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The effect of chemotherapy with 5-fluorouracil, bleomycin and cisplatin in the healing of colonic ana-
stomoses in rats

PURPOSE:  Chemotherapeutic factors are known to affect healing on the postoperative patient. The aim of the present
experimental study was to evaluate the effect of intraperitoneal infusion of 5-fluorouracil, bleomycin and cisplatin on the
healing of colonic anastomoses in rats.

METHODS: Forty Albino-Wistar male rats were randomly divided into two groups, a control and a chemotherapy (CT)
group. In both, an end-to-end colonic anastomosis was performed. collagen, In the control group, 2cc saline was admin-
istered intraperitoneally during the operation and daily postoperatively until the sacrifice. In the CT group, rats were
administered a solution of 5-fluorouracil (20mglkg b.w.), bleomycin (4mglkg b.w.) and cisplatin (0.7 mglkg b.w.) in
an amount of 2cc intraperitoneal intraoperatively and afterwards daily postoperatively until the seventh postoperative day
when they were sacrificed. At sacrifice, adhesion presence was calculated and the anastomoses were resected and macro-
scopically examined. Bursting pressures were calculated and histological features were graded. Hydroxyproline concentra-
tions were evaluated.

ResuLts: No deaths or wound infections were observed until sacrifice. Bodyweight was significantly decreased in the CT
group (p=0.005). Bursting pressures (p=0.001) were significantly lower in the chemotherapy group, whereas adhesions
were significantly increased (p=0.001). Hydroxyproline concentrations were not significantly different (p=0.401). All his-
tological parameters appeared significantly decreased in the CT group: inflammation (p<0.008), neoangiogenesis (p<0.001),
and fibroblast activity (p=0.001) and collagen deposition (p<0.001).

CONCLUSION:  The use of chemotherapeutic agents had negative effects on the healing process of colonic anastomosis in
rats. The decreased inflammatory response depicts in more frequent anastomotic debiscence, ruptures and bodyweight loss
postoperatively.
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Introduction of the affected part of the intestinal tract remains the
management of choice in colon cancer. The reestablish-
ment of continuity of the gastrointestinal tract requires
the creation of a colonic 2. Anastomotic healing plays
a major role in the success of the operative outcome and
in the fast recovery of the patient, since it is vital for
the restoration of proper nutrition.

As any tissue of the human body, healing is a complex

procedure consisting of 3 phases; inflammation phase,

olon cancer is the third cause of death due to neo-
Col the third f death due ¢
plastic diseases worldwide. Up to date, tumor resection
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productive phase and anaplastic phase. Any discrepancy
in these phases will cause a deficit in the proper heal-
ing of the anastomosis. Healing may be affected by var-
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ious factors, local or systemic, such as operative tech-
nique, sufficient oxygenation of the tissues, infections,
patients’  age, comorbidities, = medication =~ 33-¢,
Anastomotic dehiscence is a major factor in total mor-
bidity and mortality in patients after colon surgery. The
leak of intestinal content into the peritoneal cavity can
cause severe sepsis (peritonitis) and inevitably death 7.
The dehiscence of the anastomosis, which is the mechan-
ical cause of leak, usually is presented the fifth to sev-
enth postoperative day due to defective healing of it.
Ruptures are more frequent in rectal than colonic anas-
tomosis 7.

Adjuvant therapy to colon cancer resection is the admin-
istration of antineoplastic drugs with 5-fluorouracil,
bleomycin and cisplatin being among the most com-
monly administered drugs in the management of colon
cancer. These drugs are proven to decrease the frequen-
cy of cancer recurrence and mortality rates in patients
administered as adjuvant therapy 1. All three have
been examined in intraperitoneal administration intra-
operatively and have statistically significantly decreased
local neoplasm recurrence, without the full spectrum of
side effects after their systematic administration 221,
Nevertheless, antineoplastic drugs remain immunosup-
pressant drugs, meaning that they interfere with normal
processes such as tissue healing 192224,

Additionally, the immediate intraperitoneal administra-
tion of chemotherapeutic drugs that slow down the abil-
ity of fibroblasts to produce collagen has a negative
impact in the healing of colonic anastomosis thus increas-
ing the bursting pressure 1%:20:23:25,

The aim of the current experimental study is to evalu-
ate the level of effects of 5-fluorouracil, bleomycin and
cisplatin in the healing of colonic anastomoses in rats.
The healing of colonic anastomoses was clinically and
laboratory evaluated by the following parameters; macro-
scopic examination, bursting pressure, histological assess-
ment, and biochemical assessment.

Materials and Methods
LABORATORY ANIMALS

Forty male Wistar rats (average weight 200-300g) were
used in the present study. The research protocol was
approved by the Ethical Committee of the Department
of Veterinary Services of the Prefecture of Thessaloniki
(SN:13/10767/15-9-2003).

Laboratory animal care was strictly taken into consid-
eration during the study. The rats were kept 7-10 days
before the experiment in individual housing, unre-
stricted access to standard diet and water and on a 12-
hour light cycle. Minimal pain and discomfort of rats
was of high essence. None preoperative antibiotics were
given. The same conditions existed also during the
experiment.

ExXPERIMENTAL (GROUPS, ANESTHESIA AND (OPERATIVE
TECHNIQUE

Rats were randomly assigned to two groups of 20 ani-
mals. In the Control group, 2cc saline was administered
intraperitoneally during the operation and daily postop-
eratively until the sacrifice. In the Chemotherapy (CT)
group, rats were administered a solution of 5-fluorouracil
(20mg/kg b.w.), bleomycin (4mg/kg b.w.) and cisplatin
(0.7mg/kg b.w.) in an amount of 2cc intraperitoneal
intraoperatively and afterwards daily postoperatively until
the sixth postoperative day. For substances’ administra-
tion, the rats were subjected to light sedation with ether.
After satisfactory anesthetization for the administration
of the substances by injection, the rats were repositioned
in their cages. The initial and final weights of the rats
were measured. The anastomosis was performed under
general anesthesia. First, the animals were placed in a
room with ether for a few seconds, and then thiopen-
tal solution was administered intraperitoneally at a dose
of 50mg/kg of bodyweight. Total duration of the anes-
thesia was 50-60 minutes. Afterwards, abdominal hair
was shaved, and 10% povidone iodine solution was used
for proper antisepsis. Then, the rat was placed and immo-
bilized on a disinfected surgical table, and a sterile sur-
gical field was used to margin the surgical site. Through
a 3 cm midline incision, the colon was recognized and
at 10 cm distance of the ileocecal valve, on the trans-
verse colon, 1 cm of colon, was excised. Afterwards, an
end-to-end colonic anastomosis was created using a sin-
gle layer of eight interrupted extramucosal 6-0
polypropylene sutures. Then, the peritoneal cavity was
washed with saline (NaCl 0.9%), and the abdominal wall
was closed with three or four silk sutures 3/0. No antibi-
otics were administered to animals, and the net surgical
time ranged from 15 to 25 minutes.

