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ARTICLE INFO ABSTRACT

Keywords: The objective of our study was to evaluate the effect of Physalis peruviana L. fruits in the management of diabetes

Diabetic nephropathy and diabetic nephropathy in relation to its metabolic profile. In-vitro a-amylase, f-glucosidase, and lipase inhi-

:umpha.gy bition activities were assessed for the ethanolic extract (EtOH) and its subfractions. Ethyl acetate (EtOAc)
poptosis

fraction showed the highest a-amylase, p-glucosidase, and lipase inhibition effect. In vivo antihyperglycemic
testing of EtOAc in streptozotocin (STZ)-induced diabetic rats showed that it decreased the blood glucose level,
prevented the reduction in body weight, improved serum indicators of kidney injury (urea, uric acid, creatinine),
and function (albumin and total protein). EtOAc increased autophagic parameters (LC3B, AMPK) and depressed
mTOR contents. Histopathology revealed that EtOAc ameliorated the pathological features and decreased the
glycogen content induced by STZ. The immunohistochemical analysis showed that EtOAc reduced P53 expres-
sion as compared to the STZ-diabetic group. UPLC-ESI-MS/MS metabolite profiling of EtOAc allowed the
identification of several phenolic compounds. Among the isolated compounds, gallic acid, its methylated dimer
and the glycosides of quercetin had promising a-amylase and fg-glucosidase inhibition activity. The results
suggest that the phenolic-rich fraction has a protective effects against diabetic nephropathy presumably via
enhancing autophagy (AMPK/mTOR pathway) and prevention of apoptosis (P53 suppression).

AMPK/mTOR pathway
Golden berry

1. Introduction

Diabetes mellitus (DM) is a metabolic disorder that is featured by
elevated blood sugar due to impaired insulin synthesis or decreased
response to insulin. The high blood sugar leads to polydipsia, polyuria,
and polyphagia [1]. DM is categorized as a chronic disorder with
adverse effects on the metabolism of fats, proteins, and carbohydrates
leading to serious acute or chronic complications [2]. Chronic hyper-
glycemia may affect the functions of kidneys, retina, and/or nerves
leading to nephropathy, retinopathy, and/or neuropathy, respectively

[3]. Disorders in glucose metabolism are one of the main causes of
diabetes. Glucose is obtained from starch and other carbohydrates
through their hydrolysis by a-amylase and glucosidases resulting in
postprandial hyperglycemia [4]. High blood glucose levels cause
glycosylation of nucleic acids, lipids, and proteins which is the main
cause for the appearance of diabetic complications [5]. Prevention of
after-meal absorption of carbohydrates can prevent the postprandial
hyperglycemia. This can be achieved by inhibition of the pancreatic
enzymes such as amylase and lipase together with the intestinal gluco-
sidases. The inhibition of these digestive enzymes will reduce the release
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of glucose and lipids and thus decrease their absorption and their
elevated blood levels [6].

Diabetic neuropathy (DN) is a standout amongst the most compli-
cations of diabetes and it is described by hoisted level of serum creati-
nine, blood urea nitrogen, creatinine leeway, and also kidney
hypertrophy [7]. Hyperglycemia could induce glomerulosclerosis,
speeding the advance of DN. These progressions are an aftereffect of
unusual glucose control, hemodynamic changes inside the kidney, and
excessive oxidative stress [8]. Free radicals assault essential macro-
molecules prompting cell harm and homeostatic disturbance, obviously
prompting the degenerative sicknesses that torment humanity [9]. DN is
portrayed by a progression of renal structure variation from the norm
including cellular layer thickening, mesangial extension, glomerulo-
sclerosis, and tubule interstitial fibrosis [10].

Autophagy is a major catabolic pathway to maintain intracellular
homeostasis leading to degradation, removing, and recycling of
damaged or excess organelles and protein aggregates [11]. Studying
autophagic mechanisms is rapidly advancing and showing that auto-
phagy is involved in the pathogenesis of various diseases [11,12]. It has
been noticed that autophagy has a protective role in several animal
models including those for acute kidney injury [13-15]. The participa-
tion of autophagy in the pathogenesis of DN is arising. Autophagy can be
induced by intracellular stresses such as nutrient-depleted conditions.
The pathways of autophagy involve the mammalian target of rapamycin
(mTOR), oxidized NAD (NAD™) dependent histone deacetylase (Sirt1),
and AMP-activated protein kinase (AMPK). Alteration of these pathways
interferes with the autophagic stress responses, leading to aggravation of
kidney dysfunction and the development of diabetic nephropathy [16].

One of the most successful ways to assess new drugs for controlling
DM is trialing their effect on animals [17]. Administration of sterpto-
zotocin (STZ) is a reliable method for the induction of diabetes in rats
[18]. STZ is a broad-spectrum antibiotic that is toxic to the g-pancreatic
cells which produce insulin [19]. Studies have been implemented to test
the mechanism of action of STZ on the pancreatic cells, it was reported
that STZ is taken by the cell membrane GLUT2 and alkylate DNA which
leads to the eventual death of pancreatic f-cells [20,21]. Moreover,
STZ’s actions on protein alkylation and nitric oxide add to its cytotox-
icity [22], as STZ enters through GLUZ2, its action is not specific to f-cells
and can damage other tissues such as the kidney and liver [23]. STZ is
commonly administered via two routes, intravenous and
intra-peritoneal [24].

In the latest years, much attention has been focused on the biologi-
cally active compounds that are of natural resources. Many plants have
bioactive metabolites for the management of diabetes and associated
complications [25]. Physalis peruviana L. is a tropical plant belonging to
the family Solanaceae, known in English as Golden berry and Cape
gooseberry [26]. It is native to South America and grown in Egypt, India
and New Zealand [27]. P. peruviana fruits have many active constituents
such as vitamin A, E, B, C, E and K as well as minerals, polyunsaturated
fatty acids, and carbohydrates [28]. Furthermore, hydroxyester di-
saccharides [29], withanolides (steroidal lactones) [30,31], as well as
carotenoids [32] were also reported in the fruits. In addition, the fruits
contain phenolic acids such as caffeic, gallic, chlorogenic, ferulic, and
p-coumaric acids as well as flavonoids such as quercetin, rutin, myr-
icetin, kaempferol, catechin, and epicatechin [33].

Golden berry fruits have long been used in folk medicine for the
treatment of diabetes, hepatitis, malaria, dermatitis, asthma, and rheu-
matism [34]. Recent researches have reported that P. peruviana fruit
powder or its methanolic extract in combination with chromium had
antidiabetic and antioxidant activities in rats [35]. Also, the ethanolic
extract of the fruits improved insulin sensitivity and ameliorated hy-
perglycemia in high-fat diet-induced type 2 diabetic rats [36]. More-
over, the ethanolic extract of the fruits showed a protective effect against
acute renal damage in rats [33]. However, the mechanisms of the
antidiabetic activity of P. peruviana fruits in relation to its chemical
profile have not been deeply elucidated. Accordingly, we aimed to
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evaluate the antidiabetic as well as the curative effects of golden berry
fruits against diabetic complications through a bio-guided fractionation
protocol. In addition to the isolation of its major metabolites and eval-
uating their antidiabetic action. The a-amylase, f-glucosidase, and
lipase inhibition activities of the ethanolic extract of the fresh fruits
along with its different sub-fractions, were assesses to select the active
fraction. The active fraction was tested in vivo for its antidiabetic ac-
tivities and studying underlying mechanisms in STZ-induced diabetic
nephropathy in rats. Meanwhile, the chemical constituents of the active
fraction were studied using ultra-high-performance liquid chromatog-
raphy coupled to electrospray ionization- tandem mass spectrometry
(UPLC-ESI-MS/MS) analysis with the isolation of the major detected
metabolites, which were also evaluated for their in vitro a-amylase,
p-glucosidase and lipase inhibition activities.

