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i -'ABSTRACT-

Ozone administration in acute toxicity with CCl4 affection is a new line of therapy, the value of which
is not yet well estimated. Aim: The present work was an in vivo experimental study to investigate the toxic
effects of CCI4 on certain serum enzymes levels and histopathological picture of the liver and kidney.
Also the influence of repeated administration of ozone in atoxic doses on the progress of CCl4 toxicity
was evaluated. After CCI4 oral intoxication of 45 rats for one cession, 15 animals were isolated 1o be
_considered as a toxic group (received CCl4 onlj). The remaining 30 animals were subdivided into two
subgroups one subgroup was treated with atoxic dose of 003 mixture while the other subgroup was
given placebo (nitrogen) for 2 weeks. From these animals blood samples were taken for esmnatton of:
Liver function tests: serum albumin, SGOT, SGPT, cholmesrerase and yGT bestde serum creatinine.
Thereafter, the rats were d:ssecred and thezr livers and ktdneys were raken for )'ustopathologxca[ srudxes

... Administration of oxygen-ozone mixture as mtraperztoneal mjecnon for 15 sesszons ata dazly dose of I
ml into the CCl4 intoxicated rats showed that there was a ngmf' cant zmpmvemem of the liver funcnon
tests in the form of a signifi cant decrease of the elevated : serum GOT GPT and y»GT and szgmﬁcam in-

. crease of the inhibited cholinesesterase. This feature was a trtal 10 restore these emymes to their normal
B Timits. In addtt:on iustopaz‘holagtcal studies of the liver and Iczdney, shawed marked zmprovement after
ozorie adm:mstrarzon if compared to the placebo So, qualzrarzve and quanntanve changes of hepatocy-

. tes in the form of mzld macro and microvesicular steatosis were less noted whereas the central necrosis
and hyperplasza of hepatocyres dzsappeared compierely At the same time, mild c[oudy swelling in the re-
nal proxlmal tubules occurred less frequem while no casts inside the zubm’es were detected. Ozone admin-
istration enabled the rats to maintain the hepamcellular mtegrzty after CCl4 pozsonmg “Subsequently, by
treatment with ozone s;gmf cant reduction of transaminasés and significant increase’ of cholinesterase to-

" gether with zmpravemenr of the h:stopatho[og:cal features in rats which previously received CCl4.

" Key words: Carbon tetrachior:de Haematoxylin and Eosin, Fatty stains’,
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INTRODUCTION .~ =
A *icity with CCl4, is still in need of compre-
hensive study. Ozone administration in

Untoward chemicals (pesticides, toxins)
may be found in drinking water, ingested
food and the atmosphere besu;le some
medical drugs (Hayes, 1993) | '

Carbon tetrachloride (CCI4) intake in- _

duced liver injury (Sugihara et al., 1992;

Delrat et al., 1994; Muriel et al., 2001; She- o
weita et al., 2001; Mohammad et al., 2007). . -

However, little attention has been paid to

the effect of atoxic doses of CCl4 on the S
kidney (Bareceloux, 2001; EIwAzab 2002;

Mohammad et al 2007)

Treatment of CCl4 toxicity using ozone

had been tried before (El-Azab, 2002; Mo~

hammad et al:, 2007) and the obtained re-

sults were optimistic (Leon et al., 1998). In-
this respect; Candelario-Jalil et al. (2001)
suggested that, ozone is able to promote”
oxidative tolerance preventmg hepatocel-'
lular damage mediated by free radicals
due to CCl4 toxicity. Recently, Moham-
mad and colleagues (2007) stated that
ozone, contains a large excess of energy__: '
which makes it a treatment of choice in
certain pathological conditions and an ad-
junct to treatment in others. On the other_
hand, Chen et al. (2007) found that chromc' _
exposure to 0zone was associated with e_1~____:_
evated biomarkers of lipid peroxidation
and oxidative damage while inhibition of _

antioxidant capacity was only induced by
short term exposure to O,.
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In turn, the effect of ozone on acute tox-

such disastrous affection is a new line of
therapy, the value of which is not yet well

' estimated (Mohammad et al., 2007).

