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Abstract 

       Metabolic syndrome (MetS) is associated with dyslipidemia, high blood pressure, type II diabetes and other 

complications. The red beet peels rich in antioxidant that may control metabolic syndrome. Microencapsulation increase 

pharmaceutical compound bioavailability. The study aimed to evaluate the effects of red beat peel loaded liposomes (RBPL) 

on MetS rats and the production of yoghurt powder fortified with RBPL as functional food. RBPL was produced, 

microcapsules characterization was studied. 30 sprague dawely female rats were divided into 3 groups (N=10), control(C) fed 

on basic diet, (MetS) fed on high fat high carbohydrates diet (HFD) and (RBPL) fed on HFD and RBPL for 60 days. Animals 

were euthanized, body and internal organs were weighed and the organs were collected for histopathology and 

Immunohistochemistry for iNOS and Caspas-3 markers. Plasma was collected for biochemical analysis of parameters related 

to MetS. Freeze-dried yoghurt powders containing RBPL was produced. Results showed high encapsulation efficiency of 

RBPL which were stable and evenly distributed.  The RBPL fortified yoghurt powder showed characterization as control 

yoghurt. There were significant increase in glucose, lipids, liver and kidney profiles, leptin , irisin and malondialdehyde in 

MetS group, decrease in high density lipoprotein, albumin, catalase, total antioxidant, T3, TSH, insulin, IGF, phosphorus and 

zinc when compared to (C). Histopathologic sections showed derangement of tissues in organs with MetS and high expression 

of iNOS and caspase-3. RBPL took all the disrupted findings towards normal. This study showed RBPL's health benefits on 

MetS and were applied as fortifier in dried yoghurt powder. 

Keywords: metabolic syndrome, red beet peel, liposomes, yoghurt powder, liver steatosis, polycystic ovary, 

immunohistochemistry. 

 

1. Introduction  

The metabolic syndrome (MetS) is a complex 

disorder characterized by central (abdominal) obesity, 

hyperlipidemia, high blood pressure, and type II 

diabetes.Combination of three of them confirms the 

diagnosis[1].Prevalence of MetS is steadily rising, 

which predisposes to diabetes, cardiovascular 

disease, fertility problem and liver disorder, this has 

triggered public concern in many 

countries[2].Oxidative stress is the main 

triggeringfactor that stands behind metabolic 

syndrome[1-3].Cardiovascular events and ovarian 

dysfunction are complication of MetS. Diabetes and 

obesity significantly triggers oxidative stress, which 

in turn leads to DNA damage which suppresses ovum 

maturation in ovaries [4-5].Red beat peel (RBP)is 

rich in betalain which have high antioxidant effect 

that counteracts the inflammatory process associated 

with MetS [2-3,6-7].The red beet peel (RBP) has 50 

% phenolic compounds, whereas the RB core 

contains only 13 %. The European Union has 

approved red beet concentrate as a food ingredient 

and colorant in all food applications, and it is labeled 

as E162 [8]. However, the stability of the antioxidant 

compounds may be reduced during processing and 

storage.Liposome-based delivery systems with its 

unique lipid bilayer structure improve the cellular 
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transport and bioavailability of sensitive bioactive 

food components and protect them from 

environmental reactions[9-10].Characterization of 

liposome is essential to verify the efficiency of 

microencapsulation[11]. Yoghurt can be fortified 

byantioxidant compounds and freeze dried to act as 

functional food for human consumption [12]. This 

study aimedto prepare red beat peel liposomes to 

improve the stability of phenolic compounds, to 

investigate its effect on metabolic syndrome risk 

factors in rat model. The preparation of dried yoghurt 

fortified by the RBP liposomes was another target. 

2- Materials and Methods 

The red beet (Beta vulgaris L) was bought from an 

Egyptian local market and was carefully selected for 

defects before being washed and peeled.Soy lecithin 

(69.3% phosphatidyl choline, 9.8% 

phosphatidylethanolamine, and 2.1 

% lysophosphatidyl choline) (Ludwigshafen, 

Germany). Merck provided all of the chemicals 

(Darmstadt, Germany). 

Determination of total phenolic compounds 

The extraction of phenolic compounds from redbeet 

was carried out [13].The total phenolic content was 

determined [14]. The results were expressed as mg of 

catechin equivalent per ml. 

Determination of total antioxidant activity  

The antioxidant activity was determined by the 

ability of antioxidants to scavenge DPPH (2,2-

diphenyl-1-picrylhydrazyl) as a free radical [15]. 

Production of red beet peel extract loaded 

liposomes (RBPL) 

Liposomes were formed. To achieve complete 

dissolution and homogeneity, 2% of soy lecithin 

powder was dissolved in 100 ml acetate buffer (250 

mM, pH 3.5) and stirred overnight. RBP powder was 

added to the soy lecithin solutions in various 

concentrations (0.2, 0.4, 0.6, 0.8, and 1%). 

Ultrasonication (Sonics, Vibra, Cell, USA) was 

applied to homogenizeRBP liposomes solutions for 

15 minutes. After that, the liposomes were stored in 

amber bottles and kept at 4 °C in the refrigerator [11]. 

