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Abstract

Objectives: The aim of this study was to determine if Manuka honey, a potent anti-inflammatory and antioxidant agent, had any
effect on the development of vasospasm in an experimental subarachnoidal hemorrhage model constructed in rat femoral arteries.
Methods: Twenty-four Wistar Albino strain rats were divided into 3 groups: Group 1 was the control group (n=8), Group 2 was the
vasospasm group (n=8), and group 3 was the treatment group (n=8). The wall thickness (W) of the femoral arteries and the luminal
diameter (L) were measured using morphometric methods. The data were analyzed with statistical software. The Mann-Whitney
U-test was used to compare independent groups and Bonferroni post hoc analysis was used for multiple comparison tests. Signif-
icance for all of the results was established at p<0.05.

Results: A statistically significant intergroup difference was detected in the mean L and W (p<0.001, p=0.001, respectively). The
mean L value in Group 2 was statistically significantly less than that of Groups 1 and 3, while the mean W value was significantly
greater (p<0.001 for all). However, no statistically significant difference was detected between Groups 1 and 3 with respect to the
mean L and W values (p=0.064, p=0.954, respectively).

Conclusion: Manuka honey exerts an antioxidant and anti-inflammatory effect via inhibition of inflammatory cytokines, including
plasma tumor necrosis factor alpha, interleukin (IL)-1 beta, IL-6, and the lipid peroxidation level. This study statistically demon-
strated that the anti-inflammatory and antioxidant properties of Manuka honey successfully inhibited the development of va-
sospasm in an experimentally induced vasospasm model in the femoral arteries of rats.
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Cerebral vasospasm (CV) is one of the most serious
causes of long-term morbidity and mortality after sub-
arachnoidal haemorrhage (SAH).I" 4 Large-scale investiga-
tions have been performed on this topic, but the etiology
and pathogenesis of CV remain unclear. An effective medi-
cal treatment modality has yet to be developed.™ Vasocon-

striction theories suggest a role for free lipid peroxidation
radicals in the etiopathogenesis of CV. Honey possesses
strong antioxidant and anti-inflammatory properties, and
it has been adopted for clinical use in some fields. Several
studies have evaluated effects of various substances with
antioxidant properties on the development of CV in vivo
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and in vitro; however, studies using only honey have not
been performed.®! In this study, we investigated the effec-
tiveness of honey (if any) on the inhibition of vasospasm in
rat femoral arteries using an experimentally induced SAH
model. We also assessed the in vivo applicability of honey
on vessel walls in living creatures.

Methods

This experimental study was performed with the approval
of the Ethics Committee of Cukurova University Medical
Sciences Experimental Research and Application Center.
Surgeries were performed at the Experimental Animals Re-
search Laboratory of Marmara University Institute of Neuro-
logical Sciences, whereas histopathologic and morphome-
tric studies were performed at the Bakirkdy Dr. Sadi Konuk
Training and Research Hospital, Department of Pathology.

In our study, 24 female Wistar Albino strain rats weighing
220-250 g were used. The femoral artery vasospasm model
described by Okada et al.® was employed. The rats were
divided into three groups: group 1 (control group, n==8),
group 2 (vasospasm group, n=8), and group 3 (treatment
group, n=8).

The rats were anesthetized with intraperitoneal adminis-
tration of 50 mg/kg ketamine HCl (Ketalar flacon, 50 mg/
ml, Pfizer), and they were laid supine on cork blocks. In-
guinal regions of the rats were shaved and disinfected with
povidone-iodine (PVD-I) solution. Under the guidance of a
surgical microscope, a 2-cm long longitudinal skin incision
was made, and the femoral neurovascular bundle was ex-
posed.The femoral artery was carefully dissected away from
the femoral vein and nerve bundle. A silastic sheath was
wrapped and sutured around a 1-1.5-cm long segment of
the femoral artery. Autologous cardiac blood samples from
the rats were used as whole blood. For rats in groups 2 and
3, 0.1 cc of intracardiac arterial blood was drawn using an
insulin injector through a percutaneous route, and it was
then injected into the silastic sheath to create a peripheral
vasospasm model. Afterward, 0.1 ml honey was applied lo-
cally to the silastic sheath in group 3; and 0.1 ml of 0.9%
physiologic saline was applied locally in group 1.

