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EXPERIMENTAL STUDY

Effects of diosmine-hesperidine on experimental colonic

anastomosis
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Abstract: Aim: Our goal was to determine the effects of a diosmine-hesperidine combination on wound healing
in a rat model of colonic anastomosis.

Materials and methods: In this study, 20 Wistar Albino female rats were randomized into four experimental groups
containing five rats in each group. A segment of 1 cm of colon was excised 4 cm proximally to the peritoneal
reflection in all rats without carrying out any mechanical or antibacterial bowel preparation. Colonic anastomo-
sis was performed with interrupted, inverting sutures of 6/0 polypropylene. Beginning from the first postopera-
tive day, the rats in Groups Il and IV received 100 mg/kg per day of diosmine-hesperidine via orogastic route
by 4F fine feeding catheter.

Results: A significant difference was detected between groups in terms of their hydroxyproline levels (p<0.05);
the hydroxyproline level of Group | was significantly lower than that of the other groups while no significant dif-
ference was noted between Groups Il and lIl.

Conclusion: The administration of diosmine-hesperidine increased the amount of collagen and bursting pres-
sures at the anastomotic site and thus had favorable influences on the healing of colonic anastomosis (Tab. 17,

Fig. 3, Ref. 33). Full Text in PDF www.elis.sk.
Key words: diosmine-hesperidine, colonic anastomosis.

Colonic anastomosis remains a significant issue as a major
cause of postoperative mortality and morbidity in colorectal sur-
gery, and is associated with 25-37 % of deaths according to the
related literature review (1).

The segment in the gastrointestinal system at highest risk of
anastomotic leakage is the colon, with an even higher risk in the
distal colon (2, 3). It has been reported that 80 % of all postop-
erative mortalities are associated with peritonitis, abscesses and
sepsis secondary to anastomotic leak (4, 5). A lack of collateral
connections for arterial vascularization and rich bacterial flora
are associated with leaks during the postoperative period (6, 7).
Moreover, concomitant medical conditions make colorectal sur-
gery more risky for the patients undergoing colonic surgery (8, 9).

The main factors affecting the healing of colonic anastomosis
include the applied surgical technique, oxygenation and vascular-
ization of the anastomotic line, suture materials, blood transfusion,
radiation therapy, mechanical bowel preparation, concomitant dis-
eases, drug therapies, nutrition, age, adequate drainage, antibiotic
administration and anastomotic tension (10, 11).
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Flavonoids, also referred to as bio-flavonoids, are polyphenol
antioxidants found naturally in plants. They are a large group of
plant pigments sharing the same basic chemical structure; a three-
ringed molecule with hydroxyl (OH) groups attached. In addition
to their antioxidant activities, flavonoids also have many health-
promoting effects. Flavonoids also have antiallergic, anticancer,
antioxidant, anti-inflammatory and antiviral activities (12, 13).
The most important dietary sources are fruits, green and black tea,
and soybean. Most of the bio-flavonoids are the yellow pigments
found in citrus fruit as well as in other fruits and vegetables. The
major bio-flavonoids found in citrus include diosmine, hesperidine,
rutin, naringin, tangeretin, diosmetin, narirutin, neohesperidin,
nobiletin and quercetin.

A micronized flavonoid fraction combination (90 % dios-
mine and 10 % hesperidine) improves wound healing by fighting
against inflammatory mediators and by maintaining microcircu-
lation through its favorable effects on blood viscosity, thereby
increasing the venous tonus and lymphatic drainage. We have
determined the effects of a diosmine-hesperidine combination on
wound healing in a rat model of colonic anastomosis.

Materials and methods

For all the experiments, female Wistar Albino rats with a mean
weight of 265 g (240-290) were used. All rats were caged in the
animal laboratory seven days before undergoing surgery. All rats
were kept in separate cages at room temperature (21 °C), both
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before and after surgery. All animals had free access to water and
standard feeding during the experiment. All experimental proce-
dures were performed according to our institutions guide for the
care and use of laboratory animals. The study was approved by
the Ethical Committee at the Training and Research Hospital of
Ankara on 06.12.2006 with issue number 1458.