2. Material and methods
2.1. General

B-NADPH, potato starch, 3,5-dinitrosalicylic acid, p-glucosidase
enzyme, p-nitro phenyl-4-D-glucopyranoside (PNGP), bovine serum al-
bumin (BSA), 1-deoxynojrimycin, DMSO, streptozotocin, quercetin,
pancreatic lipase, 4-nitrophenyl octanoate (NPC), sodium acetate, Tris-
HCl and analytical solvents were purchased from Sigma-Aldrich (St,
Louis, MO). Acarbose was purchased from Bayer Pharmaceuticals Pty,
Ltd. (Wayne, NJ). Orlistat and Gliclazide were obtained from Servier
Canada (Laval, QC, Canada). Diagnostic kits for measuring glucose,
creatinine, urea, uric acid, albumin, and total protein were obtained
from Biodiagnostic, Egypt. LC3II, AMPK, and mTOR were determined
using enzyme-specific immunosorbent assay kits obtained from Glory
Science (Del Rio, Texas, USA). P53 staining was done using a kit pro-
vided by Abcam, UK. High-resolution ESI mass spectra were measured
using an orbitrap-type FT mass spectrometer (Thermo Fisher Scientific,
Bremen, Germany). UV recordings were made on a Shimadzu UV-Vi-
sible-1601 spectrophotometer. NMR spectra were acquired in DMSO-d6
in a Brucker 400 MHz NMR spectrometer, at 400 MHz. Standard pulse
sequence and parameters were used to obtain one-dimensional 1 H and
13C spectra. 'H chemical shifts (5) were measured in ppm, relative to
TMS, and 3C NMR chemical shifts to DMSO-d6 and were converted to
TMS scale by adding 39.5. Paper chromatographic analysis (PC) was
carried out on Whatman No. 1 paper, using solvent systems: (1) H20; (2)
2% HOAC (acetic acid: H50, 98:2); (3) BAW (n-BuOH-HOAc-H20, 4:1:5,
upper layer); (4) B BPW (Benzene-n-BuOH-Pyridine- H20, 1:5:3:3,
upper layer).

2.2. Plant material

The Agricultural Research Center, Giza, Egypt supplied the authors
with the fruits of P. peruviana. Authentication was approved by Prof. Dr.
Wafaa Amer, Department of Botany, Faculty of Science, Cairo Univer-
sity, Giza, Egypt. A voucher specimen (5-7-2015) was deposited at the
herbarium of the Pharmacognosy Department, Faculty of Pharmacy,
Cairo University, Cairo, Egypt.

2.3. Preparation of extracts and fractions

The fresh fruits (2 kg) were homogenized with 70% EtOH (5 L)
overnight, then the solvent was filtered. The extraction was repeated
three times and the combined ethanol extract was dried at 40 °C under
vacuum to yield dark brown amorphous residue (220 g). The ethanolic
residue (100 g) was suspended in distilled water (400 ml) and frac-
tionated by liquid-liquid partitioning with methylene chloride (200 ml x
3 times), ethyl acetate (200 ml x 3 times), and n-butanol saturated with
water (200 x 3 times). The solvent was, in each case, evaporated under
vacuum to obtain 20, 40, and 10 g of MeCl, EtOAc, and BuOH fractions,
respectively.
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2.4. Invitro assays

2.4.1. a-Amylase inhibition assay

Potato starch was dissolved in 20 mmol/L sodium phosphate buffer
with 6.7 mmol/L NaCl at pH 6.9. To prepare the enzyme solution: 25.3
mg of a-amylase (10 U/ml) was added to 100 ml of cold distilled water
with stirring. The final concentration of the extracts under investigation-
dissolved in a buffer- ranged from 1000 to 31.25 pg/ml. Sodium po-
tassium tartrate solution (12.0 g of sodium potassium tartrate tetrahy-
drate in 8.0 ml of 2 M NaOH) was mixed with 96 mmol/L 3,5-
dinitrosalicylic acid solution for the preparation of the colorimetric re-
agent. Then, control and extract were mixed with starch solution and set
to react with a-amylase solution in alkaline medium at 25 °C. The for-
mation of maltose was deduced by the reduction of 3,5-dinitrosalicylic
acid to 3-amino5-nitrosalicylicacid. The positive control used was
acarbose. The reaction was detectable at 540 nm. Percentage of inhi-
bition was calculated by using the following formula: 100- [(Asample/
Acontrol) x 100] [37].

2.4.2. p-Glucosidase inhibition assay

0.1 M sodium acetate buffer (0.1 ml), pH 5.0 and 0.5 ml of 20 mM p-
nitrophenyl p-D-glucopyranoside (PNPG) solution were mixed and
equilibrated at 37 °C for about 5 min, before adding 0.5 ml of the enzyme
solution (#-glucosidase) dissolved in ice-cold 50 mM Tris-HCl buffer pH
7.8, diluted in 10 mM phosphate buffer, pH 7.0 containing 0.2% of BSA
to 0.006-0.022 U/ml. After 15 min incubation at 37 °C, 2.0 ml of
NayCOs solution was added to stop the reaction and the optical density
was measured at 400 nm. The blank was prepared by mixing the reac-
tion mixture with 2.0 ml of NayCOg solution after 15 min-incubation at
37 °C, followed by the addition of the enzyme solution. Percentage of
inhibition was calculated by using the following formula: % Inhibition
= 100‘[(Asample/ Acontro) X 100] [38].

2.4.3. Pancreatic lipase inhibition

The method was applied adopting Conforti and colleagues [39]: An
aqueous solution (1 mg/ml) type II crude porcine pancreatic lipase was
prepared. In addition,5 mmol/L solution of 4-nitrophenyl octanoate
(NPC) in DMSO. The reaction mixture was: 100 pl of 5 mmol/L NPC+ 4
ml of Tris-HCI buffer (pH =8.5) + 100 pl of extract + 100 pl of enzyme
solution. The mixture was incubated at 37 °C for 25 min prior to the
substrate addition. The control used 100 pl DMSO, a blank sample-
without the enzyme- was measured for each extract. The absorbance was
determined at 412 nm. Orlistat at a final concentration of 20 pgm/L was
tested for comparison. Percentage of inhibition was calculated by using
the following formula: %Inhibition = 100-[(Asample/Acontrol) X 100].

2.4.4. Determination of radical scavenging activity (DPPH assay)

The assay is based on reducing DPPH (2,2-diphenyl-1-pycrylhy-
drazyl), a stable radical, with an antioxidant and measuring the absor-
bance at 517 nm [40]. The reaction mixture was as follows: 500 pl of the
tested extracts or isolates+ 375 pl ethanol + 125 pl of a 1 mM freshly
prepared DPPH solution in ethanol. Different concentrations of the test
samples were prepared while the final concentration of DPPH in the
reaction mixture was 0.125 mM. After incubation of the mixture at 37 °C
for 30 min in the dark, the absorbance was measured at 517 nm. Blank
samples contained the same amount of ethanol and DPPH solution. All
experiments were carried out in triplicate. Ascorbic acid was used as a
positive control. Percentage radical scavenging activity of samples was
calculated using the radical scavenging activity: (%) = (Aplank — Asample/
Aplank) x 100.

2.4.5. Oxygen radical absorbance capacity (ORAC assay)

Tested samples were dissolved in phosphate-buffered saline (10 mM,
pH 7.4) and investigated for their antioxidant capacity. The antioxidant
capacity was measured by determining the time course of the fluores-
cence decay of fluorescein, induced by 2,2'-azobis (2-amidinopropane)
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dihydrochloride (AAPH) compared with Trolox, (6-hydroxy-2,5,7,8-
tetra-methylchroman-2-carboxylic acid, used as a positive control [41,
42].