Characterizations of liposomes  

A. Size distribution, ζ-Potential and 

polydispersity index 

Using a Dynamic Light Scattering (DLS) device 

(Zetasizer Nano ZS, Malvern Instruments, UK) 

equipped with a He—Ne laser at a wavelength of 633 

nm,liposomes were evaluated in terms of size 

distribution (by number), polydispersity index. 

B. Encapsulation efficiency  

Encapsulation efficiency (EE) was determined 

through the separation of the loaded particles from 

free phenolic compounds (FPC) extract encapsulation 

efficiency was calculated as equation [11].   

 

C. Transmission electron microscope (TEM)  

The surplus fluid was collected, using filter paper, 

after collection of 20 microliters of diluted samples 

deposited on a film-coated 200-mesh copper 

specimen grid for 10 minutes. After that, the grid was 

stained with one drop of 3% phosphotungstic acid 

and left to dry for three minutes. The coated grid was 

dried and studied at 160 Kv using a TEM microscope 

(JEM-2100 Electron Microscope) [16]. 

Production of yoghurt powder fortified with 

RBPL 

Fresh pasteurized low-fat milk was injected by 3% 

(w/v) starter culture (S. thermophilus and lb. 

delburkii ssp. Bulgaricus) for production of 

yoghurt[17]. Yogurt samples were separated into five 

groups: control samples (C). Fortified sample with 1, 

2, 3 and 4% of RBP-loaded-liposome marked as T1, 

T2, T3 andT4 respectively. Yogurt samples were 

preserved at -18°C for 24 hours prior to get freeze-

dried in a vacuum freeze dryer (Christ, Alpha 1–2 LD 

plus, Osterode, Germany) at –52°C for 48 hr at a 

pressure of less than 0.1 mPa. The dried powder was 

stored at 25 °C in sterile polyethylene bags  

Characterization of yoghurt powder 

A- Moisture content and production yield  

The production of yield (%) was calculated based on 

the weight ratio between the fresh yoghurt and the 

obtained powder from freeze-dryer [18]. 

B. Solubility, wettability and Bulk density  

Water solubility index (WSI) was calculated 

according to the following formula WSI = (dried 

supernatant weight) / (Initial sample weight) [19]. 

Wettability of yoghurt powder was determined. 5 g of 

every sample was placed in 50 ml of water and the 

time taken to be wet was recorded [20]. 

The bulk density of yoghurt powder   was calculated. 

In the same time the reconstitution of yoghurt powder 

was done by adding the lost water during the freeze 

drying process [21]. 

Characterizations of reconstituted yoghurt 
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a. Apparent viscosity  

A Brook field viscometer (Brookfield Model-LV; 

Brookfield Engineering Laboratory, Stoughton, 

USA)was used to evaluate the viscosity of the 

reconstituted yoghurt samples[22]. 

b. Water holding capacity 

The water holding capacity (WHC) was calculated.  

Twenty five g of yoghurt sample (YS) was 

centrifuged for 10 min at 5000 g. The whey (SW) 

was separated and weighed in g, and the WHC was 

determined as 

[23]. 

Animal Experiment 

Adult 30 female Sprague Dawely rats were obtained 

from the animal breeding house, NRC Cairo, Egypt. 

The animals were kept in stainless steel cages under 

12 h light/dark cycle at 25 °C. Water and feed were 

ad libitum. Normal basic and high fat diets (HFD) 

were formulated (table1)[24-25].The experiment's 

protocol was approved by the Institutional Animal 

Care and Use Committee guidelines, NRC, 

(approval# 17100525/6/30/2013). Animals were 

divided into 3groups (10 each), control negative 

group received basic commercial diet (C), the second 

group received HFD high carbohydrates to induce 

metabolic syndrome model (MetS group)(table1). 

The last group (RBPL) received Red beat peels 

loaded liposome in dose of (300mg /kg) beside HFD. 

After 2 months, blood samples were collected by 

retro-orbital puncture method under inhalation of 

ether anesthesia. Blood glucose was estimated then 

plasma was separated and kept -20°C till analysis of 

serum cholesterol, low and high density lipoprotein 

(LDL), (HDL), triglyceride (TG),total lipids, 

(malondaldahyde) MDA, catalase, total antioxidant 

,gamma glutamyl transeferase (GGT), urea, 

creatinine, zinc, phosphrous, leptin,insulin, T3, 

Thyroid stimulating hormone(TSH),insulin growth 

factor(IGF) and irisin using kits from Biodiagnostic, 

Egypt and sunlong biotech China. The whole body 

weight (BW) was recorded then after dissection, the 

liver, kidney, heart, body fat (BF)and ovaries were 

weighed and preserved in formalin 10% for histo-

pathology, morphometry and immunohistochemistry 

study of Caspas-3 and iNOS markers. Body fat were 

collected to estimate the adiposity index (ADI) which 

was calculated as ADI = BF (BW-BF)/100. Basic and 

High fat high carbohydrate diet were prepared 

according to table (1). 

