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Abstract

Antihyperglycemic activity of Ipomoea batatas (L.) leaves has been studied for years. As many naturally found varieties of such
plant species have been used as herbal medicines, there is a need to establish a fingerprint biomarker standardization method. Our
research combined TLC fingerprints and chemometric analysis to determine biomarkers in leaf ethanol extract of Ipomoea batatas
(L.) (EIBL). We predicted the main constituents of anthocyanin glycosides and their acylated derivates in the leaf ethanol extract of
such plants using ESI-MS. The EIBL that contained identified biomarkers has succeeded in providing an antihyperglycemic effect in
experimental using STZ-induced rats. This study also found a linear correlation between doses of flavonoid derivates as antioxidant
agents with their antihyperglycemic activities. Therefore, this biomarker information can be used as a model to predict the dose-re-
sponses of the antihyperglycemic activities produced by other leaf ethanol extracts of I. batatas.
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Introduction those cultivars, Ipomoea batatas (L.) from Bali (IBL). has been

limitedly investigated. The leaves of IBL are lobed with point-

Ipomoea batatas (L.) has been reported to have beneficial ef-
fect by lowering blood glucose (BG) in type 2 diabetic patients
(Ludvik et al. 2003, 2008, Zhao et al. 2007, Ooi and Loke 2013,
Daud et al. 2016, Rafi U and Luka 2018). Indonesia has around
50 Ipomoea batatas (L.) cultivars (Rahajeng 2015), and among

ed tips, young and old leaf’s colors are dark purple, while the
stems and leaf bones are purple. Its flower is a star-shaped flo-
wer crown, with the tip of the flower petals tapered, and the
petals are pale purple. The tuber skin is purplish-white, with
white flesh tuber. Tubers grow very rarely with a diameter of
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1-2 cm and a length of about 5 cm in three month old plants.
The leaves of IBL have been traditionally used as vegetable raw
materials in traditional Balinese foods. The purple color of IBL
leaf reflects its anthocyanin content. Many studies reported
that anthocyanin has potential an antidiabetic agent (Matsui et
al. 2002, Jayaprakasam et al. 2005, Olivas-Aguirre et al. 2016,
Khoo etal. 2017, Luo et al. 2018, Al-Yousef et al. 2020, Vilhena
et al. 2020). Their antihyperglycemic potency is presumed to
be due to inhibition of oxidative stress, which leads to induc-
tion of pancreatic beta cells to produce sufficient insulin level
(Vessal et al. 2003, Jawi et al. 2009, Pottathil et al. 2020).
Around 415 million people in 2016 worldwide were repor-
ted to suffer from diabetes and this is predicted to increase to
642 million in the next decade (Jaacks et al. 2016). Diabetes is
a major cause of mortality, morbidity, and significantly incre-
ment of health care expenditures. World Health Organization
recommended further investigation of herbal based medicines
as antihyperglycemic agents for complementary treatments
(Algathama et al. 2020). In daily practices however, it is found
that complementary medicines always contain complex com-
pounds. Therefore, there is a need to establish standardized
method in the process of raw material quality control.
Biomarker identification, also known as a quality mar-
ker (Q-marker), is necessary to ensure the safety and effi-
cacy of herbal medicines. The phytochemical fingerprints
are commonly used to identify their biomarkers. In com-
bination with chemometric analysis, it was found useful to
improve the quality control standard system of herbal me-
dicine (Xiang et al. 2018). New herbal medicine discoveries
should be accompanied by developing their standardization
test method, which supports Current Good Manufacturing
Practice (¢cGMP). The TLC fingerprint is a robust method
used to identify and determine their biomarker. This study
aimed to establish a TLC fingerprint method, which identi-
fied their antioxidant biomarkers of ethanolic extract of IBL
leaf (EIBL), associated with antihyperglycemic activity in
STZ-induced rats. The established fingerprint will be used as
Q-marker on the QC/QA of cGMP in further applications.

Materials and methods
Chemicals

Citric acid, boric acid, glacial acetic acid, sulfuric acid, chloro-
form, ethyl ether, ferric chloride, ammonium hydroxide,
ethanol 96%, methanol, and hydrochloride acid were purcha-
sed from Merck'. Phytochemical screening reagents were ob-
tained from Merck'. Streptozotocin (STZ) was from BioWor-
Id’, Glibenclamide, Enzymatic colorimetric method (GOD/
PAP) with glucose oxidase, and 4-amino antipyrine were
from Dyasis, Holzeim, Germany. All chemicals for analysis
were analytical grade, except ethanol 96% for extraction was
technical grade and purchased from Bratachem’, Indonesia.