2.4.6. Statistics

The ICsp (concentration necessary for 50% inhibition of enzyme
activity) was calculated by constructing a linear regression curve
showing extracts concentrations (from 75 to 600 pg/ml) for a-amylase,
(from 60 to 600 pg / ml) for f -glucosidase and from (75-120 pg/ml) for
pancreatic lipase on the x-axis and percentage inhibition on the y-axis
[43]. All analysis was done using the SPSS v. 22.0 (IBM, Chicago, USA).
Microsoft Excel 2010 was used for graphs construction.

2.5. In vivo evaluation of the antidiabetic activity

2.5.1. Induction of diabetes

Adult male albino rats (Wistar strain, 200 — 250 g; age, 28-30 weeks)
and male mature albino mice of 20 — 25 g and age, 5-7 weeks were
obtained from the animal house colony of the National Research Center,
Egypt. All experimental procedures were conducted following interna-
tionally accepted principles for laboratory animal use and care and were
approved by the Ethics Committee, Faculty of Pharmacy Cairo Univer-
sity, Cairo, Egypt (Approval no: MP 2164). Acute toxicity studies were
performed on the mice. Different doses of EtOAc fraction up to 2000 mg/
kg were given. Then, the animals were observed for 24 h for mortality
[44].

Diabetes was induced in the rats by a single i.p. dose of STZ (55 mg/
kg) [45]. Rats with serum glucose levels above 250 mg/dl were chosen
and considered diabetic. EtOAc fraction was tested in the diabetic rats at
two dose levels (50 and 100 mg/kg) for two weeks (based on the results
of acute toxicity study). A group of normal rats was kept as a negative
control, while, another group of diabetic rats receiving no treatment was
considered as a positive control. An animal group receiving the standard
antidiabetic gliclazide was also considered. In all cases, each group
consisted of six rats. After the two weeks, the rats were kept for over-
night fasting and the blood samples were collected and left at room
temperature for 30 min. The samples were centrifuged for 20 min at
5000 rpm then the serum was separated and stored at — 80 °C for the
analysis. The samples were analyzed for serum glucose, creatinine, urea,
uric acid, albumin, and total protein using the corresponding diagnostic
kits based on the instructions of the company.

2.5.2. Determination of autophagy-related parameters

Aliquots of the pancreas and kidney of the sacrificed animals were
instantaneously dissected and homogenized in 20% (w/v) ice-cold
phosphate buffer. The homogenate was then centrifuged via a cooling
centrifuge at 1538 g for 5 min and the obtained supernatant was used for
determining pancreatic and renal contents of LC3II, AMPK, and mTOR
using enzyme-specific immunosorbent assay kits per the producer’s in-
structions (MyBioSource, Inc., San Diego, USA).

2.5.3. Histopathology

Aliquots of pancreatic, kidney, and liver tissues of all animals were
cut into specimens. Then fixed in 10% neutral-buffered formalin saline
for 72 h. All the specimens were rinsed in tap water for 30 min and then
dried in ascending ratios of alcohol, cleared in xylene, and fixed in
paraffin. Serial sections of 5 pm thick were cut and stained with hae-
matoxylin and eosin for histopathological investigation or stained by
Periodic Acid Schiff (PAS) for glycogen detection.

2.5.4. Immunohistochemistry for detection of P53 expression
Paraffin-embedded blocks were sectioned at 5 um thickness. The
sections were deparaffinized and rehydrated via a descending series of
alcohol then distilled water, incubated with sodium citrate buffer in a
humidity-heat chamber to retrieve antigen. As for endogenous peroxi-
dase deactivation, this was achieved by hydrogen peroxide also the non-
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specific bindings were blocked with a protein-blocking reagent. The
prepared sections were further incubated with rabbit polyclonal anti-
P53 antibody, then with horseradish peroxidase conjugate, and then
with complement solution. Finally, the reactions were revealed with
3-3’diaminobenzidine and the sections were stained with hematoxylin
as a contrast. Examination of slides was performed by the high magni-
fication power to semi-quantitatively identify focally and completely
stained cells which are defined as positive for the markers.

2.5.5. Immuno-histomorphometric quantitation

Additional histopathological evaluation was achieved via a quanti-
tative morphometric analysis of the pathological alteration. The area of
the tissue showing damaged cells with included nuclei, which were
intensely stained, using P53 immunohistochemical expression as well as
detection of area % of glycogen content using PAS histochemical stain
was detected by a computer-assisted automated image analyzer. A Leica
QWin image processing and analysis system (Cambridge, UK, Image
Analyzer Unit; Pathology Department, National Research Center, Cairo,
Egypt) was used for interactive automatic measurement of the per-
centage of damaged areas on slides stained with hematoxylin and eosin
through examining ten random fields per slide.

2.6. UPLC-ESI-MS/MS analysis

The metabolites of EtOAc were separated on RP High Strength Silica
(HSS) T3 C18 column (100 mm x 2.1 mm containing 1.7 ym diameter
particles, Waters), using a Waters Acquity UPLC system. The mass
spectra were acquired by full scan MS in positive and negative ionization
mode on an Exactive high-resolution Orbitrap-type MS (Thermo Fisher,
Bremen, Germany)[46].

2.7. Isolation of the major compounds

On a Sephadex LH-20 (850 g) column (100 x 7.5 cm, EtOAc fraction
(15 g) was applied and eluted with HyO then HoO/EtOH mixtures in
decreasing ratio, where, eight fractions (I-VIII) were separately ob-
tained, dried in vacuum and subjected to 2D-PC. Compound 1 (35 mg)
was isolated from fraction II (1.13 g, eluted with 10% aq. MeOH), by
purification over 10 g Sephadex LH-20 column using MeOH / H0
mixture for elution. Compound 2 (30 mg) was isolated from fraction II
(850 mg, eluted with 20% aqueous methanol), by fractionation on a
Sephadex LH-20 (15 g) column using 40% aqueous MeOH for elution.
Compounds, 3 (20 mg), 4 (33 mg) and 5 (45 mg) were individually
isolated from fraction IV (900 mg, eluted with 30% aqueous methanol)
by Preparative PC, using n-BuOH saturated with water as a solvent.
Fraction V (658 mg, eluted with 40% aqueous methanol) was applied on
a polyamide column (50 g) and gradient elution with water/MeOH
mixture of decreasing polarities, where, two successive subfractions
were obtained; subfractions i and ii, at 20% and 30% aq. MeOH,
respectively. Purification of subfraction i and ii by preparative PC using
BAW as a solvent system afforded Compounds 6 (26 mg) and 7 (36 mg).

Fraction VIII (590 mg, eluted with 90%) was fractionated over a
polyamide-s6, using a solvent mixture of MeOH: Benzene: HO (60:38:2)
for elution, the individually collected subfractions were separately pu-
rified by crystallization from EtOH, thus yielding pure samples of
compounds, 8 (33 mg), 9 (19 mg) and 10 (46 mg).

Compound 1 (35 mg) was obtained as a non-crystalline amorphous
white powder, with negative ESI-MS: [M-H]": 483.08691 calculated for
Cg0H20014. Compound 2 (30 mg) was obtained as yellowish-white
amorphous powder with negative ESI-MS, [M-H] at m/z of 447.10817
corresponding to the molecular formula C2;H2¢01;. Compound 3 (20
mg) was obtained as a yellowish white amorphous powder with a
negative ESI-MS, [M-H]- at m/z of 463.98956, corresponding to the
molecular formula Cz1H20072. Compound 4 (33 mg) was obtained as
off-white amorphous powder; [M-H] molecular ion in its negative ESI/
MS spectrum, at 169.02152, corresponding C;HgOs. Compound 5 (45
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mg) was obtained as off-white amorphous powder with negative ESI-MS
molecular ion peak [M-H] at 483.08691 corresponding to to the mo-
lecular formula CygH20014, identical with those reported for digalloyl
glucoses. Compound 6 (26 mg) was obtained as yellow powder. It
showed a negative ESI-MS [M-H] at m/z = 301.0354 calculated for the
molecular formula C;5H;007. Compound 7 (36 mg) was obtained as a
yellow amorphous powder. It has a negative ESI-MS analysis ([M-H] at
m/z = 285.0406 with a molecular formula C;5H;006. Compound 8 (33
mg) was separated as yellow amorphous powder, it has a negative ESI-
MS analysis ([M-H] at m/z of 447.00123 calculated for the formula
C21H20011, Compound 9 (19 mg) was isolated as faint yellow needles, it
has a negative ESI-MS analysis ([M-H] at m/z = 301.00627) calculated
as C14HgOg. Compound 10 (46 mg) was obtained as white crystals. It
has an ESI-MS ([M-H]" at m/z = 315.01189), corresponding to the mo-
lecular formula of C;5HgOsg.

