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Abstract: Hyperlipidemia is one of the major risk factors for the development of cardiovascular disease. Many bioactive
compounds extracted from plants, particularly polyphenols, have demonstrated a beneficial effect on health. Obtaining these
molecules requires extraction, conventional extraction techniques uses solvents whose residue affects these compounds, the
environment and the health of consumers. Faced with these problems some techniques, a new axis has been developed it is the dry
extraction (controlled sieving-differential spray). Diospyros mesiliformis is poorly studied regarding the bioactive compounds of its
fruits. The aim of this study is to find out the optimal conditions for the dry extraction of bioactive compounds compare to solvent
extraction and to study antihyperlipidemic activity of the fruit. Granulometric classes ranging from 50 pym to 315 ym were studied.
Hydroethanolic and ethanolic extracts of Diospiros mesiliformis were analyzed for total phenolic, total flavonoid, and total tannin
contents. For study of antihyperlipidemiac activity, hyperlipidemia was induced by feeding animals with high fat diet daily and orally ad
libitum. Ten groups of five animals in each received normal saline, high fat diet, high fat diet plus D. mesiliformis powder (600 mg/kg)
and extracts (600 mg/kg) body weight was given in both models and Atorvastatin (10mg/kg) body weight was given in both models
respectively for 30 days. At the end of the study, total cholesterol, triglycerides, high density lipoprotein (HDL), low density lipoprotein
(LDL), atherogenic index (Al) of rats were evaluated and were compared with the rats treated with Atorvastatin (10mg/kg) body
weight. The particle size and the extracts had high influence on the total phenolic compounds, total flavonoid and tannin content as
well as on the antihyperlipidemic activity. Diospyros mespiliformis can be safely used in the treatment of mild to moderate cases of
hyperlipidemia considering its easy availability, cost effectiveness, and other beneficial effects.
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INTRODUCTION

Hyperlipidemia is a modifiable risk factor of an important killer disease “cardiovascular diseases”. It is now established that it
represents a major risk factor for the premature development of atherosclerosis and its cardiovascular complications. Its prevalence is
growing not only in developed countries but also in developing countries [1]. Hyperlipidemia is a condition which characterized by
abnormal elevation of lipid such as (triglyceride and cholesterol) and lipoproteins such as (LDL, VLDL) levels in the blood [2].
Treatment of hyperlipidemia reduces cardiovascular events [3]. The diet enriched with saturated fats and cholesterol, contribute to the
elevated lipid levels in our population as well as in many other developed countries around the world [4]. The pharmacological therapy
for abnormal lipids is effective but is costly and associated with side-effects leading to patient incompliance [5]. Therefore, alternative
therapies particularly, medicinal plants, legumes and fruits based are being explored, they have demonstrated a beneficial effect on
health [6, 7]. Plants constitute a source of novel chemical compounds which are of potential use in medicine and other applications.
The phytochemical investigation of a plant may involve following steps: authentication and extraction of the plant material, separation
and isolation of the constituents of interest, characterization of the isolated compounds and quantitative evaluation [8]. Obtaining of
these bioactive molecules requires extraction. Extraction is one of the oldest known chemical operations and represents the key for
the recovery and purification of active compounds from plant materials [9]. Many techniques for the extraction of bioactive compounds
in medicinal plants exist. These techniques are broadly classified as conventional and non-conventional techniques. The conventional
techniques include soxhlet extraction, maceration, and hydro-distillation and solvent- solvent extraction [10]. Due to the attendant
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limitations of the conventional techniques some of which include; lengthy extraction time, need for costly and high purity solvents,
evaporation of the large amount of solvent, poor extraction selectivity and thermal decomposition of thermolabile compounds [11],
more promising extraction techniques referred to as the nonconventional techniques were developed which include ultrasound
assisted extraction, enzyme-assisted extraction, microwave-assisted extraction, pulsed electric field assisted extraction, supercritical
fluid extraction and pressurized liquid extraction [12]. Recent dry method refers to drying and grinding process and extraction, it is
combination of drying, grinding, and controlled sieving processes [13]. Becker et al. [14], reported that the sieving process separates
plant powders by granulometric differentiation through sieves of decreasing mesh, leading to selective distribution of bioactive
molecules in the different granulometric fractions.

