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Abstract: In theeraof organic/herbainedicinestherehavebeenreportsof heavymetalcontamination
in herbaldrugs whichis alarming.Recentrendsin theanalysisof heavymetalsutilize preconcentration
stepsandsophisticatednstrumentatioriacilities. However directanalysiscanalsobe performedusing
spectrophotometrimethodsThecurrentresearchutilizesa simplified two-stepfiltration methodusing
Whatmannfilter papers.This methodexcludesinterferencefrom drug components armther heavy
metals. A multimodereademwasusedto detect heavy metals using mdtghnd interaction without any
solvents and pH considerations, making this a simple andimagithod Dithizonewasusedasaligand
to form arsenic, lead, and bismuth compleXest absorblight at 523,495,and512 nm, respectively.
After the addition of dithizone,centrifugationwas performedto partitionthe ligand-metal complex
from thedrug. Theentireprocedurecanbe completedn 30 minuteswith a high-throughputcapability
to analyze96 samplesn onego with a LOD andLOQ 16 and48 eg/L for lead,12 and 36 €g/L for
bismuthand 34 and 103 eg/L for arsenic,respectively Further,this methodwas evaluatedwith real
sampledo exploreits capabilities.Hence this method can be further explored in forensic cases and
monitoringstudies.
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1. Introduction

The ill effectsof elementshave beenknown for yearsbeforetoxicology becamea
science Contaminatiorof heavymetalsis a hugeconcernto society,asit hastoxicological
effectson living organismspe it neurological cardiovascularautacimmunehealthillnesses
etc [1-8]. Elementgthathaveanatomicnumbergreaterthan20 anda densityof morethan5g
cmtare termedheavy metalf9).

Studieshave reported that heavy metals are encountered in herbal meddes,
raisesconcernsHerbalmedicinesarea knownclassof medicineghatareusedto treatvarious
ailments using green methods[2]. Traditional medicineshave been used for years, but
innovationstartedwith thediscoveryof herbalmedicined10]. This changevasneedediueto
modernizatiorandthe changingneedsof peopleto improvetheir lifestyles[11]].

Many studieshavepointedout the contaminatiorof heavymetalsin herbalproducts
and their raw material#,9,1Q 12, 13-21] by varioussourcedike agriculturalactivities,cross
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contaminatiorduring manufacturing/processingr a deliberateintroductionof heavymetals
asatherapeutiangredient[2]. Figure 1 below highlightssomeof the major sourceghrough
which contaminatiorof heavymetalsoccurs.
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Figure 1. Differentsources of heavy metabntamination.

WHO hasalsorecommendedhatthe medicinal plants from which herbal medicines
are made neeid be carefully evaluatedor any possibleneavymetalcontaminatiori2]. Such
contaminatiorabovethe permissibldimit is ahugeconcern10]. It is knownthatheavymetal
contaminatiorcangive riseto adverseenaleffects,decreasednmunity, cardiacdysfunction,
fetal malformationsjmpairedneurologicaindpsychologicabehavior etc[10]. Furthermore,
they posemorehazardgueto the fact thatthey arenot easilymetabolizecandexcretedrom
the body, leadingto their bioaccumulation[10]. Further, heavy metals are dangerous for
humans and animals as they alter the blood compositiowliatuabthe vital functioning of
organdike the heart lungs,andkidneys.

Hence, extraction is an important step for analyzingtheseanalytesfrom different
matrices[22]. Among the variousextractionmethods solventextractionis one of the most
widely used extraction methodg22]. Other analytical methodsinclude microextraction
techniquedike cloud point extraction, liquid phasemicroextractiongtc[22]. Hence thereis
often a needto developsample preparationand preconcentratiormethodsthat are fast,
economicalenvironmendfriendly, easyto perform,and canbe usedwith multiple matrices
[23].

Many known analyticaltechniquesavebeenusedto detect heavy metals, like-pay
atomic absorption spectroscopy, Inductively coupled plasma spectroscopy awisitble/
spectroscopy for detectingeavymetals.Out of thesemethodsJV-visible is preferreddueto
its speed easinessilexibility, precision,accuracy wide availability, and costeffectiveness
[1,23 28]. However, sometimes, due to the low concentration of heavy metals, low sensitivity,
and matrix effects, analysis becomes diffic@8|[ followed by the requirement fdarge
samplevolumesetc.

