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Abstract

Hypothesis: Duodenal injuries are uncommon but continue to pose
a diagnostic and therapeutic challenge. This study reviews the results of
Management of duodenal injuries at our Emergency surgery unit to ree-
valuate our experience.

Patients and Methods: This is a retrospective study of patients sus-
taining duodenal injury and was admitted to Emergency Hospital Man-
soura University, during a 15-years period from January 1995 to De-
cember 2009. Reviewing all data of management, during the study
period comparing to the literatures to identily any statistical signifi-
cance.

Results: 75 patients were entered the study, 66 men (88%) and 9
women (12%), mean of age was 34 years * 3.7 SD , 56 patients (74.7%)
sustained penetrating injuries, while blunt trauma caused 19 injuries
(25.3%). 36 (48%) of patients were admitted in shock, diagnostic delay
was encountered in 2 patients, 59 (78.7%) of the patients had two or
more associated injuries, Suture closure was the most common repara-
tive technique used in 59 patients (78,7%). Dehiscence was encoun-
tered in 7 patients. 14 patients died with overall mortality of 18.7%.

Conclusions: Management of duodenal injuries at our unit has ac-
ceptable results. Improved outcome for those patients awaits advances
In injury prevention, diagnosis and reparative techniques.
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Introduction

Duodenal injuries are relatively
rare, but with significant morbidi-
ty and mortality{12). Injuries to
the duodenum present three ma-
jor challenges to the trauma sur-
geon: establishing the diagnosis,
intra-operative and post-operative
management of these critically ill

patients (3),

The anatomy of the duodenum
is unique and complex because of
its close relationship with vital
structures (4), retro-peritoneal lo-
cation may produce minimal,
vague and nonspecific symptoms,
sometimes even nonexistent until
severe, life-threatening peritonitis
develops!!,(3&3) so diagnosis of
duodenal injuries is usually de-
layed(6&7),

Lacks complete serosal cover-
ing so have

leak(6&7),

leakage of bowel content which

a tendency to
Also injuries result in

when combined with bacterial
contamination in retro-perito-
neum makes repair difficult. Asso-
ciated pancreatic or biliary injury
adds chemical peritonitis. Signifi-
cant delay greatly enhances the

likelihood of septic complications

and anastomotic disruption(8&9),

Extra-luminal air is a reliable
sign of duodenal perforation and
is highly predictive of such perfo-
ration so radiological studies and
computed tomography may lead to
the diagnosis (10&11),

Exploratory laparotomy re-
mains as the ultimate diagnostic
test if a high suspicion of duoden-
al injury continues even in the
face of absent or equivocal radio-
graphic signs(8). Intra-operative
diagnosis was also challenging,
Complete mobilization of the du-
odenum was necessary (2),

Surgeon must choose an ap-
propriate method of repair, wide
variety of treatment options indi-
cates a lack of satisfaction with
any of them (12&13),

This study reviews the results
of Management of duodenal inju-
ries at our emergency surgery unit
to reevaluate our experience.

Patients and Methods
This is a retrospective study of
patients sustaining duodenal inju-
ry and was admitted to Emergency
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Hospital Mansoura University,
during a 15-years period from

January 1995 to December 2009.

We review data of all injured
patients whom were admitted with
abdominal trauma then we identi-
fy Patients with Duodenal Injury.

Reviewing all data as regard in-
cidence of duodenal injuries, sex
and age of patients, mechanism of
trauma, and

diagnostic signs

tools, timing of management,

Site and severity of injuries,
methods of repair, post operative
morbidity, mortality and hospital
stay. Statistical analysis was per-
formed by using Student t-test. A
P value of < 0.05 was considered
significant.

Results
75 patients were entered the
study, 66 (88%) men and 9 (12%)
women, age of The youngest was
13 years and of the oldest was 73
years with mean of age was (34 +
3.7 SD) years.

During the study period, the
number of patients with signifi-
cant abdominal trauma was 2348

but laparotomy was done only for
1756 patients, duodenal Injuries
were documented in those 75 pa-
tients whom were enrolled in the
study, about (4.3%).

Mode of Injury :

56 patients (74.7%) were sus-
tained penetrating injuries, while
blunt trauma caused 19 injuries
(25.3%) with significant P value (<
0.05). Blunt injuries resulted in
two patients’ deaths with (10.5%)
mortality rate, while 12 patients
with penetrating injuries died with
mortality rate of 18.5%. Modes of
injury are listed in Table 1.

Diagnosis of Injury :
Gunshots indicates exploratory

laparotomy in 13 patients while
Stab wounds, suspected to enter
the peritoneal cavity but without
physical signs of peritoneal irrita-
tion were locally explored first for,
documentation of deep penetra-
tion in 4 of 39 patients.

In blunt trauma, the decision
to undertake exploratory laparoto-
my was made on the basis of
physical findings in alert and
cooperated patients (12 of 19 pa-
tients). When the physical exami-
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nation is un-reliable, or equivocal
peritoneal lavage is performed us-
ing standard techniques. Positive
test dictates exploratory laparoto-
my (2 of 19 patients).

had abdominal
with  upright
views; in only 4 was air visible.

28 patients
roentgenograms
Contrast  gastro-duodenography
was employed in three patients;
one study was positive for injury.
Serial observations of serum amy-
lase levels were done in 26 pa-
tients with proven injuries and
only 2 were elevated .abdominal
CT was positive in 2 of 5 patients
(Fig. 1 & 2).

Timing of management :

Delay in diagnosis was encoun-
tered in two patients of blunt
trauma. In one of them, perito-
neal lavage was not performed
until 22 hours after admission,
but was positive at that point.
The second patient was admitted
after 34 hours of trauma with pos-
itive physical findings, both pa-
tients died. Diagnostic delay was
not encountered in patients with
penetrating injuries because, all
patients were explored.

The time interval from injury to
time of operative repair in all pa-
tients ranged from 3 to 37 hours,
(mean 5 + 8 SD hours).

Exploration

A long, midline laparotomy in-
cision was routinely used. A thor-
ough search for intraperitoneal
injuries is followed by complete
exposure of the duodenum peri-
duodenal hematoma, bile staining,
or retroperitoneal gas were absent
in 6 of 19 patients explored for
blunt injury, and trans-luminal
lacerations requiring repair ap-
pear only after complete exposure
(Fig. 3).

Location of Injury :

The distribution of injuries is
listed in Table 2. Penetrating
injuries  were distributed thro-
ughout all duodenum, without
Statistical (P>0.05)
However, blunt trauma caused
the
of the duodenum in

significant
injury to second portion
the
jority of patients (8 of 19) with
Statistical (P<0.05),
the posterior surface being the

ma-

significant

most frequent site of perfora-
tion.
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Severity of Injury :
Injuries were classified as fol-
lows :
sions not requiring repair, 2) lac-

1) hematomas and contu-

erations involving less than 20%
of the luminal circumference; 3)
lacerations involving more than
20% but less than 70% of luminal
circumference; and 4) lacerations
involving more than 70% of lumi-
nal circumference. Severity of in-
jury in Table 3.

Associated Injuries :

Isolated duodenal injury was
uncommon; The associated inju-
ries are listed in Table 4. 75% of
our patients had two or more as-
sociated intra-abdominal injuries.
48% of the patients were admitted
in shock.

Associated injury influenced
mortality significantly (P < 0.05).
10 of 27 patients (37%) having
four or more additional organ in-
juries died while only 4 of 48
(8.3%) with fewer than four organs
involved died.

Operative techniques :

The injury is repaired according
to the surgeon's assessment of
site and severity of injury, the as-

sociated injuries, and the general
condition of the patient.

Suture closure of trans-mural
injuries, using two layer technique
is preferred. Obviously devitalized
tissue is debrided and closure af-
fected transversely, Suture repair
was possible in 53 (70.7%) pa-
tients. 6 (8%) patients had suture-
line dehiscence and resulting sep-
sis. 4 of these patients died. Su-
ture lines were buttressed with jej-
unal serosal patches in 6
additional patients. One nonfatal
anastomotic leak occurred.

A Roux-en-Y Duodeno-
jejunostomy was performed after
segmental duodenectomy when di-
rect suture is not feasible this oc-
curred in 8 patients. No suture
line leaks were observed in these
patients. But one death resulted
from renal failure. 3 patients with
injuries of fourth portion of the
duodenum were managed by con-
servative duodenectomy and di-
rect duodeno-jejunostomy.

Duodenal resection, Isolation-
(diverticulization) and
(Whip-

drainage
pancreaticoduodenectomy
ple) were not used.
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Do the least possible to control
the life-threatening injuries and
“Come back another day as a
damage control concept have re-
cently been added in 2 cases.

Suction drainage of the peridu-
odenal area was routinely used.

Duodenal decompression was
used only in 10 patients, and was
obtained by long tubes passed
trans-nasally through the pylorus
(6 patients). Foley catheter duode-
nostomy and decompressing jeju-
nostomy were used in two patients
and pyloric exclusion in two pa-
tients. No suture-line leaks were
encountered in these patients.

The specific measures to repair
and related outcome in (Table 5).

Mortality :

14 of 75 patients died for an
of 18.7 %. 5
patients died less than 24 hours
(6.7%)
hemorrhagic shock or massive

overall mortality

after admission due to

associated Overall mor-
tality for

more than

injuries.
patients  surviving
24 hours was 12%.
Causes of death are listed in

Table 6.

Hospital stay :

The hospital stay of patients
ranged from 7 to 87days, mean
26.6 + 9,7days.
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: Grade I duodenal injury. Fig 2 :

Axial CT shows thicken-
ing of the descending du-
odenal wall (arrow) with-
out evidence of free air.

Grade II duodenal injury.
Injury of the horizontal
part of the duodenum
with extra-luminal air
(arrows). A sub-capsular
hematoma is present at
right liver lobe (arrow-
head).

Fig 3 : Operative finding of sec-

ond part injury.
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Discussion
Duodenal injury following blunt
or penetrating trauma remains
one of the most challenging prob-

lems confronting the trauma sur-
geon (6&14),

Duodenal injuries are uncom-
mon because Lying deep within
the abdomen, so is well protected
in the retro-peritoneal space. The
reported incidence of duodenal in-
jury ranged from 3.7% to 5% of all
laparotomies for trauma(l0). Asen-
sio and associates reported 17 du-
odenal injuries in 402 cases of ab-
dominal trauma (4.2%) during
Korean war(9&19) In 1968, Mort-
en and Jordan reported an inci-
dence of 5% among 280 patients
with abdominal trauma(16),

Owing to the increased inci-
dence of automobile accidents and
the greater devastation of the
modern weapons being used in vi-
olent assault, duodenal injuries
are seen with much greater fre-
quency than 40 years ago(3&17)
we document 75 cases among

1756 patients (4.3 %).

Although penetrating trauma is
the most common cause of duod-

enal injuries, blunt trauma con-
tinues to predominate in rural ar-
eas9), Penetrating injuries to the
duodenum are most often the re-
sult of gunshot wounds to the ab-
Blunt
commonly the result of direct

domen,17), injuries are
compression of the upper abdo-
men. In a review of 17 series with
1513 cases of duodenal injuries,
Asensio and co-workers reported
an incidence of 77.7% occurring
as the result of penetrating trau-
ma and 22.3% from blunt trauma.
In this report, among the 1096
penetrating injuries, 74.6% were
caused by gunshot wounds, 19.5
were due to stabbing and 5.9%
were the result of gunshot blasts,
among the 230 blunt injuries,
77.3% were caused by motor vehi-
cle accidents, 9.6% by falls, 9.6%
by assaults and 3.5% by miscella-
neous mechanisms (2.3&9),

Our data are similar but stab
are much more than gunshots, 6
of 13 automobile accident victims
in our series were drivers. None
was wearing a seat belt.

Corley and associates have
suggested that frequent physical
examinations will lead to early

17



Ibrahim A. Dawood, et al....

diagnosis(18). Serum amylase lev-
els rarely indicated duodenal in-
jury,
in cases of retroperitoneal inju-

Likewise, peritoneal lavage

ries (19),

In our patients, peritoneal lav-
age was particularly helpful in two
patients. In retrospect, an altered
state of consciousness on admis-
sion should have led to an early
peritoneal lavage.

Free intra-peritoneal or retro-
peritoneal  air was rarely ob-
served. Repeated CT should be
considered for patients in stable
condition when there is a strong
suspicion of pancreatic injury de-
spite normal findings at admission
CT(18&20)

Our
that roentgenographic examina-

observations indicate
tions searching for free air and
blood chemistry studies, particu-
larly serum amylase level, are in-
frequently positive that they are
useless. These data confirm the
findings of Talbott and Shuck and
Davis and associates(20&21),

Delayed diagnosis was the prin-

cipal factors determining the

morbidity and mortality(22&23),
Since exploratory laparotomy is
routinely employed in penetrating
trauma, delay in diagnosis is not
usually a factor influencing subse-
quent complications(13). In this
series, all 17 patients operated on
within 12 hours after blunt injury
survived whereas two patients
who underwent delayed operation
died.

The time
to time of operative repair in all

interval from injury

patients ranged from 2 to 72
hours, mean + SD 19.5 + 21.61
hours.(22) We are near.

Intra-operative diagnosis was
facilitated through the use of ex-
tended exposure of the duode-
num. The wide Kocher maneuver
and exposure of the fourth portion
of the duodenum are essential ele-

ments of operative management
(5,24&25)

Intra-operative diagnostic find-
ings were {requently equivocal.
Obvious peri-duodenal hematoma,
bile staining, or retroperitoneal
gas were absent in 6 of 19 pa-
tients explored for blunt injury,
lacerations

and trans-luminal
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requiring repair would have been
missed in each of these patients if
our policy not been followed.

Severity of the injured duode-
num was classified according to
many systems as the American
Association for the Surgery of
Trauma-Organ Injury Scale (AAS-
TOIS)(7&26) and, according to
Snyder et al., criteria(3&22), we
use more practical easy scale.

The frequency of associated in-
juries, particularly to other por-
tions of the gastrointestinal tract
and to the pancreas, insures that
heavy bacterial contamination and
prolonged intra-peritoneal and ret-
roperitoneal inflammation will be
encountered(16.21.27.2.4) g0 Pre-
operative broad-spectrum intrave-
nous antibiotics are begun and
continued for 72 hours(18&28),

Duodenal trauma, with early
diagnosis(29&30), and Uncompli-
cated duodenal wound can be
safely
repair.

treated by simple suture
This may account for ap-
proximately 80% of all duodenal
wounds(6&31) For more compli-
cated duodenal

injuries, more

complex procedures may be

required to protect the suture
line (32.33,10,34)

Here, we report a case of multi-
level blunt duodenal injury suc-
cessfully managed with, Roux-en-
Y gastro-jejunostomy and catheter
duodenostomy We advocate the
use of pyloric exclusion and gas-
tro-jejunostomy without vagotomy
in patients with severe pancreato-
duodenal injuries, In our experi-
ence, this has functioned well in
patients with large defects in the
ond portion of the duodenum in
close proximity to the ampulla,
where lry repair or anastomosis
may compromise the lumen.

Our data support the addition
of duodenal decompression to the
suture repair of duodenal lacera-
tions as suggested by Stone and
Fabian(14). A double jejunostomy
tube arranged to provide duodenal
compression as well as enteral
feedings has merit. Foley catheter
duodenostomy as described by
Jones and associates(39) also pro-
vides excellent duodenal decom-

pression.

We encountered 5 patients with

combined pancreatico-duodenal
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injury and found pancreatico-
duodenectomy not required in

these patients.

Signs of sepsis and organ fail-
ure in the postoperative period in-
dicate the need for reoperation,
debridement and drainage(3%). The
most serious complication follow-
ing the treatment of duodenal in-
jury is the development of a duod-
enal fistula from suture line
dehiscence. In a collective review
of 15 series with 1408 patients
with duodenal injuries, Asensio
and collegues noted a 0% to 17%
incidence of duodenal fistula with
an average rate of 6.6%(9&10), we

found this in 7 cases.

The overall mortality rate of du-
odenal injuries continues to be
significant. Miller, in 1916, cited a
mortality rate of 90% Although re-
cent reviews document mortality
reduced to 15% or less, Several
series reported a range of 5.3% to
30%, with an average of 17%(29),
Delayed treatment and technical
failures continue to contribute to
death and disability for these pa-
tients(25). The incidence is still rel-
atively high(7) our results are simi-
lar.

The hospital stay in patients who
had duodenum injuries ranged
from 5 to 90 days, mean 26.6 +
35.67 days.
but therere many factors affecting

Our time is similar
this not only duodenal injury
Perce.

Improved outcome for patients
with duodenal injury awaits ad-
vances in injury prevention, diag-
nosis and reparative techniques.
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Abstract

Objective. There are few studies that have described the use of pulse
wave Doppler ultrasonography for assessing the effectiveness of IFN
treatment and there is much controversy regarding the reliability and
reproducibility of these techniques. We performed a prospective study to
evaluate whether these methods can assess the effectiveness of and the
response to IFN therapy in patients with hepatitis C virus (HCV)-related
liver disease

Subjects and Methods. Fifty- three patients with biopsy-proven
HCV-related liver disease were recruited, and all patients received treat-
ment for chronic hepatitis C in the form of combined therapy of pegylat-
ed interferon plus ribavirin.

Before and after treatment, pulse wave Doppler ultrasonography was
performed and five Doppler parameters were measured: portal vein ve-
locity (PVV), hepatic artery resistive index (HARI), hepatic artery pulsa-
tility index (HAPI), splenic artery resistance index (SARI) and splenic ar-
tery Pulsatility index (SAPI).

Results. Significant improvement in all portal hemodynamic parame-
ters after treatment in comparison with that before treatment (in both
responders and non responders groups) with non significant difference
observed between both groups

Conclusion. All portal hemodynamic parameters improved after
treatment whatever the response to therapy. Doppler ultrasonography
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is a less reliable test for evaluating the effectiveness and the response of

IFN treatment in patients with chronic hepatitis c.
Abbreviations: IFN: interferon, PVV: Portal vein velocity, HARI: He-
patic artery resistive index, HAPI: Hepatic artery pulsatility index,

SARI: Splenic artery resistive index SAPI: Splenic artery pulsatility in-

dex

Key words: portal hemodynamics, chronic hepatitis, pegylated inter-

feron alfa.

Introduction

Hepatitis C virus (HCV) infec-
tion is a leading cause of liver dis-
ease worldwide. Infected patients
usually develop chronic hepatitis,
which may progress producing dif-
fuse disorganization of normal he-
patic structure, to liver cirrhosis
over a long period. Approximately
10%-20% of patients with chronic
HCV infection have cirrhosis at
the first clinical presentation, and
near 20%-30%
not present liver cirrhosis will

of those who do

eventually develop this illness and
its complications (1),

To date,
treatment to prevent disease pro-

the most effective

gression and eventually cure
chronic hepatitis C (CHC) virus in-
fection is the combined therapy of
pegylated (PEG) interferon (IFN) al-
pha and ribavirin (RBV). The rate

of sustained viral response (SVR)

in immuno-competent patients
undergoing this antiviral regimen
ranges from 42% to approximately
80%, depending on the HCV geno-
type, with an acceptable safety

profile (2).

A number of studies have re-
ported that interferon (IFN) is ef-
fective for the treatment of CHC
and have demonstrated improve-
ments in hepatic function bio-
chemically, histologically, and vir-
ologically. IFN has

been found to improve the progno-

In addition,

sis of patients because it has an
anticarcinogenic effect on the pro-
gression of hepatic cirrhosis (3),

In assessing the effectiveness of
IFN treatment on patients with
CHC, there are unequivocal indi-
ces in clinical and laboratory
tests, such as hepatitis C virus

RNA (HCV-RNA) and alanine ami-
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notransferase (ALT) levels, which
can also be expected to serve as
indicators of the complete elimina-
tion of HCV-RNA by IFN (sus-
tained viral response: SVR). How-
ever, IFN is not effective in all
patients with CHC. The effective-
ness of IFN treatment has been re-
ported to vary depending on a
number of background factors
such as the HCV-RNA value be-
fore IFN administration, the HCV
genotype, and the histopathologi-
cal stage (4). These factors can be
evaluated before the start of IFN
administration in order to predict
the effectiveness of IFN treatment.