. The purpose of the present study was
to evaluate the effectiveness of treatment
with ozone in protecting rats intoxicated

- with carbon tetrachloride, a strong hepato-

toxic agent.
- MATERIAL AND METHODS

Male albino rats weighing 250-300 g

- were included in this study. They were ob-

tained from the animal house at Faculty of
Medicine, Mansoura University and were
fed on the ordinary food. The animals
were housed under ordinary room tem-
perature, which ranged in summer be-
tween 30-38°C, durmg which the study

was performed

The present "study' was conducted on 45

rats. Each of them was injected by 1 ul/g

carbon tetrachlorlde intraperitoneally only
once (Leon et al 1998). Then 24 hours lat-

“er, 13 rats of the 43 were separated and
__sacnflced (two animals died before sacrifi-

cation). Their blood ~samples were ob-
tained, left to clot and unhaemolysed sera

- were separated. These sera were analysed

for liver and kidney functions. The results
were statistically analysed and compared
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to that of the normal rat controls.

~ The remaining 30 rats were subdivided -
into 2 equal subgroups. Each rat included -

in the 15t subgroup received oxygen-ozone
mixture (Humazon-PM, Gml HD 76356
Weingarten-Karlsruhe) by intraperitoneal
injection daily [dose :
tained 40 ul of ozone per one milliliter ox-

ygen] for 15 sessions (Leon et al., 1998). -

The 2rd subgroup acted as a drug control
receiving- placebo (inert nitrogen: Masser

Gases, Alex. Egypt) by intraperitoneal in- -

jection of 1.0 ml.

At the end of the experiment, animals
in -each subgroup were. sacrificed .and

blood samples were -obtained, left to clot -
and unheamolysed sera were :separated. -

These sera were analysed for albumin,

SGOT, SCGPT, vGT and pseudo cholines-

trase as well as creatinine. The resulis of

the ozone .group were statistically ana-
lysed and compared to the corresponding -

data of placebo group.

At the same time, 15 male albino rats -

served as a control group were managed
without any chemical (CCl4, ozone or ni-
trogen) intake. A :

Methods: The following - substances
were estimated in each rat's serum:

1- Albumin (Drupt, 1974). . . =
2-  Aminotransaminases: - SGOT “and -

SGPT (Reitrnan and Frankel, 1957).

Mansoura J. Forensic Med. Clin. Toxicol,

1ml which .con- .

ot
3

-3~ Gamuna-glutamyl transferase (Szasz,
- 1969). _

"4~ Cholinesterase (Eliman, 1961).

“5- Creatinine (Henry, 1974).

After ‘the end of each experiment, the
rats the of respective subgroup were dis-
sected, and their livers and kidneys were
taken for histopathological studies.

Histopathological examination:

Livers and kidneys of sacrificed ani-
mals were fixed in 10% formaline, embed-
ding in hard paraffin to form blocks, serial
sections of 5 microns in thickness were cut
for Haematoxylin -and Eosin (Hx. & E.)
stain according to Drury and Wallington
(1967).

Statistical analysis: . _ _ _
The biochemical data were. collected
and statistically analysed using (statistical

‘package for social sciences) SPSS program

for windows release version 11.

- Qualitative data were presented as %.
Quantitative data were presented as mean
+SD. Then the difference between each
two respective means was tested by stu-
dent t-test. The P values was considered

statistically significant if P value was

<0.05.
RESULTS = . . .
Table (1) shows the liver and kidney

~Vol. XVI, No.l1, fan. 2008
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function tests of rats which received CCl4
course only versus the normal control rats:
There was affection of the liver functions
following CCl4 toxicity in the form of a
significant acute toxic increase of the level
of SGOT and SGPT. However, the level of

serum alpumin did not show: significant:
change. At the same time, there was a sig--
nificant toxic decrease of the level of ser-

um cholinesterase and a significant toxic
increase of the serum +GT ievelq follow-
ing CCl4 tox:.cﬁcy :

Cn  the other hand, there was no:
significant change of the level of serum-
creatinine following CCl4 - acute - toxici-

ty.

Table (2) shows liver and kidney
functional status of rats: which received
CCl4 together with' oxygen-czone mix-
ture versus . those which received place-

bo (nitrogen) togethea: wrtlh CCl4 intoxica-

tion.

In ozone treated group,. there was sig-

nificant decrease of the level of SGOT and’

SGPT (P value 0.000):. However; the level

of serum albumin dld not sh@w significant -

change.-

In rats which received placebo with
CCl4 intoxication, there was a persistent
disturbance of liver functions in the form
of a toxic increase of the level of SGOT
and SGPT. Moreover, there was a persis-
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tent toxic decrease of v-GT level and a tox-
ic increase of the level of serum cholineste-
rase in rats which received CCH together
with placebo.

