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ABSTRACT Dyslipidemia and other lipids dysregulation caused by high sucrose diet have been well
documented. Modulation of lipids metabolic disorders have been approached with various therapeutics
models of which plants components are reverberating. The comparative effect of the whole form, juiced,
and pulp fractions of Telfairia Occidentalis leafy vegetable modified diets (TDs) on the sucrose-induced
lipid dysfunction in the brain, heart and liver of the Wistar rats were investigated in this study. The
Wistar rats were fed a diet of 30% energy supplied by sucrose (high sucrose diet) (SD) for twelve weeks.
Three other rat groups were fed high sucrose diet modified with either the whole, juiced or pulp fractions
to assess the effect of leafy vegetables as a food supplement. After twelve weeks, the selected lipids
constituents were assayed, and the results were analysed statistically. This study showed that sucrose
consumption within twelve weeks induced impaired lipids regulation in some selected organs by
increasing (p<0.05) cholesterol in the heart and liver; triglycerides in the brain, heart and liver. Also,
proportions of the organ to body weight (ORG: BDY) and lipids biomarkers were moderated by TDs
in the three organs while SD decreased (p<0.05) ORG: BDY and increased (p<0.05) total lipids in the
organs. Hence, the T. Occidentalis-modified diets reversed SD induced lipids toxicity across all the
organs investigated. Additionally, the juiced fraction of the T. Occidentalis-modified diet showed to be
more potent than other forms of T. Occidentalis-diet against sugar-induced lipids disorders.
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INTRODUCTION psychological desire has been shown to result in
dietary assault and health complications (Jensen et

Technological advancement has made the human al., 2018&) Its addition to fOOdS, SUCh as CandieS,

diet undoubtedly prescribed by taste while the
dietary requirement for proper growth and healthy
living is downplayed (Rippe & Angelopoulos,
2015). Sucrose, a common constituent of an energy-
dense diet, is one of the major dietary components
employed in various forms and amounts to meet the

soft drinks, and ice cream, has continued to cause
non-communicable pandemic disease and sustained
dramatic increase, occasioned by addiction
(DiNicolantonio et al., 2018). Consequently, a high
sucrose diet remains one of the leading causes of
global health burden, especially in developed
societies (DiNicolantonio et al., 2018).
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Impaired lipids metabolism and regulation proceeds
the pathogenesis of the non-alcoholic fatty liver
disease (NAFLD), cardiovascular disease (CVD),
and neurodegenerative  disorders such as
Alzheimer’s disease (AD) (Bruce et al., 2017).
Sucrose-rich diet (SD) is implicated (Salau et al.,
2014) in these events, and impairment of the lipids
homeostasis and metabolism vary from organ to
organ (Ritze et al., 2014).

The available management for sucrose induced
metabolic assault like antilipidemic drugs, stress
reduction, physical exercise, and dietary
modification (Garcia et al., 2019; Clement, 2020)
appear promising but not without attending
consequences and accompanied complications to
health and lifestyle(Clement, 2020). As a result,
there has been a spike in searching for more
congenial and natural therapy such as fruits, cereal,
and vegetables as a lasting remedy with most minor
side-effects  against  sugar-induced lipids
dysfunctions and disorders (Clement, 2020).

A significant percentage of the human diet are of
plant origins like cereals, legumes, fruits and
vegetables (Fuller et al., 2016), which contain
several bioactive compounds such as functional
proteins (Montesano et al., 2020), polyphenols,
fibres. These bioactive compounds have been
employed for multiple health benefits, including
cancer management and prevention.

The tropical region of Sub-Sarahan Africa provides
a habitat for a wide range of leafy vegetables; while
some are seasonal, others are available in all
seasons; among such leafy vegetables is Telfairia
Occidentalis (Adeyeye & Omolayo, 2011). T.
Occidentalis is a green leafy climbing plant widely
cultivated in the Southern Nigerian region
(Adeyeye & Omolayo, 2011). T. Occidentalis
leaves are sparsely elucidated for phytochemistry
purposes; however, their nutritional benefits are
extensively documented (Adeyeye & Omolayo,
2011). Also, the organo-protective ability of this
leafy vegetable has been reported (Nwanna &
Oboh, 2007). Therefore, there is a shortage of

information about the leafy vegetable as a food
supplement against diet-induced lipid
dysregulation, especially on target organs like the
brain, liver and heart. Therefore, this study was set
to investigate the comparative prophylactic
potentials of the juiced and pulp fractions of
Telfairia Occidentalis leaves by employing a more
pleasant, dietary inclusion of this leafy vegetable
into sucrose-calorie rich diets in rats.