Macroscoric EXAMINATION

The study animals were sacrificed on the seventh post-
operative day. After anaesthesia, they were euthanized by
intracardiac administration of KCL 10%. The anasto-
moses were examined macroscopically for the following
parameters: integrity of the anastomosis, existence of
abscess or peritonitis and adhesion formation. The eval-
uation of adhesion formation was performed according
to the scale of van der Hamm et al. 2°. This scale ranges
from 0 to 3 as follows; (0) no adhesions; (1) minimal
adhesions; (2) moderate adhesions, 7.e., between the
omentum and the anastomotic site; and (3) severe and
extensive adhesions, including abscess formation.

Bursting Pressure

Ex vivo measurement of bursting pressure includes the
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removal of the anastomosis along with a 5 cm segment
of the colon in total en bloc with the formed adhesions.
A manometer with the ability of continuous measure-
ment of pressure was attached to a catheter securely
placed in the distal end of the specimen, whereas the
proximal end was tightly connected to a pump which
provided a continuous flow of physiological saline at a
rate of 1 mL/min. The bursting pressure was defined as
the pressure at which leakage of saline or gross rupture
was noted and was recorded in mmHg. The site of leak-
age during the bursting pressure measurement was also
recorded, since rupture occurred at the anastomotic site
or far from it.

HisToLOGICAL ASSESSMENT

After the bursting pressure measurement, the colon’ seg-
ment was placed in 4% formaldehyde solution for
histopathological examination. The histological sections
were 3 pm thick and stained with hematoxylin and eosin.
The Ehrlich and Hunt numerical scale as modified by
Phillips ez al. was used to histologically grade the micro-
scopic findings /. The evaluated parameters were inflam-
matory cell infiltration (white blood cell count), angio-
genesis, fibroblast activity and collagen deposition. Each
studied parameter was evaluated individually using a
numerical scale as follows: (0) no evidence, (1) occa-
sional evidence, (2) light scattering, (3) abundant evi-
dence and (4) confluent fibers or cells.

Hydroxyproline

In order to quantify the amount of collagen in the anas-
tomotic area the total amount of hydroxyproline was
measured. A segment of the anastomosis was freezed at
—20 °C and after drying for 24 hours it was weighted
on a high-accuracy scale. Then, it was placed in 30 pL
of concentrated solution of sodium hydroxide (NaOH)
of 8N and right afterwards T-chloramine 0.056N. The
purpose of this was the extraction of the collagen from
the tissue and conversion to solution form 500 pL of
IM Ehrlich reagent were added, and the solution was
incubated. After this procedure, the solution was placed
on a spectrophotometer, and the absorption was calcu-
lated at 550nm. With the help of an absorption curve
and a mathematical formula, a calculation of hydrox-
yproline was performed.

STATISTICAL ANALYSIS STATISTICAL ANALYSIS

The extracted data were summarized using statistical
descriptive indices of central tendency and dispersion.
Data appear as mean value +/- standard deviation or
median and range, whenever more appropriate. The data
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were evaluated depending on presentation of normal dis-
tribution or not, using a normality test. Continuous val-
ues were expressed in means and standard deviations
when normally distributed while in medians and
interquartile ranges when not normally distributed. For
the values following normal distributions, t-tests was used
and for values that did not follow a normal distribu-
tion, the Mann-Whitney test was used. Categorical vari-
ables were expressed with frequencies and percentages.
Percentages were compared using the Fisher’s Exact Test.
The level of statistical significance was set at p value
<0.05 for the comparisons between the groups. All the
statistical analyses were performed using the IBM SPSS
Statistics (V.22).

Results
BoDywrIGHT CHANGE

Bodyweight was measured with precision in all rats
before the experiment and on the day of sacrifice. In
the control group, the mean bodyweight of the rats
decreased during the experiment and until sacrifice. This
change was statistically significant (p=0.005). Similarly,
in the chemotherapy (CT) group, a statistically signifi-
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Fig. 1: Bodywight: A. Comparative bar chart of body Weight (gr).
In the chemotherapy (CT) group, a decrease in the average bodywei-
ght of the rats was observed during the experiment, significantly
higher than the weight loss to the Control group. B. Comparative
bar chart of Body weight changes. The decrease in bodyweight in
the CT group was significantly increased than in the control group.
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cant decrease in the average bodyweight of the rats was
observed (p<0.001). The decrease in bodyweight in the
CT group was significantly increased than in the con-
trol group (p=0.004) (Fig. 1).

No deaths ANASTOMOTIC DEHISCENCE

or wound infections occurred. All animals were sacri-
ficed, and an autopsy took place on the seventh post-
operative day. During the autopsy, a macroscopic exam-
ination was performed to check if there was any anas-
tomotic  dehiscence. 'The macroscopic examination
showed no anastomotic dehiscence in the control group.
In the chemotherapy group, 8 out of 20 rats (40%) had
dehiscence, which occurred as peritonitis or anastomot-
ic abscess. The anastomotic dehiscence in the chemother-
apy group was statistically significant compared to the
control group (p=0.02).

BURSTING PRESSURE MEASUREMENT

The CT group showed statistically significantly lower val-
ues of bursting pressure compared to the control group
(p<0.001). In the CT group, in 36% of the cases, the

rupture was observed away from the anastomosis site,
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Fig. 2: Bursting pressure. A. Comparative bar chart of bursting pres-
sure (mmHg). The CT group showed statistically significantly lower
values of bursting pressure compared to the control group. B.
Comparative bar chart of rupture area during bursting pressure. The
rupture in the area of anastomosis was more common in the che-
motherapy group than in the GH group, but it was not statistical-
ly significant.

compared with 60% in the control group. These results,
along with the locations of the ruptures in the two
groups are described in Fig. 2. The rupture in the area
of anastomosis was more common in the CT group than
in the control group, with no statistical significance

(p=0.168).
Adhesion Formation

There was a statistically significant difference in adhesion
formation. In the control group, 30% of the rats did
not show any adhesions whereas in the CT group all
rats had adhesions assessed with at least grade 1 in the
Van der Hamm’s scale. In addition, in the CT group,
40% of rats showed grade 3 adhesions, compared to
none in the control group. The incidence of varying
degrees of adhesions is shown in Fig. 3. The control
group showed statistically significantly fewer adhesions

than the CT group (p<0.001).

