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Abstract: The present study aimed to investigate the cholesterol-lowering effect of black and white
mulberry (fruits and leaves) in rats fed a high-cholesterol diet. Sixty white male albino rats, weighing
(170-180 g) were divided into two main groups; one group served as the negative control, while the
second main group (54 rats) was fed for two weeks on a basal diet plus cholesterol of 1.5% to induce
hypercholesterolemia. After 2 weeks of feeding, the second main group was divided into 9 groups of
rats, and one of these groups was fed only a basal diet. The remainder group was treated with black and
white mulberry (fruits and leaves) extract (150 mg/kg and 300 mg/kg). After taking black and white
extract supplements for four weeks, there were minor changes in body weight gain (BWG) and food
efficiency ratio (FER), but there was a significant decrease in serum low-density lipoprotein cholesterol
(LDL-C) and triglycerides, a decrease in serum cholesterol (TC), and an improvement in kidney and
liver function (p<0.05) Mulberry fruit and leaf extract improves the histopathological changes in the
liver. Black mulberry fruit extract BMFE and WMFE at a dosage of 300 mg/kg enhanced hepatic
function and improved the structural integrity of liver tissues with an elevation in antioxidant
concentrations.
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1. Introduction

Hypercholesterolemia is a genetically inherited disorder characterized predominantly
by autosomal dominant inheritance. This condition manifests through exceedingly high
cholesterol levels within the bloodstream [1, 2]. Globally, cardiovascular disease (CVD)
continues to be the primary cause of death [3]. The World Health Organization (WHO) predicts
that by 2030, there will be 22.3 million yearly deaths from CVD, an increase of almost 27%
from 2012 [4]. One of the main risk factors for CVD is dyslipidemia, characterized by reduced
HDL-C levels, elevated TG levels, and low-density lipoprotein cholesterol (LDL-C) [5]. HDL-
C levels and CVD risk are negatively correlated. HDL-C is a powerful CVD predictor [6,7].
Reverse cholesterol transport from aortic foam cells to the liver and anti-inflammatory, anti-
oxidative, and anti-apoptotic activities are among HDL-C's cardioprotective qualities [8,9].
Therefore, enhancing HDL synthesis and function is essential for the prevention and/or
treatment of CVD [10].
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Egypt's pivotal role in the Middle East is partly attributed to its longstanding mulberry
cultivation tradition. Among the various governorates, Sohag is distinguished by its remarkable
proficiency, extending beyond cultivation to expertise in utilizing mulberry leaves for
sericulture, which subsequently leads to silk production [11]. The mulberry plant, assigned to
the genus Morus and situated taxonomically within the Moraceae family, is hypothesized to
have emanated from the liminal zone adjacent to the Indo-Chinese region [12]. Mulberries have
been shown in numerous studies to possess a variety of biological activities, such as antioxidant
[13], anti-diabetic [14], and anti-inflammatory [15]. Furthermore, a variety of biologically
active substances, such as flavonols and anthocyanins, have been documented [16,17].
Therefore, the purpose of the present study was to investigate the biological effects of black
and white mulberry leaf extract (BMLE and WMLE) and black and white mulberry fruit extract
(BMFE and WMFE) on hypercholesterolemic white albino rats.

2. Materials and Methods
2.1. Materials.

2.1.1. Plants.

Samples of Black mulberry (Morus nigra L.) and White mulberry (Morus alba L.) were
obtained from EIl-Arish City, North Sinai, Governorate. These samples were harvested in mid-
April to mid-May 2023 as leaves and fruit and dried for the preparation of ethanol extracts.

2.1.2. Rats.

Sixty white male albino rats (Sprague Dawley strain) were purchased from the Medical
Insect Research Institute in Doki, Cairo, Egypt.

2.1.3. Cholesterol.

The source of the pure white crystalline powder cholesterol is Elgomhoriya Company
for Medical Preparations, Chemicals, and Medical Equipment, located in Cairo, Egypt.

2.1.4. Diet.

The rats were fed a ration consisting of wheat bran, fish meal, molasses, 3.3% fiber,
calcium carbonate, calcium phosphate, sodium chloride, methionine, ash (net protein 22% and
lipids 4.7%), and soybean powder (44%). It was produced by Cairo Agricultural Development
Company, 6 October City, Giza, Egypt.

2.2. Methods.

2.2.1. Preparation of ethanol extracts for black and white mulberry (leaves - fruit) extract.

Leaves were collected, cleaned, washed with deionized water, and left to dry for 4 days.
After complete drying, the leaves were ground and sieved through sieve number 40 to obtain a
coarse powder. About (1 kg) of leaf powder was macerated in absolute ethanol (99% - 50 ml)
for 48 hrs. The supernatants were collected and rotary evaporated at 40°C; the dried extract

was resuspended in deionized water, filtered through a 25 um filter, and lyophilized to obtain
the dried active ingredient, which was then redissolved in deionized water (400 mg/25 ml) and
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stored at 4°C for further characterization. The resultant solution of the blackberry leaves and
white berry leaves extracts will be labeled as BMLE and WMLE, respectively [18]. 1 kg of
fresh fruit was processed at room temperature for 10 minutes using four filters with 80%
ethanol. The IKA T-45 ultra-Turrax homogenizer operating at 4000rpm was used. The
resulting combined solution will then undergo rotary evaporation at 40°C, ultimately producing
approximately 160 g of black mulberry extract and 160 g of white mulberry extract [19].

2.2.2. Chemical analysis.

Chemical analysis of samples, including moisture, crude protein, crude fat, and ash,
was performed on a dry-weight basis [20]. Moisture and ash contents were determined
according to methods described by the AOAC [21]. The total ash content of the resultant
powder will be estimated by direct incorporation into a Muffle Furnace Box (Model:
COMEC:2200851, SNOL) at 55°C, following the protocol [21, 22]. To calculate the crude
protein content, total nitrogen was determined using the micro-Kjeldahl method [21, 23]. Fat
content was estimated according to the AOAC method [21] using the Soxhlet apparatus and
hexane as the solvent. (model; J.P SELECATA:63008, Spain) [21, 24]. Total carbohydrates
were determined by Equation (1) as follows [20].

