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Abstract

demic potential of papaya leaves (Carica papaya Linn.).

leaves for its' beneficial therapeutic effects.

Background: Papaya (Carica papaya Linn.) is well known for its nutritional as well as medicinal value. Different

parts of the plant including leaves have been used as therapeutic remedies for various diseases. The objective of the
present study is to determine the impact of different extraction methods; microwave-assisted, ultrasonic-assisted and
conventional maceration on extract yield, polyphenols, flavonoids composition and subsequently, the anti-hyperlipi-

Results: Innovative extraction methods represented in microwave assisted extraction (MAE) and ultrasonic assisted
extraction (UAE) have significant impact on the extract yield and total phenolic and flavonoids content than conven-
tional maceration extraction (CME) of the prepared aqueous ethanol extracts. HPLC assay showed the highest content
of bioactive polyphenols characterized extract from the MAE (29.99 mg/qg), followed by UAE (24.75 mg/g) and the
lowest content was that obtained from CME. The aqueous ethanol extract of the leaves obtained by MAE induced
significant hypolipidemic activity (P <0.05) in hyperlipidemic rats particularly, the oral treatment with 200 mg/kg b.wt.
which retained the lipid profile to be compatible to the results of rats receiving simvastatin (0.18 mg/kg b.w.).

Conclusion: The results substantiate traditional usage and recommend the potential utilization of Carica papaya

Keywords: Anti-hyperlipidemic, Carica papaya leaves, Innovative extraction methods, Polyphenols

Background

Researchers are currently looking around plants and
plant based health-promoting compounds to be used in
food for prevention of various human diseases. Over-
all, approximately 80% population of the developing
world depends directly on plant sources for the primary
health care (Tripathi and Tripathi 2003). These natural
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compounds have shown many advantages over synthetic
drugs, being available, less cost and with negligible side
effects (Wang et al. 2007).

Papaya (Carica papaya) is a tropical tree belongs to
family Caricaceae, native to South America but now
widely cultivated in tropical regions of the world. It is a
nutritionally abundant source of vitamins A, B, C and
E, also a fair source of minerals as calcium and potas-
sium (Wall 2006). It contains digestive enzymes, cyano-
genic glucosides, flavonoids, saponins and glucosinolates
(Nugroho et al. 2017). These compounds can enhance
the antioxidant potential in the blood and decrease lipid
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peroxidation level, hence, papaya has many therapeutic
properties including, anticancer, anti-inflammatory, anti-
bacterial and hypoglycemic effect (Aravind et al. 2013;
Rahmani and Aldebasi 2016).

Modern extraction methods have been gaining popu-
larity, among which, ultrasonic extraction, microwave
extraction methods that may help in retaining high qual-
ity of bioactive compounds in relatively considerable
amounts, while optimizing parameters significant in eco-
nomic terms. These methods besides reducing extraction
time, largely enable minimizing the amount of solvent
used (AbdelMohsen et al. 2014; Saleh et al. 2016).

Papaya is cultivated in Egypt and successfully growing
but still in restricted areas. The objective of the present
study is to determine the potential of anti-hyperlipi-
demic properties of Carica papaya leaves on experimen-
tal animals and impact of different extraction methods;
microwave-assisted, ultrasonic-assisted and conventional
maceration, on extract yield, polyphenols and flavonoids
total contents and composition, being comparatively
evaluated by HPLC analysis.

Methods

Plant material

Fresh leaves of Carica papaya Linn. were collected in
November-2018 from the plant cultivated in Al-Aziziyah
Gardens Resort, Cairo Alexandria Desert Road, kilo 63,
Giza under the supervision of Dr. Kamal Zayed, profes-
sor of Ecology, Faculty of science, Cairo University (com-
plying with national guidelines). The collected leaves
were dried in an air oven at 30 °C, then grounded using
an electric mill into coarse powder and kept in tightly-
closed containers. A voucher specimen was kept at the
NRC herbarium (No. 3237).

