphate-buffered
glutaraldehyde at pH 7.4 for 2 hours at
4°C, Post fixed in 1% osmium tetroxide in
the same buffer for one hour at 4°C and
dehydrated with graded ethanol. Speci-
mens were embedded in dried Gallatin
capsules using fresh resin at 60°C for 24
hours (Glauert and Lewis 1998). Sections
one micron thick (semi thin section) were
obtained using lecia ultracut, stained with
toluidine blue and examined at light mi-
croscope. Ultrathin sections were made,
mounted on copper grids, stained with
uranyl acetate and lead citrate and exam-
ined with JEOL-JEM 1010 electron micro-
scope in Histology Department, Faculty of
Medicine, Zagazig University.

* Statistical analysis:

The collected data of blood urea nitro-
gen, creatinine, total protein/24hs, SOD
and CAT levels were expressed as mean +
SD. These data were statistically evaluated
using Epi-info program, version 6.02 com-
puter packages (Dean et al.,, 1994). Testing
methods included one-way analysis of
variance (ANOVA) for comparisons be-
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tween more than two groups followed by
least significant difference (LSD) test for
comparison between two groups. P-values
of £ 0.05 were considered to indicate sta-
tistical significance.

RESULTS

* Biochemical results:

All measured biochemical parameters
showed no significant difference between
the -ve control, saline and corn oil groups
(P> 0.05) (table 1). Therefore, the -ve con-
trol group was used for comparison with
other groups of the study. Concerning all
biochemical parameters, the comparison
between -ve control, NS, GM and GM+NS
groups revealed statfistical significance
(P<0.05) (table 2). There was no significant
difference between -ve control and NS
groups in all studied parameters (P> 0.05).
The GM group showed significant differ-
ence when compared with the -ve control
and NS groups. In spite of, the level of all
measured parameters in the combined
GM+NS group approximated to that of
-ve control and NS groups. The statistical
analysis still showed significant difference
(P<0.05) in all parameters except CAT
level which revealed insignificant de-
crease (P> 0.05). However, the compari-
son between this combined GM+NS and
GM groups revealed significant differ-
ence (P<0.05) in all studied parameters (ta-
ble 3).
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* Light microscopic results:

Examination of renal sections from
the -ve control group showed normal
glomeruli and convoluted tubules (figure
2,3). Also, the renal sections obtained from
NS groups revealed similar normal struc-
tures as that of -ve control group. In sec-
tions from the kidneys of GM groups, the
proximal convoluted tubules displayed
vacuolar degeneration, necrosis and apop-
tosis with desquamation of epithelial cells.
The lumens of these tubules were filled tu-
bular debris. Furthermore, hyaline casts in
tubular lumen, tubular brush border loss
and severe inflammatory infiltrate in the
form of mononuclear cells were also ob-
served (figure 4, 5). These gentamicin-
induced pathological lesions were remark-
ably reduced by the application of nigella
sativa as shown in figure (6), where some
tubules were lined with cuboidal cells
with vesicular nuclei and other destructed
tubules were also noticed.

¢ Electron microscopic results:

Ultra structure examination of kidney
specimens from -ve control rats revealed
normal proximal convoluted tubules with
regular arranged brush border. The lining
epithelial cells showed large euchromatic
nucleus and abundant mitochondria that
located close to cell membrane. The cells
rest on thin basal membrane (figure 7).

Ultra structure of NS given rats was
normal as that of -ve control group. Exam-
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ination of renal sections from rats of GM
group showed marked changes in the cells
lining the proximal convoluted tubules.
There was focal destruction of apical villi.
The cytoplasm exhibited multiple vacu-
oles and lysosmal dense bodies of variable
sizes. Mitochondria appeared degenerated
and disorganized. There was exfoliated
cells appeared in the lumen. Some convo-
luted tubules were dilated and showed
loss of microvilli with cellular debris in
the lumen. The cells appeared atrophied
with marked cellular destruction resting
on thick basement membrane. Some cells
revealed electron dense apoptotic nucleus
(figure 8, 9 and 10).

The specimens of combined GM+NS
had given rats showed improvement in
the induced pathology. The proximal con-
voluted were lined with low cuboidal cells
with euchromatic nucleus, long apical mi-
crovilli and many electron dense mito-
chondria (figure 11).

DISCUSSION

Gentamicin is a cheap, important and
widely-used antibiotic of aminoglycoside
for the treatment of Gram-negative bacte-
rial infection. But nephrotoxicity is the
main side effect that seriously limits its
use (Juan et al., 2007).