Table (1) Diet Formulation 

Ingredients 
Balanced diet 

(gm)* 
MetS diet** 

Casein 12 12 

Safflower oil 10 - 

Refined palm oil - 10 

Coconut oil - 15 

Sucrose 23 38 

Starch 45.5 19 

Vitamin mix 1 1 

Mineral mix 3.5 3.5 

Cellulose 5 - 

Cholesterol - 1 

Bile salts - 0.25 

* Balanced diet was prepared [24]. ** Metabolic Syndrome 

induction diet was prepared [25]. 

Histopathological examination 

The paraffin embedded blocks were prepared from 

tissue specimens (liver, kidneys, heart and ovaries), 

sectioned and stained with Hematoxylin and Eosin for 

histopathological examination [26]. Histopathological 

alterations were recorded and scored (0, 1, 2 and 3) as 

no changes, mild (<30%), moderate (<30% – 50%) 

and severe (>50%) respectively [27]. 

Histomorphometry for hepatic steatosis 

The quantitative analysis of liver steatosiswas based 

on automated counting using Image J 1.52 p software 

(Wayne Rasband, National Institutes of Health, 

U.S.A.). Five tissue sections from each group were 

examined. Automated counting was analyzed in 10 

microscopic fields per each section under x 200-power 

microscopic field [28]. 

 

Histomorphometric studies of ovaries 

The   number   of different  follicles and follicular 

cysts  from  three  sections  of each  ovary / rat  (n=10) 

were  counted  microscopically  using  TS View 

version 6.2.4.5 software [29]. 

Immunohistochemistry 

The tissue sections form liver, kidneys, heart and 

ovaries were deparaffinized in xylene and rehydrated 

in different grades of alcohol. The antigen retrieval 

was done by pretreating the sections with citrate 

buffer of pH 6 for 20 min. Sections were incubated 

with rabbit polyclonal anti-caspase-3 antibody at a 

concentration of 1:1000 (ab4051; Abcam, Cambridge, 

UK), and rabbit polyclonal anti-iNOS antibody at a 



 M. M. Alshafei et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 2 (2023) 

 

 

520 

concentration of 1:100 (ab15323; Abcam, Cambridge, 

UK) for two hours in a humidified chamber. The 

sections were incubated with goat anti-rabbit IgG 

H&L (HRP) (ab205718; Abcam, Cambridge, UK). 3, 

3′-diaminobenzidine tetrahydrochloride (DAB, Sigma) 

was used as a chromogen. Finally, the slides were 

counterstained with haematoxylin and mounted with 

DPX. The negative control slides were prepared by 

replacing primary antibodies using PBS [30].The 

quantitative immune-reactivity of caspase-3 and iNOS 

was evaluated in five tissue sections in each group. 10 

microscopic fields were examined per each section 

under high-power microscopic field (x 400). The 

percentage of positively stained cells (%) was 

estimated by color deconvolution image J 1.52 p 

software (Wayne Rasband, National Institutes of 

Health, and U.S.A.) [31]. 

 

Statistical analysis 

The Duncan test was used to analyze the results. SPSS 

software was used for statistical analysis, and a value 

of p< 0.05 was considered statistically significant. 

 

2. Results and discussion  

The total content of phenolic compounds in extract 

powder of red beet was 436.21±5.14 mg of Catechin 

equivalent per ml and the total antioxidant (DPPH%) 

activity was 89.51±1.26%.previous studies found that 

red beat peel (RBP) was more rich in phenolic and 

antioxidant compounds than the red beat core. Such 

compounds like gallic acid and betalin counteracted 

the inflammatory processes associated with MetS [3, 

7]. 

RBPL characterization (Size distribution, 

polydispersity index and ζ-potential) (table 2) results 

showed that RBPL had a small particle size ranged 

from 108 to118 nm most of particles were around 100 

nm in size. Combining phenolic extracts to liposomes 

slightly increased the size distribution of the entire 

liposome population. Previous studies reported the 

same findings [32]. 

 

 

 

 

 

 

Table (2) Size distribution, polydispersity index, ζ-potential and encapsulation efficiency of RBP-loaded liposomes. 

The current study showed that liposomes with 0.2, 

0.4, 0.6, 0.8, and 1% RBPL had ζ-potential values of -

40.4, -40.8, -38.6, -38.4, and - 38.5 mV, respectively 

table (2). The inclusion of phosphatidic acid derived 

from phosphatidylcholine, which is a component of 

lecithin employed in liposome formation, could 

explain the negative ζ-potential values. The results 

were consistent with previous study showed that the 

presence of soylecithin created the negative charged 

particles [11, 33]. ζ-potential varies depending on the 

phospholipid structure of every lecithin type. In the 

current study Phosphatidylcholine a zwitterionic 

phospholipid or zero load, was employed, with a 

positive (choline) and a negative (phosphate) group 

[34].The magnitude of the ζ-potential of a colloidal 

system is linked to its physical stability. If all particles 

in a solution have a large ζ-potential (negative or 

positive), they repulse each other and reduce the 

probability to form aggregations. Earlier study stated 

that when the particles of ζ-potential was greater than 

30 mV they were regarded as physically stable 

[35].This may explains the physical stability of 

liposome in the current study (table 2). 

