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SUMMARY: Honey is a natural antioxidant that its protective effects have been proven against ischemia-reperfusion (IR)
injury. The aim of this study was to evaluate the ameliorative effect of Persian Honey, Apis mellifera meda skorikovcoeméssro
muscle IR injury. Eighty adult male Sprague—Dawley rats weighing 250—-300 g were used. They were divided into ten groups (N=8 pe
group). The ischemia was conducted with a silk suture 6-0 using the slipknot technique. All groups were rendered in isgheaniclfo
reperfused for various times of 3 days (3-day reperfusion), 7 days (7-day reperfusion), 14 days (14-day reperfusionysd28-2aga
reperfusion). Half of the groups had experimental honey (5 %) treatment immediately after ischemia. After reperfusioiabedrats
on the grouping, were killed with high doses of anesthetic, and the gastrocnemius muscles were removed and fixed. #dter the tis
processing, the evaluation of edema and mast cells infiltration was performed with hematoxylin-eosin and toluidine byjje stainin
respectively. TNFa was detected with immunohistochemistry method. The amount oftTdd=an index of acute inflammatory except
the 3rd day significantly decreased on the other day of reperfujdaf{" and 28" days). The mast cells infiltration was significantly
decreased on’7 and 14" days. The tissue edema was decreased significantly in honey administrated group in the comparison with
placebo groups. Honey administration can reduce damage caused by ischemia-reperfusion in the rat gastrocnemius muscle.
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INTRODUCTION

