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Abstract: Excessive levels of free radicals in the body cause oxid:
damage to macromolecules imjuring DNA, proteins andlipids, which
leads to structural and functional defects and ultimagsylts ina number
of illnesses.The antioxidationof trilobatin and its inhibitory activity of
trilobatin on oxidative damage of biological macromolecules have not
thoroughly investigatedin this research the effects of trilobatin or
scavenging rates d¢fydroxyll, 1,1-Diphenyt2-Picrylhydrazyl(DPPH) and
2 , -@zinobis (3ethylbenzothiazolin®-sulfonic acid) (ABTS)radicak as
well asreducing power were thus examinétieanwhile, Cé&t/ H,O, and 2,
2-Azobis (2methylpropionamidine) dehydrochloride (AAPH) induc
proteins, lipidandDNA modelswere used to examine the inhibitory effe:
of trilobatin on oxidative damage of biological macromolecul&sough the
significance analysis of the repeated experiment results, it was foun
trilobatin had significant scavengingffecs on DPPH and ABTS free
radicals, which wereup to and (100.0%41.93%), respectively. However

trilobatin had a limited capacity to scavenge hydroxyl radicals anccee
power. Moreover,trilobatin had protective effect on proteins|ipids, and
DNA. However,the protectiveeffect weredifferent in differentinduction
systems Thesefindings indicated that trilobatin may function as a natt
antioxidantto maintain the balance between oxidation and antioxidatic
organismsTheoretical support for the use of trilobatin in functional foc
was offered by this research.

Keywords: Trilobatin, Antioxidation, Biomacromoleculge Oxidative
Damage

Sies and Jones, 202@xidative damagef biological
] ] _ macromolecules leads to the occurrence and
The generation and removal of free radicals in living development of several diseagde Bhailiset al 2021;
organisms are in a dynamic equilibrium state (Venditti Rgniet al,, 2016; Sies and Jones, 2028)growing body
and Di Meo, 2020). Superoxide (@), Hydrogen  of research has linked oxidative damagectmditions
Peroxide(Hz0z), Hydroxyl radicals (OH), and singlet |ike atherosclerosis, inflammation, cancer, and
Oxygen(Q,) are examples dReactive Oxygen Species neyrodegenerative diseagBs Meo andVenditti, 2020;
(ROS), which can be created during normal metabolic,:anget al, 2012;Li et al, 2020, Zhanget al, 2010).
and physiological processes and are important fortnerefore, the search for natural and effective

homeostasis and cesiignaling (Borisov et al, 202% antioxidants iscrucial for preventng oxidative stress
SarmienteSalinaset al, 2021) With the increase of age, (g|atedilinesses

our tissues and organs lotheeir functionality gradually As a natural dihydrochalcone compound, trilobatin has
andour body’'s capacity t o0 pde® MRNdein man§ eplantsadlidh Ca& | golystachys, ©
declines(Zia et al, 2022) In addition, environmental  Strychnocotyledon Malus Mil, and Lycopersicon
pollutants, dietary factorsgrugs, lifestyle, and other esculentum Mil(De Lucaet al, 2022 Kongkiatpaibooret al,
factors may stimulate the formatioand excessive  2020; Yahyaaet al, 2016).In recent years, studies
accumulation oROSin thebody, which caugsoxidative showed that trilobatin had hypoglycemic, anti
damage to biological macromolecul@&anietal., 2016 inflammatory, inhibition of melanin production, and
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various other biological propertig®ing et al, 2021; with slight modification (Trujilloet al, 2014). Firstthe
Wang et al, 2018). Previous esearch preliminarily reaction between 7.35Mhpotassium persulfate aidnvi
confirmedthe significant antioxidant activity afilobatin ABTS solutionproduced ABTS radical solutiorThen,
(Li et al, 2022) However, there are few-depth reports  thecombinationwas incubated ia dark room for a whole
on the antioxidantapacityof trilobatin and itdefenses  pjght Aiming to obtain the ABTS free radical solution,
against damage tbiological macromoleculesDPPH,  the ABTS radical solution was diluted with anhydrous
ABTS, Hydroxyl radical scavenging rate, and reducing gthanol to obtain the absorbance of 0.7+0.02 atrif84

capacity are often used to evaluate the antioxidant,aasured bv spectrophotometer (Shimadzu-2690
activity in vitro (Kristiani and Kim, 2023) Therefore, y SP P ( ’

