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                     Abstract 
 Malaria is a major life-threatening tropical disease aff ecting about half of the world’s population. Due to the increasing resist-

ance of  Plasmodium falciparum  against the marketed drugs, the non-endemic areas of malaria are also at risk which demands 

for continuous and a compelling need to investigate the bioactive natural products for their pharmacological activity against 

malaria parasite and undoubtedly satisfactory outcomes are being observed with less adverse events in such endeavours. 

Flavonoids have emerged as the most important bio-therapeutic class possessing anti-malarial activity. Flavonoids have also 

been reported to reverse anti-malarial drug resistance, thus exerting dual therapeutic benefi t. The pharmacological outcome 

of these bioactive constituents essentially depends on their circulating levels reaching the target site of action thus, neces-

sitating the quantifi cation in bio-matrices which is required for personalized therapy. Furthermore, the estimation of drug 

level in biological system is crucial for therapeutic drug monitoring. The development and validation of high-throughput 

bio-analytical methods for estimation of phytochemicals in biological fl uids is a preliminary requirement for establishing 

such PK–PD relationship. The present review intends to shed an insightful focus on the available bio-analytical methods for 

assessment of natural anti-malarial fl avonoids which will be of immense help in their further exploration. 

   Keywords     Malaria    ·  Drug resistance    ·  Flavonoids    ·  Biological matrices    ·  Therapeutic drug monitoring    ·  Bio-analytical 

techniques  

      Introduction 

 In the current scenario, the whole world is suff ering from 

many life threatening diseases. Among those, malaria is 

found to be the common disease in many tropical and sub-

tropical regions. The mode of transmission is associated with 

the bite of female  Anopheles  mosquito, which inseminates 

the malarial protozoan parasite:  Plasmodium  into the human 

blood (Nogueira and Lopes  2011 ). Till now, more than 100 

types of  Plasmodium  species have been identifi ed. The spe-

cies which infect humans are  Plasmodium falciparum, Plas-
modium vivax, Plasmodium ovale, Plasmodium malariae, 
Plasmodium knowlesi . Although in many studies,  P. falcipa-
rum  has been found to be the most common causative agent. 
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Approximately 1 million people die every year due to this 

disease (Vogel  2010 ; Ntie-Kang et al.  2014 ) and almost half 

of the world’s population (3.2 billion people) are at the risk 

of getting malaria. 214 million cases and 438,000 deaths due 

to malaria have been reported in 2015 (Teng et al.  2016 ). 

However, most of the cases and deaths have been reported 

from sub Saharan Africa but South Asia, Latin America and 

Middle East Asia are also at risk. Clinical manifestation of 

malaria include fever, chills, headache, weakness, prostra-

tion, anaemia, delirium, muscular aching, vomiting, cough, 

diarrhoea, abdominal pain, metabolic acidosis, multi-organ 

system failure (acute renal failure and circulatory collapse, 

generalised conclusions) pulmonary oedema, acute res-

piratory distress syndrome followed by coma and death at 

chronic stages (Trampuz et al.  2003 ; Sheet  2016 ). 

 For therapeutic practices, numbers of anti-malarial drugs 

are available in the market. Unfortunately, more than 90% 

drugs are found to be ineff ective due to the highly resistant 

nature of malarial strains. Therefore, despite the availability 

of the drugs, this disease has become the global issue. In 

order to dig out the strategy of improved treatment, we need 

continuous eff orts in this area. It is believed that leading 

next generation compounds serving as essential anti-malar-

ial drug could be discovered from nature (Mahomoodally 

 2013 ). Although the plant-derived drug artemisinin and 

its congeners atemether and arteether are being used since 

ancient times for treating malaria but resistant plasmodium 

strain has been confi rmed in some countries or it is eff ective 

only if given in combination with an appropriate partner 

drug (ACT, Artemisinin combination therapy) (Hand and 

Meshnick  2011 ). Therefore, there is an urgent need to fi nd 

out more active constituents from the plants exhibiting an 

eff ective activity against the infective species of malaria 

parasite. Various plant parts and their extracts have been 

tested and were found to possess antimalarial activity. These 

extracts contain large number of chemical constituents. Most 

of the plant derived compounds are polyphenolic in nature 

constituting fl avonoids. However, the plant extracts contain-

ing fl avonoids have also been investigated and found to have 

moderate to high activity against plasmodial strains (Alayo 

et al.  2015 ). Flavonoids (3′-methyl-substituted fl avanones) 

and chalcones (4′-methoxy-substituted dihydrochalcones) 

and their derivatives were found to possess 100% inhibition 

against  P. falciparum  at a concentration of 5.0 μg/mL and 

5.4 μg/mL (Lim et al.  2007 ). These fl avones are naturally 

distributed among families Moraceae Myrtaceae, Acan-

thaceae etc., (Brahmachari  2008 ) and African medicinal 

plants (Ntie-Kang et al.  2014 ). With increasing clinical evi-

dences, the consumption of plant derived foods (secondary 

metabolites) has been growing at a rate of 5–10% per year. 