This research work is aimed to examine the influence of powder fractions obtained by extraction techniques using grinding
and sieving, and solvent extracts on total phenolic content, total flavonoid, total tannin contents and antihyperlipidemic activity of D.
mespiliformis fruit.

MATERIALS AND METHODS

Plant material
The dried fruits of Diospyros mespiliformis was collected during the month of February, 2017, in Kaélé, Far-North region of
Cameroon, and were transported at the laboratory of Biophysics, Food Biochemistry and Nutrition of Ngaoundere University.

Preparation of ethanolic and hydroethanolic extracts of Diospyros mespiliformis fruits

The collected fruit pulp was finely ground into powder form by using electrical grinder. The seeds were separated from the
pulp using a mesh. The powder was stored in a clean air-tight plastic container at room temperature until use. About 100 g of the
powder was weighed into 1000ml of ethanol (98 %) for ethanolic extracts and 100 g of the powder was weighed into 1000ml of ethanol
(50 %) in the ratio 1/10 (m / v) for hydroalcoholic extracts for 24 hours with occasional shaking. The ethanol soluble residue was
filtered off and concentrated under vacuum at room temperature using a rotary evaporator to yield extract according to conventional
procedure. The obtained product after evaporation was frozen in a freezer and then lyophilized using a lyophilizer.

Production of powder fractions

About 1.5 kg of D. mespiliformis fruits were slowly ground (50 g plant for each batch) with the Ultra Centrifugal Mill ZM 200
(Retsch France), operating by impact and shearing effects. Grinding was performed at room temperature (approximately 20 °C) using
a 1 mm sieve with trapezoid holes. The grinding time was fixed to 2 min. Indeed, [15], showed that concentrations of polyphenols,
flavonoids and the antioxidant properties decrease when the grinding time increases. One speed was used for milling: 6000 rpm. After
grinding, plant powders were sieved with the vibratory sieve shaker Analysette 3 Spartan (Fritsch, Idar-Oberstein, Germany) at 0.5
mm vibration amplitude for 10 min. 20 mm diameter sieves (Fritsch) were employed so as to obtain the following granulometric
fractions: <50um; 50— 180um; 180-315um; >315um. Powders were then stored under vacuum in sealed bags at 10 °C.

Total phenolics content
Preparation of extracts

Extraction of polyphenols from D. mespiliformis fruits were carried out according to the method of Kim et al. [16], with some
modifications. 5 g ethanolic, hydroalcoholic extracts of dried fruits and 2 g of powdered dried fruits were macerated during 24 h under
stirring, in 25 mL methanol/water 70/30 (v/v). Then, the methanol/water extract was centrifuged at 20,000 rpm for 20 min. The
supernatant layer was filtered, brought to 15mL and stored at 4 °C before analysis.

Total phenolic compounds were determined according the protocol used by Wafa et al [17]. 20 uL of samples was mixed
with 500 pL of Folin-Ciocalteu reagent (1 N) and 400 L of sodium carbonate (Na2COs, 20%). Samples and blank were thoroughly
mixed and vortexed. After 30 min of incubation at room temperature, the absorbance was measured at 760 nm. Total phenolic content
was expressed in terms of equivalent amounts of gallic acid (0,2 g/L) per 100 g of dry matter (GAE/100g DW). Absorbance
measurements were carried out with UV-visible spectrophotometer.

Total flavonoids content

Total flavonoid compounds were dosed by a colorimetric assay described by Dewanto et al. [18]. 0.1mL of sample were
added to a volumetric flask containing 2.4mL of distilled water and 0.1mL of sodium nitrite (Na2NO2, 5 %) were added to the flask.
After 6 min, 0.3mL of aluminum chloride (AICI3, 10 %) were added. After 5 min, 1mL of sodium hydroxide (NaOH, 1 M) were added to
the mixture. At this level the mixture was diluted with 2.5 mL of distilled water, then the vortexed samples were kept at room
temperature. The absorbance was directly measured at 510 nm. For use as calibration curve, diluted solutions of catechin (0,1 g/L)
were used and total flavonoids were expressed as mg of catechin equivalent per 100g of dry matter (mg CE/100 g DM). As for Total
phenolic compounds, absorbance measurements were performed with UV-visible spectrophotometer.