2.8. Statistical analysis

Expression of data as the Mean + SE and analysis via one-way
analysis of variance followed by Tukey’s test were done by using SPSS
software (SPSS Inc., Chicago, IL, USA). p-value < 0.05 was considered to
be statistically significant. Statistical analysis was performed with
GraphPad Prism 8 software (GraphPad Software, La Jolla, California,
USA).

3. Results
3.1. The in vitro antidiabetic and antioxidant activities

Both EtOH and its subfractions inhibited the activity of the tested
a-amylase, f-glucosidase, and lipase enzymes (Table 1). EtOAc fraction
showed the highest inhibitory activity where it showed ICs( values of
200.52 + 0.87, 25.19 + 2.65 and 22.52 + 1.43 pg/ml for a-amylase,
p-glucosidase, and lipase, respectively. The activities were comparable
to the tested standard in each case (acarbose 230.85 + 2.45, DNJ 27.72
+ 0.02, and orlistat 28.96 + 6.4 ug/ml, respectively). Meanwhile, the
MeCl and BuOH fractions showed no activity.

The highest antioxidant activity, manifested in DPPH and ORAC
assays, was revealed by the EtOAc fraction with ICsg lower than that of
BuOH and comparable to the standard Torolox (Table 1). Consequently,
the EtOAc fraction was tested for the in vivo antidiabetic activity in STZ-
diabetic rats. The active fraction was also subjected to UPLC-ESI-MS/MS
analysis of the identification of its metabolite as well as the isolation of
the major compounds.

3.2. Acute toxicity study

The results exhibited no mortality after 24 h of oral administration of
EtOAc fraction in rats of both sex at graded doses up to 2 g/kg. 1/40 and
1/20 (50 & 100 mg/kg) of the maximum dose (2 g/kg) were chosen to be
used for the pharmacological investigation throughout the study.

3.3. Invivo antidiabetic activity of the EtOAc fraction in STZ-diabetic rats

3.3.1. Effect on serum glucose

STZ injection-induced hyperglycemia in rats as regards to the
negative control group at p < 0.05 (Fig. 1A). Treatment with EtOAc
fraction (50 and 100 mg/kg) significantly (P < 0.05) decreased the
serum glucose level by 63%, and 37% as compared to the STZ-diabetic
group. Whereas, the ethyl acetate fraction at a dose of 50 mg/kg
showed anti-hyperglycemic effect that was comparable to the standard
gliclazide (P < 0.05). ANOVA output values: DF= 29, F= 191.6.

3.3.2. Effect on body weight
The percentage change of the final body weight (at the end of the
experiment) of each group from its corresponding initial weight (before
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Table 1
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Results of a-amylase, s-glucosidase and pancreatic lipase inhibition activity and the in vitro antioxidant activity of Physalis peruviana fruits.

The tested sample ICs0 (ug/ml)

a-Amylase p-Glucosidase Pancreatic lipase DPPH ORAC
Ethanolic extract 235.0 +£1.21 113.01 + 4.37 145.0 + 2.76 9+ 1.55 8 +0.87
MeCl fraction - - - - -
EtOAc fraction 200.52 + 0.87 25.19 + 2.65 22.52 +1.43 6.41 + 0.57 6.21 + 0.56
BuOH fraction - - - 11+1.4 12 +£1.11
Acarbose 230.85 + 2.45 - - - -
1-Deoxynojrimycin - 27.72 £ 0.02 - - -
Orlistat - - 28.96 + 6.4
Torolox - - - 27 +£1.41
Vitamin C - - 1.83 + 0.41 -

treatment) was evaluated (Fig. 1B). In the negative control group, body
weight at the end of the experiment was increased by about 14% of the
initial body weight. The STZ-treated group showed highest percent
decrease from its corresponding initial body weight (23%). Treatment
with gliclazide, ethyl acetate fraction (50 & 100 mg/kg) decreased body
weight by about 6%,8%, and 6%.

3.3.3. Effect on kidney parameters

Serum urea was significantly (at P < 0.05) elevated by STZ injection
as compared to the negative control group (Fig. 1C). Administration of
EtOAc fraction (50 and 100 mg/kg) induced a significant ((at P < 0.05)
decrease in serum urea level by 43% and 64% as regards to STZ-diabetic
group. These percentages were comparable to the standard gliclazide
which achieved 67% decrease in serum urea level compared to the STZ-
diabetic group. STZ significantly (P < 0.05) increased serum uric acid
level as compared to the negative control group (Fig. 1D). ANOVA
output values: DF= 29, F=107.1.

Treatment of rats with EtOAc fraction (50 and 100 mg/kg) signifi-
cantly (P < 0.05) decreased serum uric acid level by 61% and 49% as
compared to the STZ-diabetic group. The effect of the EtOAc fraction
was superior to that of gliclazide, which showed 35% decrease in serum
uric acid level. ANOVA output values: DF= 29, F= 60.98.

STZ decreased albumin level by about 3 folds relative to the negative
control group at P < 0.05 (Fig. 1E). The EtOAc fraction (50 and 100 mg/
kg) increased serum albumin level by 97% and 86% as regards to STZ-
diabetic group. ANOVA output values: DF = 29, F = 114.4.

The effect was comparable to gliclazide. Additionally, STZ injection
significantly (P < 0.05) decreased the serum total protein as compared
to the negative control group (Fig. 1F). Treatment with EtOAc fraction
(50 and 100 mg/kg) significantly (P < 0.05) increased the serum total
protein level by 35% and 27% compared to the STZ-diabetic group. The
serum level of total protein in all treated groups was not significantly
different from the negative control group and approximated the normal
value. ANOVA output values: DF = 29, F = 50.22.

STZ injection significantly (P < 0.05) increased serum creatinine by
about 4 folds as compared to the negative control group (Fig. 1G).
Treatment with gliclazide and ethyl acetate fraction (50 and 100 mg/kg)
significantly (P < 0.05) decreased serum creatinine level by 45%, 58%,
and 55% as compared to STZ-diabetic group. ANOVA output values:
DF = 29, F = 277.6.

3.3.4. Effect on autophagy-related indictors

Assessment of the autophagy in pancreatic and renal tissues of dia-
betic rats revealed that LC3II was down-regulated in STZ-diabetic group
as regards the negative control group at p < 0.05 (Fig. 2A and B). On the
other hand, it was induced successfully in the groups treated with either
gliclazide or EtOAc as compared to STZ-diabetic group at p < 0.05
(Fig. 2A and B). ANOVA output values: DF= 29, F= 80.94 for pancreatic
LC3II & DF= 29, F= 51.15 for renal LC3IL.

AMPK, which induces autophagy, was significantly (at p < 0.05)
impaired in the diabetic group as compared to the negative control. All
treated groups significantly (P < 0.05) increased AMPK contents in

pancreatic and renal tissues (Fig. 2 C and D). ANOVA output values:
DF= 29, F= 80.18 for pancreatic AMPK & DF= 29, F= 73.14 for renal
AMPK.

Measurement of mTOR, the major inhibitor of autophagy, revealed
that its level was induced in STZ-diabetic group as compared to the
negative control at p < 0.05. mTOR level was significantly (at p < 0.05)
decreased upon treatment with gliclazide and EtOAc fraction in both
pancreatic and renal tissues (Fig. 2E and F). ANOVA output values:
DF= 29, F=91.15 for pancreatic mTOR & DF= 29, F= 121.6 for renal
mTOR.

