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Persea a-merican:.a mill 4PA analyzes metabolite profiles of avocado seeds using LC-QToF-MS/MS.
Metabolite profiling The research samples were 20 white male Rattus norvegif&® and were
Woven bone divided into two groups: control (K) and treated (KE). Then, the lower left

cives of the samples were extracted for H&E staining to analyze the
woven bone area at days 7 and 14. The results LC-QToF-MS/MS show the
avocado seed extract found many major compounds including catechin,
cyanidin, m‘ogenic acid, and quinic acid. The results show that the woven
bone area was significantly higher in the treatment group. The conclusion is
that Avocado seeds have a potential compound that can enhance bone
formation.
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Graphical Abstract

Introduction

The avocado is a plant that comes from
Central America and Mexico. Growing avocados
in Southeast Asia, especially in Indonesia, is
simple because they thrive in tropical and
subtropical conditions. In recent years, research
on the biological foundations of medicinal plant
treatment qualities has grown in popularity.
Avocado seed (Persea americana Mill) can
reduce inflammation and increase wound
healing after tooth extraction [ The total
antioxidant content is 1350 pmel Trolox
Equivalent (TE) per half fruit, or 600 pumol TE
per 30 g. This puts avocados in the middle of the
fruit phenolic spectrum, possessing the highest
capacity for lipophilic antioxidants. More
polyphenols are found in avocado seeds than in
flesh or skin [2-4]. Avocado seeds usually
become organic waste that is not utilized. Seeds
consist of various polyphenols, such as catechin,
procyanidin, chlorogenic acid, and quinic acid,
but each plant contains different compounds
depending on where the plant lives. There is no
study about metabolite profiling on avocado
seeds in Indonesia, especially in Kediri City, East
Java. Some herbal plants have the potential to

speed up the healing process, and one of them is
avocado sﬂs. The chemical content of avocado
seeds can late genes involved in antioxidant
activity by inhibition of pre-inflammatory genes
expression in addition to IW regeneration
signalling pathways [5,6]. Polyphenols also
regum genes involved in antioxidant activity
by inhibition of pro-inflammatory genes
expression in addition to bone regeneration
signaling pathways [5]. The content of these
compounds can be usglto treat problems faced
by diabetes sufferers. Diabetes mellitus (DM) is
one of the systemic diseases that can cause a
Elay and an uncoordinated healing process.
DM is one of metabolic diseases which
characterized by hyperglycemia that occurs due
to abnormalities either in insulin secretion,
sulin action, cells insensitivity, or any of them.
The International Diabetes Federation (IDF)
organization estimated that at least 463 million
people aged 20-79 in the world had diabetes in
2019, equivalent to a prevalence rate of 9.3% of
the totalampulation of the same age [7,8].
Whereas tooth extraction is the act of removing
tooth and tooth root from the socket, either
under proceae or spontaneously, which will
involve the hard and soft tissues in the oral
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cavity [9]. There is a significant difference in
post-extraction complications in DM patients
due to the impact of metabolic consequences.
The study reported by Power et al. showed that
12.5% of patients with DM experienced
complication of delayed post-extraction healing
[10], because diabetic condition can influence
each phase of wound healing such as in
coagulation and hemostasis phase, leading to
the impairment of healing process [9]. In
exemplification, the hyperglycemjggy state
through the AGE-RAGE axis causes excessive
bone resorption, thereby disrupting the alveolar
bone remodeling process in DM [11,12]. The
increase of oxidative stress and inflammation
can leads the delayed healing in diabetic and

uence the woven bone formation [13-16].
The woven bone is basically mineralized tissue
in a connective tissue matrix lined by
osteoblasts and containing large numbers of
osteocytes [14]. Many research studies have
been looking into the effects of avocado seed
extract as important bioactive compounds in
bone formation by increasing osteoblast
proliferation and ALP (Alkaline Phosphatase)
activity in vitro [1]. Avocado seeds contain
polyphenol compounds, including cyanidin,
chlorogenic acid, and quinic acid, which are
bioﬁve properties [2]. Polyphenols regulate
the expression of transcriptional factors and co-
activators, which is important in osteoblast
differentiation and bone formation processes,
including  the  expression of RUNX2.
Simu]tansly, polyphenols downregulated
RANKL (Receptor Activator of Nuclear Factor
Kappa-B Ligand) and TNFaq, which are the two
major key gene regulators in osteoclast
differentiation and inflammatory pathways. In
addition, the tissue-damaging effects of
hyperglycemia will enhance oxidative products
by activation of multiple oxidation pathways,
which can influence the inflammatory process
and bone formation [3]. In this study,

