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ABSTRACT

Introduction: Propolis is the generic name for the resinous substance
collected by honeybees, which is known to have antioxidant, anti-
inflammatory, apoptosis-inducible effects. Anastomotic dehiscence after
colorectal surgery is an important cause of morbidity and mortality. We
aimed to assess the effect of propolis on healing in an experimental colon
anastomosis in rats.

Methods: Forty adult male Wistar albino rats were randomly assigned into
5 treatment groups with 8 rats in each: Group I, anastomosis+no treat-
ment; Group II, anastomosis+oral propolis (600 mg/kg/d); Group III,
anastomosis+oral ethyl alcohol (1 cc/d); Group IV, anastomosis+rectal
propolis (600 mg/kg/d); Group V, anastomosis+rectal ethyl alcohol
(1 cc/d). The bursting pressures, hydroxiproline levels and histopathological
changes in each group were measured.

Results: When bursting pressures were compared between groups, we ob-
served that they were increased in the groups treated with propolis in con-
trast to all other groups. Hydroxiproline levels in the propolis groups were
also significantly increased in contrast to the other groups. There was also a
statistically significant difference in histopathological changes between the
treatment types. When propolis administration methods were compared,
we did not observe a statistically significant difference.

Conclusion: Propolis has a significantly favourable effect on healing in ex-
perimental colon anastomosis, independent from the method of administra-
tion.
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Propolis, Healing and Colon Anastomosis

INTRODUCTION

Propolis is the generic name for the
resinous substance collected by hon-
eybees from various plant sources, and
which has been used in folk medicines
in many regions of the world. Besides
their well-known antioxidant activity,"
propolis also inhibits certain enzyme ac-
tivities such as lipooxygenase, cyclooxyge-
nase, gluthathione-S transferase, xanthine
oxidase and matrix metalloproteinases

(MMPs).>¢ Some propolis ingredients
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have been shown to have antitumour,’®
and

inducible effects as well as antimetastatic

anti-inflammatory*’ apoptosis-
effects in colon adenocancer.!® Previous
studies'' have shown that propolis had
an anti-inflammatory effect at a dose of
300-600 mg/kg but its effect became
toxic at a dose of 2000-7000 mg/kg.
Anastomotic dehiscence after col-
orectal surgery is an important cause of
morbidity and mortality."*"> Anastomo-
tic healing and the nutritional, metabolic,
infectious and technical factors that may



influence the strength of the anastomo-
sis in the colon have been investigated
extensively in many clinical and experi-
mental studies.>'¢ There have been sig-
nificant improvements in techniques, and
adverse effects of different systemic and
local factors have been documented.!?-1¢
Yet, anastomotic leakage following colon
anastomosis is still a serious clinical compli-
cation increasing mortality and morbidity.

MMPs constitute a family of enzymes
that are structurally related neutral pro-
teinases. They can degrade extracellular
matrix proteins, particularly the collagen
metabolism, which is assumed to be an
important factor influencing the outcome
of intestinal anastomotic healing."”

In the present study we aimed to
determine the effect of propolis on heal-
ing in an experimental colon anastomosis.
We measured the bursting pressures, hy-
droxiproline (HP) levels and histopatho-
logical changes in order to determine the
effect.

MATERIALS AND METHODS

Forty adult male Wistar albino rats,
weighing between 260 and 290 g were
used. The animals were acclimatised for
1 wk to our laboratory conditions prior
to experimental manipulation. They had
free access to standard laboratory food
and water. The protocol of this study and
animal experimental procedures were ap-
proved by the ethical committee of Mus-
tafa Kemal University’s veterinary school.