Extraction

Conventional maceration extraction

This extraction (CME) was performed at room temper-
ature by mixing 50 g of powdered Carica papaya dried
leaves with 80% aqueous ethanol (200 ml x 3) in a sealed
conical flask.

Ultrasonic-assisted extraction

Powdered Carica papaya dried leaves (50 g) and 200 ml
80% aqueous ethanol were mixed in a sealed 250 mL
Erlenmeyer flask [~ 8 cm bottom diameter] and sub-
jected to indirect sonication (Vinatoru 2001) by immers-
ing the flask in an ultrasonic bath [Sonomatic 375TT
40 kHz system, power =200 W, model: S0375T, Langford
Electronics Ltd., Coventry, UK] for UAE. The conical
flask was kept below the water level &~ 4 cm from the bot-
tom of the flask, exactly over the ultrasonic transducer
with the temperature maintained constant [25 °C+5 °C]
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by using ice directly into the bath [keeping the level of
water constant in the bath]. The temperature was moni-
tored during extraction using a thermocouple.

Microwave-assisted extraction

Powdered Carica papaya dried leaves (50 g) were
extracted by 200 ml 80% aqueous ethanol using a mono-
mode focused microwave apparatus (MAE), with a
closed-vessel system (CEM Corporation, Matthews,
NC, USA; model MARS 240/50, No. 907511, frequency
2450 MHz) to provide continuous non-pulse heating
on a single cavity where the sample was placed. Extrac-
tion temperature was set at 60 °C and extraction time for
20 min with a radiation output at 800 W power (Saleh
et al. 2017). After the extraction time had elapsed, the
vessel was allowed to cool at room temperature, and the
extract was filtered.

General procedures for post-extraction processing

After each extraction using all of the above methods, the
extracts were filtered through a Fisher brand filter paper
(QL100, 150 mm) and then the supernatant was evapo-
rated to dryness under reduced pressure at 45 °C and
stored at 18 °C for subsequent total phenolic, total flavo-
noid and HPLC analysis.

Determination of total phenolic content

Determination of total phenolic content (TPC) was
according to the Folin—Ciocalteu method (Singleton et al.
1999). An aliquot (150 pl) of 100 pg/ml of each extract
was separately added to 0.5 ml of distilled water and
125 ul of the Folin-Ciocalteu reagent. The mixture was
shaken and allowed to stand for 6 min, then 1.25 ml of
Na,CO; (7%) was added. The solution was adjusted with
distilled water to reach a volume of 3 ml, well mixed,
and then held in darkness for 90 min at ambient tem-
perature. After which, the absorbance was measured at
760 nm. The TPC was determined in triplicate. A calibra-
tion curve was obtained using gallic acid (Sigma—Aldrich
Chemicals Co., St. Louis, MO, USA) as a standard (from
50 to 250 mg/L). The results (mean of triplicates) were
expressed as gallic acid equivalents mg/g of dry plant
weight.

Determination of total flavonoid content

The total flavonoid content (TFC) was determined
according to a colorimetric assay (Chang et al. 2002)
based on the formation of a flavonoid—aluminium com-
plex which has the absorptivity maximum at 510 nm, and
using quercetin (Sigma—Aldrich Chemicals Co., St. Louis,
MO, USA) as a standard for a calibration curve. 1 ml of
diluted sample (each extract, separately) was mixed with
1 ml of 2% aluminum chloride methanolic solution. After
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incubation at room temperature for 15 min, absorbance
was measured. Results were taken in triplicate (the mean
was used) and expressed as quercetin equivalents mg/g of
dry plant weight.