On the other hand, in rats treated with -
oxygen-czone mixture, there was signifi-.
cant increase of the level of serum choli-
nesterase and significant decrease of the
serum y-GT levels (P value 0.000).

However, - there' was no - significant
changes of the level of serum creatining
following the treatment with = oxygen-
ozone mixtures or placebo.

- Histopathological findings of the liver.
of rats which received. carbon tetrachio- -
ride (CCl4) only (Fig. 1): Sy

In the hepatocytes of rats which re-
ceived CCi4 only, microscopical examina-

tion revealed the presence of degenerative.

changes in the form of foci of necrotic hep-

atocytes in the form of central necrosis
was noticed in 76% of rats, whereas hyper-
plasia of hepatc:ncybeq appeared in 65% of

rats. ' -

Histopathological findings of the liver
of rats which received carbon tetrachlo-
ride (CC14) and placebo (inert nitrogen).

In- the  hepatocytes, foci- of micro-and
macro -vascular . steatosis occurred in
100% of rats, central necrotic foci in 74% of
rats, and hepatocyte hyperpiama in 66%
of rats.

Vel XV1, No.1, [an. 2068
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'Histopathological findings of the
liver of Trats received carbon tetrachlo-
ride (CCl4) with @xygen-@mne tnixtire
(Fig. 2):

Fatty - changeg of hepatocytes in the

form of mild micro vesicular steatosis ap-
peared in 70% of rats. Whereas the central
necrosis and hyperplasia of hepatocytes
disappeared completely.

Histopathological finding of the kid-
ney of rats which received carbon tetra-
chioride (CCl4) only: :

In the renal proximal tubules of the rafs
which received CCl4, microscopical exam-
ination revealed the preserice of degenera-
tive changes in the form of cloudy swell-
ing occurred in 85% of rats, however casts
inside the tubules appeared il 33% @f rats
(Fig. 3). '

Histopathological finding of the kid-
ney of rats received carbon tetrachloride
(CCI4) and placebo (inert nitrogen): _

In the proximal renal tubules, cloudy
swelling appeared in 82% of rats, while
casts inside the tubules i 30% of rats.

Hisepathological findings of the kid-
ney of rats received carbon tetrachlotide
(CC14) and treated with oxyzen-ozone
mixture:

Mild cloudy swelling of the proximal
renal tubules occurred in  only 52% of
rats. No casts detected” msnde i:hee tubules
(Fig. 4). |

Mansoura J. Forensic Med. Clin. Toxicol,
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' DISCUSSION

Carbon tetrachloride is a well-known
hepatotoxin. The exact chemical presenta-
tion depends on the dose, duration of ex-
posure  and individual- susceptibility.
Actite exposures to CCl4 are presented ini-
tially with CNS depression followed one
week latter by the developmient of hepatic
and renal dysfunction (El-Azab, 2002).

Leon et al. (1998) stated that administra-
tion of a single dose of CCl4 produced he-
patocellilar injury through generation of
free radicals and subsequent mducn@n of
lipid peroxidation.

The present work was an in vivo exper-
imental study to investigate the toxic ef-
fects of CCl4 on certain serum hepatic en-
zymes and the histopatho-logical changes
in the livers or kidneys. Also the influence
of repeated Administration of ozone in
atoxic doses on the progress of the CCl4
toxicity was evaluated. |

" In the present study, the results of intra-
peritoneal injection of a single acute dose
{1 ml/kg) of CCl4 to male albino rats in-
duced deterioration of liver functions
compared to nofmal control (Table 1).
Subsequently, there was a ‘significant in-
crease of serum GOT, GPT and v-GT and
decrease of serum pseudocholinesterase
levels. At the same time, serum albumin
did not show significant changes (Table 1).