Total carbohydrates = 100 — (%protein + %fat + %moisture + %ash) (1)

The caloric value of the formulas was calculated by using the factors as described by
FAO/WHO/UNU [25] according to the following Equation (2) as follow:

The caloric value =4 X (Protein% + Carb.%) + 9 X (Fat%) 2

The extracted crude fiber was used to determine fiber content by digesting fat-free
samples (1.25%) with sulfuric acid and filtering through ceramic fiber filters, following the
AOAC protocol [21, 26]. The nitrogen-free extract (NFE) was quantified by subtracting the %
ages of total ash, crude protein, crude fat, crude fiber, and moisture from 100 [27].

2.2.3. The experimental design.

2.2.1.1. Experimental animals.

The male albino rats (Sprague-Dawley strain) weighing between 170 and 180 grams
were kept in a laboratory for a week before the commencement of the study to acclimate them
to their new environment. The biological investigation was carried out in the animal house
facility of the faculty of Home Economics, Menoufia University, where animals were housed
in clean wire cages with no more than 4 animals per cage and maintained under standard
laboratory conditions (temperature 25 + 2 °C with a 12/12 h dark/light cycle). They were fed a
standard ration, according to [28], and water was provided ad libitum for the experimental
period. The rats' feed and water intake were monitored daily in line with the American Institute
of Nutrition AIN-93 criteria [29]. Daily body weight measurements were taken, and care was
taken to comply with Egyptian regulations on animal protection. All procedures described were
reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of
Menoufia University, Egypt, Approval No. MUFHE/S/NFS/16/23.

2.2.1.2. High-cholesterol diet preparation.

With minor modifications, a high-fat diet was created using the previously published
procedure [30]. The high-fat diet was prepared from a combination of a 78.4% standard ration
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(normal diet), 1.5 % cholesterol powder, 15% corn starch, 0.1% cholic acid, and 5% corn oil
[31].

2.2.1.3. Groups of rats.

The study was divided into two main groups. The first group (6 rats) was designated
the negative control group and fed a standard ration throughout the experimental period. The
second main group (54 rats) was fed a high-fat diet for 2 weeks to induce hypercholesterolemia
before the experiment began. After 2 weeks of feeding, the second main group of rats was
divided into 9 groups (6 rats each), and one of these hypercholesterolemic rat groups was fed
a standard diet, representing the control positive. The remaining eight hypercholesterolemic
groups received a single daily dose of BMLE and WMLE (150 mg/kg body weight, b.wt. and
300 mg/kg b.wt.) and BMFE and WMFE (150 mg/kg b.wt. and 300 mg/kg b.wt.) for six weeks,
each group consisted of six rats as follows:

Group (1): Negative control group (-) normal rats were fed on a ration only.

Group (2): Positive control group (+) hypercholesterolemic rats were fed only on a
ratio.

Group (3): The hypercholesterolemic rats were fed on a ration + oral injection of BMLE
once daily at a dose of 150 mg/kg b.wt.

Group (4): The hypercholesterolemic rats fed on a ration + oral injection of BMLE once
daily at a dose of 300 mg/kg b.wt.

Group (5): The hypercholesterolemic rats were fed on a ration + oral injection of
WMLE once daily at a dose of 150 mg/kg b.wt.

Group (6): The hypercholesterolemic rats were fed on a ration + oral injection of
WMLE once daily at a dose of 300 mg/kg b.wt.

Group (7): The hypercholesterolemic rats were fed on a ration + oral injection of BMFE
once daily at a dose of 150 mg/kg b.wt.

Group (8): The hypercholesterolemic rats were fed on a ration + oral injection of BMFE
once daily at a dose of 300 mg/kg b.wt.

Group (9): The hypercholesterolemic rats were fed on a ration + oral injection of
WMFE once daily at a dose of 150 mg/kg b.wt.

Group (10): The hypercholesterolemic rats were fed on a ration + oral injection of
WMFE once daily at a dose of 300 mg/kg b.wt.

2.2.4. Blood collection.

6 weeks after the last meal, blood samples were collected by sacrificing each
hypercholesterolemic rat and a control rat. The rats were anesthetized in a chamber containing
diethyl ether. Blood samples were collected from the hepatic portal vein. Two blood samples
were collected from each animal into a heparin-containing tube and a plain tube, respectively.
The blood samples were collected into sterile centrifuge tubes and allowed to coagulate in
water at 37 °C for 30 minutes. In the next step, the tubes were centrifuged at a speed of 4000
revolutions per minute for 10 minutes to separate the serum. The serum was then carefully
removed and put into clean cuvette tubes. Finally, the serum samples were collected until the
subjects were at ease with the analysis [32].
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2.2.5. Biological evaluation.

Throughout the experimental period, daily amounts of feed ingested and/or wasted were
recorded, and the total feed intake (FI) was computed. Furthermore, the weight of the rat's body
was recorded. Biological evaluation of the different diets was carried out by determination of
body weight gain (BWG%) and Feed efficiency ratio (FER) according to [33]. Using Equation
(3) and Equation (4), the relative body weight gain (rBWG) and survival rate were calculated
using Equation (5) as follows according to [34]:

BWG rate (%) = (final body weight — initial body weight) -+
initial body weight x 100 3)
FER = Weight Gain (g)/ Feed intake (g) 4)
rBWG (%) = (BWG rate of the infected/unmedicated control or drug —
treated group + BWAG rate of the healthy control group) x 100 (5)

2.2.6. Biochemical analysis.

2.2.6.1. Lipid profile.

Triglycerides (TG), total cholesterol (TC), and high-density lipoprotein cholesterol
(HDL-c) were measured using an automated method. The diagnostic kit used in the study's
findings was based on the methods described [35-37] for TG, TC, and HDL-c, respectively.