Quantification of phenolic compounds by HPLC analysis
Serial dilutions of phenolic acid and flavonoid stand-
ards (Sigma-Aldrich Chemicals Co., St. Louis, Mo, USA)
were prepared from methanol solution (HPLC grade,
Merck, Germany) by double-distilled water and quanti-
fied. Then, standard calibration curves were established
by injecting various standard concentrations the system.
Analyses were developed by HPLC system (Agilent Tech-
nologies, Waldbronn, Germany, modular model 1200
series instrument), equipped with Eclipse DBC,4 column
(5 pm, 4.6 x 250 mm i.d.) according to Neo et al. (2010).
For isocratic elution, acidified water and acetonitrile in
the ratio of 90:10 (v/v) was used as a mobile phase at a
flow rate of 1 ml/min. A diode array detector (DAD) at
280 and 320 nm was used. Injection volume was 20 pL
for all samples. Phenolic compounds identification was
based on retention time signals acquired and processed
using a Chemstation soft-ware and compared to those
of standards. Quantitation in each gram of sample was
carried out using external standard method. The con-
centration of each of the phenolics was calculated using
peak area and the calibration curves obtained from the
phenolics standard solutions. Concentration of each phe-
nolic compound was expressed as milligrams / gram of
dry plant weight (mg/g). HPLC analysis for the determi-
nation of flavonols was carried out using 5% acetic acid
and acetonitrile in a gradient elution mode and column
temperature of 30 °C. Phytochemical analysis procedure
is shown in Fig. 1.

Evaluation of anti-hyperlipidemic activity

Animals

Forty albino male rats of Sprauge Dawely strain of 130—
150 g b.wt. were obtained from the Animal House of the
Horticulture Research Institute. The rats were acclima-
tized to conventional laboratory conditions, at room tem-
perature (20-25 °C) having free access to food and water.
The procedure in this study was subjected to the scrutiny
of the NRC (FWA 00014747) Animal Ethics Committee
and was approved before beginning of the experiment
(certificate no. 19087).

Determination of LD, of the extract

For acute oral toxicity study and LD, determination,
Karber procedure (Karber 1931) was applied and the
Organization for Economic Co-operation and Develop-
ment (OECD 2000 guideline 425) was followed.
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Powdered Carica papaya dry leaves

Innovative extraction methods
(50 g /200 ml 80 % aqueous
methanol)

Conventional maceration Ultrasonic-assisted Microwave-assisted
extraction (CME) extraction (UAE) extraction (MAE)

I
- Yield (%).
- TPC (Total phenolic content).
- TFC (Total flavonoid content).
- HPLC (Total phenolic compounds).

Fig. 1 Schematic presentation of phytochemical analysis of Carica
papaya dry leaves extracts

Experimental design

The selected animals were grouped randomly into five
groups (n=38). To first group (negative control group)
only tap water was administered with standard diet,
whereas the other groups received hyperlipidemic
diet (high cholesterol 1%), by adding cholesterol pow-
der, 0.2% cholic acid, 10% fat to the rat’s chow daily
for 8 weeks before starting treatment and continued
for experiment duration, animals were weighed. Upon
starting the experiment, the second group (positive
hyperlipidemic group) received daily oral dose of 1 ml
drinking water. The third and fourth groups (hyper-
lipidemic) received daily dose of 100 and 200 mg/
kg, respectively of 80% total ethanol extract of Carica
papaya leaves obtained by microwave assisted extrac-
tion (MAE) showing the highest phenolic content. The
fifth group (hyperlipidemic) is considered the refer-
ence group, whereas the rats received simvastatin drug
(0.18 mg/kg b. w.) dissolved in drinking water daily.
After overnight fasting, animals were weighed again
and anesthetized with diethyl ether (by exposing to
ether on a cotton ball 1.9% /L of container volume, in
a small closed chamber for 2-5 min) (Goodies et al.
2015). Dead animals were incinerated in the National
Research Centre incinerator. Blood samples were
drawn from retro-orbital plexus before starting treat-
ment (zero), and then after 4 and 8 weeks of treatment.
Serum was separated by centrifugation. Biochemical
parameters including serum total cholesterol (Allain
et al. 1974), serum triglyceride (Bucolo and David
1973), serum LDL cholesterol (Muniz and Bastida
2008) and serum HDL cholesterol (Burstein et al. 1970)
were estimated. Then, atherogenic index (AI, LDL-
cholesterol/HDL-cholesterol) was calculated (Beyegue
et al. 2012). A schematic presentation of the in vivo
experiment is given in Fig. 2 (see Additional file 1).
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40 Albino male rats divided into
five groups (n = 8 ) for 8 weeks