metabolite profiling of am;ado seed methanol
extract was carried out with LC-QToF-MS/MS.
The use of HPLC can produce separations with
high sensitivity, selectivity, and resolution,
compound separation efficiency,
accelerate analysis time, separate smaller
compounds, and uce the number of samples
required [4,17]. This research aims to analyze
the influence of avocado (Persea americana
Mill.) seed extract on bone formation post tooth
extraction in a diabetes mellitus condition.

increase

Experimental
Materials

The materials for conducting this study
included LC QToF-Ms/MS (UPLC: Acquity
UPLCH-Class System (Waters), MS: Xevo G2-§

QToF (Waters), Methanol (onemed),
microscope (Nikon E-100, Tokyo, Japan),
Glucometer  (OneTouch  Select Simple),

Streptozotocin (Bioworld, USA), buffer citrid
acid 0,1 M pH 4,5, Eter (Merck KgaA, Jerman),
Ketamine 100 mg (KTM-100, Indonesia),
Povidine-lodine (Onemed), formalin buffer 10%
(Makmur Jaya, Indonesia), Akuades steril
(Onelab Waterone, Indonesia), Alkohol 70%,
80%, 90%, 96% (Novapharin, Indonesia),
Etanol Pro Analisa (Merck KgaA, Jerman), Xylol
(Merck KgaA, Jerman), HE (haematoxiline
eosine), and Staining IHK, RUNX2(F-2, Santacruz
Biotechnology Inc).

Methods

This study is experimental research with a
posttest-only control groupasign, which was
carried out at Laboratorium Faculty of Dentistry
Universitas Hang Tuah Surabaya. The
preparation of extracts for the experimental
study was performed at Laboratorium Biologi
Pharmacy Institut I[Imu Kesehatan Bhakt

Wiyata.  Metabolit  profil analyzed in
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Labotarorium Forensik MABES POLRIL. The
staining and histological observations were
performed in Research Center Faculty of
Dentistry Universitas Airlangga. study
declared eligible conducted by Universitas
Airlangga Faculty of Dental Medicine Health
Research Ethical Clearance (No.
0063/HRECC.FODM/II/2024). Twenty white
male Rattus Norvegicus, ages two to three
months, were used as research samples. By
making sure the rats' food and water demands
were satisfied, their condition was constantly
observed. 10 diabetic rats with no treatment
administered were used as the controel group
(K), whereas Group (KE), the therapy group,
received avocado seed extract. Each group's
samples were divided equally to be sacrificed
on days 7 and 14 post-extraction for further
analysis.

Methanol extraction

1

!he material used in this research was
avocado seeds (Persea americana Mill)
Avocado seeds were obtained from Avocado
Plantations, Wates District, Kediri ancy, East
Java. Afterwards, characterization was carried
out at the Pharmaceutical Biology Laboratory of
the Bhakti Wiyata Kediri Institute of Health
Sciences and the LCToF MSMS MS metabolite
profile test was carried out at the Forensic
Laboratory at POLRI Headquarters. The
avocado seeds are washed clean and then dried
in the oven for 24 hours. After that, grind it until
you get dry simplicia powder. A total of 600 g of
dried simplicia powder from avocado seeds
macerated with 6 liters of methanol for 3 x 24
hour: d then filtered using a Buchner funnel.
Next, the filtrate was evaporated using a rotary
vacuum evaporator at 70 °C and continued
using a water bath at 60 °C until a thick extract
was obtained.