The seeds or oil of Nigella sativa, com-
monly known as black seed or black cu-
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min, have been used as a natural remedy
for a number of diseases and conditions.
Modern toxicological studies have demon-
strated that crude extracts of the seeds and
some of its active constituents might have
a protective effect against nephrotoxicity
and hepatotoxicity induced by either dis-
ease or chemicals (Ali and Blunden, 2003).

In the current study, BUN and serum
creatinine levels were. augmented after
GM injection. In addition, the urinary pro-
tein excretion/ 24 hours was increased in-
dicating tubular damage. This impairment
in renal function was accompanied by a
decrease in tissue SOD and CAT that indi-
cate oxidative stress.

Consistent with these results, many
studies (Pedraza-Chaverrf et al., 2003; Si-
lan et al,, 2007; Soliman, et al., 2007) have
shown that GM produced an elevation in
the concentrations of biochemical indica-
tors of kidney function such as BUN, ser-
um creatinine and total protein excretion
in urine, Several investigators (Atessahin
et al.,, 2003) reported the evidence of GM
induced nephrotoxicity by the reduction
in renal functions which is characterized
by an increase in serum creatinine and ser-
um urea level. These alterations in bio-
chemical parameters are in accordance
with the result of the present study.

The exact mechanism by which gentam-
icin-induced nephrotoxicity is unknown,
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however, several investigators reported
that aminoglycoside antibiotics are a class
of drug capable of causing the formation
of ROS which can be directly involved in
GM-induced damage (Kadkhodaee et al,
2005; Karahan et al., 2005).

Under normal conditions, ROS, which
are generated during cellular functions,
are eliminated by intrinsic antioxidant en-
zyme systems like superoxide dismutase
and catalase (Kaul et al,, 1993). It was pos-
tulated that aminoglycoside induced free
radical generation and alteration in antiox-
idant enzyme activities may be the cause
of tissue injury (Noorani et al, 2011).
Montserrat et al. (2007) reported similar
results as that of the current study con-
cerning the reduced activity of superoxide
dismutases (SOD) and catalase (CAT) in
different tissues. Furthermore, Pedraza-
Chaverri et al. (2000) and Maldonado et al.
(2003) documented the induction of defi-
ciency in antioxidant defense enzymes like
superoxide dismutase and catalase. Karad-
eniz et al. (2008), attributed the cause of in-
activation of antioxidant enzymes such as
SOD to the increased production of ROS
in GM-induced nephrotoxicity. Therefore,
different superoxide dismutase treatments
were shown to be effective in ameliorating
renal injury in GM-induced nephrotoxici-
ty (Cuzzocrea et al., 2002).

These biochemical findings correlated
well with the renal histological examina-
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tion which revealed renal tubular necrosis
and interstitial nephritis by light micro-
scope. The electron microscopic study of
kidney specimens from GM injected rats
revealed features of cell injury in proximal
convoluted tubules, These features in-
clude cytoplasmic edema and vacuoliza-
tion, mitochondrial disruption, increased
number of lysosomes, disappearance of
microvilli and aggregation of nucdlear
chromatin (apoptotic nucleus).

These pathological changes could be
confirmed by Wiland and Szechdinski,
(2003) who stated that the proximal tubu-
lar cells are a major target of damage in
patients treated with GM. Gentamicin-
induced nephrotoxicity is structurally as-
sociated with the occurrences of cellular
desquamation, glomerular atrophy, tubu-
lar necrosis, tubular fibrosis, epithelial oe-
dema of proximal tubules, glomerular hy-
pertrophy, perivascular edema and
inflammation and glomerular congestion
(Bledsoe et al., 2006; Lakshmi and Sudhak-
ar 2010). On the other side, the present
study did not reveal glomerular affection
similar to the results of Kadkhodaee et al.
(2005). In their study the glomeruli dis-
played no significant changes detectable
by light microscopy, but there were signs
of tubular damage including loss of brush
borders, tubular debris and vast cellular
vacuolations.

The mechanism by which GM induced
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tissue injury at cellular level was ex-
plained by Sandhu et al. (2007). They re-
ported that gentamicin is a strongly cat-
ionic drug that binds to the negatively
charged acidic components of the brush
border membrane of the proximal tubule.
They act on the cationic drug receptor,
megalin, located deeply at the base of the
brush border villi. The receptor-drug com-
plex thus formed is rapidly taken up by
lysosomes, where lysosomal phospholi-
pidosis occurs that disrupts a number of
renal intracellular processes. This mecha-
nism explains the result of the current
study concerning the increase in lysoso-
mal bodies in electron microscopical
study. Similar studies of El Mouedden et
al. (2000) and Bledsoe et al. (2006} sug-
gested that lysosomal phospholipidosis
and apoptosis have been play a key
role in gentamicin-induced nephrotoxici-
ty. Moreover, gentamicin has been shown
to cause changes in the composition of lip-
id membranes executed by free radicals-
mediated lipid peroxidation (Parlakpinar
et al., 2005).