Total tannins content
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Total tannins compounds were dosed by a colorimetric assay described by Sun et al [19]. 0.05 uL of sample were added to
a volumetric flask containing 3mL of vanillin (4 %), 1.5mL of sulfuric acid concentrate were added to the flask. After vortexed samples
were incubate 30min at room temperature, the absorbance was measured at 500 nm. The absorbance was directly measured at 510
nm. For use as calibration curve, diluted solutions of catechin (0,1 g/L) were used and total tannins were expressed as mg of catechin
equivalent per 100g of dry matter (mg CE/100 g DM). As for Total phenolic compounds, absorbance measurements were performed
with UV-visible spectrophotometer.

Animals

Healthy Wistar albino male rats weighing between 200g to 300g were obtained from the animal house of National School of
Agro-Industrial Sciences of the University of Ngaoundere in Cameroon. The animals were kept in well-ventilated cages maintained
under standard lab conditions (12/12 h light/dark cycle; 25+1°C, 35 to 60% relative humidity) in the animal house of biochemistry and
nutrition laboratory. The rats had access to food and allowed free access to clean fresh water in bottles ad libitum. The animals were
left to acclimatize to laboratory conditions for at least two weeks before the start of the experiment.

Experimental design
Preparation of High Fat Diet for inducing Hyperlipidemia.

The High Fat Diet induced hyperlipidemia (HFD) was formulated with 300 g of egg yolk, 2 g of cholesterol, 250 g of coconut
oil and 50 g of soya oil, as described by Hamlat et al. [20], with some modifications. Table 1 shows the different formulations.

Table -1: Different formulations for rats (g / kg of feed)

Constituents Normal Diet | High Fat Diet
Proteins Fish powder |200 140
Glucids Corn ash 590 300
Sucrose 50 50
Lipids Coconutail |0 250
Yellowegg |0 300
Soybean oil |50 50
Other Cellulose 50 0
Minerals 50 50
Vitamins 10 10
Total 1000 1150

Animal study

For the study, the animals were weighed, recorded, numbered, and randomly divided into 10 groups of five animals each.

Treatment was done at the same time as induction for 30 days between 07:00 and 10:00 h Group | rats were treated as the
normal control received normal diet + distilled water. Groups Il rats served as negative control received High Fat Diet + distilled water.
Groups Il rats served as positive control received High Fat Diet + atorvastatine (10mg/kg of body weight). Group IV animals were
treated orally with D. mespiliformis powder fraction <50 pym at a dose of 600mg/kg of body weight in 5ml of sterile water. Groups V
animals were treated orally with D. mespiliformis powder fraction 50-180 um at a dose of 600mg/kg of body weight. Groups VI animals
were treated orally with D. mespiliformis powder fraction 180-315 ym at a dose of 600mg/kg of body weight. Groups VIl animals were
treated orally with D. mespiliformis powder fraction > 315 ym at a dose of 600mg/kg of body weight. Groups VIII animals were treated
orally with D. mespiliformis unsieved powder at a dose of 600mg/kg of body weight. Groups IX animals were treated orally with D.
mespiliformis ethanolic extract at a dose of 600mg/kg of body weight. Groups X animals were treated orally with D. mespiliformis
hydroethanolic extract at a dose of 600mg/kg of body weight.

On 30nd day, after overnight fasting, animals were weighed, anesthetized and dissected; the blood was collected from the
neck. The serum was obtained by centrifugation of blood at 1000 rpm, for 10 minutes. The liver, kidney, stomach, heart and testis
tissues of each rat were removed and weighed immediately and the ratio of organ to body weight calculated.