HYDROXYPROLINE

Hydroxyproline was measured as an indirect quantifica-
tion of the amount of collagen in the area of anasto-

Carrral

Fig. 3: Comparative bar chart of adhesion formation. The control
group showed statistically significantly fewer adhesions than the CT

group.

Fig. 4: Comparative bar chart of hydroxyproline (cmgr/mgr) tissues.
the CT group showed a lower mean of hydroxyproline than did the
control group, but not statistically significant.
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mosis. The mean of hydroxyproline was calculated in the
two groups, and the CT group showed a lower mean
of hydroxyproline than did the control group which is
not statistically significant (p=0.401). Fig. 4 summarizes
the values of hydroxyproline.

HisTOLOGICAL ASSESSMENT

The histological assessment of tissue healing included the
following; inflammatory cell infiltration, neoangiogenesis,
fibroblast activity and collagen deposition. Statistical
analysis revealed significant changes in all histological
parameters. Inflammation is significantly increased in the
control group compared to the CT group (p<0.008).
Similarly, neoangiogenesis (p<0.001), fibroblast activity
(p=0.001) and collagen deposition (p<0.001) are all sig-
nificantly increased in the control group compared to
the chemotherapy group. Fig. 5 summarizes these results.

Discussion

Healing is a complex process that starts immediately after
any tissue trauma with a final result of structural and
functional tissue rehabilitation. Even though healing is
a continuous process, it is divided into independent but

overlapping phases. The most important is the inflam-
matory phase where defense mechanisms remove bacte-
ria, necrotizing tissues and foreign bodies away from the
trauma via phagocytosis. This leads to local preparation
for collagen formation and deposition ?%°. Any delay or
inhibition of this phase will lead to improper healing
process and inadequate tissue formation. Healing of
colonic anastomosis presents with the same phases as any
wound healing and is affected by the same local and
systemic factors 3%31. Failure of this process leads to
dehiscence or rupture of the anastomosis, increasing post-
operative morbidity and mortality. A major factor of
quality of life in patients after resection of colon cancer
is the rapid return to proper feeding. This is only fea-
sible only after proper continuity of the gastrointestinal
tract which is provided surgically. This, by its turn, is
strictly related to the ability of the anastomosis to for-
ward the intestinal content. Thus, it could be said that
the success of the healing of the anastomosis is of out-
most importance in the quality of life offered to these
patients 2832,

Colon cancer is the third most common malignancy
worldwide and surgical resection remains the preferred
therapy of choice. Anatomical continuity of the gas-
trointestinal tract is a necessary step for achieving qual-
ity of life in post-surgical patients. Cancer staging and
grading are two basic parameters that determine prog-
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Fig. 5: Histological assessment. A. Comparative bar chart of inflammatory cell infiltration. A 0—4 Ehrlich and Hunt numerical scale was
used for histological grading. There was a statistically significant difference between the two groups. B. Comparative bar chart of neoan-
giogenesis. A 0—4 Ehrlich and Hunt numerical scale was used for histological grading. There was a statistically significant difference between
the two groups. C. Comparative bar chart of collagen deposition. A 0—4 Ehrlich and Hunt numerical scale was used for histological gra-
ding. There was a statistically significant difference between the two groups. D. Comparative bar chart of fibroblast activity. A 0—4 Ehrlich
and Hunt numerical scale was used for histological grading. There was a statistically significant difference between the two groups.
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nosis and long term survival. Lymph node or hepatic
metastases have poor prognosis even though long tern
survival may be feasible 1© . Thus, early diagnosis is of
outmost importance. Apart from that, quality of life is
related to the staging of the disease that frequently
changes intraoperatively. 10% of patients with colon can-
cer are diagnosed with peritoneal carcinomatosis which
is considered non treatable and has rather poor prog-
nosis . This is a terminal stage of cancer without cure
and has a median survival of 5.2-6 months 3. Patients
with peritoneal carcinomatosis die due to intestinal
obstruction, pain and cachexia. It has been proven that
these patients have better survival rates if perioperative
intraperitoneal chemotherapy is used 3%%. The main
advantage of the use of chemotherapy agents used
intraperitonealy compared to intravenous administration
is that the concentration of the drug used is higher in
the area with possible residual disease and in the liver,
due to possible haematogenic dispersion 2. The direct
administration of high dosage drug in the peritoneum
and the direct effect on the liver, which is the main
organ of micrometastasis through the portal vein, are the
main advantages °. It has been reported that in patients
with advanced colon cancer, intraperitoneal administra-
tion of 5-FU or in combination with systemic intra-
venous 5-FU is a safe practice with certain advantages,
especially the decreased frequency of local recurrence
213839 In a randomized control trial which compared
intravenous and intraperitoneal use of 5-FU in patients
with advanced colon cancer, a statistically significant
decrease was recorded in peritoneal metastases in patients
with intraperitoneal administration of 5-FU 4. Recently,
a significant improvement of survival was recorded in
adjuvant intraperitoneal administration of 5-FU after sur-
gical resection of locally advanced colon cancer #!. The
combined use of intravenous and intraperitoneal admin-
istration of 5-FU postoperatively in patients with stage
3 colon cancer improved significantly survival and local
recurrence 42, In a multicenter randomized trial, stage 2
and 3 colon cancer patients who were administered
intraperitoneally 5-FU for 6 days after resection, had sig-
nificantly fewer local recurrence and chemotherapy was
well tolerated #3. The rate of local remission is reported
lower and peritoneal implants are significantly reduced
in peritoneal administration of 5-FU 2.

Despite the advantages of intraperitoneal distribution of
chemotherapy, its immunosuppressive ability can have
adverse effects on the healing of colonic anastomosis 2223,
Huge differences in these effects have been published,
possibly due to the various initial parameters; 5-FU
dosage, start time and time period administered, co-
administration of other cytostatics 192332444 Reduced
effect of 5-FU on anastomosis healing was recorded in
short term period of 3-4 days or at delayed postopera-
tive period 4%, Many studies had various parameters
not equally established, like the time and the dosage that
they were administered at, and others start the intra-

venous administration of 5-FU immediately postopera-
tively . In our study, 5-FU dose was defined at
20mg/kg daily, which is the maximum tolerable dosage
that can be administered and is considered equivalent to
the daily administered dose in humans 452, In addi-
tion, newer therapeutic agents, bleomycin and cisplatin,
were decided to be administered simultaneously.
Adjuvant therapy of bleomycin seems to has positive
results in remission and survival rates !°. Unfortunately,
it affects negatively the anastomoses by decreasing the
production and deposition of collagen. It has been shown
however that administration of bleomycin 3-4 days post-
operatively does not affect the healing %%, In our study,
the bleomycin dose was 4mg/kg daily in a 2cc solution
intraoperatively and postoperatively every day until sac-
rifice.

