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Abstract: Beetroot is vegetable containing phytochemical ingredients with potent antioxidant, hypoglycaemic 

and anti-inflammatory properties. It is key drivers in the pathophysiology of some metabolic syndromes. Its 

effect on the progress of induced metabolic syndrome has, however, hardly been investigated. Thus, this study 

aims to determine the effect of beetroot extract on various biophysical components of metabolic syndrome in 

rat. Following ethical approval, 50 Wister albino rats were used in this study and divided into three groups: 

Group A: rats were put on a high-fat-high-fructose (HFHF) diet; Group B: rats were put on an HFHF + fresh 

beetroot extract while group C: rats were the control group and were given a normal diet. The animals’ body 

weights and fasting blood sugar were taken fortnightly. Five rats from each group were then sacrificed at 

weeks 4, 8, 12 and 16 and the following parameters were measured: liver volume, fasting lipid profile, hepatic 

transaminases and blood platelet level. Compared to the HFHF group, beetroot supplementation resulted in a 

significant attenuation of overall weight gain (56.91% vs. 34.51%; p < 0.001) and absolute liver volume (p < 

0.01) but minimal effect on the body-mass normalized liver volume. Over time, the HFHF+B group similarly 

had a significantly lower time-dependent elevation in fasting blood suger (p < 0.001) and considerably lower 

triglycerides, low density lipoproteins, high density lipoproteins, cholesterol, liver enzyme levels (AST and 

ALT) (p > 0.05). Beetroot supplementation further ameliorated the thrombocytopenia caused by an HFHF. 

Beetroot juice supplementation attenuated the attendant effects of induced metabolic syndrome which might 

contribute towards averting the consequential cardiovascular sequel. Thus, lifestyle modification comprising 

beetroot intake as a dietary supplementation may alleviate metabolic syndrome and may offer a potential non-

medical adjunct in the routine management of metabolic syndrome. 

 

Introduction  

Metabolic syndrome comprises a collection of 

interrelated factors that considerably increase the 

risk of cardiovascular diseases. It is characterized 

by the presence of either three of central obesity, 

diabetes, hypertension, elevated body mass index 

or dyslipidaemia [1]. Its prevalence has been 

increasing and currently stands at above 30.0% 

with the greatest burden among persons aged 
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between 20 and 30 years [2]. The specific 

prevalence of metabolic syndrome among different 

populations, however, varies and it is known to be 

significantly higher in certain ethnic groups, 

persons of a higher socioeconomic background and 

people living with certain chronic conditions [3]. 

Of the complications of metabolic syndrome, non-

alcoholic fatty liver disease remains one of the most 

prevalent and presents with attendant derangement 

of liver enzymes and blood platelet disorders [4]. 

Similarly, the association of metabolic syndrome 

with increased predisposition to cardiovascular and 

cerebrovascular diseases makes it an important 

public health concern and thus obviating necessary 

and critical interventions. Established components 

of metabolic syndrome are routinely managed by 

various pharmacological agents. However, cost 

implications, side effect profiles and patient 

adherence have hindered the effectiveness of 

medical interventions [5]. Various non-medical 

interventions have been instituted with synergistic 

effects on medical therapies and have remarkably 

been shown to alleviate metabolic syndrome. These 

lifestyle modifications include a reduction in 

alcohol consumption, increased physical activity 

and enhanced consumption of a diet rich in fruits 

and vegetables [6]. Of these vegetables, beetroot is 

known to have remarkable antioxidant, anti-

inflammatory and anti-neoplastic properties, 

qualities that have attracted a lot of interest to it as 

a medicinal plant. Previous studies have 

documented the hypoglycaemic [7], lipid-lowering 

[8], hepato-protective [4] and gut flora modifying 

[9] effects of beetroot. These are among the key 

drivers of the pathophysiological processes in the 

development of metabolic syndrome. Earlier 

studies have further successfully induced non-

alcoholic steatohepatitis in various rat and other 

rodent species and reproduced biochemical and 

physical changes similar to those reported in 

human patients with metabolic syndrome [10]. 