Biochemical Parameters

Levels of total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were evaluated using
enzymatic kits (HUMAN kits) according to procedure described by Richmond and Glick et al. [21, 22]. Low Density Lipoprotein (LDL)
and Very Low-Density Lipoprotein (VLDL) were measured by using Friedewald’s formula.
VLDL cholesterol (mg/dl) = TG + 5
LDL cholesterol (mg/dl) = TC — (HDL + VLDL).

Determination of atherogenic index (Al)
Atherogenic index is an important measure to elucidate the anti-atherogenic index potential of a plant. Al was calculated as:
Al = (TC-HDL- C)/HDL-C [23].
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STATISTICAL ANALYSIS

Results were expressed as mean + S.D and all statistical comparisons were made by means of one-way ANOVA test
followed analysis and P - Values less than or equal to 0.05 were considered significant. Duncan's multiple ranking test was used to

rank the averages. All of these analyzes were done using the Stat Graphics Plus 5.0 software and plot curves using the Excel 2010
software.

RESULTS AND DISCUSSION

The first part of this study was to determine influence of particle size of dry powder fruits, and solvent extraction (ethanol and
hydroethanol) on total phenalics, flavonoids, tannins.

Results are presented in Table 2; the solvent extraction concentrates more polyphenol compounds than powder fractions.
the powder fractions concentrate more polyphenol compounds is fraction < 50 um after follow by 50-180 um fraction.

Table - 2: Total phenolics, flavonoids and tannins of Diospyros mespiliformis fruits

Sample Total flavonoids (mg | Total tannins (mg CE/g | Total phenolics (mg
CE/g DW) DW) GAE/g DW)

<50 ym 41.46 + 2.32¢ 62.80 + 2.26¢ 152.89 + 1.86¢

100 -180 pm 30.55+ 4.08¢ 42.73 + 3.98¢ 138.34 + 1.86¢

180 -315 pm 27.88 +4.25° 35.25 £ 2.07¢ 148.55 + 1.87¢

=315 um 31.65 £ 4.27¢ 29.25 +2.082 115.23 + 1.8%

Powder 25.79 +4.302 32.21£4.19 90.20 + 2.562
Hydroethanol extracts 43.54 +2.18¢ 44,73 + 4.25¢ 160.00 + 1.86f

Ethanol extracts 56.90 + 9.05f 76.42 + 3.319 204.27 + 1.879

DW: dry weight; CE: catechin equivalents; GAE: gallic acid equivalents
Values in the same column with different superscripts (a to g) are significantly different (P<0.05).

Total phenolic content increased when granulometry decreased from 315 pym to 50um. The ethanol extract showed a
highest total phenolic content 204.27 mg GAE/100 g DW, which is superior than total phenolic in powder and hydroethanol extract.
With powder optimal parameter to obtain the highest total phenolic was the < 50um granulometry which given 152.89
mgGAE/100gDW. Total flavonoids like the polyphenols, are distributed according to their particle sizes which in this study are
particularly concentrated in the fraction < 50um and 50 -180 um. Our results are in accordance with results of [24], who found the
highest content of flavonoids in green tea leaves in the 100-180pm fraction. And total tannin content followed the same tendency as
total phenolics and total flavonoids.

Effect of solvents extracts and powder of Diospiros mespiliformis fruits on food intake, body weight gain/loss, organs
weight, food efficiency and lipid profile high-fat diet induced

Results related to effect of D. mespiliformis on body weight and food intake of albino rats in different experimental groups
have been provided in Table 3. After 30 days of treatment only Negative control group showed significant increasing of body weight
and test groups lost. The body weight gain is due to high fat diet used to induce hyperlipidemia in the rats. High fat diet increase
energy intake and energy storage [25]. The loss of body weight may be due to the ability of D. mespiliformis to reduce the fat
absorption and lipogenic enzymes and increase the fat excretion [26]. In the present investigation, D. mespiliformis reduced the body
weight gain in different groups with solvents extracts as well as with powder fractions. This may be due to the polyphenolics,

flavonoids and tannins compounds, in D. mespiliformis fruits which may reduce fluid absorption and facilitate weight loss [27].

