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ABSTRACT

Hypertension is a chronic disease affecting the whole world due to its clinical effects and complications. The reduction
in the release and effect of NO is one of the mechanisms of hypertension formation. Hypertension disrupts the balance
between oxidant and antioxidant mechanisms. In this study, we aimed to observe biochemical changes in the blood by
treatment propolis, caffeic acid phenethyl ester (CAPE) and pollen in hypertensive rats via Nw-Nitro-L-arginine methyl
ester (L-NAME). Rats were divided in five groups. Rats were given L-NAME (40 mg/kg, intraperitoneally) for 14 days to
make hypertensive. L-NAME and bee products were administered together with rats for 14 days, then L-NAME for 14
days. All administrated ended 28 days. There was a statistically significant (P<0.05) decrease in blood pressure (BP)
in the groups in which bee products were applied. Blood pressure was lower in the pollen treated group than in the
CAPE and propolis treated group (P<0.05). Paraoxanase (PON1), total antioxidant status (TAS), total oxidant status
(TOS), asymmetric dimethylarginine (ADMA), nuclear factor-kB (NF-xB) levels were measured in the blood samples in
all groups. In the L-NAME group, PONI, TAS, HDL, and total protein levels were found to be lower than the groups
applied bee products (P<0.05). TOS, oxidative stress index (OSI), ADMA, NF-xB, glucose, cholesterol, LDL, triglyceride,
ALT, AST, ALP levels were found to be lower in groups plus of bee products were applied compared to the group that
received L-NAME (P<0.05). The results showed that oxidative stress and homeostasis can be regulated with propolis,
CAPE and pollen in hypertensive rats induced L-NAME.
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ABSTRAK

Hipertensi adalah penyakit kronik yang menyerang seluruh dunia kerana kesan dan komplikasi klinikalnya.
Pengurangan pembebasan dan kesan NO adalah salah satu mekanisme pembentukan hipertensi. Hipertensi mengganggu
keseimbangan antara mekanisme oksidan dan antioksidan. Tujuan kajian ini adalah untuk memerhatikan perubahan
biokimia dalam darah dengan propolis rawatan, asid fenil ester kafeik (CAPE) dan debunga pada tikus hipertensi melalui
metil ester Nw-Nitro-L-arginine ( L-NAME). Tikus dibahagikan dalam lima kumpulan. Tikus diberi L-NAME (40 mg/kg,
intraperitoneal) selama 14 hari untuk membuat hipertensi. L-NAME dan produk lebah diberikan bersama tikus selama
14 hari, kemudian L-NAME selama 14 hari. Semua pemberian berakhir pada 28 hari. Terdapat penurunan tekanan
darah (P <0.05) yang signifikan secara statistik pada kelompok yang menggunakan produk lebah. Tekanan darah
lebih rendah pada kumpulan yang dirawat debunga daripada kumpulan yang dirawat CAPE dan propolis (P <0.05).
Paraoksanase (PON1), status antioksidan total (TAS), status oksidan total (TOS), dimetilarginin asimetrik (ADMA), tahap
faktor nuklear-«B (NF-xB) diukur dalam sampel darah dalam semua kumpulan. Dalam kumpulan L-NAME, Tahap
protein PONI, TAS, HDL dan jumlah protein didapati lebih rendah daripada kumpulan produk lebah yang digunakan (P
<0.05). TOS, indeks tekanan oksidatif (OSI), ADMA, NF-kB, glukosa, kolesterol, LDL, trigliserida, ALT, AST, kadar ALP
didapati lebih rendah dalam kumpulan ditambah produk lebah digunakan berbanding dengan kumpulan yang menerima
L-NAME (P <0.05). Hasil kajian menunjukkan bahawa tekanan oksidatif dan homeostasis dapat diatur dengan propolis,
CAPE dan debunga pada tikus hipertensi yang disebabkan L-NAME.