Negative control group Four groups (hyperlipidimic
(standard diet) diet)

Animals weighed.
Start of experiment (Zero time). Blood
samples for biochemical parameters

Positive hyperlipidimic group

el 1p1d | | | Third group (receiving papaya
(receiving drinking water) |

extract 100 mg/kg)

Reference group (receiving
Simvastatin 0.18 mg/kg b.w.)

Fourth group (receiving papaya | | |
extract 200 mg/kg)

Blood samples after 4 and 8 weeks to estimate
biochemical parameters:
Cholesterol, Triglycerides, LDLc, HDLc and AT

Fig. 2 Schematic presentation of the in vivo experiment for
microwave-assisted extract

Statistical analysis

All data are expressed as mean=+S.E. One-way analysis
of variance (ANOVA) was performed among groups, fol-
lowed by Duncan’s Post Hoc test to assess the significant
difference between treatments. ‘P’ value less than 0.05
was considered as statistically significant.

Results

Extraction yield, total phenolic and total flavonoid content
of extracts

Microwave-assisted extraction (MAE) produced the
highest extract yield, total phenolic and flavonoid con-
tents (16.90%, 44.46 mg GAE/g DW and 14.40 mg QE/g
DW, respectively), ultrasonic-assisted extraction (UAE)
gave (16.80%, 43.46 mg GAE/g DW and 13.40 mg QE/g
DW, respectively) and conventional maceration extrac-
tion (CME) showed the lowest parameters (15.66%,
43.33 mg GAE/g DW and 13.28 mg QE/g respectively) as
presented in Table 1, showing the impact of the extrac-
tion method on the phenolic compounds content in the
extracts obtained.

HPLC analysis

The content of polyphenolic compounds and phenolic
acids depended on the applied extraction method
(Table 2). The highest content of phenolic compounds
was characterized by MAE (29.99 mg/g), the HPLC
chromatogram is given in Fig. 3, followed by UAE
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Table 1 Extraction yield, total phenolic and flavonoid contents
of applied extraction methods of Carica papaya leaves

Parameter Extraction method
50 g Carica papaya
Conventional Ultrasonic- Microwave-
maceration Assisted assisted
(CME) extraction extraction
(UAE) (MAE)
Yield % 15.66% 16.80% 16.90%
Total phenolic 4333+£3.50 43464361 44464411
content
(mg GAE/g DW)
Total flavonoid 13.284+2.10 13.4041.90 14404322
content
(mg QE/g DW)

GAE gallic acid equivalent, QE quercetin equivalent
Results are mean values of three readings + standard deviation

(24.75 mg/g), and the lowest content of these com-
pounds was found in CME (22.64 mg/g). The most
abundant phenolic acid extracted was gallic acid (3.37—
4.06 mg/g) followed by caffeic acid (3.03-3.88), notice
that, ferulic acid was identified only in UAE and MAE
(0.75 and 0.89 mg/g respectively). The most abundant
flavonoid was rutin (3.65-4.4 mg/g). In addition, high

Table 2 HPLC analysis of phenolic compounds in Carica papaya
leaves (80% ethanol extracts)

