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Covid-19 pandemic era

The COVID-19 pandemic demands changes in using of medicinal plant.
Empirically, the medicinal plants of Curcuma xanthorrhiza (CX) and black
cumin (BC) have been used massively in the era of the covid-19 pandemic.
CXBC preparations have been developed with the main ingredients of BC oil
and CX extract. The purpose of the study was to determine the antioxidant
and immune-modulatory activities of Curcuma xanthorrhiza and black
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thymoquinone). We conducted experimental laboratory research. The
immunomodulatory activity testwas carried out on human large lung cancer cell
line (HTB-183 cells) by observing the expression of umor necrosis factor alfa
(f]'le}a) and interleukine 10 (IL-10). The results showed that the CXBC
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preparation contained 4% thymogquinone, 25.87 mgmipolyphenols, and 41.86
mg/dl flavonoids. CXBC preparations contain vitamins (A, C, and E) and
minerals (potassium, calcium). The antioxidant activity of the CXBC
preparation was included in the strong category with 1C50 = 54.87 ppm.
CXBC preparations increased TNF-a expression and decreased IL-10
expression in [—iTB}183 cells. Based on the study results, itcan_be concluded
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that the CXBC preparation contains 4% thymoquinone,25.87 mg/ml
polyphenol, 41.86 mg/dl flavonoid, and a high level of vitamin and minerals.
CXBC preparations have potent antioxidant activity, increase TNF-a and
decrease IL-10 expression.

This is an open access article under the CC BY-SA license.
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1. INTRODUCTION (10PT)

The COVID-19 pandemic hasaffected changesin people'smedicalbehavior[1],one of which isthe
use of medicinal plants[2]. Asa country with an area located in the equatorial region, Indonesia has various
herbs with medicinal properties[3]. Indonesia has various medicinal plants with potential as

immunomodulatorsand antioxidants[3]. Curcuma xanthorrhiza (CX) and black cumin seeds (BC) are
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medicinalplantsthat have been empirically used a s immunomodulators and antioxidants by the Indonesian
people[4], [6]. CX is one of the plants that has been empirically used as an immunity booster, anti
inflammatory, and antioxidant[6]. Traditionally, CX hasbeen used as an appetite enhancer in children who
have difficulty eating[7]. Xanthirizolisone of the main active ingredientsof CX,in addition to curcuminand
curcuminoids. Xanthorrhizolhasbeenshownto haveantioxidantactivity[4],[6],[8]. Xanthorrhizolhasbeen
shown to suppress lipid peroxidation in rat brain homogenates, glutamate-induced neurotoxicity, and
reactive oxygen superfamily (RO@ production[9]. Curcumin has been shown to have anti-inflammatory

ted [H4]: Explain this

effects, is safe to use, and iswell- tolerated[10].Like CX, BC is a medicinalplant that the community has
widely used[11].Besidesbeingused asa spice in the kitchen,BC hasalso treated variousdisorders[12].In the
laboratory, black cumin seed extract and oil have been shown to have anti-inflammatory[13],
antibacterial[14], antiviral[15], immunomodulatory[16],and antioxidantactivities[17]. BCin vivo has been
shown to increase the numberof T lymphocytes[18], levels of IFN-y[19], and macrophage phagocytic
activity[16]. Thymoquinone, the main ingredient of BC, can inhibit cyclooxygenase and lipoxygenase
enzymesin arachidonicmetabolism[20]. Itisused for analgesic, anti-inflammatory, anticancer, antioxidant,
anti-infective, andantihistamine effects[12], [14],[21],[22]. In the era of the COVID-19 pandemic, the use of
these twomedicinalplantsbythe Indonesian peopleexperienced aspike[23],[24]. Alveolarepithelialcellsare
thetargetcells oftheSexﬂeaaBeqjm}@mm’emmsZ@ARS CoV-2 viu@[ZS]. Damage to alveolar epithelial

cells causes an inflammatory reaction followed by an increase in several cytokines, including IL-6, 1L-10,
IL-15,and Granulo(ytecomy-stinubmgfaaor((;CSF])[ZG]. Alveolartissue damage also causes oxidative stress

due to oxidative explosionsin phagocytesto destroygerms[27]. The use of antioxidantandimmunomodulatory
agentsis expectedto prevent infectionandinhibit damage causedby SARSCOV-2[2], [28].