Int o d asger@asosthere havebeenreportsof the utility of microplatereadersfor
detectingcopperfrom naturalwatersusingchemiluminescenamethodsandeventhedetection
of zinc from animalfeeds[29, 30]. Otherforensicstudieshaveutilized multimode readers to
differentiate marker inks using chemetricmethodq31]. Microplatereadersiave previously
been widely useth biological researctdueto their fast, efficient, low samplevolumes,and
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high-throughputcapabilities.However currentresearchpointsto its dynamiccapabilitiesin
multidisciplinaryresearch.

The currentresearciocuseson the utility of dithizonedye asa complexingagentfor
detecting lead, arsenic, and bismuth in herbal drugs using a multimode plate reader with a
simple 2step extraction method for detectitgavy metals from herbal drugs. To our
knowledge, no study has explored the utility of multimode plate readers for deteeting
metalsfrom herbaldrugs.

2. Materials and Methods

2.1 Chemicalsandreagents

All thechemicalsandsolventsthatwereutilized belongedo analyticalgrades suchas
1,5diphenylthiocarbazonéDTZ) (SRL), methanol(Merck), leadstandard SigmaAldrich),
bismuth standardSigmaAldrich), and arsenicstandard SigmaAldrich). Water purified on
the Milli -Q systemwasused.

2.2 Standardpreparation

Standardstocksolutionsof lead,bismuth,andarsenicat a concentratiorof 1000ppm
werepreparedA standardstocksolutionfor 1,5-diphenylthiocarbazoné®TZ) wasprepared
in pure methanol. Working standardsolutions were utilized for method development,
confirmingabsorbancealuesandspikingsamplesn validationexperimentsAll theprepared
standardsverekeptin falcontubesat atemperaturef 4°C.

2.3 Samplepreparation

100mg of drugsamplesveretakenanddissolvedn 5 ml of MilliQ waterandvortexed
for 5 minutes followed by 15 minutesof sonication.

2.4. Extractionprocedure

1 ml of the samplewastakenin an Eppendorftube and 100 microliters of dye was
addedto it. Further the samplewas then centrifugedfor 15 minutesat 15700 RPM. The
resultingpelletwascollectedandre-suspendeth MilliQ waterafterdecantinghe supernatant
for detection.

2.5. Spectrophotometrimethod

The qualitative and quantitativeanalysisof the metal contentwas carried out using
BMG Clariostarplus Microplate ReaderThe absorbancevasobservedat 495,512, and523
nm for lead, bismuth,and arsenicdithizonate respectively Figure 2 below summarizeghe
methodologyadoptedor this study.

2.6. Applicationto real samples.

20 herbalsamplegweightlossherbaldrugs)wereprocuredrandomlyfrom onlineand
offline sourcesThesesamplesverethensubjectedo the simplified extractionprocedureand
analyzedusingthe proposednethodologyfor the presencef heavymetals.
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1. Suspected Herbal 2. 100mg of suspected 3. Sample is then vortexed for5 4. The sample solution 5. 1 ml extract is taken into a micro-

Medicines sample diluted in 5ml of minutes for 1500RPM and is then filtered using centrifuge tube and 100 microliter of
Milli Q water ultrasonication for 5 minutes Whatman paper dithizone is added.

==

6. The solution is vortexed for efficient
complexation of metal and dye

o ]

11. Data is analyzed using 10. Solution is plated ina 96 9. The solution is vortexed for 8. The pelletis then 7. Supernatantis discarded and
Microplate reader in spectral well plate 1 minute at 2000 RPM resuspended using 300 colored pellet of dye-metal
mode microliter Milli Q water complexis collected

Figure 2. Protocol usedor extraction of Heavy metals from herbal drugs and their detection.

3. Resultsand Discussion
3.1 Optimizationof parameters

In orderto getthe bestresuls, differentextractionparametersuchasthe selectionof
extractingand dispersivesolvents,the volume of extractingand dispersingsolvent,pH, the
effect of complexingagent,the effect of salt addition, the effect of ultrasonication,and
centrifugation time were optimized. Table 1 below describessome of theoptimizing
parameterandtheir results.

Table 1. Someoptimizationparameters for the method.