Ischemia is characterized by decrease in blood floimjury (IRI). Different organs in the body could be damaged
that is usually caused by disruption in oxygen and nutriertty ischemia—reperfusion (IR) such as brain, heart, kidneys,
delivery to the tissues (Akset al, 2015). After systemic skeletal muscles, etc (Gillagt al, 2012; Gharravet al,
events that occur during ischemia such as impairment 2616). Many conditions are able to create damage caused
energy production, toxic metabolites production and ceadly Ischemia reperfusion (I/R) in skeletal muscles such as
damage, a series of circumstances is started by reperfusiel sores and various spectrums of traumas, surgeries and
including free radicals generation, acute inflammatorgliseases (Alipougt al, 2011a; Gholamét al, 2015; Ranjbar
responses, lipid peroxidation, protein and DNA damage aedal, 2015). It is established that oxidative stress especially
finally development of cell necrosis (Doagal, 2014; Jalili generation of reactive oxygen species (ROS) during
etal, 2015; Joshét al, 2016; Salahshoet al, 2015, 2016). reperfusion stage is the main reason for the beginning of
It has been proved that free radicals especially reactiigflammatory cascade. In fact, oxygen free radicals are
oxygen species (ROS) reactive nitrogen species (RNS) antportant factors that activate nuclear factor kB (NF-kB).
inflammatory cells such as neutrophils are involved in theF-kB is recognized as a transcription factor that regulates
multifactorial pathophysiology of ischemia—reperfusionhe expression of inflammatory cytokines including tumor
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necrosis factor (TNF)-a and interleukin (IL)-6 (Gillagtial;  ischemia-reperfusion injury of skeletal muscles. The aim of
Sahebkaret al.,, 2016). These inflammatory proteinsthis study was to evaluate Persian Honey, Apis mellifera
specifically TNFe has a critical role in the development ofmeda skorikov, effects on ischemia-reperfusion injury of
damage caused by skeletal muscles Ischemia—reperfusion (@f&strocnemius muscle.
(Gholamiet al, 2015; Zendededt al, 2017). TNFe as an
inflammatory cytokine in has been distributed different organs.
Various biological roles have been defined for it such 8adATERIAL AND METHOD
proliferation and differentiation of cells, cell apoptosis and
playing role in the inflammatory diseases, etc. It has been
reported that TNFer can be implicated in neutrophil migration Ethical approval. All of the experimental manuals on animals
through the activation of NF-kB. So, use of natural antioxidantgere conducted with agreement of protocols of the laboratory
to remove oxidative stress particularly ROS could be a goatiimal care. These principles were approved by Animal Ethics
way for preventing lipid peroxidation and inflammatoryCommittee of Lorestan University of Medical Sciences.
responses caused by ROS production.
Chemicals The required following chemicals were obtained:
Therapeutic effects of honey have been shown froitoney (Garrin Mountain, Khorramabad, Lorestan, Iran),
ancient times until now. It is available in different region&aCl (Merck Company), 3 % J@, (Merck Company),
of the world. Honey includes almost 200 different substancés. Tris-Hcl (Merck Company), Formalin, Phosphate buffer,
Fructose and glucose with a frequency of 80—-85 % are tetamine, xylazine, Signal Stain® Boost IHC Detection
most abundant components that have been found in honegagents, Signal Stain® DAB Substrate Kit, Rat anti mouse
Amino acids, enzymes, vitamins and phenolic compoundNF ALPHA, Rabbit F(ab”)2 anti-rat 1gG: HRP, HRP-
are the other substances. In addition, honey is a rich soutabilizing Diluent and Normal saline.
of enzymatic and non-enzymatic antioxidants that are
responsible for its antioxidant properties. These antioxidarttloney sampling and preparation: In present study,
are ascorbic acid; tocopherols, catalase (CAT), superoxideperiments was conductedAyis melliferameda skorikov,
dismutase (SOD), reduced glutathione (GSH) and flavonoidshoney obtained from bee keepers in Garrin Mountain,
such as pinocembrin, quercetin, kaempferol and othEhorramabad, Lorestan, Iran, prepared by bees feeding on
compounds include phenolic acids. Honey has been usedhe apple juice in summer (August and September) when
traditional medicine as a therapeutic agent for treatmentsdurces of nectar and pollen were abundant. The honey was
wounds, burns, digestive tracts diseases (diarrhedleshly collected from sealed honeycombs, kept in dark glass
respiratory disorders, insomnia, cardiovascular disordetsttles, and preserved at°@then diluted with drinking
infectious diseases, anemia, nervous disorders, acute feverater (5 % solution).
eye diseases, etc. Today, investigations indicate other
properties such as antioxidant, anti-inflammatoryChemical properties of honey:According to previous
antibacterial, antifungal, antiviral, wound healing studies honey contains a number of carbohydrates, proteins
preservative and anti-hyperlipidemic, anti-diabeticand amino acids, vitamins, minerals and antioxidants.
antineoplastic and anti-carcinogenic effects (Eteraf-Oskoughemical properties of honey was conducted by ASA
& Najafi, 2013; Racet al,, 2016; Gholamet al, 2017). Laboratory (Tehran, Iran) a partnership of food and drug
deputy of health ministry. The carbohydrates present were
Several investigations have been reportethe monosaccharides fructose (44.09 %) and glucose (31.09
ameliorating effects of honey and its derivative compound$) and disaccharides (~0.99 %) sucrose.
on IRI (Gholamiet al, 2018). One study showed that
pinocembrin as a main flavonoid compound of honey In pilot study we conducted investigation with three
ameliorates IRI (Saadt al., 2015). Other researchersdose of 2 %, 5 % and 10 % honey solution. After several
reported that administration of honey before ischemic phasgperiments we selected honey in drinking water (5 %
has protective effects against ischemia-reperfusion injuriselution).
of heart (Najafiet al, 2012). Preventive effects of natural
honey against gastrointestinal tract ischemia-reperfusidmimals and study designPresent experimental study was
gastric lesions were also examined. (Sasaki & Joh, 200%pnducted in Razi herbal medicine research center of the
Lorestan University of Medical Sciences. Animals were
Therefore, in accordance to the beneficial effects @urchased from Razi Herbal Medicine Center of Lorestan
honey in reducing ischemia-reperfusion injury in variousniversity of Medical Sciences. A total of 80 adult male
organs, its antioxidant property can be protective agairSprague—Dawley rats at 8 weeks of age (weighing 250-300
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g) were housed for 1 week to the situation of the animphraffin. Approximately 40 sections were cut at the mid-belly
laboratory. All animals were maintained with free access tif the muscle. 40 sections were analyzed per muscle.
Food standard diet and tap water and with a room temperature
of 22 and alternation in light (12-h light: 12-h dark cycle)Histopathologic StudiesFor light microscopic studies tissue
Then rats were grouped randomly into 10 groups (8 psamples were routinely processed after fixation and then
group) as follow: embedding of gastrocnemius muscle in paraffin was started.
Sectioning (4—@um thick), dehydration and clearing by graded
Group 1: control group (without ischemia-reperfusion), onlgthanol series and xylene were done, respectively. Then,
received water orally by gavage. sections were stained with hematoxylin-eosin staining for
Group 2: sham group (without ischemia-reperfusiongdema and fiber degeneration scoring. Mast cells counting
received 10 cc honey solution (5 %) through the oral gavaged infiltration were conducted by toluidine blue staining.