Empirically, CXand BCare used as immunomodulators and antioxidants both as prevention and
complementary therapy for asymptomatic Covid-19 patients[23], [28]. As an immunomodulator, the
consumption ofmedicinalplantsisexpectedtoimprovethe innate immune statusto preventinfectionfromthe
SARS Cov-2 virus, which is easily transmitted[29]. Thecytokine TNF-a.has beenshown toplayanessential
role in developing rapid antiviral immune responses[30]. TNF-a increases the phagocytic activity of
macrophagesandneutrophilsto eliminatevirusesthatsurvive physicaltraps[31],[32]. Immunomodulatorsare
also expected to prevent the occurrence of cytokine stormsin patients with COVID-19[2], [33]. COVID-19
patientshavehigherlevelsof plasma cytokines, namely interleukin family (IL-2,1L-6,1L-7,IL-10),andahth
risk for Cytokine Strom Syndrome[34]. Antioxidant agents reduce lung tissue damage due to oxidative
stress[35]. Infection withthe SARSCOV-2 virusisaccompanied byoxidativestressand decreased endogenous
antioxidant capacity[36], thusrequiringexternalantioxidant supplementation[37]. So far,noresearch hasben
conducted to provide a scientific basis for using these medicinalplants by the public in dealing with the
COVID-19 storm. When the COVID-19 pandemic storm still threatens and requires joint vigilance, research
related to medicinalplantsrelatedto effortsto prevent and strengthentherapy in patientswith COVIDneeds
to be carried out. Combiningtwo or more medicinalplantsempirically hasbecome a tradition in utilizing
medicinalplants[37].Javaneseherbalpreparations“Jamu”usea combination of severalmedicinalplantsasa
traditionalmedicinalpreparation forspecificindications [3],[38]. Thecombinationpreparationof CXand BC
extract is thought to contain active polyphenols, flavonoids, and nutrients with potential activities as
antioxidantsandimmunomodulators[39]. CXBC preparationshave been developed asimmunomodulatory and
antioxidant agents.CXBC preparation isthought to contain micro and macronutrientsthatactas antioxidants
and immunomodulators. The purpose ofthisstudy wasto determine the levelsof flavonoids, polyphenols,and
nutrients in CXBC preparationandthe potentialof antioxidantand immunomodulatory activities.

2. METHOD (10PT)
2.1. Materials and instruments

This research isexperimental laboratory research. We used several methods to achieve the research
objectives: todeterminethe levelsof flavonoids, polyphenols,and nutrientsof CXB Cpreparationandits potential
activity asanantioxidant and immunomodulator. We used CXBC preparationasthe primarytest material. CXBC
preparation hasbeen providedby the licensed traditionalmedicine industry (obtainedpermission fromthe Food
and Drug Supervisory Agency of the Republic of Indonesia). To determine flavonoid levels, we used UV vis
spectrophotometry, pure quercetin, and 10% aluminum chloride reagent. Folin-Ciocalteu reagent, UV-Vis
spectrophotometer (Shimadzu 1240), gallic acid, and Na 2CO3 p.a to determine polyphenol content. Pure
thymoquinone and densitometry were used to determine thymoquinone levels. o, o-diphenyl-3-
picrylhydrazyl (DPPH)feagent was used to examine the potential for antioxidant activity. TNF-a.and IL-
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10 Fluorescein isothiocyanate (FITC) mAbs for testing potential immunomodulatory activities.