Metabolite profiling

Metabolites identification contained in avoca
seeds was done using LC QToF-Ms/MS (UPLC:
Acquity UPLCH-Class System (Waters), MS:
Xevo G2-S QToF (Waters)). Methanol extract of
avocado seeds was injected as much as 0.01 mL
into the eluent towards the column under
pressure. Afterwards, the compounds in the
sample were identified using MS by connecting

e UPLC system with summer ion ESI and
interpreted using Masslynx 4.1 and web
chemspider. The Masslynx 4.1 software was
opned, and then File was clicked and the saved
folder was selected. Thereafter, the sample
spectrum will appear so that the separation is
visible, the sample chromatogram display is
changed from TIC to BPL Once the
chromatogram is visible, the peak at RT (real
time) was clicked on until the m/z chemical
composition value appears. The tool was
clicked, elemental composition was selected,
and spectrum was clicked twice to get the mass
elemental composition. Elemental composition
is the recommended formula composition of a
chemical compound according to the mass of
the compound. The target element that may
appear was clicked because it uses natural
materials; only C, H, N, and O atoms were
selected (because these are elements that are
commonly found in natural material samples).
Next, to find out the name of the compound, we
looked through Chemspider by subtracting or
adding 1 H atom. Next, the Chemspider website
(www.chemspider.com) was opened, and then
the column filled with the compound
composition obtained from elemental
composition. The publication was looked for in
the highest order, and then the ID was clicked
until the name of the compound appeared. The
name of the compound that appeared in
Chemspider was a prediction of the compound
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found according to the elemental composition
of the spectrum.

Diabetic induction and tooth extraction

Diabetes induction was done by intravenous
injection of 50 mg/kg rat body weight
streptozotocin (STZ) at the rat's tail. Rats were
categorized as positive for DM if the blood
glucose levels showed 2 250 mg/dL on day 1
post-induction by glucometer. We wused
ketamine 50-80 mg/kg and xylazine 20mg/kg
for anaesthesia. The samples’ lower left
incicives were removed using forggs, and a
plastic tool was used to apply the Persea
americana Mill. seed extract topically was for
one minute in the socket. There was no
application to the control group, whilst group E
was applied with the extracted gel every day
until either 7- or 14-days post extraction.

Tissue preparation

To prepare the tissue, samples from all
groups were decapitated on days seven and
fourteen while under anaesthesia in general and
ketamine-xmine infusion. The left mandibles
were sliced to the of a tooth socket on each
specified day, fixed with 10% formalin, and then
decalcified as tissue samples for haematoxylin
and eosin (H&E) gining to assess the quality of
the woven bone. A light microscope (Nikon E-
100, Tokyo, Japan) with 400x magnification was
used to view antm:aluare the sample slides in
five-micrometer fields of view on a binocular
light.

Avocado seeds gel preparation
1
For the preparation of the avocado seed gel,

the gel formulation of avecado seed was used.
The formulation of the avocado seed gel
formulation is extract 10%, CMC Na (Natrium
Carboxymethylcellulose) (Sigma  Aldrich),

Gliserin (Onemed), Propilen Glikol (DOW USP
USP  GRADEPG), and na'] paraben
(Nipagin/Ueno). Using the SPSS snftwa
package version 17.0, the Mann Whitney. A
difference of p<0.05 was considered to be
statistically significant.

Results and Discussion

The spectrometry result is the interpretation
of these metabolite compounds, which shows
that there are several dominant compounds or
major compounds, the compounds that have
higher levels (indicated by percent area) when
compared to the concentrations of other
substances in the exgggct. The used method is
LC-TOF MS/MS  (Liquid chromatography
tandem-mass spectrometry). It is an analytical
technique that involves the physical separation
of a target compound (or analyte) followed by
detection based on its mass. In the MS system,
the liquid sample turns into droplets through
the needle and will be given a positive charge if
using positive ESI and a negative charge if using
negative ESI. Electrospray lonisation Source
(ESI) is an ionization technique that uses
electrospray to produce doubly charged ions.
Thus, the resulting ions will be separated by a
Q-ToF type analyzer. The ion separation results
are detected and will be displayed in the form of
a chromatogram, which can be analyzed using
the Masslynx 4.1 application so that the m/z
spectrum value of each chromatogram peak
appears [18]. Figures 1 and 2 depict the
chromator image of positive and negativggESI
from analysis of avocado seed extract. Each
chromatogram peak indicates the presence of a
compound and appears according to RT (real
time) where the compound is detected, with a
certain area percentage. When we click on the
peak of the chromatogram in the Masslynx
application, the m/z spectrum will appear so
that the compound formula can be predicted.
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Figure 1. The spectrometry result avocado seeds by ESI positive