Parameter for optimization Trials for optimization Optimum vyield/results
pH 4-12 pH 7pH

0.02mmol/lit

Effectof complexing aget 0.04mmol/lit 0.04mmol/lit
0.06mmol/lit (10ppm)
0.08mmol/lit

Effect of centrifugation time 10-20 minuteswith RPM 15700rpm 20 minutes

and speed range1000615700 maximumpelleting

3.2 Effectof pH.

Theproductionof metalchelatesandsubsequengxtractionarespecificallyinfluenced
by the pH. Hence the effectof differentpH on complexformationandthe extractionprocess
was studiedusing HCI and NaOH in the rangeof 4-12. The findings suggestedhat the
interferenceébroughtaboutby the generatiorof hydroniumions may be partially mitigatedat
low pH levels(<6) by the ineffectiveextractionof metalions. Then,the extractionefficiency
rose togetherwith the increasingpH value. However, the efficacy of extractionwas also
decreasedt higherpH levels(>9) becausef the persistentaiccumulatiorof metalhydroxide
ions.At aneutralpH of 7, themaximumextractionrecoveryof PbandBi wasachievedThus,
pH 7 waschoserfor additionalresearchasshownin Figure 3.

https://nanobioletters.com/ 40f 17


https://doi.org/10.33263/LIANBS142.060
https://nanobioletters.com/

https://doi.org/10.33263/LIANB®&12.060

1.8

1.6

14 ﬁ\
E].z
i i,
EO.S —o— Pb
5 Bi
=06 \ —o—  As

| ol

0 5 10 15 20
pH

Figure 3. Effect of pH.

3.3 Effectof complexing agent.

The effectof dithizone,the complexingagent on the absorptions shownin Figure4.
Theabsorptiorof thecomplexwasincreasedy raisingthecomplexinga g e mandergration.
Thecomplexconcentratiomwasinvestigatedn therangeof 0.02mmol/L to 0.08mmol/L. The
maximumabsorbanc&asobservedt a concentratiorof 0.04mmol/L of the chelatingagent.
Theabsorptionwasobservedo haveremainedat a constantevel beyondthatconcentration.

Absorbance effect

0 0.02 0.04 0.06 0.08
Concentration
o Pb —o— Bi —o— As

Figure 4. Effect of complexingagent

3.4. Effectof centrifugation time and speed.

Thetime andspeedf thecentrifugatiorprocessvereinvestigatedor theperiodof 10-
20 minutesand 10003157000rpm ranges respectively.The centrifugationonly assistedn
settlingdown the extractionsolvent.The findings demonstratéhat this parametehasonly a
little appreciablampacton this procedure's extraction ealt was noted thathe equilibrium
was quickly reached, but the increased time affettedpellet formation. As a result, a

centrifugationprocessthat took 20 minutesand a speedof 15700rpm was chosenfor this
experiment.

3.5. Linearity.

The capacityof an analytical methodis to yield test resultsthat are either directly
proportionalto the analyteconcentrationn sampleswithin a certainrangeor proportional
through the use of precisemathematicaladjustmentsknown as linearity. For linearity, a
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calibrationcurvewasplottedbetweerconcentration40, 20, 40,60,80,and100¢ g foLlead
andbismuth.Whereador arsenicthe curvewasplottedbetweerconcentrationg5, 100,125,
150, 175, and 200 ¢ g / ds shown in Figure 5. The solutions were scannedon a

spectrophotometen the UV rangeof 300 700nm.

a. Linearity for Lead b. Linearity for Bismuth
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Figure 5. Calibrationcurve(a) leadstandard(b) bismuthstandarg(c) arsenicstandard.

Further, the absorptionspectrumfor ligand, lead complex, bismuth complex, and
arseniccomplexwasdiscussedn Table2 below.