The rats were kept at normal room temperature for 7 days.
Each rat was housed in a separate cage, and was fed with
rat food pellets.

At the end of the seventh day, the rats were sedated with
percutaneously delivered intraperitoneal 2 mg/kg ke-
tamine, and they were fixed on cork blocks in a supine
position. The silastic sheath around femoral artery was ap-
proached and opened through the previous incision to re-
veal the femoral artery. The presence of the femoral artery
inside the silastic sheath was confirmed in all rats. The skin
over the sternum was shaved. Following sterilization with

the PVD-I solution, the sternum was dissected away from
the ribs, and the thorax was explored. The pericardium was
opened, and a green-tipped injection needle was placed in
the left ventricle. A serum set was mounted on the tip of a
catheter (the serum set was hung 10 cm above the level of
the heart to maintain physiologic arterial blood pressure),
and a mixture of 100 ml 0.03 M phosphate buffer, 200 ml
4% paraformaldehyde, and 1% glutaraldehyde solution
was delivered through the left ventricle. The delivered
solution circulated through the vascular system, and infu-
sion was maintained until clear fluid exited the previously
opened right atrium.

In all groups, 1-1.5-cm long segments of the right femoral
arteries were harvested for histopathological morphomet-
ric analysis. After these procedures, the rats were sacrificed
by cervical dislocation.

Femoral artery specimens immersed in buffered 10%
formaldehyde were cassetted and placed in a tissue main-
tenance device then treated with formaldehyde for fixation.
The fixed tissues were dehydrated with graded alcohol,
treated with xylene, and embedded in paraffin. At the end
of this process, tissue specimens in paraffin were frozen as
paraffin blocks. Five-micron-thick sections were cut using a
microtome and deparaffinized by placing in an incubator
at 60°C for 1 h. Deparaffinization was performed thrice with
xylene. The specimens were treated with graded alcohol
for rehydration, and rinsed with water before staining with
toluidine blue dye. The prepared slides were examined un-
der a microscope at 100x, 200%, and 400x magnification,
and they were photographed for morphometric analysis.
Vascular wall thickness (W) and luminal diameters (L) were
measured using the Image J 1.34 program and expressed
as unit values. Measurements were made based on photos
taken at 40x magnification. In morphometric analysis, vas-
cular L and W of the groups were correlated, and the speci-
mens were compared.

Statistical Analysis

Data were analyzed using the IBM Statistical Package for
Social Sciences v15 (SPSS Inc., Chicago, IL, USA). The Mann-
Whiney U and Kruskal-Wallis tests were used to compare
independent groups. The Bonferroni post hoc analysis was
used for multiple comparison tests. The results for all items
were assessed with a significance level of p<0.05.

Results

The resected femoral artery samples were examined under
a surgical microscope. Various degrees of vasoconstriction,
ranging from mild to severe, were observed in groups 2
and 3, whereas such changes were not detected in group
1 (Table 1).
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Table 1. Comparison of arterial stenosis among groups 1, 2, and 3.

Mean+SD Min-Max Median
L
Group 1 1123.0+47.3 1052-1190 1110
Group 2 412.9482.0 326-562 3935
Group 3 1076.5+24.5 1044-1112 1079
<0.001
W
Group 1 103.4+7.2 91-113 105
Group 2 174.0+29.2 135-220 165.25
Group 3 104.5+6.1 98-115 103
0.001
Subgroup Analysis
L D
P P
Group 1 vs. Group 2 0.001 0.001
Group 1 vs. Group 3 0.064 0.954
Group 2 vs. Group 3 0.001 0.001

Under microscopic examination, resected femoral arteries demonstrate
arterial stenosis increasing in severity from group 2 (mild) to group 3
(severe). No changes were detected in group 1.