In the present study, the combined ad-
ministration of GM+NS to rats resulted in
significant reduction in the elevated levels
of, BUN, serum creatinine and urinary
protein excretion and significant increase
in SOD and CAT tissue levels when com-
pared with GM given rats. In addition, NS
showed protective effect on kidney from
GM induced lesions in proximal convolut-

Vol. XIX, No.2, July 2011



Hoda Ragab Elsayed and Zeinab A, El-Rehim

ed tubules in light and electron microscop-
ic studies.

Bayrak et al. (2008) reported that the
impaired renal functions indicating acute
renal failure and histopathological chang-
es are inhibited by nigella sativa oil. More-
over, antioxidant enzyme status in ischem-
ic kidney is improved by nigella sativa oil
treatment. Similarly, other reports (Al
2004; Ahmed and Nagi, 2007) found histo-
pathological protective effects of NS or its
component for induced nephrotoxicity of
aminoglycosides including GM. In addi-
tion, Zaoui et al. (2002) reported no signifi-
cant histopathological modifications in or-
gans (heart, liver, kidneys and pancreas)
of NS-treated rats.

The renoprotective effect of nigella sati-
va oil could be attributed to the improve-
ment of the antioxidant status of the ani-
mals (Kanter et al., 2004; Hosseinzadeh et
al., 2007) or the presence of free radical
scavenging substances (Saleh et al., 2000)
The latter authors also showed that nigella
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sativa oil given to sensitized guinea pigs
inhibited free radical generation and in-
creased serum levels of SOD and glutathi-
one. Medenica et al. (1997) and Badary et
al. (2000) confirmed that nigella sativa oil
is an effective free radical scavenger show-
ing antioxidant activity and protecting
against the damage caused by oxidative
stress. Therefore, the oil is useful in diseas-
es, in which free radicals are involved.

CONCLUSION

The present study confirmed the toxic
effect of gentamicin on kidney. The use of
nigella sativa in combination with gentam-
icin could ameliorate its toxicity.

RECOMMENDATION

Gentamicin treatment should be done
with caution with pre and post evalua-
tion of renal function. Addition of nigel-
la sativa treatment could be advised to
minimize the renal side effect of gen-
tamicin.
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Table (1): Statistical comparison between the mean values of all studied biochemical parameters
of the negative control, saline and com oil groups by ANOVA test.

Mean = SD
Paviipotis -ve control Saline Corn oil F- P-
group group group Value Value
No= 10 rats No= 10 rats No= 10 rats
BUN 22.312+4.013 22.86+3.66 23.77+3.29 1.48 0.242
(mg/ d) ) ) 4 ; ) ; ; !
Creatinine
(ng/ dI) 0.23+0.039 0.23+0.044 0.2240.03 0.01 0.99
Urinary Protein
7342.27 11.4+1.3] 11.21£2.1 0.37 0.697
Excretion (mg/24hs) 1922 = !
SOD in renal tissue 17.58+1.63 1691+1.88 | 17.23+1.65 | 065 | 053
(U/mg protein)
CAT
. 0.46+0.08 0.4520.06 0.540.053 0.11 0.897
(K/mg protein)

* Significance = p < 0.05

No= numbecr

K= Katal ; International unit for expression of enzyme activities

Table (2): Statistical comparison between the mean values of all studied biochemical parameters of
the negative confrol, nigella sativa, gentamicin and gentamicin+nigella sativa groups by

ANOVA test.
Mean + SD
F- P-
Parameter NS GM GM+ NS
-ve control group Statlstic | Value
No= 10 rats group group group
No= 10 rats | No=10 rats No= 10 rats
BUN
2231244013 23.7443.305 56.45+3.29 34.96+3.38 711.34 | 0.000*
(mg/ dl)
Crealinine 119.66
0.23+0.039 0.24+0.039 2.047x0.12 | 0.569+0.052 0.000*
(mg/dl)
Vreamrinieln 42456 18 | 295128 | 0.000%
Eseritlon (og/24bi) 11.73£2.27 11.02+£0.96 74.245.63 25.64+3. 2951, .
SOD In renal tissue '
i 17.58+1.63 18.334£2.5 7.3442.24 15.09£3.26 104.87 | 0.000*
(Ufing protein)
CAT
. 0.46x0.08 0.4524:0,06 0.163+0.05 {.3760.058 3.21 0.033*
(K/mg protein)
*Significance = p < 0.05 No= numbet

K= Katal : International unit for expression of enzyme activities
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Table (3): Least Significant Difference (LSD) for comparison between the mean values of all studied
biochemical parameters of the negative control, negella sativa, gentamicin and
gentamicintnegella sativa groups.