Compound (mg/g) CME UAE MAE

Gallic acid 337+167 3274£155 406+£124
Chlorogenic acid 211£0.12 220£0.15 2214+0.16
Catechin 1.10£0.05 216+£0.13 251+£026
Methylgallate 0.42+0.04 0.39+£0.02 0.47+£0.05
Caffeic acid 3.03£1.06 3534+1.66 388+1.76
Syringic acid 3004298 3074+£188  333+£235
Pyro catechol 097+0.14 1.021+0.01 1.10+£0.06
Rutin 3.65+197 3704£205 440+238
Ellagic acid 0.58+£0.08 0.69+0.10 0.74+£0.20
p-Coumaric acid 0.0540.65 0.094+0.87 0.11+1.01
Vanillic acid 1.30£0.06 145+£008 1584101
Ferulic acid 0.00 0.754£0.30 0.89+0.50
Naringenin 223£032 1.09+£003 2334035
Taxifolin 0.1940.05 041+0.50 04240.05
Cinnamic acid 0.0440.55 0.0640.56 0.0540.55
Kaempferol 0.11+0.34 0.19+0.54 0.50+0.80
Quercetin 0.15+0.36 0.1840.55 04340.76
Apigenin 0.14+0.22 0.18+0.55 0.54+0.77
Luteolin 0.20+0.54 032+0.34 044+0.67
Total phenolic compounds ~ 22.644+234 24754367 29.994+4.09

Results are mean values of three readings + standard deviation
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Fig. 3 HPLC chromatogram of phenolic compounds in 80% ethanol extract of Carica papaya L. leaves extracted by microwave extraction method

contents of catechin, naringenin, chlorogenic and
syringic acids have been identified in the extracts.

Determination of LD, of the extract

Administration of dose (500 mg/kg, b.w.) of MAE leaves
extract did not produce any mortality. All animals were
alive, healthy, and active during the observation period
of experiment (14 days). AOT 425 software was used to
apply higher doses for LD, determinations as per the
OECD guidelines. The computer program suggested
doses up to 2000 mg/kg. Results indicate that the doses
up to 2000 mg/kg were nonlethal. All the animals were
found to be alive and healthy after the administra-
tion of highest dose. The computer program showed
LD.,>2000 mg/kg.

Anti-hyperlipidemic activity

The results of feeding hyperlipidemic diet on experimen-
tal rats after 8 weeks are shown in Table 3. It showed a
significant increase in weight of rats fed on hyperlipi-
demic diet compared to rats fed on standard diet after
4 weeks and 8 weeks.

Drastic increase in the lipid profile was observed in the
rats fed on hyperlipidemic diet. There was a significant
increase in cholesterol, triglycerides and LDL, in hyper-
lipidemic rats (P<0.01), and the level of HDL,_ was signif-
icantly decreased (P<0.01) when compared to standard
fed rats (Table 4), consequently, elevated atherogenic

Table 3 Effect of feeding hyperlipidemic diet on experimental
rats after 4 and 8 weeks

Time Weight
Standard diet Hyperlipidemic diet
(negative gp) (average of four gps)
Zero time 13260+3.70 133.90£3.50
4 weeks 14520+3.40 167.20 £4.60°
8 weeks 164.404+4.20 194.80£5.90°

2 Significantly different from negative gp at P<0.01
All values: Mean +S.E

index (AI) was observed. The effect of ethanolic extract
(MAE) of Carica papaya on serum lipid profiles in the
experimental rats are shown in Table 4. Administration
of 100 and 200 mg/kg per day of the ethanol extract of
Carica papaya showed significant decrease in choles-
terol (P<0.05), triglycerides and LDL, (P<0.01), as com-
pared to hyperlipidemic untreated rats (positive gp).
At the same time, an increase in the level of HDL was
significantly observed (P<0.01). Both 100 and 200 mg/
kg per day of the ethanol extract of Carica papaya treat-
ment showed decrease in atherogenic index, and thus
increased percentage of protection. Notice that, treat-
ment with 200 mg/kg of the extract retained the lipid
profile to be compatible to the results of those (reference
gp) receiving simvastatin (0.18 mg/kg b.w.).
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Table 4 Effect of ethanolic extract (MAE) of Carica papaya on lipid profile in hyperlipidemic rats

Parameter Groups

Experiment duration  Negative Positive Papaya extract Papaya extract Simvastatin
ap ap (100 mg/kg) gp (200 mg/kg) gp (reference gp)