Transmission electron microscopy (TEM) was used to 

investigate the morphology of the liposomes, which 

revealed spherical vesicles in all images (Fig. 1). 

Furthermore, the size distribution was diverse, with 

some clearly visible aggregates which were consistent 

with the observed polydispersity index (PDI) (table 2). 

The current findings were consistent with previous 

studies which found that utilized liposomes in the 

samples SD (nm) PDI ζ-potential (mV) Efficiency (%) 

F1 118.20±2.35 0.26±0.01 -40.40±2.68 54.26±2.38 

F2 115.00±3.28 0.26±0.01 -40.80±1.58 72.60±3.45 

F3 119.60±4.25 0.27±0.02 -38.60±2.36 87.00±2.36 

F4 113.20±1.23 0.31±0.01 -38.40±1.12 90.14±4.36 

F5 108.80±1.98 0.24±0.02 -38.50±0.98 90.94±3.15 
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encapsulation of phenolic extracts had a size 

distribution greater than 200 nm [36]. 
 

Figure 1. TEM micrograph of RBP-loaded liposome obtained at a scale of 0.5 and 2 μm. 

Physical and functional properties of yoghurt powder 

physical characteristics of yoghurt powders after 

freeze-drying (Table 3) .showed that the inclusion of 

RBPL increased the moisture content from 5.19 to 

9.12 % and yield 11.01to12.55% for control and T4of 

yoghurt powders (p<0.05), respectively.  The 

liposomes hold more moisture during the freeze-

drying process similar to earlier studies [37, 18, and 

12]. 

 

The bulk density of yoghurt powders was significantly 

increased when RBPL were added, with findings 

ranging from 0.53 to 0.32 g cm-3 for control and T4 

(p<0.05), respectively. Earlier studies showed similar 

bulk density (538 g cm-3) when using spray [38], 

while lower density was shown in freeze drying (0.22 

g cm-3) [39]. 

Table (3) Physical and functional properties of yoghurt powders and reconstituted yoghurts 

Values are the mean ± SD; values with different lowercase superscript letters in the same column are significant 

(p < 0.05).control(C), yoghurt sample with 1% RBP-loaded-liposome (T1), yoghurt sample with 2% RBP-loaded-liposome (T2), 

yoghurt sample with 3% RBP-loaded-liposome (T3), and yoghurt sample with 4% RBP-loaded-liposome  (T4). 

 

The yoghurt powders' solubility and wettability 

characteristics,   the addition of RBP-

loaded liposomes in production of yoghurt 

powders enhanced the solubility of the yoghurt 

powders and reduced their wetting time table 3.These 

findings are consistent with another study [40]. The 

viscosity and water holding capacity (WHC) of 

reconstituted yoghurt samples made from freeze-dried 

powdered showed that when adding RBPL to yoghurt  

RBPL caused reduction of the viscosity values (p< 

0.05)(table 3).This irreversible deterioration of the 

structure of the yoghurt gel network was seen in other 

studies [41-42]. 

Animal experiment results: 

In the current study Analysis of plasma biochemical 

parameters ( table 4) showed significant increase in 

glucose, total cholesterol ( TC),  low density 

lipoprotein (LDL), triglyceride (TG),total lipids, 

gamma glutamyl transferase (GGT), leptin, irisin,  

malondialdehyde (MDA) and urea in the group of rats 

with induced metabolic syndrome (MetS), if 

No. 

 

  

Yoghurt powder Reconstituted yoghurt 

Moisture (%) 
Yield 

 (%) 

Bulk density  

(g cm-3) 
Solubility (%) Wettability (s) 

Viscosity 

(Pa.s) 
WHC (%) 

C 5.19e±0.10 11.01b±093 0.32b±0.02 76.81d±0.63 29.50a±0.71 8.28a±0.38 58.20a±0.28 

T1 6.37d±0.08 11.66ab±0.05 0.33b±0.03 79.78c±0.33 29.00a±1.41 8.17ab±0.08 55.60b±0.57 

T2 7.61c±0.16 11.49ab±0.45 0.40b±0.05 83.97b±1.16 27.50ab±0.71 7.72b±0.31 51.80c±0.28 

T3 8.63b±0.11 12.07ab±0.39 0.41b±0.03 85.40ab±0.37 25.50b±0.71 5.92c±0.11 51.40c±0.85 

T4 9.21a±0.13 12.55ab±0.40 0.53a±0.03 86.77a±0.42 22.00c±1.41 5.17d±0.04 51.00c±1.41 



 M. M. Alshafei et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 2 (2023) 

 

 

522 

compared to normal animals. In the same time this 

group showed significant decrease in high density 

lipoprotein (HDL), albumin, catalase, total 

antioxidant, TSH, T3, insulin, IGF phosphorus and 

zinc if compared to normal control group. 