MATERIALS AND METHODS
Experimental animals

Thirty Wistar rats, 4 — 6 weeks old, weighing 55¢g —
80g, were obtained from the Physiology
department, Olabisi Onabanjo University, Ago-
Iwoye, acclimatised for two weeks in a metabolic
cage, fed with water and rat chow ad-libtum, with
access to 12 hours light, daily.

Feed composition and preparation

Standard rat feeds were purchased from the
Ladokun Feed, Ibadan, Oyo State, Nigeria.

Detail about the Feed composition is on the
Supplementary document Page.

Animals grouping

After acclimatisation, the animals were randomly
placed into five different groups of six members

each.
Group | (CG): 100% Normal rat chow energy
Group 11 (SD): 30% Sucrose energy + 70% Normal rat chow e
Group I (WS): 15% Whole vegetable + 30% Sucrose energy +
Group 1V (PS): 15% Pulp fraction (vegetable) + 30% Sucrose e
Group V (JS): 15% Juice fraction (vegetable) + 30% Sucrose ¢

Sample preparation
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Animals were sacrificed through cervical
dislocation, and organs (brain, liver and heart) were
harvested, first rinsed in 1.15 % KCI solution, and
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HDL & LDL (0.5X mg/g organ)
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Lipids estimation (The protocols for lipids
assessment included in the supplementary
document) while the somatogenic index was
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Figure 2: Heart Lipid profile of Rats fed T. occidentalis and High sucrose diet

kept in a sterile tube containing phosphate-buffer
sucrose (7.2 pH). The buffer was prepared
according to (Lam et al., 1989).

Chemical reagents

All chemicals used for buffer preparation and
extractions and lipids assays were of analytical
grade, while Randox kits purchased from the UK
were used for biomarkers of lipids profile.

Biochemical Analyses

Biomarkers of lipid profile, that is, cholesterol
(CHOL), triglycerides (TG) and HDL-cholesterol
(HDL), were assayed according to the procedure
stated in the Randox, UK kits manuals using the
methods of (Michaels et al., 1958) (Hirano et al.,
2008), (Huang & Lin, 2012) respectively. The total
lipids (LPD) were estimated according to the
method of Folch with slight modifications. While
LDL-cholesterol (LDL) atherogenic index (Al) was
calculated according to (Friedewald et al., 1972),
(Abbott et al., 1988), (Alladi & Radha
Shanmugasundaram, 1989), respectively.

estimated.

The percentage ratio of the lipid profile biomarkers
were calculated as follows:

Total Cholesterol/Total lipid (CHOL: LPD)
100 X (Total cholesterol / Total lipids)

Triglycerides / Total lipid (TG: LPD) =
100 X (Triglycerides / Total lipids)

HDL-cholesterol / Total lipid (HDL: LPD)
100 X (HDL / Total lipids)

Ethics approval

All procedures performed in studies involving
animals were in accordance with the animal
handling guidelines of the Redeemer’s University
Committee on Ethics for Scientific Research that
governs the handling of laboratory animals. This
article does not contain any studies with humans.

Statistical Analysis
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The data were analysed; using descriptive statistics
and analytical statistics (one-way ANOVA). The
significance level was assessed using the Duncan
Multiple Range Test at p<0.05, while values were
expressed as the mean and standard error for six
replicates (SPSS 23.0 software was used for data

analysis).

RESULTS

In this study, the comparative effect of two fractions
(juice and pulp) and whole leaves of T. Occidentalis
on lipid metabolism and homeostasis were
evaluated in the brain, heart and liver of Wistar rats.