Cisplatin is a drastic agent in various neoplasms.
Experimental studies have shown the satisfying response
of small tumors when cisplatin was administrated
intraperitonealy 833, In our study, the cisplatin dose was
0,7mg/kg daily in a 2cc solution intraoperatively and
postoperatively every day until sacrifice.

The effect of the chemotherapy agents was evaluated by
recording the following parameters; rats’ body weight,
anastomotic dehiscence, burst pressure, adhesion forma-
tion, histological assessment and hydroxyproline levels.
Body weight loss postoperatively in rats that where
administered cytostatics intraoperatively has been already
published 3247:4850-52.5455  Weight loss per se does not
seem to be affecting the anastomotic healing °!. In our
study, weight loss was observed in the chemotherapy
group, which was statistically significant compared to the
control group. Weight loss was observed in the control
group too. Weight loss is possibly not only due to the
effect of the procedure, but also to the immunosup-
pressive character of the drugs #/. Other studies support
that finding, reporting that weight loss per se does not
affect the anastomosis, but the agents play significant
role in that L.

The probably most important indicator of insufficient
anastomotic healing is the rate of anastomotic rupture
and dehiscence 3. Other studies report these complica-
tions to a significant percentage in rats who received
intraperitoneal chemotherapy compared to control
groups. Graf et al reported complications from the anas-
tomoses at 12 out of 32 rats after the intraperitoneal
administration of 5-FU 2. More specifically perianasto-
motic abscess was observed in ten rats on the day of
sacrifice while the rest two rats died from anastomotic
rupture. In the control group only one test animal devel-
oped perianastomotic abscess postoperatively. Kanellos et
al. showed similar results with anastomotic rupture in 6
out of 16 rats after the intraperitoneal administration of
5-FU while only one rat of the control group showed
anastomotic rupture 8. In the above two studies the 5-
FU was administered intraperitoneal at a dose of 20
mg/kg of B.W. /day from the day of the surgery until
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the seventh day postoperatively. On the contrary,
Fukuchi et al in a similar study does not report a pro-
portional increase in the frequency of anastomotic rup-
ture in rats given 5-FU intraperitoneally but he men-
tions two deaths in the 5-FU group of rats without being
able to adequately interpret this fact . In our study,
none of the control group’s subject had an anastomot-
ic rupture. In contrast, the chemotherapy group displayed
a 40% anastomotic leakage with peritonitis/abscess for-
mation. This difference is statistically significant and
shows the negative effect of chemotherapy drugs in tis-
sue healing.

Bursting pressure is a rather precise index of proper heal-
ing and mechanical stability of the anastomosis, because
it depicts accurately the normal colon’s function.
Anastomotic rupture usually happens on the 4th post-
operative day, when the healing process is in the most
initial phase. It has been established that on the 7% post-
operative day the burst pressure is significantly decreased
in anastomosis where 5-FU was administered previously
intraperitonealy 3247495758 In our study the administra-
tion of CT was for a course of 7 days. Similar studies
have shown that even for a lesser period of administra-
tion (5 days or less), if the 5-FU administration started
within the first 3 postoperative days, the burst pressure
was significantly decreased 5%¢1. Other studies claim
that the burst pressure is not significantly decreased if
the intraperitoneal use of 5-fu is limited in less than 5
days 506263 Measurement of bursting pressure in our
study was performed on the 7th postoperative day and
the chemotherapy group had significantly lower bursting
pressure that the control group. Anastomotic rupture is
associated with weak anastomosis and anastomosis in
which the healing phase is still premature. This is why
usually anastomotic ruptures are recorded during the 3%
or 4 postoperative day ®*. Rupture away from the anas-
tomosis is associated with mechanically potent anasto-
mosis and anastomosis in which the healing is in an
advanced stage 32¢. Comparing the two groups, rupture
rate on the anastomosis in the chemotherapy group was
increased, whereas on the control group was lower, how-
ever the difference was not statistically significant. While
this result is not in accordance with similar research %7,
the difference in the rupture area can be partly explained
considering possibly the strength in the anastomotic tis-
sues in control group compared to chemotherapy group.
Adhesion formation is an expected result of normal
response to surgical trauma and reformation of tissues.
Adhesions normally have a positive effect on the heal-
ing process as they control possible small leakages and
they provide a matrix for neoangiogenesis and thus bet-
ter blood perfusion 44965 The initiation of the inflam-
matory reaction results in fibroblast activation and col-
lagen deposition and it is related with the adhesion for-
mation, the preservation of which is firmly connected to
the fibrolytic mechanisms. Kanellos et al. found an
increase of the adhesions in the 5-FU group of rats com-
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pared to the 3 same observation was shown by El-Malt
et al as the intraperitoneal administration of 5-FU result-
ed in a larger number of adhesions in rats after 5 days
of injection %. But this is not always the case, as there
is a study where the administration of 5-FU resulted in
the reduction of extent and severity of adhesions . In
our study, a significant increase of adhesions was record-
ed in the chemotherapy group compared to the control
group. Possibly, the tissues try to minimize areas of small
ruptures which are more often in the chemotherapy
group due to the weakening of the anastomosis.

The adequacy of the mechanisms of the healing process
is depicted by the collagen formation and deposition.
The measurement of the amino acid hydroxyproline is
a reliable method of defining the total collagen that is
deposed in the subject area. The amount of collagen is
considered rather important in the healing process, and
experimental models of quantifying it have been intro-
duced 2. It is assumed that the chemotherapy drugs
interfere with the fibroblast activity, decreasing fibrob-
lasts’ proliferation and functioning. Several studies that
investigated the effect of chemotherapy drugs intraperi-
toneally showed a decrease on the levels of hydroxypro-
line >%¢!. Only one study observed an increase on the
hydroxyproline . Indeed, in the current study a decrease
in hydroxyproline of the anastomotic area was recorded
in the chemotherapy group compared to control, but the
difference was not statistically significant.