Plant materials

The IBL leaves were collected from Aan Village, Klung-
kung Regency, Bali Province, Indonesia, and the plant

was identified by UPT Balai Konservasi Tumbuhan Ke-
bun Raya Eka Karya Bali-LIPI, Tabanan, Bali (voucher no
8.1303/IPH/AP/X1/2018).

Phytochemical and TLC-fingerprint au-
thentication

Phytochemical screening

Phytochemical screening and flavonoid TLC-Fingerprint
solution test was prepared by extracting 2.5 gram of the
steamed IBL leaves with 25 mL of a mixture of ethanol 95%
and citric acid 3% (85:15 v/v), macerated in an ultrasonic
bath for 30 minutes, centrifuged at 4000 rpm, and the su-
pernatant was transferred into a brown vial. The screening
test for alkaloids, steroids/terpenoids, phenol/tannins was
conducted according to the method described by Jones
dan Kinghon (Jones and Kinghorn 2012). The screening
test for flavonoid and saponins was conducted according
to the method described in Pharmacopeia Indonesia.

Flavonoid TLC fingerprint analysis was carried out
using the methods described in Harbone (1998) and Schibli
and Reich (2005) with some modification (Harborne 1998,
Schibli and Reich 2005). The aluminum silica gel 60 F 254
TLC plates (20x10 cm) plates were washed with ethanol
and inactivated at 110 °C for 10 minutes in an oven. The
EIBL previously obtained was deposited on a TLC plate at
various volumes (5, 10, and 20 pL) with an automatic TLC
sampler 4 (Camag-Mutten-Switzerland) fitted with a 25 yL
syringe and air sprayed band. The Band length was 6 mm.
The first band was applied on dimensions x = 15 mm, y =
10 mm, and with a 9.4 mm space between tracks.

The series spotted volumes were done on the different
plates for intra-day and inter-day precision. The spotted
samples were developed to a distance of 8 cm with mo-
bile phase (ethyl acetate: formic acid: acetic acid: water;
100:11:11:26, v/v) in an automatic developing chamber 2
(Camag-Mutten-Switzerland) previously saturated with
mobile phase vapour for 30 minutes. The developed spots
were visualized under TLC-visualizer, and their image
was captured under a UV lamp at wavelengths of 254 nm
and 366 nm and under a white R lamp, scanned under UV
light (X 210, 330, and 543 nm absorption mode), and the
in situ spectra of each peak were recorded. The parameter
integration peak was set at the following filter factors: Sa-
vitsky-Golay 19, lowest slope, peak thresholds (minimum
slope: 5, minimum height: 10 AU, minimum area: 50 AU).

For the flavonoid identification, the separated spotted
on TLC plates were derived with AICI,-, ammonia vapour
-, citroboric- reagents, which were carried out using the
method described by Harbone (1998) (Harborne 1998),
and for antioxidant markers detection used 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) method. The spots appea-
red before and after derivatization were kept in a photo
documentation (Camag TLC visualizer 2) and observed
under white light (wl), 245 nm, and 366 nm lamp, and the
images were documented with WinCat 4.10 (Camag-Mut-
ten-Switzerland).
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Detection by Mass Spectrometry (MS) was performed
using TLC plate extraction. Each spot detected was scra-
ped and washed with the same solvent during the extrac-
tion process and then injected into Electron Ionization
Spray-Mass Spectrometry (ESI-MS).

TLC-fingerprint and chromatographic data
processing

The authentication test begun with identification of each
peak based on their level of spectrum similarity. Digital
data acquisition from WinCat 4.10 output in a tabulated
form contains hRf information and start, max, and end
peak heights. Unaligned peaks are aligned or shifted to
the same hRf-values based on the high correlation spectra
(T pecrs> 0-9) and their values of peak height were arranged
as rectangular data matrixes.

A multivariate statistical analysis was carried out to calcu-
late hierarchical cluster analysis (HCA) and principal com-
ponent analysis (PCA) of the matrix data set, and this was
conducted with the help of Minitab 17 statistical software.
The Partial Least Square (PLS) regression was applied to cal-
culate the linear relationship between the biomarker content
of samples and their measured biomarker peak areas.