In the meantime, ultrasonogra-
phy has been widely recognized as
a noninvasive, easy-to-perform di-
agnostic imaging modality that is
indispensable for assessing the
condition of the liver in patients
with CHC. In addition, pulse wave
Doppler ultrasonography, which is
based on the Doppler effect, has
been widely employed in clinical
practice. However, there are only
two studies that have described
the use of pulse wave Doppler ul-
trasonography for assessing the
effectiveness of IFN treatment ;
there are the study of (®), which

reported the 12-weeks follow-up
results after treatment with inter-
feron-alpha in patients with CHC,
and®) which reported the 24-
weeks follow-up results after
treatment with interferon-alpha in

14 patients with CHC.

Aim of the work

to study some portal hemody-
namic parameters - by employing
pulse wave Doppler ultrasonogra-
phy - before and after treatment in
patients with CHC in order to in-
vestigate the impact of this thera-
py on the progression of liver dis-
ease, and the possibility of using
these parameters to assess the ef-
fectiveness of and the response to
IFN therapy.

Subjects and Methods

This study was carried out on
fifty three patients with chronic
HCYV infection (45 males and 8 fe-
males). Patients were studied from
Mansoura University Hospital
(MUH) and Mansoura Specialized
Medical Hospital (SMH). The study
was performed from January 2009
to November 2011, and their ages
ranged from 35 to 49 years. In ad-
dition, 20 apparently healthy con-
trols (16 males and 4 females), of
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matched age with patients were
included.

All patients had serum antibod-
ies to HCV; positive polymerase
chain reaction (PCR) tests to HCV
RNA and with biopsy proven HCV-
related liver disease.

Excluded from the study Pa-
tients with : decompensated cir-
rhosis; autoimmune hepatitis;
hepatitis B infection; HIV infec-
tion; previously treated patientsby
interferon or ribavirin or patients

with sever comobrid disease.

All patients and controls were
subjected to medical history tak-
ing, clinical examination and com-
plete laboratory investigations in
the form of complete blood count,
liver function tests (including: ser-
um albumin, Serum bilirubin,
ALT, AST, Alkaline phosphatase,
Prothrombin time), serum creati-
nine, (AFP),
Thyroid-Stimulating Hormone
(TSH), Hepatitis C virus antibod-
ies, polymerase chain reaction
(PCR), (Before and after treatment
of the patients).

Alpha feto protein

Pulse wave Doppler ultrasonog-

raphy was performed to both the
patients (before and after treat-
ment) and the control subjects by
one operator using Hitachi-EUB-
7500 ultrasound machine (Hitachi
- medical corporation Tokyo- Ja-
pan). Five Doppler parameters
were measured: portal vein veloci-
ty (PVV),

index (HARI), hepatic artery pulsa-

hepatic artery resistive

tility index (HAPI), splenic artery
resistance index (SARI) and splen-
ic artery Pulsatility index (SAPI).

On the basis of the response to
treatment 24 weeks after comple-
tion of treatment; the patients
were classified into one of the fol-
lowing two groups: Responders
(17 patients),
with
sponse (SVR) and Non responders:

included patients
sustained virological re-

(36 patients), included patients
not achieving the SVR).

All of patients received treat-
ment for chronic hepatitis C in
the form of: pegylated interferon
(peg- IFN)-a2a at a dose of 180
mg/wk plus weight-based ribavi-
rin (RBV) at a dose of 1000 to
1200 mg/d.

The studied HCV patients were
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classified into two groups accord-

ing to the response to treatment:
1) Responders: Included 17
patients, 15 males and 2 females;
their ages ranged from 34 to 48
years. They included patients with
sustained virological response
(SVR). (SVR were defined by unde-
tectable HCV RNA 24 weeks after
completion of treatment).

2) Non responders: Included
36 patients, 30 males and 6 fe-
males; their ages ranged from 35
to 50 years. They included pa-
tients who did not achieve SVR.

Results

Portal hemodynamic parame-
ters in all patients and control
groups.

before treatment.

* A highly significant differ-
ence was observed as regard the
portal hemodynamic parameters
(PVV: Portal vein velocity, HARI:
Hepatic artery resistive index,
HAPI: Hepatic artery pulsatility in-
dex SARI: Splenic artery resistive
index SAPI: Splenic artery pulsa-
tility index) between all patients
versus control groups before treat-
ment (p=0.000) (table 1).

After treatment

A- Responders

* The more improvement after
treatment occurred in PVV but not
statistically significant (p= 0.382).

* Improved other parameters
but still high significant difference
observed as regard the other por-
tal hemodynamic parameters(
HARI, HAPI, SARI and SAPI ) in re-
sponders versus control subjects
after treatment as shown in ta-
ble (2).

B- Non responders

* A highly significant differ-
ence was observed as regard the
portal hemodynamic parameters
(PVV: Portal vein velocity, HARI:
Hepatic artery resistive index,
HAPI: Hepatic artery pulsatility in-
dex SARI: Splenic artery resistive
index SAPI: Splenic artery pulsa-
tility index) in non responders ver-
sus control subjects after treat-
ment (p= <0.0001) as shown in

table (3).

Portal hemodynamic parame-
ters among responders versus
non Responders groups:

Before treatment

Non significant difference was
observed as regard the portal he-
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modynamic parameters (PVV: Por-
tal vein velocity, HARI: Hepatic ar-
tery resistive index, HAPI: Hepatic
index SARI:

resistive

artery pulsatility

Splenic artery index
SAPI: Splenic artery pulsatility in-
dex) in responders versus non re-
sponders groups before treatment

as shown in table (4).

After treatment :
Non significant difference was

observed as regard the portal
hemodynamic parameters (PVV:
HARI: He-

resistive

Portal vein velocity,
patic index,
HAPI :
index SARI : Splenic artery resis-
tive index SAPI :

pulsatility index)

artery
Hepatic artery pulsatility

Splenic artery
in responders
versus non responders groups
after treatment as shown in ta-

ble (5).
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Discusion

Chronic HCV infection affect
and deteriorate the portal hemo-
dynamics significantly, as there is
a highly significant difference was
observed as regard the portal he-
modynamic parameters between
all patients versus control subject.
The previous results support the
results of Rochaetal., 2012. Who
compared Doppler parameters of
portal vein in patients with CHC
with a healthy control group and
correlate these parameters with fi-
brosis degree obtained by liver bi-
opsy, he concluded that the portal
venous index was useful in differ-
entiating healthy subjects from
patients with fibrosis due to
chronic HCV. (6)

After interferon therapy portal

hemodynamic parameters have
been improved - in both respond-
ers and non responders - but not
reaching the levels of the control

subjects.

The previous results support
the results of Poynard et al.,
2003, who reported that PEG-
interferon and ribavirin combi-
nation significantly reduces the
rate of fibrosis progression in

patients with hepatitis C.(7)

Other studies also explain
this by : In addition to having an-
tiviral and immunomodulatory ef-
fects, interferon- based therapies
also have antiproliferative effects.
The exact mechanism by which
IFNa reverses the progression of
hepatic fibrosis is not known, but
may well be mediated by direct or

indirect effects on hepatic stellate
cells.(8)&(9)

But these results are not in
agreement with Walsh et al.,
1998, who reported that, patients
with chronic hepatitis C have ele-
vated hepatic artery blood flow.
Hepatic blood flow indices have no
relationship to the severity of his-
tological liver injury in chronic
hepatitis C, and these flow indices
are not affected by a 12 week
course of interferon, but this dif-
ference may be related to the
short course of the therapy; as our
protocol was applied for 48 weeks,
and the different genotype of HCV
in our patients.(5)

When we compared portal he-
modynamic parameters among re-
sponders versus non responders
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groups we found a non signifi-
cant difference as regard the por-
tal hemodynamic parameters be-
after
Indicating that all portal hemody-

fore and treatment.
namic parameters improved after
treatment whatever the response

to therapy.

The previous results support
the results of (10), who stated that
in patients with chronic hepatitis
C who were treated with interfer-
histologic
benefits may be observed even in

on-based therapies,

the absence of a sustained virolog-

ical response.

This
ment with(11), who reported that

result also in agree-
the main outcomes of antiviral
therapy for chronic hepatitis C
detected are the viral clearance
and its lasting time. Actually,
IFN therapy seems also be able
to determine a decrease in the
rate of functional disease progres-
sion in same patients, even in
non-responders and relapsers.
Also in agreement with(12), who
stated that IFN-beta-la therapy
improves the liver histology of
chronic HVC regardless of the vi-

ral response.

This is
with (4), who evaluate the changes
in PVV in patients with CHC re-
ceiving IFN treatment and con-
cluded that patients judged to

not in agreement

have SVR showed a significantly
higher PVV at the end of IFN treat-
ment than before IFN treatment.
In addition, no response to IFN
was suggested when the portal
blood flow velocity at the end of
IFN treatment was not significant-
ly higher than the pre-IFN value,
and recommended that in the as-
sessment of the effects of IFN
treatment in patients with chronic
hepatitis C, pulse wave Doppler
ultrasonography permits the por-
tal blood flow velocity to be easily
measured and is therefore consid-
ered to be a clinically useful meth-
od for evaluating treatment effec-
tiveness. And this differance may
be explained by using only a sin-
gle parameter (PVV), a small num-
ber of patients (14 patients), a
(24
weeks) and the difference in the
genotypes of HCV.

short duration of therapy

Referances
1- Sanglovanni A., Prati G.
M., Fasani P., Ronchi G., Romeo
R., Manini M., Del Ninno E.,

34



Benha M. J.

Vol. 29 No 3 Sept. 2012
Morabito A. and Colombo M.
(2006) : The natural history of
compensated cirrhosis due to hep-
atitis C virus: A 17-year cohort
study of 214 patients. Hepatology;
43: 1303-1310.

2- Tarantino G., Gentile A.,
Capone D., Basile V., Tarantino
M., Nicola, Cuocolo A. and Con-
ca P. (2007) : Does protracted an-
tiviral therapy impact on HCV-
related liver cirrhosis progres-
sion? World J Gastroenterol, Sep-

tember 28; 13(36): 4903-4908.

3- Kubo S., Nishiguchi S.,
Hirohashi K., Tanaka H., Shuto
T. and Kinoshita H. (2002)
Randomized clinical trial of long-
term outcome after resection of
hepatitis C virus-related hepato-
cellular carcinoma by postopera-
tive interferon therapy. Br J Surg;
89: 418-422.

4- Nakanishi S., Shiraki K.,
Yamamoto K., Koyama M., Ki-
mura N. and Nakano T. (2005) :
Hemodynamics in the portal vein
evaluated by pulse wave Doppler
ultrasonography in patients with
chronic hepatitis C treated with
interferon. World J Gastroente-

rol;11(3):396-399.

5- Walsh K. M., Leen E.,
MacSween R. N. and Morris A.
J. (1998) : Hepatic Blood Flow
Changes in Chronic Hepatitis C
Measured by Duplex Doppler Col-
or Sonography: Relationship to
Histological Features. Dig Dis Sci.
Dec; 43(12): 2584-90.

6- Rocha H. L. O. G. and Di-
niz A. L. D. (2012) : Borges VFA,
Salom o FC. Assessment of portal
venous index as a non-invasive
method for diagnosing liver fibro-
sis in patients with chronic hepa-
titis c. Arq Gastroenterol;49.1.

7- Poynard T., Ratziu V.,
McHutchison J., Manns M.,
Goodman Z., Zeuzem S., et al.
(2003) : Effect of treatment with
peginterferon or interferon alfa-2b
and ribavirin on steatosis in pa-
tients infected with hepatitis C.
HEPATOLOGY; 38:75-85.

8- Chang X. M., Chang Y. and
Jia A. (2005) : Effects of interfer-
on-alpha on expression of hepatic
stellate cell and transforming
growth factor-betal and alpha-

smooth muscle actin in rats with

35



Ahmed A. Eldeep, et al....

hepatic fibrosis. World J Gas-
troenterol; 11 : 2634-2636.

9- Inagaki Y, Nemoto T, Ku-
shida M, Sheng Y, Higashi K,
Ikeda K, et al. (2003) : Interferon
alfa down-regulates collagen gene
transcription and suppresses ex-
perimental hepatic fibrosis in
mice. Hepatology; 38:890-899.

10- Pockros P. J., Hamzeh F.
M., Paul Martin P., Lentz E.,
Zhou X., Sugantha Govindara-
Jan S. and Lok A. S. (2010) :
Histologic Outcomes in Hepatitis
C-Infected Patients with Varying
of Virologic
toInterferon-Based

Degrees Response

Treatments.

HEPATOLOGY; 52:1193-1200.

11- Giannini E., Fasol A.,
Botta F., Testa E., Romagnoli P.,
Ceppa P. and Testa R. (2001) :
Long-term follow up of chronic
hepatitis C patients after alpha-
interferon treatment: a functional
study. J Gastroenterol Hepatol;
16: 399-405.

12- Rao H. Y., Li J., Zhang L.
F., Chen H. Y., Zhu L. M., Wei
L., Sun Y. and Wang H. (2008) :
Effect of pegylated interferon beta-
la therapy on the liver fibrosis in
chronic hepatitis C: a semi-
quantitative analysis. Zhonghua
Yi Xue Za Zhi. Jan 8; 88(2):96-

100.

36



Benha M. J.

Vol. 29 No 3 Sept. 2012

37



Ahmed A. Eldeep, et al....

38



REPRINT

BENHA
MEDICAL
JOURNAL

PORTAL HEMODYNAMIC CHANGES IN
PATIENTS WITH CHRONIC HEPATITIS C
TREATED WITH COMBINED PEGYLATED

INTERFERON ALFA AND RIBAVIRIN

Ahmed A. Eldeep MSc¢, Mahmoud Yousef MD,
Hassan Elaskalany MD, Talal Amer MD
and Ehab Abdelkhalek MD

Published by

Benha Faculty of Medicine Volume 29 Number 3
Sept. 2012



Benha M. J.
Vol. 29 No 3 Sept. 2012

HISTOLOGICAL STUDY OF 5-FLUOROURACIL
INDUCED SMALL INTESTINAL MUCOSITIS IN
RATS AND THE POSSIBLE PROTECTIVE
EFFECT OF OMEGA-3 FATTY ACIDS

Nahla R. Sarhan MSc, Salwa A. Gawish PhD,
Doria A. Nosseir PhD and Nesreen M. Omar MD
Departments of Internal Medicine and Diagnostic Radiology*,

Faculty of Medicine, Mansoura University, Egypt

Abstract

Background: Mucositis is a common debilitating side effect of chem-
otherapy, associated with severe small intestinal inflammation. Omega-
3 fatty acids have reported as a therapeutic potential for treatment of
many inflammatory conditions.

Aim of the Work: This study was performed to assess the light and
electron microscopic aspects of 5-fluorouracil induced cytotoxicity on
the jejunum and the possible protective effect of omega-3 fatty acids ad-
ministration.

Materials and Methods: Twenty four adult male Wister albino rats
were used. The rats were randomly assigned into 3 groups: control
group, FU & Omega groups. FU group received a single intraperitoneal
dose of 5-fluorouracil (5-FU) (150 mg/kg) at day 5 of the 8 day experi-
ment, and was subdivided into FUI and FU3 groups (rats sacrificed 1
and 3 days after 5-FU injection, respectively). Omega group received
Omega-3 treatment (1ml / animal) daily by orogastric tube from day 1
till the day of sacrifice. At day 5, they received 5-Fluorouracil as FU
group. They were subdivided into Omegal and Omega 3 groups (rats
sacrificed 1 and 3 days after 5-FU injection, respectively). Jejunal speci-
mens were collected and processed for light and transmission electron
microscopic examination. Histomorphometric and statistical analysis
for villus height, crypt depth, apoptotic and mitotic indices were per-
formed for each group.

Results: Signs of mucosal damage were observed in FUI and FU3
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groups including detachment of epithelium from lamina propria; short-
ening, blunting and broadening of villi; cellular infiltration in lamina
propria, reduction in number and depth of crypts, loss of surface epi-
thelium and denuded villi. Statistically, there was significant decrease
in the mean villus height and crypt depth for FUland FU3 groups com-
pared to control rats. A significant increase in the apoptotic index was
observed in FUI group compared to the control, accompanied by a sig-
nificant decrease in the mitotic index. Omega-3 treated rats exhibited
less damage compared to FU treated rats. The intestinal structure was
more or less preserved. The mean villus height and crypt depth were
significantly higher in Omega groups compared to FU groups. A signifi-
cant decrease in the apoptotic index and a significant increase in the
mitotic index were observed in Omega groups compared to FU groups.
Electron microscopic examination of FU3 group revealed marked widen-
ing of the intercellular spaces and morphological alterations in intesti-
nal epithelial cells. On the other hand, the Omega3 group showed pre-
served ultrastructure.

Conclusion: Omega-3 fatty acids can protect the small intestine
from the cytotoxicity associated with 5-FU chemotherapy and fasten the
recovery. Therefore, it is recommended for cancer patients receiving
chemotherapy.

Introduction

Chemotherapy is an important
primary and adjuvant treatment
for cancer patients. 5- Fluorou-
racil (5-FU) is an anti-metabolite
drug that is widely used as a
chemotherapeutic agent in a wide
range of cancers. It acts by
blocking DNA synthesis via inhibi-
tion of thymi-dylate synthase en-
zyme(1&2) However, its indiscrim-

inate mechanism of action targets

not only cancer cells, but all rap-
idly dividing cells within the body.
The high proliferative activity of
the gastrointestinal tract renders
it highly susceptible to the deleter-
ious side-effects of chemotherapy,
resulting in an inflammatory con-
dition referred to as mucositis (3).
Mucositis occurs in approximately
40% of patients receiving chemo-
therapy. It may affect any part of
the GIT, particularly the mouth
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and the small intestine. The symp-
toms of mucositis are debilitating,
and include severe inflammation
and ulceration of the GIT, result-
ing in stomatitis, abdominal pain,
nausea, vomiting, diarrhea and
weight loss (4).

The

maintained by continuous prolife-

intestinal epithelium is
ration of the stem cells located at
the crypts (), Although the patho-
genesis of mucositis is not com-
pletely understood, it has been
reported that the primary mecha-
nism of mucositis is reduced crypt
cell proliferation and increased
apoptosis that leads to loss of in-
testinal structure and function
primarily via villi shortening and
crypt ablation(®).  Furthermore,
chemotherapy initiates the release
of reactive oxygen species (ROS)
and pro-inflammatory cytokines,
such as tumour necrosis factor
(TNF) o and interleukins (IL) 1 and
6 which play an indirect role in
the
damage (7).

amplification of intestinal

Currently, there is a deficiency
of effective prophylactic or cura-
tive treatments for intestinal mu-

cositis (8). A number of new strate-

gies have been tested(®-10). How-
ever, so far no effective treatment
has been found and there is a
clear need to develop new strate-
gies.

Omega-3 fatty acids are poly-
unsaturated fatty acids. They are
the main components of cell mem-
branes. The major omega-3 Fatty
acid, the alpha-linolenic acid
(ALA) is metabolized in the body to
eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). EPA
and DHA can be found in larger
quantities in fish oils and oily fish.
Omega-3 fatty acids are consid-
ered as essential fatty acids as
they cannot be manufactured by
the body. For this reason, they
must be obtained from diet or tak-
en as supplements (11&12),

Omega-3 fatty acids are consid-
ered as strong antioxidants(13),
Fish oil omega-3 fatty acids have
also been reported to have benefi-
cial effects in the treatment or pre-
vention of the risk factors asso-
ciated with many acute and
chronic inflammatory conditions
such as inflammatory bowel dis-
eases(14).  Omega-3 fatty acids

can enhance the effectiveness of
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chemotherapy toward tumor cells;
while at the same time reduce tox-
icity to normal cells (19),

Few studies were carried out to
study the protective effect of Ome-
ga-3 fatty acids in a rat model of
mucositis caused by 5-fluorouracil
administration. Therefore, the cur-
rent study has been performed to
assess the light and electron mi-
croscopic aspects of 5-fluorouracil
induced intestinal cytotoxicity and
the possible protective effect of
omega-3 fatty acids administra-
tion.