Cholesterol

Zero 91.8+2.1 1623454 168.7£5.1 171.2+£43 1954+36

4 weeks 92.7£23 1842+56° 136.8+£4.3° 1123+£3.8° 128.1+£34°

8 weeks 89.6+1.9 189.4+5.5° 1112+£37° 98.6+24° 94.7+£22°

Triglycerides

Zero 578+15 83.8+2.1 89.2+£25 886+18 863+1.7

4 weeks 592413 92.2434° 76.7 £2.8° 69.1+2.1° 73441.2°

8 weeks 58714 983+£57° 68.3+2.2° 614+19° 581+£13°

LDL¢

Zero 379+£06 1174+£46° 1270443 130.6+£4.9° 1545+6.2

4 weeks 373+04 1412+48° 936+3.2° 512+18° 80.5+24°

8 weeks 358+05 147.0+£3.9° 682+24° 465+£1.9° 417+£1.9°

HDL -

Zero 423409 283106 239403 229408 236+07

4 weeks 436401 246+£03° 282+06 336+1.2° 329+08°

8 weeks 42.1+£08 22.7+£04° 327+04 39.8+1.3° 41641.2°

Al

Zero 0.90 1.60 5.30 5.70 6.60

4 weeks 0.86 570 330 1.50 2.50

8 weeks 0.85 6.50 2.10 1.20 0.96

2 Significantly different from zero time at P<0.01
All values: Mean £ S.E
Al=LDL-/HDL.

Discussion

Recent studies have recommended that consuming high
levels of plant derived foods leads to low incidence rates
of multiple diseases. These findings implicate the protec-
tive role of plant phenolics in increasing the average life
span and promoting human health. Plants consumed by
humans contain thousands of dietary polyphenols, the
intake of which are of great importance to control the
balance between free radicals and antioxidant potential.
Considerably, it is necessary to optimize these raw mate-
rials in order to acknowledge and provide consumers
with functional products having the designed, efficient
action (Bungau et al. 2019).

The conducted study clarified that the method of
extraction of plant material has considerable impact on
the extract yield and content of phenolic and bioactive
compounds which guarantee the biological potential.
Great attention has been devoted to innovative extrac-
tion methods with significant improvements offer-
ing lowered extraction time, environmental risk and
enhanced efficiency. These methods include microwave-
assisted extraction (MAE) and ultrasonic-assisted extrac-
tion (UAE) as alternatives to conventional methods

(Mason et al. 2011). MAE is an extraction technology
that can be used both on a small and large scale in indus-
try for extraction of medicinal plants. It allows bioactive
compounds to be extracted more rapidly, lower costs
and greener features with similar or better yields as com-
pared to conventional extraction methods (Afoakwah
et al. 2012; Dahmoune et al. 2015). Its efficiency depends
on the tremendous amount of intracellular pressure
produced due to microwave radiation, which allows the
energy to be strongly absorbed by the plant matrices,
causing complete rupture to the cell wall, facilitating
the active constituents to be rapidly released from the
ruptured cells into the surrounding solvent (Saleh et al.,
2017). UAE is a useful technique that is used equally well
on either a small or large scale in the phytopharmaceuti-
cal applications thus, moving towards industrial accept-
ance (Wang and Weller 2006). UAE has many advantages,
other than increasing the extraction efficiency, including
shorter extraction time and less solvent consumption.
These advantages are contributed to the mechanical
effect of ultrasonic waves allowing greater penetration
of solvent into plant matrix. When the solvent is ultra-
sonically irradiated acoustic cavitation bubbles occur.
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Bubbles form, grow and suddenly collapse producing tre-
mendous amounts of localized energy. In a system con-
taining solid particles the bubbles collapse releasing high
temperatures and pressures [~5000°K and ~2000 atm]
but also create a high-speed jet which is directed towards
the plant particles, allowing better penetration of solvent.
The jets could also lead to cells pores enlargement acting
like a micro-pump forcing the solvent into the cell, thus
helping to dissolve the compounds and transport them
into the bulk solvent (Briars and Paniwnyk 2013). Our
study lined up that these innovative techniques are effec-
tive. MAE produced the highest extract yield, total phe-
nolic and flavonoid contents (16.90%, 44.46 mg GAE/g
DW and 14.40 mg QE/g DW, respectively), UAE gave
(16.80%, 43.46 mg GAE/g DW and 13.40 mg QE/g DW,
respectively) and CME showed the lowest parameters
(15.66%, 43.33 mg GAE/g DW and 13.28 mg QE/g DV,
respectively).