BUN Creatinine Urinary Protein | SOD in renal CAT
{ mg/ di) (mg/ dl) Excretion tissue (K/mg protein)
(mg/24hs) (U/mg protein)
t P t p T P t P t P
Py qsryy 1.41 0.10% | 022 | 0911 1.16 0.225 1,11 0.25 0 0.946
5
Py asvy 11.69 | 0000 592 | 0.000 17.03 | 0.000 6.47 0.00 | 1.92 0.014
0

Paaavn 6.004 0000 233 | 0.001 7.08 0.000 2,33 0.00 [ 0.79 0.482
1

Psavay) 11.75 | 0000 | 5.89 | 0.000 4.27 0.000 6.26 0.00 | 2.001 0.00%

0
Py avavn 2.64 0.000 | 2.28 0.002 8.02 0.000 2.63 0.00 | 0.80 0.484
0
Psvavn 8.85 0.000 | 5.03 0.000 13.88 0.00C 4,78 0.00 | 1.77 0.03
0
*: Signlficant (P<0.,05) K= Katal : International unit for expression of enzyme acrivities
I= -ve control group 1V=Nigella sativa group
V= Gentamicin group VI= Nigella sativa + gentamicin group
P,= comparison between group 1 & 4 Py= comparison bctween group | & 5
P,= comparison between group 1 & 6 " P = comparison berween group 4 & §
P&~ comparison between group 4& 6 P¢= comparison between group 5 & 6
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Figure (1): A photomicrograph of a metabolic cage showing the urine
collection in the tube (arrow) .

Figure (2): A photomicrograph of a section in kid-  Figure (3): A photomicrograph of a section in

ney of -ve controt rat showing normal kidney of -ve control rat showing
histological features; glomerulous (thick normal proximal convoluted tubules
arrow) and proximal convoluted tubules (H&EX150).

(thin arrow) (H&EX200}.
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Figure (4): A photomicrograph of a section in
kidney of GM given rat showing loss
of normal architecture of proximal
convoluted tubules, degenerated cells
(line), apoptotic nuclei (white arrow)
and cellular necrosis (thin arrow) and
tubular debris in the lumen (thick ar-
0 L=

Figure (6): A photomicrograph of a section
in kidney of combined GM+NS
given rat showing tubules with nor-
mal architecture (thick arrow) and
some destructed tubules (thin arrow)
(H&EX200) .

Mansoura J. Forensic Med. Clin. Toxicol.

Figure (5): A photomicrograph of a section in

kidney of -ve control rat showing
normal proximal convoluted tubules
(H&EX150).

Figure (7): A transmission electron micrograph

of a section in kidney of —ve control
rat showing epithelial cells lining a
proximal convoluted tubule with
large rounded euchromatic nucleus
(white arrow), apical microvilli {thin
arrow)} and many mitochondria (thick
arrow). Note thin basal membrane
(white arrow head) (EM X 3000).
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Figure (8): A transmission electron micrograph Figure (9): A transmission electron micrograph

of a section in kidney of GM given rat
showing epithelial cells lining a proxi-
mal convoluted tubule with lysoso-
mal dense bodies of variable sizes
(white arrow) ,degenerated and disor-
ganized mitochondria (thick arrow)
and the nucleus show margination of
chromatin {white arrow head) Note:
appearance of endocytic vacuoles that
contain round electron dense bodies

Figure (10): A transmission electron micrograph

of a section in kidney of GM given rat
showing other convoluted tubule
with loss of microvilli (white arrow)
and cellular debris in the lumen (thick
arrow). (EM X 3000).

Mansoura J. Forensic Med. Clin. Toxicol.

of a section in kidney of GM given
rat showing destructed proximal
convoluted tubule with obliterated
Jumen (thick arrow). The tubular ep-
ithelium shows electron dense apop-
totic nucleus (white arrow). Note:
thick basal membrane (white arrow
head) (EM X 3000).

Figure (11): A transmission electron micrograph

of a section in kidney of combined
GM+NS given rat showing proximal
convoluted tubule with euchromatic
nucleus, long apical microvilli ({white
arrow), many mitochondria (thick ar-
row) and some cellular debris in the
lumen (thin arrow). (EM X 3000).
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