Administration of red beat peel liposomes took mostly 

all the disrupted values back towards normal. 

The elevated blood glucose in MetS group was sequelae 

of the continuous challenge with high-fat high CHO diet 

that resulted in loss of glucose homeostasis in blood. 

Red Beet was mentioned in earlier studies for its 

bioactive potential in improving blood glucoseby 

inhibition of carbohydrate digestion and glucose 

absorption in the intestine, and modulated glucose 

release from the liver [43-44]. Dyslipidemia (elevation 

of TC, LDL, TG and low levels of HDL-cholesterol) 

was since long related to metabolic syndrome [45-

46].These finding coincide with the current study 

results. The saturated fats present in the high-fat diet are 

responsible for the increased lipid profile indices 

(table4) , hepatic steatosis shown in morphometry study 

and elevated liver enzymes such as γ-GT [47-48]. 

Previous studies showed that RB corrected the 

abnormalities of lipid profile markers [49] as it is rich in 

betalains that reduce homocysteine concentration and 

regulate the vascular homeostasis [50]. These results 

were confirmed by histopathological picture (figs 2 & 

3) and lesion scoring (table 7) of liver. The hepatocytes 

in current study showed severe macro and 

microvesicular steatosis (fig. 2 b) and necrosis with 

mononuclear inflammatory cells infiltration (fig. 2 c) 

with portal fibrosis (fig. 2 d)in MetS group compared to 

normal control group (fig 2 a) those were the same as in 

previous studies [51-52]. 

Histo-morphometric measures (table 6) showed marked 

elevated number of vacuolated hepatocytes in MetS 

group. RBPL treated group showed lower number of 

vacuolated hepatocytes and less steatosis score and 

milder edema in portal area (figs.3 a&b and table 

6).This was seen in other previous studies [51-52]. 

Table (4) Effect of RBPL on plasma biochemistry of MeS induced female rats 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different superscripts within rows mean significance (p˂0.05). 

Groups 

Parameters 
Normal Control  MetS group RBPL 

Glucose (mg/dL) 98.8± 0.99a 149.7 ± 0.81b 111 ± 3.7c 

Total cholesterol (mg/dL) 100 ± 2.81 a 341.6 ± 6.83b 187 ± 10.66c 

HDL (mg/dL) 47.2 ± 0.91 a 39.4 ± 1.04 b 32.8 ± 0.98 c 

LDL (mg/dL) 39.9 ± 0.84 a 240.8 ± 2.45 b 77.6 ± 3.59 c 

Triglycrides (mg/dL) 78.4 ± 1.11 a 107 ± 1.25 b 93.3 ± 0.94 c 

γ-GT (g/dL) 83± 0.6 a 105.4± 0.24 b 57.6± 0.1 c 

Albumin (g/dL) 2.51± 0.06 a 2.5± 0.01a 2.6± 0.01a 

Leptin (ng/ml) 10.24 ± 0.02 a 11.30 ± 0.13 b 10.40 ± 0.04 c 

Irisin (ng/ml) 15.53± 0.17 a 17.89± 0.18 b 11.11± 0.18 c 

Catalase (mg/dL) 59.98 ± 0.90 a 44.56 ± 0.44 b 49.29 ± 0.85 c 

MDA (mg/dL) 19± 0.11 a 29± 0.16 b 10± 0.13 c 

Creatinine (mg/dL) 0.68 ± 0.01 a 0.6 ± 0.01 a 0.7 ± 0.01 a  

Urea (mg/dL) 32 ± 0.10 a 38.5 ± 0.24 b 27 ± 0.22 c 

Phosphorus (mg/dL) 12.88 ± 0.21 a 9.75 ± 0.06 b 7.92 ± 0.36 c 

Zinc (µg/dL) 178.9 ± 2.93 a 121.6 ± 1.96 b 112.1 ± 1.92 c 

IGF-1ng / ml 588.81 ± 9.84 a 429.17 ± 4.16a 550.86 ± 20.67c 

InsulinµU/ml 17.10± 0.33 a 9.89± 0.15b 12.40± 0.34c 

Total lipidsmg/dL 317.3± 20.41 a 548.49 ± 22.13b 454.77 ± 31.30c 

T3 (ng/ml) 11.67± 0.72 a 11.09 ± 0.18b 11.83±0.17a 

TSH (ng/ml) 2.04 ± 0.04a 1.50 ± 0.17b 1.20±0.06b 

Total antioxidant  (mM/L) 2.13±0.03a 1.43±0.04b 1.99±0.11c 
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Table (5) Effect of RBPL on organ body fat weight and ADI in experiment groups 

 

 

*ADI = BF (BW-BF) /100). Different superscripts within 

rows mean significance (p˂0.05). 