Antihyperglycemic and antioxidant of
IBL extract

Extract preparation

Leaves of IBL were wet sorted, 4.5 Kg were steamed in boi-
ling water for 15 minutes, and cooled for 15 minutes. This
steamed leaves were then extracted with 9 L of ethanol 95%
and citric acid 3% (85:15 v/v) mixture to form pulp of IBL.
The mixture were placed in a light isolated glass jar and ma-
cerated for 24 hours. The pulp was filtered using cotton clo-
th, the dreg was remacerated three times using the same vo-
lume of ethanol used in the first extraction, and the filtrate
obtained was concentrated in a vacuum rotary evaporator.

Experimental design

Rats (30 male Wistar white rats) aged of between 6 and
8 weeks with bodyweight range of 150 — 250 grams were
obtained from a local supplier (Bikul Bali). This research
received ethical clearance from animal ethics committees
(number: 2923/UN14.2.9/PD/2018). The animals were
housed in an animal room at the Department of Pharma-
cy, Faculty of Mathematics and Natural Sciences, Udayana
University, Jimbaran, Bali, Indonesia. The rats were accli-
matized for seven days, and the enclosure environment
was under control. These rats were divided into six groups
(each containing 5 tested animals) as follows: 1) NI - No
Induction (Normal Control): Given standard feed and
sufficient water; 2) NT- No Treatment (Negative Control):
Given standard feed, STZ (40 mg/kg BW, i.p), and suffi-
cient water; 3) GCM - Treated with Glibenclamide 10 mg/
kg (Positive Control): Given standard feed, STZ (40 mg/
kg BW, i.p), glibenclamide and sufficient water; 4) EIBL.1:
Given standard feed, STZ (40 mg/kg BW, i.p), extract

dosage of 250 mg / BW and sufficient water; 5) EIBL.2:
Given standard feed, STZ (40 mg/kg BW, i.p), extract dose
of 500 mg/kg BW and sufficient water; 6) EIBL. 3: Given
standard feed, STZ (40 mg/kg BW, i.p), extract dose of 750
mg/kg BW and sufficient water. The administered doses
referred to total anthocyanin contained in EIBL which
gave positive result on antihyperglycemic assay in previ-
ous research (Unpublished research in 2018-2019, grant
number: 171.110/UN14.4.A/LT/2018 awarded to Dr. I
Made Agus Gelgel Wirasuta)

Biochemical assay of Blood Glucose (BG)
and Malondialdehyde (MDA)

For BG and MDA analysis, blood of rats was collected
from the tail vein of fasting rats. The measurement was
done before STZ induction (Pre), 72 hours after STZ in-
duction, on days 7, 14, and 21. BG levels were measured
using spectrophotometric methods. Serum previously se-
parated from whole blood was reacted with glucose oxida-
se reagent (GOD/PAP). A volume of 10 ul serum sample
was added into 1 mL of GOD/PAP reagent, incubated at
20-25 °C for 30 minutes, and measured for absorbance at
the wavelength of 500 nm.

Measurement of MDA level in serum of rats followed
the method specified by Ohkawa method (1979) (Ohka-
wa et al. 1979). Serum samples (amounted 100 mL) were
mixed with 400 mL of 10% trichloroacetic acid (TCA) in
distilled water and centrifuged at 4000 " g for 10 minutes.
The supernatant (amounted at 500 mL) was pipetted into
a new test tube, added with 1 mL of 0.67% TBA, incubated
a water bath at 95 °C for 30 minutes, and cooled down to
ambient temperature prior to measurement spectropho-
tometrically at wavelength of 532 nm.

Statistical analysis

Data of Blood Glucose (BG) and malondialdehyde (MDA)
levels were statistically analyzed for homogeneity and nor-
mality, distribution of data, and Mann-Whitney test, with
the help of SPSS version 24 for windows at p < 0.05. Cor-
relation analysis was calculated and visualized as a matrix
using the stats package in R programming software (R
Core Team 2019). The relationship between BG and MDA
levels was calculated using Spearman correlation test.

Results and discussion

Phytochemical and TLC-fingerprint Au-
thentication

The phytochemical screening tests showed that the plant
extract gave positive reaction for flavonoid, saponin, tan-
nin, phenol, and triterpenoid tests, but negative for alka-
loid test. TLC images of the sample following elution with
mobile phase before and after derivatization, dendrogram
after scanning at 210 nm, and the in situ UV-vis spectra of
detected peaks are presented in Figures 1a, 1b, and 1c, res-
pectively. The flavonoid identification which was based on
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Figure 1. TLC profile of EIBL after eluted with flavonoid mobile phase. a) Derivatized TLC plate, b) densitogram, and ¢) spectra of

detected peaks.