Determination of low-density lipoprotein cholesterol (LDL-c) and very low-density
lipoprotein cholesterol (VLDL-c) was calculated using the method [38,39]. In clinical
laboratories, LDL-C is most often determined using the “Friedewald formula” [40] using
measured values for TC, HDL-C, and TG as shown below in Equations (6), Equations (7), or
Equations (8):

LDL (mg\dl) = TC — (HDL + VLDL) (6)
VLDL — C (mg/dL) = TG (mg/dL) /5 (7
VLDL — C (mmol/L) = TG (mmol/L) /1.181 (8)

2.2.6.2. Atherogenic index (Al).

The principal use of the atherogenic index was calculated as shown in Equation (9),
Equation (10), and Equation (11) according to equation[41,42].

Atherogenic Index = LDLC + HDLC 9)
Atherogenic Index = TC + LDL (10)
Atherogenic Index = TC + HDLc (11)

2.2.6.3. Determination of antioxidant enzyme.

The enzymatic perspective proposed has been deployed to assess the activity of
antioxidant enzymes[43]. The RBCs were lysed by mixing chilled water with the RBC. Lysate
was used to estimate antioxidant enzymes, namely catalase (CAT), superoxide dismutase
(SOD), and malondialdehyde (MDA) [43] (pp. 2). CAT activity was determined
spectrophotometrically by the method [44], and SOD activity was determined
spectrophotometrically according to the method [45]. Malondialdehyde (MDA) was
determined according to the method [46].
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2.2.7. Statistical analysis.

The results were presented in the form of mean * standard errors (SE). Statistical
analysis of the results was performed using the Statistical Package for the Social Sciences
(SPSS) version 24 for Windows (SPSS, 24). A paired-samples t-test was used to compare the
parameters between the control-positive group and the hypercholesterolemic rat groups. A P-
value less than 0.05 was reflected as statistically significant.

2.2.8. Histological examination.

Tissue samples were collected from all experimental groups and preserved in 10%
neutral buffered formalin. Following this, the samples were dehydrated using increasing
concentrations of ethanol (70%, 80%, 90%), cleared in xylene, and finally embedded in
paraffin. Thin sections (4-4 micrometers thick) were then prepared and stained with
hematoxylin and eosin, following the method outlined [47].

3. Results and Discussion

3.1. Chemical composition.

In many nations, mulberry leaves and fruits have been used as ingredients in
medications, beverages, and functional foods; however, it remains unclear how well-suited
these materials are for these uses. The nutritional and chemical compositions were examined
in this study. Analysis has been performed to determine the chemical structure's constituents
and their corresponding percentages. The manuscript explains the multifaceted applications of
mulberry leaves and fruits across various medicinal and functional foods. Mulberries have
numerous health advantages; they have a positive impact on the human body. Recognized for
their prolific health advantages and beneficial effects on human well-being, mulberries are the
subject of thorough investigation within this study. Through detailed analysis, the research
describes the chemical compounds in mulberries and quantifies their concentrations, thus
providing valuable insights into their potential uses.

Table 1 shows the chemical composition of black mulberry leaves (BML), black
mulberry fruit (BMF), white mulberry leaves (WML), and white mulberry fruit (WMF)
(9/100g w/w). The data proved that protein, fat, ash, moisture, carbohydrate (CHO) fiber,
energy, PH%, and total nitrogen% of BML were (1.225%, 2.5%, 2.76%, 73.635%, 8.98%,
10.9%, 63.32 kcal, 6.69%, and 0.196%) respectively, which for BMF were (1.25%, 0.9%,
0.74%, 72.71%, 17.9%, 6.5% 84.7kcal, 5.56%, and 0.2%,) respectively; however, it was
(1.75%, 2.3%, 2.81%, 74.45%, 8.79%, 9.9% 62.86kcal, 6.69%, and 0.28%,) respectively of
WML, in addition for WMF was (1.63%, 1.1%, 0.85%, 73.02%, 15.8%, 7.6% 79.62kcal,
4.82%, and 0.261%,) respectively. Besides, the leaves also contain substantial moisture and
numerous other nutrients, including nitrogen, copper, iron, and manganese [48]. The present
results agree with Author [27] (p. 3), who reported that the moisture content of fresh mulberry
(Morus alba) leaves fluctuates between 71.13% and 76.68%. Some contain 4.72% to 9.96%
crude protein, 4.26% to 5.32% total ash, 8.15% in natural detergent fibers (NFD), and 0.64%
to 11.3% crude fat. Also, observed that mulberries are highly nutritious, including roughly 0.5-
1.4% protein and about 7.8-9% carbs [49]. On the other hand, the results of Author [50]
revealed that the proximate analysis of mulberry leaves included moisture, protein, fat,
carbohydrate, fiber, and ash, with contents of 5.2%, 18.40%, 6.46%, 28.37%, 25.12%, and
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8.7%, respectively. Likewise, discovered in another study the contents of ash, moisture, lipid,
fiber, and protein, in Morus alba L. leaves were 8.91%, 5.3%, 6.57%, 10.11%, and 18.41%,
respectively, while in Morus nigra L. leaves they were 9.12, 6.7, 5.13, 12.32, and 19.76,
respectively [22] (pp. 6).

Table 1. Chemical composition of black mulberry leaves (BML), black mulberry fruit (BMF), white mulberry
leaves (WML), and white mulberry fruit (WMF) (g/100g wiw).

Nutrient - . . Energy Total Total

contents Protein Fat Ash Moisture | CHO | Fiber (Kcal) PHY% Nitrogen%
BML 1.225 2.5 2.76 73.635 8.98 10.9 63.32 6.69 0.196
BMF 1.25 0.9 0.74 72.71 17.9 6.5 84.7 5.56 0.2
WML 1.75 2.3 2.81 74.45 8.79 9.9 62.86 6.69 0.28
WMF 1.63 1.1 0.85 73.02 15.8 7.6 79.62 4.82 0.261

Kcal: Kilocalories

Correspondingly, showed that the contents of mulberry fruits and leaves are 9.0 and
8.48% of carbs, 1.28 and 3.16% protein, 0.49 and 0.33% fat, 86.63 and 81.14% moisture, 1.03
and 4.25% ash, and 1.57 and 2.64% fiber, respectively [51]. According to [52], mulberries
contain 5.31% protein, 2.09% fat, 9.9% crude fiber, 27.6% dietary fiber, and 11.3% ash by dry
weight. According to earlier research, the highest concentrations of beneficial chemicals have
been found in leaves and dark fruits [53,54]. Author [55] found the moisture contents of white
(Morus alba) and black (Morus nigra) mulberry fruits were in the range of (82.40 to 81.72)
9/100 g fresh weight (FW). Also, the Turkish-origin mulberry fruit species had moisture levels
ranging from 71.5% to 74.6% [56]. According to Author [55] (pp. 6), the ash, lipids, protein,
and fiber contents of white (Morus alba) and black (Morus nigra) mulberry fruits were in the
range of (0.57 to 0.5), (0.48 to 0.55), (1.55 to 0.96), and (1.47 to 11.75) g/100 g dry weight
(DW), respectively.