They are also being used as nutraceuticals, the compounds 

having health benefi cial eff ects for treatment and prevention 

of certain diseases. 

 In light of the widespread uses of these dietary fl avones 

and their impact on human health; it has become necessary 

to develop specifi c, sensitive, accurate and precise analytical 

methods for the separation, identifi cation and quantization 

of these phyto-constituents in biological matrices. The focus 

of this review is to provide an overview of high throughput 

bioanalytical methods developed for the identifi cation and 

quantifi cation of the most studied antimalarial fl avonoids 

using high performance liquid chromatography (HPLC) 

along with ultraviolet/mass spectrometer (UV/MS) detec-

tion and other analytical techniques. 

    Flavonoids from nature: an approach to be 
a novel antimalarial agent 

 Flavonoids are the low molecular weight polyphenolic com-

pounds known to be synthesised in plants against microbial 

infection (Grotewold  2006 ; Pal and Verma  2013 ). They have 

been reported to be the largest class of polyphenols and the 

most abundant plant pigment along with chlorophyll and 

carotenoids. Based on the linkage of the ring B to ring C 

in the benzopyran skeleton  (C 6 –C 3 –C 6 ), they are classifi ed 

into three main groups, i.e., fl avonoids (2-phenylbenzo-

pyrans), isofl avonoids (3-benzopyrans) and neofl avonoids 

(4-benzopyrans). On the basis of the structural features of 

the C ring 2-phenylbenzopyrans can be further subdivided 

into subgroups namely fl avones, fl avonols, fl avanones, fl a-

vanonols, fl avanols or catechins, anthocyanins and chal-

cones (with open C ring) (Grotewold  2006 ; Pal and Verma 

 2013 ) (Fig.  1 ). Moreover, plant extract rich in fl avonoids 

have been shown to exhibit antibacterial action. Catechins 

has been reported to possess antibacterial activity against 

 Vibrio cholera  by inactivating the cholera toxins and  Strep-
tococcus mutans  by inhibiting the bacterial glucotransferase 

(Kumar and Pandey  2013 ). Robinetin, (−)epigallocatechin, 

and myricetin can inhibit the synthesis of DNA in Proteus 

vulgaris (Mori et al.  1987 ). Another study showed the inhibi-

tory activity of apigenin and quercetin against Escherichia 

coli DNA gyrase (Ohemeng et al.  1993 ). Many studies on 

antiviral activity of fl avonoids have been reported. Flavo-

noid such as baicalin, obtain from  Scutellaria baicalensis , 

inhibits HIV-1 infection by inhibiting the HIV-1 reverse 

transcriptase (Gerdin and Svensjö  1983 ). Robinetin and 

demethylated gardenin A have shown inhibitory action 

against HIV-1 by inhibiting HIV-1 proteinase (Cushnie and 

Lamb  2005 ). The general source of food fl avonoids are plant 

sources with some exceptions, for instance, fl avonols and 

fl avones are also present in algae and fungi. Studies have 

shown that the aerial parts, especially outer layers (leaves, 

fruit peels, stems, and seed coats) of the plants are rich in 

fl avonoids which have been supported by the fact of relation 

of fl avonoid synthesis with sunlight. Flavonoids are widely 
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present in the genus  Citrus  (family  Rutaceae ). For example, 