As already mentioned, chemotherapy drugs through their
immunosuppressive role can interfere with normal func-
tions of macrophages and fibroblasts and they can neg-
atively affect the anastomosis healing “'. This results in
reduced collagen synthesis with the appearance of toxic
systematic reactions thus decreasing the neoangiogenesis
and normal healing procedure. It seems that chemother-
apy drugs can increase the inflammatory reaction. Many
researchers after histological examination observed an
increase in the proliferation and migration of other
leukocytes in the anastomotic tissues after the adminis-
tration of chemotherapy drugs 4786163, However, in our
study, number of leukocytes in the anastomotic tissues
is significantly lower in the chemotherapy group com-
pared to control. Similarly, the other histological find-
ings of neoangeiogenesis, collage formation and fibrob-
lasts are significantly lower in the chemotherapy group
compared to control. This comes to accordance with the
initial hypothesis and contiguous research 32801,

Conclusion

In conclusion, the immediate postoperative intraperi-
toneal infusion of 5-FU, bleomycin and cisplatin affects
negatively the healing process of the colon anastomoses.
In fact, it affects the proliferation of fibroblasts and
reduces the synthesis and deposition of collagen in the
site of the anastomosis. As a result, the rate of rupture
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is higher and their mechanical strength is lowered as it
depicts by their bursting pressure. In addition, the
inflammatory process is increased and the neoangiogen-
esis is decreased. It would be of researching interest the
possible minimization of the adverse effects of the
chemotherapy drugs, if a substance that could enhance
the healing process could be co-administered with them.

Riassunto

E noto che i fattori chemioterapici influenzano la gua-
rigione del paziente postoperatorio. Lo scopo del pre-
sente studio sperimentale era di valutare leffetto dell’in-
fusione intraperitoneale di 5-fluorouracile, bleomicina e
cisplatino sulla guarigione delle anastomosi del colon nei
ratti.

MeTtopr: Quaranta ratti maschi Albino-Wistar sono sta-
ti divisi casualmente in due gruppi, un gruppo di con-
trollo e un gruppo di chemioterapia (CT). In entrambi,
¢ stata eseguita un’anastomosi del colon end-to-end. Nel
gruppo di controllo, sono stati somministrati per via
intraperitoneale durante I'operazione 2cc di una soluzione
salina, e poi quotidianamente dopo lintervento fino al
sacrificio degli animali.

Nel gruppo CT, sono stati somministrati per via
intraperitoneale durante I'operazione 2cc di una soluzione
con 20 mg/ kg di peso corporeo di 5-fluorouracile, 4
mg/kg di peso corporeo di bleomicina e 0,7 mg/kg di
peso corporeo di cisplatino, e successivamente quotidi-
anamente dopo lintervento fino al settimo giorno post-
operatorio in cui furono sacrificati. Al sacrificio, ¢ stata
calcolata la presenza di aderenze e le anastomosi sono
state resecate ed esaminate macroscopicamente. Sono
state calcolate le pressioni di scoppio e sono state clas-
sificate le caratteristiche istologiche. Sono state valutate
le concentrazioni di idrossiprolina.

RISULTATL: nessuna morte o infezione della ferita ¢ stata
osservata fino al sacrificio. Il peso corporeo ¢ stato sig-
nificativamente ridotto nel gruppo CT (p = 0,005). Le
pressioni di scoppio (p = 0,001) erano significativamente
pit basse nel gruppo chemioterapico, mentre le aderen-
ze erano significativamente aumentate (p = 0,001). Le
concentrazioni di idrossiprolina non erano significativa-
mente diverse (p = 0,401). Tutti i parametri istologici
sono apparsi significativamente diminuiti nel gruppo CT:
infiammazione (p <0,008), neoangiogenesi (p <0,001) e
attivitd dei fibroblasti (p = 0,001) e deposizione di col-
lagene (p <0,001).

CoNCLUSIONE: L'uso di agenti chemioterapici ha influito
negativamente sul processo di guarigione dell’anastomosi
del colon nei ratti. La diminuzione della risposta infi-
ammatoria indica un piu frequente rischio di deiscenza
anastomotica, di rotture e perdita di peso corporeo dopo
Iintervento.

References

1 Kanellos I, Hoffmann P: 7he colorectal anastomosis by using the
EEA- stapler. Mater Med Gr, 1985;465-68.

2. Karanjia ND, Corder AP, Holdsworth PJ, Heald R]: Risk of
peritonitis and fatal septicaemia and the need to defunction the low
anastomosis. Br ] Surg [Internet]. Wiley-Blackwell; 1991; 78:196-
98. Available from: http://dx.doi.org/10.1002/bjs.1800780221

3. Verhofstad MH]J, Lange WP, van der Laak JAWM, Verhofstad
AAJ, Hendriks T: Microscopic analysis of anastomotic healing in the
intestine of normal and diabetic rars. Dis Colon Rectum [Internet].
Ovid Technologies (Wolters Kluwer Health); 2001;44:423-31.
Available from: http://dx.doi.org/10.1007/bf02234744

4. Trite L: Nutritional Assessment and Support of Kidney Transplant
Recipients. ] Infus Nurs [Internet]. Ovid Technologies (Wolters
Kluwer Health); 2004;27:45-51. Available from: http://dx.doi.org/
10.1097/00129804-200401000-00007

5. Duries L de C, Duraes EFR, Lobato LF de C, Oliveira PG
de, Sousa JB de: Correlation between bursting pressure and breaking
strength ‘in colonic anastomosis. Acta Cir Bras [Internet]. 2013 [cit-
ed 2018 Mar 18]; 28:447-52. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/23743683

6. Shogan BD, Carlisle EM, Alverdy JC, Umanskiy K: Do we real-
ly know why colorectal anastomoses leak? ] Gastrointest Surg
[Internet]. 2013 [cited 2018 Mar 18]; 17:1698—707. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23690209

7. Ascanelli S, Navarra G, Tonini G, Feo C, Zerbinati A, Pozza
E, et al.: Early and late outcome after surgery for colorectal cancer:
Elective versus emergency surgery. Tumori, 2003; 36-41.

8. Killingback M, Barron P, Dent O: Elective resection and anas-
tomosis for colorectal cancer: A prospective audit of mortality and mor-
bidity 1976-1998. ANZ ] Surg [Internet]. Wiley-Blackwell;
2002;72:689-98. Available from: http://dx.doi.org/10.1046/j.1445-
2197.2002.02524.x

9. Poulin EC, Schlachta CM, Seshadri PA, Cadeddu MO,
Grégoire R, Mamazza J: Septic complications of elective laparoscopic

Surg Endosc [Internet]. Springer Nature;
Available  from:  htep://dx.doi.org/10.1007/

colorectal  resection.
2001;15:203-8.
5004640000234

10. Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie
JA, Tangen CM, et al.: Fluorouracil plus levamisole as effective adju-
vant therapy afier resection of stage III colon carcinoma: A final report.
Ann Intern Med [Internet]. 1995 [cited 2018 Sep 27]; 122:321-6.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/7847642

11. Macdonald ]S, Astrow AB: Adjuvant therapy of colon cancer.
Semin Oncol [Internet]. W.B. Saunders; 2001 [cited 2018 Sep
271;28:30—40. Available from: https://www.sciencedirect.com/sci-
ence/article/pii/S0093775401900430

12. Brodsky JT, Cohen AM: Peritoneal seeding following potentially
curative resection of colonic carcinoma. Dis Colon Rectum [Internet].
Ovid Technologies (Wolters Kluwer Health); 1991; 34:723-7.
Available from: http://dx.doi.org/10.1007/bf02050360

13. Sugarbaker PH, Gianola FJ, Barofsky I, Hancock SL, Wesley R:
S5-fluorouracil chemotherapy and pelvic radiation in the treatment of large
bowel cancer: Decreased toxicity in combined treatment with 5-fluorouracil
administration through the intraperitoneal route. Cancer [Internet]. Wiley;

Ann. Ital. Chir., 91, 5, 2020 559



L Lambrou, et al.