Materials & Methods

Materials

1-Animals:

The present study was con-
ducted on 24 adult male Wister al-
bino rats weighing between 200
and 250 grams. The rats were
housed in separate cages under
constant environmental condi-
tions and were allowed free access

to food and water.

2- Drugs:

5-Fluorouracil: A product of
Biosyn, Arzneimittel, Gmbh, Ger-
many with a trade name; 5-
fluorouracil biosyn. It is available

in the form of ampoules, with a
concentration of 1000 mg / 20 ml
Omega-3 : A
product of Puritan's pride, INC,
USA. It is available in the form of
gelatinous capsules with a trade

of 5-fluorouracil.

name; (natural omega-3), each
capsule contains 1000 mg fish oil
providing 300 mg of omega-3 fatty

acids (DHA & EPA).

Experimental design:

The duration of the experiment
was 8 days. The rats were ran-
domly assigned into three groups
and treated as follows:

I- Control group: Consisted of
8 rats. They were daily given water
by orogastric tube from the first
day of the experiment till the time
of sacrifice. At day 5 of the experi-
ment, they received saline (a sin-
gle

equivalent to the 5-fluorouracil

intraperitoneal  injection),

dose.

II- FU group: Consisted of 8
rats. They were given water by or-
ogastric tube from the first day of
the experiment till the time of sac-
rifice. In addition; they received a
single intraperitoneal dose of 5-
fluorouracil (5-FU) (150 mg/kg) at
day 5 (16), This group was further
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subdivided according to the time
of sacrifice into 2 subgroups (4
rats each):

FU1 group: rats sacrificed one
day after 5-FU injection.

FU3 group:
three days after 5-FU injection.

rats sacrificed

III- Omega group: Consisted of
8 rats. They were given Omega-3
treatment (1ml / animal) daily by
orogastric tube from day 1 till the
day of sacrifice. At day 5 of the ex-
periment; they were injected intra-
peritoneally with 5-Fluorouracil as
FU group (17). This group was fur-
ther subdivided according to the
time of sacrifice into 2 subgroups;
(4 rats each):

Omegal group: rats received
Omega 3 for 5 days and sacrificed
1 day after 5-FU.

Omega 3 group: rats received
Omega 3 for 8 days and sacrificed
3 days after 5-FU.

Methods:

At each duration, 4 animals
from each group were sacrificed.
The animals were anaesthetized
intraperitoneally with thiopental
sodium (10-15mg/kg), the abdo-
men was opened surgically by a
midline incision and sections from

the jejunum were obtained and
flushed with isotonic saline.

I. HISTOLOGICAL STUDY

For Light Microscopy:

The specimens were fixed in
10% buffered neutral formalin for
two days, dehydrated, cleared and
embedded in paraffin wax. Paraf-
fin sections (5um thick) were pre-
pared and stained with haematox-
ylin and eosin (H & E) (18),

For transmission electron mi-
croscopy:

Small fragments (about 1mm3)
of the jejunum from the following
groups; control, FU3 and Omega3
were obtained, fixed in 2.5% buf-
fered gluteraldehyde
to obtain ultrathin sec-

and pro-
cessed
tions(18), After the usual staining,
sections were examined and pho-
tographed by JEOL-JEM-100 SX
transmission electron microscope
in electron microscopy unit, Fa-
culty of Medicine, Tanta Universi-

ty.

II. Histomorphometric and
Statistical studies:

1. Measurements of villus
height (from villus base to tip) and

longitudinal crypt depth (invagina-
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tion depth between adjacent villi)
were obtained from H &E stained
sections. The slides were photo-
graphed using Olympus® digital
camera installed on Olympus® mi-
croscope with 0.5 X photo adap-
tor, using 10 X objective lens and
saved in tagged image format file
(TIFF). The resulting images were
analyzed on Intel® Core 13® based
computer using videotest Mor-
phology® software (Russia) with a
specific built-in routine for cali-
brated distance measurement. 10
well oriented villi and 10 crypts
were randomly measured from
each animal of all groups.

2. Apoptotic index: Apoptotic
in H &E
stained sections in 20 randomly

bodies were counted

chosen crypts for each sample.
This was done under light micros-
copy at high
(X1000).

magnification

3. Mitotic index: Well-defined
mitotic figures were counted at
in H & E stained
sections in 20 randomly chosen
longitudinal
sample.

crypt bases
crypts for each
This was done under
light microscopy at X 400 mag-
nification.

Statistical analysis of the data
was done by using Statistical
Package for Social Science (SPSS)
version 15.0 The data were para-
metric by using Kolmogrov-
Smirnov test. The data were ex-
pressed as Mean * SD. Compari-
sons were carried out by analysis
(ANOVA) with the

least significance (LSD) Post hoc

of variance

analysis for inter group compari-
son. Significance was considered
when P value < 0.05. All graphic
representations of the data were
performed with Microsoft® Excel®
Inc.,

for windows®. (Microsoft

USA).

Results
I- Light Microscopic Results:
1- Control Group: Examina-
tion of H&E stained sections of
the
showed that the mucosa was

jejunum of control rats

formed of villi, crypts, lamina
propria and muscularis mucosa.
The intestinal villi had connec-
tive tissue cores and were cov-
ered by columnar absorbing cells
and goblet cells. The columnar
cells had brush bor-
ders on their free surfaces and
basal oval nuclei (Fig. 1). The

lamina propria extended to form

absorbing
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the
the crypts. The crypts were lined

villi cores and surrounded
with columnar absorbing cells and
goblet cells. Mitotic figures were
observed at the crypt cells. The
muscularis mucosa separated the
intestinal crypts from the submu-
cosa (Figs. 1, 2).

2- FU Group : Histological ex-
amination of jejunal sections of
FU1 group revealed that the villi
were short; some were broad and
blunt (Fig. 3) The surface epitheli-
um of the villi was markedly de-
tached from the lamina propria
that contained cellular infiltration
(Fig. 4). The columnar absorbing
cells were apparently reduced in
height (Fig. 4). There was an ap-
parent reduction in the number
and depth of the crypts (Figs. 3).
Many Apopotic bodies were no-
ticed at the lower part of crypts
(Fig. 5). The jejunum of FU3 group
showed short denuded villi (Fig 6
A). The columnar absorbing cells
covering the villi were reduced in
height, enlarged with pale vacuo-
lated cytoplasm and pale nuclei or
extensively sloughed into the lu-
men. Excessive cellular infiltration
appeared in villi cores (Fig. 6 B).
There were areas of complete loss

of villi (Fig. 7). The crypts were

few, short, distorted and were
lined with enlarged cells with pale
vacuolated cytoplasm and pale

nuclei (Figs. 7, 8).

3- Omega Group: Compared to
the FU1 group, the structure of
the mucosa in Omegal group was
preserved. Intact villi and crypts
were observed (Fig. 9). In Omega 3
group, the villi were covered with
intact surface epithelium. Howev-
er, some columnar absorbing cells
were reduced in height. Slightly
detached lamina propria and cel-
lular infiltration were seen in the
cores of some villi (Fig. 10 A). The
lining cells of the crypts were in-
tact; some cells were enlarged and
pale (Fig. 10 B).

I- Electron Microscopic Re-
sults:

1- Control Group: The colum-
nar absorbing cells possessed mi-
crovilli on their luminal surface
and basal oval vesicular nuclei
(Fig. 11). The cytoplasm was rich
in mitochondria, rER cisternae,

free ribosomes and few lyso-
somes. The neighboring cells were
firmly attached near the luminal

surfaces by junctional complexes
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consisted of zonula occludens, zo-
nula adherens and desmosomes.
A prominent terminal web under
the microvilli and lateral interdigi-
tations between the cells were also
observed (Fig. 12). The goblet cells
had an apical part distended with
mucous globules and a thin basal
part containing the nucleus. Some
of the mucous globules demon-
strated electron dense cores. In-

traepithelial lymphocytes were
seen (Fig. 11).
Enteroendocrine cells were

seen among the intestinal epitheli-
um. The cell had a highly vesicu-
lar nucleus with a prominent nu-
cleolus. The cytoplasm contained
rER and
round basal granules which were

mitochondria, small,
either electron dense or had elec-
tron lucent cores (Fig. 13). Paneth
cell was seen at the base of the
crypts. The cell had a vesicular
nucleus with prominent nucleoli.
The cytoplasm contained large
spherical electron dense gran-
ules with clear halos indenting
the nucleus. rER cisternae, mito-
chondria and lysosomes were also

seen (Fig. 14).

2- FU Group: The FUS3 group

showed disturbed cell architecture
with marked widening of the inter-
cellular spaces; however the cells
were still bound to each other by
some cytoplasmic extensions
(Fig. 15). The columnar absorbing
cells showed complete loss of mi-
crovilli and cytoplasmic vacuola-
tions (Fig. 16), extensive interdigi-
dilated vesiculated rER;

which may be partially degranu-

tations,

lated (Fig. 17), many lysosomes
and swollen mitochondria with
few short disintegrated cristae
(Fig. 18). Pyknotic nuclei and wid-
ening of the perinuclear space
were noticed in some cells (Fig.
16, 21). The goblet cells appeared
depleted of mucous; only few mu-
cous granules were seen in the cy-
toplasm. Dilated rER, vacuoles
and many lysosomes were also
(Fig. 19).
vacuolations  and

observed Cytoplasmic
autophagic
vacuoles were seen in the ente-
roendocrine cells (Fig. 20). Paneth
cells contained dilated and vesicu-
lated rER, large lysosomes and
swollen degenerated mitochondria

(Fig. 21).

3- Omega Group: Compared
to FU3 group, the Omega 3 group
showed more or less intact struc-
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ture (Fig. 22). Minimal widening of
the intercellular space was seen
(Figs. 24, 25). The columnar ab-
sorbing cells showed preserved
microvilli, lateral interdigitations,
mitochondria, rER cisternae and
some lysosomes (Figs. 22-24). The
goblet cells were distended with
mucous globules and contained
intact rER (Fig. 24). The enteroen-
docrine cells appeared normal ex-
cept for few cytoplasmic vacuola-
(Fig. 22). Paneth
showed intact rER and mitochon-

tions cells
dria. Only few mitochondria exhib-
ited partial cristolysis (Fig. 25).

I. Histomorphometric and
Statistical Results:

1- Mean Villus Height: The
mean villus height of the jejunum
in FU1 and FU3 groups was sig-
nificantly decreased compared to
control groups. The maximum re-
duction was in FU3
group. On the other hand, the
mean villus height was signifi-

recorded

cantly increased in Omegal and
Omega 3, compared to FU groups
(Fig. 26).

2- Mean Crypt Depth: The

mean crypt depth of the jejunum
in both FU1 and FU3 groups was
significantly decreased compared
to the control groups. While the
mean crypt depth in Omega 1 and
Omega 3 groups was significantly
increased compared to FU groups
(Fig. 27).

3- Apoptotic Index: The apop-
totic index in the jejunum of FU1
group was significantly increased
compared to the control groups.
However, this change was non-
significant in FU3 group compared
to the control. In Omega 1 group,
the apoptotic index was signifi-
cantly decreased compared to FU1
group, while in Omega 3 group the
decrease was non-significant com-
pared to FU3 group (Fig. 28).

4- Mitotic Index: There was a
significant decrease in the mitotic
index in the jejunum of both FU1
and FU3 groups compared to con-
trol groups, with maximum reduc-
tion in FU1l group. On the other
hand, a significant increase in the
mitotic index was recorded in both
Omegaland Omega3 groups com-
pared to FU groups (Fig. 29).
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Fig. 1 : A photomicrograph of control

rat jejunum. The villi have
connective tissue cores (CO)
and are covered with colum-
nar absorbing cells with
brush borders (arrows) and
goblet cells (crossed arrows).

(H&E X400)

Fig. 2 : The mucosa consists of villi

(V), crypts (C), lamina propria
(asterisk) and muscularis mu-
cosa (arrow). The lamina pro-
pria contains mononuclear
cells, extends into the villi
cores and surrounds the
crypts. The crypts are lined
with columnar absorbing cells
(CC) and goblet cells (GC).
Note the mitotic figures (ar-
row heads) at the crypt cells.
The muscularis mucosa sep-
arates the crypts from the
submucosa (SM). (H&E X400)

Fig. 8 : Photomicrographs of the jejunum of FU1 group). A: The villi (V) are

short and some are broad. The epithelium is detached from the lamina
propria (arrow heads) and the crypts (C) are apparently reduced in
number and depth. B: Shows a short broad and blunt villus with heavy
inflammatory cell infiltrate (I) in its core. The lamina propria appears
detached in some areas (arrow heads). (H & E: A, X100; B, X400)
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Fig. 4 : A photomicrograph of the jeju-

num of FU1 group. The sur-
face epithelium is extensively
detached from the lamina
propria (arrow heads). There
is an apparent decrease in
the height of columnar ab-
sorbing cells (crossed ar-
rows). Cellular infiltrate (I) is
seen in the core of the villi.

(H&E X400)

Fig. 5 : A photomicrograph of the jeju-

num of FUl group showing
apoptotic bodies (arrows) at
the lower part of the crypt.

(H&E X1000)

: Photomicrographs of the jejunum of FU3 group. A: Shows villi shorten-

ing and extensive sloughing of the surface epithelium into the lumen
(arrows) leaving denuded villi. B: Higher magnification of Fig. (A).The
columnar absorbing cells are either reduced in height (arrows) or en-
larged with pale vacuolated cytoplasm and pale nuclei (crossed arrows)
or sloughed into the lumen (arrow heads). Note the excessive cellular
infiltration (I) in the villi cores. (H&E: A, X100; B, X400)
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Fig. 7 : A photomicrograph of the jeju-
num of FU3 group showing
an area with complete loss of
the villi and sloughing of the defined. The crypt cells (ar-
epithelium (arrows). The rows) are enlarged with pale
crypts (C) are short and dis- vacuolated cytoplasm and
torted. (H&E X400) pale stained nuclei.

(H&E X400)

Fig. 8 : A photomicrograph of the jeju-
num of FU3 group. The
crypts (C) are few and ill-

Fig. 9 : Photomicrographs of the jejunum of Omegal group. A-B: The overall
histological structure is preserved and shows nearly normal appear-
ance. Intact shape and structure of the villi (V) and crypts (C)

(H&E: A&B, X400)

48



Benha M. J.

Vol. 29 No 3 Sept. 2012

Fig. 10 : Photomicrographs of the jejunum of Omega 3 group. A: The villi show

intact surface epithelium, slight reduction in height in some cells (ar-
rows) and slightly detached lamina propria (arrowheads). The core of
the villi shows cellular infiltration (I). B: The cells lining the crypts (C)
are intact, few cells are large and pale (crossed arrows).

Fig. 11 : An electron micrograph of

the control rat jejunal muco-
sa. The columnar absorbing
cells have apical microvilli
and basal oval nuclei (ON).
The goblet cell has an apical
part distended with mucous
globules (MG) and a thin ba-
sal part containing the nucle-
us (N). Some mucous globules
show electron dense cores
(arrows). Intraepithelial lym-
phocytes (L) are seen

(TEM X1000)

(H&E: B&C, X400)

Fig. 12 : An electron micrograph of

the control rat jejunum. The
neighboring absorbing cells
are firmly attached near the
luminal surface by junctional
complexes consisting of zonu-
la occludens (ZO), zonula ad-
herens (ZA) and desmosomes
(D). Lateral interdigitations
(arrow heads) are also seen
between the cells. rER Cister-
nae (crossed arrows), mito-
chondria (M), few lysosomes
(curved arrows) and free ribo-
somes (arrows) are present in
the cytoplasm. Note the ter-
minal web (TW) under the mi-
crovilli (TEM X 4000)
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Fig. 13 : An electron micrograph of an

enteroendocrine cell of control
rat jejunum. The cell has a highly
vesicular nucleus (N) with a
prominent nucleolus (Nu). The cy-
toplasm contains mitochondria
(M), rER (arrows) and small,
round basal granules which are
either electron dense (arrow
heads) or have electron lucent
cores (crossed arrows).

(TEM X4000)

Fig. 15 : An electron micrograph of

FU3 jejunum showing disturbed
cell architecture. The intercellular
spaces (IS) are markedly widened
but the cells are still bound to
each other by cytoplasmic exten-
sions (arrow heads). Areas of par-
tial or complete loss of microvilli
(arrows) and many lysosomes
(crossed arrows) are observed in
the columnar absorbing cells
(CC). (TEM X1000)

Fig. 14 : An electron micrograph

showing a Paneth cell with vesic-
ular nucleus (N) and prominent
nucleoli (Nu). The cytoplasm con-
tains Large spherical electron
dense granules (G) with clear ha-
los indentjng the nucleus. rER
cisternae, mitochondria (M) and
lysosomes (arrow heads) are also
seen.

(TEMX 2500)

Fig. 16 : An electron micrograph of

FU3 jejunum. Two absorbing
cells completely devoid of micro-
villi are seen (Arrows). Cytoplas-
mic vacuolations (V), increased
lysosomes (crossed arrows), pyk-
notic nucleus (N) and widened in-
tercellular spaces (arrow heads)
are observed. (TEM X1500).

50



Benha M. J.
Vol. 29 No 3 Sept. 2012

Fig. 17 : An electron micrograph of Fig. 18 : An electron micrograph of

FU3  jejunum. The absorbing
cells show extensive lateral inter-
digitations (ID), dilated vesiculat-
ed and partially degranulated rER
(arrow heads) and mitochondria
(M) with few and disintegrated
cristae. (TEM X5000).

Fig. 19 : An electron micrograph of

FU3 jejunum. A goblet cell is
seen opening into the lumen (L).
It appears depleted of mucous;
only few electron dense mucous
globules are seen (arrows). The
cytoplasm contains dilated rER
cisternae, vacuoles (crossed ar-
rows) and many lysosomes (arrow
heads). (TEM X2500).

FU3 jejunum. Many lysosomes
(arrows) and swollen mitochon-
dria are observed in the columnar
absorbing cell cytoplasm. (arrow
heads). The swollen mitochondria
have few, short and disintegrating
cristae. (TEM X 2500).

. 20 : An electron micrograph of an

enteroendocrine cell of FUS3
group. Cytoplasmic vacuolations
(V) and autophagic vacuoles (AV)
containing degenerated mitochon-
dria and other damaged orga-
nelles are seen. TEM X3000)
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Fig.

Fig.

21 : An electron micrograph of
FU3 jejunum showing a Paneth
cell (PC) and an adjacent colum-
nar cell (CC). The Paneth cell
shows dilated (crossed arrows)
and vesiculated TrER (arrow
heads), large lysosomes (L) and
swollen degenerated mitochon-
dria (M). The columnar cell has a
pyknotic nucleus (N) with a very
wide perinuclear space (arrows),
dilated vesiculated rER (arrow
heads) and swollen mitochondria
(M) with disintegrated cristae.
(TEM X2500)

23 : An electron micrograph
showing the columnar absorbing
cells of omega3 jejunum, normal
Lateral interdigitations (arrows)
and slight widening of intercellu-
lar spaces (arrow heads). Pre-
served intact mitochondria (M)
and rER cisternae (crossed ar-
rows) are seen. (TEM X3000)

Fig.

22 : An electron micrograph of
Omega3 jejunum showing more
or less intact structure. The co-
lumnar absorbing cells (CC) con-
tain intact organelles and intact
microvilli (MV). An enteroendo-
crine cell (EE) shows small dense
granules (arrow heads) and few
vacuolation in the cytoplasm
(crossed arrows).