However, several studies did not individually 

investigate the whole range of the metabolic 

syndrome profile and have the shortcoming of 

reporting on the relatively shorter duration of the 

study [4, 7-9]. Similarly, past in vitro studies on 

beetroot have mainly investigated the possible 

mechanism of action of the various phytochemicals 

found in beetroot [11]. This study aims to 

document the effect of beetroot juice 

supplementation on various parameters of induced 

metabolic syndrome in a rodent model.  

 

Materials and methods 

The ethical approval to conduct this study was 

obtained from the Biosafety, Animal Use and 

Ethics Committee, Faculty of Veterinary Medicine, 

University of Nairobi (FVM BAUEC/2020/266), 

Kenya. This study included 50 Albino Wister rats 

obtained from Department of Zoology, University 

of Nairobi. Rats were housed in standard well-

labelled cages measuring 109 cm by 69 cm by 77.5 

cm and placed under 12/12 hours light/dark diurnal 

cycle. Best animal practices were upheld during the 

entire time of the study. Selected study rats were 

then divided into three groups: Group A: rats were 

put on a high-fat-high-fructose (HFHF) diet; Group 

B: rats were put on an HFHF diet plus fresh 

beetroot extract (HFHF+B) while group C: rats 

were the control group and were fed on normal diet 

composed of standard rat pellets and free access 

drinking water. The beetroot juice (Beta vulgaris 

vulgaris - cultivar ‘Alto’, gotten from the same 

farm in Nakuru County, Kenya) was prepared by 

mixing whole beetroot and clean water in a 1 : 1 

ratio and blending it using a kitchen blender. The 

extract was then freeze-dried for three days. The 

powder was then mixed in distilled water and given 

by gavage at a dose of 200 mg/kg [12]. As a control 

measure, Groups A and C were similarly fed by 

gavage an equitable amount of normal saline. The 

body weights of the rats were measured weekly. 

The HFHF diet was prepared as described in [12] 

and as briefly described below. Saturated fat 

(CowboyTM manufactured by BidcoTM industries) - 

20.0% w/w was added to standard rat chow 

obtained from Unga Feeds Limited and containing 

protein (29.8%), fat (13.4%), carbohydrates 

(56.7%), fibre (05.3%) and vitamins and minerals 

in appropriate quantities. Fructose (30.0%) was 

added to the drinking water under the HFHF diet. 

The food given to the rats was prepared freshly and 

by the same person to maintain uniformity and the 

quality of the feeds. Rats were fed ad libitum and 
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the pattern of feeding was monitored daily. Any 

food remaining from the previous day was weighed 

and discarded as per the animal house guidelines. 

Fasting blood glucose levels were obtained 

fortnightly following eight hours of fasting.  

Five rats from the control group were used for 

baseline results. Similarly, five from each group 

were euthanized at weeks 4, 8, 12 and 16. Before 

euthanasia, the rats were starved for eight hours and 

euthanasia was done according to established 

guidelines. Briefly, rats were put in an airtight gas 

chamber containing cotton wool soaked in 

halothane gas (01.0 - 03.0%). Rats were then 

removed when the showed an absent pupillary 

reflex and elicited a minimal response to pain. A 

midline incision was made, and the heart was 

accessed while it was still pumping. At each 

harvesting period and during euthanasia, blood was 

collected directly from the right atrium for the 

biochemical analysis of fasting blood glucose, 

triglyceride, high-density lipoproteins, blood 

platelet and aspartate aminotransferase and alanine 

aminotransferase. Following euthanasia, rats were 

examined for subcutaneous, visceral and 

abdominal adiposity and liver volumes were 

determined using Scherle’s method [13]. Body 

mass normalized liver volumes were calculated by 

dividing the average liver volumes by the average 

of the rat weights sacrificed in the respective week 

and expressed as a percentage. Data thus collected 

were recorded, coded and entered into SPSS 

version. The descriptive data were calculated and 

analysed by one-way ANOVA test to compare the 

differences in means among the groups. Post-hoc 

test was used further analysis to find differences 

between the groups. 