twice a day. Thirty selected fields of stained tissue sections were randomly
Group 3: 3 h of ischemia and 3 days reperfusion with tlesaluated microscopically (magnification of 40). The
oral gavage of placebo (P+IR3). morphological criteria were considered include disorganization

Group 4: 3 h of ischemia and 3 days reperfusion togethamd degeneration of muscle fibers, infiltration of mast cells,
with 10 cc honey solution (5 %) through the oral gavagend edema of the interstitial fluid on the tissue. Scoring based
twice a day (H+IR3). on these criteria was performed as follow: 0, normal; 1, mild;
Group 5: 3 h of ischemia and 7 days reperfusion with ttf#e moderate; 3, severe (Jefagtial, 2000).

oral gavage of placebo (P+IR7).

Group 6: 3 h of ischemia and 7 days reperfusion togethenmunohistochemical StudiesTNF-alpha expression was
with 10 cc honey solution (5 %) through the oral gavagmeasured Immunohistochemically by using slight

twice a day (H+IR7). adjustments in the protocol of AbD Serotec company
Group 7: 3 h of ischemia and 14 days reperfusion with tf{®stadalovat al, 2007). Tissue samples were deparaffinized
oral gavage of placebo (P+IR14). in xylene and dehydration of them was done in ethanol.

Group 8: 3 h of ischemia and 14 days reperfusion togeth&@ntigens were recovered in citrate buffer (pH=6) for 15 min
with 10 cc honey solution (5 %) through the oral gavagst 98°C. Endogenous peroxidase activity as an annoying

twice a day (H+IR14). factor was removed by incubation of specimens with 0.3 %
Group 9: 3 h of ischemia and 28 days reperfusion with ttfe/v) H202 in PBS for 15 min. In the next stage, washing
oral gavage of placebo (P+IR28). was done three times in PBS. After washing, incubation was