Statistically significant differences were detected between
groups for mean values of L and W (p<0.001 and p=0.001,
respectively). Mean L and W of group 2 were significantly
lower and higher, respectively, than those of groups 1 and
3 (for all, p<0.001). A statistically significant difference was
not detected between mean L and W values of groups 1
and 3 (p=0.064 and p=0.954, respectively) (Fig. 1).

Histopathological Changes

Femoral artery sections from all groups were examined un-
der a light microscope. In group 1, arteries had a thin and
smooth endothelium, with thin and uncurled internal elas-
tic lamina and concentrically arrayed smooth muscle cells.
Stenotic lumens and thickened vascular walls were not ob-
served (Fig. 2).In group 2, markedly narrowed arterial lumens
and predominantly thickened vascular walls were observed,
coupled with impairment of endothelial integrity, curled in-
ternal elastic lamina, and vacuolization of the muscular layer
(Fig. 3). In group 3, the arterial structure resembled that of
group 1.In other words, arteries in group 3 had an outer thin
and smooth endothelial layer, with thin and patchy areas
containing mildly curled internal elastic lamina and concen-
trically arrayed smooth muscle cells (Fig. 4).

Discussion

In CV, pathological vasoconstriction caused by the accu-
mulation of blood and blood products in the cerebral cis-
terns leads to decreased perfusion in distal segments of the
involved artery.> ® Experimental SAH models have been
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Figure 1. Mean L and W of the groups were statistically significantly
different (p<0.001 and p=0.001, respectively). Mean L of group 2 was
statistically significantly lower than that of groups 1 and 3. Howev-
er, mean W of group 2 was significantly higher (for all, p<0.001). A
statistically significant difference in mean L and W was not detected
between groups 1 and 3 (p=0.064 and p=0.954, respectively).

constructed since the 1960s, and numerous studies have
been performed to understand the etiology of vasospasm.
In addition, many drugs have been evaluated to prevent
and treat vasospasm. Vasospasm has been attributed to
many factors including blood degradation products, in-
flammation, and oxidants.”-8

Examination of cerebral arteries after experimental SAH
under light and electron microscopes revealed structural
changes such as thickening of the vessel wall, decreased
L, thickening of the internal elastic lamina, disruption of
the structure and integrity of endothelial cells, migration of
myointimal cells into the vacuoles of smooth muscle cells
and intima, perivascular axon loss, and periadventitial in-
flammation.®
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Figure 2. Group 1 (control group): Thin and smooth endothelium,
thin and uncurled internal elastic lamina, and concentrically arrayed
smooth muscle cells were observed in the arteries, while stenotic ar-
terial lumen and thickened arterial walls were not observed.

Figure 3. Group 2 (vasospasm group): Marked narrowing of the ar-
terial lumen, impairment of endothelial integrity, curling of internal
elasticlamina, and vacuolization of the muscular layer were observed.

Peterson et al.l'"¥ reported severe inflammation in the va-
sospastic vessel wall following SAH. They also reported
that this inflammation induced vasospasm as well as other

Figure 4. Group 3 (treatment group): Arteries are surrounded by thin
and smooth outer endothelial layer similar to that observed in group
1. Patchy areas of slightly curved internal elastic lamina with concen-
tric smooth muscle cells were observed.

etiologic factors. They added that prevention of inflamma-
tion may limit the development of vasospasm. Handa et
al. explored the inflammatory reaction in the arterial wall
and its time of onset in CV following SAH. They detected
infiltration of inflammatory cells in the spastic arterial wall
at the end of the first week, with myonecrosis and intimal
deterioration occurring within the second week."!