Table 1. Identification flavonoid content in ethanolic EIBL. wl: white lamp; gs: quenching; fl: fluorescence.

Peak Bxefore derivatization After derivatization Assigned flavonoid present
Rf max 254 nm wl 366 nm AICI, (wl) AICI, (366 nm) NH,OH (wl) NH,OH (366 nm) Citro boric (366 nm) DPPH (wl)

P1 0.1 qs dull orange  yellow fl yellow - dull blue dull yellow fl dull yellow fl + Anthocyanin
P2 0.05 qs dull orange  yellow fl yellow - dull blue dull yellow fl + Anthocyanin
P3 0.2 qs  red-violete  yellow fl - - blue - + Anthocyanin
P4 017 qs  red -violete yellow fl - - blue - + Anthocyanin
P5  0.19 qs mauve yellow fl - - blue dull yellow fl yellow fl + Anthocyanin
P6 032 qs dull yelow yellow fl yellow yellow fl yellowish blue  dull yellow fl yellow fl + Flovonol/ Flavones
P7 044 qs dull yellow blue fl dull yellow blue fl - - blue fl + Flavonol/ Flavones
P8 049 qs dull yellow blue fl dull yellow yellow fl yellowish blue - yellow fl + Flavonol/ Flavones
P9 0.62 qs dull yellow dull yellow fl dull yellow yellow fl - - yellow fl + Flavonol/ Flavones
P10 073 qs yellow yellow fl  dull yellow yellow fl blue - yellow fl + Flavonol/ Flavones
P11 0.84 qs dull yellow dull yellow fl dull yellow yellow fl blue - yellow fl + Flavonol/ Flavones

derivatization reagent results and their in situ spectra are
presented in Table 1. Peaks in P1-P5 are presented as dull
orange — violet - mauve. These colors usually represent
anthocyanin, while peaks P6-P11 indicated the presence
of flavonol or flavon (Markham 1989). Yellow bands on
purple background following spraying with DPPH rea-
gent indicated positive reactions with DPPH. All peaks
showed this phenomenon, indicating that they have po-
tential as agents of electron scavenging antioxidants.

Flavonoids are characterized by a high absorbance at the
wavelength of between UV 250-270 nm, while anthocyan-
ins produce a high visible spectra area between 460 - 550
nm as part of their color characteristics. The color intensity
is caused by a positive charge on the structure of the flavy-
lium (Delgado-Vargas et al. 2010). In this study, the struc-
tural diversity of flavonoid and anthocyanin derivatives is a
distinguishing factor in A of UV-Vis spectra. In previous
studies, the aglycon, glycoside, and acylated structure of
flavonoids were reported to have an impact on shifting\
UV-Vis spectra (Giusti and Wrolstad 2003). The methoxy
in flavylium and acylated anthocyanins are reported to be
stable on increasing pH conditions (Delgado-Vargas et al.
2010, Song et al. 2013, Khoo et al. 2017, Favaro et al. 2018).
The difference in maximum wavelength is an indication of
the diversity of glucosides and acylated in EIBL.

The peaks on the chromatogram as a fingerprint mar-
ker were tested for precision with several variations in the
volume of the intraday markers (Fig. 2). The difference
in Rf values during separation using TLC has potential
of misinterpretation in the authentication of Q-marker
compounds. To fix this problem, fine-tuning the data by
shifting based on the similarity in situ spectra was applied.
The separation results of the eleven peaks identified before
and after fine-tuning are shown in Figure 2 a-1 and Figure
2 a-2, respectively. The peaks with high correlation spectra
(rspem> 0.9) are registered as the same peak and created
in a “Gram-matrix” (Daszykowski et al. 2008). This ap-
proach succeeded in providing a better clustering pattern
in cluster analysis by optimizing the covariance between
peak variables (Fig. 2 b-1, and b-2). In a comparison of
the level of similarity, the original data has only 34.59% si-
milarity among samples, while the fine-tuned dataset has
succeeded in producing similarity of up to 98.42%. This
approach can minimize variation caused by technical er-
rors during the experiment.

Peak misalignment in chromatography is not a new issue
related to its application in multivariate analysis. Moreover,
in its technical application, a fine-tuning chromatography
dataset in TLC has challenges when applied to samples of
natural products which have limited reference compounds
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Figure 2. TLC intra-day precision of EIBL. a) Without peak shifting and b) with peak shifting.