Overall, the findings indicated that the fruit samples might provide lipids, proteins,
fibers, carbohydrates, and, ultimately, energy. Nevertheless, differences were observed in the
parameters under investigation; as a result, fruits should be selected based on consumer demand
when used for food. According to the author's published literature [27, 50, 51, 55] (pp. 3-6),
the results are in good agreement.

3.2. Biological characteristics.

The effect of orally administered BML, BMF, WML, and WMF extracts at 150 and
300mg/kg on the biological characteristics of hypercholesterolemic rats was summarized in
Table 2. At the end of the experimental period, the feed efficiency ratio (FER) was significantly
lower in the groups fed BMLE300mg/kg, WMFE300mg/kg, WMLE300mg/Kkg,
WMLE150mg/kg, and BMLE150mg/kg, in descending order, than in the positive control
group. Body weight gain (BWG)significantly decreased in all high-cholesterol diet-treated
groups compared to the positive control group. The BWG and relative body weight gain
(rBWG) for the negative control group (22.17+1.05; P<0.001 and 100%), BMLE150mg/kg
(20.3+1.01, P<0.01 and 91.6%), WMLE150mg/kg (22.1+2.35, P<0.001 and 99.7%),
BMLE300mg/kg (24.8+0.58, P<0.05 and 111.9%), WMLE300mg/kg (20.6+1.42, P<0.001
and 92.9%), BMFE150mg/kg (26.6+1.03, P<0.05and 120%), WMFE150mg/kg (25.6£1.62,
P<0.01 and 115.5%), BMFE300mg/kg (24.8£0.72, P<0.01 and 111.9%), and
WMFE300mg/kg (24.9+1.92, P<0.01 and 112.3%).
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Table 2. Effect of BMLE, BMFE, WMLE, WMFE on body weight gains (BWG), relative body weight gain

(rBWG), and feed efficiency ratio (FER) of Hypercholesterolemic rats.

Pa;?&%tsrs IBW(g) FBW(g) FI (g/day) FER (g) BWG (%) | rBWG (%)

Negative(-ve) 230271 2813.77 | 21.7+1.01°* | 0.0102+0.0003% | 22.17+1.05%** 100.0

Positive(+ve) 177+1.60 240+1.93 314073 | 0.0113+0.0009 | 35.95+1.81 162.2
BMLE150mg/kg | 214+2.15 258+2.21 26.6+1.90% | 0.007+0.0006™* | 20.3+1.01** 916
BMLE300mg/kg | 194+158 242+1.73 | 22.7#053** | 0.011+0.0003* | 24.8+0.58* 111.9
WMLE150mg/kg | 219+1.81 267+3.39 30.9+054 | 0.007+0.0007** | 22.142.35%** 997
WMLE300mg/kg | 215:0.83 259+2.31 29.1+0.60* | 0.007+0.0006** | 20.6+1.42%** 92.9
BMFE150mg/kg | 194+1.49 245+1.89 | 21.7+1.01** | 0.012+0.0006 | 26.6+1.03* 120.0
BMFE300mg/kg | 181+1.14 226+2.09 | 19.94057°** | 0.013+0.0007 | 24.8+0.72** 111.9
WMFE150mg/kg | 201+1.70 252+1.72 25.1+0.80* | 0.0102+0.0006* | 25.6+1.62%* 1155
WMFE300mg/kg | 186+1.78 2324165 | 23.9+1.59** | 0.0108+0.0015% | 24.9+1.92%* 1123

IBW: initial body weight - FBW: Final body weight - FI: Food intake — BWG: Body weight gains, rBWG:
Relative body weight gains, and FER: Feed efficiency ratio. Data are expressed as the Mean+SE of six
experimental rats. A P-value less than 0.05 was considered statistically significant. The parameters of the
Negative and treatment groups were compared to the positive groups. *(P<0.05) significant change, **(P<0.01)
high significant change; ***(P<0.001) very high significant change.

The lowest FER, BWG, and rBWG were observed in the BMLE150mg/kg group,
followed by the WMLE300mg/kg and WMLE150mg/kg groups; FER in the BMFE150mg/kg
and BMFE300mg/kg groups did not significantly differ from the positive control group. This
suggests that daily intake of BMLE is effective in reducing weight gain. Our results agree with
those reported that BWG in negative controls decreased significantly compared with high-fat
diet-induced obese controls [57]. Mice treated with mulberry leaf and fruit extracts showed a
decrease in BWG compared with high-fat obese controls, despite no differences in food intake
[55] (pp. 2). Nevertheless, others reported that BWG in the negative control group was a

significant increase (p<0.001) compared with the hyperlipidemic control group [51] (pp. 6).

Also, it has been demonstrated that mulberry leaf (ML) and mulberry leaf extract (MLE) have
numerous biological properties, including regulating sugar and lipid metabolism, reducing
blood glucose levels, and increasing insulin secretion [58].