 

Results  

All the rats recruited into the current study survived 

and no significant differences were noted in the 

feeding habits. There was, however, an obvious 

body-weight gain in the interventional groups with 

the greatest increase noted in rats fed on the HFHF 

diet alone. The total body-weight of the control rats 

gradually increased throughout the study. By the 

16th week, the rats weighed on average 383.0 ± 

28.94 gm with a 38.3% increase from the baseline. 

On the contrary, rats fed on an HFHF had a marked 

increase in the body-weight with a maximum body-

weight of 477.4 ± 34.86 gm attained by the 16th 

week with a 56.9% increase from the baseline. The 

addition of fresh beetroot extract to the HFHF diet 

resulted in attenuation of this body-weight gain 

(overall increase from baseline of 34.5%) and 

which was comparable to the body weight in the 

control group (p > 0.05) (Figure 1). Furthermore, 

the HFHF diet group was significantly heavier than 

the HFHF+B for weeks 10th, 12th and 16th (heavier 

by 23.6%, 21.1% and 24.4%, respectively; p < 

0.001 in all the occasions). At post-mortem, rats fed 

on an HFHF diet alone were found to have 

significant subcutaneous abdominal and visceral 

fat deposition compared to the HFHF+ B and the 

control groups.  

 

 

Figure 1: Body-weight for the high-fat-high-fructose (HFHF) and high-fat-high-fructose plus beetroot (HFHF+B) 
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Absolute liver and body-mass-normalized liver 

volume: The control group had the least absolute 

and body-mass-normalized liver volume with the 

absolute liver volume showing a moderate increase 

over the time. On the other hand, there was a 

significant increase in liver volume for the HFHF 

group (p < 0.01) with significant differences 

registered between weeks four and eight (p = 0.01) 

and weeks eight and 12 (p < 0.05). The HFHF+B 

group on the contrary, had a more blunted increase 

in liver volume over time (Figure 2). The body-

mass-normalized liver volume for the HFHF and 

the HFHF+B were, conversely, comparable to each 

other but marginally greater than that of the control 

group. They similarly remained relatively constant 

throughout the study (Figure 3). 

 

 

Figure 2: Liver volume for the HFHF and HFHF+B– groups recorded over 16 weeks period 

 

 

 

Figure 3: Body-mass normalized liver volume for the HFHF and high- HFHF+B – group 

 

Fasting blood sugar: The level of fasting blood 

sugar of the control group remained relatively 

constant (between 6.0 mmol/dL and 6.5 mmol/dL) 

over the entire duration of the study. The mean 

fasting blood sugar was, however, higher for the 

HFHF+B group (ranged between 6.83 mmol/dL 

and 7.56 mmol/dL) and highest for the HFHF 

group (ranged between 7.64 mmol/dL and 8.33 

mmol/dL). There were no changes in the fasting 

blood sugar measurements within the groups over 

the time except between weeks six and eight for the 

HFHF+B group and between weeks eight and ten 

for the HFHF group (Figure 4). However, there 

were significant differences noted between the 

various groups over time for every corresponding 

week (p < 0.05) (Table 1).  
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Figure 4: Fasting blood sugar level over time 

 
Table 1: The fasting sugar levels amongst the three groups and over time 

 

 

Weeks 

Fasting blood sugar (mmol/dL) 