(TEM X1500)

24 : An electron micrograph of
omega3 jejunum. The columnar
absorbing cells (CC) show pre-
served microvilli (MV) and some
lysosomes (arrows).The goblet cell
is distended with mucous glob-
ules (MG) and contains intact
rER cisternae (arrow heads). Note
the minimal widening of the inter-
cellular space (crossed arrows).

(TEM X1500)
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Fig. 25 : An electron micrograph of a

jejunal Paneth cell of omega3
group. The cytoplasm contains
intact mitochondria (M); some
show partial cristolysis (arrow
heads). Intact rER cisternae and
lysosomes (L) are also seen. There
is slight widening of intercellular
space (IS).
(TEM X2500)

Fig. 26 : The mean villus height (in

micrometer) of rat jejunum in dif-
ferent groups. (*) significant dif-
ference between FU and control
groups. (**) significant difference
between Omega and FU groups.

Fig. 28 : The apoptotic index of rat je-

junum in different groups. (*) sig-
nificant difference between FU
and control groups. (**) signifi-
cant difference between Omega
and FU groups.

Fig. 27 : The mean crypt depth (in mi-

crometer) of rat jejunum in differ-
ent groups. (*) significant differ-
ence between FU and control
groups. (**) significant difference
between Omega and FU groups

. 29 : The mitotic index of rat jeju-

num in different groups. (*) signif-
icant difference between FU and
control groups. (**) significant dif-
ference between Omega and FU
groups.
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Discussion
In the present work, the histo-
logical structure of the small in-
testine of the control rats exam-
ined with the light and electron
microscopes revealed similar
structures as those mentioned in

literature (19),

The
marked histological changes in

present study revealed
the rat jejunum following fluorou-
FU1

group, light microscopic examina-

racil administration. In
tion showed marked detachment
of the surface epithelium from the
lamina propria. A similar finding
has been reported in the rat small
intestine after direct irradiation
and was suggested to be due to
the presence of oedema between
the villus columnar absorbing
cells and the stroma (20), Shorten-
ing, blunting and broadening of
the villi and apparent reduction in
the number and depth of the
crypts were also observed in FU1
and FU3 groups. Moreover, Loss
of surface epithelium, marked ex-
foliation and denudation of the vil-
li, and areas with complete villus
loss were markedly observed in
FU3 group. Statistically, a signifi-
cant decrease in the mean villus

height was recorded in both FU1

and FU3 groups compared to con-
trol rats. However, the maximum
in FU3

group. A significant decrease in

reduction was found
the mean crypt depth was also re-
corded in both groups compared
to the controls. These results are
in accordance with those reported
5-FU
has been found to cause villus

in previous studies(21,22),

shortening and blunting and to
reduce crypt length in rat jeju-
num(2l), Destruction, exfoliation
of the villi tips and degeneration of
surface epithelium has been also
reported, 12 and 24 hours follow-
ing methotrexate chemotherapy in

rats (22),

Light microscopic examination
in the current study also revealed
morphological alterations of the
columnar absorbing cells in FU3
group. Some cells were reduced in
height, others appeared pale and
vacuolated with pale nuclei. Such
shortened villi covered with flat-
tened and vacuolated cells were
previously described in 5-FU in-
duced mucositis(16).  Moreover,
heavy cellular infiltration was
markedly seen in the lamina pro-
This
heavy cellular infiltration may be

pria in both FU groups.

due to the increase in the proin-
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flammatory cytokines TNFa and
IL-1b concentrations after 5-FU
administration (23),

One day after 5-fluorouracil in-
jection (FU1 group), Haematoxylin
and Eosin stained sections of the
jejunum showed numerous apop-
totic bodies at the lower parts of
the crypts. This was confirmed
statistically by a significant in-
crease in the apoptotic index in
this group compared to the con-
trol. Meanwhile, a significant de-
crease in the mitotic index of crypt
cells has been recorded in FUIl
group compared to the control, in-
dicating mitotic inhibition. A sig-
nificant decrease in the mitotic
index was also observed three
days after FU administration
(FU3 group); however, the maxi-
mum reduction was at the first
day. Intense apoptosis has been
previously reported on the first
day following 5-FU administration
and was linked to mitosis reduc-
tion in the intestinal crypts of the

rats (16),

The crypts of Lieberkuhn are
the proliferative zones of the intes-
tine. The actual stem cells are lo-
cated in cell positions 4-6 up from

the base of the crypts i.e. above
Paneth cells(24),
apoptotic bodies at the lower part
in the

present study, most probably cor-

The presence of

of the crypts, observed
responds to the location of the
stem cells. 5-FU has been found
to act primarily at the level of the
stem cells in the small intestinal
crypts and the apoptosis was most
prominent in the same zone (25),

Several mechanisms may be in-
volved in 5-FU induced apoptosis.
In the initial stages of mucositis;
inhibition of DNA synthesis, DNA
damage and production of reactive
oxygen species by chemotherapy
impair the metabolism within the
rapidly dividing progenitor cells
and cause inhibition of mitosis
and increased apoptosis(8:26),
This might explain the increased
apoptosis and mitotic inhibition
observed in the current study. It
was demonstrated that the early
apoptotic response of 5-FU may be
P53 mediated as it induces maxi-
mal p53 expression in the intesti-
nal crypts after 24 h of treatment
and declines thereafter(27), Moreo-
ver, the role of nitric oxide (NO) in
the pathogenesis of 5-FU induced
mucositis and apoptosis has been
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postulated(28).  NO can induce
apoptosis in various cell types in
association with p53 and expres-
sion changes in Bcl-2 family mem-

bers(29),

The increased apoptotic index
and reduced mitotic index with
the consequent loss of cells from
the villi and crypts may explain
the observed signs of mucosal
damage. The present results are
in agreement with those of previ-
ous researchers who found that
following 5-FU, the stem cells in
the crypts were prevented from
subsequent replication, due to
loss by apoptosis as well as cy-
tostasis resulting from mitotic
inhibition. The end results were
lowered villi and crypts cellular-
ity which was accompanied
with loss of villus and crypt area,
disappearance of the crypts over
the first 2-3 days post treatment
and shortening of the villi and
crypts(27). It has been mentioned
that,

the stem cells are damaged and

following chemothera-py,
no longer divide or differentiate
into specific cell lineages. Cell re-
newal is affected by this process,
and the villus mucosa is not re-
placed, leading to a rapid loss of

structure and function (8),

Electron microscopic examina-
tion of FU3 group demonstrated
disturbance of intestinal cell ar-
chitecture with marked widening
of intercellular spaces. Similar
findings were previously described
in the small intestine of patients
receiving  methotrexate chemo-
therapy(®0) and also in rats ex-
posed to irradiation31). It was ex-
plained that ionizing irradiation
causes breakdown of tight junc-
tions and loosens the contact of
intestinal epithelial cells with each

other (32),

Marked ultrastructural chang-
in FU3
group. The columnar absorbing

es were also observed

cells showed areas of partial or
even complete loss of microvilli,
cytoplasmic  vacuolations, in-
creased lysosomes, dilated vesicu-
lated and degranulated rER; and
swollen mitochondria with few
The

nuclei were pyknotic in some cells

short disintegrated cristae.

and may show widened perinucle-
ar spaces. The goblet cells ap-
peared depleted of mucous with
dilated rER, vacuoles and many

lysosomes. The enteroendocrine
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cells showed cytoplasmic vacuola-
tions and autophagic vacuoles.
Paneth cells contained dilated, ve-
siculated rTER and swollen degen-
erated mitochondria. Similar ul-
trastructural changes have been
described in the absorbing cells of
patient's jejunal biopsy specimens
24-72 hours following methotrex-
ate (30), It was suggested that the
resulting cystic spaces from the
dilated organelles gave rise to the
degenerative vacuolar appearance.
This may explain the vacuolated
appearance of the cells observed
in the present study. Two mecha-
nisms may be involved in such
changes: an early direct toxic ef-
fect on the mature enterocyte,
coupled with interference with

crypt cell generation, possibly

causing aging of cells (30),

The increase in reactive oxygen
species which is known to be an
early response following chemo-
therapy may explain the mito-
chondrial damage in the epithelial
cells. Supporting this concept, it
has been found that, following ir-
radiation, the concentration of re-
active oxygen species greatly in-
creases and the products of lipid
peroxidation accumulate, result-

ing in alterations in the structure
and function of mitochondria in ir-
radiated cells (33).

The jejunum of omega-3 treat-
ed rats exhibited less mucosal
damage compared to the FU treat-
ed animals. The structure was
more or less preserved with rela-
tively intact appearance. However,
minimal changes were observed in
Omega 3 group with light micros-
copy. These changes included
minimally detached lamina pro-
pria, little cellular infiltration and
the presence of some enlarged
pale cells in the crypts. Similarly,
it has been found that lyprinol (a
marine oil rich in omega-3 fatty
acids) provided some protective ef-
fect on 5-FU induced mucositis by
the

scores (17). Moreover, the effect of

lowering damage severity
fish oil in rats with experimentally
induced colitis was assessed (34),
An improvement of the inflamma-
tory changes in the colonic archi-
tecture and reduction in tissue
damage scores were reported in

these rats.

The present work revealed a
significant decrease of apoptotic
index in Omegal compared to FU1
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group, suggesting a protective ef-
fect of omega-3 fatty acids against
apoptosis. This result comes in
agreement with a previous study
that reported a significant de-
crease in the number of apoptotic
figures in the duodenal crypts fol-
lowing consumption of AAFA (an
omega-3 product containing total
of 55% EPA + DHA) prior to and
during irinotecan chemotherapy
in mice. It was suggested that
omega-3 fatty acids have a role in
protection of the intestine from ge-
nomic damage resulting in pro-

grammed cell death (35),

Comparing the other morpho-
metric parameters of the Omega
and FU groups revealed a signifi-
cant increase in the mean villus
height, crypt depth and mitotic in-
dex in Omegal and Omega 3
groups, compared to the corre-
sponding FU groups, suggesting a
protective  effect of
against the 5-FU induced damage.

omega-3

Moreover, the higher mitotic index
and crypt depth in Omega-3 group
indicate a sooner and faster recov-
ery. Similarly, it was found that
docosahexaenoic acid (DHA) has a
protective effect and prevented the
negative action of 5-FU on the

ileal mucosal morphometry (villus
and crypt length) (36), In addition,
lyprinol has been found to in-
crease intestinal crypt depth and
cell proliferation in rats receiving
lyprinol with 5-FU. The increased
cell proliferation was thought to
be due to the high omega-3 fatty
content of lyprinol(17). The stimu-
latory effect of omega-3 on intesti-
nal epithelial cell proliferation may
explain the increased intestinal
mitotic activity and improved in-
testinal histology observed in ome-
ga-3 treated rats in our study.

Ultrastructural examination of
Omega 3 group in the current
study confirmed the protective ef-
fect of omega-3 fatty acids ob-
served by light microscopy. Mini-
mal widening of intercellular
spaces was found. Both absorbing
cells and goblet cells showed in-
tact structure. The enteroendo-
crine cells and Paneth cells ap-
peared intact except for few
vacuolations and some mitochon-
dria with partial cristolysis. A pre-
vious study has shown that ad-
ministration of fish oil omega-3
treated the

structure in a rat model of in-

completely colonic

duced colitis. In omega-treated
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rats, as in the present study, the
enterocytes had preserved apical
brush border, the nuclei appeared
normal, the mitochondria and in-
tercellular junctional complexes
were intact and the goblet cells
were distended with mucinogen
granules (37),

The protective action exerted by
omega-3 fatty acids on the intesti-
nal structure can be explained by
several mechanisms which may
act together to ameliorate the
damage induced by 5-FU. One of
these mechanisms, is their anti-
inflammatory properties. Omega-3
fatty acids compete with arachi-
donic acid and inhibit the pro-
inflammatory eicosanoids PGE2 &
LTB4 production. The eicosanoids
alter the absorptive and secretory
functions of the intestine and act
as chemotactic factors to leucocy-
tes and neutrophils into the mu-
cosa with subsequent tissue dam-
These fatty
produce eicosanoids with anti-

age. acids also
inflammatory actions and inhibit
the production of inflammatory
cytokines TNF, IL1& IL6 (34&38).
Omega-3 fatty acids are also ori-
gin of other anti-inflammatory
lipid mediators known as resol-

vins and protectins that have
an impact on resolution, by an-
tagonizing the pro-inflammatory
mediators and actively promoting
the return to health (39). Another
the
activity of omega-3 fatty acids

mechanism is antioxidant
through scavenging free radicals
and inhibiting lipid peroxida-
tion(13), In addition, incorporation
of omega-3 fatty acids into mem-
brane phospholipids promote mor-
phological mucosal integrity and
contribute to the regulation of
transduction signals through the
effect of some phospholipids on
the activation of enzymes involved
in intracellular signaling such as
protein kinase C (40),

the
study demonstrates that omega-
3 fatty
small

In conclusion, present
acids can protect the
intestine from 5-FU cyto-
the
ciated injury and fastens recov-

toxicity, ameliorates asso-
ery. It is highly recommended for
cancer patients receiving chemo-
therapy to take omega-3 fatty ac-
ids as a potential pharmacologic
therapy for prevention and treat-
ment of chemotherapy-induced in-
testinal mucositis and associated

damage.
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Abstract

Background: One of the main toxic side effects of methotrexate
(MTX) treatment is intestinal mucositis. MTX induced inestinal mucosi-
tis may lead to its dose reduction or withdrawal.

Aim of work: This study was designed to evaluate the protective ef-
fect of ascorbic acid and/or curcumin administraion in methrotrexate
induced acute intestinal injury by histological, histochemical, and ultra-
structural methods.

Material & Methods: Fifty male albino rats have been used in his
study. They were divided into five groups. Group I: control group. Group
1I: given methotrexate for 3 days. Group III: given methotrexate for 3
days and ascorbic acid for 2 weeks before methotrexate treatment.
Group IV: given methotrexate for 3 days and curcumin for 2 weeks be-
fore methotrexate treatment. Group V: given methotrexate for 3 days &
ascorbic and curcumin for 2 weeks before methotrexate treatment. Sec-
tions from the jejunum of each rat was processed and used for light and
electron microscopic examination to study the effects on the mucosa.

Results: The jejunal mucosa of methotrexate treated albino rats
showed a severe form of mucositis. Broadening, fusion of the villi and
oedema, inflammatory infiltration in both the corium and submucosa
were clearly observed. The alkaline phosphatase reaction was weak or
negative in the brush border of the columnar abrsorptive cells of the
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disrupted villi. Electron microscopic examination revealed severe form

of cytopathy in these cells. This was in the form of loss of most of the

microvilli which were abnormally short or long. Their cytosol showed

abnormal shaped mitochondria and dilated sER. The histological archi-

tecture in the jejunum of group V was nearly unaffected (similar to con-

trol group) but group III and IV were partially affected.

Concluslon: The structure of jejunal mucosa is affected by treatment

with MTX. Pretreatment with both ascorbic acid and curcumin simulta-

nously for 2 weeks before MTX could relieve MTX mucositis more effec-

tively than when one of them is being used alone.

Introduction

Fifty male albino rats ranging
from 140 to 180 gm body weight
have been used in this study.
They were given laboratory food
and water ad-libitum . They were
divided into five groups (ten ani-
mals each).

I. Experimental animals

Group I: It represents the con-
trol group where the rats were giv-
en water by intra-gastric intuba-

tion.

Group II: Its rats were given
methotrexate (2.5 mg/kg /d)1)
orally and for 3 days.

Group IOII: Its rats were given
methotrexate (as in Group II) and
ascorbic acid (150 mg/kg/d)(7), by
intra-gastric intubation, daily for

2 weeks before methotrexate treat-
ment.

Group IV: Its rats were given
methotrexate (as in Group II) and
curcumin (100 mg/kg/d), orally,
by intra-gastric intubation daily
for 2 weeks before methotrexate
treatment(10),

Group V: The rats were given
methotrexate (as in Group II) &
ascorbic acid (as in Group III) and
curcumin (as in Group IV).

Methotrexate obtained
from Sanofi Aventis Company in
the form of Methotrexate 2.5 mg
tablet & dissolved in distilled wa-
ter and was given by intra-gasric
intubation (2.5 mg/kg /d). Giving
methotrexate at a higher dose or

was

for a prolonged duration led to
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death of the animals.

Ascorbic acid was obtained
from Glaxo Company in the form
of Vitamin C SR 500 mg capsules
& dissolved in distilled water and
was given by intra-gasric intuba-
tion (150 mg/kg/d).

Curcumin was obtained as a
natural herbal powder. It was pur-
ified dissolved in distilled water
and was given orally, by intra-

gastric intubation (100 mg/kg/d).

At the time of sacrifice, the rats
were anaesthetized by IP injection
of 50mg/kg pentobarbital. In each
rat the jujenum was dissected;
from which, three slices were ob-
tained; the first was used for the
paraffin section preparation and
the second for frozen section prep-
aration while the third slice was
used for preparation of sections
for the electon miroscopic study.

II. The staining techniques:
1. Paraffin

with Hematoxylin and eosin : for

sections stained
routine histological study (11&12),

2. Cryocut frozen sections will
be incubated for assessment of al-

kaline phosphatase enzyme activi-
ty (13),

3. Fine fragments will be pro-
cessed to prepare semithin and ul-
trathin sections for transmission
electron microscopic examination
(TEM) (14).

- Sections for transmission
electron microscopy were exam-
ined in the Electron Microscope

Unit in Alexandria University.

Results
1. Control group :
Hematoxyline and eosin
stained sections of the jejunal mu-
cosa of control albino rats re-
vealed that the epithelium cov-
ered the villi and lined the crypts.
Each villus was covered by colum-
nar absorping cells and goblet
cells and its core was formed of
thin layer of loose connective tis-
sue . The brush border of colum-
nar cells was acidophilic and
showed strong positive alkaline
phosphatase reaction and the epi-
thelium lining the crypts showed
frequent mitotic figures and intra-

epithelial leucocytes (Fig.1&2&3).

By the electon microscope the
columnar absroptive cells showed
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cylindrical mitochondria, rough
endoplasmic reticulum (rER) and
less frequent smooth endoplasmic
reticulum (sER) in the herteoge-
nous area of supranuclear cytosol.
Their nuclei were basal and vesic-
ular. The top surface of the co-
lumnar absroping cells was cov-
ered by numerous microvilli.
Goblet cells were detected with
the characteristic honey comb ap-
pearance of the mucus globules in
the expanded apical part, basal
flattend nucleus in the bottom.
Mucous secretion was evident at
the free border of the goblet cells

(Fig. 4).

2. Second group (rats treated
with methotrexte per se):

The jejunal mucosa of methot-
rexate treated albino rats showed
a severe form of mucositis.
Broadening, fusion of the villi, oe-
dema and inflammatory infiltrate
in both the corium and submuco-
sa were clearly observed. Other
findings were seen as : crypt dis-
ruption & atophy of the villi with
denudation of the epithelium cov-
ering the villi and lining the crypts

(Fig. 5).

Fresh frozen section in the jeju-

nal mucosa of methotrexate treat-
ed albino rats showed weak to
negative alkaline phosphatase re-
action in most of the brush border
of the columnar abrsorping cells
of the disrupted villi (Fig. 6).
Electron microscopic examina-
tion of wultrathin sections of the
jejunal mucosa of methotrexate
treated albino rats revealed severe
form of cytopathy in the columnar
in the

form of loss of most of the micro-

absroping cells. This was

villi, abnormally short or long mi-
crovilli. The sER was widely dilat-
the
heterogenous group of abnormal

ed and cytosol showed
shaped mitochondria.In addition
,the cytosol revealed some profiles
of abnormal shaped rER with few
vacuoles. The lateral borders were

disrupted (Fig. 7).

8. Third group (rats treated
with methotrexte and ascorbic
acid):

Hematoxyline

and eosin

stained sections in the jejunal
mucosa of methotrexate and as-
corbic acid treated animals
showed mildly disrupted broad
villi with elevation of the overlying
epithelium in most fileds while

others were nearly normal. A rela-
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tive increase in intraepithelial leu-
cocytes together with appearance
of frequent mitotic figures in some
fields were observed when com-
pared to group II (Fig. 8).