3.3. Lipid profile.

Table 3 shows the impact of supplementing BMLE, BMFE, WMLE, and WMFE on

the lipid profile of hypercholesterolemic rats. Low-density lipoprotein cholesterol(LDL-c),
high-density lipoprotein cholesterol(HDL-c), very low-density lipoprotein cholesterol(VLDL-
¢), and total cholesterol (TC) are all evaluated as part of the lipid profile.
According to the study's results, the cohort of rats, including the positive control group (+),
showed elevated baseline cholesterol levels. The study revealed that rats fed a high-fat diet
(HFD) showed a substantial increase in cholesterol levels compared to the negative control
group. Moreover, upon completing the 42-day trial period, the total cholesterol concentration
for treatment groups exhibited a noteworthy reduction compared to the positive control group,
So the rats were administered injections of BMLE, BMFE, WMLE, and WMFE at the dosages
of 150 and 300mg/kg exhibited positive responses, with a gradual reduction in their cholesterol
levels throughout the treatment until they recovered. Remarkably, the group that received
injections of BMFE at a dosage of 300 mg/kg demonstrated the greatest significant (P<0.001)
effects (187.8+£2.04 and 282.9£1.38 mg/dl, respectively).

The statistical data indicate that feeding rats on HFD or the positive control group (+)
resulted in a rise in TC, TG, LDL-c, and VLDL-c. At the same time, levels of HDL-c were
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significantly decreased (P<0.001) compared to the negative control group (-) being (82.7+0.59
and 53.1+2.86 mg/dl), respectively. HDL-c decreased, and LDL-c and VLDL-c increased in
response to an HFD in the positive control group.

Table 3. Effect of BMLE, BMFE, WMLE, WMFE on Lipid profile, {Total cholesterol (TC), Triglycerides
(TG), High-density lipoprotein (HDL-c), Low-density lipoprotein(LDL-c), and Very low-density lipoprotein
(VLDL-c)} of Hypercholesterolemic rats.

Parameters groups TC TG HDL-c LDL-c VLDL-c
(mg/dI) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Negative (- V) 181.1+1.10** 150.7+1.578*** | 82.7+0.59 *** 68.2+0.716*** 30.2+0.158***
Positive (+V) 282.9+1.38 267.8+3.024 53.1+2.86 176.1+4.53 53.7+0.987
BMLE150mg/kg 219.8+1.97** 213.7+0.584** 65.240.19** 111.9+1.491** 42.7+£1.116**
BMLE300mg/kg 203.1+1.59** 177.3£2.498*** | 76.2+1.41 *** 91.3+1.158*** 35.5+0.074***
WMLE150mg/kg 253.9+3.59** 236.8+1.712* 58.3+3.40 * 148.2+2.610* 47.4+2.140*
WMLE300mg/kg 216.3+1.99** 207.5+3.569** 68.6+1.58 ** 106.2+4.726** 41.5+4.085**
BMFE150mg/kg 206.2+2.03** 186.3+1.047*** | 74.7+0.66 *** 94.2+0.583*** 37.3+0.243***
BMFE300mg/kg 187.84£2.04*** | 161.7+0.736*** | 80.9+3.58 *** 74.6+1.020*** 32.34£1.147***
WMFE150mg/kg 213.7+£3.09** 198.5+2.242*** | 70.1+0.582 *** | 103.9+1.137*** | 39.7+0.254***
WMFE300mg/kg 198.1+2.04*** | 170.5£1.406*** | 78.5+1.582*** 85.5+3.289*** 34.1+2.080***

Data are expressed as the Mean£SE of six experimental rats. A P-value less than 0.05 was considered
statistically significant. The parameters of the Negative and treatment groups were compared to the positive
groups. *(P<0.05) significant change, **(P<0.01) high significant change; ***(P<0.001) very high significant
change.

In addition, injecting rats once daily with 150 and 300mg/kg of BMLE, BMFE, WMLE,
and WMFE for 6 weeks resulted in a significant decrease in all parameters, except HDL-c,
which showed a significant increase compared to the positive control group. The highest
significant (P<0.001) decrease of TG and VLDL-c were noticed in the group that received
BMFE300mg/kg compared with the control positive group (161.7+0.736 and
267.8+3.024mg/dl) and (32.3+1.147 and 53.7+£0.987 mg/dl) respectively, also the highest
significant (P<0.001) increase of HDL-c was noticed in the group that received
BMFE300mg/kg compared with the control positive group (85.5£3.289 and 53.1+2.86mg/dl)
respectively.

In the current investigation, the lipid profile was disrupted in HFD rats. The HFD group
exhibited significantly higher plasma cholesterol and LDL-C levels. Additionally, comparing
the HFD groups to the negative control group, there was a significant decrease in the HDL-C
level. These results agree with [59,10] (pp.1), who found that rats fed a high-cholesterol (HC)
diet showed higher serum TG, TC, and LDL-c contents than animals fed a normal diet. Another
study showed that TC, TG, LDL, and VLDL in the negative control group decreased
significantly (P<0.001) compared to the group that received HFD, control (+) [51] (pp. 6).
However, it was found that mulberry polysaccharide effectively reduces low-density
lipoprotein (LDL-c), triglycerides, and total cholesterol in rats' serum and liver on a high-fat
diet [60]. Additionally, compared with the HC group, mulberry fruit extract supplementation
significantly reduced serum TG, TC, and LDL-c concentrations by 54.3%, 26.8%, and 24.1%,
respectively (P<0.05)[10]. Interestingly, rats in the high mulberry fruit extract group had higher
serum HDL-c levels than those in the HC group (P<0.05). In a separate study, examined the
effect of mulberry leaf extract (MLE) on atherosclerosis development was examined using
aortic vascular smooth muscle cells (VSMCs) and high-cholesterol-fed New Zealand white
rabbits [61]. The results demonstrate that after MLE treatment, there is a significant reduction
in atheroma load, serum cholesterol, triglycerides, and low-density lipoprotein (LDL) levels,
as well as an improvement in liver function. Rats fed a high-fat diet gained weight and
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increased adipose tissue compared with the control group, and also exhibited insulin resistance
and hyperlipidemia, conditions linked to obesity [59]. Increased flow of free fatty acid (FFA)
from adipose tissue to the liver via the portal vein when visceral TG levels rise is one of the
main causes of dyslipidemia. FFA is released by adipocytes in obese individuals due to
increased lipolysis [62]. The uncontrolled release of free fatty acids (FFA) from visceral
adipose tissue increases the flow of FFA to the liver. It promotes the production and secretion
of very low-density lipoprotein (VLDL). It also suppresses lipoprotein lipase in skeletal muscle
and adipose tissue, leading to hypertriglyceridemia [63, 64]. Hypertriglyceridemia encourages
the production of small-dense lipoprotein LDL particles, cholesteryl ester transport protein-
induced HDL decrease, and consequent hepatic lipase production [61].