TTRE O A

e

Figure 2. The spectrometry result avocado seeds by ESI negative

The predicted molecular formula is then
searched using the ChemSpider web by writing
the molecular formula. If the ESI is positive, the
number of H molecules should be reduced to
match the actual mass because there is an
alditional hydrogen charge in the positive ESIL
After obtaining the name ofgm compound and
structure via ChemSpider, the measured m/z
was compared with the calculated m/z. If the
difference between the two is 0.0005, the
belongs to the predicted compound [18,19]. The

resumof the interpretation of chromatogram
data are presented in Table 1.

Table 1 shows that there are three largest
compound that were found by adding hydrogen
atom detected from LCToFMsMs as Procyanidin
at 14.36%. The compound was discovered at
4.95 minutes, the second largest percentage of
compounds is glucopyranoside at 12.11%, the
compound was discovered at 2.05 minutes, and
the third largest is catechine/epicathecin at
5.84% that was found on 5.27 minutes.
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Table 1. Compounds detected from LCToFMSMS positive ESI

Real Element
. mass calc mass i, Compound Area %
No. time composition
Procyanidin
B2/Proanthocyanidine
1 495 579.1482 579.1503 C3oH26012 B2 14101865 14.36
9-Hydroxy-7-oxo-7H-
furo[3,2-g] chromen-
4-yl B-D-
2 2.05 3810793 381.0763 Ci7H16010 glucopyranoside 118987688 12.11
D- (+)-
3 5.27 291.0882 291.0869 C15H1406 Catechin /Epicatechine  573851.56 5.84
Procyanidin
4 3.43 8672129 867.2123 CasH3s018 C1/Proanthocyanidine  572481.69 5.83
(2)-
5 5.52 307.0934 307.0930 C19H1404 Deoxytetrangomycin 11722363 11.98
6 6.91 5152234 515.2241 Cz8H3409 Nomilin 46444.78 0.47
7 1872 4132662 413.2678 Ca26H3704 m'{ydmxy-l-[S- 36459.29 0.37
methylbutanoyl)-
44,6-tris(3-methyl-2-
buten-1-yl)-3-oxo0-1,5-
c@hexadien-l-olate
(1EA4E)-1,5-Bis(1,3-
benzodioxol-5-y1)-1,4-
8 4.29 323.0872 323.0879 C19H140s pentadien-3-one 13919.12 0.14
9 9.72 195.0888 195.0882 C7H1406 D-Pinitol 9900.92 0.5
10 093 195.0886 195.0882 C7H1406 a-Methyl D-mannoside 1939.16 0.03
11 044 1950857 195.0882 C14H100 Anthrone 589.44 0.01

Table 2. Compounds detected from LCToFMSMS negative ESI

Rl Element
No. _— Mass Calc Mass compositi  Compound Area %
on
652249
1 4.16 353.0871 353.0873 CicHis0s  Chlorogenic Acid 1.5 48.51
250400
2 5.74 4411777 441.1761 Cz1Hs0010  Lusitanicoside 175 18.62
Procy nidine/ 155822
3 2.82 865.1963 865.1980 Cs4sHzs01s  Proanthocyanidine 7.75 13.29
128096
4 1.68 191.0566 191.0556 CrH120s Quinic acid 1.5 9.53
5 6.94 4271610 427.1604 CzoHzs010  Rosavidine 704825 5.24
136293.
7 16.24 367.2617 367.2637 CzsHszs02  Variecoline 17 1.01
64550.2
8 14.74 3672279 367.2273  C24H3203 Menoctone 2 0.48

9 7.82 507.2435 507.2442  CzsHao01z  (3a5,4R,6575,7aR)-6-[(R)- 555846 041
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Element
compositi
on