Fassbender et al. reported that proinflammatory cytokines,
IL-B, IL-6, and TNF-q, trigger an inflammatory phase, lead-
ing to tissue damage. They also identified inflammatory
response as the main cause of vasospasm in patients with
SAH, stating that anti-inflammatory and anti-cytokine
treatment might prevent ischemic complications after
SAH.'" The results of a study by Lin et al. "? contributed to
the rapidly growing evidence on the role of inflammatory
response in the pathogenesis of CV following aneurysmal
SAH. This group identified vasospasm-preventive effects
using antibodies against E-selectin, which may be involved
in the pathogenesis of vasospasm.

It has been speculated that free radicals play a role in the
development of CV. Some of the protective mechanisms
developed by an organism against free radicals are aimed
at inhibiting their formation and preventing their delete-
rious effects. Agents that exert these protective functions
are called antioxidants."¥! Antioxidants protect tissues and
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cells against oxidative injury, conferring protection against
aging, tissue damage, and toxic agents.l"”

Honey comprises 180 different substances mainly includ-
ing enzymes, followed by amino acids, gluconic acid, phe-
nol compounds, lactones, minerals, and various vitamins.
Honey also contains valuable minerals such as iron, copper,
potassium, calcium, magnesium, phosphorus, silicium, alu-
minum, nickel, and cobalt. Discriminative characteristics of
honey are determined by the nectar and many small com-
ponents originating from the honey bee.l'>¢

Honey is effective in wound healing. It stimulates lympho-
cytic and phagocytic activities because of its anti-inflam-
matory properties.l'"”- ' Honey can reduce inflammation
and edema in wounds while simultaneously inducing ep-
ithelization.l>2

Manuka honey exerts antioxidant effects by inhibiting in-
flammatory cytokines, such as plasma TNFq, IL-1B, and IL-
6, as well as by reducing lipid peroxidation.?" Antioxidant
characteristics of honey are derived from its components,
which include polyphenols, such as flavonoids and phe-
nolic acids; vitamins, such as thiamin, riboflavin, a-toco-
pherol, ascorbic acid, salicylic acid, sulfhydryl compounds
and carotenoid derivatives; enzymes, such as glucosidase,
catalase, and peroxidase; organic acids; amino acids; and
proteins‘[15,19,22, 23]

This study was conducted under the hypothesis that
Manuka honey exerts antioxidant effects by inhibiting
plasma inflammatory cytokines, including plasma TNFaq, IL-
1B, and IL-6, as well as by reducing the level of peroxidation
and the effects of oxidant substances, resulting in the rein-
forcement of the antioxidant defense mechanism and inhi-
bition of vasospasm. However, the composition of honey
and the relative proportion of its components demonstrate
variations according to geographic conditions. Therefore,
in our study, we used Manuka honey with its standardized
content that is relatively rich in active enzymes and sub-
stances whose pharmaceutical forms have been approved
by FDA for use in humans. The study was performed using
the peripheral chronic vasospasm model developed by
Okada et al. In addition, autologous arterial whole blood
samples described by Okada et al.* were used.

Comparison of the vascular W and L of the control (group
1) and treatment (group 3) groups with those of the va-
sospasm group (group 2) showed significantly larger vas-
cular lumen with significantly smaller vascular W in groups
1 and 3 than that in group 2. Vascular W and L were sig-
nificantly different between groups 1 and 2. The incidence
of vasospasm in group 3 was nearly equivalent to that in
group 1 because of preventive effects of honey.

Our study demonstrated statistically significant inhibitory
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effects of Manuka honey on experimentally induced va-
sospasm. However, we could not determine whether these
inhibitory effects could be attributed to the honey as a
whole or to one or more of the components.

Conclusion

We demonstrated successful inhibition of vasospasm by
honey using an experimentally induced vasospasm model
created in femoral arteries of rats. However, effects of
honey on cerebral vessels and the brain tissue have not
been ascertained. Further experimental and clinical studies
should be performed to confirm inhibitory effects of honey
on post-SAH vasospasm.
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