Group 10: 3 h of ischemia and 28 days reperfusion togettstarted with 10 % normal goat serum (Cell signaling, #5425)
with 10 cc honey solution (5 %) through the oral gavager 10 min. Then, tissue sections were incubated overnight
twice a day (H+IR28). with primary antibody (rat anti-mouse TNFalpha, AbD
Groups 3, 5, 7, and 9 above were defined as placebo grogesotec, # MCA 1488). Primary antibodies were diluted by
and received water instead of honey (Ceatilal, 2013). adding PBS to them (only negative control samples were
Carbohydrate selected as positive control group diluted) at the ratio of 1:100. After dilution one drop of
secondary antibody (Rabbit F (ab”) 2 anti-rat IgG: HRP, AbD
Surgical procedure. The procedure of surgery wasSerotec, # STAR21B) was added to samples and they were
conducted accordin@ the method of Animal Care and Useincubated 30 min. Washing was done. Then, samples were
Committee. At first, the rats were anesthetized with injectioimcubated with one drop of diluted Signal Stain® DAB
of ketamine HCI (50mg/kg) and xylazine (5 mg/kg) Substrate Kit (Cell signaling, #8059) with 1 ml HRP-
intraperitoneally (IP). Development of ischemia was done b§tabilizing Diluent (AbD Serotec, #BUF052C). Samples
shaving and disinfecting of the inguinal area. To causeere washed with PBS; then, they were counterstained with
obstruction of femoral artery and vein, an inguinal incisiohematoxylin counterstain for 1 min and immediately washed.
was created and vessels were carefully separated from Bemples were dehydrated and cleared through a graded se-
nerve, then, artery and vein were knit by using a silk suture s of alcohols and xylene, respectively and then mounted.
0 and slipknot technique for 3 h. After time of ischemia,
reperfusion was carried out for 3, 7, 14 and 28 days. Hon&yatistical Analysis. The statistical analysis of data were
and water (respectively in experimental and placebo groupdpne based on Kruskal-Wallis test, Mann—Whitney U test,
both were given through the oral gavage. The rats were killethd Dunn’s multiple comparison tests by using SPSS v.22
after treatment time with a high dose of anesthetic drug asdftware. Differences between the groups were analyzed by
then gastrocnemius muscle removed and fixed in 10 % formalising Kruskal-Wallis test and the Mann—Whitney U test was
(Gholamiet al, 2008; Alipouret al, 2011b). 10 % of the entire utilized for pairwise comparisons. All variables were
muscle were then sectioned at the mid-bafig embedded in expressed as the mearsD for each group.
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RESULTS value = 0.028). Similarly, the H+IR14 group results showed
a significant difference compared to the corresponding
untreated group and the sham control group (p value = 0.005).

Histopathologic studies (Mast cell infiltration and Ede- But as shown in Table, significant difference was not seen

ma). Evaluation of the severity of edema of the interstitidbetween H+IR3 and H+IR28 results and their corresponding

fluid on the tissue suggests a significantly decrease in allafitreated group (P+IR3, P+IR28) (Table I, Fig. 2).

the treated groups (H+IR3, H+IR7, H+IR14 and H+IR28)

(p<0.0001, p<0.0001, p=0.01, and p=0.0001, respectivelyhmunohistochemistry studies (TNF-alpha expression).

as compared with the corresponding placebo group (P+IR3pmpared to the corresponding untreated, the amount of

P+IR7, P+IR14, P+IR28) (Table I, Fig. 1). TNF-alpha expression significantly decreased in the H+IR7,
H+IR14 and H+IR28 groups (p<0.0001, p<0.0001,

The H+IR7 group results display a significan{p<0.0001, respectively). However, decreased amount was
difference compared to the placebo corresponding groupr{pt significant in H+IR3 (Table I, Fig. 3).

I XA\

DISCUSSION

Skeletal muscle injury caused
by ischemia-reperfusion develops
severe complications. Post ischemic
reperfusion and subsequently
generation of ROS is a serious factor
for development of damage to cells
(Wanget al, 2016). So, we decided
to evaluate ameliorative effect of
honey on ischemia-reperfusion injury.

Our results demonstrated that
the IR injury caused by gastrocnemius
muscle is defined by mast cell
infiltration, tissue edema and
expression of inflammatory
cytokines. Moreover, our study
showed that honey can significantly
ameliorate IR-induced skeletal muscle
injury.

The present study showed a
g X, \ significantly decrease in mast cells
m ‘ infiltration in the gastrocnemius
-«'. ;| Niar : muscle tissue of treated groups with
AR P honey. Mast cells lived in the different

= tissue for a long time. They produce
various biological mediators such as
histamine, inflammatory cytokines
including tumor necrosis factor (TNF)
and involved in immune responses.
They also seen in other conditions

include  ischemia-reperfusion
condition in tissues like skeletal

mf‘ o , o muscles, heart muscles, lung, and
Fig. 1. Severity of edema is shown in different groups by using H&E staining. small intestine. Therefore, mast cells
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Fig. 2. Infiltration of mast cells is shown in muscular tissue by using toluidine blue staining. The purple spots are
mast cells. N; nucleous, M; mast cells.
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Fig. 3. TNF-alpha expression, brown spots, is detected in 14 day by using immunohistochemistry method.