. 2 . ) X : . Kyoto, Japan). Then6 00 pL of ABTS fre
e antoxidant acliy of rlobath was INVesiGeled I souion was combined vgorously witl 20 L o
scavenging rates diydroxyl, ABTS DPPH radicals, trlloba}tln .solut|0nsat various concentrgtpnsé\fter the
andthe reducing capacity of ferrous iroAdditionally, combmatlon had been reaqtmg for 6 min in th.e darkroom,
BSA, rat liver, and brain tissue proteimere used as their absorbance wasatdarmmeq at 734 nm with the use
protein models, rat brainliver homogenateslecithin, ~ ©f @ Spectrophotometer (Shimadzu 12600, Kyoto,
and linoleic acidas lipidmodelsandpBR322DNAwas ~ Japan) Additionally, Vc served asa positive control.
usedas DNA modelo investigateheinhibitory effects ~ Following the formula below, theABTS radical
of trilobatin on Cd%7H,0,, AAPH, and F& induced  Scavenging r of trilobatin was determined
oxidative damage of biomacromolecules.
ABTS radical scavenging rate(%) = (1 - AIA;,&) x 100
Materials and Methods ‘
Materials where,A; is the absorbance of the sample WABT Sfree
radical solutionA; is the absorbance of the sample only

2-Thiobarbitturic Acid (TBA), TrichloroaceticAcid (sample withouABT Sfree radical solution), and, is the
( TCA) Diphgnyt2-Picrylhydrazyl ( DPPH) -, ahsoibance of the controABTS free radical solution
azobis2 - methytPropanimidamide(AAPH), lecithin, without sample)
linoleic acid and 2 , -&06bis3-ethylbenzthiazthiazolre . )
6sulfonic acid (ABTS) bought at Yuanye Biotech. Co. HydroxylRadical Scavenging Assay
(Shanghai, China). Sigmaldrich (St Louis, MO, USA) The scavenging ability of trilobatin on hydroxyl
provided the trilobatin (analytical grade, purity 98%de radical was studied by the previous method (Waal,
analyses only employed analytiglade reagents 5013y piferent doses ofrtiobatin solutions were mixed
throughout the experiment. wi t h 2f@ niREeSQ, 1 mLof 1.8 mM salicylic
DPPH Radical Scavenging Assay acidet hanol s ol udf0.03%H.0.8Afted 10

_ " 30 min of water bath at 3T, centrifugation was
The shghtly modn‘u_ad appro_ach was use_d to asess performed at 3000 r/min for 20 minWith a
DPPH ra_ldlcalscavenglng activity of trilobatin (Het al, spectrophotometer (Shimadzu 2600, Kyoto, Japan)
2014).First, 1.95 mg DPPH wasubmergedn 25 L ot 15510 nm the absorbance of the supernatant was

methanol solution t@roduce2 0 OM OQPPH methanol : . -
) . measured The hydroxyl radical scavenging capacity of
solutions Then, DPPH methanol solutiohs2 OND) were trilobatin was calculatedtilizing the formula:

mixed with the various concentrations of trilobatin
solutions. The mixturereacted at room temperature
without light for 30 min and a spectrophotometer
Eﬁmm%dzubuvzmg,s f%’m’.l‘)a?f?”.) Wf‘/s used to .?Ssesswhere,Al is the absorbance of the trilobatin solutions
&ir absorbance a e utiizing vVC as a pOSIVe s 04 with FeS@ salicylic acidethanol solution, and

reference Following the formula below, theDPPH . . . .
radical scavenging rate of trilobatin was determined HZO.Z’ Agis the absorbance of the trilobatin SO_IUt'OnS _only,
Ao is the absorbance of ultaure water mixed with

DPPH radical scavenging rate(%) = (1 —2=%) x 100% FeSQ, salicylic acidethanol solution and 1D..