Kata kunci: Darah; dimetilarginina tak simetri; faktor nuklear-xB; paraoksanase; produk lebah, tegasan oksidaan, tikus
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INTRODUCTION

Hypertension is a chronic disease affecting the whole
world due to its clinical effects and complications
(Ferrannini & Cushman 2012). Therefore, early diagnosis
and treatment of hypertension is important. The nitric
oxide synthesized by the vascular endothelium regulates
blood pressure (Palmer et al. 1987). Nitric oxide synthase
(NOS) provides nitric oxide (NO) synthesis. The reason for
the occurrence of hypertension is the increase in vascular
tonus caused by inhibition of the enzyme. Nitric oxide
passes through the endothelium and shows its effect in
the interstitial space (Harrison et al. 2007). NO has the
task of adjusting vascular tone with vasodilation effect.
The reduction in the release and effect of NO is one of the
mechanisms of hypertension formation. Hypertension
disrupts the balance between oxidant and antioxidant
mechanisms (Talas 2014). Biochemical parameters in
the blood can give information about the health status
of living things. Changes in endogenous NOS inhibitor
levels cause changes in ADMA level. Plasma ADMA
concentration increases in hypertensive patients (Taner et
al. 2013). The decreasing in reactive oxygen species (ROS)
levels is perceived as a physiological warning. It stimulates
signal transduction, apoptosis, and gene expression and
activates transcription factors such as nuclear factor-«B
(NF-kB). Transcription factors such as NF-kB are affected
by low ROS levels. The stimuli that activate NF-kB can
be inhibited by enzymatic and non-enzymatic antioxidant
molecules (Celec 2004). NF-kB regulates inducible
nitric oxide synthase (iNOS) (Xu et al. 1998). Various
functional dietary supplements are recommended for the
treatment of hypertension diseases. Preference of natural
products in folk medicine has increased due to its low
toxicity and therapeutic properties (Ryu et al. 2008).
Natural products have been antihypertensive effects such as
some flavonoids and polyphenols have antihypertensive
properties due to their vasodilating and hypotensive effects
(Ashraf et al. 2013; Gogebakan et al. 2012; Maruyama
et al. 2009). Apitherapeutic agents like propolis, polen,
and CAPE (caffeic acid phenethyl ester) whole are named
bee products. Propolis is one of the natural products
frequently used in folk medicine (Mishima et al. 2005).
Propolis has antibacterial, antiviral, anti-inflammatory
and anticancer and antihypertensive effects (Prytzyk et
al. 2003; Talas & Gulhan 2009). CAPE is one of the basic
structures of propolis (Bankova 2009). It is frequently used
in research because it reduces oxidative stress (Atik et al.

2006; Ogeturk et al. 2005; Okutan et al. 2005). Pollen is
collected from many plants by the honey bee. Pollen is
a powerful antioxidant and is a polyphenolic compound
(Marghitas et al. 2009; Selamoglu et al. 2015; Talas et
al. 2014). Oxidation of low-density lipoprotein (LDL) is
associated with oxidative stress and oxidized LDL causes
atherosclerosis. It protects against atherosclerosis due to
its high-density lipoprotein (HDL) antioxidant (Azarsiz
et al. 2003). PON1 is an HDL-bound enzyme system
and hydrolyzes active phospholipids and lipid peroxide
products, thereby preventing oxidation of LDL and HDL
(Rozenberg et al. 2008). Previous studies have shown
the serum PON1 activities decreased in atherosclerotic
diseases, myocardial infarction, slow coronary flow,
cardiac syndrome, hypercholesterolemia, and diabetes
(Gonzalez et al. 2019; Mackness & Mackness 2015;
Pérez-Méndez et al. 2014). The antioxidants rich in
flavonoids might be cause a 20% increasing in PON1
activity in the serum (Salmas et al. 2017). Studies have
shown that endothelial functions depend on serum PON1
activity so that the coronary tone is regulated. Coronary
artery disease has been associated with these effects
(Granér et al. 2006; Gur et al. 2006; Pasqualini et al.
2005). The aim of this study was to investigate patch the
variability of TAS, TOS, OSI, ADMA, NF-«kB levels, PON1
activities, and routine biochemical parameters in serum of
hypertensive rats treated with bee products.