Twenty female Wistar Albino rats were divided into 4 groups
consisting of 5 rats in each. In Group I, all rats underwent colonic
anastomosis. They did not receive any medical therapy. All rats
were sacrificed on the third postoperative day to measure the co-
lonic bursting pressure, determine the hydroxyproline level, and
carry out the histopathological examination. This group was the
control group on the third day. In Group II, 100 mg/kg/day of di-
osmine-hesperidine were administered via orogastric route by 4F
fine feeding catheter on the first post-operative day following the
colonic anastomosis. All rats were sacrificed on the third postop-
erative day to measure the colonic bursting pressure, determine
the hydroxyproline level, and carry out the histopathological ex-
amination. This group was the treatment group on the third day.
In Group I1I, all of the rats underwent colonic anastomosis. They
did not receive any medical therapy. All of the rats were sacrificed
on the seventh postoperative day to measure the colonic bursting
pressure, determine the hydroxyproline level, and carry out the
histopathological examination. This group was the control group
on the seventh day. In Group IV, the rats were administered 100
mg/kg/day of diosmine-hesperidine via nasogastric route on the
first post-operative day following the colonic anastomosis. All
rats were sacrificed on the seventh postoperative day to measure
the colonic bursting pressure, determine the hydroxyproline level,
and carry out the histopathological examination. This group was
the treatment group on the seventh day.

Surgical procedure

The rats were randomly divided into 4 groups (Group I, Group
11, Group I1I, and Group IV). No mechanical or antibacterial bowel
preparation was performed. Following a six-hour fasting, the rats
were anesthetized by administering 30 mg/kg of ketamine hydro-
chloride (Ketalar; Eczacibasi, Istanbul, Turkey). After abdomi-
nal shaving and cleaning the area by povidone-iodine solution, a
median laparotomy was performed via an incision of 3 cm under
sterile conditions. A segment of 1 cm of colon was excised 4 cm
proximal to the peritoneal reflection in all rats. Anastomosis of
the colon was performed with interrupted, inverting sutures of
6/0 polypropylene (Prolene; Ethicon, Somerville, NJ, USA). The
abdominal fascia and skin were closed with continuous sutures of
4/0 silk (Ethicon). Post-operatively, 5 mL of saline solution was
injected subcutaneously to prevent dehydration. All procedures
were carried out by the same surgeon.

Rats in the treatment groups (Groups II and IV) were admin-
istered 100 mg/kg/day of diosmine-hesperidine on the first post-
operative day via orogastric route by a 4F fine feeding catheter.

Measurement of the Bursting Pressure
Bursting pressure measurement was carried out on the third
postoperative day for the rats in Groups I and II, and on the sev-

enth postoperative day for the rats in Groups Il and IV. A colonic
segment of 6 cm medial to the anastomotic line was resected fol-
lowing laparotomy after anesthesia with 30 mg/kg of ketamine
hydrochloride. During the resection, in order to prevent injury
in the anastomotic line, adhesions and the adjacent organs were
simultaneously removed when indicated. The bursting pressures
were measured before the removal of adjacent organs. The colon
was washed with saline solution to eliminate the fecal content
prior to bursting pressure measurement. Bursting pressure mea-
surements were detected by using a Vernier Lab Pro and BPT 300
Pressure Transducer (May, Biopac Systems Inc, Commat Ltd.,
Ankara, Turkey).

A pressure transducer was connected to one end of a three-
way valve; a 50 cc injector was connected to the other end. The
injector was operated in conjunction with an infusion pump (Se-
cura Perfusor FTB, Braun) to maintain a stable infusion rate. The
third end of the three-way valve was attached to the colonic seg-
ment, resected by a catheter, with double sutures of 2/0 silk. The
information received from the pressure transducer was transferred
to a computer and the pressure alterations were recorded graphi-
cally using Logger Pro software. The system was calibrated by
accepting the value obtained by keeping the valve leading to the
colon open without air infusion as zero. The valve to the colon
was then clamped and the infusion pump was switched on. The
procedure continued until a pressure of 400 mmHg was obtained
on the monitor to test the system against leaks.

Bursting pressure measurements were performed successfully.
The site of the burst was noted to determine whether it was at the
site of the repair or in another segment.

Determination of the tissue hydroxyproline level

The colorimetric reaction, in which 4-hydroxyproline reacts
with chloramine-T (N-chloro-p-toluenesulfonamide) to produce
pyrrole or pyrrol-2-carboxylic acid and chromogen complex is
produced by the reaction of p-dimethylaminobenzaldehyde with
its reagent prepared by perchloric acid (Erlich’s reagent) after the
oxidation of pyrrole or pyrrol-2-carboxylic acid is based on the
spectrophotometric measurement of the chromogen complex at
an absorbance of 560 nm.