OH radical scavenging rate(%) = (1 - A'A_iAz) % 100%

where, A; is the absorbance of the sample wRPH ReducingPower Assay

solution, Az is the absorbance of the sample only (sample  With slight adjustments, the prior approach was used
without DPPH solution), andd, is the absorbance of the to determine trilobatin's capacity to reduce ferrous ions.
control ©PPH solution without sample). (Vijayalakshmi and Ruckmay2016) The FRAP reagent
was poduced by combining 20 mM ferric chloride
hexahydrate sation, 10mM TPTZ solutionsand300 mv
ABTS radical scavenging activity of the trilobatin was sodium acetate buffer (@6) (1:1: 10, v/v/v) and
estimated according to the previously reported methodinteractingwithout light for 10 min after vortex shock.

ABTSRadical Scavenging Assay
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Prior to usage, the FRAP working solution was always (Acharyaand Ghaskadbi, 2013)n order to denature the
freshly producedAfterthat6 O p L t r i | o b a tprotin, strel protessedn samples were combined with
a range of concentrations were combined v@tB O u protan loading buffer and boiled in a water bath at®5
FRAP working solutionwhichwasincubated for 30 min ~ for 10 min. After cooling, the electrophoresis apparatus
in a darkened environmentn order to quantify the wasusedtoconcentrs20 pL of the protei
absorbance, a spectrophotometer (Shimadzu2600, V voltage for 30 mirandthenseparated at 120 V voltage
Kyoto, Japan) was used at 593.mstandard curve was for 60 min. The gel waslyed with Coomassie Brillant
createdusing various concentrations 6f0 p L 4 F eBRI®OR250 (0.1%)before scaning with Gel Doc XR
standard solutien(0, 5, 10, 25, 50, 100, 25iM) mixed System Bio-Rad USA). Finally, the protein band
with 300 pL TPT/ZrespectivelyThe g irgendityuwtas qoamtified usirthe Imaged software.
][glcliglv(\:lllrr:g f;;?%vslraof trilobatin was calculated using the Determination oLipid Peroxidation
We employed lipid models made from braind liver
C=A,—4A,—A4, homogenates. Tissue homogenates were combined with
varying amounts of trilobatin solutions. The mixture
where, A; is the absorbance of the trilobatin solutions started an oxidation reaction with the addition of
mixed with the TPTZ working solutionA; is the CW?*/H,0, (0.1/25 nM) or AAPH (50 nM). Reactions
absorbance of the trilobatin solutions ordynd A is the werecarried outin anopen tuben a water bath that was
absorbance of ultrpure water mixed with the TPTZ shakingat 37C for either1.5 or 4 h. Additionally, Fe&-
working solution. induced lipid peroxidation was investigated using linoleic

. . . acid and lecithin as lipid sourcégarious concentrations
Preparation ofTissue HomogenatndProtein of trilobatin solutions werecombinedwith lecithin or