3.3.5. Histopathological findings

Hematoxylin and eosin-stained sections of the kidney tissue from
the negative control group showed a healthy appearance, with normal
renal architecture formed of malpighian corpuscle which contains the
glomerulus formed of capillary loops separated from Bowman capsule
by Bowman Space, the proximal convoluted tubules lined by simple
cuboidal with microvilli as it begins at the capsule and distal convoluted
tubules (Fig. 3.A). Sections from the positive control group revealed the
total absence of the glomeruli due to complete loss of capillary loops as
well as the proximal and distal tubules disrupted their epithelial lining
with dilated intratubular spaces (Fig. 3.B). The groups which have been
treated with EtOAc fraction showed normal renal architecture appear-
ance, especially in a higher dose (Fig. 3.D). However, hemorrhagic foci
were noticed in the lower dose of EtOAc fraction (Fig. 3.C). All the
previous groups were compared with the reference group that received
gliclazide revealing the normal appearance of renal tissue (Fig. 3.E).

Hematoxylin and eosin-stained sections of the liver tissue from the
negative control group showed the normal hepatic architecture; formed
of multiple hepatic lobules. Hepatic cords are of average thickness
radiating centrally from the central vein to the portal area (Fig. 3.A).
Sections from the positive control group showed signs of degenerated
hepatocytes with ruptured cell membranes, also some with karyolysis
nuclei and others with pyknotic nuclei, the central vein was dilated and
congested with activated kupffer cells (Fig. 3.B). On the other hand, the
groups which received the EtOAc fraction in the tested doses showed
almost normal appearance of hepatic tissue unless the inflammatory
cells around the central vein (Fig. 3.C and D). All the groups were
compared to gliclazide showing normal appearance of hepatic cords
with average thickness except for the dilated congested sinusoids (Fig. 3.
E).

The histological examination of pancreatic tissues of all the examined
groups revealed that the negative control group has normal architecture:
formed of endocrine portion (islets of Langerhans) and exocrine
pancreas in the form of acini with average-thickness pancreatic vessels
(Fig. 3.A). The positive control group that received STZ showed
destructive changes as regards to the endocrine pancreas in form of islets
of Langerhans with widening intercellular spaces, the endocrinocytes
showing signs of degeneration with a decrease in their number and
shrunken the islet area with irregular outlines the exocrine pancreas
revealed dilated acini with flattened their nuclei (Fig. 3.B). The groups
which were treated with the EtOAc fraction showed gradual
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Fig. 1. Effect of the ethyl acetate fraction of Physalis peruviana fruits on: A: serum glucose; B: percent change from corresponding body weight C: serum urea, D: effect
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Fig. 2. Effect of the ethyl acetate fraction of Physalis peruviana fruits on: A: MAP1LC3II in pancreatic tissues, B: MAP1LC3II in renal tissues, C: AMPK in pancreatic
tissues, D: AMPK in renal tissues, E: mTOR in pancreatic tissues, F: mTOR in renal tissues. Each value represents mean + SEM (n = 6). Statistical analysis was carried
out by One-way ANOVA followed by Tukey post hoc test. *Significantly different form negative control. *significantly different from positive control (STZ)

at p < 0.05.

improvement in the number of endocrinocytes and the roundness of islet
itself with increased dose (Fig. 3.C and D). The gliclazide group has a
normal pancreatic architecture appearance (Fig. 3.E).

3.3.6. Histochemical expression of PAS

Histomorphometric analysis was achieved to determine the content
of glycogen in the kidney, liver, and pancreatic tissues for all tested
groups (Fig. 4), where the positive control recorded the highest level in
kidney tissues. Treatment with EtOAc fraction (100 mg/kg) showed a

better effect as compared to the reference group. Sections from the liver
tissues, stained with Periodic acid Schiff stain (PAS), revealed the
highest content of glycogen in the positive control group. On the other
hand, the group treated with EtOAc fraction (50 mg/kg) showed a slight
improvement in the glycogen content in the hepatocytes in between the
congested sinusoids. Interestingly, the group treated with EtOAc at a
higher dose (100 mg/kg) showed marked improvement in mucopoly-
saccharide content of hepatocytes except for some cells around the
central vein. The treatment with EtOAc fraction also resulted in a
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Fig. 3. A photomicrography of kidney, liver and pancreatic tissues from all tested groups: A) Negative control, B) positive control, C) EtOAc (50 mg), D) EtOAc
(100 mg), E) Gliclazide. Kidney sections showing: G; Normal glomeruli, G* *; Lost glomeruli capillaries, P.T; Proximal tubules, D.T; Distal tubules, H; Hemorrhagic
foci, Yellow Arrows; Dilated intratubular spaces (H&E 400x). Liver sections showing: C.V; Central vein, S; Dilated congested sinusoids, INF; Inflammatory cells, Blue
Arrows; hepatocytes with Karyolysis nuclei, Green Arrows; Hepatocytes with pyknotic nuclei, Yellow Arrows; Kupffer cells, Black Arrows; Regenerated hepatocytes
(H&E 400x). Pancreatic sections showing: L.I; Islets of Langerhans, Black Thick Arrows; Pancreatic vessels, Black Thin Arrows; Pancreatic acini, Green Arrows;

Hyalinized strains (H&E 400x).

significant reduction of the glycogen content from the pancreatic cells.
Noticeable improvement was also recorded at the higher dose of the
EtOAc fraction (100 mg/kg) as compared to the reference group.

3.3.7. Immunohistochemical expression of P53

Immunomorphometric analysis was performed to determine the
extent of damage in renal tissue quantitatively. The results ascertained
that the area of the damage was significantly greater in the positive
control group (Fig. 5). Treatment with EtOAc fraction leads to a signif-
icant reduction of tissue damage, especially at higher doses.

P53 expression was almost undetectable in the hepatic tissue of the
normal control group. In the positive control group, strong P53 immu-
nostaining was observed, which was significantly reduced upon treat-
ment with EtOAc fraction compared to the reference drug.

The immunohistochemistry staining of the pancreatic tissues from
the positive control group showed a significant increase of p53 as
regards the negative control. On the other hand, the expressions of p53
from positively stained pancreatic cells were reduced when the animals
were treated with EtOAc fraction, whereas P53 expression depicted a
marked significant decrease with higher doses of EtOAc fraction (Fig. 5).

3.4. UPLC-ESI-MS/MS analysis for the identification of metabolites from
the EtOAc fraction

UPLC-ESI-MS/MS analysis was applied for secondary metabolites
profiling of the bioactive ethyl acetate fraction (EtOAc) in both positive
and negative ion modes (Fig. 6), which led to the identification of
nineteen compounds (Table 2). Among the identified compounds, four
flavonoid aglycones viz. quercetin, kaempferol, myricetin hexamethyl
ether and 3,5,7,2/,6’-pentamethoxyflavone; four flavonoid glycosides
viz. quercetin-3-arabinoside-7-glucoside, quercetin-3-O-monohexoside,

kaempferol-3-O-monohexoside and quercetin-3-O-rhamnoside. Five
gallotannin derivatives which included 6-methyl 2-galloylgalactarate,
two digalloyl glucose isomers, dimethyl 2-galloylgalactarate and epi-
gallocatechin gallate. In addition to gallic acid, ellagic acid and meth-
ylellagic acid, as well as two phenolic acids 1-O-sinapoylglucose and di-
O-caffeoylquinic acid.

A dicaffoeylquinic acid was detected at Rt 1.09 min with molecular
ion peak [M-H] of m/z 515.12518 was calculated as CpsH24012 and
daughter ion at m/z 353 due to the loss of one caffeoyl fragment as well
as m/z 191 (deprotonated quinic acid moiety), 179 (deprotonated caf-
feic acid moiety) and 173. So, peak 2 was identified as di-O-caffeoyl-
quinic acid [47].