1986;58:826-31. Available from: http://dx.doi.org /10.1002/1097-
0142(19860815)58:4%3C826::aid-cncr 2820580403%3E3.0.co

14. Sugarbaker PH: Intraperitoneal chemotherapy for treatment and
prevention of peritoneal carcinomatosis and sarcomatosis. Dis Colon
Rectum [Internet]. Ovid Technologies (Wolters Kluwer Health);
1994;37:S115-22.  Available hetp://dx.doi.org/10.1007/
bf02048443

15. Goel R, Cleary SM, Horton C, Kirmani S, Abramson I, Kelly
C, et al.: Effect of sodium thiosulfate on the pharmacokinetics and
toxicity of cisplatin. JNCI ] Natl Cancer Inst [Internet]. Oxford
University Press (OUP); 1989;81:1552—60. Available from:
http://dx.doi.org/10.1093/jnci/81.20.1552

16. Piccart MJ, Abrams J, Dodion PF, Crespeigne N, Sculier JP,
Pector JC, et al.: Intraperitoneal chemotherapy with cisplatin and mel-
phalan. JNCI ] Natl Cancer Inst [Internet]. Oxford University Press
(OUP); 1988;80:1118-24. Available from: http://dx.doi.org/
10.1093/jnci/80.14.1118

17. Los G, Mutsaers PHA, Ruevekamp M, McVie JG: The use of
oxaliplatin versus cisplatin in intraperitoneal chemotherapy in cancers
restricted to the peritoneal cavity in the rat. Cancer Lett [Internet].
Elsevier BV; 1990;51:109-17. Available from: http://dx.doi.org/
10.1016/0304-3835(90)90045-y

18. Markman M, Hakes T, Reichman B, Hoskins W, Rubin S,
Jones W, et al.: Intraperitoneal cisplatin and cytarabine in the treat-
ment of refractory or recurrent ovarian carcinoma. ] Clin Oncol
[Internet]. American Society of Clinical Oncology (ASCO); 1991;
9:204-10. Available from: http://dx.doi.org/10.1200/jco. 1991.
9.2.204

19. Martens M, Hendriks T, Wobbes T, De Pont J: Intraperitoneal
cytostatics impair early post-operative collagen synthesis in experimen-
tal intestinal anastomosesP6. Br ] Cancer [Internet]. Nature
Publishing Group; 1992 [cited 2018 Sep 27]; 65:649-54. Available
from: http://www.nature.com/articles/bjc1992139

20. de Roy van Zuidewijn DB, Hendriks T, Wobbes T, de Boer
HH: Intraperitoneal cytostatics impair healing of experimental intesti-
nal anastomoses. Br ] Cancer [Internet]. 1991;63:937-41. Available
from: https://pubmed.ncbi.nlm.nih.gov/1712623

21. Graf W, Westin J-E, Phlman L, Glimelius B: Adjuvant
intraperitoneal 5-fluorouracil and intravenous leucovorin after colorec-
tal cancer surgery: A randomized phase II placebo-controlled study. Int
J Colorectal Dis [Internet]. Springer Science and Business Media
LLGC; 1994;9:35-9. Available from: http://dx.doi.org/10.1007/
bf00304298

22. Kanellos I, Mantzoros I, Goulimaris [, Zacharakis F,
Zavitsanakis A, Betsis D: Effecss of the use of fibrin glue around the
colonic anastomosis of the rat. Tech Coloproctol [Internet]. Springer
Nature; 2003;7:82—4. Available from: hetp://dx.doi.org/10.1007/
s10151-003-0014-8

23. Kanellos I, Kazantzidou D, Evangelou I, Galovatsea K,
Zaraboukas T, Dadoukis I: Healing of colonic anastomoses after imme-
diate and delayed administration of 5-fluorouracil plus folinic acid.
Eur Surg Res [Internet]. Karger Publishers; 1998 [cited 2018 Sep
271;30:312-7. Available from: http://www.ncbi.nlm. nih.gov/
pubmed/9731099

24. Arikan AY, Senel FM, Akman RY, Can C: Comparison of the
effects of various anticancer agents on intestinal anastomosis after
intraperitoneal administration. Surg Today [Internet]. 1999 [cited

from:

560 Ann. Ital. Chir., 91, 5, 2020

2018 Sep 28];29:741-6. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/10483749

25. Kanellos I, Odisseos C, Zaraboukas T, Kavouni A, Galovatsea
K, Dadoukis 1: Colonic healing after early intraperitoneal adminis-
tration of 5-fluorouracil and interferon in rats. Int ] Colorectal Dis
[Internet]. Springer Nature; 1997; 12:45-8. Available from:
hetp://dx.doi.org/10.1007/s003840050078

26. van Der Ham AC, Kort WJ, Weijma IM, Van Ingh HFGM
Den, Jeckel J: Effect of fibrin sealant on the healing colonic anasto-
mosis in the rat. Br ] Surg [Internet]. Wiley-Blackwell; 1991;78:49—
53. Available from: http://dx.doi.org/10.1002/bjs.1800780117

27. Ehrlich Hp, Hunt Tk: The effects of cortisone and anabolic steroids
on the tensile strength of healing wounds. Ann Surg [Internet]. Ovid
Technologies (Wolters Kluwer Health); 1969;170:203-6. Available
from: http://dx.doi.org/10.1097/00000658-196908000-00007

28. Liu N: Metabolism of Macromolecules in Tissue. Lymphat Res
Biol [Internet]. Mary Ann Liebert Inc; 2003;1:67-70. Available
from: http://dx.doi.org/10.1089/15396850360495718

29. Tidball JG: Inflammatory processes in muscle injury and repair.
Am ] Physiol Integr Comp Physiol [Internet]. American
Physiological ~Society; 2005; ~ 288:R345-53. Available
hetp://dx.doi.org/10.1152/ajpregu.00454.2004