The rat liver homogenate and protein were preparediﬂO'GiC acid solution and then Feg§€blution was added.
according to a previously reported method (Sergaay, The lecithin mixture was placed at°&7for 40 minand
2021). For this study,the Shandong University the linoleic acid mixture was kept in darkness for 24 h.
Laboratory Animal Cente(Shandong, China) supplied PBS instead of induction solution (E(H202, AAPH, or
the Sprague Dawley (SD) rafsr our experimentsAll FeSQ solution) was used for the control group. And
animals were approved by the Animal Ethics Committee trilobatin solutions were replaced by PBS in the induction
of Shandong University of Technologfthe relative ~ group. The thiobarbituric acid method was used to
humidity for raising SD rats was 55+108625+FC. The ~ determine the exterdf lipid peroxidation (Sevget al,
rats were sacrificed aftbeinganesthesia. Then, the liver 2015). The samples were mixed with 20% TCA and
and the brain tissues wecaefully separatednd washed ~ 0.08% TBA. The mixture was bathed in boiling water for
with physiological saline. After weighting, one part of the 30 min,instantlycooled andthencentrifuged at 6000 r/min
tissues was homogenizedarD.9% (w/v)ice-cold saline  for 10 min. The supernatant was separated and its
solution before being centrifuged (Eppendorf 5810R, absorbance at 532 nm was measured by
Hamburg, Germany) at°’@ (4000 r/min, 10 min)Brain  SPectrophotometer (Shimadzu 2600, Kyoto, Japan).
homogenates or liver homogenatesild be found in the ~ The degree of lipid peroxidation was calculatecbading
supernatantSimilarly, the other part of the tissues was o the following formula
separated and dissolved in a solutiofRtPA and PMSF

solution. At 4°C (15000 r/min, 10 min)the ice bath Degree of lipid peroxidation(%) = (1 ~*72) x 100%
homogenate was centrifugethe tissue protein was then
extracted from the supernatant. where,A; is the absorbance of the sample grodds the

absorbance of the induction groupnd Ao is the

DeterminationProtein Oxidation absorbance of the control group.

Different quantities of trilobatin were incorporated
into protein solutionsandthe mixture was incubated in
water for 30 min at 3. Then AAPH (50 nM) or The protective role of trilobatin against DNA
CU?*/H,0; (0.1/25 nM) were added to all groups except oxidative damage was investigated using pBR322DNA.
the control group. The same volume of PBS was used-irstly, pPBR322DNA was mixed with trilobatin solution
instead of trilobatin in the induction group. After the and bathed in 3T water for 30 min. Then pBR322DNA
vortex, the samples wepdacedin an AAPH induction  was oxidized using AAPH in the presence or absence of
system for 4 h or £#*/H,0; induction systenfor 1.5 h trilobatin at 37C for 4 h. The degree of oxidative damage
at 37C. Thensodium dodecylsulfatpalyacrylamide gel  of DNA was detected by aggel electrophoresis (Tampo,
electrophoresis (SDBAGE) was carried out to 2000). Briefly, a certain amount of agarose was added into
determine the extent of protein oxidative damage20 mL TAE buffer to obtain 1% agarose gel. The

Determination of DNADxidative Damage

284



Yuhan Zhaiet al / AmericanJournal of Biochemistry and Biotechnolog23, 19 4): 282.291
DOI: 10.38444jbbsp.2023.282291

di ssolved agarose was mi x eofdSDwatst Rigre2A-B,LSD8RABE fihdingsmshdwedo mi d e
and poured into the electrophoresis tank. After that AAPH or Cd"/H,0O; reduced the band gray of BSA
solidification, the treated samples were added for(p<0.01),which suggestthat hydroxyl radical and alkoxy
agarose gel electrophoresis using Bad ChemiDoc radical damag#BSA by oxidation(The more obvious the
XRS (120 V, 30 min)In the endthe GelDoeXRS gel banding, the lower the degree of oxidative damage)
imaging system (BidRad, USA)was used to acquire However, trilobatin preincubationprevented oxidative
images andImage J softwaravas used to assess the damage to BSA induced by AAPH incmncentration
grayscale of the image band dependentvay Fig. 2A. Moreover, Fig2B revealed that
trilobatin pretreatment greatly decreastd oxidative
damageo BSA (505 0 M), however, the protection of