15— —— o e SD = WS c—m PSS S

CHOL & TG (0.2X mglg organ);
HDL & LDL (0.5X mglg organ)

Note: Bars of a parameter that have different letters are significant different at p<0.05

Figure 1: Brain Lipid profile of Rats fed T. occidentalis and High sucrose diets
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Figure 3: Brain Lipid profile of Rats fed T. occidentalis and High sucrose diet

Table 1: Proportion of Brain Total Lipids to Lipids fractions of Rats fed T. Occidentalis

and High Sucrose Diets

Group BRN. BRN: BDY (%) LPD CHOL: LPD (%) TG:LPD HDL: LPD.
Q) (mg/g organ) (%) (%)
CG 1.94 + 0.09° 0.83 + 0.062P 220.14 + 25.14° 8.2+10° 16.63+2.8 3.06 + 0.36°
SD 1.68 +0.18? 0.81+0.09% 296.41 + 29.02° 6.51+1.34° 15.14+541 1.51+0.322
WS 1.95+0.1° 0.9 £ 0.06° 235.79 £ 27.72° 599+ 1.07%°  14.88 +6.37 2.57+0.48°
PS 1.89 +£0.02° 0.85 + 0.032P 249.43 + 15.69° 4.93 £ 0.30? 15.15+1.24 2.44 +0.25°
JS 2.02£0.03" 0.89 + 0.072P 190.49 +£17.192 543 +0.55%"  14.9+1.88 3.17+0.31°

Values are expressed in mean * standard deviation; Values in the same column but different

superscripts are significantly different at p<0.05
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Table 2: Proportion of Heart Total Lipids to Lipids fractions of Rats fed T. Occidentalis and High

Sucrose Diets

Group HRT. HRT: BDY. LPD. CHOL: LPD TG: LPD. HDL: LPD.
(9) (%) (mg/g organ) (%) (%) (%)
CG 0.97 +0.04° 0.41 +0.023° 49.81+3.028 1952+ 1.17° 27.44 +2.17¢ 7.92 +0.57°
SD 0.91+0.08°¢  0.44 +£0.03 77.64+2.65% 14.69 +2.16 19.29 + 0.68° 5.07 £ 0.20%
WS 0.82 £ 0.06% 0.38+0.03% 60.6 + 3.80° 14.75+0.722 15.71+0.79° 8.82+0.41¢
PS 0.88+£0.03*"  0.39 + 0.02? 71.48 +3.37¢ 13.37+£0.76° 13.13+1.42 7.31£0.65°
JS 0.87 £0.04*>  0.38 + 0.04 68.59 + 6.36°  13.88 + 0.80? 14.81 £ 0.10° 7.25+0.29°

Values are expressed in mean + standard deviation; Values in the sample column but different superscripts are

significantly different at p<0.05

Table 3: Proportion of Liver Total Lipids to Lipids fractions of Rats fed T. Occidentalis and High

Sucrose Diets

Group LVR. LVR: BDY. LPD. CHOL:LPD  TG:LPD. HDL: LPD.
(9) (%) (mg/g organ) (%) (%) (%)
CG 764+028°  325+0.16%° 14576 +9.18 9.83 + 1.49° 2466 +1.96°  3.32+0.25°
SD 8.67+058°  421+029°  219.95+4.04° 12.02+1.11°  19.01+0.47°  0.98 +0.02°
WS  7.70£049°  357+037° 12956 +6.15° 11.00 £0.49°  18.88+1.01°  4.39+0.62°
PS 6.80+053°  3.05+0.33%  189.86 +7.19 6.68 + 0.222 16.35+0.88%  2.92+0.10°
JS 6.86+053°  3.00+029°  163.46 +4.00° 7.16 +0.15% 17.34£0.42*  3.65+0.10°

Values are expressed in mean + standard deviation; Values in the same column but different superscripts are
significantly different at p<0.05