A segment of 1 cm, including the site of the anastomosis, was
resected and kept in a deep freezer at —40 °C for the measurement
of peri-anastomotic tissue hydroxyproline concentration, which is
another indicative parameter of wound healing. The tissues were
washed with saline solution and after the excess moisture had been
removed by using filter paper, samples of 30 mg were prepared
for the measurement of hydroxyproline concentration. The tissue
samples were placed in tubes containing 1 mL of 50 mM potas-
sium phosphate buffer (pH=7.0) and concentrated HCL of the same
volume. Then, the pH value of the acidic solutions occurred upon
adjusting the hydrolysis to 8-8.5 by using NaOH and HCL solu-
tions of various concentrations and phenolphthalein as an indicator.

One mL of pH-adjusted hydrolysate was put into test tubes
and after adding 2 mL of isopropanol and 1 mL of chloramine-T
oxidant solution, they were mixed. The tubes were kept at room
temperature (17-21 °C) for four minutes. Then, 13 mL of Ehrlich’s
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reagent was added to the tubes and mixed. The tubes were closed
by glass balls and incubated in water bath at 60 °C for 25 minutes.
After incubation, the tubes were being cooled under running tap
water for 2-3 minutes. The absorbance was determined at 560
nm against a reagent blank and evaluated with respect to 40 pg
standard L-hydroxyproline solution.

Histopathological examination

After removing the adhesions. the colonic segments were kept
in a 10 % neutral formaldehyde solution at +4 °C. After obtain-
ing sections of 5 pm from paraffin blocks and staining them with
hematoxylin-eosin dye, the sections were examined according to
Verhofstadt Wound Scoring under a light microscope by a single
physician,

Statistical analysis

The analysis of the data was performed using SPSS 10.0
software. While descriptive statistics for bursting pressure and
hydroxyproline were expressed as the mean standard deviation,
histopathological scores were expressed as the median (minimum—
maximum). The differences among groups with respect to bursting
pressures and hydroxyproline levels were tested by using one-way
analysis of variance (ANOVA). When the difference was signifi-
cant, the post hoc Tukey test was used to establish the origin of
the difference. The Kruskal-Wallis test was used to compare the
histopathological scores of the groups. If the difference was sig-
nificant, the Kruskal-Wallis nonparametric multiple comparison
test was used to determine the origin of the difference. A p value
less than 0.05 was considered statistically significant.

Results

Assessment of tissue hydroxyproline levels

A one-way ANOVA test was used to compare the hydroxy-
proline levels between the groups. A Tukey test was used to de-
termine the origin of the differences. The results revealed that the
hydroxyproline levels in Group I were significantly lower than in
the other groups (p<0.05), whereas no differences were detected
between Groups II and III. Additionally, when Groups II and III
were compared with Group IV, the hydroxyproline level in Group
IV was found significantly higher than in Groups IT and III (Fig. 1).
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Fig. 1. Comparison of hydroxyproline levels between the groups.

Group D

Assessment of the histological examination

SPSS for Windows 10.0 software was used to perform sta-
tistical comparisons of histological examinations with the Krus-
kal-Wallis test for the evaluation of groups as a whole and the
Mann-Whitney U test for the evaluation of groups individually.
A statistically significant difference was only observed between
Groups I and I1I in terms of macrophages (p<0.05), while the other
groups and values did not have any significant differences (Fig. 2).

Assessment of colon bursting pressure

When the bursting pressure values of the groups were com-
pared, Group IV was noted to have the highest value. A statisti-
cally significant difference was observed between Groups I and II
(p=0.05). The mean bursting pressure value in Group Il was higher
than that in Group I. There was also a statistically significant dif-
ference between Groups I and III (p=0.005), with Group I1I having
higher bursting pressure values. The difference between Groups
II and III was also statistically significant (p=0.005). Similarly,
Groups III and IV as well as Groups II and IV were noted to have
significant differences (p<0.05). The bursting pressures in Group
IV were higher than noted in Groups II and III (Tab. 1 and Fig. 3).

Discussion
Anastomosis is one of the fundamental surgical procedures

involving the gastrointestinal system, especially intraabdominal
surgery. Therefore, anastomosis and its reliability are of critical

Scores

B Group A W Group B @ Group C B Group D
Fig. 2. Comparison of histopathologic data between the groups.
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Tab. 1. Mean and median values of bursting pressures in the groups.