MATERIALS AND METHODS

CHEMICALS

In this study, N(o)-nitro-L-arginine methyl ester (Cayman
Chemical Company, Michigan, USA) used to make rats
hypertensive. PON1 assay kit (MEGA TIP San. Tic. Ltd.
Sti. Gaziantep, Turkey); TAS and TOS assay kits (MEGA
TIP San. Tic. Ltd. Sti. Gaziantep, Turkey); NF-kB kit
(Hangzhou Eastbiopharm Co., Ltd, Zhejiang, China) were
used for measuring the biochemical parameters.

PREPARATION OF PROPOLIS EXTRACTIVE SOLUTION

Propolis was divided into small pieces and extracted with
ethanol. After that, it was centrifuged and dried (Talas &
Gulhan 2009).

PREPARATION OF POLLEN EXTRACTIVE SOLUTION

Bee pollen was extracted three times with ethanol. After
extraction it was filtered and dried (Marghitas et al. 2009).



ANIMALS

28 male spraque dawley rats were used for this study.
Firat University Animal Research Committee approved
the study.

EXPERIMENTAL PROCEDURE

Spraque dawley rats were divided into five groups.
Groups are Control, L-NAME, L-NAME+propolis,
L-NAME+pollen, and L-NAME+CAPE. Normal saline was
applied to the control group for 28 days. L-NAME group
was given L-NAME for 28 days. The L-NAME group was
given non-specific NOS inhibitor L-NAME (40 mg/ kg;
i.p.) for 28 days (Nguelefack et al. 2009). The other 3
groups were given L-NAME only for the first 14 days, and
L-NAME and bee products together for the next 14 days.
The L-NAME+propolis group was given bothL-NAME (40
mg/kg; i.p.) for 28 days and propolis (200 mg/kg/d; by
gavage) (Kolankaya et al. 2002). CAPE (Sigma-Aldrich;
50 uM/kg/d; i.p.) and pollen (100 mg/kg/d; by gavage)
were administered on the last 14 of 28 days (Kanbur et al.
2009; Parlakpinar et al. 2005). The animals were sacrificed
after being anesthetized with 75 mg/kg of sodium
pentobarbital after the treatments and then 4 mL blood
was taken from the anesthetized rats by entering into the
right ventricle their hearts. The bloods were centrifuged
in 3000 g at 4 °C for 5 min.

BIOCHEMICAL ASSAYS IN THE BLOOD SERUM

After the centrifuged; glucose, cholesterol, high density
lipoprotein (HDL), low density lipoprotein (LDL),
triglyceride, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP)
levels in the blood serum of the rats were measured by
autoanalyzer.

BLOOD PRESSURE MEASUREMENT

Tail cuff method (MAY BPHR 9610-PC Tail-Cuff Indirect
Blood Pressure Recorder Commat Ltd., Ankara, Turkey)
used for BP measuring (Simko et al. 2004). The lowest
three values were used for the average blood pressure.

DETERMINATION OF PON1 ACTIVITY

In the absence of basal activity, PONI1 activity was
measured and U/L expressed (Eckerson et al. 1983).
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MEASUREMENT OF THE TOTAL ANTIOXIDANT STATUS

TAS level was measured with an automatic measurement
method (Erel 2004). The antioxidative effect of the sample
was measured with the produced hydroxyl radical and
expressed as mmol Trolox Equivalent/L.

MEASUREMENT OF THE TOTAL OXIDANT STATUS

TOS level was measured with a new automatic
measurement method developed by Erel (2005) and
expressed in micromolar hydrogen peroxide (umol H,0,
equiv./L) per liter.