(Komsta 2012). This problem also becomes a limitation in
using the automatic warping method in TLC. In this study
therefore, signal spectra were used as a marker of similarity
in constructing the matrix chromatogram data to overcome
this limitation. Time consumption may be a consideration
of this approach. However, with the current sophisticated
software technology of TLC-densitometer, correlation cal-
culations and registers for each peak or separate compound
can be done in situ on WinCat (version 4.10).

Presumed anthocyanin derivates (Peaks P1-P5) and
flavonols/flavones (Peaks P6-P11) were scanned in two
different wavelengths (330 nm and 543 nm), several peaks
in high peak area values at each wavelength (Fig. 3 a-1
and b-1). Based on the antioxidant activity in the DPPH
test (Fig. 1a), the application of single A _ is insufficient
in representing the quantity of the identified bioactive
compound. Therefore, selected A (330 nm and 543 nm)
was applied to construct a combined dataset for the mul-
tivariate analysis. First of all, the combined dataset of the
IBL biomarker is validated using PLS (Fig. 3 c-1). In PLS
modelling, the multicollinearity of each peak height of the
precision sample was calculated based on spotting volu-
me. PLS produces a linear correlation between the calcu-
lated response and the actual response, which represents
the combined dataset maintaining a high correlation be-
tween samples. Thereafter, the PCA score plot is used to
observe the contribution of each variable, which are the
bioactive peaks based on the variation of spotting volume.

Their contribution is described as a coordinate point (Fig.
3 a-2, b-2, c-2), where the low AUC peaks gather in one
area when analyzed using a single wavelength. In contrast,
the combined dataset produces a spread contribution of
the PCA score plot. The results indicate that the combina-
tion of wavelengths can be used in an assessment of bio-
active quality control (Q-marker), such as an antioxidant
in IBL.

Eleven peaks in TLC of EIBL were identified by ESI-
MS using indirect technique (Table 2). Predictable de-
rivatives of flavonoids and anthocyanins include Peon-
idin-caffeoyl-p-hydroxybenzoylsophorside-5-glucoside
(P2), pelargonidin glucoside or cyanidin 3-O-rutinoside
(P8), peonidin dirhamnosaloyl-glucoside isomer, or cya-
nidin-3-glucoside isomer. (P9), cyanidin 3-O-rutinoside
(P10), and peonidin dirhamnoside (P13). We also noted a
consistent fragmentation pattern at 701.6 m/z (P2, P4, P5,
and P7), which indicates the possibility to be assigned as pe-
onidin derivative (P2). The results of the ESI-MS identifica-
tion consisted of two distinct groups, namely high and low
molecular weight compounds. The high molecular weight
(P1-P7) of the parent ion is obtained in positive ionization
between 1120 to 1348 m/z, while the low molecular weight
(P8-11) is obtained in positive ionization between 593 to
595 m/z. High m/z in anthocyanins indicates a complex
structure of glucosides and acylated anthocyanins mole-
cules, while compounds with positive ionization of lower
than 590 m/z are predicted to be anthocyanins glycoside.
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Figure 3. Densitogram and chemometric fingerprint of EIBL scanned in a-1) 330 nm and b-1) 534 nm; c-1). Response plot after
the AUC-peaks dataset combined and trained in PLS; PCA score plot of AUC-peaks dataset in (a-2) 330 nm, (b-2) 534 nm and (c-2)

combined dataset.

Table 2. Predicted compounds found in EIBL using ESI-MS
compared to available reference. * predicted derivatives based

on fragmentation similarity.