2.2. Researchprocedure
22.1. Examinationoftotalflavonoid, totalpolyphenol,thymoquinone,and nutrient composition.
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Quantitative phytochemical evaluations of the CXBC preparation were carried out to determine the
amount of total phenolic content (TPC) and total flavonoid content (TFC). We determined TPC by the Folin—
Ciocalteumethod,andtotalflavonoids content (TFC), whereaswe usedthe aluminumchloride colorimetric assay,
as described in the previous study. The Folin-Ciocalteu method was employed for total phenolic content
determination followingpreviously reportedpaperwith slight modificationsusinggallicacid asstandard (0-200
mg/L). Briefly,0.5mL ofthe CXBC preparationin methanol (1000ppm)wasmixed with 2.5 mLof 10%aqueous
Folin-Ciocalteu solution,stirred,and left for5 min.A2.0 mL of 5%aqueousNa2CO3solution wasthenadded.
The mixture wasfurtherincubatedat 40 °C foronehour. Theabsorbance wasmeasuredata wavelengthof 765
nm using a UV-Vis spectrophotometer (Genesys UV—Vis Spectrophotometer, Thermo Fisher Scientific,
Madison, WI, USA) with methanol as the blanks. The [I'PC)Nasexpressed asmilligramsof gallic acid (Sigma-

Aldrich Chemie)equivalentpergram of extract[40].

Pure thymoquinone and a densitometer were used to determine the thymoquinone assay. Thetotal
flavonoid content (TFC) in the studied sampleswas estimated by the aluminum chloride colorimetricmethod
described by the previous study, with minor modifications. In brief, 50 L of the preparation (2.5 mg/mL) was
mixed with 4 mL of distilled water, 300 L of 5% (w/v) of sodium nitrite (Sigma),and 300 L of 10% (wiv)
aluminum trichloride (Sigma). The mixture could stand for 6 min at room temperature; then, 2 mL of sodium
hydroxide (1 M)wasadded to stop the reaction. The final volume of the mixturewas adjusted to 10 mL with
sterile-distilled water, and theabsorbancewas measuredat 510 nmafter 10 min againstthe reagent blank. The
TFC was calculated froma calibration curve usingrutin standard solution,and the result wasmentionedasppm
of rutin equivalentof CXBC preparation.We determinedthe levelsof thymoquinone by usinga densitometeras
was done by previousresearchers[41]. Meanwhile, theenergy, carbohydrates, protein, fat, vitamin A, vitaminC,
vitamin E, calcium, and potassium content of CXBC preparationwere examined at the Nutrition Laboratory,
Faculty of Agricultural Technology, GadjahMada University.

2.2.2. Examination ofantioxidantand immunomodu latoryactivityof CXBCpreparation

Examination of thepotentialof preparationXa sanantioxidantwascarriedout usingthe DPPHmethod.
The radicalscavengingability with DPPH radicalwasdetermined accordingto a previously published method.
In bref, a voume of 20uL of each sampk at different concentrmtions (2-fobl diution; 2500-1.22 gmL) was
mixed wth 180uL of 80uM DPPH soltion in ethanol n a 96-well phte. The pht was shaken and abwed to
reach a stady stat at room tempemture n the dark for 30min. DPPH bkaching was measured by monitoring
the absorbance at520nm. The potential mmunomodulatory actvity was tesed on HTB-183 cells (HTB-183 or
NCI-H661 is Lung Carcinoma from humans (Homo sapiens). The cells were cultured in a Dulbecco's
Modified Eagle Medium (DMEM) medium containing 10% fetal bovine serum and 1% penicillin-

[ Commented [H9]: Explain this
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streptomycin and then cultured in"a CO2 incubator, containing5% CO2,at 37 °C. The cell growth status
wasobserved regularly, theinoculumwasreplaced accordingto the cell growth condition, and the cell passage
was performed when the cell density reached 90%. All experimentswere completedindependently,and three
paralleltestswere setup. Testingthe potentialactivityof CXBC preparationasanimmunomodulatorwascarried
out by the FACS flow cytometry method by observing the expression of TNF-a and IL-10in HTB-183
cells[42].