Correspondingly, found the consumption of mulberry leaves and fruits at the dose of
7.5 % of the basal diet showed a significant decrease in mean values of TC, TG, LDL, and
VLDL compared positive control group, the value of HDL-c of control (-) showed a highly
significant increase (P<0.001) as compared with the control (+) group, plus the consumption
of mulberry fruits at 7.5% significant increase (P<0.01) when compared to the control (+)
group while the consumption of mulberry leaves at 7.5 % [51] (pp. 6).

Nevertheless, New Zealand white rabbits fed a high-cholesterol diet (HCD) for 10
weeks that included 0.5% or 1.0% water extract of mulberry fruits in addition to 95.7% standard
Purina chow, 3% lard oil, and 1.3% cholesterol had lower levels of triglycerides, LDL
cholesterol, and total cholesterol than the rabbits fed a diet that only contained lard oil. The
same authors also demonstrated that feeding HCD with 0.5% or 1.0% water extract of mulberry
fruits dramatically reduced the incidence of severe aortic atherosclerosis by 42-63%.
Histopathological analysis of the rabbits' blood vessels also supported these results. It has been
reported that there is a dose-dependent relationship between the levels of total and low-density
lipoprotein cholesterol and the water extract from mulberry fruits [65].

Our results also agree that rats fed an HF diet supplemented with 5% or 10% mulberry
fruit significantly reduced serum and liver TG, TC, and LDL-c concentrations and increased
HDL-c [66]. Mulberry fruits include dietary fiber, which promotes LDL-receptor activation
and suppresses hepatic lipogenesis [67]. In addition, reported that mulberry fruits are rich in
dietary fiber and linoleic acid, suggesting they may have a hypolipidemic effect [66]. However,
the beneficial effect of the mulberry extract on HC-decreased HDL-C levels, a powerful
predictor of CVD [10].

3.4. Atherogenic indices.

Table (4) shows the atherogenic indices of Hyperlipidemic Rats Fed on BMLE, BMFE,
WMLE, and WMFE. A decreased risk of coronary heart disease (CHO) is associated with
lower ratios of total cholesterol to HDL and LDL-c to HDL-c. Conversely, the risk of (CHD)
decreases with increasing total cholesterol/LDL-c ratio. Our results revealed that the treatments
with BMFE300 mg/kg and WMFE300 mg/kg had the lowest ratios of total cholesterol to HDL -
¢ and LDL-c to HDL-c compared with the HFD group. Additionally, compared with the
positive control group (HFD), the same treatment showed the highest total cholesterol-to-LDL-
c ratio. Our results agree that when comparing the mulberry fruit ethanol extract (MBEE)-
treated groups to the high-fat diet group (HFD group, significant reductions in the cholesterol,
LDL-C, and TC/HDL-C ratio were observed, particularly for the group that received 150
mg/kg/day (LMB) of MBEE. Nevertheless, the LMB group showed greater effects on LDL-C
and TC/HDL-C than the high-dose HMB group [59].
https://nanobioletters.com/ 10 of 21
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Table 4. Atherogenic indices of Hyperlipidemic Rats Fed on BMLE, BMFE, WMLE, and WMFE.

Parameters groups TC/HDL Ratio TC/LDL ratio LDL/HDL ratio
Negative (- V) 2.19+0.21 2.66+0.68 0.82+0.09
Positive (+V) 5.33+£1.04 1.61+0.37 3.32+0.98

BMLE150mg/kg 3.37+0.98 1.96+0.81 1.72+0.57
BMLE300mg/kg 2.66+0.85 2.22+0.76 1.20+0.61
WMLE150mg/kg 4.36+1.01 1.71+0.38 2.54+0.52
WMLE300mg/kg 3.15+0.96 2.04+£0.94 1.55+0.57
BMFE150mg/kg 2.76+0.99 2.19+0.87 1.26+0.38
BMFE300mg/kg 2.32+0.87 2.52+0.59 0.92+0.08
WMFE150mg/kg 3.05+0.93 2.06+0.81 1.48+0.36
WMFE300mg/kg 2.52+0.87 2.32+0.76 1.09+0.53

Data are expressed as the Mean£SE of six experimental rats. A P-value less than 0.05 was considered
statistically significant. The parameters of the Negative and treatment groups were compared with those of the
positive groups. *(P<0.05) significant change, **(P<0.01) high significant change; ***(P<0.001) very high
significant change.

Using the LDL-c/HDL-c ratio rather than the non-HDL-c/LDL-c ratio did not reveal
an association [68]. There is increasing evidence that HDL-C's functional characteristics, rather
than its levels in the blood, may be more significant in predicting coronary heart disease risk
[69].

Contemporary studies have shown that elevated HDL-c does not necessarily reduce the
risk of CHD [68]. According to the Framingham study, about 40% of coronary heart disease
(CHD) events occurred in persons with normal or raised HDL levels [70]. Additionally, very
high HDL-C levels have been shown to be unrelated to the risk of vascular events [71].
According to the data, there may be a clinical benefit to enhancing HDL-C function rather than
raising its levels [72]. While a decreased LDL-c/HDL-c ratio, achieved with pharmacological
interventions, may be associated with coronary plaque regression, a high LDL-c/HDL-c ratio
is associated with coronary plaque development [68]. Certain researchers have suggested that
individuals with abnormal cholesterol levels and a high LDL-c/HDL-c ratio should start
treatment [73]. An index of the LDL-c/HDL-c ratio and alterations in coronary plaque volume
showed a positive linear relationship, according to a pooled analysis of four prospective
randomized trials [74].