Preparing 5% Propolis Extract

A 5% propolis tincture was prepared
by mixing 1900 ml 70% ethyl alcohol and
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100 g propolis as described by Krell."®
The preparations were kept in a container,
sealed at the top and shaken twice daily
for 1 wk. The mixture was filtered and
kept in a clean, dark bottle at 4°C until
it was used. Chemical analysis was per-
formed on the extract and results have
confirmed that propolis extract from the
Hatay region (from where the propolis
was derived) had high concentrations of
the aromatic acids such as benzyl cinna-
mate, methyl cinnamate, caffeic acid, cin-
namyl cinnamate and cinnamoylglcine.”
All of the animals were fasted over-
night before surgery. Anaesthesia was
administered with an intraperitoneal in-
jection of 10 mg/kg xylazine (Rompun®;
Bayer, Istanbul, Turkey) and 50 mg/kg
ketamine hydrochloride (Ketalar®; Parke-
Davis, Istanbul, Turkey). The surgical
procedures were performed using clean
and sterile instruments. Ten per cent povi-
done-iodine solution was used for the dis-
infection of the skin. After placing sterile
drapes, a 3-cm midline incision was made.
Upon entering the abdominal cavity, the
sigmoid colon wasidentified and the colon
divided exactly 3 cm from the peritoneal
reflection while preserving the vascular ar-
cades. Approximately 1 cm of colonic seg-
ment was resected. This resected specimen
was preserved at —20°C for later determi-
nation of the HP concentration in normal
colon tissue and was assessed as the intact
colon group. The free ends of the colon
inside the abdomen were anastomosed
with a single layer of interrupted invert-
ing 6/0 polypropylene sutures (Prolene®;
Ethicon, Edinburgh, Scotland) placed 1
mm apart. The fascia and skin layers were
closed separately with running 4/0 silk
sutures (Mersilk®; Ethicon, Edinburgh,
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Scotland). To prevent dehydration,
10 ml of 0.9% NaCl was administered
subcutaneously during the operation. All
operative procedures were performed by
the same investigator. Each animal was
given free access to food and water the
morning after the procedure. Because
propolis was dissolved in ethyl alcohol,
it was also administered in ethyl alcohol.
Therefore, to ensure that the results ob-
tained were not a consequence of ethyl
alcohol administration, all other groups
were also administered ethyl alcohol.
The animals were randomly
assigned into 5 groups: Group I,
(n=8);
Group II, anastomosis+oral propo-
lis (600 mg/kg/d; #=8); Group III,
anastomosis+oral ethyl alcohol
(1cc/d; n=8); GrouplV, anastomosis+rectal
propolis (600 mg/kg/d; 7=8); Group
V, anastomosis+rectal ethyl alcohol
(1 cc/d; »=8). An intact colon group was

anastomosis+no treatment

included to reflect the normal ranges of the
rats used in the study. The results collected
from this group were used to compare HP
measurements between groups. Rats were
killed by intracardiac puncture during
anaesthesia at the seventh postoperative
day. Researchers were all blinded to the
randomisation of the study.

To assess the mechanical strength of
the anastomosis, 1 end of the excised seg-
ment was sealed with a suture. The free
end was then catheterised with a polyure-
thane tube (2-mm outer diameter), and
a stay suture was tied circumferentially,
incorporating both tissue and tube to pre-
vent air leakage. The external end of the
tube was connected to an infusion pump
and a mercury manometer by way of a
Y-shaped adapter. The colon segment was
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then placed in a saline-filled container,
and air was pumped into the tube at a rate
of 5 ml/min. The blood pressure read-
ing was taken at the instant the pressure
decreased suddenly (caused by bursting
of the anastomosis), or when bubbles
were seen. This was recorded as the ‘burst-
ing pressure’

After measuring bursting pressures, a
5-mm-wide ring of tissue, including the
anastomosis, was removed. Half of this
removed tissue was wrapped in alumini-
um foil and preserved at —20°C for later
measurement of HP levels at the anasto-
mosis site. The other half was stored in
10% formaldehyde for later assessment
of histopathological features. When
brought to room temperature, samples’
dry weights were recorded and, succes-
sively, the amount of HP was determined
following the methods used by Bergman
et al.? Absorbance was read using a Shi-
madzu spectrophotometer (UV-120—02;
Kyoto, Japan), and the collagen concen-
tration was expressed as micrograms of
HP per grams tissue of dry weight.

For histopathological assessment,
the tissues that were fixed in 10% form-
aldehyde were stained with haematoxy-
lin and eosin and were evaluated at x20
to x200 magnifications under the light
microscope. The healing parameters
and inflammatory changes, granulo-
cytic cell infiltration, mononuclear cell
infiltration, fibroblastic cell infiltration,
necrosis, exudate, and capillary forma-
tion were assessed semiquantitatively
by assigning a score of 0 to 3 to each
tissue specimen. Presence or absence
of peritonitis was recorded as this had
been previously observed by Nursal
etal.’?
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Statistical Analysis tween the propolis groups and the oral
cthyl alcohol (Group III) and rectal ethyl
The results are expressed as the alcohol (Group V) groups (P<0.001

mean+standard error of the mean. and P<0.001, respectively). We also ob-
Differences among the groups were evalu- served a statistically significant differ-
ated using 1-way analysis of variance, ence between the no treatment group
and multiple comparisons between the (Group 1) and the rectal ethyl alcohol

groups were performed with a post-hoc group (Group V) (P<0.001 and P=0.025,
test (Tukey’s HSD test). Differences were respectively).

considered statistically significant when When HP levels were compared be-
P<0.05. Data were analysed by statistical tween groups (Table 2), the highest levels
software (SPSS for Windows 11.5; SPSS, were observed in the intact colon group.
Chicago, I, USA). The difference between the intact colon
group and the others were statistically