Peak [m/z] Predicted compound (Reference)
number MH* Other fragmentation
1 1120.7 | 930.5, 843.4, 747.6, 703.7, n.d
663.4, 633.5
2 1170.4 | 814.5,775.6, 755.6, 701.6, Peonidin 3-caffeoyl-p-
678.2,601.8 hydroxybenzoylsophorside-5-
glucoside (Sun et al. 2018, Li et al.
2019, de Jesus et al. 2021)
3 1360.3 | 815.1,792.5,749.2, 702.7, n.d.
657.6, 607.2
4 1237.4 | 937.3, 831.4, 701.6, 650.5, Peonidin derivates*
620.9
5 1319.2 1275.8,1195.5, 792.7, Peonidin derivates*
724.1, 701.6, 641.0
6 1348.1 |814.2,792.4,725.2, 680.6, n.d.
631.9
7 1348.8 | 814.6, 793.5, 750.0, 701.6, Peonidin derivates*
646.9, 609.8
8 595.2 576.1, 563.9, 532.2, 510.0, Pelargonidin-3,5-diglucoside
492.1, 451.6, 435.3, 420.5, (Lopes-Da-Silva et al. 2002) /
397.4,376.5, 361.4, 328.1, | Cyanidin3-O-rutinoside(Kim and
309.6, 288.2, 279.3, 266.4 Lee 2020)
9 593.7 | 585.1,567.2, 540.6, 531.9, Peonidin dirhamnoside isomer
510.4,497.1,456.1,413.8, | (Al-Yousef et al. 2020) / Cyanidin-
367.0, 340.8, 321.3, 307.2, 3-dioxaloyl-glucoside (Olivas-
294.3, 275.9, 260.1 Aguirre et al. 2016)
10 594.9 571.2,540.0, 519.0, 516.7, | Cyanidin 3-O-rutinoside (Lopes-
432.9,398.1, 391.2, 374.9, | Da-Silva et al. 2002, Kim and Lee
340.5, 333.0, 315.9, 294.0, 2020)
276.1, 260.2
11 593.4 | 587.3,568.8,540.6, 530.2, | Peonidin dirhamnoside (Al-Yousef
510.2, 481.6, 453.4, 443.3, et al. 2020)
412.9, 397.6, 384.6, 349.7,
306.4, 272.5, 252.1

Several studies reported that anthocyanins losing their

functional flavylium chromophore after donating protons
at a high pH (pH>3) (Coutinho et al. 2015, Khoo et al.
2017, Favaro et al. 2018). This study was performed at pH
3, where most of the anthocyanins tend to be stable. Hence,

that information about the spectral discrepancies and mass
spectrometry observed is possible due to the various struc-
tural complexity of the metabolites contained therein. As
a preliminary assumption, the flavonoid derivatives found
in EIBL are primarily anthocyanins and have been shown
to have potential as electron scavenging antioxidant agents.
The identification of EIBL flavonoid derivates and antho-
cyanins using TLC can be considered for its application in
quality control, especially in measuring the relative quantity
of substances that will affect the pharmacological response.

Antihyperglycemic and antioxidant ef-
fect of IBL extract

Antihyperglycemic and antioxidant activity of ethanolic
Extract of IBL leaf (EIBL) were successfully tested using
STZ induction procedures in male Wistar white rats.
Three types of controls were included during the experi-
ment, namely: (1) normal control group showing the con-
dition of the rats without induction, (2) positive control
group using glibenclamide (GCM) which was thought to
be able to reduce BG and maintain MDA levels at low le-
vels, and (3) negative control group that gave diabetic con-
dition characterized by high levels of BG and MDA after
induction. EIBL dosage variations were used to determine
the effect of dose on response.

STZ induction for three consecutive days was succes-
sful to increase BG level due to insulin deficiency. STZ is
a glucose analogue with selective affinity for the pancre-
atic beta-cell GLUT-2 (Glucose Transporter-2) receptor
(Szkudelski 2001). An increase in blood sugar level due
damages of pancreatic beta cells may result in permanent
inability of these cells to produce insulin. STZ stimulates
oxidative stress by enhancing nitric oxide (NO) level and
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generating free radical molecules in beta cells (Akiyama et
al. 2001, Szkudelski 2001, Lenzen 2008). GMC was found
to be effective to decrease blood glucose levels after in-
duction. The role of GMC is to stimulate insulin secretion
by pancreatic beta cells, and this ensure sufficient glucose
uptake into cells. GMC was also reported to inhibit the
initiation of lipid peroxide (LPO) formation when insuffi-
cient uptake occurred (Erejuwa et al. 2010, Rabbani et al.
2010, Obi et al. 2015, Pandarekandy et al. 2017, Pottathil
et al. 2020). Enhancement of lipid peroxide (LPO) was
monitored through MDA as its main product.