Real
time

Calc Mass

10 11.45 2651806  265.1804  CisHz:03

11 12.88 397.1917 367.1909  Cz3Hz230s

12 10.93 387.1142 387.1139  Ci3Hz24013

13 13.76 293.2120

383.1849

293.2117  CisH3003

14 11.93 383.1858  Cz3H230s

15 2147 387.1149 387.1139  Ci3H24013

16 19.85 1589779 158.9777 CH:0¢
Table 2 shows that there are three largest
compounds that found by reducing hydrogen
atom detected from LCToFMsMs, which are
chlorogenic acid at 48.51%. The compound was
discovered at 4.16 minutes. The second largest
percentage of compounds is Lusitanicoside at
18,62%. The compound was discovered at 5.74
The third largest is
Procyanidine/Proanthocyanidine at 13.29%
that was found at 2.82 minutes. Metabolite
profiling aims to elucidate the profile of
secondary metabolites after a lengthy

minutes.

methane

Compound Area %
[(gS,SR]-5-(dimethoxymethyl]-
2,2-dimethyl-1,3-dioxolan-4-yl]-
[(4R)-2,2-dimethyl-1,3-
dioxolan-4-yl] methoxy]-4-
(}m'oxymethyl]-Z,Z-dimethyl-
4,6,7,7a-tetrahydro-3aH-[1,3]
ﬁxulo[‘l,s-c]pyran-?-ol
methyl (2E6E)-9-(3,3-
dimethyloxiran-2-yl)-3,7- 45997.0
mlethylnona-z,ﬁ—dienoate 7
1-hydroxy-9-methoxy-3-(2-
methyloctan-2-yl) 275343
benzo[ca:romen-ﬁ-one 1
formic acid;(2R,35,45,5R,6R)-2-
(hydroxymethyl)-6-
[(2R3S4R5R,6R)-4,5,6-
trihydroxy-2-(hydroxymethyl) 227328
oxan-3-yl] oxyoxane-3,4,5-triol 1
137419
Octoxynol-2 3

0.20

0.17

0.10

Methoxyglanolide

formic acid;(2R,35,45,5R,6R)-2-
(hydroxymethyl)-6-
[(2R3S,4R5R,6R)-4,5,6-
trihydroxy-2-(hydroxymethyl)
oxan-3-yl] oxyoxane-3,4,5-triol

129024 0.10

376398 0.03

Trioxidanylperoxyperoxyperoxy

135585 0.01
metabolite isolation process. This method relies
on theparaﬁon of metabolites through the
use of mass spectrometry (MS) in conjunction
with gas chromatography (GC) or liquid
chromatography (LC) to evaluate metabolite
complexes. When comes to identifying
metabolite profiles, Ultra Performance Liquid
Chromatography Quadrupole Time of Flight
Mass Spectrometry/Mass Spectrometry (UPLC-
QToF-MS/MS) is more precise and selective
than other methods [4,17]. The results of all of
the predictions compound methanol extract of
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Avocado seed are not all the same as the results
of previous studies; for example, quercetine,
which was found in previous studies, was not
found in this study. This can be caused by
various factors; one of the dominant
determinants is external factors in the form of
the place of origin of the avocado seeds used
[20,21]. After we had determined the compound
of the avocado seed, we did in vivo research to
prove the effect of the avocado seed on woven
bone formation. Afterwards, we observed the
woven bone area formation by haematomle
eosine staining. The highest woven bone

formation was on tﬁ day-14 group treatment.
The lowest woven bone formation was on the
day-7 group control (Figure 3). The highest
density of woven bone shown on Groups
treatment on days 14 (KE14). Afterwards, the
lowest density woven bone shown on Control
Groups on days 7 (K7). Around 21.49%
different of woven bone at day 7 control groups
and treatment groups. Likewise, around 21.49%
difference of woven bone at day 7 control
groups and treatment groups and 40.93%
different at day 14 control groups and
treatment groups (Figure 4, 5).

Mean area Woven Bone

8170.0800

K7 K7E

- 2688.8600

3344.7680

K14 K14E

wh

Figure 3. The area of woven bone for control group day 7 (K7), day 14 (K14) and treated group day 7 (K7E)
and day 14 (K14E)

Figure 4. H&E Slide for control group (K7) and treatment group (KE7) on day-7 under light microscope with
100x magnification




Metabolite Profiling of Avocado Seed Extract ...