U Vel XVE, Neo.l, Jan. 2008
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It is known that the circulating albumin
has a long half life and its plasma concen-
tration is only depressed in chromic liver
disease while hepatic enzyme alterations
occurred | immediately - after acutely in-
jured hepatic cells (Murray et al., 2003).
The liver has a great reserve capacity.
Moreover, some functigns_may be affected
earlier and/ or'_sev;erer than others. So, a
group of tests should be performed to de-
tect liver dysfunction. By the liver, many
injurious. substances are detoxicated into
less toxic or more readily excreted metabo-
lites. In the course of a_chemi_rz:_aily toxic
liver disease, the increase of SGPT and
SGOT commonly return to n@rmal_:m Lo
complicated cases. Maintained rise or ex-
acerbation of 3GPT and 5GOT indicates
worse affection. Liver enzyme increase is a
more. prognostic rather than diagnostic
tests. As regard the kidney function, there
was no significant changes of the obtained
level of creatinine. This indicates that the
encroachmnent on the renal reserve capaci-
ty was not yet complete by CCl4 toxicity
(Varley et al., 1976). However, serum crea-
tinine level determines. prognosis . better
than diagnosis in renal dnsease (Tlehy
1999) (Table 1). -

In this respect, Sugihara et al. (1992) ob-
served that the plasma albumin concentra-
tion showed insignificant changes by CCl4
induced. liver injury. Also, Delrat et al.
(1994) found that CCl4 given intraperito-
neally to rabbits induced an increase in the

Mansoura J. Forensic Med. Clin, Toxicol.
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plasma enzmatic activities (ALT, AST,
gamma GT), while plasma proteins and
creatinine levels remained unaitered. Also,
animals treated with CCl4 and killed 24h
after its administration showed significant
elevations of serum yGT, ALT, AST, and
alkaline phosphatase activities (Muriel et
al., 2001; Sheweita et al., 2001) The results
of the present study agree with the above
findings.

_In the same group, _hjSQpathglogical ex-
amination of the liver and lgidney of r_a_fs _
following CCl4 toxicity showed the some
nonspecific changes compamd to normal
rat picture of the liver (Fig. 1 and 2). In the
hepatocytes, there were degenerative
changes in the form of foci of micro and
macrovesicular steatosis which occurred
in 100% of rats, necrotic hepatocytes in the
form of central necrosis appearad in 76%
of rats, whereas hyperplasia of hepatocy-
tes appeafed in 65% of rats (Fig_. 1). In the
kidney, the proximal renal tubules
shoved deg@nerahve changes in the form
of cloudy swellm_g which occurred in 85%
of rats, however, casts inside the tubules
appeared in only 33% of raits (Fig. 3). It
should be declared that hepatorenal biop-
sy is the best diagnostic_tool in hcnpato«
renal dlsease

These results are consistent with those
obtained by Barcelowx (2001), who stated
that, histopathological changes of the liver
due to CCl4 toxicity were characterized by

Vol, XVI, _ Ne. 1, Jawr. 2602
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a dlassical yellow fatty liver picture with
discrete damage concenirated in the mid-
zonal and centrilobular regions (centrilob-
ular necrosis). Whereas the renal lesion of
the same toxin appeared in the form of
acute tubular necrosis-affecting primarily
the proximal tubules and the loop of hen-
le, and cloudy swelling of the tubular epi-
thelivm - particularly the convoluted tu-
‘bules. An earlier study {Leon et al.; 1998)
reported that rats received CCl4 (1 ml/
kg), as a single toxic dose by intraperito-
neal injection, develop hepatic damage in
“the form of hepatocellular necrosis, lipido-
sis and mesenchymal reaction. -

Many authors explained how CCl4 ex-
erts toxic effects. In this respect, Castro et
al. (1997), proved the role of free radicals
produced during CCl4 biotransformation.
They promoted lipid peroxidation process
of liver microsomal plus their ability to-at-
tack DNA bases (guanine, cytosine, and
thymine) induced liver damage.' At the
same tHme, Sundari and Ramakrishna
-(1997) concluding, protein oxidation may
play arole in the pathogenesis of CCl4
induced liver injury and that accumula-
tion of oxidised proteins may be an
early indication of CCl4 induced liver
damage. Also, Campo et al. (2001) report-
ed that CCl4-induced free radical which
activate transcription factors regulating
both the TINF-alpha gene and the early-
immediate genes involved in tissue regen-
eration.