At Rt 3.07, a peak with molecular ion [M-H] at m/z 595.11322
calculated for the neutral formula CygH2g016 which showed fragment
ions atm/z 433 [M - H - 162]-, due to the loss of a hexose from position 7,
which is easy to lose and a fragment ion at m/z 301 [M - H —162-132]-
indicating the loss of a pentose from the 3-O-position and the presence of
a quercetin aglycone, so it was identified as quercetin 3-pentoside 7-
hexoside [48]. Peak 7 (Rt 3.18 min) with the molecular ion of [M-H] at
m/z 463.98956 and [M-+H]" at m/z 465.98956 calculated for the
neutral formula Cz1H0012, yielding a fragment ion of m/z 301 [M - H -
162]-, assigned to a quercetin aglycone with a loss of 162 amu (a hexose
moiety), and was tentatively identified as quercetin-3-O-hexoside. Peak
11 at Rt 5.44 min, showed a molecular ion peak [M+H]" at m/z 449.
02145, calculated for the neutral formula C21H20017 which produced a
fragment ion of 303 [M+H-146] indicated the presence of quercetin as
an aglycone after the loss of a rhamnose moiety, this compound was
identified as quercetin-3-O-rhamnoside [49]. Peak 10 (Rt 4.57 min)
showed a molecular ion [M-H] at m/z 447.10817 and [M+H]" at m/z
449.10818 calculated as neutral formula Cy1Hp9011, this produced a
fragment ion of m/z 285 [M-H-162], identified as kaempferol aglycone
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Fig. 4. A Binary image taken by the image analysis system of kidney, liver and pancreatic tissue showing glycogen content expressed by PAS stain, detected by blue
color highlighted the positive cells to be measured as area percent in all tested groups: A) Negative control, B) positive control, C) EtOAc (50 mg), D) EtOAc (100 mg),
E) Gliclazide. (PAS 200x), F) Area of glycogen % in kidney, liver, pancreatic tissues detected by PAS stain. Data were expressed as Mean =+ SE (n = 6). Statistical
analysis was carried out by one-way ANOVA using Tukey as post-hoc test. ® Significantly different from Control negative at P < 0.05. ° Significantly different from

Control positive at P < 0.05.

after the loss of a hexose moiety with 162 amu, so this compound was
identified as kaempferol-hexoside [49]. Peak 16 (Rt 7.53 min) with a
molecular ion [M-H]™ at m/z 301.0354 and [M+H]" at m/z 303.0496
calculated as neutral formula C;5H;(O7 identified as quercetin aglycone,
with 2 daughter ions at m/z 273 [M-H- CO]” and 257 [M-H-CO2]" [49].
Similarly, peak 17 at Rt 9.14 min showed [M-H] at m/z 285.0406 and
[M+H]" at m/z 287.05484 calculated for the neutral molecular formula
C15H1006 which was identified as kaempferol aglycone [49].

Peak 15 at Rt 6.05 min showed a molecular ion peak [M+H] " at m/z
303.00627 and [M-H] at m/z 301.09527 fragment ions at m/z 257, 229,
and 185, characteristic fragments of ellagic acid, similarly, peak 12 at Rt

5.60 with [M-H] at m/z 315.01189 and [M-+H]" at m/z 317.02192
calculated for the neutral molecular formula C;5HgOg which showed the
same fragmentation pattern as ellagic acid with the presence of a CH3
moiety was identified as Methyl-ellagic acid [50]. Peak 13 at Rt 5.67
with molecular ion peak [M-H]™ at m/z 385.11429 calculated for the
molecular neutral formula Cj7H0010 and a daughter ion at 223
[M-H-162]- indicated the presence of sinapic acid aglycone which lost a
glucose moiety, so this peak was identified as 1-O-Sinapoylglucose [51].

Concerning the gallotannins, peak 4 (Rt 1.46 min) and 9 (4.33 min)
were identified as two isomers of digalloyl glucosides, as they had [M-
H] at m/z 483.08691 calculated for the neutral formula CogH20O14 with
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Fig. 5. A photomicrography of kidney, liver and pancreatic tissues showing expression of P53 in all tested groups: A) Negative control, B) positive control, C) EtOAc
(50 mg), D) EtOAc (100 mg), E) Gliclazide. As the highest expression were be noticed in Group B, to be decreased gradually in Group C&D respectively when
compared with the control group and reference group; Group E (P53 200x). F) Area % of P53 immuno-histochemical expression in kidney, liver, pancreatic tissues.
Data were expressed as Mean + SE (n = 6). Statistical analysis was carried out by one-way ANOVA using Tukey as post-hoc test. * Significantly different from Control
negative at P < 0.05. ® Significantly different from Control positive at P < 0.05.

characteristic fragment ions at m/z 313 [M—H-—gallic acid] ™ ion as well
as with m/z 169 [gallic acid-H] and 125 [gallic acid—H—COO] [52]. In
addition to peak 14 at Rt 5.84 with [M-H] at m/z 457.0779 and char-
acteristic fragment ions of m/z 331, 305, 287,192,169, this was identi-
fied as Epigallocatechin Gallate (EGCG) [53].

3.5. Isolation of EtOAc major compounds and in vitro antidiabetic assay
of the isolated compounds

Upon applying column chromatographic fractionation technique on
the bioactive EtOAc fraction, ten compounds (1—10) were isolated and
identified using various spectral analysis & their activity was measured
by Biochemical In vitro assays: Enzyme inhibition assays (Fig. S1(A, B &
C) .Tables S1 and S2) reveal the chromatographic behavior, UV spectra,
ESI-MS (negative mode), 4 and 3C NMR data of the isolated

10

copmpounds which were consistent with those previously reported for,
2,6-di-O-galloyl-(a/p)-*C1-  glucopyranose 1 [54]; kaempferol
3-O-galactoside 2 [55]; quercetin 3-O-galactoside 3 [56], gallic acid 4
[571; 2,3-di-O-galloyl-((x/[3)-4C1-glucopyranose or nilocitin 5 [58];
quercetin 6 [54]; kaempferol 7 [59]; quercetin 3-O- rhamnoside 8 [54],
ellagic acid 9 [57]; 3-O-methylellagic acid 10 [60]. Table 3 showed that
all the isolated compounds (1—10) have inhibitory activity on a-amyase,
p-glucosidases, and pancreatic lipase enzymes. It is noteworthy that
compounds 3, 4, 8, and 10 were the most active in comparison to the
standard drugs.

4. Discussion

Diabetes mellitus is a growing serious disease worldwide which
constitutes an alarming situation. In the year 2018, WHO reported that
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Fig. 6. Base peak chromatograms (BPC) of the ethyl acetate fraction of Physalis peruviana fruits measured in positive and negative ionization modes.

Table 2

The major compounds identified compounds from the ethyl acetate fraction of Physalis peruviana fruits.