K14 KE 14

Aowh = 1EETT

Figure 5. H&E Slide for control group (K7) and treatment group (KE7) under light microscope with 100x
magnification

Table 3. Analysis of Variance using Kolmogorov-
Smirnov test
Woven Bone
Asymp. Sig. (2-tailed) .085
Kolmogorov-Smirnov test (Table 3) shows
that the distribution of data is not normal, so
the analysis proceeded with Mann Whitney test
to detect any difference. Mann-Whitney (Table
4) test shows that there are significant
differences in osteoblast, woven bone formation
between the group receiving treatment and
control group at day 7t and 14t due to the
hypothesis of application of avocado seed gel
after tooth extraction.

Table 4, Difference test between control group and
treatment group on day 7. Analysis by Mann-
Whitney test

Woven Bone
Mann-Whitney U 0,000
Asymp. Sig. (2-tailed) 0,009

chlorogenic acid, and quinic acid. This study is
supported by previous research, although not
exactly the same compounds contained by
avocado seeds [4,22-23].

Table 5. Difference test between control group and
treatment group on day 14. Analysis by Mann-
Whitney test
Woven Bone

0,000
0,009

Mann-Whitney U
Asymp. Sig. (2-tailed)

Tables 4 and 5 shows that there are
significant differences woven bone on day 7 and
14 between control group and group treatment
with avocado seed. Metabolite profiling that we
have did show that Avecado seeds contain
polyphenol compounds, including procyanidin,

Which are important in inducing the healing
process through different pathways and
processes. Procyanidin, chlorogenic acid, quinic
acid are important in inducing the healing
process through different pathways and
processes. Previously, Procyanidin could
increase osteoblast differentiation [24]. Quinic
acid can inhibit the pro-inflammatory and
increase  osteoblast  differentiation  [25].
Chlorogenic acid, as an antioxidant, increases
osteoblast proliferation and differentiation by
repairing oxidative stress damaged by high
glucose [26,27]. There are many research
before that shown the effect of avocado seeds
on bone and healing. Avocado seed extract can
increase osteoblast proliferation in vitro [1]. It
can maintain fibroblast and support the healing
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process after tooth “raction [28-29].
Increased inflammation, the production of
reactive oxygen species (ROS), and advanced
glycation end products (AGEs) are all
consequences of diabetes mellitus. This results
inan increa in osteoclasts, which is confirmed
by the rise in the RANKL/OPG ratio. The total
result of the depletion in bone formation is due
to the bone dysreglm-ion and the decrease in
RUNX2, eventually resulting in a decrease in
osteoblast proliferation andmn increase in
apoptosis in osteoblasts [30]. Genes involved in
antioxidant activity, such as glutathione
synthetase (GSH) and superoxide dismutase
(SOD), can be regulated by polyphenol
chemicals. RANKL and TNFaq, the genes that
control osteoclast differentiation and
inflammatory pathways, are simultaneously
downregulated by polyphenols [5]. The
administration of avocado seeds, which contain
these compounds, can improve the modulation
of osteoblasts on diabetic conditions, resulting
in the total elevation of the woven bone
formation after tooth extraction.

Conclusion
Avocado seed extract contains bioactive
compounds, including catechin, chlorogenic

acid, cyanidin, and quinic acid, which have the
potential to accelerate bone formation,
particularly in diabetic condns. by enhancing
woven bone development. The results of this
study indicate that avocado seed extract could
serve as a natural alternative for promoting
bone healing, especially in patients with
diabetes-related complications, where delayed
bone regeneration is a common concern. The
presence of polyphenols and flavonoids in

cado seed extract suggests possible
antioxidant, anti-inflammatory, and osteogenic
properties that contribute to its bone-healing
potential. These compounds may enhance
osteoblast activity, reduce oxidative stress, and

regulate inflammatory responses—key factors
in improving bone repair, particularly in
compromised conditions such as d@tes.
While these findings are promising, further
research is necessary to fully understand the
molecular mechanisms involved and to
determine the optimal dosagegand delivery
methods for clinical applications. Future studies
should also explore the long-term effects and
potential interactions of avocado seed extract
with other therapeutic agents. If validated in
clinical trials, this natural approach could
provide a cost-effective and sustainable
alternative for bone healing, particularly for
patients with metabolic disorders that impair
bone regeneration.
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