Tableau-3: Food intake and body weight gain/loss of rats

Parameters | Body weight Food intake

Groups gain/loss (g) (9)

Negative control 13.14 £ 2.85¢ 200.01 +4.80a
Normal control 0.49 £ 2.94¢ 198.89 + 4.852
Positive control -4.02 + 2.95b¢ 194.02 + 4.842
< 50pm -14.23 + 2.89a 190.41 + 4.822
50-180um -8.77 £ 2,952 189.82 + 4.802
180-315um -3.58 + 2.88¢c 193.40 + 4.86°
> 315 um -1.05 £ 2.95¢0¢ 196.27 £ 4.83
Unsieved powder -1.0 £ 2,92bc 190.42 + 4.822
Hydroathanolic extract -8.40 £ 2.942b 196.60 + 4.812
Ethanolic extract -8.76 + 2.9020 196.79 + 4.852

Values in the same column with different superscripts (a to d) are significantly different (P<0.05).
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Organ-to-body weight ratios of the rats after administration of the D. mespiliformis extracts and powder fractions are
presented in Table 4. Decrease of organ-to-body weight ratios indicating a hyper functioning of that organ; increase in the weight may
be due to it degenerative changes or loss of tissue of that particular organ [28]. The organ-to-body weight ratios of liver, heart, kidney,
stomach and testis of all test groups were significantly upper to those of negative control group and no different to those of normal and
positive control.

Table-4: Organ-to-body weight ratios in rats after oral administration of extracts and powder fractions of D. mespiliformis
fruits
ans Heart Liver Kidney Stomach Testis

Groups
Negative control | 0.43 £0.004¢ | 4.38+0.007¢ | 0,84+0,003 | 0.92+0.003" | 1.04 +0.060°
Positive control | 0.30 £0.008¢ | 3.25+0.003%¢ | 0,52 + 0,006 | 0.62 + 0.00420 | 1.10 + 0.006b¢
Normal control | 0.29 +0.004> | 3.35+0.003c«d | 0,50 + 0,0022 | 0.58 +0.0002 | 1.14 + 0.006b

< 50um 0.30 £ 0.0190c | 3.58 + 0.054¢ | 0,52 + 0,0032¢ | 0.64 + 0.040bc | 1.04 + 0.040°
50-180pm 0.30 £0.002° | 3.14 £0.019%c | 0,55+ 0,005 | 0.67 + 0.002b¢ | 0.88 + 0.0092
180-315um 0.31£0.004¢¢ | 3.05+0.013> | 0,57 £0,020cd | 0.69 + 0.0300c | 1.10 + 0.009¢¢
> 315 ym 0.30+0.011> | 2.42+0.024= | 0,60 +0,025¢ | 0.67 +0.012¢ | 0.84 + 0.0042

Unsieved powder | 0.36 £ 0.003¢ | 3.21 +£0.0500« | 0,71 +0,0069" | 0.81+0.014¢ | 1.05+ 0.047°
Hydroethanolic | 0.24 £0.0052 | 3.55+0.575¢ | 0,72+0,046" | 0.74 £0.042¢ | 1.18 £0.112°

extract

Ethanolic extract | 0.32+0.003¢ | 3.60+0.263¢ | 0,67 £0,003% | 0.73+0.000¢ | 1.11 +0.100b¢

Values in the same column with different superscripts (a to g) are significantly different (P<0.05).

The results of the effect of solvents extracts and powder fractions of D. mespiliformis fruits on lipid profile of rats are
summarized in Table 5. It was seen that, there was a significant increase in all the lipid parameters (p < 0.05), except HDL- C,
following administration of high fat diet. It is well known that diet plays an important role in the control of cholesterol homeostasis. The
consumption of cholesterol-enriched diet is regarded as an important factor in the development of cardiovascular diseases as it leads
to the development of hyperlipidemia, atherosclerosis and abnormal lipid oxidation/metabolism [29, 30]. The hypolipidemic activity of
the groups taken extracts or powder fractions of D. mespiliformis was found to be slightly less efficacious than that of the standard
drug but compared to the negative control group, their total cholesterol, triglyceride, LDL- C and VLDL- C are significantly low and their
HDL-c higher. Hypolipidemic properties of D. mespiliformis may be explain by their polyphenols, in fact, polyphenols induce metabolic
hypolipidemic effect mainly by their ability to reduce cholesterol acyltransferase and HMG-CoA reductase activities [3].