DISCUSSION

Lipids biomarkers profile of the Brain of Rats
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The result from this present study showed that
twelve weeks of SD consumption would increase
the risk of neural-atherogenicity even when there
were no significant (p<0.05) alterations in CHOL,
TG and LDL levels; though, the HDL level depleted
significantly (Fig. 1). Hottman et al. (2014)
reported that HDL is crucial in lipids homeostasis
regulation, especially for cholesterol cytosolic
excretion. Also, Malgrange et al. (2015) observed
that cholesterol homeostasis is tightly regulated in
the brain. Excess secretion of these biomolecules is
urgently exported across the blood-brain barrier
(BBB) and transported to the liver. HDL level in the
brain is independent of the brain cholesterol level
because HDL in the brain is both endo and
exogenous (Wang & Eckel, 2014). Therefore, the
body attenuates the effect of sucrose on the brain
lipids via the HDL production pathway, suggesting
that HDL is crucial against sucrose-induced
neuronal-lipids toxicity and consequent plaque
formation, a substantial index of neurogenerative
disorders.

It was observed that the T. Occidentalis diet showed
neuroprotective potential against SD by increasing
the brain HDL level significantly (p<0.05) and
consequent significant (p<0.05) reduction in
CHOL.

The JS group showed a significant decrease in TG
level (Fig. 1); however, the Al level in WS and PS
was also lowered significantly. This result agrees
with Aworunse et al. (2018), who documented the
therapeutic potential of T. Occidentalis on the
animal brain.

The proportion of lipids biomarkers to total
lipids in the brain of rats

This study (Table 1) revealed that consumption of
SD for twelve weeks induced significant (p<0.05)
neuronal weight gain. Also, SD-induced neuronal
weight increase compliments the observed Al value
(Fig. 1). The BRN: BDY was not altered despite the
increased brain weight, though the brain weight

(BRN) value tended towards atrophy. This
observation concurs with (Murray & Chen, 2019),
whose report revealed that SD consumption
induced brain atrophy in Adolescence but in
contrast with Zabetian-Targhi et al. (2019), who
reported brain hypertrophy in aged human subjects
fed high fructose diet.

T. Occidentalis-diet increases the neuronal HDL
level as observed earlier (Fig 1) was further
substantiated in Table 1 as there was a significant
(p<0.05) reduction in brain LPD. Hence, it may
account for the significantly elevated HDL: LPD,
while the CHOL: LPD and TG: LPD. (p>0.05) were
slightly altered. Temitope et al. (2018) reported that
T. Occidentalis ameliorates neuronal toxicity. Thus,
it may be suggestive that the neuroprotective effect
of the T. Occidentalis diet may be due to its ability
to stimulate HDL synthesis and influx to the
neuronal cells, brain inclusive.

Lipids biomarkers profile of the Heart of Rats

The impact of SD consumption for twelve weeks
resulted in significant (p<0.05) elevation of the
cardiomyocytes CHOL, TG, LDL and Al levels in
Wistar rats when compared with the CG (Fig. 2).
Although the effect of SD was not significant
(p>0.05) on the HDL level compared with the CG,
the significantly high cardiomyocytes Al indicated
that SD increases the risk of lipogenic-
cardiomyopathy. This observation is in accord with
Aboumsallem et al. (2019), who reported a diet
containing high sucrose induced cardiomyopathy.
In addition, Goldberg et al. (2012) stated that
dietary sugar-induced toxic-lipids cardiomyopathy.

The heart derives over 80% of its energy from
lipids, yet insulin action that is majorly stimulated
by sugar intake is the predominant regulatory tool
for cardiomyocytes’ activities and cardio-
lipogenesis (Goldberg et al., 2018). Also, a recent
study reported that an energy-dense diet like
sucrose might indirectly upregulate the synthesis of
free fatty acids (FFA) - a precursor of triglycerides
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and cholesterol (Aboumsallem et al., 2019). Hence,
this suggests how the consumption SD within 12
weeks could trigger CHOL and TG accumulation in
the heart and, as a result, increase the risk of
atherogenicity by raising LDL level.

Consumption of T. Occidentalis-modified diet
significantly (p<0.05) downregulated cholesterol,
triglycerides and LDL in the heart of rats, with an
increase in the HDL level, as well as a significant
(p<0.05) decrease in the atherogenic risk factor
(Fig. 2). Antioxidants are reported to stimulate
HDL production and are a crucial complementary
factor in lipids homeostasis regulation, and T.
Occidentalis is one of the rich sources of
antioxidant molecules. The antioxidant constituent
of T. Occidentalis leafy vegetable may be one
machinery that the diet explored to ameliorate the
SD-induced cardio-atherogenic effect. The WS
showed the highest anti-atherogenic potential.