Most of the columnar abrsorp-
ing cells covering the villi showed
an alkaline phosphatase reaction
that was nearly similar to the con-
trol group (Fig. 9).

Electron microscopic examina-
tion of wultrathin sections of the
jejunal mucosa of methotrexate
and ascorbic acid treated animals
showed mild degree of cytopathy.
Fewer mitochondria with abnor-
mal shape were observed while
many others were normal in most
Also

mild distortion of the arrangement

columnar absroping cells.

of mucous globules was obse-
reved. Some of the mucous glob-
ules were discharged while other
were still stored (Fig. 10).

4. Fourth group (rats treated
with methotrexte and curcu-
min):

Hematoxyline and eosin
stained sections in the jejunal mu-
cosa of methotrexate and curcu-

min treated albino rats revealed

relatively normal villi apart from
that they were short and broad .
Mild dilatation of the subepithelial
connective tissue space together
with presence of some goblet cells
were detected (Fig. 11).

The brush border of the sur-
face of the columnar abrsorping
cells showed moderate alkaline

phosphatase reaction in most
cells covering the villi and lining

the crypts (Fig. 12).

Electron microscope examina-
tion of wultrathin sections of the
jejunal mucosa of methotrexate
and curcumin treated albino rats
revealed that the columnar ab-
sroping cells had a mild degree of
cytopaty.Their  microvilli were
slightly distorted in shape.The cy-
tosol of them shows numerous
rER and few mildly dilated sER

(Fig. 13).

5. Fifth group (rats treated
with methotrexte & ascorbic
acid and curcumin):

Hematoxyline

and eosin

stained sections in the jejunal
mucosa of methotrexate & ascor-
bic acid and curcumin treated al-

bino rats showed very little affec-
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tion of jejunal villi and crypts.
They were covered by intact epi-
thelium formed of columnar ab-
sorping cells with intact brush
border in addition to nearly nor-
mal percentage of goblet cells
(Fig. 14).

The brush border of the colum-

nar abrsorping cells showed

strong positive alkaline phospha-
tase reaction both in most cells

covering the villi as well as in

cells lining the crypts (Fig. 15).

Electron micrograph of the co-
lumnar absroping cells in the jeju-

Fig. (1) : A photomicrograph of paraffin
section of the jejunal mucosa of a
control albino rat.The jejunal villi
(V) are covered by columnar cells
(arrows) and goblet cells(G) with
occasional intraepithelial leucocy-
tes(L). The core of the villi is
formed of thin layer of loose con-
nective tissue (CO). The brush
border is more acidophilic and is
visible at top of the covering epi-
thelium. (Hx,Ex400)

nal mucosa of methotrexate & as-
corbic acid and curcumin treated
albino rats revealed slight degree
of the cytopathy. The columnar
absroping cells had numerous in-
tact well fromed microvilli at the
top surface. The nuclei of these
cells were vesicular with copious
amount of euchromatin and nu-
clear sap. Frequent nondilated
sER and rER were detected. More-
over, in the lateral borders of the
cells the contact between them
was intact and not disintegrated.
Enclosed between columnar ab-
sroping cells, various forms of
goblet cells were seen (Fig. 16).

Fig. (2) : A photomicrograph of paraffin
section in the jejunal mucosa of a
control albino rat.The epithelium
of the crypts of Lieberkuhn shows
frequent mitotic figures(Mf) and
frequent intraepithelial leucocy-
tes (L). (Hx,E x 1000)
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Fig. (3) : A photomicrograph of fresh fro-

zen section in the jejunal mucosa
of a control albino rat. The brush
border of the columnar abrsorping
cells shows strong positive alka-
line phosphatase reaction (arrows).

(Alkaline phosphatase x 400)

Fig. (4) : An electron micrograph of co-

lumnar absroping cells and an ad-
jacent goblet cell in the jejunal
mucosa of a control albino rat. The
columnar absroping cell shows
abundant cylindrical mitochondria
(M) , rough endoplasmic reticulum
(rER) and nondilated smooth en-
doplasmic reticulum (sER). The top
surface is covered by numerous
microvilli (MV). Goblet cell shows
the characteristic honey comb ap-
pearance of the mucus globules
(MG) in the expanded apical part
and basal flattend nucleus in the
bottom. Mucous secretion is evi-
dent at the free border of the goblet
cells. (TEM x 3000)

Fig. (5) : A photomicrograph of paraffin

section in the jejunal mucosa of
methotrexate treated albino rat .It
shows broadening (B) , fusion(F)
of the villi and oedema , inflam-
matory infiltrate (crossed heads)
in both the corium and submuco-
sa. The crypts show disruption
(arrow heads). ( Hx,E x 250)

Fig. (6) : A photomicrograph of fresh fro-

zen section in the jejunal mucosa
of methotrexate treated albino
rat.It shows weak to negative Al-
kaline phosphatase reaction in
most of the brush border of the
columnar abrsorping cells of the
disrupted villi (arrows).

(Alkaline phosphatase x 400)

71



Sanaa A. El-Sherbiny, et al....

Fig. (7) : An electron micrograph of co-

lumnar absroping cell in the jeju-
nal mucosa of a methotrexate
treated albino rat. It shows loss of
most of the microvilli (MV), The cy-
tosol shows many abnormal
shaped mitochondria (M). Widely
dilated sER and few vacuoles (V)
are seen. (TEM x 5000)

Fig. (8) : A photomicrograph of paraffin

section in the jejunal mucosa of
methotrexate and ascorbic acid
treated albino rat. It shows a rela-
tive increase in intraepithelial leu-
cocytes (L) together with appear-
ance of frequent mitotic figures
(Mf).Mildly disrupted broad villi
with elevation of the overlying epi-
thelium in most fileds are shown.

(Hx,E x 400)

Fig. (9) : A photomicrograph of fresh fro-

zen section in the jejunal mucosa
of methotrexate and ascorbic acid
treated albino rat. The brush bor-
der of most of the columnar abr-
sorping cells covering the villi
show strong positive Alkaline
phosphatase reaction.

(Alkaline phosphatase x 400)

Fig. (10) : An electron micrograph of goblet

cell in the jejunal mucosa of me-
thotrexate and ascorbic acid
treated albino rat.It shows mild
distortion of the arrangement of
mucous globules. Some of the
these globules (MG) are dischrged
while other are still stored . The
adjacent columnar absroping
cells show few mitochondria (M)
with abnormal shape while many
are normal. (TEM x 2500)
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Fig. (11) : A photomicrograph of paraffin
section in the jejunal mucosa of
methotrexate and curcumin treat-
ed albino rat . It shows a relatively
normal villi (V) apart from the dilat-
ed subepithelial space (arrows).

(Hx,E x 400)

Fig. (12) : A photomicrograph of fresh fro-
zen section in the jejunal mucosa
of methotrexate and curcumin
treated albino rat. The brush bor-
der of the surface of the columnar
abrsorping cells shows moderate
Alkaline phosphatase reaction.

(Alkaline phosphatase x 250)

Fig. (138) : An electron micrograph of co-

lumnar absroping cells in the jej-
unal mucosa of methotrexate and
curcumin treated albino rat
They show mild degree of cytopa-
thy. Their cytoplasm are rich in
both in rER and mildly dilated
sER profiles. Their microvilli are
slightly distorted in shape.
(TEM x3000)

Fig. (14) : A photomicrograph of paraffin

section in the jejunal mucosa of
methotrexate & ascorbic acid and
curcumin treated albino rat. The
villi are covered by intact epitheli-
um formed of columnar absorp-
ing cells (arrows) with intact
brush border (arrow heads) in ad-
dition to goblet cells (G) and in-
traepithelial leucocytes (L).

(Hx,E x 400)
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Fig. (15) : A photomicrograph of fresh fro-
zen section in the jejunal mucosa
of methotrexate & ascorbic acid
and curcumin treated albino rat .
The brush border of the columnar
abrsorping cells show strong reac-
tion in most cells covering the villi
(arrows ) and lining the crypts (ar-
row heads).

(Alkaline phosphatase x 400)

Discussion

The jejunal mucosa of methot-
rexate treated albino rats showed
a severe form of mucositis
Broadening, fusion of the villi &
oedema and inflammatory infil-
trate in both the corium and sub-
mucosa were clearly observed.
Other findings were seen as
crypt disruption & atophy of the
villi with denudation of the epi-
thelium covering the villi and lin-
ing the crypts. Similar results
were obtained by(1&15].

Fig. (16) : An electron micrograph of the
columnar absroping cells in the jeju-
nal mucosa of methotrexate & ascor-
bic acid and curcumin treated albino
rat. The columnar absroping -cells
show numerous intact well fromed
microvilli (MV) at the top surface. The
nuclei of these cells are vesicular and
nondilated sER is detected. Moreover,
in the lateral borders (arrows) be-
tween cells are intact and not disinte-
grated. Enclosed between columnar
absroping cells, various forms of gob-
let cells are seen; one of them is dis-
charging its mucus secertion; other is
expanded by a more electron dense
mucus globules in the expanded api-
cal part (MG). Connective tissue cells
in the corium having vesicular central
nuclei (Nu)are seen just below the epi-
thelium. (TEM x2000)

It is postulated that MTX alters
intestinal mucosa and protein me-
tabolism in a specific manner that
lead to a decrease of protein syn-
thesis, in particular mucin pro-
duction, and an increase of prote-
olysis mediated by
This might partially
explain the changes occurred in

lysosomal
pathway(1).

the mucosa after MTX treatment.
Other authors(16&17&18&19) g¢.
tributed the main MTX effects to
the
its oxidant effect. On the other

free radicals produced from
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hand,(20&21) postulated that acti-
vation of the apoptotic pathways
was the main mechanism involved
in MTX induced mucositis.(15)
claimed that MTX treatment for 3
day changed small bowel function
by disrupting intestinal permeabil-
ity and inducing electrolyte secre-
tion in parallel with substantial
histological damage.

The jejunal mucosa of methot-
rexate and ascorbic acid or me-
thotrexate and curcumin treated
animals showed mildly disrupted
short broad villi with elevation of
the overlying epithelium in most
fileds while others were nearly
normal. This was in agreement
with(7)
treatment with ascorbic acid sig-

who reported that pre-
nificantly decrease DNA damage
in the crypt cells and prevented
denudation of intestinal mucosa.
He added that the up-regulated
expressions of apoptosis-related
genes in the small intestine, are
down-regulated in ascorbic acid-
pretreated mice before induced
enteritis.

The anti-inflammatory effect of
curcumin were described by(5]
who reported that a significantly

decreased MTX induced disease
activity, histological severity and
lowered activities of lactate,
ICAM-1 and MPO in comparison
with the MTX treated animals .
They added that curcumin may

offer protective effects against
MTX-induced rat enteritis by low-
ering the intestinal mucosal
permeability.

Curcumin had been reported to
inhibiting
apoptosis as postulated by(10)

relieve enteritis by
who reported that a daily protec-
tive dose of 100 mg/kg of curcu-
min showed a few apoptotic bod-
ies in radiation induced enteritis.
Moreover, curcumin is said to
have anti-inflammatory effect by
which it reduced edema and the
prominent infiltration of neutroph-
ils and plasma cells. Thus, it is
proposed that curcumin may be
useful in the releave of organ dys-
function associated with local or
systemic inflammation(22),

Many authors had attributed
the
min to the global gene expres-

chemoprevention of curcu-

sion profiles elicited by curcu-

min in mouse small intestine.

They postulated that curcumin-
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regulated nuclear factor E2-
related factor 2 (Nrf2) - dependent
genes regulate many detoxification
/ antioxidant enzyme(23). On the
other hand,(24) claimed that, the
inhibition of NF-kappaB by using
curcumin resulted in a partial
amelioration of villous atrophy
normally seen in the small intes-
tine upon MTX treatment which
causes MTX-induced mucosal bar-

rier injury.

Goblet and paneth cells were
also intact in most fields in both
third and fourth group. A relative
increase in the goblet cells & pan-
eth cells if compared to the second
group were also detected. Similar
results were reported by!29) who
said that there was a selective
sparing of goblet cells and paneth
cells in the intestine after MTX in-
duced mucsoitis. They added that
this sparing is likely to contribute
to epithelial defense during in-
creased vulnerability of the intesti-
nal epithelium. On the other
hand,(26) have reported that MTX
induced a mild goblet cell deple-
tion in the small intestine dur-
ing a 4-day period of epithelial
damage.

It is postulated that pretreat-
ment with ascorbic acid signifi-
cantly suppressed induced DNA
damage in the crypt cells and
prevented denudation of intesti-
after

whole body irradiation(7). More-
over,(7&24&23&27)

nal mucosa injury by
reported that
curcumin has also antiapoptotic
action which might explain the in-
creased proliferation in the fourth
group. This might explain the in-
creased proliferation seen with
pretreatment with either ascorbic
acid or curcumin.

Appearance of frequent mitotic
figures in some fields were ob-
served in the third group if com-
pared to the second group. This
might show the advantage of as-
corbic acid over curcumin in re-
lieve of the vascular injuries oc-
curred by different injurious
agents has described that ascor-
bic acid pretreatment has a pro-
tective effect against the intestinal
morphological lesions induced by
ischemia-reperfusion

rats(7).

injury in

The jejunal mucosa of methot-
rexate & ascorbic acid and curcu-
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min treated (fifith

group) showed very little affection

albino rats

of jejunal villi and crypts. Crypts
were covered by intact epithelium
formed of columnar absorping
cells with intact brush border in
addition to nearly normal percent-
age of goblet cells. This might indi-
cate a synergistic cytoprotection
acting through different enhanc-
ing mechanisms; namely : ascor-
bic acid (acting mainly as antioxi-
dant)
mainly as anti-inflammatory &

& and curcumin (acting
anti-apoptotic and to lesser extent
antioxidant).

Intraepithelial leucocytes were
frequentely seen between the co-
lumnar absorping ones in fifith
group.(28) postulated that muco-
sal damage and barrier function
alterations have been described as
consequences of different process-
es: apoptosis, hypoproliferation,
altered

absorptive capacity. Therefore, a

inflammatory response,
pretreatment with both an antioxi-
dant drug in addition to an anti-
drug
might explain the mild affection of

inflammatory antiapoptic

the jejunal mucosa after pretreat-
ment with ascorbic acid and or
curcumin and also might explain

the increased mitotic figures & hy-
perproliferation & increasd villi

length in the pretreated groups.

that a de-
fense mechanisms took place in

It was postulated

MTX, as shown by an increased
gene expression of both secreted
(MUC2)
(MUC3 and 4) mucins maximally
one week after MTX intake.This
might explain the increased goblet

and membrane-bound

cells enhanced by pretreatment of
acrobic acid and or curcumin
which might enhance the goblet
cell by their cytoprotective ac-
tion (1),

The jejunal mucosa of methot-
rexate treated albino rats showed
weak to negative alkaline phos-
phatase reaction in most of the
brush border of

abrsorping cells of the disrupted

the columnar

villi. Similar results were reported
by29) who said that some compo-
nents of enterocyte function may
be affected more than others. They
postulated that there are de-
creased disaccharidase and alka-
line phosphatase, activities after
a single intravenous injection of
MTX 30 mg/kg.(30) added that
alkaline phosphatase activity re-
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mained detectable in the brush
border of jejunal enterocytes dur-
ing villus atrophy after MTX treat-
ment despite severe cell loss after
MTX treatment.

Most of the columnar abrsorp-
ing cells covering the villi of me-
thotrexate and ascorbic acid and
of methotrexate and curcumin
treated animals showed an alka-
line phosphatase reaction that
was nearly similar to the control
group while those lining the crypts
of Lieberkuhn showed moderate
The
strong positive in methotrexate &

reaction. reaction became
ascorbic acid and curcumin treat-
ed animals. These results again
might support the hypothesis of
synergistic action between ascor-
bic acid & curcumin.

The jejunal mucosa of methot-
rexate treated albino rats revealed
severe form of cytopathy in the co-
lumnar absroping cells. This was
in the form of loss of most of the
microvilli, abnormally short or
long microvilli with some few rem-
nants of them. The sER was wide-
ly dilated and the cytosol showed
heterogenous group of abnormal
shaped mitochondria. In addition ,

the cytosol revealed some profiles
of abnormal shaped rER with di-
lated empty vacuoles in between.
The lateral borders were disrupt-
ed. These findings were in agree-
ment with(1),

The cytopathy of the jejunal
mucosa of both methotrexate and
ascorbic acid or methotrexate and
curcumin treated animals was of
mild degree. The microvilli of co-
lumnar absroping cells were
slightly distorted in shape. The
sER was mildly dilated. Fewer mi-
tochondria with abnormal shape
were observed while many others
were normal in most columnar ab-
sroping cells. Also mild distortion
of the mucous globule arrange-
ment was observed. This was in
agreement with(1), who again at-
tributed the protective effect of
curcumin to removal of free radi-
cals by its known antioxidant ef-
fect.

Many authors claimed that oxi-
dative stress and mitochondrial
dysfunction are evident in MTX
treated rats. They added that sig-
nificant changes were seen in
some of lipids in mitochondria,

brush border membranes and
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surfactant-like particles in re-
sponse to drug-induced enterop-
athy. It is mentioned that curcu-
min attenuated oxidative stress
and mitochondrial dysfunction.
This might explain the potential
mild affection of the jujenal mu-
cosa after pretreatment with
with
acorbic acid) by its antioxidant ef-
fect(31&32) On the other hand,

ascrobic acid is said to be neces-

curcumin (either alone or

sary for synthesis of carnitine
which is essential for the trans-
port of fatty acids into mitochon-
dria for ATP generation(33). This
might explain the mild cytopathy
in the third group although it was
reported that acorbic acid resulted
in lowered mitochondria produc-
tion in a study in rats, although
the decrease was not statistically
significant in humans(35),

The columnar absroping cells
in the jejunal mucosa of methot-
rexate & ascorbic acid and curcu-
min treated albino rats revealed
slight degree of the cytopathy. The
columnar absroping cells had nu-
merous intact well fromed micro-
villi at the top surface. The nuclei
of these cells were vesicular with
copious amount of euchromatin

and nuclear sap with intact nucle-
ar membrane without any invagi-
nations. Frequent nondilated sER

and rER were detected. Moreo-
ver, in the lateral borders of
the cells the contact between

cells were intact and not disinte-
grated. In addition, various forms
of goblet cells were seen; one of
them is discharging its mucus se-
certion; other was expanded by a
more electron dense mucus glob-
ules in the expanded apical part.
The protective effect of curcumin
is attributed by (34&35) o the re-
moval of free radicals by curcumin
plus being a known antioxidant
acting synersytically with ascorbic
acid.

It was postulated that a num-
ber of paneth cells showed strik-
ing structural alterations with
vacuolar dilatation of the cyto-
plasm in MTX induced enteritis
(36). Again,(30)
there were selective sparing of

has reported that

paneth cells in the intestine of me-
thotrexate-treated rats. He added
that the expression of lysozyme
protein and mRNA in them was
increased which might act as de-
fense mechanism in MTX treated
animals.
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The previous postulations and
suggestions might shed light on
the different
volved in response of animals to

mechanisms in-

face inetsinal MTX mucositis and
the protective effect of the use of
ascorbic acid and/or curcumin.

Conclusion
and recommendation

1. The structure of jejunal mu-
cosa is affected by treatment with
MTX. These structural changes
became less obvious and mild
when animals were pretreated
with either ascorbic acid or cur-
cumin for 2 weeks before methot-
rexate treatment and became
milder when animals were pre-
treated by both substances simul-
tanously.