Control HFHF P vs Control HFHF+B P vs Control P vs HFHF 

2 6.24 ± 0.81 7.64 ± 0.79 0.0009 6.83 ± 0.81 0.240 0.07 

4 6.54 ± 0.71 7.82 ± 0.83 0.0016 7.35 ± 0.71 0.058 0.36 

6 6.06 ± 0.93 7.98 ± 0.67 0.0001 7.14 ± 0.97 0.032 0.11 

8 6.3 ± 0.913 7.81 ± 0.55 0.0005 7.36 ± 0.85 0.015 0.43 

10 6.42 ± 0.75 7.98 ± 0.72 0.0050 7.56 ± 0.94 0.043 0.6 

12 6.3 ± 0.61 8.33 ± 0.72 0.0002 7.14 ± 0.88 0.120 0.02 

14 6.4 ± 0.75 7.90 ± 0.37 0.0300 7.22 ± 1.08 0.270 0.39 

16 6.0 ± 0.69 8.04 ± 0.73 0.0005 7.24 ± 0.27 0.017 0.13 

 

Lipid profile: Throughout the study, the control rat 

group registered a favourable lipid profile reflected 

by lower levels of triglyceride, cholesterol, low 

density lipoproteins and high density lipoproteins. 

On the contrary, rats fed on HFHF diet only had 

significantly elevated levels of serum triglyceride, 

cholesterol and low density lipoproteins compared 

to the control group. The addition of beetroot juice 

to the HFHF diet resulted in a lower increase in the 

mentioned lipid profile markers. It, nonetheless, 

resulted in a greater increase in the high density 

lipoproteins levels compared to the control group 

and the HFHF group (Table 2).  

Hepatic aminotransferase: Both interventional 

groups had significantly elevated levels of 

aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) activities compared to the 

control group (Figures 5 and 6). Rats fed on the 

HFHF diet alone, however, had the greatest 

increase that remained elevated over the entire 

course of the study.  

Blood platelet counts: The count for the control 

group was more higher compared to those of both 

interventional groups and had showed a natural 

decline throughout the study. The decline has 

however been not statistically significant. A similar 

decline was seen in the HFHF group albeit in a 

more pronounced manner. Rats in the HFHF+B 

group showed a progressive increase in the platelet 

counts until a decline on the 16th week. This decline 

has however been less compared to that of the 

HFHF group. All the changes in the platelet counts 

have however been not significant (Figure 7).  
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Table 2: Differences in the various lipid profile parameters over time 

 
 

Weeks 

Lipid profile 

Control HFHF P vs control HFHF+B P vs control P vs HFHF 

 Triglyceride level (mg/dL) 

4 73.69 ± 13.04 194.42 ± 62.28 0.0018 188.66 ± 35.25 0.002 0.97 

8 92.81 ± 12.09 252.80 ± 81.47 0.0011 202.31 ± 36.88 0.016 0.30 

12 101.5 ± 13.03 230.29 ± 55.18 0.0004 198.23 ± 33.94 0.004 0.40 

16 86.27 ± 10.68 262.86 ± 74.63 0.0048 195.22 ± 95.34 0.072 0.31 

 Cholesterol level (mg/dL) 

4 56.84 ± 6.48 63.73 ± 9.91 0.630 53.29 ± 16.52 0.880 0.37 

8 60.25 ± 12.12 65.58 ± 3.40 0.560 62.41 ± 5.72 0.900 0.81 

12 52.05 ± 11.52 68.99 ± 6.53 0.043 68.06 ± 10.46 0.056 0.99 

16 57.62 ± 11.46 75.02 ± 10.77 0.045 81.29 ± 7.56 0.008 0.6 

 LDL levels (mg/dL) 

4 9.51 ± 4.8 21.13 ± 8.64 0.046 12.45 ± 6.28 0.77 0.15 

8 9.51 ± 5.4 21.36 ± 6.16 0.19 19.33 ± 15.39 0.31 0.97 

12 11.21 ± 6.79 22.74 ± 6.04 0.17 18.18 ± 13.54 0.49 0.73 

16 13.07 ± 7.23 19.95 ± 6.35 0.43 18.18 ± 10.97 0.62 0.94 

 HDL levels (mg/dL) 