The BG level in each group was monitored at the time
intervals shown in Figure 4a. Before induction, statisti-
cal analysis of BG showed no significant difference in all
groups, indicating that all tested animals had similar BG
level and eligible to be included in the tests. After induction
(DO, 72 hours after STZ induction), NI increased signifi-
cantly (p <0.05, Mann-Whitney test) when compared to
the other groups, and this was due to STZ induction. BG
levels decreased significantly in EIBL groups on the seventh
day after induction (p> 0.05, Mann-Whitney test). The BG
levels of all EIBL groups and the NI group were observed
to be stable at comparable levels, and these were not sig-
nificantly different from day 7 to day 21. The correlation
between groups in responding to glycemic condition is pre-
sented in the matrix plot (Fig. 4b). High correlation (r> 0.8,
p <0.001) was obtained among all EIBL groups. Compared
with the GCM group, the more the increasing dose of EIBL,
the higher the correlation (r_, >r >y P <0.001 for

EIBL.3 EIBL.2
all). Furthermore, a very low correlation was obtained in
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the NI (r <0.12) and NT (r <0.14) control group. These re-
sults suggested antihyperglycemic activity of EIBL.

The values of MDA levels in each group were monitored
and the results are shown in Figure 4c. Before induction,
no difference in MDA levels was found in all groups, indi-
cating that oxidative stress has not occurred at this time.
After STZ induction, a significant increase in MDA levels
(p <0.05, Mann-Whitney test) was observed in all induced
groups, while in the NI group the values remained around
normal levels. On days 7, 14, and 21, the level of oxidative
stress increased significantly in the NT group. Meanwhile,
MDA levels fell consistently from day 7 to day 21 in the
treatment group. Administration of both GCM and EIBL
reduced the level of oxidative stress to normal levels fol-
lowing induction. The correlation between groups of oxi-
dative stress levels of induced rats are shown in the matrix
plot in Figure 4.d. Mid to high correlations of MDA levels
were obtained among EIBL.1, EIBL.2 and EIBL.3 (r = 0.65,
p <0.001; r = 0.56, p <0.01; and 0.75 p <0.001, respecti-
vely). Furthermore, a weak correlation was observed in
the NI (r <0.21) and NT (r <0.14) groups when compa-
red with the treatment groups. EIBL.1 and EIBL.2 were
strongly correlated with the GCM group (r = 0.85 and r
= 0.81, respectively, p <0.001 for both) while higher dose
at EIBL.3 reduced the correlation between them (r = 0.59,
p <0.01). The similarity in the rate of reduction in MDA
levels between the GCM and EIBL groups showed compa-
rable activity in preventing the increase in oxidative stress
after STZ induction. However, in EIBL, the rate of reducti-
on is likely influenced by the dose of administration.
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Figure 4. (a) Blood glucose levels of rats; (b) Group dosage-glucose response correlation; (¢) MDA levels in rats; (d) Group dosage-

MDA response correlation. Pre: blood glucose levels before STZ administration; D-0: blood glucose level 72 hours after STZ loading;

D-7: blood glucose levels 7 days after treatment; D-14: blood glucose levels 14 days after treatment; D-21: blood glucose levels 21 days

after treatment; * p <0.05; ** p <0.01; *** p <0.001.
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The relationship between BG and MDA levels was ana-
lyzed using the Spearman correlation test to obtain infor-
mation on the available data (Fig. 5). The first analysis was
aimed to determine the correlation at the induction and
monitoring stage. Before induction, BG and MDA levels
showed random point correlation, indicating normal con-
ditions depending on the biological condition of each rat.
After 72 hours of induction (DO0), the correlation turned
positive with a mid-linearity level (r, = 0.56, p = 0.0014)
which is a sign both of BG and MDA levels increasing at
the same time. To observe the relationship among moni-
toring days, the NI group data were omitted to prevent
bias in the analysis. Seven days after induction, BG and
MDA level shows low correlation (ry, = 0.29, p = 0.15),
then increased on day-14 (r,, = 0.45, p = 0.021), and a
high correlation was found on monitoring day-21 (r,,,)
0.72, p <0.001). The second analysis was aimed to deter-
mine the correlation in each group. The NI group had a
negative correlation between BG and MDA levels, while
all induced groups resulted in a positive correlation. All
EIBL groups produced a positive correlation value with
EIBL.1 and the correlation level was medium (rp = 0.42,
p = 0.035) while EIBL.2 produce a comparable correlation
level to GCM (r,, ,=0.75 and r ., = 0.72 with p < 0.001
for both). Increasing the dose at EIBL.3 decreased the cor-
relation of BG and MDA levels (r,, .= 0.6, p <0.0016).