* Mansoura J. Forensic Med. Clin. Toxicol.
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“. In the present study, administration of
oxygen-ozene mixture by iniraperitoneal
injection into- the. CCl4 intoxicated rats
for 15 sessicns (at a dose of 1 ml. daily),
produced a significant improvement of
the liver function tests in the form of a sig-
nificant- decrease of -the elevated serum
GOT and GPT and gGT and a significant
increase of the inhibited serum cholineses-
terase (Table 2). Whereas, the kidney func-
tions showed non significant changes after
CCl4 intoxication or following treatment
with either ozone or placebo (Table 2).

- Invthe same group, histopathological |
studies of the liver and kidney, showed
marked improvement, after ozone admin-
istration if compared to the placebo group.
So, the fatty changes of hepatocytes, ap-
peared in only 70% of rats in the form of
mild ‘microvesicular. steatosis whereas the
central necrosis and hyperplasia of hepa-
tocytes disappeared completely (Fig. 2). At

the same time, mild cloudy swelling in the

renal proximal tubules occurred in only
52% of rats, with no casts inside the renal
tubules (Fig. 4). While the group received
placebo display no differences from the
toxic group.

The treatment of CCl4 toxicity using
ozone had been tried before (El-Azab,
2002) and the obtained results were opii-
mistic and consistent with those in the
present study. So, Leon et al. (1998) stated
that repeated administration of czone in

.. Yel. XV, No.1, [Jan. 2008
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atoxic doses induced an adaptation to the
oxidative stress.” Thus ozone: administra-
tion’enabling the animals to maintain he-
patocellular integrity after CCl4 poison-
ing. In this respect, Chen and colleagues
(2007} found" that ' chronic  exposure - to
ozone was associated with: elevated bio~
markers of lipid peroxidation and: oxida-
tive damage. On the other hand, Candela-
rio-Jalil et al. (2001) suggested that, czone
is able to promote oxidative tolerance pre-
venting hepatocellular damage mediated
by free radicals due to CCl4 toxicity. Ac-

cording to Mohammad et al. (2007) ozone

improved "~ hepato-renal dysfunctions in
some other drug-induced hepato-renal af-
fections. S

- CONCLUSION .
Carbon' tetrachloride (CCl4) overdose
has a- pronounced experimental toxic ef-

+ fects, producing necrotic injury in rats’ liv-
ers  and ' kidneys. ' These  pathological

Mansoura J. Forensic Med. Clin, Toxicol,
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changes . were- reflected on the biochemi-
cal liver and kidney function tests and his-
topathological - examination . of both. or-

gans..::

- Repeated: administration of ozone in
atoxic dose protected the rats from the
CCl4 poisor-induced damage. The effects
on hepatorenal system can be attributed to

- an: induction of tolerance to O3 and ROS

generated by the toxic agent. Ozone thera-
py was.able to preserve the organ integri-
ty by either inducing enzymes or activa-
tion - of . pathways . that  maintain “the
equilibrated redox balance. In.conclusion,
appropriate ozore therapy can up regu-
late the antioxidant system, and s0 repre-
sents a complementary medical approach.
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Tab!e {1} E_.wer aud kndﬁiey«fumtmﬂ tests of the rats group’ msewmm cmﬁy C@Ml
‘versus the normal rat mntml gmup

Mormal Control group

~Mean + SD
(n=13)

(n=13)

CCMgm_up“ o

P value

. Albaﬁmm B
(g;’di)

4,10 £0.32

371+036

0062

“SGOT -
(wh)

36.7+9.15

181.90 + 16.08

0000

@i

SGPT VU Y

20.3 + 5.58

60.77+ 7.41

0000

(/)

‘Cholinesterase

20829827324

y-GE
oy

104003

351%071- |

0000

Creatinine
(mg/dl)

1.03£048

1.86:£0.16

eTer

Table (2): ‘Liver and kidney function tests of rats which received CCl4 and
; * treated with oxygen-ozone mixture versus those whmh received
* placebo (mtrogen) bes:de CCl4 intoxication.

Data

CCH4+0,-0;
Mean + SD (n=15)

CCH4+nitrogen .- .|

Mean + SD (n=15)

2 Pyvalue

Albumin

373046

. 0.093

(/D

183801509 |

6.000+

T8GPT
/)

29.13%451

_ Oooor

(ul)

Cholinesterase

20824512386 |

1446.06235.62 |

. 0.000%

Y-GT
(uh)

1.204+041

3.60+0.63

00060

" Creatinine

(mg/dl)

1.05+0.12

1.04 £ 0.11

0765
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Table (3): Histopathological findings of the liver of rats received carbon

tetrachloride (CCH) (Fig. 1).