The leaves of papaya have been shown to contain many
active components that can promote the total antioxidant
power such as saponins, cardiac glycosides, flavonoids,
phenolic acids, ascorbic acid, tocopherol and alkaloids
(Ikeyi et al. 2013; Vyas et al. 2014). In a previous study,
we analyzed the essential minerals, lipid constituents,
isolated carpaine alkaloid and investigated the in-vivo
potential of the leaves aqueous ethanol extract of Carica
papaya as antioxidant and hepatoprotective, and it dem-
onstrated compatible results to references (Abdel-Halim
et al. 2020). Hereby, we investigated the anti-hyperlip-
idemic activity of the leaves aqueous ethanol extract of
Carica papaya obtained by MAE, which relatively con-
tained the highest phenolic and flavonoids contents, the
presence of which could account for the observed biolog-
ical effects (Olagunju et al. 1995). Both 100 and 200 mg/
kg per day of the extract treatment showed significant
hypolipidemic results, decrease in atherogenic index (the
higher of which indicates the higher is the risk of body
organs for oxidative damage) (Mehta et al. 2003) and thus
increased percentage of protection. Notice that, treat-
ment with 200 mg/kg of the extract retained the lipid
profile to be compatible to the results of those (reference
gp) receiving simvastatin (0.18 mg/kg b.w.). Accordingly,
the extract induced significant, steady and progres-
sive hypolipidemia as the dose of the extract increased,
notice that, the relative oral safety dose of the extract is
higher than 2000 mg/kg, thus the extract could be con-
sidered of low toxicity and relatively safe on acute oral
exposure. Previous studies have reported that some phy-
tocomponents, particularly saponins and steroids, elicit
antihyperlipidemic action by inhibiting intestinal lipid
absorption via resin-like action and inhibition of lipase
activity (Adeneye et al. 2010). Beta sitosterol, a phytos-
terol detected in papaya (Abdel-Halim et al. 2020) was
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reported as useful in the treatment of hyperlipidemia
(Bopanna et al., 1997). Thus, the suggested mechanism
for Carica papaya could be attributed to sterols which
decrease the activity of lipid- and carbohydrate-hydrolyz-
ing enzymes in the small intestine, therefore reducing the
conversion of disaccharides and triglycerides into absorb-
able monosaccharides and free fatty acids (Banerjee et al.
2006). Also, papaya juice was reported to reduce total
cholesterol and triglycerides in high-fat diet fed rats by
interfering with their biosynthesis (Banerjee et al. 2006).
Nevertheless, the simultaneous administration of these
extracts lowered lipid levels on one hand and quenched
miscellaneous peroxidation mechanisms on the other
hand thereby, alleviating the free radical and lipid peroxi-
dative pathways very significantly.

Conclusion

In terms of green and environmental chemistry, the influ-
ence of innovative extraction techniques was studied
on the Carica papaya leaves in an approach to obtain
highly phenolic extracts. The present study investi-
gated the influence of Carica papaya leaves extract
as hypolipidemic using the in vivo animal model. The
results revealed that both 100 and 200 mg/kg per day of
the microwave assisted extract restored hyperlipidemic
effects, decreased atherogenic index and retained the
lipid profile to reference levels.

In recent years, the use of therapeutic phytoproducts
has been consistent. Carica papaya is a neutraceutical
plant rich in bioactive phytochemicals which are evi-
dent for its significant anti-hyperlipidemic potential and
may contribute to the prevention and cure of diseases.
Our results encourage wide cultivation, local consump-
tion and application of modern extraction methods.
Further investigation to determine the potential use of
papaya leaves in the functional food industry could be
considered.
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