OXIDATIVE STRESS INDEX

OSI level was calculated by proportioning TOS level
to TAS level. The resulting TAS unit was changed to
mmol/L (Kosecik et al. 2005).

DETERMINATION OF ADMA LEVELS

ADMA level was measured with ADMA ELISA kit
(Hangzhou EASTBIOPHARM CO., LTD). The color
changes from blue to yellow and the absorbance is
measured at 450 nm on the photometer (Horowitz &
Hersztyn 2007).

DETERMINATION OF NF-kB LEVELS

NF-kB activity measured by a colorimetric assay. The
absorbance of the samples using a spectrophotometric
reader at 450 nm (Al-Maghrebi et al. 2009).

STATISTICAL ANALYSIS

Biochemical data were tested with SPSS 21.0. One-way
analysis of variance (ANOVA) was used. The differences
between the averages were determined by the Tukey test
(P<0.05).

RESULTS

Tail-cuff method was used for measuring blood pressure
(BP). L-NAME was applied for 28 days to create
hypertension. Bee products were applied to some groups
after 14 days. There was no significant change in all
experimental groups (P>0.05) on day 0 in BP (Table
1). After applying L-NAME for 14 days, rats in all
experimental groups (P<0.05) increased significantly
compared to control rats (Table 1).
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TABLE 1. Changes in blood pressure at Oth, 14th and 28th days

DAYS Experimental groups
Group I Group II Group III Group IV Group V
P-value
(Control) (L-NAME) (L-NAME+Propolis) (L-NAME+CAPE) (L-NAME+Pollen)
(MMHG)
0™ day 103.71£3.56 104.75+1.69 106.02+1.99 104.29+1.82 104.29+1.12 <0.003
14" day 104.75+1.69 141+1.21 141.11+0.53 143.3+0.56 143.97+0.53 0.84
28" day 104.29+1.82 154.56+1.59 122.7+1.67 129.29+0.97 111.13£1.68 0.27

0Oth day: Normal blood pressure of rats before application, 14th day: Blood pressure measured at 14th day after L-NAME administration, 28th day: Blood pressure measured

at 28th days after antioxidant supplementation (propolis, CAPE and pollen administration). All data points are the average of n=7 with + STDEVs

The systolic blood pressure data of the control,
L-NAME, propolis, L-NAME+propolis, L-NAME+CAPE and
L-NAME-+pollen groups on the 28th day are given in Table
2. The L-NAME group showed a significant increase
in SBP on the 28th day compared to the control group
(P<0.05) (Table 2). In bee products groups were compared
to the L-NAME group, there was a significant decrease in
SBP (P<0.05) (Table 2). In the pollen group, there was a
more significant decrease in SBP than in the propolis and
CAPE groups (P<0.05) (Table 2). Biochemical changes
occurring with bee products in rats hypertensive with
L-NAME are given in Table 3. A decrease in PON1 activity,
TAS, HDL and total protein levels was observed in rats
with L-NAME (P<0.05) (Table 3). There was no difference
in PON1 activity and TAS levels in the pollen and CAPE
groups compared to the control group (P>0.05) (Table
3). In the propolis group, PON1 and TAS activities were
increased compared to the L-NAME group (P<0.05) (Table
3). A decrease in HDL level was observed in the L-NAME
group (Table 3). HDL levels remained stable in the pollen