Peak no. RT [M-H] [M+H]* Neutral Formula rdb Error Mass fragmentation The identified compound

1 0.74 341.10880 C12H22011 2.5 2.8 179,191,225 Mannobiose

2 1.09 515.12518 CosHo4012 14.5 13.1 111,173,191 Di-O-caffeoylquinic acid

3 1.30 377.06833 C14H36012 6.5 -8.28 97,129,139,145,215,288,319,337 6-Methyl 2-galloylgalactarate
4 1.46 483.08691 485.13248 C20H20014 10.5 -11.6 313, 169,125 Digalloyl glucose isomer 1

5 2.87 169.01319 C;HeOs 5.5 -2.96 125,07, 97 Gallic acid

6 3.07 595.12322 Co6Hog016 135 -11.25 433, 301, 162,135 Quercetin 3-pentoside 7-hexoside
7 3.18 463.08956 465.08956 Co1H0012 135 4.11 301 Quercetin-3-O-monohexoside
8 3.18 391.08398 CyoH1407 6.5 -7.9 136,268 Dimethyl 2-galloylgalactarate
9 4.33 483.08691 485.08691 CooH20014 10.5 -11.6 313, 169,125 Digalloyl glucose isomer 2

10 4.57 447.10817 449.10818 C21H20011 11.5 -10.9 285 Kaempferol-3-O-monohexoside
11 5.44 447.00123 449.02145 C21H20011 12.5 -10.7 303 Quercetin-3-O-rhamnoside

12 5.60 315.01189 317.02192 Cy5HgOg 7.5 3.2 257,185 Methyl-ellagic acid

13 5.67 385.11429 C17H21010 7.5 3.5 223, 162 1-0-Sinapoylglucose

14 5.84 457.0779 459.09155 CooH18011 13.5 -1.3 331, 305, 287,192,169 Epigallocatechin Gallate

15 6.05 301. 09527 303.00627 C14HgOg 11.5 3.8 257, 229, 185 Ellagic acid

16 7.53 301.0354 303.0496 C15H1007 11.5 3.72 301, 273,257 Quercetin

17 9.14 285.0406 287.05484 C15H1006 11.5 4.1 133 Kaempferol

18 12.83 403.13806 Co1H08 10.5 -1.6 183,211,301,358,373 Myricetin hexamethyl ether
19 13.23 373.12781 CaoHz007 10.5 -0.9 183,211,271,300,343 Pentamethoxyflavone

about 4.22 billion population worldwide suffer from diabetes and that
4.18 billion will be affected soon [61]. a-Amylase is a pancreatic enzyme
that hydrolyzes starch and glycogen, while the glucosidase enzyme is an
enzyme located in the brush-border surface membrane of the small in-
testine that hydrolyzes various carbohydrates to glucose [62]. The
whole process of hydrolysis of carbohydrates increases after the meal; an
increase in blood glucose level known as postprandial hyperglycemia
[63]. Post-prandial hyperglycemia causes vascular complications like
nephropathy, neuropathy, retinopathy in addition to the damage of vital
organs [64]. Moreover, inhibition of fat digestion through repression of
the pancreatic lipase activity was proved to exacerbate postprandial
glycemia by increasing the gastric emptying rate and reducing incretin
response [65]. One of the therapeutic targets to treat diabetes and its
complications is the retardation of glucose and lipid absorption through
the inhibition of lipid and carbohydrates hydrolyzing enzymes, i.e.,

11

pancreatic a-amylase and lipase as well as the intestinal glucosidase. The
inhibition of their activity is an important therapeutic strategy for the
treatment of diabetes and controlling its compilations. The commercial
drugs such as acarbose, voglibose, and miglitol, which are used for the
management of type-2 diabetes, have been reported to have adverse
effects like abdominal distension, bowel disruption, and diarrhea [61].
Therefore, there is always a need for drug discovery of natural products
that can act as amylase and glucosidase inhibitors.

Fortunately, the EtOH extract of the fruits of P. peruviana L as well as
its EtOAc fraction inhibited a-amylase, p-glucosidase as well as
pancreatic lipase enzymes where EtOAc showed promising activities in
regards to the tested standards. Moreover, EtOH and EtOAc showed
strong antioxidant activity which contributes to their antidiabetic action
through free radical scavenging and reducing the oxidative stress caused
by hyperglycemia. Accordingly, EtOAc fraction was selected for further
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Table 3

a-Amylase, f—glucosidase, pancreatic lipase and the in vitro antioxidant activity of the isolated compounds from the EtOAc fraction of Physalis peruviana fruits.
The tested compounds a-Amylase B-Glucosidase Pancreatic lipase DPPH ORAC

ICso (ng/ml)

1 470.25 +£ 4.8 6.9 £33 1.97+1.8 3.53+1.22 3.40 £ 1.16
2 478 £ 5.7 5.4+28 1.99+ 1.4 10.26 +1.27 10.52 + 2.22
3 224.44 +£ 4.2 35+21 194+ 1.5 11.89 £1.73 12.05 + 2.69
4 184.1 £ 3.8 43+22 1.98+1.6 77.45 + 1.42 77.01 + 2.33
5 472.3 + 6.8 7.2+3.3 23+1.7 2.01 +£2.58 1.98 + 2.55
6 547.04 +£10.2 - 12.99 £+ 3.9 6.29 + 1.46 7.21 £152
7 662.49 £ 7.8 37426 £7.8 22.46 £ 1.5 15.0 £ 0.43 16.0 + 0.38
8 186 + 4.1 55+21 21+18 23.02 +1.52 23.27 £ 1.46
9 294.8 + 8.4 803.98 + 7.26 24.51 + 2.2 13.0 + 2.75 12.0 + 0.89
10 188 + 2.8 6.1 £2.8 22+1.3 5.31 £1.35 5.67 + 2.06
Acarbose 230.85 + 2.45 - - - -
1-Deoxynojrimycin - 27.72 +0.02 - - -
Orlistat - - 28.96 + 6.4 - -
Torolox - - - - 27 £1.41
Vitamin C - - - 1.83+0.41 -

in vivo testing as well as metabolic profiling.

STZ-induced diabetic animal models are useful platforms for trig-
gering hyperglycemia [66]. STZ induces an autoimmune process that
destroys pancreatic f cells bringing about degranulation and loss of the
ability to secrete insulin [67,68]. Thus, in the present investigation, STZ
was utilized for valid induction of diabetes in rats. Injection of STZ
caused an increment in blood glucose level which was restored to the
normal level upon treatment with the EtOAc fraction. Diabetic animals
also showed an obvious reduction in their body weight. The animals
became unable to metabolize carbohydrate fuel sources and this lead to
a shift in reliance to fatty fuels resulting in wasting fat stores and loss of
weight as reported previously [69]. EtOAc fraction lowered the plasma
glucose level concurrently with stimulation of weight gain in
STZ-diabetic rats. This antihyperglycemic effect was comparable with
that of gliclazide, the standard drug. Gliclazide is known to produce
antihyperglycemic effect via pancreatic (through blocking K* channels
in the pancreatic f cells and thus stimulating insulin secretion) or extra
pancreatic (by increasing tissue uptake of glucose) mechanisms [70,71].
Hence, it could be assumed that the EtOAc fraction of P. peruviana L
produces similar effects like gliclazide. This antihyperglycemic effect of
the EtOAc fraction was associated with improved histopathological
features in pancreatic, renal and hepatic tissues of diabetic animals.

Uncontrolled hyperglycemia in diabetic patients usually results in
several diabetic complications including nephropathy, neuropathy, and
retinopathy. Diabetic nephropathy is a serious complication of diabetes
(type 1 and type 2) which leads to end-stage renal disease in 30% of
individuals with diabetes. This complication is evolved due to functional
derangement and structural remodeling of the kidney which are trig-
gered by hyperglycemic injury. These are linked to different signaling
pathways interacting and resulting in the major pathogenic features of
DN including mesangial expansion, oxidative stress, glomerular hyper-
trophy, tubular inflammation, and renal fibrosis [72].

These progressions are attributed to constant hyperglycemia and
expanded levels of BUN, creatinine, urea and uric acid as shown in the
present study in STZ-diabetic rats. Clinically, the increment in blood
urea level concomitantly with elevated blood sugar indicates damage to
the kidney of diabetic patients [73]. This is in agreement with other
experimental studies that showed increased urea and serum creatinine
in diabetic rats referring to progressive renal damage [74]. The eleva-
tion in kidney parameters was accompanied by the reduced serum levels
of total protein and albumin. Hypoalbuminemia is of important clinical
significance as it was correlated with reduced kidney function as well as
poor renal prognosis in patients with diabetic nephropathy [75].
Treatment of diabetic rats with P. peruviana EtOAc fraction significantly
diminished the levels of urea, uric acid, creatinine, BUN demonstrating
their expanded freedom from the kidney. Furthermore, the EtOAc
fraction restored the kidney function by elevating the reduced serum
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total protein and albumin levels. Similar findings were reported
regarding the renoprotective effect of P. peruviana, however, in normal
not diabetic rats [76]. The golden berry EtOAc fraction was previously
reported to protect against acute renal injury induced by cisplatin and
improved kidney histology [76]. Similarly, in the current work, EtOAc
fraction of P. peruviana ameliorated histopathogical derangement in the
diabetic kidney, pancreas and had almost normally appearance of renal
architecture. The EtOAc fraction not only improved diabetic nephrop-
athy, but also decreased histological alterations in liver tissue. The
hepatoprotective and renoprotective effects of P. peruviana extract
including its antioxidant and antifibrotic mechanisms were previously
reported [77]. In addition, a recent study has shown that P. peruviana
prevent hepatic lipoperoxidation in high fat diet-induced obese mice
[78].