Table-5: Effect of powder fractions and extract of D. mespilifomis fruits on serum lipide profile

Parameters | TC HDL-C TG LDL-C VLDL-C
Groups
Negative control 173.93+3.20e | 20.9+0.312 14579 £ 7.67¢ | 125.17 £3.209 | 29.16 + 1.54¢
Positive control 101.47 £1.770cd | 4765 £1.34F | 7255+ 1.512 39.31£0.73> | 1451 £0.302
Normal control 82.22 £ 0.322 4142 +190e | 78.84£9530 | 25.03+0.312 | 15.75+1.91ab
<50 um 94.99 + 1.34b 25.01£0.31> | 66.0+0.072 56.79£1.01c | 13.2+0.012
50-180um 101.87 £ 0.95bcd | 27.86 + 0.62bcd | 74.44 +6.182 59.13+0.92¢d | 14.89 +1.232
180- 315 ym 107.95 £ 3.19¢d | 27.86 + 1.36bcd | 9316 £6.13c | 61.46 £ 0.61% | 18.63 + 1.23bc
=315 um 110.50 £ 3.52d | 29.79+1.52¢ | 103.53 + 17.36¢ | 64.0 + 1.45¢ 19.70 £ 2.06¢
Unsieved powder 98.61 +11.73bc | 28.31 £2.24¢d | 7757 £8.922> | 61.18 +1.34d | 1551 +1.782
Hydroethanolic extract | 108.50 + 2.57¢ | 25.86 + 1.58> | 100.30 £ 3.92¢ | 62.58 £ 1.77¢ | 20.07 £ 0.79°
Ethanol extract 109.75£1.484 | 29.92+£0.12¢ | 97.24 £ 2.47¢ 60.38 £ 0.86% | 19.45 + 0.50¢

TC: total cholesterol; HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol; TG: triglycerides;
Values in the same column with different superscripts (a to g) are significantly different (P<0.05).

Table 6 shows the atherogenic index of rats. Oral administration of extracts and powder fractions prevented the rise of
atherogenic index, the fractions powder >50 um, 50-180 um and solvent extracts showed strong effect. High cholesterol diet with
cholic acid increases TC, LDL-C, atherogenic index and decrease HDL-C by enhancing intestinal absorption and secretion and
decreasing catabolism of cholesterol [31]. Treatment with extracts and powder fractions of D. mespilifomis caused a significant
decrease in mean serum TC and LDL-C and increased HDL-C, the consequence is decreasing of atherogenic index, which is
considered as better indicator of coronary heart disease risk than individual lipoprotein concentration [32].
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Table -6: Effect of powder fractions and extract of D. mespilifomis fruits on atherogenic index

Groups Atherogenic index
Negative control 7.32 £0,02¢
Positive control 1.13 £0,022
Normal control 0.99 + 0,092

<50 ym 2.79£0,01b
50-180um 2.66 £ 0,05b
180- 315 um 2.87 £0,07v
2315 um 3.12 £ 0,00¢
Unsieved owder 2.71+0,20¢

hydroalcoholic extracts 3.20£ 0,150
Ethanol extracts 2.67 £0,03¢

Values in the same column with different superscripts (a to c) are significantly different (P<0.05)

CONCLUSION

These results revealed that polyphenols compounds and antihyperlipidemia activity depend on powder fractions and the

solvent extract. Diospyros mespiliformis can be safely used in the treatment of mild to moderate cases of hyperlipidemia considering
its availability, cost effectiveness, and other beneficial effects.
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