Photomicrograph of myocardium and aorta (fig 2j) 

showed hyaline degeneration of myocytes, and 

thickened aortic wall with injury of endothelial lining 

in MetS group. Earlier studies coincide with our 

results [53]. The arterial stiffness and thickening in 

obesity was attributed to hypertension, cardiovascular 

complication due to oxidative stress and inflammatory 

reaction [54]. RBPL group (fig 3 d) showed normal 

myocytes and moderate aortic thickening. This may be 

due to hypoglycemic, antioxidant, and anti-

inflammatory effects of red beet [55].  The current 

study showed elevated Leptin and Irisin hormones 

level in plasma of MetS group (table 4). Earlier study 

reported the high leptin level in association to 

metabolic syndrome and obesity [56].Its concentration 

in the blood reflects total body fat as signaling 

information to the brain and stimulates hypothalamus 

to regulate food intake and increase energy 

expenditure [57]. Increased Bf and ADI were noticed 

in this study with elevation of leptin, total lipids and 

irisin. Increased level of blood irisin positively 

correlates with energy expenditure; ameliorating 

obesity, and glucose homeostasis. RBPL 

administration lowered both BF and ADI (table 5) and 

the levels of leptin, total lipidsand irisin back toward 

normal control levels table (4). This may be due to 

presence of some pharmaceutical compounds like 

betalain that reduce adiposity, improve energy 

homeostasis and glucose tolerance in rats [50, 58]. 

These evidences showed that Leptin and Irisin levels 

may be used as an independent predictor of metabolic 

syndrome, insulin resistance, glucose imbalance, fat 

mass and the high riskof cardiovascular disease [59]. 

The current results showed higher oxidative marker 

(MDA) and lower antioxidant (catalase, total 

antioxidants) levels in MetS compared to control 

group (table 4). The high fat diet causes depleation of 

antioxidant markers leading to increased superoxide 

anion and hydrogen peroxide in biological systems, 

which in turn generate hydroxyl radicals resulting in 

lipid peroxidation [60]. 

 

 

 

 

 

 

 

Immunohistochemical results (table8, figs 4&5) of 

Caspase-3 an iNOS in liver, kidney, myocardium and 

aorta revealed strong expression of both markers in 

MetS group, suggesting the pathogenesis of HFD-

mediated cell injury, apoptosis (Caspase-3) and 

inflammation and oxidative stress (iNOS). RBPL 

administration ameliorates this oxidative stress 

presented by less expression levels of both markers 

(table8). This effect may be due to hypoglycemic, 

insulin-sensitizing, antioxidant and anti-inflammatory 

effects of red beet [55] (figs 4&5).RBPL is high 

source of polyphenols and flavonoids, which may 

enhance the antioxidant defense in tissues under 

oxidative stress [61]. 

Histopathology of Kidney of MetS treated with RBPL 

group showed renal tubular necrosis, interstitial 

fibrosis, inflammation and heavy infiltration of 

adipose tissue in renal capsule (figs.2 f, g & h) 

indicating dysfunctional reabsorption due to HFD. 

Also, there was congestion of interstitial blood vessels 

in MetS group when compared with normal control 

(fig 2 e) [62]. RBPL group showed a significant 

decrease of blood ureatowards normal levels and 

improved histopathological picture in kidney, as it 

protects renal tissue by its antioxidant activity leading 

to the improvement of kidney function (Fig.3c) [63]. 

Phosphorus and zinc showed significant decrease in 

MetS group when compared with normal control. Low 

zinc level is associated with increased oxidative stress 

and generation of inflammatory status than in healthy 

people [64-65]. 

Organ and fat weight showed significant increase in 

weights of heart, liver fat and ADI in MetS group, 

when compared with normal animal control. RBPL 

significantly lowered body fat weighttowards normal 

Table (5), previous studies showed similar results 

[52]. 

In the current study, the group of animals fed on high 

fat diet MetS group showed high blood sugar, 

hyperlipidemea and low antioxidant 

concentration(table 4) accompanied with significant 

decrease in the number of mature graffian follicles and 

high prevalence of follicular cysts (fig. 6 and table 6). 

 

RBPL MetS Control  

10.6 ± 0.5c 12.1 ± 0.62b 6.6 ± 0.25 a Body fat 

21.86± 0.7a 22.25± 0.7a 7.53±0.59c ADI* 

0.88 ±0.05bc 0.93 ±0.05b 0.77± 0.03c Heart (gm) 

9.18± 0.19a 8.5± 0.51a 6.1± 0.49ab Liver (gm) 
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.  

Figure 2. Photomicrograph, female rat, liver, kidney and heart. (a) liver, control group (H&EX400). (b) liver, MetS group 

showing diffuse macrovesicular steatosis in hepatocytes (arrow) (H&EX200). (c) liver, MetS group showing necrosis of hepatocytes 

with infiltration with mononuclear cells (arrow) (H&EX400). (d) liver, MetS group showing portal fibrosis (black arrow), bile duct 

hyperplasia (white arrow) (H&EX400). (e) kidney, control group (H&EX400). (f) kidney of MetS showing vacuolar degeneration and 

necrosis of renal tubules (arrow) (H&EX400). (g) kidney of MetS showing 

interstitial fibrosis with infiltrationof mononuclear cells 

(arrow) (H&EX400). (h) kidney of MetS showing adipose tissue infiltration in renal capsule (arrow) (H&EX200). (i) myocardium 