4 23.67 ± 6.47 28.07 ± 3.26 0.64 22.43 ± 10.94 0.96 0.49 

8 24.52 ± 6.55 35.04 ± 4.99 0.02 35.81 ± 3.65 0.013 0.97 

12 23.67 ± 5 30.47 ± 2.94 0.052 30.78 ± 4.02 0.042 0.99 

16 21.12 ± 5.9 37.74 ± 9.08 0.003 41.14 ± 0.8 0.0008 0.68 

 

 

Figure 5: Serum aspartate aminotransferase level recorded over time. 
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Table 3: Differences in liver enzyme activities between the groups 

 

Weeks 

Aminotransferase activities 

Control HFHF P vs control HFHF+B P vs control P vs HFHF 

 aspartate aminotransferase levels (U/L) 

4 121.5 ± 18.11 199.8 ± 43.73 0.002 161.86 ± 9.36 0.100 0.120 

8 118.56 ± 18.3 207.42.95 0.003 171.6 ± 30.63 0.056 0.230 

12 120.32 ± 18.65 207.12 ± 74.4 0.030 168.78 ± 27.71 0.270 0.430 

16 117.56 ± 13.3 219.92 ± 6.18 0.001 161.86 ± 41.07 0.040 0.008 

 alanine aminotransferase levels (U/L) 

4 43.14 ± 16.38 77.96 ± 6.45 0.001 62.64 ± 9.94 0.052 0.140 

8 41.82 ± 17.17 85.7 ± 21.15 0.002 63.4 ± 5.06 0.120 0.110 

12 43.44 ± 15.1 84.66 ± 11.64 0.001 69.12 ± 12.67 0.020 0.190 

16 43.14 ± 15.64 81.84 ± 5.57 0.003 79.78 ± 18.36 0.004 0.970 

 

 

Figure 6: Liver alanine aminotransferase activities over time 

 

 

Figure 7: Platelet number trends over time for the three groups. 
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Discussion  

Lifestyle changes were touted as key initial pillars 

in the management of metabolic syndrome [5]. 

Beetroot contains phytochemicals with antioxidant, 

hypoglycaemic and anti-inflammatory properties 

[14]. This makes it an attractive target in 

investigating its potential to check the development 

of metabolic syndrome. The potential of other 

medicinal herbs and oils in treating certain 

conditions were investigated before including use 

of alpha-lipoic acid in iron overload states [15] and 

green tea, red clover and hibiscus in hypertension 

[16]. Changes associated with HFHF diet were 

shown to occur by eight weeks of intervention [17]. 

Currently, these changes were evidenced by an 

increase in body-weight that significantly peaked 

after ten weeks. In mice, a comparable increase in 

body-weight with attendant insulin resistance was 

brought about by increased visceral and 

subcutaneous fat deposition [10] which in line with 

the current study. The weight increases nonetheless 

seemed to plateau by 12 weeks with an apparent 

improvement thereafter. A similar finding in 

weight gain was reproduced in a porcine model 

with associated increases in body-weight, liver 

volume and habitus adiposity [18]. Other studies 

have reported minimal weight gain in animals fed 

on diabetogenic diets despite histological evidence 

of hepatic steatosis [19]. The duration of the study 

and feed preparation may attributed to these 

findings. The increase in visceral and subcutaneous 

fat deposition is attributed to increased hepatic de 

novo lipogenesis secondary to the high fructose 

load and is accompanied by considerable 

hepatomegaly which was reflected by the greater 

liver volume at post-mortem [20]. Co-

administration of beetroot juice attenuated this 

increase in body-weight and liver volume. Many 

mechanisms were fronted with involving the 

antioxidant properties of flavonoids contained in 

beetroot that are hepato-protective against lipid 

peroxidation and thereby helping to effectively 

maintain the liver’s ability to carry out its energy 

metabolism [14]. Beetroot increases glucose 

uptake by skeletal muscle and adipose tissues 

thereby mopping out the substrates required for de 

novo lipogenesis and causing a reduction in 

visceral and subcutaneous fat deposition [21]. 