RESULTS significant (P<0.001, P=0.018, P<0.001,
P=0.001 and P<0.001, for Groups I-V,

When bursting pressures were com- respectively). HP levels in the oral propo-
pared between groups (Table 1), we lis group (Group II) were significantly
observed that bursting pressures were increased in contrast to the no treatment
increased in the propolis groups in con- group (Group I; P=0.004), the oral ethyl
trast to all other groups. This increase alcohol group (Group III; P<0.001) and
was not significant between the propolis the rectal ethyl alcohol group (Group
groups (Groups II and IV) and the in- V; P<0.001). When the rectal propolis
tact colon group, but was significant be- group (Group IV) was compared with

Table 1. Bursting pressure measurements of the anastomosis.

Group I Group II Group III Group IV Group V

Bursting pressure, mmHg 141.8+416.6 158.8+14.4 128.8+10.6 157.6+10.8 122.2+12.3

Data expressed as mean#standard error of the mean. The mean pressure was significantly higher in the
propolis groups.

Group I=anastomosis+no treatment; Group [I=anastomosis+oral propolis (600 mg/kg/d);

Group III=anastomosis+oral ethyl alcohol (1 cc/d); Group IV=anastomosis+rectal propolis (600 mg/kg/d);
Group V=anastomosis+rectal ethyl alcohol (1 cc/d).

Table 2. Hydroxiproline measurements for all groups.

Intact colon  GroupI Group I1 GroupIII  GroupIV ~ GroupV

Tissue, ug/g ~ 3.656£1.039 15514274 2.677+724  1.159+140 23331441 1.2014326

Data expressed as mean#standard error of the mean. The mean pressure was significantly higher in the
propolis groups.

Group I=anastomosis+no treatment; Group [I=anastomosis+oral propolis (600 mg/ kg/ d);

Group III=anastomosis+oral ethyl alcohol (1 cc/d); Group IV=anastomosis+rectal propolis

(600 mg/kg/d); Group V=anastomosis+rectal ethyl alcohol (1 cc/d).
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Table 3. Mean values collected from histopathological assessment.

Group I GroupIl  GroupIll  GroupIV  GroupV

Granulocytic cell infiltration  2.6240.52 1504054  2.63+0.52  1.63+0.52  2.75+0.46
Mononuclear cell infilration 1134035 2.38+0.52  1.38+0.52 2384052  1.88+0.64
Fibroblastic cell infileration 1134035 2254071  1.63+0.52 2254046  1.25+0.46
Epithelisation 0.50+0.54 2504054 1254046 2254046  1.13%0.35
Necrosis 1384052 0254046 1254046 0254046  2.25+0.46
Exudate 1634052 0254046  138+0.52 0254046  2.50+0.54
Capillary formation 1504054 2254071  1.63+0.52 2254046  1.50+0.54
Microscopic peritonitis 0.50£0.54  0.13+035  0.75+046  025+0.46  0.88+0.35

Data expressed as meantstandard error of the mean. Assessment was based on a scoring system from

0 to 3: ‘0’ indicates no inflammation; ‘1’ indicates mild inflammation; 2" indicates moderate inflammation;

‘3’ indicates severe inflammation. There was significant difference between propolis groups and other
groups (<0.05). Group I=anastomosis+no treatment; Group II=anastomosis+oral propolis (600 mg/kg/d);
Group I1I=anastomosis+oral ethyl alcohol (1 cc/d); Group IV=anastomosis+rectal propolis (600 mg/kg/d);

Group V=anastomosis+rectal ethyl alcohol (1 cc/d).

the other groups, levels were significantly
higher in contrast to Group I, Group III
(P=0.003) and Group V (P=0.004). The
levels did not show an important differ-
ence between Groups I and IV.

When studying histopathological
changes, mononuclear cell infiltration,
fibroblastic cell infiltration, epithelisa-
tion and high capillary formation were
considered favourable changes, whereas
granulocyte infiltration, necrosis, exudate
formation and microscopic peritonitis
were considered unfavourable changes.

As seen in Table 3, when mean his-
topathological changes were compared
between groups, there was a statistically
significant difference between the propo-
lis groups (Group II and IV) and all oth-
er groups (P<0.05). But when propolis
groups were compared with each other,
we did not observe a statistically signifi-
cant difference in the results. There was no
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statistically significant difference between
the ethyl alcohol and anastomosis groups.