2. Pretreatment with both as-
corbic acid and curcumin simulta-
nously could be recommended
before MTX use, as both could re-
lieve MTX enteritis more effective-
ly than when one of them is being
used alone.
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Abstract

Introduction: The principle of treatment of patients who have Legg-
Calve-Perthes disease is functional containment of the femoral head in
the acetabulum to minimize deformity of the hip joint and thereby delay
the onset of degenerative joint disease in adult life.Many treatment
methods have been proposed to achieve this goal,containment may be
improved operatively either by redirecting the femoral head into the ace-
tabulum by femoral derotation osteotomy or by redirecting the acetabu-
Ium over the femoral head by Salter osteotomy.

Alm of the work: The purpose of this study is to compare between
the results of femoral derotation osteotomy and innominate Salter oste-
otomy in management of Legg-Calve-Perthes disease, as well as to as-
sess the factors affecting the results and to record the complications of
either procedure.

Patients & Methods: 30 patients were enrolled for the study. In this
study, all children with Legg-calve-Perthes disease who presented to
Mansoura university hospital will be treated by femoral or innominate
Salter ostotomy. The children will be divided into two groups according
to the method of treatment, group A children will be treated by femoral
derotation varus osteotomy and group B children will be treated by in-
nominate Salter osteotomy. The children will be selected by systematic
random sampling every other case so that patients with odd numbers
will treated by femoral osteotomy and those with even numbers by in-
nominate Salter osteotomy.
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Results: There was no significant difference between Varus group
and Salter group as regard the clinical results. Radiographic results
showed that acetabular coverage was better in salter group than in
Varus group, The residual coxa vara are smaller in Salter’s group than
in varus group,The trochanteric prominence was closer to normal in
Salter’s group than in varus group. There was no significant difference
between the two groups as regard to the head size (coxa magna).

Conclusion: The results of this study show that the femoral varus
osteotomy and the Salter innominate osteotomy provide similar clinical
results, and the same radiographic results for the size of the femoral
head. However, femoral neckshaft angle, articulotrochanteric distance,
and acetabular coverage are closer to normal after the Salter innomi-
nate osteotomy than after the femoral varus osteotomy. We think that
the Salter innominate osteotomy is the better treatment for patients
with Perthes’ disease to decrease residual problems such as coxa vara,
trochanteric prominence, poor acetabular coverage.

Introduction
The principle of treatment of

The treatment of legg-Calve-
Perthes
two philosophies

disease is based on

patients who have Legg-Calve- noncontain-

Perthes disease is functional con- ment and containment, Noncon-

tainment of the femoral head in tainment treatment includes
the acetabulum to minimize defor- prolonged bed rest, bed rest
mity of the hip joint and thereby with traction, bed rest with

delay the onset of degenerative immobilization, and nonweight

joint disease in adult life. Many
treatment methods have been pro-
posed to achieve this goal. In the
past, hip motion exercises and
nonweight bearing were popular;
however, containment of the femo-
ral head within the acetabulum
and weight bearing now is pre-
ferred.[1]

bearing without containment.[2]
Containment may be improved

operatively either by redirect-

ing the femoral head into the
acetabulum by femoral derota-
tion osteotomyl3! or by redirect-
ing the acetabulum over the
femoral head by Salter osteot-

omy.[4]
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The advantages of femoral oste-
otomy are that the operation is
done on the affected bone, it pro-
vides better lateral coverage than
does innomonate Salter osteoto-
my, and it decreases the force
across the joint.!5] The advantages
of innomonate Salter osteotomy
are that it compensates for any
expected femoral shortening and
it provides better anterolateral
coverage.l6] The disadvantages of
the femoral procedure are that it
may shorten the limb and may
create excessive varus angula-
tion,leading to weakness of the ab-
ductors of the hip.[”] The disad-
vantages of innomonate Salter
osteotomy are that it may increase
the transarticular pressure and
arthritis of the hip later on and is

technically more difficult.!8]

Patients and Methods

In the period between January
2009 and October 2012, prospec-
tive study was carried out on
30 children with Perthes’ disease
with deformed noncontainable fe-
moral heads. All the cases were
selected from the outpatient clinic
of the Orthopaedic Department in
the Children's Hospital - Mansou-
ra University. We have used two

operative techniques for the se-
lected cases; Varus osteotomy and
Salter osteotomy.

The method of treatment has
been selected by systematic ran-
dom sampling every other case so
that patients with odd numbers
were treated by varus osteotomy
and those with even numbers by
Salter osteotomy. They were 26
boys and 4 girls. The right side
was affected in 10 hips and the
left in 20. The mean age at sur-
gery was 7+1.4 years in varus
group and 7.3+1.6 years in salter

group.

All cases were subjected to
clinical and radiological exami-
nation:

I) Clinical Examination:
1) General:

In every case general examina-
tion was performed to exclude
generalized epiphyseal disorders
and to detect the presence of other
associated anomalies.

2) Local:

All the cases were examined for:
1- Limping. 2- Shortening.
3- Range of motion.

4- Trendlenburg's test.
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II) Radiological Examination:

Plain antero-posterior and frog
lateral radiographs were assessed
for:

1) The radiographic stage of
the disease according to
Waldenstr m [9l:

i) Initial Stage.
ii) Fragmentation Stage.
iii) Reossification (Healing)
Stage.
iv) Residual Stage.

2) Extent of radiological in-
volvement according to Catterall
Classification:

3) Head at risk signs :

i) Gage's sign.

ii) Calcification lateral to the
epiphysis.

iii) Diffuse metaphyseal reac-
tion.

iv) Lateral subluxation.

v) Horizontal growth plate.

4) Radiological measurements:

i) C-E Angle of Wiberg.

ii) Neck shaft angle:

iii) Femoral head size ratio :
v) Difference in Articulo-

trochanteric distance.

HOI- Criteria of inclusion in the
study:
According to the

clinical and radiological findings,

previous

patients were selected to be in-
cluded in this study according to
the following criteria:

1) Patients above the age of
six years and below the age
of twelve years will included
in this study.

2) Catterall groups III or IV.

3) Patients with radiological evi-
dence of head at risk signs.

IV- Operative Techniques:

1) Varus Osteotomy:

According to the technique de-
scribed by M ller et al.[10]

2) Salter Osteotomy:

According to the technique de-
scribed by Salter.[4!

V- After treatment:
Immobilization for 6 weeks
then the patients will start active
mobilization and gradual weight

bearing.

VI- Follow up:

All cases will be followed up
clinically and radiologically for av-
erage period of 30 month (between
24 and 36 months). Each patient
was reviewed every month for the
1t 6 months, then
months for the rest of the follow

every 3

up. The results were assessed
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both clinically and radiological-
ly.In the Salter Osteotomy group,
2 K-wires were used to fix the os-
teotomy. All the patients were ad-
mitted again for K-wire removal
under anaesthesia after radiologi-
cal union of the osteotomy site.

VII-Assessment of the results:

1) Clinically:

We have used the scoring sys-
tem of Robinson et al [11;

A) Good clinical result was one
in which the involved hip caused
no symptoms and had a full, or al-
most full, range of motion.

B) Fair result was one in which
the hips caused no symptoms, but
movement of the hips was restrict-
ed slightly, especially in internal
rotation.

C) Poor clinical result was de-
fined as one in which the findings
indicated the presence of pain at
rest or pain on motion, with limi-
tation of hip movement.

2) Radiologically:
The preoperative radiological

measurements were compared
with the same postoperative meas-

urements

Results
This study was conducted on
30 patients 15 had Varus Oste-
otomy and 15 had Salter’s oste-
otomy. There was no significant
difference regarding the age (Ta-
ble 1).

Tables (2) showed Shortening
ranged from O to 2 cm in varus
group and from O to 1.5 cm in
salter group it was found signifi-

cant between both groups.

Table (3) showed that Catterall
III cases were more than Catterall
IV cases in both groups, 8 hips in
Varus group and 11 hips in the
salter group were Catterall group
III. There was no statistically sig-
nificant  difference
Catterall

both groups

concerning
classification between

Table (4) showed the mean pre-
operative
18.87° £ 8.13° in Varus group and
20.20° £ 8.76° in Salter group.
The mean neck shaft angle was
135° + 9° in Varus group and 135°
*+ 8.9° in Salter group. The mean

center-edge angle was

femoral head size ratio was 1.11 *
0.36 in Varus group and 1.10 *
0.027 in the Salter group. Statisti-
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cal analysis of these measure-
ments showed that there was no
significant difference between both
groups in each of the 4 measure-
ments.
Table (5) showed the mean
post-operative center-edge angle
was 24.4° £ 5.79° in Varus group
and 30.20° + 4.64°
group. The mean neck shaft angle
was 118.26° + 6.96° in Varus
group and 130.73° + 7.49° in Salt-
er group. The mean femoral head

in Salter

size ratio was 1.13 + 0.022 in Var-
us group and 1.15 + 0.041 in the
Salter
articuo-trochanteric distance was

group. The diference in

8.60 + 2.77 in varus group and
4.33 + 2.66 in Salter group. Sta-
tistical analysis of these meas-
urements showed that there was
no significant difference between
both groups as regard femoral
head size ratio but there were
significant  difference between
boths groups as regard other vari-
ants.
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Discussion
The most widely used surgical
methods for containment treat-
ment of Perthes’ disease are the
femoral varus osteotomy and the
Salter
Since Axer!3] introduced subtroch-

innominate  osteotomy.
anteric varus femoral osteotomy
as a treatment for patients with
Perthes’ disease in 1965, his tech-
nique or modifications have been
used consistently.

Salter(4! introduced the Salter
innominate osteotomy for treat-
ment of patients with Perthes’ dis-
ease. The optimum surgical treat-
ment of patients with Perthes’
disease is debatable. Numerous
authors have described the results
of these two procedures for
Perthes’ disease.[3:11] Clinical re-
sidual problems associated with
surgical procedures for Perthes’
disease are hip pain, restricted hip
motion leg length discrepancy, ab-

ductor insufficiency. [3:11]

The clinical results of our pa-
tients treated by Salter osteotomy
showed significant improvement
in hip pain as it was relieved com-
pletely in 13 out of 15 hips. There

was also significant improvement

in limping as there is no limb-
ing in 13 cases out of 15 cases.
Trendelenburg’s test was negative
in 13 patients post-operatively.
Range of movements which were
limited at the time of presentation,
improved in Salter’s group. Using
Robinson et al [11] clinical classifi-
cation, we found significant im-
provement as 14 cases (93.3%)
were good at the last follow up.

Our clinical results were in
agreement with other reports as
Sponseller et alll2] compared the
clinical and radiographic out-
comes of 42 femoral varus osteot-
omies and 49 Salter innominate
osteotomies for treatment of pa-
tients with Perthes’ disease. Simi-
larly, Moberg et al.[13] investigated
the results of both surgeries (16
femoral varus osteotomies and 18
Salter

They reported that the clinical re-

innominate osteotomies).
sults, were the same in the two
Groups.

There was no significant differ-
ence in pain between the femoral
varus osteotomy and the Salter in-
nominate osteotomy groups; There
was no significant difference in
range of movements between the
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femoral varus osteotomy and the
Salter
groups however, the range of in-

innominate osteotomy

ternal rotation was limited in both
Salter
group and the femoral varus oste-

innominate osteotomy
otomy group, There was no signifi-
cant difference in leg-length dis-
crepancy between the femoral
varus osteotomy and the Salter in-
nominate osteotomy groups and
the leg-length discrepancy was
greater for the femoral varus oste-
otomy group (0.9cm) than for the
Salter

group (0.8cm). There was no sig-

innominate osteotomy

nificant difference in trendelen-
burg sign between the femoral
varus osteotomy and the Salter in-
nominate osteotomy groups.

Similarly, Takahiko et al.[14]
study investigated the results of
both surgeries (46 femoral varus
and 30 Salter in-
nominate osteotomies). They re-

osteotomies

ported that the clinical results,
the
Groups. There was no significant

were same in the two
difference in pain between the fe-
moral varus osteotomy and the
Salter

groups; There was no significant

innominate osteotomy

difference in range of movements

between the femoral varus osteot-
omy and the Salter innominate os-
teotomy groups however.

the range of flexion and ab-
duction was limited in both Salter
innominate osteotomy group and
the
group, There was no significant

femoral varus osteotomy
difference in leg-length discrepan-
cy between the femoral varus os-
teotomy and the Salter innomi-
nate osteotomy groups and the
leg-length discrepancy was greater
for the femoral varus osteotomy

group (0.6cm) than for the Salter

innominate osteotomy group
(0.3cm).
Our radiologic results were

in agreement with Sponseller et
al.l12] compared the clinical and
radiographic outcomes of 42 femo-
ral varus osteotomies and 49 Salt-
osteotomies for
treatment  of with
Perthes’ Similarly, Mo-
berg et al.[13] investigated the re-
sults of both surgeries (16 femoral

er innominate
patients
disease.

varus osteotomies and 18 Salter
innominate osteotomies). Moberg
et alll3] showed that acetabular
coverage

was Dbetter in salter

group than in Varus group. The
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residual coxa vara are smaller in

Salter’s group.The trochanteric
prominence and the head size
(coxa magna) as the head size ra-

tio did not compared in this study.

Our
in agreement with Takahiko et

radiologic results were
alll4] study investigated the re-
sults of both surgeries (46 femoral
varus osteotomies and 30 Salter
innominate osteotomies). The re-
sults of our study and the previ-
ous three reports[12-14] show that
the femoral varus osteotomy and
the Salter innominate osteotomy
provide similar clinical results,
and the same radiographic results
for the size of the femoral head.
However, femoral neckshaft angle,
articulotrochanteric distance, and
acetabular coverage are closer to
normal after the Salter innominate
osteotomy than after the femoral
varus osteotomy.

We think that the Salter in-
nominate osteotomy is the better
with
Perthes’ disease to decrease resid-

treatment for patients
ual problems such as coxa vara,
trochanteric prominence, poor ac-
etabular coverage. One of the ad-
vantages of surgical treatments

for Perthes’ disease is to shorten
the duration of inconvenience. We
choose to do the Salter innomi-
nate osteotomy when surgery is
with
Perthes’ disease, based on the re-

indicated for patients

sults of this study.
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Abstract

Backgroundand Aim: Angiogenesis is one of the mechanisms most
critical to the postoperative recurrence and metastasis of HCC.
So.finding the molecular markers associated with angiogenesis may
help identify patients at increased risk for recurrence and metastasis of
HCC.The aim of this study is to investigate the level of CD142, VEGEF,
and MVD-CD34 expression in HCC and surrounding cirrhotic liver tis-
sue and their relationship to tumor growth and prognosis.

Materials and Methods: This study included forty six patients with
clinical, radiological and serological diagnosis of HCC arising on top of
cirrhosis. These patients underwent liver transplantation or partial hep-
atectomy at Mansoura Gastroenterology Surgical Center during the pe-
riod 2010-201 1.Tissue samples were obtained from specimens of resect-
ed HCC and the surrounding cirrhotic tissue. Immunohistochemical
staining for CD142, VEGF and MVD-CD34 antibodies was performed in
HCC tissue specimens and paracarcinamatous cirrhotic tissue. The
quantitation of the microvessels identified by anti CD34, VEGF expres-
sion identified by anti VEGF monoclonal antibody, and CD142 expres-
sion identified by anti TF monoclonal antibody. Each monoclone expres-
sion was identified in both HCC tissue, and the surrounding cirrhotic
tissue.

Results: CD142 and VEGF showed significantly increased expres-
sion in HCC compared to LC, and showed increased expression from
grade I to grade II to grade III, but no significant difference in their
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expression between grade Ill and grade IV. There is highly significant
association between CD142 and VEGF expression positivity and tumor
size, vascular emboli, Intrahepatic metastasis and tumor grade
(P<0.001). There is highly significant association between CD142 and
VEGF expression in both LC and different grades of HCC (P<0.001).
MVD-CD34 was increased significantly from LC to HCC and increased
significantly from grade I to II to III to grade IV HCC (P<0.001). The
MVD-CD34 was significantly higher in tumors with high immunoreac-
tivity for CD142 than in tumors with low immunoreactivity for CD142
(median, 53.26 vs 37.01/HPF, P<0.02).

Conclusion: Expression of the angiogenic factors CD142, VEGF and
MVD-CD34 is increased in HCC relative to LC and correlated with tu-
mor aggressiveness. CD142 has been recognized to be capable of induc-
ing angiogenesis through up-regulation of VEGF. Expression of these
factors may be useful as prognostic indicators in patients with HCC.

Key words: liver cirrhosis (LC), hepatocellular carcinoma (HCC), he-
patocellular carcinoma on top of cirrhosis (HCC-C), vascular endothelial
growth factor (VEGF), CD142 (tissue factor) microvascular density
(MVD,).

Introduction

Hepatocellular carcinoma(HCC)
is the sixth most common cancer
worldwide in terms of cases but
because of its very poor prognosis
it is the third most common cause
of death from cancer.(1) The major
risk factor is liver cirrhosis asso-
ciated with chronic hepatitis B
and C infection, alcohol and vari-
ous metabolic disorders.(2) Howev-
er, in approximately 10-40% of pa-
tients the tumor arises from a
non-cirrhotic liver.(3) The tumor
from patients with cirrhosis tends
to be less well differentiated (high

grade), and exhibits local portal
invasion and metastasis more of-
ten than tumors from patients
without cirrhosis.(3) Tumor angio-
genesis is critical for providing nu-
trient supply to the tumor and
providingthe route for tumor sur-
vival, growth, invasion and metas-
tasis of various human solid tu-
mors. In fact, solid tumors can't
grow 1 to 2mm in diameter in the
absence of angiogenesis.(%)

In HCC, the sinusoid endothe-
lial cells lost their structural and
and

phenotypic characteristics
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adopted the structure and pheno-
type of normal capillary endothe-
lial cells, a phenomenon known as
capillarization.(3) The association
of increased expression of vascu-
lar endothelial growth factor
(VEGF) with the capillarization of
sinusoidal endothelial cells dem-
onstrated in recent studies indi-
cates that the capillarization phe-
nomenon is not merely a change
of endothelial cell differentiation
but rather represents a process of
tumor angiogenesis.(6'8)

MVD, a quantitative measure-
ment of tumor angiogenesis, has
been shown to be of prognostic
value in many types of malignancy
including HCC,(®) which became
more consistent in dysplastic nod-
ules in cirrhotic liver. Therefore,
capillarization of sinusoidal endo-
thelial cells was considered part of
the carcinogenesis process in
HCC-C.4) MVD-CD34 has been
widely used for the assessment of
sinusoidal like neoangiogenesis in
HCc.(10)

VEGF is a known marker of an-
giogenesis.(11) It is thought to be a
selective mitogen for endothelial
cells. It acts as a link between an-

giogenesis, immune system and
tissue re-modeling.(12) It  was
that VEGF secreted by
replicating hepatocytes induces si-

found

nusoidal endothelial cell prolifera-
tion during regeneration after par-
tial rats.(13)

Greene et al(14) in their studies on

hepatectomy in

hepatic regenerative process sug-
gested that the regulation of an-
giogenesis controls the regenera-
tive process.

CD142 (tissue thromboplastin
or tissue factor) is a transmem-
brane glycoprotein that localize
the coagulation serine protease
factor VII/VIla (FVII/VIIa) to the
cell surface. The primary function
of CD142 is to activate the clotting
cascade. Recent studies have
shown that CD142 is expressed by
tumor cells and contributes to a
variety of pathologic processes,
such as thrombosis, metastasis,
tumor growth and tumor angio-

genesis.(15)

The hypervascularity described
in HCC varies according to the
progression and differentiation of
the tumor, suggesting an angio-
genic switch during tumor devel-
opment. Thus, finding the molecu-
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lar markers associated with an-
giogenesis may help identify pa-
tients at increased risk for recur-
rence and metastasis of HCC and
thus those who require more ag-
gressive therapy and closer sur-
veillance-(11) Interfering with an-
giogenesis may be a potential
target to avoid progression of liver
disease.(16)

This study was designed to in-
vestigate whether CD142, VEGF
and MVD-CD34 expression could
serve as a valid prognostic mark-
ers in patients with HCC-C and
correlation with angiogenesis, pro-
gression and differentiation of
HCC-C and so the postoperative
recurrence and metastasis.