Groups (n) Group I Group II Group I1I Group IV

(n=5) (n=5) (n=5) (n=5)

Mean Pressure (mmHg) 123.89 169.00 225.33 327.33

Median Pressure (mmHg) 125.00 180.00 231.00 328.00

Minimum Pressure (mmHg) 86.00 135.00 196.00 279.00

Maximum Pressure (mmHg) 175.00 240.00 250.00 354.00

400 . .
3 of this effect has been proposed to be one of the antiinflammatory
E 300 - effects of the drug potentially contributing to ulcer healing. Kor-
g 260 4 thuis et al (17) induced intestinal ischemia-reperfusion injuries in
g 200 rat intestines and demonstrated that diosmine-hesperidine signifi-
%" :: cantly decreased the ischemia-reperfusion injury in the intestines.
Z 5l Hasanoglu et al (18) treated the infected wounds of guinea pigs
o4 . i . with systemic and topical diosmine-hesperidine, and reported ben-
Group 1 Group 2 Group 3 Group 4

Fig. 3. Mean anastomosis bursting pressure according to the groups.

importance for surgeons. Clinical manifestations of anastomotic in-
sufficiency usually occur during the first postoperative week. This
fact underlines the importance of applying experimental methods
of anastomotic healing that detect early changes in the anastomo-
ses (14). Many factors affect the healing of colonic anastomoses.
The factors which affect the healing of colonic anastomoses can
be classified in two groups; the factors with an impact on collagen
synthesis and factors associated with the surgery. Chronic malnu-
trition, diabetes, uremia, trauma, radiation damage, and older age
are some of the factors with a negative impact on collagen syn-
thesis. Factors associated with the surgery include tissue damage,
infected tissue, and poor vascularization in the tissue or impaired
tissue nutrition. Although the experience of the surgeon can affect
the success of surgical process, the anastomotic site remains to
be the limiting factor with the presence of factors impairing the
collagen synthesis.

It has been reported that contrasting with endoscopy and gas-
trografin in patients undergoing colonic anastomosis demonstrates
a high incidence of anastomotic leakage. If the leakage is minimal,
it does not cause any postoperative morbidity, mortality or clini-
cal manifestations (15).

Wound healing is regulated by locally produced mitogens and
chemotactic factors. The process contains three major phases;
migration of inflammatory cells towards the wound site and fi-
broblasis, formation of a new extracellular matrix and granulose
tissue with microvascularization and the proliferation of natural
cells of the tissue.

Diosmine-hesperidine is a drug used for patients with venous
system diseases such as lower extremity venous insufficiency and
hemorrhoids. It is known to increase the venous tone, regulate
the capillary resistance and capillary permeability, as well as to
increase the lymphatic drainage. There are also studies reporting
the free-radical scavenging and leukocyte adherence-inhibiting
effects of diosmine-hesperidine.

Diosmine-hesperidine has been shown, both in vitro and in vivo
to inhibit the complement system activation (16). The mechanism

eficial results in wound healing. In a meta-analysis study conducted
by Ramelet et al (19), diosmine-hesperidine administration as an
adjuvant therapy to conventional therapy was demonstrated to be
more effective than conventional therapy alone on ulcer-associated
symptoms and accelerating ulcer healing in patients with venous
ulcers induced by chronic venous insufficiency. Similarly, in a
study conducted by Pecking et al (20) on the effects of diosmine-
hesperidine in upper extremity lymphedema occurring after breast
cancer operation, the positive effects of diosmine-hesperidine on
the treatment of lymphedema by accelerating the lymphatic flow,
decreasing the intralymphatic pressure significantly, and also by
accelerating the reflow of interstitial fluid to capillaries were re-
ported, Tanaka et al (21) demonstrated the chemoprotective effects
of naturally occurring flavonoids (e.g., grapefruit) on carcinogen-
esis and maintained that the particular effect of flavonoids was
mediated by inhibiting the increased cell proliferation. There are
other studies which have reported the chemoprotective effects of
flavonoids (22). Kilicoglu S et al have used the agent and the ben-
eficial effects of propolis on wound healing of colon anastomosis
(23). Gollu et al investigated the effects of honey on colon anas-
tomose healing and preventing the ntraabdominal adhesions (24).

Healing in intestinal anastomosis can be evaluated mechani-
cally, biochemically, or histopathologically. While the bursting
pressure or breaking strength is taken into consideration for me-
chanical evaluation, the rate, quantity and characteristics of col-
lagen production at the anastomosis site are considered in the
biochemical evaluation. Independently of other intestinal wall
events (age and weight-adjusted standard hydroxyproline level
per tissue) the produced collagen content localized in the anasto-
mosis site after the third day is a reliable biochemical indicator
of anastomosis (5).