At least three runs of each experiment were Comp|etedtri|0baﬂn on BSA waseduced when its concentration was
The data werenalyzedusing aoneway Analysisof 9r eater t M,a indicatih@ Cthat (the high
Variance (ANOVA) and represented as the mean + concentration of trilobatin had prxidation effect on
Standard DeviatiofSD) using IMB SPSS statistics 2.0 BSA in the C&7H.O; induction system (p<0.01)
software. The east Significant Differencé SD) test at a Previous studies also reported that high concentrations of

level of 0.05vas usedtoascertainthedi1‘ferencesbetweer§everal antioxidas{  such as aloin and green t_ea
the mean values of the samples polyphenols, had a prooxidant effect on BSA in

CW?*/H,0; induced system (Forester and Lambert, 2011;
. . Naqvi et al, 2010) It can be seen th@bme antioxidant
Results andDiscussion substances change their activity from antioxidant to
Effects ofTrilobatin on Antioxidant Activities prooxidant whentheir concentration or physiological
conditions are changed. However, the mecharbgmnd
The antioxidant properties of natural active  this remains unexploreds can be seen from FigC-F,
substanceare frequently assessed using DPPH, ABTS, AAPH or C.#*/H,O; substantially raised the oxidative level
and hydroxyl radical scavenging activitiesn this  of brain and liver tissue proteim®mparedo the control
research, ree radical scavenging activities were groups p<0.01). The band gray levels of tissue proteins
determined toanalyze the antioxidant potential of induced by AAPH or Cii/HO increased significantly
trilobatin in vitro. Figure 1A demonstrates the DPPH after pretreatment with trilobatinndicating the obvious
scavenging activity of trilobatinAccording to the  protective effect of trilobatin on tissue proteins
findings, trilobatin exhibited clear DPPH radical
scavenging action dependent on concentratithe S——
higher the concentration, the stronger the clear effdct. 1004 —e— Ve B B
a concentration ofl 0 0 01, tjpe DPPH scavenging
ability of trilobatin was 72.97%. As presented in Hig,
within the range of experimental concentration trilobatin
showed the same strong ABTS free radical scavenging
ability as Vc.Previous research showed thpdtloretin
alsohad significanDPPH and ABTS radical scavenging
activities (Lu et al, 2023) The similar effects of
trilobatin and phloretin on DPPH and ABTS free 2 8 . . ' ,
radicals might be due to their similar structurése 003 23 3 . 23 10
scavenging ability of trilobatin on hydroxyl radicaise i
initially before declining as its concentration was raised
and the hydroxyl radical scavenging ratgpeaked at PR e
48. 4% when the concentMat. sl =i T 4
(Fig. 1C). Reducing powers anotheimportant mean to
evaluate the antioxidant propgrtrigure 1D, the ferric
reducing powers of trilobatin were concentration
dependent. These results indicate that trilobatin has a
strongin vitro antioxidant capacity

StatisticalAnalysis
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Effects ofTrilobatin on Oxidative Damagef Protein

204

In this study, two induction systems were used to study
the effects of trilobatin on oxidative damage of proteins 005 25 5 75 10
including BSA, brain tissue protein, and liver tissue protein Concentration(10> M)
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201

0
Trilobatin (uM)
AAPH

40

Band intensity (% ol control)

20 1

0
Irilobatin (uM)
Cw1L,0,

Fig. 2: Effects of trilobatin on protein oxidativdamage(A)
AAPH; (B) Cuw*H20. induced BSA oxidative
damage (C) AAPH; (D) Cuw/H20. induced brain
tissue protein oxidative damag€E) AAPH; (F)
CW*/H20. induced liver tissue protein oxidative
damage(-. inexistent; +. existent. Compared with the
control group, *. The difference was significant
(p<0.05), **. Difference was extremely significant
(p<0.01); compared with the treatment group, #. The
difference was significant (p<0.05), ##. The
difference was extremely significantp<0.01).
Similarly hereinafter

Effect ofTrilobatin on Lipid OxidativeDamage

The effects of trilobatin on lipid oxidative damage
were shown in Fig3. Figure 3A-B illustrated that the
addition of AAPH or C&/H.O, to the rat brain
homogenates dramatically exacerbatedthe lipid