In addition, a high LDL-c/HDL-c ratio predicts the presence of coronary lipid-rich
plaques and plaque vulnerability, which increases the risk of sudden cardiac death (SCD)
[75,76]. It is thought that the primary route for the development of coronary thrombosis, which
ultimately results in acute myocardial infarction (MI) and SCD, is the rupture of high-risk
susceptible plaques [77]. Coronary heart disease (CHD) is the most common pathology
underlying SCD [78,79]. Nevertheless, a study found that when the analysis was limited to men
without a history of CHD, the correlation between the LDL-c/HDL-c ratio and the risk of SCD
persisted [68] (pp. 9). The same outcome demonstrates a clear, independent association
between the LDL-c/HDL-c ratio and SCD risk, with possible clinical implications. Patients'
CVD risk is already predicted in clinical practice using assays for these lipoproteins. Lowered
plasma cholesterol, LDL-C, TC/HDL-C, and hepatic TG could be protected against MBEE,
which also lowers hepatic TG and aberrant lipid metabolism brought on by a high-fat diet [59].
According to a study, MLE and MLPE can effectively suppress the proliferation and migration
of aortic VSMCs, enhance vascular endothelial function, and lower atheroma load, all of which
can prevent atherosclerosis in addition to their hypolipidemic effects [61]. Moreover, it was
found that mulberry polysaccharide effectively decreases the atherogenic index and increase
high-density lipoprotein (HDL) levels in serum [60]. Suggested that different kinds of
mulberry fruit are useful for hypercholesterolemic patients [80]. Because mulberry fruits have
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antioxidant and anti-hyperlipidemic properties that prevent LDL oxidation, eating them may
lower the risk of atherosclerosis [81].

One of the main risk factors for Cardiovascular disease (CVD) is hyperlipidemia [82].
One of the leading causes of death worldwide, CVD accounts for around 17 million deaths
annually. This includes deaths from coronary heart disease and stroke [83,84]. In the future,
CVD will still account for the greatest portion of mortality worldwide [85].

3.5. Antioxidant markers.

Table (5) the effect of BMLE, BMFE, WMLE, and WMFE on serum levels of the
antioxidant markers {glutathione (GSH), malondialdehyde (MDA), superoxide dismutase
(SOD), catalase activities (CAT)} of hypercholesterolemic rats. Levels of the antioxidant
markers (GSH, SOD, and CAT) have significantly decreased (P<0.001) in the Positive (+V)
group, while MDA has significantly increased (P<0.01) compared to the Negative(-V) control
(65.7£1.16 and 98.8+3.02nmol/ml), respectively. On the other hand, treatment of
hypercholesterolemic rats with orally administered BMFE 300kg caused a significant increase
(P<0.05) in GSH, SOD, and CAT compared with the positive control group. Furthermore, the
treatment showed significant decreases (P<0.001) in MDA in the same group, compared with
the hypercholesterolemic group (68.8+0.39 and 98.8+3.02 nmol/g, respectively).

Nevertheless, significant decreases were recorded in the levels of (antioxidant
parameters) in treatment groups (BMFE300mg/kg (P<0.001), WMFE300mg/kg (P<0.01),
BMLE300mg/kg (P<0.05), and WMLE300mg/kg (P<0.001) respectively) as compared to the
non-treatment group of Hypercholesterolemic rats. According to our findings, injecting 150
and 300 mg/kg of BMLE, BMFE, WMLE, and WMFE extracts enhances antioxidant markers
in rats with high cholesterol. When compared to the control (+) group, the rats in the BMFE300
mg/kg group received improved treatment. Our findings supported the study's main objective
of differentiating the biological effects of BMLE, BMFE, WMLE, and WMFE extracts on
hypercholesterolemic rats with elevated MDA levels. We also found that extracts improve
antioxidant marker outcomes.

Table 5. Effect of BMLE, BMFE, WMLE, WMFE on serum antioxidant, glutathione (GSH), Malondialdehyde
(MDA), superoxide dismutase (SOD), catalase activities (CAT) of Hypercholesterolemic rats.

Parameters groups MDA (nmol/ml) CAT (ng/ml) SOD (ul/ml) GSH (ng/ml)
Negative(-ve) 9.26+0.035*** 28.85+0.049* 2.89+0.0135*** 13.37+0.017**
Positive(+ve) 15.36+0.032 13.75+0.036 1.33+0.022 7.44+0.030

BMLE150mg/kg 13.43+0.029** 17.31+0.239** 1.60+0.015** 9.66+0.043*

BMLE300mg/kg 10.78+0.020* 25.60+0.055*** 2.31+0.029* 12.39+0.016**
WMLE150mg/kg 14.88+0.024** 14.38+0.055** 1.42+0.017** 7.78+0.019***
WMLE300mg/kg 12.80+0.007** 16.79+0.538** 1.73+0.026** 10.22+0.028*
BMFE150mg/kg 11.28+0.012* 23.7840.043*** 2.03+0.008* 11.90+0.020*
BMFE300mg/kg 9.70+0.017*** 28.39+0.033* 2.69+0.035*** 13.05+0.015**
WMFE150mg/kg 12.28+0.025** 21.15+0.157*** 1.82+0.027** 10.83+0.003**
WMFE150mg/kg 10.19+0.007* 27.81+0.069* 2.47+0.013* 12.77+0.020**

Data are expressed as the Mean+SE of six experimental rats. A P-value less than 0.05 was considered
statistically significant. The parameters of the Negative and treatment groups were compared to the positive
groups. *(P<0.05) significant change, **(P<0.01) high significant change; ***(P<0.001) very high significant

change.

The results revealed a noteworthy increase in blood MDA levels and an overall

reduction in enzyme activity (GSH, SOD, and CAT) compared with the uninfected group
consuming a basic diet. Rats were assigned to groups BMLE, BMFE, WMLE, and WMFE,
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and doses of 150 and 300 mg/kg were administered. Furthermore, the results showed that rats
administered BMFE at 300 mg/kg demonstrated a marked enhancement in oxidative stress
markers.