DISCUSSION

In recentyears the biological and phar-
macological properties of propolis have
received great attention in the scientific
community."'*"”" Thisis mainly stemmed
from the discovery that propolis could
exhibit a broad spectrum of biological ac-
tivities, e.g. antiviral, anti-inflammatory,
anticarcinogenic activity, hepatoprotec—
tive activity,' and anti-oxygen stress activi-
ties. The composition of propolis depends
on the vegetation at the site of collection.
Up to now, more than 180 compounds,
mainly polyphenols, have been identified
as constituents of propolis."" The major
polyphenols are flavonoids, accompanied
by phenolic acids and esters, phenolic al-
dehydes and ketones. Other compounds



in propolis are volatile oils and aromatic
acids (5%-10%), waxes (30%-40%), res-
ins, balms and pollen grains, which are
a rich source of essential elements such
as magnesium, nickel, calcium, iron and
zinc.”!

Anastomotic dehiscence after col-
orectal surgery is an important cause of
morbidity and mortality.'>" Investigat-
ing wound healing and attempting to
improve its outcome necessitates process
quantification. Parameters for anasto-
motic repair and adhesion formation are
mechanical, biochemical or histological.
Anastomosis healing and the nutritional,
metabolic, infectious and technical fac-
tors that may influence the strength of
the anastomosis in the colon have been
investigated extensively in many clini-
cal and experimental studies.””'¢ There
have been significant improvements in
technique and adverse effects of different
systemic and local factors have been docu-
mented.">™" Yet, anastomotic leakage fol-
lowing colon anastomosis is still a serious
clinical complication increasing mortality
and morbidity.

Anastomotic healing is affected by the
degree of primary inflammatory response;
the rate of mucosal re-epithelisation; the
amount, strength and maturation rate of
new collagen; and collagenolysis in the
initial 3 d of the postanastomotic period.
Strength of an anastomosis is based on
the collagen fibres and their maturation
at the submucosa.'*?> When an anasto-
mosis is constructed in the gastrointes-
tinal tract, an inflammation occurs as a
response to traumatic injury and foreign
material such as sutures.”>?* This inflam-
mation is a normal constituent of wound
healing. However, if it is exaggerated,
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wound healing is delayed because of in-
creased collagenolysis. This delay causes
the impediment in anastomotic heal-
ing in the presence of intra-abdominal
infection.””» The anastomotic area is
already inflamed, and the endothelium
in the peri-anastomotic area is already
activated during the early phase of
wound healing.*** As a result of the pro-

inflammatory and  chemo-attractant
properties of the anastomosis, acti-
vated circulating polymorphonuclear

leucocytes secondary to sepsis-induced
injury may accumulate easily in the peri-
anastomotic area, increase the inflamma-
tory reaction, and delay healing. Together
with the proteolytic enzymes, oxygen free
radicals derived from activated polymor-
phonuclear leucocytes and circulating
xanthine oxidase may increase collagenol-
ysis in the peri-anastomotic area, which
delays wound healing.””

MMPs constitute a family of enzymes
that are structurally related neutral pro-
teinases. MMPs can degrade extracellular
matrix proteins, particularly the collagen
metabolism, which is assumed to be an
important factor influencing the outcome
of intestinal anastomotic healing. Experi-
mental studies have shown that diminished
postoperative integrity of colon anastomo-
sis is due to degradation of existent colla-
gen in the narrow zone around the sutures
and it is known that this collagenolysis is
mediated by at least 2 types of MMPs.?®
It has also been shown that significantly
higher expressions of MMP occurred in
the bowel wall of the leakage groups in
studies.” Propolis has been suggested to
inhibit MMPs in experimental studies."”

In this study we aimed to investigate
the effect of propolis on healing in an ex-
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perimental colon anastomosis. In order to
achieve our aim we measured the bursting
pressures, HP levels and histopathologi-
cal changes in different treatment groups.
In order to assess the potentially different
effects we constituted 2 different groups
of propolis. At the end of the study we
found that propolis showed an anti-in-
flammatory effect in experimental colon
anastomosis. This could be attributed to
its previously suggested inhibitory effect
on MMPs, although as MMPs were not
measured in this study, this cannot be
confirmed here. The effect of propolis on
bursting pressures and HP levels were fa-
vourable in our study but the mechanism
of this favourable effect is not certain. Fu-
ture studies should be performed to show
the effect of potential mechanisms such as
antibacterial, antioxidant activity, inhibi-
tion of certain enzyme activities such as
lipooxygenase, cyclooxygenase, gluthathi-
one-S transferase and xanthine oxidase. In
the present study oral propolis and rectal
propolis had similar effects but the study
groups were not large enough to conclude
on the potentially different effects of al-
ternative methods of administration. This
could be another consideration for future
studies.

In conclusion we found that propo-
lis, independent of method of admin-
istration, had significantly favourable
effects on healing in experimental colon
anastomosis.
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