EIBL groups did not cause a significant reduction in
BG after seven days of STZ induction. In addition, incre-
asing the dose resulted in a decrease in BG levels at all
monitoring times. In contrast to the MDA level, high do-
ses and long duration of administration of EIBL produce
more reduction in oxidative stress. This activity indicates
the dose and time-dependent mechanism of EIBL as an
antioxidant. The correlation between BG and MDA is an
insight in explaining the characteristics of EIBL activities.
The strongest correlation was obtained in EIBL.2, which
means that 500 mg/kg administration is the best-fit dose
to explain the relationship between potential oxidative
protection and hyperglycemic conditions. The dose of
250 mg/kg EIBL was only partially correlated, while 750
mg/kg of EIBL produced a slightly decreased relationship
between BG and MDA. The lowering in BG tended to
be stagnant after seven days, and on the other hand, the
MDA levels decreased in a gradient on days 7, 14, and
21 after the administration of EIBL. Moreover, statisti-
cal results per monitoring day show that the maximum
correlation in this study is after 21 days. It suggested that
EIBL activity tends to protect against oxidative damage to
STZ-induced rat pancreatic beta cells. Gradual oxidative
stress levels recovery (back to normal conditions) was
due to the antioxidant activity of EIBL. Eventually, beta
cells are maintained in numbers to produce enough in-
sulin, and BG levels are controlled at a low level from the
beginning of treatment. Protection of pancreatic beta-cell
islets was also reported after administration of antioxi-
dant agents through inhibition of intracellular reactive
oxygen species (ROS) and nitric oxide (NO) scavenging
mechanisms (Szkudelski 2001, Vessal et al. 2003). ROS
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Figure 5. Relationship between oxidative stress and glycemic
level in STZ-induced rats. (a) BG-MDA correlation level on the
monitoring stage (NI group data were omitted on days 7, 14, and
21); (b) BG-MDA correlation level on each group.

and NO play important role in the formation of auto-po-
ly (ADP-ribosylation) from PARP, which inhibits the reg
gene transcription complex, causing termination of the
beta-cell (Akiyama et al. 2001, Szkudelski 2001). Further-
more, the study also reported that the rate of cell regene-
ration increased with increasing doses of the administe-
red antioxidants (Vessal et al. 2003), which is in line with
the findings of our study.

The main anthocyanin aglycones in I. batatas leaves are
cyanidin and peonidin (Islam et al. 2002, Li et al. 2019).
Likewise, in EIBL, cyanidin and peonidin aglycone were
also found, dominating the glycosides and their acylated
derivatives. There was limited information on pelargon-
idin content in I. batatas leaves, yet, negligible amounts
found in tuber root (Truong et al. 2010). Peonidin-caf-
feoyl-feruloyl-sophoroside-5-glucoside, a peonidin deri-
vate is commonly found in I. batatas. This molecule shows
glycemic control through inhibition of maltase-glucoa-
mylase (MGAM) in the small intestinal rats (Matsui et al.
2002). Inhibition of sugar absorption in the intestine can
control the amount of sugar in the blood, and then gluco-
se uptake in cells is fulfilled and protected from autooxi-
dation. Cyanidin-3-Rutinoside was reported to reduce
blood glucose levels by inhibiting carbohydrate absorpti-
on in the intestine by a-glucosidase inhibition mechanism
(Adisakwattana, Sirichai, Sirintorn Yibchok-Anun, Piya-
wan Charoenlertkul 2011). Pelargonidin and its derivates
have been reported to stimulate insulin secretion. Pelargo-
nidin aglycones increased secretion insulin up to 1.4 fold
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while its glycoside (pelargonidin-3-galactoside) failed to
induce insulin secretion (Jayaprakasam et al. 2005).
Antioxidant activity of anthocyanins was reported to
be related to the phenolic hydroxyl in the B-ring agly-
cone found in cyanidin and peonidin (Luo et al. 2018).
In addition, that antioxidant activity increased with the
addition of phenolic to the acylated residue (Németh et
al. 2003, Khoo et al. 2017, Luo et al. 2018, Al-Yousef et
al. 2020). Anthocyanins with aglycon cyanidin and acyla-
ted caffeoyl residue have higher antioxidant activity due
to the catechol structure, namely the diphenol structure,
which is more potent in donating electrons to LPO radi-
cals (Luo et al. 2018). Acylation in anthocyanins provides
more stability in the structure, but their absorption ability
was limited by its large molecular size (Fang 2014). Based
on these aforementioned studies, it is suggested that EIBL
maintain blood sugar levels by preventing the absorption
of excess sugar from the digestive tract and the aglycons
successfully absorbed will protect pancreatic beta cells.
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