Our results agree with those reported by others, who found that the presence of
anthocyanins in mulberry fruits might act as antioxidants, reducing exercise-induced oxidative
stress and physical fatigue. Regarding the changes in antioxidant activities during lactic
fermentation, it is noteworthy that the antioxidant activities of mulberry at any stage of
fermentation were higher in mulberry fruits (MF) than those in mulberry leaves (ML) [86].
Since antioxidant activity has been regarded as a beneficial indicator of fruit products, it has a
positive effect on the treatment of consumption [87,88].

Another study examined the protective effect of mulberry fruit (MF) extract against
ethyl carbamate (EC)-induced cytotoxicity in human hepatoma (HepG2) cells [86] (pp. 11).
Reported no reduction in cell viability with the treatments of MF extract (0.5 mg/mL, 1.0
mg/mL, and 2.0 mg/mL) [13] (pp. 2). Therefore, it is suggested that MF can be used to protect
against EC-induced cytotoxicity and oxidative stress. Also, in a study investigating the effect
of MF consumption on anti-fatigue activity in mice using a weight-loaded swimming test, it
was reported that mice fed mulberry juice purification or mulberry marc purification had
increased endurance capacity compared to the control group [89]. The same authors suggested
that the presence of anthocyanins in MF might act as antioxidants, reducing physical fatigue
and exercise-induced oxidative stress. Therefore, a relationship between the polysaccharides
found in three fractions of black mulberry fruit and their ability to prevent parasitic and
lipotoxic damage (BP1) [90]. One of three polysaccharide fractions had a significant impact on
cell viability and survival. Additionally, BP1 treatment demonstrated a remarkable ability to
reduce reactive oxygen species accumulation in HepG2 cells, a major cause of plasmatic acid-
induced lipotoxicity. Furthermore, BP1 treatment increased the levels of antioxidant enzymes,
such as glutathione peroxidase and catalase, which are essential for maintaining a balanced
level of oxidative stress.

Data from animal studies indicate that when an HFD is administered, inflammation is
more likely to occur [91]. Importantly, several studies have reported negative effects of HFD
on the expression of certain genes in the hypothalamus [92]. In particular, an HFD led to an
upregulation of genes such as toll-like receptor 4 (TLR4), Cd68, NF-xB, Emrl, IL-6,
indoleamine 2,3-dioxygenase (IDO), interferon-gamma (IFN-y), and TNF-a in rodents,
suggesting that these changes were connected to diet-induced changes rather than obesity. In
line with this, human studies also showed an association between HFD and mild cognitive
impairment or dementia, Alzheimer’s disease. These associations may be partially explained
by the type or composition of dietary fatty acids, which may affect cognitive performance [91].

An important factor in the development of many diseases is oxidative stress [93]. The
body constantly produces reactive nitrogen species (RNS) and reactive oxygen species (ROS)
through oxidative metabolism and mitochondrial bioenergetics [94]. There is strong evidence
that excessive ROS production damages macromolecules, including DNA, proteins, and
membrane lipids, over time through oxidative damage [95], leading to neuronal death and
affecting the lifespan of several organ systems [96]. Excessive dietary fat intake leads to
obesity, which in turn causes white adipose tissue to form, secreting proinflammatory factors
and creating a chronic state of inflammation [97]. A prior study showed that proinflammatory
cytokines and nuclear factor kappa B (NF-kB) are the primary mediators of increased ROS
production by activated immune cells [90].
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Mulberry extracts or components, especially flavonoids such as quercetin, rutin, and
isoquercitrin, scavenge free radicals and have potential against oxidative stress. The presence
of prenylated flavonoids further strengthened its antioxidant claims; all parts of M. alba are of
great therapeutic worth, and their main mechanism of action involves their antioxidant
activities [52]. Finally, it was shown that mulberry fruit polysaccharides exerted a
concentration-dependent effect on body weight gain in rats. Mulberry can currently enhance
the antioxidant levels in the blood and liver while lowering lipid peroxidation [60] (pp. 8).

3.6. Histopathological examination of the liver.

Light microscopic examination (H and E X 400) of liver sections of rats from the
negative control group revealed normal histoarchitecture of the hepatic lobule (Photo 1).

Figure 1. Histopathological examination of the liver from Photo 1 to Photo 10.
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In contrast, the liver of rats from the positive control group exhibited histopathological
damage characterized by hepatocellular steatosis and Kupffer cell activation (Photo 2).
However, the liver of a rat that received BMLE 150 mg/kg showed Kupffer cell activation
(Photo 3). Meanwhile, the liver of a rat that received BMLE 300 mg/kg showed Kupffer cell
activation (Photo 4). Furthermore, hepatic tissue from rats treated with WMLE150mg/kg
showed small cytoplasmic vacuoles in some hepatocytes (Photo 5). Likewise, the liver of a rat
that received WMLE300mg/kg exhibited slight Kupffer cell activation (Photo 6). Examined
sections from group rats that received BMFE150mg/kg revealed vacuolization of some
hepatocytes and the presence of a few inflammatory cells in the hepatic sinusoids (Photo 7).

On the other hand, some examined sections from group rats that received
BMFE300mg/kg exhibited apparent normal hepatic parenchyma (Photo 8). Meanwhile, the
liver of group rats that received WMFE150mg/kg revealed hepatocellular vacuolization (Photo
9). Likewise, some hepatic sections of rats that received WMFE300mg/kg exhibited no
histopathological alterations (Photo 10). According to [98], liver histological examinations in
the HF group revealed both macro- and microvesicular steatosis, while liver fat deposition was
decreased in the MLE and MFE groups. In contrast, Treatments with MLE and MFE
significantly reduced adipocyte size and the number of immature adipocytes, as shown in
Figure 1.

4. Conclusions

The current study investigated the favorable effects of mulberry fruit and leaf extracts
on the serum lipid profile and oxidative abnormalities in rats fed a high-cholesterol diet for 6
weeks. Treated rats with oral injections of BMFE and WMFE once daily at 300 mg/kg showed
significant decreases in serum TC, TG, and LDL-C levels, and effectively reduced the
atherogenic index. Our results suggest that treatments with BMFE and WMFE successfully
inhibited adipocyte hypertrophy and fatty liver and reduced oxidative stress. This study offers
valuable insights into the development of effective treatments for hypercholesterolemia within
the scientific community.
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