287

peroxidationin contrast withthe control groupp<0.01).
However, the lipidperoxidation level was inhibited by
the incubation of 5 5 OM tygilobatin andthe impact
of inhibition increasd with trilobatin concentration
(p<0.01 or p<0.05) Figure 3C-D, trilobatin
significantly reduced the lipid peroxidation of rat liver
homogenates induced by AAPH or €iH.0, in a
concentratiordependent manngp<0.01 orp<0.05)
According to the findingstrilobatin had a protective
effect on lipid peroxidation in rat brains and liver
homogenate®ne of the important mechanisms of cell
and tissue damags lipid peroxidationandmetal ions
are involved in many lipid peroxidation initiation
processegRepettoet al, 2010) In this research, the
addition of Fé* can cause obvious oxidative damage to
lecithin and linoleic acid. However, preincubation of
trilobatin (561 0 O M) significantly inhibited lecithin
and linoleic acid peroxidation induced by?FFig. 3E-F)
(p<0.01) All the results showed that trilobatin
effectively prevergd lipid oxidation damage
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G

§ %0 Excessive free radical accumulation can also lead to

E # L 0= DNA oxidative damage in the form of DNA strand

g 5 breakage, base modification, site mutation, double strand

% 601 % aberrant, and so on(Poetsch, 2020) Figure 4

g LR demonstrates the effects of trilobatin on AA#Rtduced

T 40 A K5 pBR322DNA oxidative damage. Rige 4, most

= pBR422DNA structures in the control group were in the

g i form of a superhelical structuréfter treatment with

B AAPH, the proportion of pPBR322DNA in ringpening

[ form increased significantly, suggesting that AAPH can

g T . T cause oxidative damage to pBR322DNA by destroying its
P = e superhelix structure. The number of superhelical

pBR322DNA increased significantly in a concentrate
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dependent manner after treatment with-800 O Bl ofp Haifang Xiao: Contributed to the study design, the
trilobatin (p<0.01) Therefore, trilobatin inhibited the interpretation of the resulendmanuscript preparation.
oxidative fracture of DNA induced by AAPH. Shaoxuan Yu and Yuanda SongContributed to the

guidance of experimentally designing.

Conclusion

. o Ethi
Relevant studies have shown that natural antioxidants cs

are particularly important for clearing excessive free  This article is original and contains unpublished

radicals in the human body and maintaining the material. The corresponding author confirms that all of
equilibrium betweenantioxidant stresand oxidationin the other authors have read arapproved the
organisms. Ourfindings showed that trilobatin has ~ manuscript and that no ethical issues are involTds

significant scavenging activities on DPPH and ABTS free experiment followed thguide for the care and use of

radicals. Trilobatin has a weak reducing powedthe  laboratory animals adopted by the Shandong
scavenging ability of hydroxyl radical was enhanced with University of Technology

the increase of the concentration of trilobatiniBSDuM.

When the concentration Mf Referenrc®&atin was higher than 25

the scavenging ability of hydroxyl radical began to Acharya, J. D., & Ghaskadbi, S. S. (2013). Protective

decrease gradually.In several induction systems, . . . .
trilobatin has varying protective effects on oxidative eff_ect _Of pterostilbene against free radinaidiated
oxidative damage. BMC Complementary and

damage to biological macromolecules such as proteins,

lipids, and DNA. Moreover, trilobatin displayed pro AlternativeMedicing 13, 1-10.

oxidative potential at high concentratioffis research https://doi.org/10.1186/147@88213-238

clarified the antioxidant activity and the protective effect Borisov, V. B., Siletsky, S. A., Nastasi, M. R., & Forte, E.

of trilobatin on biomacromoleculeFheoretical support (2021). ROS defense systems and terminal oxidases

was given for further research and application of trilobatin in bacteria Antioxidants 10(6), 839.

in functiond foods.Further researcbhouldbe carried out https://doi.org/10.3390/antiox10060839
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