These are accompanied by better glycaemic control 

and favourable lipid profiles with interventions 

involving beetroot supplementation [21]. Such 

weight gain induced by an HFHF diet has likewise 

been attenuated by the concomitant administration 

of conophylline, a vinca alkaloid extracted from the 

pinwheel flower [10].  

An HFHF diet has previously been credited with an 

increase in plasma glucose concentration [22] 

which is in line with the present data of persistent 

hyperglycaemia in the interventional rats. The rise 

in blood sugar in rats fed on a diabetogenic diet 

may result in a concomitant rise in plasma insulin 

levels [7, 23]. This elevation of insulin in response 

to prolonged fructose intake reverses with the 

development of Non-alcoholic fatty liver disease 

which might reflect the exhaustion of pancreatic 

beta cells, the onset of insulin resistance and 

ultimately frank diabetes mellitus [24]. Co-

administration of beetroot juice with a HFHD 

resulted in lower blood sugar. Such a decline in 

glucose following beetroot juice intake occurred 

within 15 minutes and was sustained by up to 180 

minutes post-prandial [25].  A lower blood sugar 

with beetroot intake was also accompanied by 

decline in HbA1C that showing the favourable 

euglycaemic effects of its supplementation [8, 26]. 

Its supplementation in diabetic rats' moderated 

hyperglycaemia by increasing skeletal muscular 

glucose uptake by 40% facilitated by arteriolar 

dilatation and thus enhanced blood flow. Beetroot 

causes increased expression of glucose transporter 

protein type-4 transporter proteins in skeletal 

muscles and adipose tissues [21] whose up-

regulated expression increases glucose uptake in to 

the target tissues further helping achieve a better 

glycaemic control [27]. Inhibition of α-glucosidase 

by flavonoid glycosides, has similarly been shown 

to reduce hyperglycaemia in mice which might 

have further attenuated the rise in plasma glucose 

by reducing intestinal absorption of glucose [28]. 

Other plasma glucose lowering mechanisms of 

beetroot, and that are mediated by betanin, include 

lowering activity of gluconeogenic enzymes and 

increasing expression of glycolytic enzymes [29].  
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Dyslipidaemia following an HFHF diet was 

reflected by elevated triglyceride, cholesterol and 

low-density lipoproteins. Dyslipidaemia has also 

been reported in mice fed on a high-fat-high-calorie 

diet and was associated with up to 7-fold rise in 

triglyceride and free fatty acid content [30]. These 

observations are supported by others who found 

that while dietary fat was the key driver of Non-

alcoholic fatty liver disease development, fructose 

exerted its steatogenic effect by increasing the 

circulating pool of lipids [31]. A diet combining a 

HFHF content has a synergistic effect on the 

elevated lipid profile and a more deleterious effect 

on the development of hepatic steatosis [23, 32]. 

Thus, consumption of raw red beetroot among 

diabetic patients resulted in a decrease in apo-

lipoprotein B100 pointing to a reduced rate of 

hepatic de novo lipogenesis [8]. Also, by up-

regulating the expression of glucose transporter 

protein type-4 transporter proteins in target tissues 

and inhibiting α-glucosidase, beetroot causes a 

reduction in plasma glucose and reduces the 

substrates necessary for the de novo lipogenesis. 