Periodic acid Schiff (PAS) is a special stain that shows detailed
cellular structure and staining of structures that contain a high propor-
tion of carbohydrate macromolecules such as glycogen. Diabetic rat
kidneys demonstrated thickening of the glomerular basement mem-
brane and a narrow renal tubular lumen, consistent with previous
studies [79]. In contrast, the kidney morphology of the treated animals
showed a reduction in the extent of glomerular hypertrophy. Glycogen is
the primary storage form of glucose and is known to increase intracel-
lularly in diabetics due to mucin and formation of glycoconjugate [80].
Diabetic rat liver also showed an increment in the glycogen deposition.
The glycogen accumulation indicates severe hyperglycemia so it is
referred to as a glycogenic hepatopathy [81].

Apoptosis is a process of programmed cell death and presented by
internucleosomal cleavage of DNA, cell surface blebbing, and formation
of apoptotic bodies. Apoptosis in Islet § cells occurs especially in
immune-mediated diabetes by the effect of membrane-bound death
signaling molecules like interleukinl-p, TNF-a, and IFN-y [82]. In the
present study, STZ-diabetic rats showed elevated expression of P53, an
important apoptotic mediator, in pancreatic, renal, and hepatic tissues
as well. In parallel, previous studies showed increased f cell apoptosis as
a dominant source of j cell replenishment in type 1 diabetic patients [83,
84]. If this increased apoptosis could be targeted and controlled, the
regeneration of § cell mass and return of function might be accom-
plished. Apoptosis is an important factor for the progression of DN as it
participates in podocyte injury [85]. Previous studies have explored the
role of renal expressions of p53, caspase-3, and Bcl-2 in the progression
of DN [86]. Treatment with EtOAc of P. peruviana L. improved the in-
duction of apoptosis in pancreatic, renal, and hepatic tissues as referred
from decreased expression of P53. Likewise, studies have shown the
anti-apoptotic mechanism of P. peruviana in the treatment of
carcinoma-induced hepatic damage via downregulation of p53 expres-
sion and up-regulation of Bcl2 [87]. It also increased the expression of
Bcl-2 protein in hepatic and renal tissues in CdCl; rats [88]. Hence, it is
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suggested that the EtOAc fraction reduced apoptosis in pancreatic tissue
to allow replenishment of § cells. Moreover, it could protect against
diabetic complications like nephropathy and hepatic damage via its
apoptotic action besides its anti-hyperglycemic effect.

Conventional biomarkers for the detection and prediction of DN have
several limitations. Novel biomarkers have been evolved recently which
have higher sensitivity and specificity for earlier detection of DN [89]. In
the present study, indicators of autophagy such as light chain 3II (LC3II),
AMP-activated protein kinase (AMPK), and mammalian target of rapa-
mycin (mTOR) were assessed. These parameters were disrupted and
correlated with the presence of hyperglycemia and the worsening of
renal function tests in diabetic rats. This is consistent with previous
studies [90]. LC3 is the most important reliable marker of autophagy.
The conversion of LC3I to LC3II is closely correlated with the extent of
autophagosome formation. So, LC3II is the main marker that reflects the
level of autophagy [91]. During the formation of autophagosomes, LC3
is lipidated. This LC3-phospholipid conjugate (LC3-II) is accumulated in
autophagosomes and autolysosomes. In our findings, EtOAc fraction
effectively increased the level of LC3II, suggesting that the EtOAc frac-
tion could prevent diabetic nephropathy via triggering autophagy.

AMPK-mTOR signaling pathway has been recently recognized to
regulate autophagy [92]. AMPK is an important serine/threonine pro-
tein kinase that is activated under energy-depleted conditions and is
likely to be suppressed in diabetic nephropathy. Investigations using
diabetic animal models have reported the inactivation of AMPK
(decreased phosphorylation) takes place in renal glomeruli and tubules
[93]. AMPK also induces autophagy through inhibition of mTORC1
activity via phosphorylation of its regulatory-associated proteins [94,
95]. Hyperactivation of the mTOR pathway in diabetic nephropathy
plays a central role in kidney injury via enhancement of glomerular and
tubular hypertrophy [96] and is associated with the progressive decline
of glomerular filtration rates as a result of podocyte injury. Activation of
the mTOR pathway is also implicated in the increased expression of
profibrotic cytokines, such as TGF-f1 and connective tissue growth
factor with subsequent interstitial fibrosis in diabetic nephropathy
leading to the more glomerular lesion. Our results revealed that
administration of EtOAc fraction improved the impaired autophagy
induced by STZ. Previous investigations showed that increased phos-
phorylation of AMPK and decreased activation of its downstream, mTOR
stimulated autophagy-related protection against DN [75]. The
up-regulation of autophagic response by P. peruviana L EtOAc fraction
was accompanied by decreased apoptosis. In consistence, previous
studies showed that accelerated the accumulation of damaged mito-
chondria, resulting in apoptosis in response to impaired autophagy [97].

UPLC-ESI-MS/MS analysis was performed in positive and negative
modes for the identification of the chemical composition of the bioactive
EtOAc fraction. Eighteen phenolic compounds were identified in the
EtOAc fraction based on comparing their high-resolution mass frag-
mentations with the reported literature. Chromatographic investigation
of the bioactive EtOAc fraction led to the isolation of its 10 major
compounds which were already detected in the UPLC-MS/MS analysis.
Intriguingly, the in vitro antidiabetic activity performed on the isolated
compounds revealed quercetin galactoside, quercetin rhamnoside, gallic
acid, and methylellagic acid as promising candidates. Gallic acid was
reported as amylase and glucosidase inhibitors [98,99]. In the current
study, it showed a significant inhibition activity on both a-amylase and
p-glucosidase enzymes. Quercetin-3-O-thamnoside had a promising
inhibitory effect on both a-amylase and p-glucosidase enzymes. Ellagic
acid was also reported to have a-glucosidase inhibition activity [100],
our results highlight the promising effect of its methyl derivative.
Herein, we also reported the promising inhibitory activity of quercetin
3-0O-galactoside on a-amylase and f-glucosidase enzymes. Our results
are following previous reports that had shown that gallic acid, quercetin
3-0-a- rhamnoside, and ellagic acid have promising lipase inhibitory
activity [101-103]. We herein report the lipase inhibitory activity of
quercetin 3-O-galactoside and 3-O-methylellagic acid.
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5. Conclusion

These results indicated that golden berry (P. peruviana L.) phenolics-
rich fraction could prevent diabetic nephropathy by inhibiting apoptosis
and stimulating autophagy via AMPK /mTOR signaling pathway. This
suggests the involvement of autophagic up-regulation as a mechanism of
the renoprotective effect of the golden berry against diabetic compli-
cations; particularly nephropathy. Moreover, our study is a step forward
in drug discovery of natural products that can be used for the manage-
ment of diabetes through a-amylase, lipase, and f-glucosidase inhibition
activity. Furthermore, the quercetin glycosides, gallic acid as well as its
methylated dimer represent promising candidates for screening antidi-
abetic metabolites from natural sources.
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