The proportion of lipids biomarkers to total
lipids in the heart of
rats

Assessment of the ratio of lipids biomarkers
(CHOL, TG and HDL) to the total lipids (LPD) in
the heart revealed that cardial uptake of excess
sugar from the diet provokes lipogenic imbalance
by selectively increasing (p<0.05) the TG: LPD;
consequently, increased the LPD significantly
(p<.0.05) while, the CHOL: LPD, HDL: LPD were
significantly (p<.0.05) lowered. Interestingly, this
elevated TG: LPD did not translate to increased
LPD: HRT and HRT: BDY values. The observed
increase in TG: LPD recorded agrees with Goldberg
et al. (2012). Also, this result indicated that the
heart is resistant to short-term consumption of a
high-sugar diet-induced toxic-lipids. Because
cardiomyocyte mass was within the normal range
(Table 2), this finding did not align with Mellor et
al. (2010), who reported that the cardio-lipids
homeostasis and metabolism are highly vulnerable
to excessive sugar intake. One of the reasons for this
discrepancy may be the slight variations in diet

composition because a high-fructose diet was used
as a model. According to Goldberg et al. (2012),
increased glucose uptake promotes non-toxic
lipogenesis processes; this suggests why the heart
lipids fractions were relatively not altered except
TG.

Furthermore, this study revealed that the CHOL.:
LPD SD group heart was significantly lower
(p<0.05) than the CG group. According to
Busserolles et al. (2002), short term sucrose
consumption is beneficial to the heart; hence,
complementing a plausible reason for the
cardiomyocytes’ non-hyperplasia-steatosis noted in
the rats fed SD, despite the elevated cardiac
steatosis. The decrease in the cholesterol level may
be one of the complementary mechanisms that the
heart utilises to mediate the exposure to sucrose-
induced cardio-hypertrophy in the short-term
period.

Clearly, the twelve weeks of SD consumption did
not show notable lipids homeostasis deteriorating
attribute in the heart. Nonetheless, T. Occidentalis-
modified diet WS, PS andJS) further improve the
cardiomyocytes lipids regulation by significantly
(p<0.05) decreasing the cardio-steatosis risk
indices, that is, the proportion of each lipid profile
biomarkers assessed.

Also, amongst the three diets formulated, the JS
seems to be more potent in enhancing the lipogenic
integrity of the heart when compared with the PS
and WS. Perhaps, the bioactive constituents of the
juiced T. Occidentalis may be responsible for this
modulating effect Salau et al. (2015) reported that
juicing concentrates phytochemicals in leafy
vegetables. Also, Oyeyemi et al. (2019) stated that
juicing increased some phytochemicals in green
vegetables. Hence, this may be one reason that the
juice and whole forms of T. Occidentalis-modified
diets improved the heart’s lipid homeostasis in the
study.

Lipids biomarkers profile of the Liver of Rats
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The liver plays a unique role in modulating sugar
metabolism by tightly sustaining physiological
glucose concentrations in the circulatory system
(Jensen et al., 2018a). The consumption of SD for
twelve weeks significantly (p<0.05) increased the
levels of CHOL, TG, LDL and Al in the liver of
the Wistar rats (Fig. 3). Liver metabolic disorders
like NAFLD are induced by unregulated glucose
uptake and gluconeogenesis in the hepatocytes (Lee
etal., 2017).

The elevated CHOL, TG, and LDL recorded in the
liver of rats fed SD are indices of impaired lipids
metabolism in the liver. This dysregulation
cascaded into diminished HDL level and
consequently increased the liver’s LDL and Al
These findings agree with the works of (Sanchez-
Lozada et al., 2010), who reported that excess
sugar consumption between 8 to 24 weeks might
induce fatty liver. Also, Cydylo et al. (2017)
showed that chronic fructose ingestion induced
fatty liver disease in monkeys. One of the
underlying mechanisms in which sucrose (glucose
and fructose) induces liver steatosis is via indirectly
suppression of lipolysis (beta-oxidation) and
concurrently upregulating triglycerides synthesis
(Jensen et al.,, 2018b), caused by fructose
molecules. According to Kantartzis et al. (2008),
hepatic triglyceride synthesis would secondarily
lead to low HDL and elevate LDL concentrations.
It is considered a primary underlying mechanism
for dyslipidemia and hepatic steatosis.