Material and Methods

This study was conducted on
46 cases with HCC recruited from
the Hepatic Oncology Unit at the
Specialized Mansoura Medical
Hospital, from 2010 to 2011. All
patients were subjected to thor-
ough clinical examination, routine
laboratory tests, and abdominal
ultrasonography and computed
tomography (CT) scan. Patients
who are candidate for surgical
treatment were referred to the

Mansoura Gastroenterology Cen-
ter for either liver transplantation
or partial hepatectomy. All the
cases were HCC on background of
cirrhosis and were HCV positive
confirmed by real-time polyme-
rase chain reaction. Cases arising
in a normal liver, associated with
bilharzial

evident cirrhosis, or received pre-

fibrosis only with no
vious adjuvant therapy or chem-
oembolization were excluded. Re-
section specimens, as well as total
hepatectomy specimens from the
patients who wunderwent liver
transplant surgery were used in
the study. No tru-cut biopsy mate-
rial was used. Liver biopsies were
fixed in 10% buffered formalin for
24 hours, and then processed in
ascending grades of ethyl alcohol;
xylene, wax and paraffin blocks
were prepared. Sections (4pm)

were cut on albuminized glass
slides and stained with Hematoxy-
lin & Eosin stain. All sections
were subjected to light microscop-
ic examination for evaluating the
histopathological and basic classi-
fication of cases. The pathologic
diagnosis and classification of var-
iables were based on the criteria
recommended in the general rules

for clinical and pathological study
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of primary
Cancer Study Group Of Japan)(17)

liver cancer (Liver
and included age, gender, sur-
rounding nontumerous liver pa-
thology
(<bcm vs =bcm), tumor grade, vas-

(cirrhosis), tumor size

cular invasion and multiplicity.

Immunohistochemical stain-
ing of VEGF:

Formalin-fixed, paraffin embed-
ded sections of tumor tissue and
surrounding cirrhotic tissue ob-
tained from the resected liver
specimens were cut into 4 mi-
crons thick sections and deparafi-
nized in xylene and rehydrated in
a graded series of ethanol. Antigen
retrieval was performed by using
EDTA in case of VEGF for 10m.
The slides were then incubated for
1 hour for mouse polyclonal anti
VEGF antibody (1:100 dilution, in-
vitrogen code No. 726127A). This
is followed by biotin-conjugated
goat anti-mouse immunoglobulin
and  horseradish  peroxidase-
conjugated streptavidine (UltraVi-
sion Detection System) DAB was
used as chromogenic substrate.
the

Mayer's hematoxylin for 10 min-

Counterstain section with

utes then rinsed extensively with
distilled water. The brown precipi-

tate was identified as positive

staining.

Immunohistochemical Stain-
ing of CD142 (tissue factor):

Immunohistochemical staining
was performed using the streptav-
idin-biotin peroxidase complex
method. Formalin-fixed, paraffin-
embedded sections of 4 ym were
deparafinized in xylene and rehy-
drated in a graded series of etha-
nol. Endogenase peroxidase was
blocked by treating the sections
with 3%
methanol for 10 min. The sections

hydrogen peroxide in

were then subjected to antigen re-
trieval by microwave treatment for
10 min. Afterward, the sections
were incubated with normal goat
serum for 30 min at 37°C and
then with 1:50 diluted TF mouse
antihuman monoclonal antibody
(American Diagnostica, Inc., prod-
uct Nos.4509) for 1 h at 37°C.
Sections were then incubated with
1:100 diluted biotin-conjugated
goat antimouse immunoglobulin-
secondary antibody (Zymed Labor-
atory Inc., SanFrancisco, CA) for 1
h at 37°C and developed in 3,3-
diamino-benzidine  tetrachloride
(Dako, Carpinteria, CA). Counter-
stain the section with Mayer's
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hematoxylin for 10 minutes then
rinsed extensively with distilled
water.

Immunohistochemical stain-
ing of CD34:

Formalin-fixed, paraffin embed-
ded sections of tumor tissue and
surrounding cirrhotic tissue ob-
tained from the resected liver
specimens were cut into 4 mi-
crons thick sections and deparafi-
nized in xylene and rehydrated in
a graded series of ethanol. Sec-
tions were immersed in citrate
buffer (PH 7.0) for antigen retriev-
al and incubated in a water bath
for 40 min 98°c. After endogenous
peroxidase was blocked, the sec-
tions were incubated with mono-
clonal mouse antihuman CD34
antibody (Clone @QBEnd/10, Ther-
mo Fisher Scientific, Fremont, CA,
USA) for 60 min at room tempera-
ture.Tissues were treated with the
(EnVision + system, Dako, Glos-
trup, Denmark) for 30min at room
temperature, and the reaction was
visualized by DAB until color de-
veloped.The cell nuclei were coun-
terstained with Mayer's hematoxy-
lin.

The expression of the three

markers was correlated with posi-
tive controls (cancer colon for
VEGF, cancer breast for TF, and
in the
portal tracts and fibrous septa for
CD34) and negative controls. The
expression of three markers was

internal control, vessels

correlated with pathological data
collected. For this purpose pa-
tients were divided into two age
groups (<60years & =60 years),
size (<becm & =5cm), and tumors
were graded according to Edmon-
son and Steiner four tiered grad-
ing system.(l&lg)

Immunohistochemical scoring
of VEGF and tissue factor:

For VEGF, cytoplasmic staining
of more than 10% of the tumor
cells was defined as positive. The
intensity of immunoreactivity was
graded as weak (+), moderate (++)
and marked (+++).(20) The immu-
noreactivity of TF was classified as
high if >50% of the tumor cells
were stained positively and low if
<50%

stained positively.(9)

of the tumor cells were

Determination of microvascu-
lar density (MVD):

MVD was evaluated according
to the method described by

102



Benha M. J.

Vol. 29 No 3 Sept. 2012
Weinder et al(2l) Brown-stained
endothelial cell or endothelial cell
cluster, which was clearly separ-
ate from adjacent microvessels
and other connective tissue ele-
ments, was considered a single,
countable blood vessel. Screening
of the cores was first performed at
a low power (40 X) to identify are-
as of the highest MVD. Counting
was performed in the three high-
est MVD areas at high power (400
X). The mean value of the counted
three fields was considered as the
MVD of an individual case.

Statistical analysis:

The Statistical Package for So-
cial Sciences (SPSS) for Windows
(version 10) computer program
was used for statistical analysis.
For comparison of more than 3
group's means, one-way ANOVA
test was used with Post Hoc test
for internal comparisons. Compar-
ison between positive cases was
calculated by Chi-square test. P
value <0.05 was considered statis-
tically significant.

Results
Patients were 40 males (87%)
and 6 females (13.0%), with age
range (41-69 years) with a mean

of 52.91+6.98 years. Frequency of
vascular invasion was insignifi-
cantly higher (P>0.05) in patients
(87.5%)
compared to tumor size <bcm
(76.7%). On the other hand, there-

was significant association be-

with tumor size >5cm

tween vascular emboli and high
tumor grade (P=0.03).

Immunohistochemical expres-
sion of VEGF :

Immunohistochemical staining
of 46 cases for VEGF shows ex-
pression of the biomarker in both
tumor tissue and the surrounding
cirrhotic tissue, and the endothe-
lial cells lining the blood vessels in
the tumor area mainly and in the
nearby periphery of the tumor.
Two cases (4.3%) were negative for
VEGF and 44 (95.7%) cases were
positive for VEGF.

In the cirrhotic liver, 12(26.1%)
cases showed weak staining (+),
18(39.1%) cases were of moder-
ate staining (++) and 14(30.4%)
cases showed marked staining
(+++). In patients with HCC, 4 cas-
es (8.7%) showed weak staining,
13 cases (28.3%) showed moder-
ate staining, 27 cases
(68.7%) showed marked staining

and
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(Fig. 1). In 15(39.1%) cases, the
stain was more intense at the
periphery of the tumor than in
the center (Fig. 2).

In our study, there was no
significant association between
VEGF expression positivity both
in cirrhosis and tumor tissue
and age or sex (P>0.05). However,
there is highly significant asso-
ciation between VEGF expres-

sion positivity and tumor size,

vascular emboli, intrahepatic
metastasis and tumor grade
(P<0.001).

There is significant increase in
VEGF expression in HCC cases
relative to LC (P<0.05). VEGF ex-
pression
from grade I to grade II to grade III
(p<0.05). But there was no signifi-

increased significantly

cant difference in VEGF expres-
sion between grade III and grade
IV (Table 1).

Immunohistochemical expres-
sion of CD142 :

Immunohistochemical staining
of 46 cases for CD142 showed ex-
pression of the biomarker in both
tumor tissue and the surrounding
cirrhotic tissue. There were 2 cas-

es (4.3%) negative for CD142 and
44 (95.7%) of cases were positive
for CD142.

As regard CD142 expression in
cirrhotic tissue, there were 30 cas-
es (65.2%) with low expression

(Fig. 3), and 14 cases (30.4%)
showed high expression (Fig. 4).
However, there were 17(37.0%)

cases with low CD142 expression
and 27(58.7%) cases showed high
CD142 expression in HCC (Fig. 5).
There was significantly higher
CD142 expression in HCC cases
relative to LC (P<0.05).
In our study, there was no
significant association between
CD142 expression positivity both
in cirrhosis and tumor tissue and
(P>0.05).

there is highly significant associa-

age or sex However,

tion between CD142 expression
positivity and tumor size, vascular

emboli and tumor grade
(P<0.001).
CD142 expression increased

significantly from grade I to grade
II to grade IIl. But there was no
significant difference in CD142 ex-
pression between grade III and
grade IV (Table 2).
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Immunohistochemical stain-
ing of MVD-CD34

Immunohistochemical staining
of 46 cases for CD34 showed ex-
pression of the biomarker in both
tumor tissue and the surrounding
cirrhotic tissue. In liver cirrhosis,
there was one case (2.17%) nega-
tive for CD34 and 45 (97.83%)
cases were positive for CD34,
while all cases of HCC were posi-
tive for CD34.

There was significant increase
(P<0.05) in CD34 expression from-
cirrhotic nodules to dysplastic
nodules to HCC (Fig. 6).

In liver cirrhosis, CD34
staining was confined to large
vessels in the portal tracts. In

cases of HCC-C the density of
microvessels was higher in the
peripheral tumor tissue close to
the margin than in the central

areas.

The mean MVD-CD34 in liver
cirrhosis was significantly lower
than the MVD-CD34 in HCC
(8.28+6.62 Vs 46.24+24.04,
P<0.001) (Table 3). Specific stain-
ing of -capillary-like vessels by
anti-CD34 antibody was observed

in tumor specimens and between
cancer cells. CD34 expression was
found to be significantly increased
with the tumor grade (P<0.05)
(Fig. 7, 8).

Correlation between CD142
immunoreactivity and MVD-
CD34:

Immunohistochemical staining
of the tumor sections showed that
CD142 was expressed to a vari-
able extent by HCC tumor cells in
95.7% of the tumors studied, with
high immunoreactivity in 27 pa-
tients and low immunoreactivity
in 17 patients. Specific staining of
capillary-like vessels by anti-
CD34 was observed in 97.82% of
tumor specimens. The mean tu-
mor MVD was 52.1/HPF (range,
0-78.9). The MVD was significant-
ly higher in tumors with high im-
munoreactivity for CD142 than in-
tumors with low immunoreactivity
for CD142 (median, 53.26vs
37.01/HPF, P<0.02).

Correlation between CD142
immunoreactivity and VEGF:

Highly statistically significant
(P<0.001) association was found
between VEGF and CD142 expres-

sion in both LC and different
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grades of HCC. All cases of LC and
HCC with high CD142 immuno-
reactivity also showed marked
VEGF expression. On the other
hand, all cases of LC and HCC
with low CD142 immunoreactivity

also showed mild to moderate
VEGF expression. Furthermore,
cases with negative CD142 immu-
no-reactivity showed negative ex-
pression for VEGF in both LC and

HCC.
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Fig. 1 : Marked intensity of VEGF Fig. 8 : CD142 immunostaining
immunostaining in case
of HCC (original magnifi-
cation X 200).

(low expression) in liver
cirrhosis. (original magni-
fication X 100).

Fig. 2 : Increased intensity of the Fig. 4 : CD142 immunostaining

VEGF staining at the pe- (high expression) in liver
riphery of the tumor. cirrhosis. (original magni-
(Original magnification X fication X 100).

100).
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Fig. 5 : CD142 immunostaining Fig. 7 : A case of grade I HCC

(high expression) in grade
III HCC. (original magnifi-
cation X 400).

Fig. 6 : A case of dysplastic cir- Fig. 8
rhotic nodule showing
high MVD as assessed by
anti-CD34 immunostain-
ing. (original magnifica-
tion X 200).

stained by anti CD34 im-
munostaining  showing
high MVD. (original mag-
nification X 200).

: A case of grade III HCC

stained by anti CD34,
showing  high MVD.
(original magnification X
200).
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Discussion
HCC is a highly malignant tu-
mor with a propensity for vascu-
lar invasion and metastasis. He-
patic resection is the treatment of
choice for HCC, but the prog-
nosis after resection remains un-
satisfactory because of a high in-
cidence of recurrence related to
tumor metastasis.(22) Tumor an-
giogenesis is an important deter-
minant of invasiveness and pro-
gression of HCC.(23-25) However,
little is known about the regulato-
ry mediators of angiogenesis in
HCC.

This study showed a positive
correlation between VEGF degree
of staining and vascular emboli
(P<0.001).
(58.7%) associated with vascular

There was 27 cases

invasion and showed marked de-
gree of VEGF staining. Deli et al
(26) found that VEGF expression
in HCC has a significant correla-
tion with vascular invasion, intra-
hepatic metastasis and shortened
survival rates. Also, this study has
demonstrated a positive correla-
tion between tumor size and intra-
hepatic metastasis and expression
of VEGF and this is consistent
with that reported by the Moon et

al study.(20)

According to Saaristo et al,(27)
VEGF is a cell specific mitogen
and is a major inducer of angio-
genesis in human cancers. There
is some evidence that VEGF is an
important angiogenic mediator of
HCC.(21.28-30) yoshiji et al(31)
have also shown that VEGF ex-
pression increases significantly
during fibrogenesis and carcino-
genesis and that the combined ef-
fect of VEGF & its receptor reflect
the combined effect of both on he-
patic stellate cells and endothelial
cells. Ivarone et al42) concluded
that VEGF appears to be involved
in the development of HCC and
could be a predictor of HCC devel-

opment in patients with cirrhosis.

In our study, there was positive
correlation between grades of the
tumor and degree of VEGF expres-
sion (P<0.05). In agreement with
our results, Yoo et al(33) reported
increased expression of VEGF in
poorly differentiated tumors and
decreased in well differentiated
ones. However, Hammam et al(34)
that VEGF

showed insignificant increase in

found expression

HCC compared to LC. Moreover,
they found that with differentia-
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tion of HCC, VEGF showed high
expression in grade I and de-
creased in grade II and grade III.

Increased expression of VEGF
receptors in HCC was demonstrat-
ed on different levels, including
mRNA and protein.(3%:36) The pat-
terns of VEGF expression (mRNA
or protein expression) in HCC and
surrounding liver tissue are still-
controversial. Most of the studies
report that the mRNA VEGF ex-
pression level is higher in HCC
than in the surrounding hepatic
tissue.(37:38) The expression of
VEGF protein is
demonstrating a higher level ei-

inconsistent,

ther in HCC or in the surrounding
liver tissue.(39,40)

In our study, VEGF expression
is increased significantly in HCC
relative to LC. Shimamura et al(35)
and Hassan et al(41) studies con-
cluded that the increased level of
VEGF in HCV-related HCC is the
result of VEGF gene amplification.
In the study of Tseng (42) the pres-
ence of viremia (either HBV or
HCV) was associated with VEGF
overexpression in patients with
HCC, being a poor prognosis fac-
tor in these patients. As all our

cases were HCV positive, this may
explain the high expression levels
of VEGF (95.7% of cases) in this
study.

In our study, 39.1% of cases
showed that VEGF expression was
more intense at the marginal area
of the tumor than in the center.
This can be explained by the fact
that rapid cell proliferation in the
center of a tumor can lead to in-
creased interstitial fluid pressure,
which may result in compression
closure of capillaries and consecu-
tive tissue necrosis. Central necro-
sis areas cause a suppression of
VEGF protein synthesis.(26)

This study showed higher ex-
pression of VEGF in the surround-
ing cirrhotic liver tissue compared
to HCC in some cases. This is ex-
plained by Deli et al,(26) who sug-
gest that the sustained mechani-
cally-reduced blood flow affects
the hepatocytes at the cirrhotic
area. This leads to decreased oxy-
gen pressure and strongly up-
regulates VEGF transcription and
protein synthesis in the cirrhotic
area.

By immunohistochemical stain-
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ing, we showed that CD142 wa-
sexpressed by HCC tumor cells
in 44(95.7%) of the 46 specimens.
However, there was a wide varia-
tion in CD142 expression among
different grades of tumor. In our
analysis, we observed signifi-
cantly high (P<0.05%) expression
of CD142 in HCC compared to LC.
There are no previous studies for
CD142 expression in cirrhotic liv-
er tissue adjacent to HCC. Also,
there was positive correlation be-
tween grades of the HCC and de-
CD142
(P<0.05). This result is consistent
with the Poon et al study(43) who

concluded that TF expression was

gree  of expression

up-regulated in moderately or
poorly differentiated HCC com-
pared with well differentiated

HCC.

Our study showed a positive
correlation between CD142 and
VEGF expression in both cir-
rhosis and the tumor. This may
explain the possible pathway
through which CD142 is involved
in the angiogenesis of HCC. Rick-
les et al.44) has reported that
CD142 mayregulate tumor angio-
genesis in HCC via up-regulation
of VEGF.

According to our results,
CD142 expression has a signifi-
cant correlation with vascular in-
vasion, intrahepatic metastasis
On the other

hand, Poon et al43) found no sig-

and tumor size.

nificant correlation between tumor
CD142 expression and tumor size
and reported that tumor CD142
expression may influence tumor
invasiveness independent of tu-
mor size.

In our study, there was signifi-
(P<0.05) in MVD-
CD34 expression from cirrhotic

cant increase

nodules to dysplastic nodules to
HCC. This result is similar to that
obtained by Park et al4%). Kim &
Hu,#6) and Ma Jeel47) study.
CD34 was closely associated with
neo-vascular process in cirrhosis
and hepatocellular carcinoma. Di
Carlo,48) studied by
histochemistry, the expression
and distribution of CD34 in liver
cirrhosis and HCC. They found
that the sinusoids of the liver

immuno-

showed no or focal immunoreac-
tivity for CD34, an increased im-
munoreactivity was observed in
the periportal sinusoids of cirrhot-
ic nodules, whereas diffuse and

strong staining was in overall
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HCC. They concluded that immu-
noreactivity for CD34 represents
an effective method to evaluate
angiogenesis. Ma Jee et al47) con-
cluded that CD34
marker for distinguishing HCC
from non-cancerous liver tissue.

is a wuseful

The study by Namashima et
al49) using CD34 staining for
MVD-CD34, concluded that MVD
representing tumor angiogenesis
offers a new candidate prognostic
factor in HCC to predict tumor re-
currence and patient survival.
Also, Poon et al43) found that
high MVD-CD34 is predictive of
early post-resection recurrence in
patients with HCCs < 5 cm.