2.3. Dataanalysis

We performed univariate analysis to present data on total flavonoid content, total polyphenols, and
nutrientcontentof CXBCpreparation.We also performed a univariateanalysisto presentantioxidantsofCXBC
preparation. We performedthe bivariate analysiswith one-way ANOVAto determine thedifferencein the mean
expressionof TNF-and I L-10based ontheconcentration of the CXBCpreparationin HTB-183cells.

3. RESULTSAND DISCUSSION
3.1. Results of examinationof total flavonoid levels, total polyphenol levels, thymoquinone levels, and
nutrient contentof CXBCpreparations.

Theresults of theexamination of totalflavonoid levels, totalpolyphenols,thymoquinonelevels,and
nutrient content levels of CXBC preparations are presentedin Table 1.
Table 1. Content of micro and macronutrientsin CXBC preparations.

Content of nutritional  Nutritional adequacy

The parameters Result value per 5 ml rate (4-6 years)
Protein 0.73(%) 365mg 25¢r
Carbohydrate 69.68(%) 3.48¢r 2209gr
Calcium 0.36(%) 18 mg 1000 mg
Potassium 0.20(%) 10mg 2700 mg
Vitamin A 34789.32(mcg/1009) 1.74mg 450 RE
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Vitamin E 14879,551(mcg/100g) 743.95mcg 7 mcg
Vitamin C 265,851(mcg/100g) 13.29 mcg 45mcg
Flavonoid 47.86 mg/mL 239.3mg

Polyphenol 31.87 (mg/ml) 159.35mg

Thymogquinone 4.00 (%) 200 mg

The CXBC preparation contains the expected micro and macronutrients. This herbal immunomodulator
contains high vitamins A, C, and E levels. Besides vitamins, italso contains calcium and potassium, o
minerals that are important for the growth and developmentof children. Phenolics and flavonoids are major
antioxidantcomponentsavailable in the CXextractsand BC seed 0il[43],[44].

The results of this study follow the latest trends in the use of medicinalplants[2]. Phytotherapy,Jamu

or traditional Javanese medicine, traditional Chinese medicine, Ayurveda (Hinduism) are based on a holistic
approach, usinga mixture of medicinalplantsinstead of a single herbalcomponent[3], [45], [46]. Several
recent studies have supported the tradition of using herbal medicines as mixed preparations [47]. It has been
disclosed about the clinical importance of the synergistic effect produced by the application of a
multicomponent herbal mixture in patients with chronic diseases (such as diabetes mellitus, cancer,
hypertension) and several infectious diseases (SARS COV-2, Severe Acute Respiratory Syndome SARS), ]
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tuberculosis, Human Immunodeficiency Virus ([—II\/)/ Acquired Immune Deficiency Syndrome (AIDS),

(c

malaria)[48], [49].

3.2. The results of the examinationof the potential activity of CXBC preparations as antioxidants

The results of examiningthe potentialactivity as anantioxidantfor CXBC preparationsby measuring
the ability to inhibit DPPH activity are presentedin Table 2.Based on Table 2,the higherthe concentrationof
CXBC preparations,the greaterthe ability to inhibit DPPH activity.
Table 2. Results of examination of the antioxidantactivity of the preparation against DPPH.