30. Skandalakis JE, Skandalakis LJ, Skandalakis PN: Swurgical
Anatomy and Technique [Internet]. Springer New York; 2000.
Available from: http://dx.doi.org/10.1007/978-1-4615-7993-9

from:

31. Diamond T: Maingot’s abdominal operations. 10th ed. M. ].
Zinner, S. 1. Schwartz and H. Ellis (eds). Both Volumes: 285 x
215 mm. Pp. 2200. Illustrated. 1997. Connecticut: Appleton and
Lange. £195. Br J Surg [Internet]. Wiley; 1997;84:1035—6. Available
from: http://dx.doi.org/10.1002/bjs. 1800840752

32. Kanellos I, Mantzoros I, Demetriades H, Kalfadis S, Kelpis T,
Sakkas L, et al.: Healing of colon anastomoses covered with fibrin glue
after immediate postoperative intraperitoneal administration of 5-fluo-
rouracil. Dis Colon Rectum [Internet]. Springer-Verlag; 2004 [cit-
ed 2018 Sep 27];47:510-5. Available from: https://insights.ovid.
com/crossref2an=00003453-200447040-00015

33. Moertel CG, Fleming TR, Macdonald ]S, Haller DG, Laurie
JA, Goodman PJ, et al.: Levamisole and fluorouracil for adjuvant
therapy of resected colon carcinoma. N Engl ] Med [Internet].
Massachusetts Medical Society; 1990; 322:352-58. Available from:
hetp://dx.doi.org/10.1056/nejm199002083220602

34. Chu DZ, Lang NP, Thompson C, Osteen PK, Westbrook KC:
Peritoneal carcinomatosis in nongynemlogic ma/lgnamj/. A prospective
study of prognostic factors. Cancer [Internet]. 1989 [cited 2020 Mar
22]563:364—7. Available from: hetp://www.ncbi.nlm. nih.gov/
pubmed/2910444

35. Sadeghi B, Arvieux C, Glehen O, Beaujard AC, Rivoire M,
Baulieux J, et al.: Peritoneal carcinomatosis from non-gynecologic
malignancies: Results of the EVOCAPE 1 multicentric prospective study.
Cancer. 2000;88:358—63.

36. Sugarbaker PH: Successful management of microscopic residual dis-
ease in large bowel cancer. Cancer Chemother Pharmacol [Internet].
Springer Science and Business Media LLC; 1999; 43:515-
25.Available from: http://dx.doi.org/10.1007/5002800051093

37. Elias D, Gachot B, Bonvallot S, Blot F, Sabourin JC, Ducreux

M, et al.: Peritoneal carcinosis treated by complete excision and imme-



The effect of chemotherapy with 5-fluorouracil, bleomycin and cisplatin in the healing of colonic anastomoses in rats

diate postoperative intra-peritoneal chemotherapy. Phase II study in
54 patients]. Gastroenterol Clin Biol [Internet]. 1997 [cited 2020
Mar 25];21:181-7. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/9161492

38. Russell AH, Pelton ], Reheis CE, Wisbeck WM, Tong DY,
Dawson LE: Adenocarcinoma of the colon: An autopsy study with
implications for new therapeutic strategies. Cancer [Internet]. Wiley;
1985;56:1446-51. Available from: http://dx.doi.org/10.1002/1097-
0142(19850915)56:6%3C1446::aid-cncr2820560636%3E3.0.co

39. Cass AW, Million RR, Pfaff WW: Patterns of recurrence fol-
lowing surgery alone for adenocarcinoma of the colon and rectum.
Cancer [Internet]. Wiley; 1976;37:2861-5. Available from:
http://dx.doi.org/10.1002/1097-0142(197606)37:6%3C2861::aid-
cncr2820370643%3E3.0.co

40. Sugarbaker PH, Gianola FJ, Speyer JL, Wesley R, Barofsky I,
Myers CE: Prospective randomized trial of intravenous v intraperi-
toneal 5-FU in patients with advanced primary colon or rectal can-
cer. Semin Oncol [Internet]. 1985 [cited 2020 Mar 25];12:101-11.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/3901269

41. Sugarbaker PH: Strategies for the prevention and treatment of
peritoneal carcinomatosis from gastrointestinal cancer. Cancer Invest
[Internet]. 2005 [cited 2018 Sep 28];23:155-72. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15813509

42. Scheithauer W, Kornek G V, Marczell A, Karner J, Salem G,
Greiner R, et al.: Combined intravenous and intraperitoneal
chemotherapy with fluorouracil + leucovorin vs fluorouracil + levamisole
for adjuvant therapy of resected colon carcinoma. Br ] Cancer
[Internet]. Nature Publishing Group; 1998;77:1349-54. Available
from: https://pubmed.ncbi.nlm.nih.gov/9579845

43. Vaillant JC, Nordlinger B, Deuffic S, Arnaud JP, Pelissier E,
Favre JP, et al.: Adjuvant intraperitoneal 5-fluorouracil in high-risk
colon cancer: A multicenter phase III trial. Ann Surg [Internet]. 2000
[cited 2018 Sep 28];231:449-56. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/10749603

44.de Roy van Zuidewijn DB, Hendriks T, Wobbes T,
Klompmakers AA, de Boer HH: Healing of experimental colonic
anastomoses:  effect of antineoplastic - agents. Eur ] Surg Oncol
[Internet]. 1987 [cited 2020 Mar 25];13:27-33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2434362

45. Hillan K, Nordlinger B, Ballet F, Puts JP, Infante R: The heal-
ing of colonic anastomoses after early intraperitoneal chemotherapy: An
experimental study in rats. ] Surg Res [Internet]. Elsevier BV;
1988;44:166-71. Available from: http://dx.doi.org/10.1016/0022-
4804(88)90045-5

46. Hananel N, Gordon PH: Effect of 5-fluorouracil and leucovorin

on the integrity of colonic anastomoses in the rat. Dis Colon Rectum

[Internet]. Ovid  Technologies (Wolters Kluwer Health);
1995;38:886-90.  Available from: http://dx.doi.org/  10.1007/
bf02049847

47. Weiber S, Graf W, Glimelius B, Jiborn H, Pahlman L,
Zederfeldt B: Experimental colonic healing in relation to timing of 5-
Sfluorouracil therapy. Br ] Surg [Internet]. Wiley-Blackwell; 1994 [cit-
ed 2018 Sep 28];81:1677-80. Available from: http://doi.wiley.com/
10.1002/bjs.1800811140