Table 2. Absorption spectrum for lead, bismuth, and arsenic complex
AbsorbanceSpectrum

Absorbance Spectrum

Analyte Bmax

02 -

PureDithizone

(in Methanol) 461,592nm

° 0D

0.0 T T T T T T T T
300 350 400 450 500 6550 600 650 700 750

LeadDithizonate 495nm
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Analyte Bmax AbsorbanceSpectrum
Bismuth - ol
Dithizonate 512nm ol L1 T %
Arsenic e ““.\
Dithizonate 523nm wf| | bl

3.6. Limit of detection and limit of quantitation.

The point at which the measurecamountis greaterthanthe associatedincertaintyis
knownasthelimit of detectionor LOD. It is thelowestdetectableanalyteconcentrationn a
sample.The smallestamountinjectedthatyields quantitativevaluesin the targetmatrix with
an appropriate precisiois known asthe limit of quantitation,or LOQ. In the UV analytical
methodprocedurel OD wasdeterminedy utilizing thefollowing equation LOD =3.3xSD/$
wheread OQ wasdeterminedoy utilizing the following equationLOQ = 10xSD/S.In these
equationsS=slopeSD= Standardieviationof Y -interceptsaasshownin table2.

Table 3.LOD and LOQ of bismuth, lead, and arsenic.

Analyte Limit of detection(ug/L) Limit of quantitation (ug/L)
Bismuth 12.19 36.96

Lead 16.03 48.59
Arsenic 34.12 103.38

3.7. Precision

The precisionof a methodis an assessmertf the degreeof scatter.lt expresseshe
measurement'sepeatability. It is expectedthat an analytical method should generate
reproducible outcomed\ statisticalexaminationwas conductedto ascertainthe degreeof
repeatabilityof theprocedureMetal standaracconcentrationgveremeasuredhreetimesonthe
samedayatonehourintervalsandonthreedistinctdaysfor intra- andinter-daystudies Given
theimportanceof reproducibleyetaccurateesultsthedevelopedJV method'sntra- andinter-
day precisionwasestablishedasshownin Tables4, 5 for lead,6, 7 for bismuth,and8, 9 for
arsenic.Themeanandrelativestandardleviation(RSD)valueswereobserved.

Table 4.Inter-day precision for lead dithizone.

Concentration Day 1 Day 2 Day 3
mean std dev rsd mean std dev rsd mean std dev rsd
10pb 0.17333 | 0.00321| 1.85455| 0.173 0.001 | 0.57803| 0.17067 | 0.00208| 1.21973
50pb 0.185 0.003 1.62162 | 0.17833| 0.00115| 0.6475 | 0.17533| 0.00321| 1.83339
75pb 0.19433 | 0.00306| 1.57207| 0.184 0.001 | 0.54348| 0.18467 | 0.00252| 1.36279
https://nanobioletters.com/ 7of17
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Table 5.Intra-day precision for lead dithizonate.

Concentration Day 1 Day 2 Day 3
mean std dev Rsd mean std dev rsd mean std dev rsd
10pb 0.142 0.002 1.623 0.1413 0.0006 0.4085 0.1613 0.0015 0.947
50pb 0.148 0.001 0.676 0.1475 0.0021 | 1.43818 | 0.1757 0.0012 0.657
75pb 0.163 0.002 1.227 0.149 0.0014 | 0.94914 | 0.1817 0.0021 1.146
Table 6.Inter-day precision for bismuth dithizonate.
. Day 1 Day 2 Day 3
Concentration mean std dev rsd mean std dev rsd mean std dev rsd
10Bi 0.16633| 0.00058 | 0.3471 | 0.16233 | 0.00252 | 1.55027 | 0.16167 | 0.00208 | 1.28763
25Bi 0.19567| 0.00115| 0.59014| 0.18433| 0.00208 | 1.12929| 0.176 0.00173 | 0.98412
75Bi 0.20133| 0.00153| 0.7587 | 0.20133| 0.00153| 0.7587 0.195 0.00173| 0.88823
Table 7.Intra-day precision for bismuth dithizonate
. Day 1 Day 2 Day 3
Concentration mean std dev rsd mean std dev rsd mean std dev rsd
10Bi 0.16233 | 0.00252 | 1.55027 | 0.16233| 0.00115| 0.71131| 0.16367| 0.00153 | 0.93331
25Bi 0.18433 | 0.00208 | 1.12929| 0.17933| 0.00058 | 0.32194 | 0.18267 | 0.00252| 1.37771
75Bi 0.20133 | 0.00208 | 1.03394| 0.193 0.002 | 1.03627| 0.19333| 0.00208| 1.07672
Table 8.Inter-day precision for arsenic dithizonate
. Day 1 Day 2 Day 3
Concentration mean std dev rsd mean std dev rsd mean std dev rsd
75 0.21467 | 0.00115| 0.5379 0.213 0.00173| 0.81317 0.216 0.002 0.92593
100 0.217 0.001 0.46083 | 0.22667 | 0.00058 | 0.25471| 0.22267| 0.00252 | 1.13021
125 0.24667 | 0.00153 | 0.61927 | 0.24467 | 0.00231| 0.9439 0.244 0.001 | 0.40984
Table 9.Intra-day precision for arsenic dithizonate
. Day 1 Day 2 Day 3
Concentration mean std dev rsd mean std dev rsd mean std dev rsd
75 0.21967 | 0.00153| 0.69538 | 0.21667 | 0.00208| 0.96077| 0.209 0.001 | 0.47847
100 0.22367 | 0.00208| 0.9307 | 0.24467| 0.00306| 1.24866| 0.22033| 0.00115| 0.52407
125 0.251 0.004 | 1.59363| 0.247 0.003 | 1.21457| 0.24567 | 0.00153| 0.62179