Controlled concentration

Absorbance (ppm) Absorbance % Inhibition Regression R2 1C50

Y=4.33x- 54.78

1 0687 5 0676 1.601164 20.69 0.98 ppm
2 0687 6 0654 4.803493
3 0687 7 0621 9.606987
4 0687 8 0598 12.95488
5 0687 9 0554 19.35953

Based on the examination results of CXBC preparation's ability to inhibit DPPH (Table 2),a
regression formula can bedrawnup therelationship between theconcentration of CXBC preparationand the
percentage of inhibition on DPPH activity (y=4.33x — 20.69). Based on the regression equation of the
relationship between the concentration of CXBC preparation and the ability to inhibit DPPH (% inhibition),
we found that the 1C50 value of CXBC preparation as an antioxidant was 54.78 ppm. 1C50 of CXBC
preparationwas54.78 ppm,whichmeansthatat a concentrationof 54.78 ppm, CXBC preparation could inhibit
50% of DPPH activity in generatingfree radicals.

DPPH is a compoundthatcontributesto freeradicals[50]. In thisstudy, DPPH wasm ixed with CXBC
preparationsasanantioxidant agentthatcandonate hydrogento quench freeradicalsfrom DPPH. Antioxidants
are classifiedto be very strong(IC50<50 ppm),strong(IC50=50 ppm-100 ppm),moderate (IC50=100 ppm
-150 ppm), weak (1C50=150 ppm -200 ppm),and veryweak (IC50>200ppm).Based on theresearchdata,
it is known that the CXBC preparationhasan 1C50 =54.78 ppm,which meansthatthe antioxidantactivity of
the CXBC preparation isincluded in the strong category. Comparedto previousstudies' results, CXBC
preparationshave lowerantioxidant activity than vitamin C (IC50=32.65ppm)[51],[52].

3.3. Potential activity of CXBC preparations asimmunomodulators by increasing TNF- a expression
andinhibiting IL-10 expression

The potentialimmunomodulatory activity of CXBC preparation was tested on HTB-183 cells by
observingthe expression of TNF-o.and IL-10 (Fig. 1). The effect of CXBC preparations on the expression
of TNFa and IL-10in HTB-183 cellswasobservedatthree concentration levels,namely accordingto the IC50
value asan antioxidant (54.78 ppm), IC50 (27.39 ppmand 1/41C50 (13.52 ppm). TNF-a.and IL-10 in HTB-
183 cellsarepresentedin Figure 1.

MTJIPUbIic Health Sci, Vol 99, No. I, Month 20997 I-IX

\

ted [H12]: Explain this




IntJ Public Hea th Sci ISSN: 2252-8806 0 5

6.00-
5.00
=]
T 4007
3,009
2.0049
€50 121650 144 150 Solvent /control group
Experimental Groups
80
60
N
[
&
40
20
T T T x 1 Commented [H13]: The figure must be explained in the
150 1721C50 1/41C50 Solvent /control group sentence before the figure is displayed. All figures should be
Experimental Groups EEErE IifipTd
. } : . } : T | Commented [H14]: We found that figure in your paper is
Figure 1.Boxplotimage of TNF-o andIL-10expression examination in HTB-183 cellsafterinduction attached on low quality format. Please change the figure with
with CXBC preparationswith concentrations accordingto 1C50,1C50,1/41C50,andsolvent asa control readable and HD quality one. figure must be clearly legible with

100% view.

Paper sshoutdbethefewestpossibte thataccuratetydescribe - (FiTstAuthor)y —



6 ] 1SSN: 2252-8806

Based onthe data, the results showed that CXBC preparations at concentrationsaccording to IC50
increased TNF-a expression but inhibited IL-10 expression. TNF- o expression in the treatment groupwas
higherthan TNF-a expressionin the solventcontrolgroup. The IC50 concentration group had thehighest TNF
o expression. The IL-10expression in the treatment groupwaslowerthan the IL-10 expression in the solvent
controlgroup. The IC50 concentrationgroup hadthe lowest I L-10expression.Based onthe research data, it is
known thatthe CXBC preparation actsa sa nimmunomodulator, which can increase theexpression of TNF
and decrease the expression of IL-10. TNF-a is one of the pro-inflammatory cytokines,and IL-10isan anti-
inflammatory cytokine so that the preparation can stimulate inflammatory reactions[53]. IL-10 elicits
significant suppressive effectson myeloid cells by inhibiting proinflammatory cytokines, antigen-presenting
cells (APCs), and otherfunctions[30].1L-10also hasa directinhibitory effect onmemoryTh17 and Th2 cels
while promotingthe survivaland actionof Foxp3+regulatory Tcells(Tregs). Signaling the IL-10 pathway b
associated with inflammatory diseasessuchas inflammatory boweldisease (IBD)and isoften accompaniedby
immunopathology during infections[54]. Conversely, high or dysregulated productions of IL-10 may
contributeto chronicinfection. In patientswith Cocid-19, elevated levelsof IL-10 increase the risk of cytokine
storm syndrome and the need for ICU care. The higher the vascular epithelial cell damage level was
associated with an increased IL-10 level [34] [55].