(black arrow) and aorta (white arrow) of control group (H&EX400). (j) myocardium of MetS showing hyaline degeneration of 

myocytes (arrowhead), aorta showing thickening of its wall (white arrow) with injury of endothelial lining (black arrow) (H&EX400). 
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Figure 3. Photomicrograph of MetS+RB treated group (a) liver showing focal macro and microvesicular steatosis in few 

hepatocytes (arrow) (H&EX200). (b) liver showing mild edema in portal area (arrow)(H&EX200). (c) kidney showing moderate 

vacuolar degeneration of renal tubular lining epithelium (arrow) (H&EX400). (d) heart showing nearly normal myocytes (black 

arrow) and moderate aortic thickening (white arrow) (H&EX400). 

 

The immunostaining expression of caspase-3 

(apoptotic marker) and iNOS (pro-inflammatory and 

oxidative stress marker) % area in ovaries (table 8, fig 

8 b) revealed strong expression of both markers in 

granulosa and stromal cells in the same group of 

animals. Hyperglycemia leads to advanced glycation 

end-products that produce reactive oxygen species 

[66] which cause damaged cell membranes, lipid 

peroxidation, apoptosis of granulosa cells and stop 

oocyte maturation leading to subsequent follicular 

atresia [4-5]. Other authors referred the condition to 

the effect of hyperglycemia on thecal angiogenesis, 

this vascular network which originates from theca 

interna, surrounding the granulose cells to drive 

nutrients to follicular fluidfor the development of the 

ovum and follicle [67-68].The chronic exposure to 

hyperglycemia significantly suppresses vascular 

endothelial growth factor which has a critical role in 

the process of thecal angiogenesis [69-70]. 

The current study showed that the group of animals 

fed on MetS group revealed significant decrease in 

TSH, estrogen, insulin and IGF1table (4). Previous 

studies recorded that patients with T2DM presented 

with long-term absolute or relative insulin deficiency, 

reduced thyroid iodine uptake and poor thyroid 

function [71]. Insulin acts as a co-gonadotropin with 

LH [72] so that, insulin resistance, low estrogen, 

hyper-androgenism results in oligo-ovulation/ 

anovulation, and multiple cysts formationin obese 

individuals [73]. 

Obesity may interfere with follicular development 

through mammalian target of rapamycin (mTOR), 

which is a serine/threonine kinase that regulates the 

cell growth and proliferation in response to stress, 

nutrients, and growth factors [73]. Consequently, over 

activation of ovarian follicles might accelerate the rate 

of follicle loss via promoting follicle apoptosis, so 

obesity leads to a marked increase in the number of 

atretic follicles through triggering follicular apoptosis 

[73].Which was shown in current study by increased 

expression of Caspase-3 (apoptotic marker). 

 The present study showed that RBPL group showed 

decreased level of glucose and total lipids and in the 

same time elevated level of antioxidants, insulin, IGF 

and estrogen hormones table (4). Histological findings 

(fig 7 and table 6) showed increased number of mature 

follicles and lower incidence of follicular cysts in 

RBPL group. These findings may be due to the higher 

content of phenoilc compounds and higher antioxidant 

power in RB. This explanation was proved by the 

lower immune-expression of Caspase-3 and iNOS in 

ovarian tissue (fig. 8 c, table 8) in RBPL group that 

means reduced oxidative stress and apoptotic process 
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which previously resulted from hyperglycemia and 

was demonstrated in MetS group. 

MetS group showed increased numbers of corpora 

lutea (fig. 6d). As obesity causes elevation of the 

levels of free fatty acids exceeding the lipid storage 

capacity of the adipose tissue, free fatty acids begin to 

accumulate in the organs “ectopic lipid deposition”, 

Which precipitates  Ovarian dysfunction as a result of 

disordered fatty acid metabolism [74].There was also 

an evidence of formation of follicular cyst (fig6 c & e, 

table 6). Insulin resistance as a complication of MetS 

resulted on development of polycystic ovary, through 

development of hyper-androgenism, oligo-ovulation/ 

anovulation, and multiple cysts in obese individuals 

[73].These changes are caused mainly due ovarian 

androgen synthesis, hyper-insulinemia [72]. RBPL 

treated group showed moderate improvement in 

number of ovarian follicles with decreased formation 

of follicular cysts (fig. 7, table 6). Many health 

benefits of beetroot (Beta vulgaris L.) have been 

recorded in several studies, including antioxidant, 

anti-inflammatory, anti-diabetic, nephroprotective,  

hepatoprotective and hypoglycemic potential [75].

Table (6) Evaluation of macro and microvesicular steatosis,ovarian follicles and ovarian cysts in different treated groups 

Groups CTRL MetS MetS+RBPL 

No. of vacuolated hepatocytes 0 170± 8.34b 95± 6.91a 

No. of ovarian follicles 
19.25±2.53b 

 

4.75±1.82a 

 
8.5±1.71c 

No. of follicular cysts 0 
5.6±1.32b 

 
2.6±0.88c 

Data was expressed as mean ± SEM, (n = 10). Different letters in the same column were significantly different at (p ≤ 0.05). 