Table I. Comparison of mast cell infiltration, edema and TNF-alpha expression in different days of reperfusion betweegrdiffiesen
is shown.

Group Mast cdll infiltration (cells/mm?) Edema (%) TNF-dpha expression (pa/ml)
Mean + SD Average Pvalue Mean+SD  Average Pvdue Mean+SD  Aveage Pvalue

H+IR3 1.87+1.24 8.13 0.798 0.62+0.51 45 0.0001 9.12+3.75 7.38 0.382
10.62+3.58 9.63

P+IR3 2+1.69 8.88 3.25+0.46 125

H+IR7 1.75£1.03 5.88 0.028 1.62+0.51 45 0.0001 1.62+0.74 45 0.0001
10.12+2.16 125

P+IR7 3.87+2.35 11.13 3.62+0.51 125

H+IR14 3.25+1.66 531 0.005 1.87+0.83 55 0.01 2.25+2.18 4.5 0.0001

P+IR14 6+2.26 11.69 3.37+0.91 115 10.5+2.72 12.5

H+IR28 2.25+1.16 6.56 0.105 1.75+0.7 4.56 0.0001 0 45 0.0001

P+IR28 4.12+2.74 1044 4+0.53 12.44 6.62+2.32 125

Data are expressed as the me&D. Statistical analysis was done using the Mann—-Whitney U test.

play critical role in the ischemia-reperfusion process (Dacid phenethyl ester (CAPE) as an active substance of honey
Filippo et al, 2013; Gholamet al, 2015). Other studies can reduce ischemia-reperfusion injury in the gastrocnemius
showed that different array of antioxidants such as caffeiguscle by reduction in amount of mast cells and neutrophils
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(Andrade-Silvaet al.,, 2009). Gholamiet al. (2015) against gastrocnemius muscle damage caused by ischemia/
indicated that reduction in the number of mast cells playraperfusion injury via decreased amounts of TNF-a
central role in amelioration of ischemia-reperfusion injurgxpression (Wanet al). Therefore, decrease in expression

of gastrocnemius muscle. In addition, other related studies TNF-a as an inflammatory marker, amount of edema
have been suggested that ischemia-reperfusion injury camd mast cells infiltration regarded to our results has a
reduce by using various antioxidants (Gholandl, 2007, significant correlation with honey long-term IR treatment.
2008). Furthermore, honey showed that can prevents

damage caused by ischemia-reperfusion via decreased ede-

ma, tissue structure disorganization, and degeneration. CONCLUSION

There are many reasons such as different variety of
diseases for development of muscle edema. Edema is In conclusion, our results showed that pre-ischemia
characterized by increase in volume of muscle as a reduliney treatment attenuates gastrocnemius muscle IR injury
of accumulation of fluid content (Cho & Atwood, 2002;via reduction in the inflammatory events. Therefore, honey
McMahonet al, 2010). treatment approves the antioxidant therapy hypothesis for
overcome against skeletal muscle injury induced by IR and
A related study showed that selenium as amay be effective as a therapeutic strategy. So, more studies
antioxidant can reduce edema caused by gastrocnemiushis field are required.
muscle ischemia-reperfusion injury (Gholashal, 2015).
One study demonstrated that Pinocembrin as one of the
most important flavonoid of honey has decreasing effeglioLaMI, M. R.; ABBASZADEH, A.: ANBARI, K.:
on brain edema (Saaat al). Wanget al approved that KHAKSARIAN, M.; SHABOONI, F.; KHAYAT, Z. K.;
Colchicine has a protective effect against gastrocnemiisiORRAMABADI, R. M. & GHARRAVI, A. M.  Efectos pro-
muscle damage caused by ischemia/reperfusion throughtores de la miehpis melliferameda skorikov, sobre la lesion
reduce in edema. Other antioxidants such as simvastafffiscular inducida por isquemia-reperfusiim. J. Morphol., 38
aminoguanidine and quercetin can also attenuate edetR:f04-810, 2020.
and ischemic fiber degeneration in the models of peripheral RESUMEN: La miel es un antioxidante natural: sus efec-