The results showed that the CXBC preparation increased TNF-a expression and inhibited I1L-10
expression. The research data showed that the CXBC preparation contained 4% thymoquinone.
Thymoquinone,an active compoundof BC, has acted as an antioxidant and immunomodulatory[21], [56].
Thymoquinone, via Toll-like receptor-4 (TLR-4), has been shown to increase the phagocytic activity and
secretion of TNF-,and IFN-yby macrophages. Thymoquinone hasalso beenshownto increase the proliferation
and differentiationof CD4Thinto Thland Th2.Decreased expressionof IL-10isassociated with an increase
in the number of Th1, which produces pro-inflammatory cytokines, thereby inhibiting Th2 activity in
producinglL-10[57], [58]. The antioxidantactivity of thymoquinone wasdemonstrated through activation of
thearylhydrocarbon receptor (AhR),activation of the transcription factorNrf-2 and increased productionof
glutathione stransferase [14], [59]. The thymogquinonelevelin this study was higher than the thymogquinone

levelin the black cumin seed 0il(BCSO)fromthe previous study (2.7%)[60]. o
Curcumin is an active compound that belongs to the curcuminoid group. Curcuminoid compoundsare

polyphenolswith a yellowcolorlike turmeric,CX, and otherZingiberaceae [8],[61]. Curcumin sa compound
with several biological effects: anti-dyslipidemia, anti-oxidant, anti-inflammatory, anti-viral, and anti
fungal[62]. Curcumin hasalso been shown to inhibit the formation of atherosclerotic plaques[61], cancer
chemoprevention, and hepatoprotective. In contrast to thymoquinone, curcumin isa n antagonist of TolHike
receptor4 (TLR4). TLR-4 is the innate immunity receptorof bacterialendotoxinsand playsa pivotalrole in
inducing inflammatory responses[39], [63]. CX also contains xanthorrhizol (XNT)[9]. Previous studies
demonstrated that XNT reduced the serum levels of free fatty acid and triglyceride in high-fat diet-(HFD)-
induced obese mice. It has also been shown to promote cardiovascular health throughanti-hyperglycemic,
vasorelaxation]and LDL oxidation inhibitory effects[64]. The structuralchangesof polyphenolscausethe los
of antioxidant capacity dependingon the freephenolsarehigherthantheglycosides,and iron-phenolchelates
and the phenolic acids inter-react with the other molecules in the food matrix[10]. In vitro and in vivo
conditions, previous studies indicate that BCSOand C. xanthorriza had great potential to reduce oxidative
stressand immunomodulator [65].

4, CONCLUSION (10PT)
CXBC preparationcontains4%thymoguinone, 25.87 mg/mipolyphenol, 41.86 mg/diflavonoid,and
a high level of vitaminsand minerals. CXBC preparations have potentantioxidantactivity, increase TNFo

and decreasel L-10expression)Based on the results of this study, it is necessary to conduct research to test [ C ted [H15]: Add implication

the effectivenessand safety of CXBC preparations so that CXBC preparations can be used as anti-oxidant
and immunomodulator in the era of the covid-19 pandemic.
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