Table (7) Scoring of histopathological alterations in liver, kidneys and heart of all groups 

Lesions CTRL MetS MetS+RBPL 

LIVER: 

- Steatosis 

- Necrosis and mononuclear inflammatory cells infiltration 

between hepatocytes 

- Portal fibrosis 

- Hyperplasia of bile ducts 

 

0 

0 

0 

0 

 

3 

2 

3 

2 

 

2 

1 

2 

1 

KIDNEYS 

- Infiltration of capsule with fat cells 

- Interstitial fibrosis 

- Interstitial mononuclear inflammatory cells infiltration 

- Vacuolar degeneration and necrosis of tubular lining 

epithelium 

 

0 

0 

0 

0 

 

3 

2 

2 

3 

 

2 

1 

1 

2 

HEART 

- Necrosis of myocytes  

- Thickening of aorta 

- Necrosis of aortic endothelium 

 

0 

0 

0 

 

2 

3 

2 

 

1 

2 

1 

 

The score system was designed as: score 0 = absence of the lesion in all rats of the group (n= 5), score 1= (<30%), score 2= (<30% 

– 50%), score 3= (>50%).  
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Table (8) Area % of Caspase-3and iNOS expression in liver, kidneys,heart and ovary of different experimental groups 

 

 CTRL MetS MetS+RBPL 

Caspase-3 

Liver 

Kidneys 

Myocardium 

Aorta 

Ovary 

 

0 

0 

0 

0 

0 

 

47.23±0.98b 

41.67±2.43b 

48.22±1.92b 

36.23±0.39b 

55.12±3.90b 

 

31.33±0.75a 

29.81±1.55a 

33.17±1.88a 

21.99±0.73a 

39.82±2.75a 

iNOS 

Liver 

Kidneys 

Myocardium 

Aorta 

Ovary 

 

0 

0 

0 

0 

0 

 

51.20±3.74b 

43.02±0.97b 

48.92±2.19b 

58.34±2.12b 

53.29±1.97b 

 

36.01±0.86a 

30.05±1.91a 

31.98±1.05a 

22.09±0.39a 

41.13±3.18a 

 

Data was expressed as mean ± SEM, (n = 10). Different letters in the same column were significantly different at (p ≤ 0.05).

 

 

Figure 4. Immunostaining of Caspase-3, liver, kidney and heart. (a)- (d) control group: liver, kidney, myocardium and aorta 

respectively, showing no immune expression. (e)- (h) MetS group, liver, kidney, myocardium and aorta respectively, showing strong 

expression. (i)- (l) MetS+RB: liver, kidney, myocardium and aorta respectively, showing weak positive expression of Caspase-3 

(Caspase-3 X400). 
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Figure 5. Immunostaining of iNOS , liver, kidney and heart. (a)- (d) control group: liver, kidney, myocardium and aorta 

respectively, showing no immune expression. (e)- (h) MetS group, liver, kidney, myocardium and aorta respectively, showing strong 

expression. (i)- (l) MetS+RB: liver, kidney, myocardium and aorta respectively, showing weak positive expression of iNOS (iNOS 

X400). 

 

Figure 6. Photomicrograph, rat ovary. (a) control group showing large number of follicle (black arrows) and few corpora lutea 

(white arrow) (H&EX40). (b) HFD group showing few mature follicles (arrows) (H&EX40). (c) HFD group showing few ovarian 

follicles with tendency of follicles to form follicular cyst (arrows) (H&EX100). (d)HFD group showing increased proportion of 

corpora lutea (black arrows) with decreased mature follicles (white arrow) (H&EX40). (e) HFD group showing formation of 

follicular cyst with characteristic thin wall and attenuated granulosa cell lining (arrow) (H&EX40).  
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Figure 7. Photomicrograph, rat ovary, HFD+RB treated group. (a) showing relative increase in number of mature follicles 

(arrows). (b) notice presence of mature follicles (black arrows) with few follicular cysts (white arrow), (H&EX40). 

 

Figure 8. Immunostaining of Caspase-3 and iNOS in ovarian tissue. (a) control group showing no immune expression for both 

markers. (b) HFD group showing strong expression in granulosa cells and stromal cells. (c) HFD+RB treated group showing 

moderate expression of Caspase-3 and iNOS in granulosa cells and stromal cells. (Caspase-3 and iNOS X200).

 

3- Conclusions 

RBPL were apple to protect active phenolic 

compoundsin red beet peel extract and helped in  

controlling lipid profile, glucose level and  most of 

other biochemical parameters in MetS rat model. 

Histopathology and immunohistochemistry showed 

mild to moderate improvement of liver steatosis and 

ovarian function.This may  need  more study and 

longer period of treatment. Production of dried 

yoghurt fortified with RBPL may be innovative 

functional food and is conceivable with using of 

freeze-drying process. 
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