Instead, concomitant administration of obeticholic 

acid, a semi-synthetic bile acid analogue, was 

found to attenuate hypercholesterolemia in rats fed 

on a western diet [18]. Obeticholic acid has anti-

fibrotic and anti-inflammatory effects in the liver, 

causes increased bile acid production and enhances 

the entero-hepatic circulation of bile salts by 

directly influencing the enterocytes and 

hepatocytes [33]. An influence on the entero-

hepatic circulation of bile acids on a 

hyperlipidaemic diet and co-fed on beetroot stalks 

resulted in lower plasma levels of short-chain fatty 

acids [34]. Elevated levels of liver 

aminotransferase enzymes following a steatogenic 

diet have been reported [4, 23]. Currently, similar 

results with significant and sustained rise of the 

aspartate aminotransferase and alanine 

aminotransferase following a HFHF diet was 

found. This increase is brought about by hepatic 

inflammation secondary to steatosis and is partly 

mediated by mitochondrial dysfunction that 

culminates in oxidative stress secondary to 

increased lipid peroxidation and cellular injury 

[11]. As a result, there is an enhanced release of 

chemokines that induce peri-sinusoidal 

macrophage infiltration and hepatic stellate cell 

activation [4]. The presence of such an 

inflammatory hepatic milieu leads to an increased 

hepatocyte susceptibility to apoptosis and serves as 

a positive feedback loop to enhanced insulin 

resistance and hepatic inflammation with reduced 

hepatic ability to maintain adequate energy balance 

[32]. Co-administration of beetroot juice resulted in 

diminution of hepatic transaminases. This ability of 

raw beetroot supplementation to lower elevated 

transaminases enzyme among diabetic patients was 

reported and attributed to the antioxidant capacity 

of the various flavonoids contained in beetroot and 

its abundant amounts of nitrates [8].  

Thrombocytosis is associated with metabolic 

syndrome and was suggested as a preclinical 

surrogate marker [35]. This was showed in this 

study by a rise in platelet counts in rats fed on 

HFHF diet and beetroot juice. Such an increase in 

platelets occurs in tandem with hepatic steatosis, is 

associated with an increased mean platelet and is 

partly driven by the attendant insulin resistance and 

hypertriglyceridemia [36]. A greater mean platelet 

is a marker of thrombocyte activation and is 

associated with increased agglutination and 

collagen binding [37]. Patients with metabolic 

syndrome and have high platelet and 

thrombocytosis had a greater predisposition to 

cardiovascular diseases [38]. Other drivers of the 

reactive thrombocytosis seen in metabolic 

syndrome include a local hepatic inflammatory 

milieu as evidenced in the current data by the 

elevated hepatic transaminase. Conversely, 

established NAFLD has been associated with 

thrombocytopenia which occurs in between 03.0% 

- 25.0% of affected patients [39]. This occurs as 

hepatic steatosis progresses to steatohepatitis and 

mirrors increased hepatic fibrosis [40]. Such an 

observation might explain the occurrence where 

there was marked thrombocytopenia in rats only 

fed on an HFHF diet and which recorded a greater 

rise in liver enzymes activities, had worse 

hyperglycaemia and dyslipidaemia. Oxidative 

stress is secondary to the dysglycaemia and 

dyslipidaemia saw in metabolic syndrome was 

fronted to result in increased platelet activation and 
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aggregation and their increased pooling in the liver 

where they serve as key drivers of the inflammation 

and fibrotic processes [41]. Thrombocytopenia has 

equally been thought to be antibody-mediated and 

routinely accompanied by elevated liver 

transaminases [40]. Thrombocytopenia occurs in 

other chronic liver diseases with reduced hepatic 

production of thrombopoietin and increased splenic 

destruction being attributed to the causality [42]. 

Conclusion: Beetroot juice supplementation in the 

setting of a high-fat-high-fructose diet, a substrate 

of the metabolic syndrome complex, diversely 

attenuates the attendant effects and is contribute 

towards averting the consequential cardiovascular 

complications. Healthy lifestyle changes inclusive 

of beetroot intake as a dietary supplementation may 

offer a potential non-medical adjunct in the routine 

management of metabolic syndrome. 
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