and CAPE treated groups (P>0.05), and increased in the
propolis treated group (P<0.05) (Table 3). Total protein
level was low in L-NAME group compared to control
group (Table 3). Total protein levels increased in groups
given bee products (P<0.05) (Table 3). In the hypertensive
group (L-NAME) compared to the control group TOS, OS],
ADMA, NF-kB, glucose, cholesterol, LDL, triglyceride,
ALT, AST, ALP, urea, creatinine levels were high (P<0.05)
(Table 3). TOS, OSI, LDL, triglyceride, ALT, AST, ALP,
creatinine levels were stable in the CAPE and pollen
groups (P>0.05) (Table 4). ADMA level did not change
in all groups (P>0.05) (Table 3). No change in NF-kB
was observed in the CAPE group (P>0.05) (Table 3). The
glucose levels did not change in the group of bee products
(P>0.05) (Table 3). In the groups treated propolis, CAPE
and pollen as plus to L-NAME administration, there were
statistically significant decrease (P<0.05) in the levels
of TOS, OSI, ADMA, NF-kB, glucose, cholesterol, LDL,
triglyceride, ALT, AST, ALP, urea, creatinine as compared
to L-NAME group (Table 3).

TABLE 2. The biochemical changes occurring with the bee products in the serum of hypertensive rats via L-NAME

Experimental groups

BIOCHEMICAL
Group I Group I Group III Group IV Group V
PARAMETERS
(Control) (L-NAME) (L-NAME+Propolis) (L-NAME+CAPE) (L-NAME+Pollen)
PON1 (U/L) 319.29+16.71 237.14+12.94 357.71£10.43 298.714+23.53 311.43+37.99
ADMA (ng/mL) 3.73+0.24 5.77+0.56 3.76+0.39 4.0240.23 3.84+0.35
NF-kB(mmol/mL) 4.35+0.73 7.0+0.48 5.2740.72 5.20+0.75 3.3240.73
TAS (mmol/L) 2.18+0.03 2.03£0.05 2.39+0.04 2.16+0.05 2.2240.02
TOS (umol/L) 12.48+1.62 20.774+2.28 9.51+£1.70 11.82+1.73 13.66+1.61
OSI (ratio) 0.57+0.07 1.02+0.130 0.45+0.14 0.54+0.08 0.61+0.07

All data points are the average of n=7 with £ STDEVs
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TABLE 3. The changes in the routine serum biochemical parameters occurring with bee products in hypertensive rats via L-NAME

Experimental groups

BIOCHEMICAL
Group I Group II Group III Group IV Group V
PARAMETERS
(Control) (L-NAME) (L-NAME+Propolis) ~ (L-NAME+CAPE) (L-NAME+Pollen)
Glucose (mg/dL) 90.14+8.98 129.00+9.66 93.71£6.92 78.00+3.36 87.57+12.02
Triglyceride (mg/
49.85+11.43 145.00+10.98 77.57+7.93 37.85+6.84 44.42+7.78
dL)
Cholesterol (mg/
44.28+7.65 59.85+8.00 53.00+9.09 37.42+4.72 52.28+7.76
dL)
HDL (mg/dL) 23.85+4.41 11.00£2.16 31.00+4.86 17.5743.30 34.71£1.60
LDL (mg/dL) 7.85+1.34 20.00+2.16 7.85+1.46 12.00+1.63 6.85+1.21
Total protein (g/
6.18+0.24 4.91+0.30 6.09+0.35 5.94+0.24 6.59+0.35
dL)
Urea (mg/dL) 46.28+1.79 65.28+1.97 56.14+2.91 45.57+5.47 51.42+5.65
Creatinine (mg/
0.61+0.03 0.87+0.07 0.75+0.08 0.59+0.06 0.67+0.03

dL)

All data points are the average of n=7 with + STDEVs

TABLE 4. The changes occurring with bee products in the serum enzymatic parameters of hypertensive rats via L-NAME

Experimental groups

ENZYMATIC
Group [ Group I Group III Group IV Group V
PARAMETERS (Control) (L-NAME) (L-NAME+Propolis) (L-NAME+CAPE) (L-NAME+Pollen)
AST (U/L) 258.86+35.04 467.86+£30.44 230.43+34.57 346.71+30.92 242.57+28.28
ALT (U/L) 93.85+9.65 212.14+9.24 81.85+11.09 143.29+9.89 82.28+13.45
ALP (U/L) 454.71+57.01 626.00+41.39 377.14+74.00 510.14+18.75 380.00+15.08