According to the results of our
study, MVD-CD34 expression was
significantly (P<0.05)
from grade I to grade II to grade III
to grade IV. Park et al45) studied
CD34 in HCC and found that 14
out of 21 cases of moderate to

increased

poorly differentiated HCC showed
strong  positivity, while it was
seen in three out of 11 cases of
well differentiated HCC. The im-
portance of neovascularization in
the progress of HCC has been
high lightened suggesting that mi-

crovessels increase gradually from
through
grade and high grade dysplastic
nodules with the greatest number
recorded in HCC. Ma Jee et al(47)
found significant difference
(P<0.05) in the expression of CD34
between well differentiated and
moderately differentiated HCC.
Amarapukar et all10) suggested
that angiogenesis as assessed by

cirrhotic nodules low

CD34 expression play an impor-
tant role in carcinogenesis.
According to our
MVD-CD34 expression has a sig-
nificant correlation with vascular

analysis,

invasion and tumor size. This re-
sult is similar to that obtained by
Messerini et al.(50)

This study has demonstrated
that MVD-CD34 was significantly
higher in tumors with high immu-
noreactivity for CD142 than in tu-
mors with low immunoreactivity
for CD142. Also, we found highly
significant association between
VEGF and CD142 expression in
both LC and different grades of
HCC. All cases of LC and HCC
with high CD142 immunoreactivi-
ty also showed marked VEGF ex-
pression. On the other hand, all
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cases of LC and HCC with low
CD142 immunoreactivity also
showed mild to moderate VEGF
expression. Furthermore, cases
with negative CD142 immunoreac-
tivity showed negative expression
for VEGF in both LC and HCC. To
our knowledge, this is the first
study that evaluated the CD142
expression in LC and its relation-
ship with angiogenic factors VEGF
and MVD-CD34 expression in LC

and different grades of HCC.

Conclusion

Overexpression of CD142,
VEGF and CD34 is correlated with
the factors of poor prognosis, like
tumor size, vascular invasion and
intrahepatic metastases. Expres-
sionof CD142 in HCC is related to
tumor angiogenesis and invasive-
ness through up-regulation of
VEGF and MVD-CD34. This novel
finding may provide insight into a
new therapeutic strategy for HCC
by inhibiting CD142 expression as
it plays an important role in the
development and progression of
HCC. Also, there is a link between
HCV infection, angiogenesis and
hepatocarcinogenesis.
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Abstract

Background: Chemotherapy combinations that include an alkylating
agent and a platinum coordination complex have high response rates in
women with advanced ovarian cancer. Such combinations provide long-
term control of disease in only few patients. Therefore, we compared the
long- term efficacy and toxicity of the two combinations, cisplatin and
cyclophosphamide versus carboplatin and paclitaxel, in women with ad-
vanced ovarian cancer.

Methods: We randomly assigned 75 women with advanced ovarian
cancer and residual masses after initial surgery to receive either cispla-
tin (75 mg/m2) with cyclophosphamide (750 mg/mZ), repeated every 3
weeks or paclitaxel (80 mg/m2 over a period of one hour weekly for
three weeks with one week rest) with carboplatin at a dose of AUC 6 day
1, repeated every 4 weeks. Progression-free survival was the primary
end point.

Results: The overall response rate was 80.5% in the paclitaxel
group and 59% in the cyclophosphamide group; the complete remission
rates were 44.4% and 20.5%, respectively; both differences were statisti-
cally significant (P=0.030, P=0.028, respectively). At a median follow-up
of 38.5 months, a longer progression-free survival (long-rank P=0.027;
median of 17 months versus 11 months) and a longer overall survival
(long-rank P=0.001; median of 36 months versus 23 months) were
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seen in the paclitaxel regimen compared with the cyclophosphamide
regimen. There were also statistically significant differences in 3-years
and 5-years survival rate (50% and 27.8% vs 20.5% and 5.1%; P=0.001
and P=0.002) and 3-years and 5-years progression-free survival rate
(27.7% and 13.9% vs 15.4% and 2.6%; P=0.028 and P=0.036) between
paclitaxel group versus cyclophosphamide group, respectively.
Conclusions: Incorporating paclitaxel into first-line therapy im-
proves the duration of progression-ifree survival and of overall survival
in women with incompletely resected stage IIB, IIC, III and IV ovarian
cancer. Also, weekly paclitaxel associated with reduced toxicity. Our
study support paclitaxel-carboplatin as a standard regimen for treat-

ment of patients with advanced ovarian cancer.
Key words: Carboplatin; Paclitaxel; Cisplatin-Cyclophosphamide; ad-

vanced ovarian carcinoma.

Introduction

Epithelial ovarian cancer (EOC)
is the second most common gyne-
cologic malignancy in the United
States and it is still the most com-
mon cause of death from gyneco-
logical cancer(1:2), Despite ongo-
the
majority of patients continue to be

ing research in screening,
diagnosed with advanced-stage
disease. For these patients, treat-
ment consists of a combination of
surgical debulking and chemo-
therapy!3). Platinum-based chem-
otherapy remains the cornerstone
of treatment for ovarian carcino-
ma, and over the last 20 years
surgical cytoreduction plus chem-
otherapy has improved the 5-year
survival in the United States (4).

In patients with advanced ovar-
ian cancer, a combination of cis-
platin and cyclophosphamide was
standard treatment. Unfortunate-
ly, long-term disease control with
this regimen occurs in less than
10 percent of women with incom-
pletely resected stage III disease
and less than 5 percent of women
with stage IV disease (5).

The  Gynecologic  Oncology
Group (GOG) 111 study estab-
lished cisplatin and paclitaxel as
the standard front-line chemo-
therapy (6). Because this combina-
tion requires a 24-hour hospitali-
zation and given the significant
oto-, nephro-, and neurotoxicity
associated with cisplatin, carbop-
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latin was substituted for cisplatin
in GOG 158, with an equivalent
response rate and a better toxicity
profile(”). A cumulative analysis of
seven phase I/II trials, evaluating
the combination of carboplatin
and paclitaxel, showed an overall
response rate of 81.4% with a
complete response rate of 47.2%,
further suggesting its equivalency
with cisplatin and paclitaxel in the
front-line therapy of ovarian can-
cer(8),

The combination of carboplatin
and 3-hour paclitaxel was found
to be a safe and highly active regi-
men in a phase 1 trial conducted
by the GOG9). On the basis of
this small study and the ease and
safety of outpatient administra-
tion, the combination had been
adopted by most physicians even
before any study was performed to
demonstrate its equivalence with
the longer infusion of paclitaxel
with cisplatin. Although carbopla-
tin was equivalent to cisplatin in
combination with cyclophospha-
mide, assuming that the same will
be true in combination with pacli-
taxel is somewhat dangerous.
There is a well-known interaction

between carboplatin and paclitax-

el on the megakaryocyte such that
carboplatin causes less thrombo-
cytopenia in combination with
paclitaxel than when carboplatin
is used alone. A similar effect
could also be operational at the
level of the tumor cell. Thus, a
GOG study was critically impor-
tant; it compared these two regi-
mens in patients with optimally
debulked disease; that is, short-
infusion (3-hour) paclitaxel 175
mg/m? and carboplatin (area un-
der the curve [AUC] 7.5) with long-
infusion (24-hour) paclitaxel 135
mg/m? and cisplatin 75 mg/m?2.
Recent data from that study
strongly indicate that the car-
boplatin and paclitaxel doublet
will not be less effective than the
cisplatin and paclitaxel doublet

and will have a better toxicity pro-
file (8:9),

A second study performed by a
(Arbeitsge-
meinschaft Gynakologische On-

German consortium
kologie) asked only the question of
which platinum analog was pre-
ferred (stages IIB to IV), with all
patients receiving paclitaxel 185
mg/m? for 3 hours and either cis-
platin 75 mg/m2 or carboplatin
(AUC 6)(10), Again, no significant

123



Hala M. El-Shenshawy, et al....

outcome differences were noted,
although the hazard ratio of 0.86
favored the cisplatin arm com-
pared with the carboplatin arm,
which is the reverse of the results
seen in GOG-158. Some investiga-
tors have suggested that differenc-
es in dose-intensity of carboplatin
in the two trials may explain these
opposite trends. However, grade 1
or greater neurotoxicity was signif-
icantly greater in the cisplatin arm
(56% v 35%) and was slower to re-
solve, demonstrating once again
that the doublet of short-infusion
paclitaxel with cisplatin is exces-
sively neurotoxic and cannot be
recommended (7- 11),

In order to minimize toxicity,
paclitaxel can be given weekly in-
stead of 3-weekly(12.13.14).  this
results in a higher dose intensity
of the drug(15). Weekly paclitaxel
is a highly active and well tolerat-
ed regimen that is increasingly be-
ing adopted for the treatment of
relapsed ovarian cancer. This regi-
men is usually administered at
80-90 mg/m?/week, and the use
of a 1h infusion helps minimize
When
pared with the 3-weekly schedule,

myelosuppression. com-

weekly paclitaxel is better tolerat-

ed, with a reduced frequency of
grade 3-4 toxic effects (12). Two
non-randomized trials 16, 17 have
suggested that the activity of pac-
litaxel in EOC is dose-dependent,
and a randomized trial 14 has
shown reduced toxicity with week-
ly scheduling without any detri-
ment to efficacy.

Because of the poor long-term
results of standard therapy, we
conducted this prospective, ran-
domized trial in order to assess
the antitumor efficacy, tolerability
and safety of combined carbopla-
tin and weekly paclitaxel as first-
line treatment in women with in-
completely resected stage IIB, IIC,
III or IV ovarian cancer and com-
pare its efficacy with the standard
therapy of cisplatin - cyclophos-
phamide.

Patients and methods

Between January 2005 and Au-
gust 2007, eighty patients with
advanced ovarian carcinoma who
attended at department of Clinical
Oncology and Nuclear Medicine at
Mansoura University Hospital and
Health Insurance Hospital were
enrolled in our study.
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Eligibility Criteria:
All patients in the

study had histologically proven

included

epithelial ovarian cancer and
FIGO stage IIB, IIC, IIIA, IIIB, or IV
disease. Women had to have their
initial surgical procedure within
less than 8 weeks of recruitment,
and their initial surgical proce-
dure could have consisted of an
optimal (= 1-cm residual mass) or
a suboptimal (> 1-cm residual
mass) tumor cytoreduction. In-
formed consent was obtained from
all patients according to the re-
quirements local human biomedi-

cal ethics committees.

Other
were as follows: chemonaivety, a

criteria for inclusion
performance status (WHO) of 0-2,
age of between 18 and 75 years,
leukocytes >4.0 x 109/1 and <12.0
x 109/1, platelet count >100 x
109/1, Hgb >10 g/dl, total biliru-
bin <1.5 mg/dl, serum creatinine
<1.5 mg/dl, serum GOT/GPT <2x
upper limit of normal, 24 h creati-
nine clearance >60 ml/min, ab-
sence of cardiovascular disease,
least 3
months and absence of any past

life expectancy of at

or current history of other neo-
plasma.

Exclusion criteria were previ-
ous pelvic irradiation (limited prior
radiotherapy, for example a single
fraction for bone pain, was al-
lowed); borderline histology; cen-
tral or peripheral neuropathy,
(CTC)

grade 2; bowel obstruction; signif-

common toxicity criteria

icant comorbidities; history of a
second malignancy, cerebral me-
tastases and pregnancy or lacta-
tion.

Pretreatment Evaluation:

Baseline examinations included
a complete history and physical
examination with documentation
of all
ther analyses included :

measurable disease. Fur-
a com-
plete blood count, blood chemistry
analyses including liver and re-
nal function test, ovarian tumor
marker CA-125, electrolytes, urine
analysis, chest X-ray, electrocardi-
ogram and a CT scan to document
measurable disease.

Treatment:

Patients were randomized to
standard-therapy (arm A) received
cyclophosphamide (750 mg/ m?2
intravenously) and cisplatin (75
mg/m? intravenously at the rate
of 1 mg per minute) repeated every
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three weeks or paclitaxel was ad-
ministered weekly in a planned
dose of 80 mg/m2/week for three
weeks with one week rest and car-
boplatin was given at a dose of
AUC 6 on day 1 (arm B). Treat-
ment was administered every 4
weeks for a minimum of six cycles
unless there was progression, un-
acceptable toxicity or patient refu-
sal. In both treatment groups, af-
ter six courses the patients could
continue therapy for three further
cycles if, in the opinion of the at-
tending physician, further clinical
benefit could be expected.

Stratification factors included
the FIGO stage (IIB-C, III, or IV),
the amount of residual disease (1
cm, or >1 cm), the WHO perfor-
mance status (0, 1 or 2), and the
tumor grade (well differentiated,
moderately differentiated, poorly
differentiated).

Treatment was repeated if
blood counts recovered (neutroph-
ils 1500/mm?3 and platelets 100
000/mm3) and non-hematological
1. A
delay of more than 42 days in any

toxicity recovered to grade

one course of treatment adminis-
tration was sufficient to have the

patient transferred out of the
study.

Paclitaxel was given over 1-

hour prior to platinum com-
pounds. All patients were premed-
icated 30 to 60 minutes before
paclitaxel with dexamethasone
20mg intravenously (iv), diphen-
hydramine 50 mg iv, and a hista-
mine 2 blocker (such as cimeti-
dine 300 mg or ranitidine 50 mg
iv). The recommended antiemetics
schedule comprised 5-HT3 inhibi-
(administered IV at the be-
gining of infusion, 4 hours and
The AUC

(area under the plasma concentra-

tors
8 hours afterwards).

tion versus time curve) was calcu-
lated according to the Calvert for-
mula(18), The carboplatin dose
was determined by the AUC meth-
od of Calvert [dose in mg = AUC x
(GFR + 25)]. The AUC chosen was
6 in arm B. Carboplatin was dilut-
ed in 250 ml of 5% dextrose and
infused over a period of 30-60
min. Premedications with corticos-
teroids, antiemetics and hydration
were administered before and af-
ter cisplatin administration in arm
A. Antiemetics were mandatory.
The
schedule comprised 5-HT3 inhibi-

recommended antiemetics
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tors (administered iv at the begin-
ing of infusion, 4 hours and 8
hours afterwards).

Evaluation during the study in-
cluded: (i) before each course of
therapy : a history and physical
examination, a complete blood
count, differential count, platelet
count, blood chemistry survey
with renal and liver function tests,
and evaluation of measurable dis-
ease by physical examination; (ii)
CA-125 was measured following
every two courses; and (iii) appro-
priate imaging studies were per-
formed to assess measurable dis-
ease every three cycles.

WHO response criteria were
employed for evaluation of mea-
surable disease(19). All adverse ef-
fects were graded according to the
toxicity criteria of the Gynecologic
Oncology Group(9),

Criteria for withdrawal from
the study:

Patients were removed from the
study for any one of the following
reasons: (i) evidence of disease
progression after a minimum of
one cycle of therapy; (ii) devel-

opment of unacceptable toxicity;

or (iii) patient refusal or inability
to comply with protocol require-
ments.

After three cycles of therapy, a
formal assessment had to be
made, and patients had to be cat-
egorized with regard to their cur-
rent disease status. By use of clin-
CA(125) radiological

assessment, the patients were as-

ical, and
signed to one of four subgroup
categories: those who progressed
clinically or who were unchanged
clinically or those who showed
partial clinical response or com-
plete clinical response. Patients
categorized as progressed clinical-
ly finished the protocol treatment
and were allowed to receive any
secondary treatment. All of the
other patients were scheduled to
receive three further cycles of pro-
tocol treatment.

After
treatment, the patients had to be

six cycles of protocol

categorized with regard to their
final response status with the use
of clinical, CA(125) and radiologic
assessments and/or second-look
the
same subcategories as defined

surgery assessment and

above. Patients not showing dis-
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ease progression at this point
could cease all cytotoxic therapy
or could receive three additional
cycles of protocol treatment.

Radiologic
document the status of all mea-

investigations to

surable lesions noted at baseline
had to be repeated after three, six,
and nine cycles of chemotherapy.
Once patients were off the proto-
col therapy, they were monitored
for assessment of disease status
every 3 months for 2 years and
every 6 months thereafter. Moni-
toring comprised clinical examina-
tion and CA(125) estimation; rou-
tine computed tomography scans
were required and were requested
also if the CA(125) level rose and/
or symptoms developed.

The changes in CA(125) levels
during chemotherapy post-surgery
in patients were analyzed. CA(125)
level reduction or increased used
as an early sign of response or
progression, respectively. Howev-
er, this finding must be confirmed
by radiological image.

End points
Progression-free survival (PFS),
the primary end point, was de-

fined as the interval between the
date of randomization and the
date of progression of the disease.
Other study end points included
clinical response rate, overall sur-
vival (OAS) and the potential use
of CA125 as a surrogate for pa-
tient outcome. Overall survival
was defined as the interval be-
tween the date of randomization
and the date of death or last fol-
low-up. A complete response (CR)
was defined as the disappearance
of all clinical evidence of tumor,
including normalization of CA125
level. A partial response (PR) was
defined as a 50% or greater de-
crease in the sum of the products
of the perpendicular diameters of
the measured lesions. Stable dis-
ease was defined as a steady state
of response less than a PR or pro-
gression less than 25% lasting at
least 4 weeks. Progression disease
(PD) was defined as the unequivo-
cal increase of at least 25% in the
sum of the products of the per-
pendicular diameters of the meas-
ured lesions.

Statistical analysis:

Pre-treatment patients' charac-
teristics of both treatment groups
were compared using the Chi-
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square test. Responses were com-
pared using the Pearson's Chi-
square test. Mann-Whitney U test
was used to compare the median
response, survival and progres-
sion-free survival in both treat-
ment groups. Survival curves were
generated by the Kaplan-Meier life
table method and were compared
using the Log-rank test. The rela-
tive risk and corresponding confi-
dence intervals (Cls) were calcu-
lated
Prognostic factors related to re-

using Chi-square test.
sponse, survival and progression-
free survival were studied by uni-
variate and multivariate analysis
using Cox proportional hazards
regression model. Multivariate
analysis of variables predictive of
survival was based on a logistic
regression model. The response
rate and survival outcomes of pa-
tients with various levels of CA
(125) were studied using Kaplan-
Meier method. Multivariate Cox
regression model was used to as-
sess the correlations between sur-
vival and the change in CA(125)
level during chemotherapy and
SPSS

Version. 9 was used for calcula-

other prognostic factors.

tions. P value is considered signifi-
cant if it is <0.05.

Results
Characteristics of the Patients
Between January 2005 and Au-

gust 2007, 80 patients with epi-
thelial ovarian cancer entered this
trial, 40 patients in each treat-
ment group. Five patients were
ineligible: two patients of which
had the

one patient had a history of can-

wrong primary tumor,

cer, and two patients had inappro-
priate stage. The remaining 75 eli-
gible women were randomly
assigned to either the cisplatin-
cyclophosphamide group (no. = 39
patients, group A) or the carbopla-
tin-paclitaxel group (no. = 36 pa-
tients, group B). The two groups
were balanced for several prognos-

tic factors (Tablel).

Chemotherapy Administration

A total of 458 cycles were ad-
ministered; 225 to the 39 patients
treated with cisplatin- cyclophos-
phamide and 233 to the 36 pa-
tients treated with paclitaxel-
carboplatin. A median number of
in both

groups, with a range from 3 to 9,

six courses (cycles)

was given to each treatment
group. The proportions of patients
continued treatment to cycle 6

was 51.3% in the cisplatin- cyclo-
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phosphamide group versus 61.1%
in the
group; 25.6% in the cisplatin- cy-

paclitaxel-carboplatin

clophosphamide group and 30.6%
in the paclitaxel-carboplatin group
received treatment from 7 to 9 cy-
cles. Nine patients (23.1%) in cis-
platin- cyclophosphamide group
and three patients (8.3%) in pacli-
taxel-carboplatin group did not
complete all six cycles of therapy
because of disease progression,
toxicity or death. Dose reduction
was uncommon, occurring in
11.1% of cycles in arm A and
8.6% of cycles in arm B. For pa-
tients who did experience the pre-
viously defined adverse hemato-
logic 20%
reduction in the paclitaxel or cy-

toxic reaction, a

clophosphamide dosages was
planned, with no reduction in the
cisplatin or carboplatin dose. The
use of granulocyte colony-
stimulating factor was accepted
only if adverse hematologic toxic
effects recurred despite an initial
dose reduction. However, dose de-
lay was significantly more {fre-
quent in the cisplatin- cyclophos-
(38.2%

19.7%