The present study was designed to describe the effect of dios-
mine-hesperidine on wound healing in rat following colonic anas-
tomosis. Anastomosis bursting pressures, peri-anastomotic tissue
hydroxyproline levels, and histopathology of peri-anastomotic
tissue were evaluated for this purpose.

Although significant differences were established in terms of
anastomosis bursting pressures and tissue hydroxyproline deter-
mination parameters, the histopathological examination did not
reveal any significant differences.
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One of the main results obtained in the present study was the
increase in bursting pressures as a result of diosmine-hesperi-
dine administration and consequently, improved the anastomotic
strength. In the study conducted by Cronin (25), it was reported
that the anastomotic strength applied after the third postoperative
day gradually increased to its maximum levels in the period from
seventh to tenth day. Jilborn (26) maintained that bursting could
be expected in a location other than in the anastomosis site after
the seventh postoperative day. Therefore, anastomotic bursting
pressure was evaluated on the third and seventh days. Breaking
strength, which is another parameter of assessment suggested by
Hendriks (5), was not evaluated in our study as being a marker
for wound healing at a later stage, and retrieving slowly. The
comparison of bursting pressures demonstrated that the highest
values were obtained in Group IV, which had been administered
diosmine-hesperidine for three days prior to anastomosis and had
undergone bursting pressure evaluation on the seventh postopera-
tive day. There was a significant difference between the values in
Groups I and II (p=0.005). Group II had higher bursting pressure
values than Group 1. The differences between Groups I and III
were also significant; Group III had higher values than the Group
1. A significant difference was also established between Groups 11
and III in terms of bursting pressures (p=0.005). Similarly, there
were statistically significant differences between Groups 111 and
1V, as well as between Groups II and IV (p<0.001). The bursting
pressures in Group IV were higher than those observed in Groups
II and III. Anastomotic site bursting pressure is one of the most
critical markers in assessing the anastomotic strength and integrity
during healing (5). Bearing in mind the fact that sutures provide
strength of the anastomotic line during the early stages in which
the collagen concentrations decrease, a direct association between
the suture technique and resistance to pressure has been proposed
(27, 28). Using the same suture technique and material, and per-
forming anastomosis by the same surgeon allowed evaluating the
diosmine-hesperidine administration as an independent factor in
the present study.

Clearly, the suture technique is not the only determinant of
tensile strength. Often, the most significant indicator of breaking
strength is the collagen accumulation in the tissues (29). Another
important finding in the present study was the increase in tissue
hydroxyproline levels obtained as a result of diosmine-hesperidine
administration. When evaluating the tissue hydroxyproline levels,
age and weight-adjusted hydroxyproline level per tissue were also
considered. This is defined as hydroxyproline content and is a pa-
rameter independent of other intestinal wall events.

Free oxygen radicals produced during ischemic events impair
the wound healing by inhibiting the contraction of the collagen
matrix (30). In addition to free oxygen radicals, cytokines have
also a negative impact on wound healing. Cytokines inhibit the
TNF-a collagen production and increase the collagen breakdown
(31). These mediators released during reperfusion injury may im-
pair the wound or anastomoses healing (32). Duchene-Marullaz et
al (33) demonstrated that administration of diosmine-hesperidine
significantly decreased the free radical activity, and chemotactic
reaction induced by leukocyte phagocytosis and free radicals.
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Another critical stage in the present study investigating the
effects of diosmine-hesperidine administration on colonic anasto-
moses was the histopathological examination. Verhofstadt Wound
Scoring was used for the scoring procedure. All pathologic speci-
mens were evaluated by the same pathologist who was blinded to
the study. Only Groups I and III differed significantly in terms of
macrophages (p<0.05), while the differences between the other
groups and values were not significant; this particular result did
not make any significant contribution to our conclusions. Histo-
pathological examination is a more visual method when compared
with bursting pressure measurement and tissue hydroxyproline
level determination. It must be kept in mind that the pathologist
is a factor that also must be considered. Thus, we maintain that
bursting pressure measurement and tissue hydroxyproline level
determination are more valuable parameters in the evaluation of
healing of colon anastomoses. Many studies have only assessed
the tissue hydroxyproline level and bursting pressure measure-
ments in the evaluation of colonic anastomoses.

As a result, considered collectively, this present study and
literature findings suggest that the administration of diosmine-
hesperidine increases the amount of collagen and bursting pres-
sure at the anastomosis site and positively influences the healing
of colonic anastomoses.
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