All data points are the average of n=7 with £ STDEVs
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DISCUSSION

This is one of the first studies to show the relationship
between natural bee products (propolis and pollen) and
hypertension using markers such as PON1, ADMA, NF-
kB, TAS, TOS and OSI in the rat blood. The hypotensive
effect of propolis, CAPE and pollen has been shown in
some previous studies (Gogebakan et al. 2012; Ryu et
al. 2008; Talas et al. 2013). There is a highly complex
antioxidant system to protect cells and organs against
reactive oxygen species. Endogenous and exogenous
components are available to neutralize free radicals.
Generally, phenolic compounds or polyphenols occur
widely in plants. Polyphenels found in all herbal foods
act as antioxidants. It is of particular interest to the
so-called flavonoids (flavonols, flavones, isoflavones,
flavonones, flavanols, and anthocyanins) (Kaliora et al.
2006). Antihypertensive properties of natural products
have been shown in some studies (Fernandez-Arroyo et
al. 2015; Kubota et al. 2004; Maruyama et al. 2009; Sato
et al. 2008). Also, natural products such as flavonoids
and polyphenols have vasodilating and hypotensive
effects (Mishima et al. 2005). Flavonoids display lipid
peroxidation, as well as reducing lipid oxidation with
the effects of free radical scavenger and metal chelator,
as well as showing antihypertensive and antiarthritic
effects (Prytzyk et al. 2003). Increased AST, ALT, ALP,
and urea levels have been linked to the hypertensive
effect of L-NAME. In liver dysfunction and defects in the
biosynthesis of these enzymes, the permeability of the liver
membrane changes and this enzyme transition to the blood
increases. As a result, it is observed that these enzymes
are specifically increased in heart and liver injuries
(Mohammadzadeh et al. 2007; Prytzyk et al. 2003). In our
study, it was observed that the levels of AST, ALT, ALP,
and urea with bee products with antioxidant properties
decreased compared to the L-NAME group (P<0.05). A
decrease in AST, ALT, ALP, and urea levels was observed in
the propolis-treated group. A decrease in AST, ALT, ALP,
and urea levels was observed in propolis and pollen groups
compared to CAPE group. Consequently, propolis and
pollen may prevent L-NAME induced acute tissue damage
and serum enzyme profile. L-NAME increased glucose
and creatinine levels, this decreased with bee products.
An increasing of these parameters is decisive for renal
and liver functions. A reduction in these parameters was
observed by supplementing natural bee products (P<0.05).
Propolis and pollen reverses hepatic necrosis and kidney
tubular damage by improving cellular metabolism. High
levels of LDL, cholesterol and triglycerides for coronary