3.8. Robustness

The capacityof an analyticalmethodto maintainits performances its robustness
intentional changedo its parametersare known as its robustnessit is a crucial analytical
methodparameteisince evenlittle, inadvertentchangedso the solventcomposition,pH, or
other parametersould occur with routine use and impair the method's effectiveness is
anticipatedhat sucha modificationwon't affecthow well the analyticalprocedurevorks. As
aresult,a stronganalyticalapproachs recommended

3.9. Applicationto real sampls.

20 herbalsamplegweightlossherbaldrugs)wereprocuredandomlyfrom bothonline
andoffline sourcesThesesamplesverethensubjectedo the simplified extractionprocedure
andanalyzedusingthe proposednethodologyOut of them,3 sampleshowedpositiveresults
for S2,S11,andS12(Table10), andsingle peakswereobservedTherestof the samplegid
not showany complexationandno peakswereobservedn the UV spectrumThis indicated
thatthe methodremainsunaffectedoy anyinterferencesanddithizonedid not reactwith any
othercomponenpresenin thedrug.
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SamplelD

Table 10. Screenedamples and their absorption spectrum.

Absorption Spectrum

Inference

S1

0.300
029
0.280
0270
0.260
0.250
0.240
0230
0.220
0210
0.200
0.1%0
0.180
o170
0.160
0.150
0140
0130
0120
0110
0100
0090
0.080
0070

Absorbance Spectrum

Range 1 350 A 10 650

\

30 38 400 420 440 460 520 540 560 580 600 620 640

0 500
Wavelength in nm

No complexation
observed

S2

0.270 Jf{Range 1350 nim 16,650 hm
02604\
0.250

o209\
02304\

0210 \
0200 \
i B
0.180 \
0170 \
0160
0150
0140
0130
0120
0110
0100
0090
0080
000
0060
0050

Absorbance Spectrum

30 380 400 420 440 460 480 500 520 540 560 580 600 620 640
Wavelength in nm

Bismuthdithizonateat
515.5nm

S3

0140

0130

0120

0110

0.100

0.000

0.080

0070

0.060

0.050

Absorbance Spectrum

30 30 400 420 440 460 480 500 520 540 560 580 600 620 640
Wavelength in nm

No clearpeak/
complexationvas
observed

S4

Absorbance Spectrum

0150

0140 -\

0130

0120

0110

0.100

0,090

0.080

0070

0,060

0.050

0,040

https://nanobioletters.com/
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Wavelength in nm

No clearpeak/
complexationvas
observed
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]

0204\

omod

0.190 \
S No clearpeak/
° .

S5 complexationwas
observed
0.120

‘Wavelength in nm
0.170 {FRarige 1 350 M 10 650 fm
0.140 \\
0.120 \\
. \\ No clearpeak/
S6 \ complexationwas
0.100 A\
observed
o
o]l
ots0]-\
o104\
I\
oxof |
P IR
B
g owod | No clearpeak/
\ -

S7 S complexationvas
00w \ observed
oueo \

oo
o0
os0
01604 |
0.130 \
\
0120 \\
g o \ No clearpeak/

S8 | complexationwas
\ observed
0.080 \

B N
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No clearpeak/
S9 complexationwas
observed

No clearpeak/

S10 complexationvas
observed
S11 Leaddithizonateat 495
nm
S12 Arsenicdithizonateat 520

nm
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