48. Kanellos I, Christoforidis E, Kanellos D, Pramateftakis MG,
Sakkas L, Betsis D: The healing of colon anastomosis covered with
Jibrin glue after early postoperative intraperitoneal chemotherapy. Tech

Coloproctol [Internet]. Springer Science and Business Media LLC;
2006;10:115-20. Available from: http://dx.doi.org/10.1007/s10151-
006-0263-4

49. Zacharakis E, Demetriades H, Pramateftakis M-G, Lambrou I,
Zacharakis E, Zaraboukas T, et al.: Effect of IGF-I on Healing of
Colonic Anastomoses in Rats Under 5-FU Treatment. | Surg Res
[Internet]. 2008 [cited 2018 Sep 28]; 144:138-44. Available from:
hetp://www.ncbi.nlm.nih.gov/pubmed/17640667

50. de Waard JWD, Wobbes T, Hendriks T: Early post-operative
S-fluorouracil does not affect the healing of experimental intestinal anas-
tomoses. Int ] Colorectal Dis [Internet]. Springer Science and
Business Media LLC; 1993; 8:175-8. Available from:
hetp://dx.doi.org/10.1007/bf00341194

51. Graf W, Weiber S, Glimelius B, Jiborn H, Pihlman L,
Zederfeldt B: Influence of 5-fluorouracil and folinic acid on colonic
healing: An experimental study in the rat. Br ] Surg [Internet]. Wiley;
1992;79:825-8.  Available from: http://dx.doi.org/10.1002/bjs.
1800790840

52. Goldman LI: Effect of Fluorouracil on Intestinal Anastomoses in
the Rat. Arch Surg [Internet]. American Medical Association (AMA);
1969;98:303.  Available from:  http://dx.doi.org/10.1001/arch-
surg.1969.01340090079011

53. Los G, Mutsaers PH, van der Vijgh W], Baldew GS, de Graaf
PW, McVie JG: Direct diffusion of cis-diamminedichloroplatinum(II)
in intraperitoneal rat tumors after intraperitoneal chemotherapy: a com-
parison with systemic chemotherapy. Cancer Res [Internet]. 1989 [cit-
ed 2020 Mar 25];49:3380-4. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/2720692

54. Morris T: Retardation of healing of large-bowel anastomoses by 5-
Sfluorouracil. Aust NZ]JSurg [Internet]. 1979 [cited 2020 Mar
25]549:743-5.  Available  from:  http://www.ncbi.nlm.nih.gov/
pubmed/294271

55. de Waard JW, Wobbes T, de Man BM, van der Linden CJ,
Hendriks T: 7he effects of 5-fluorouracil and interferon-alpha on ear-
ly healing of experimental intestinal anastomoses. Br ] Cancer
[Internet]. Nature Publishing Group; 1996;74:711-6. Available
from: https://pubmed.ncbi.nlm.nih.gov/8795572

56. Christoforidis E, Kanellos I, Tsachalis T, Angelopoulos S,
Blouhos K, Betsis D: Is TNM classification related to early postop-
erative morbidity and mortality after colorectal cancer resections? Tech
Coloproctol [Internet]. Springer Nature; 2004;8:s89-92. Available
from: http://dx.doi.org/10.1007/s10151-004-0122-0

57. Fukuchi SG, Seeburger JL, Parquet G, Rolandelli RH: Influence
of 5-fluorouracil on colonic healing and expression of transforming
growth factor-beta 1. ] Surg Res [Internet]. Academic Press Inc.;
1999  [cited 2020 Mar 22];84:121-6.  Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10357907

58. Bostanoglu S, Dinger S, Keskin A, Bostanoglu A, Dursun A,
Serim C: Beneficial effect of lloprost on impaired colonic anastomotic
healing induced by intraperitoneal 5-fluorouracil infusion. Dis Colon
Rectum [Internet]. 1998 [cited 2020 Mar 22];41:642-8. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/9593250

59. Haciyanli M, Fuzun M, Unek T, Tokgoz Z: Does the admin-
istration route of leucovorin have any influence on the impairment of
colonic healing caused by intraperitoneal 5-fluorouracil treatment? Eur
Surg Res, 2001; 33:80-5.

60. Van Der Kolk BM, De Man BM, Wobbes T, Hendriks T: Is

Ann. Ital. Chir., 91, 5, 2020 561



L Lambrou, et al.

early post-operative treatment with 5-fluorouracil possible without affect-
ing anastomotic strength in the intestine? Br ] Cancer [Internet]. 1999
[cited 2020 Mar 22]; 79:545-50. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/10027328

61. Erdem E, Ding S, Erdem D, Ustiin H, Caydere M, Alagsl H:
Effects of intraperitoneal chemotherapy and GM-CSF on anastomotic
healing: An  experimental study in rats. ] Surg Res [Internet].
Academic Press Inc.; 2002 [cited 2020 22];108:1—6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12443708

62. Pesticau SR, Marchettini P, Stuart OA, Chang D, Sugarbaker
PH: Prevention of intraperitoneal adbesions by intraperitoneal lavage
and intraperitoneal 5-fluorouracil: experimental studies. Int Surg
[Internet]. [cited 2020 Mar 22];87:195-200. Available
http://www.ncbi.nlm.nih.gov/pubmed/12403098

63. El-Malt M, Ceelen W, Broecke C Van den, Cuvelier C, Van
Belle S, de Hemptinne B, et al.: Influence of Neo-Adjuvant
Chemotherapy with 5-Fluorouracil on Colonic Anastomotic Healing:
Experimental Study in Rats. Acta Chir Belg [Internet]. Informa UK
Limited; 2003;103:309-14. Available from: http://dx.doi.org/
10.1080/00015458.2003.11679430

from:

562 Ann. Ital. Chir., 91, 5, 2020

64. Morales LCC, Nunez ER, Conde SM, Ganfornina ES, Del Rio
Lafuente F, Ostos EC, et al.: Experimental study of sutureless col-
orectal anastomosis. Hepatogastroenterology [Internet]. 2000 [cited
2020  25];47:1284-290.  Available from:  https://www.ncbi.
nlm.nih.gov/pubmed/11100334

65. Kanellos I, Vasiliadis K, Angelopoulos S, Tsachalis T,
Pramateftakis MG, Mantzoros 1, et al.: Anastomotic leakage follow-
ing anterior resection for rectal cancer. Tech Coloproctol [Internet].
Springer Nature; 2004;8:s79-81. Available from: http://dx.doi.org/
10.1007/s10151-004-0119-8

66. Takesue Y, Yokoyama T, Akagi S, Ohge H, Murakami Y,
Sakashita Y, et al.: A brief course of colon preparation with oral antibi-
otics. Surg Today. Springer Japan; 2000;30:112-6.