Studies have shown that one of the significant ways
lipids induce hepatotoxicity and steatosis is the
increment of reactive oxygen species (oxidative
stress) through the upregulation of de-novo
lipogenesis (Podszun et al., 2020). However,
plants’ secondary metabolites (phytochemicals)
and vitamins are known antioxidants (Nwanna &
Oboh, 2007; Podszun et al., 2020). Hence, this may
account for one of the mechanisms in which T.
Occidentalis modified diet moderates the metabolic
imbalance of cholesterol, triglycerides, and HDL by
significantly (p<0.05) reducing cholesterol and
triglyceride levels while elevating hepatic HDL

concentration (Fig. 3). Nwanna & Oboh (2007)
reported that polyphenols present in T. Occidentalis
and their ROS scavenging potential ameliorates
hepatic injuries. Hence, revealing that T.
Occidentalis may modulate hepatic HDL depletion
by scavenging free radicals generated during the
liver’s lipogenic processes. Oh et al. (2015)
documented that Licochalcone A is a flavonoid that
inhibits lipogenesis in the primary hepatocytes
selectively.

Fibres are the second considerable portion of
vegetable pulp after water. They have been reported
to repress sugar absorption in the intestine
aggressively and consequently depress the
postprandial glycemic index (Goff et al., 2018).
Also, (G. et al.,, 2001) reported that dietary fibre
could slow down intestinal activities. Hence, these
fibre’s potentials may be responsible for the
significant increase (p<0.05) in hepatic HDL level
recorded in the rats fed the whole and pulp fraction
of the T. Occidentalis diet (Fig. 3).

The proportion of lipids biomarkers to total
lipids in the liver of rats

Disruption in fat deposit and metabolic regulation is
the hepatocellular hypertrophy index associated
with sugar consumption (Mukonowenzou et al.,
2020). In this study, SD consumption significantly
(p<0.05) elevated the LPD, CHOL: LPD and TG:
LPD but decreased HDL: LPD (p<0.05).
Consequently, it resulted in hepatic steatosis
(increased LPD) and hypertrophy (elevated LVR:
BDY) in Table 3 compared with the CG. These
observations conform to, who reported that fructose
overconsumption induces non-alcoholic fatty liver
disease in rats.

The hepatocellular hypertrophy and non-alcoholic
fatty liver indices induced by SD consumption were
moderated in the groups fed T. Occidentalis diet
(WS, PS and JS) by reducing the LVR, CHOL:
LPD, TG: LPD and the hyperplasia index, that is,
the LVR: BDY. This attenuating potential of T.
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Occidentalis on NAFLD indices induced by SD
consumption may be ascribed to the ensuing events
of some bioactive molecules present in T.
Occidentalis such as sterols, polyphenol and
flavonoids, on triglycerides and cholesterols
syntheses. Studies showed that plant quercetin
selectively  inhibits  hepatocellular  lipogenic
pathways key enzymes (Donaldson et al., 2019; Oh
etal., 2015; Wendel et al., 2013). In addition, Kim
etal., (Kimetal., 2016) documented the potential
of polyphenols on glycemic regulation. Recent
reports have also shown that dietary fibre
consumption is associated with reduced NAFLD
markers (Rietman et al., 2018; Xia et al., 2020),
and T. Occidentalis is one of the rich
sources(Okonwu et al., 2018).

CONCLUSION

This work showed that diets with a 30% sucrose
energy supply for twelve weeks have a higher risk
to propagate lipid metabolic disorder and
dysregulation events in the brain, heart and liver.
This lipids dysregulation alters the triglycerides,
cholesterol, HDL and LDL levels in the brain and
liver (hepatic hyperplasia) but heart, where the
HDL level was stabilised despite the elevated LDL
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