artery disease pose a risk and low HDL levels are among the
risk factors. Hypertension poses a risk for cardiovascular
diseases such as coronary artery disease and stroke.
Hypertension causes changes in lipid profile (Wilma
2011). The results of our study show the effects of natural
agents (propolis and pollen) on lipid profiles in hypertensive
rats. Phenolic compounds affect lipid metabolism. They
also reduce the formation of atherosclerotic plaque over
oxidative stress in cases of hyperlipidemia (Anandh Babu
et al. 2006). Furthermore, they upregulate hepatic LDL
receptor expression (Bogdanski et al. 2012). There is the
relationship between arterial blood pressure and blood
parameters. Systolic blood pressure and blood lipids have
positive correlations in cardiovascular diseases (Cinar et
al. 2001). These findings match that of previous works
(Anandh Babu et al. 2006; Bogdanski et al. 2012; Talas
et al. 2013; Wilma 2011). In our study, hypertension had
negative effect on PON1 activity. We have showed that
oxidative stress markers were elevated in hypertensive
rats. Increased oxidative stress causes increased lipid
and protein oxidation. As is known, oxidative stress
increase is related in cardiovascular diseases. Oxidative
stress also reduces PON1 expression and activity. Studies
have found that PON1 activity decreases with oxidative
stress. In addition, low serum PONI1 activity is present
in atherosclerosis (Aslan et al. 2007). One of PON1’s
duties is the antioxidative activity of HDL. Active lipids
in low oxidized LDL are cleaned by PON1, preventing
inflammation. In this study, PON1 was associated with both
oxidative and lipid profile (Breton et al. 2014).
Therefore, decreased PON1 activity in hypertension
has been associated with increased oxidative stress
(Selek et al. 2007). Redox changes of sulfhydryl groups
with oxidative stress reduce PON1 activity. Oxidized
LDL is reduced with PON1 and inflammation in the artery
wall is taken under control (Selek et al. 2008). Due to its
antioxidant effects, flavonoids cause an increase in PON1
activity in serum (Mackness et al. 2005). In our study,
antioxidant agents such as propolis, CAPE and pollen
increased PON1 activity and decreased LDL levels. Aviram
etal. (1999) demonstrated the interaction of LDL oxidation
and PON inactivation. Aviram et al. (1998) showed the
relationship between HDL and PON1. Low cGMP levels
in animals receiving L-NAME is due to decreased activity
of many proteins such as eNOS and sGC (Leo et al. 2015).
NO produced by the enzyme NO synthase (NOS) from
L-arginine in cells is produced by endothelial NO synthase
(eNOS) in endothelial cells (Alpoim et al. 2015). ADMA
inhibits eNOS activity. Increased ADMA levels cause



endothelial dysfunction (Leo et al. 2015). Plasma ADMA
levels L-NAME increases the level of ADMA (Palm et al.
2007). In cardiovascular disease, hypertension is one of
risk. NO is necessary for blood pressure control, so
ADMA is associated with cardiovascular diseases (Alpoim
et al. 2015). A decrease in ADMA levels with antioxidants
has been shown in some studies (Bayerle-Eder et al. 2002;
John etal. 2001; Vasa et al. 2001). In our study, bee products
were found to perform immunostimulant function. The
current study has shown that propolis has an antagonist
effect for L-NAME. Phenolic compounds are found in
propolis and pollen structure. Due to its antioxidant effects,
it plays an important role in the metabolic responds in
the prevention of heart diseases. NF-«kB regulates the
expression and transcription factors of adhesion molecules
in endothelial cells. NF-xB is activated with an increase
in ROS. The links between ROS generation and NF-kB
are not so far fully understood (Madamanchi & Runge
2013). The mechanism of inhibition of HDL on NF-kB
activation can be related to the inhibition of ROS increase
(Robbesyn et al. 2004). We shown increasing of NF-kB
activation on oxidative stress and hypertention made by
L-NAME in the blood serum. It was observed that NF-
kB activity increased when there was oxidative damage
(Eckerson etal. 1983; Simdo etal. 2011; Zheng et al. 2010).
NF-kB is an oxidative stress response factor. Antioxidants
can block activate NF-kB (Xu et al. 1998). Bee products
caused decreased NF-kB activity in rats hypertensive
with L-NAME. Anti-inflammatory activities of phenolics
may be mediated by transcriptional factor NF-«kB in cells
(Babu & Liu 2008). Bee products are known to be potent
antioxidants. We suggest that propolis and pollen may be
used to protect against hypertensive effects of L-NAME. We
also think that these products can be used with antioxidant
effects in cardiovascular dysfunction and some metabolic
disorders. This study will direct new developments and
researches due to the effects of bee products on homeostasis
in the organism.

CONCLUSION

These results showed that oxidative stress regulation can
be achieved with bee products in hypertensive rats via
L-NAME. In this study, it was seen that oxidative status and
serum lipid profile can be regulated with PON1. We also
observed that LDL levels and oxidative stress decreased
with treatment of bee products. It may be results with
atherosclerosis protection and homeostasis.
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