nerve damage caused by ischemia—reperfusion (Gh0|%¥ protectores han sido probados contra la lesiéon por isquemia-

et al, 2008). reperfusion (IR). El objetivo de este estudio fue evaluar el efecto
de mejora de la miel perggpis melliferameda skorikov, en la
In addition to the mast cell infiltration and muscléesion por IR del musculo gastrocnemio. Se utilizaron 80 ratas
edema, honey can decrease expression of INIFNF-0  Sprague-Dawley macho adultas con un peso entre 250 y 300 g
is a pro-inflammatory cytokine that acts as an endogenatigididas en diez grupos (N = 8 por grupo). La isquemia se realizo
pyrogenic factor. It involves in inflammation (release ofOn una sutura de seda 6-0 utilizando la técnica slipknot permane-
IL-6, IL-8 and IL-1b), apoptosis and activation anociendo i_squémicos dur’ante 3 h La reperfu_sjén se reeglizé durarlte
infiltration of polymorphonuclear neutrophils, etc.Y2r0S tiempos de 3 dias, 7 dias (reperfusion de 7 dias), 14 dias
. . . reperfusion de 14 dias) y 28 dias (28 dias reperfusion). La mitad
Athemsc'eros_ls’ cancer, and inflammatory bowel_ dlseagg los grupos recibid tratamiento experimental con miel (5 %) in-
are some of diseases that are created caused by increagg ilatamente después de la isquemia. Después de la reperfusion,
TNF-a amount (Meet al, 2016). Many inflammatory cells |as ratas, fueron sacrificadas con altas dosis de anestésico, y los
can produce TNFEr like activated macrophages, CD4+musculos gastrocnemios fueron removidos y fijados. Después de
lymphocytes, NK cells, neutrophils, mast cells, eosinophibrocesar el tejido, se realizé la evaluacion del edemay la infiltra-
and nerve cells. Another biological function of TMFs  cidn de mastocitos se realiz6 con tincion de hematoxilina-eosina 'y
activation of NF-kB. NF-kB is recognized as a transcriptiop2ul de toluidina, respectivamente. TNfse detect6 con el méto-
protein that play role in diagnosis of apoptosis. It igo de |nr_n’un_oh|stqu|r_n|ca. La cantidad deTtNEemom,dlce_de'
demonstrated that this nuclear factor is the beginner |8}IamaC|0n inflamatoria aguda, excepto en el tercer dia, disminu-

infl t d ti toti ¢ inti r}Z/o significativamente al dia siguiente de la reperfusion (7, 14y
Inflammatory and anti-apoptotic genes transcriptio 8 dias). La infiltracién de mastocitos disminuyé significativamente

Therefore, inactivation of NF-kB pathway by using, o5 7y 14 dias. El edema tisular disminuys significativamente en
decrease in TNI& expression can ameliorate ischemiag| grupo administrado con miel en comparacion con los grupos

reperfusion injury. Gholanat al (2015) demonstrated that placebo. El tratamiento con miel puede reducir el dafio causado
Selenium play ameliorative role in ischemia/reperfusiopor la isquemia-reperfusion en el misculo gastrocnemio de la rata.
of gastrocnemius muscle. They observed that this

antioxidant can reduce the expression of TiNFOther PALABRAS CLAVE: Miel; Lesion por isquemia-
studies showed that Colchicine has a protective effé@perfusion; Misculo gastrocnemio; Rata.
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