Histopathological ﬁmﬁmgs Occurrence | % Severity

e ———— e - o
e Thickening with hyperpla,stlc lmmg in| -
~ the blood vessels. " .

@ Lymphocytlc mﬁltratmn -

Lwer cells: : _

B Degeneration - + 100% | Severe
¢ Necrosis - “+eentral | 76% { Severe
® Hyperplasna + 65% {Moderate

Sinusoids: B o
K Kupffer cell hyperaplasna -

Table (4): Histopathological findings of the liver of rats recewed earbon

tetrachlorxde (CCHM) and placebo (inert nltmgen)

_ Hmstopathuioglcal findings Occurrence Y% | Severity

Fm’tai tract: o FE—

e Thickening with hyperplastlc hnmg inf -

the blood vessels.

= Lymphocytic infiltration. -
Liver cells:

¢ Degeneration . - oo 1 100% | Severe

o Necrosis - .+central. | 74% | Severe

¢ Hyperplasia. ke 56% - IModerate
Simugoids: _ -

@ Kupffer cell hyperplasia - -

Table (5): Histopathul@gibél' ﬁxjdings- of the _livef of rats receiﬁfed_-.-.carbm
. -tetrachloride (CCH4) and treated with oxygen-ozone mixture (Fig. 2).

Hnstopatholagssai findings Occurrencé Y% | Severity
P{srtal tract: e o
 Thickening with hyperplastic hmng in -
the blood vessels.
@ Lymphocytlc mﬁltratmn -
[Hiiver cells:. ' ' .
o Degenerat_lon -+ T0% | Miid
e Necrosis e '
s Hyperplasia. -
Sinusoids:
s Kupffer cell hyperplasia -

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (6) Hlstopatholugmal findmgs of the iudney of :.rats recewed carbon
_ tetrach}onde (CCi4) L 2 : R T

g Hlstopathologlcal findmgs s et Qecdrrence. | % Severnty
TR i’rommaltubules RO RO I

' Degeneratlon

Necrosis
Lymphocytlc 1nﬁltrat10n '_ S e
| _Casts'inside the fubules. = = -

L Collectmg tubules: _ T B e e B |
' Thlckemngofltshmng R R

359 Moderate

| Moderate i

~Table (7} sttopathoiogncal findings of the ‘kidney of rats recenved carbon
tetrachloride (CCI4) and piacebo (inert nitrogen).. S

Hlstnpathologacal ﬁndmgs Occurrence %o Severity
Proximal tubules:
¢ Degeneration + 82% |Moderate

e Necrosis -

o Lymphocytic mﬁitratlon o - _ )

-- e Casts inside: the tubules e e ) 30%, | Moderate
: Coﬂectmg tubules: e ) ol e L
Thlckemng of 1ts hmng i

Table (8) Hnstopathologlcal. 'ﬁndmgs of the iﬂdney of .rats recewed _.carbon
tetrachlorlde (CC14) and treated wuth oxygen-ozone mlxture Ll

o Hlsto'"atholo ical fiudm"s R -'--Occurreh'c'e-'-._ % Severlty

Proxnmal tabules: R e '
Degeneratlon G N :.-:-'--52%. Mlld

e Necrosis -

o Lymphocytic infiltration - S5 BEEEECREE L

o Casts inside the tubules.. .
Col!ectmg tubules: | L

® Thlckemng of its Ilmng -

Mansoura J. Forensic Med. Clin. Toxicol, voonns Vol XVE - Noed, . Jan: 2008
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Fig. (1) : A photomicrograph of the liver of Fig. (2) : A photomicrograph of the liver of

rats received CCI4 showing central rats received CCl4 and treated

necrosis (C.N), hepatocyte hyper- with oxygen-ozonc mixture show-

plasia (H.S) (H&E stain)x200. ing mild micro vesicular steatosis
(H&E stain).x200.

Fig. (3) : A photomicrograph of the kidney ~ Fig. (4): A photomicrograph of the kidney

of rats received CCl4 showing of rats received CCl4 and treated

cloudy swelling (C.S) and casts in- with oxygen-ozone mixture show-

side the tubules (H&E stain) x 200. ing mild cloudy swelling (C.S)
(H&E stain) x 200.

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XVI, No.1, Jan. 2008
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