fruit peels of  Citrus limetta  were investigated for their anti-

oxidant, anti-infl ammatory and antimalarial effi  cacy using 

in vitro and in vivo assays. The fraction of extract rich in fl a-

vonoid was found to be potent against malaria pathogenesis 

by subsiding the parasitaemia and release of infl ammatory 

mediators (Mohanty et al.  2015 ). Another plant belonging 

to family  Rutaceae ,  Citrus medica  containing fl avonoid hes-

peridin is also found to be active against malaria (Rudrapal 

and Chetia  2017 ). They have been found to be an important 

part of the human diet and are considered as active princi-

ple component of many medicinal plants. Several activities 

have been documented viz., antioxidants (e.g., Quercetin), 

radical scavengers (e.g., Epicatechin and rutin), anti-muta-

genic (e.g., Quercetin,genistein,daidzein,biochanin A and 

hesperidin), anti-infl ammatory (e.g., hesperidin, apigenin, 

luteolin, and quercetin), anti-carcinogen (e.g., epigallocate-

chin-3-gallat, quercetin), antidepressant (e.g., Chrysin, Nar-

ingenin, Astilbin, Icariin) (Hritcu et al.  2017 ), anti-diabetic 

(e.g., Quercetin, rutin, kaempferol, isorhamnetin, fi setin, 

naringenin, luteolin, apigenin) (Al-Ishaq et al.  2019 ) anti-

osteoporotic (eg., genistein, catechins and daidzein) (Weaver 

et al.  2012 ), cholesterol lowering (eg., naringenin, luteolin, 

quercetin, genistein) antimalarial, anti-leishmanial (e.g., 

apigenin) (Naddaf and Haddad  2020 ), anti-leprosy (e.g., 

stipulin, amentofl avone) etc. These properties remain the 

principal topic of investigation in recent years (Pietta  2000 ; 

Kumar and Pandey  2013 ). Recently, researchers have shown 

their interest towards the study of fl avonoids because of hav-

ing pharmacological and therapeutic responses on the living 

tissues. In fact people are moving towards these natural ther-

apies to alleviate the side-eff ects of the conventional therapy. 

Flavonoids are also being investigated for their anti-malarial 

activities for last many years. Innumerable studies based on 

fl avonoids properties like anti-malarial have been published 

(Pietta  2000 ; Alayo et al.  2015 ). Flavonoids, exiguafl avanone 

A and exiguafl avanone B from  Artemisia indica  were also 

found to possess in vitro anti-plasmodial activity with  IC 50  

of 4.6 μg/mL and 7 μg/mL, respectively (Chanphen et al. 

 1998 ). Siems and his colleagues isolated (−)-cis-3-Acetoxy-

4′,5,7,-trihydroxyfl avone from lipophilic extract of leaves 

of  Siparuna andina  which showed promising antimalarial 

activity (Jenett-Siems et al.  2000 ). 6-hydroxyluteolin-7-O-

rhamnoside obtained from  Vrieseas anguinolenta  also exhib-

ited same activity with  IC 50  of 2.13 and 3.32 μM against 

K1 and NF54 strains, respectively (Bringmann et al.  2000 ). 

  Fig. 1       Classifi cation of the fl a-

vonoids based on their chemical 

structure  
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Other plants,  Wikstroemia indica, Ochna integerrima, Gar-
cinia livingstonei  were also tested and were found to pos-

sess moderate to higher potency against the malaria parasite. 

Limmatvapirat and colleagues for the fi rst time isolated an 

isofl avoquinone, abruquinone B from aerial parts of  Abrus 
precatorius  possessing anti-plasmodial activity with  IC 50  

value of 1.5 μg/mL (Limmatvapirat et al.  2004 ). Moreover, 

fl avonoids like acacetin, 7-methoxy acacetin and genkwa-

nin isolated from  A. afra  were found to have considerable 

activity against plasmodial strains K1, NF54, poW and Dd2 

(Bringmann et al.  2000 ; Kraft et al.  2003 ). Indeed, calycosin 

and genistein were the fi rst isofl avones to possess antiplas-

modial activity obtained from  Andira inermis  against poW 

and Dd2 strains (Kraft et al.  2000 ). Deguelin and obovatin 

from the seed pods of  Tephrosia pelota  are the fl avonoid 

constituents reported to be active against chloroquine-sen-

sitive Sierra Leone I (D6) and chloroquine resistant Indo-

china I (W2) strains of  P. falciparum  (Batista et al.  2009 ; 

Muiva et al.  2009 ). The fl avonoids isolated from  Erythrina 
fusca  also showed in vitro antimalarial activity at less than 

12.5 μg/mL (Khaomek et al.  2008 ). Bifl avonoids extracted 

from  Selaginella bryopteris  also exhibited anti-plasmodial 

activity with  IC 50  value of 0.26 μM in vitro but its synthe-

sised molecule did not show such activity in vivo (Kunert 

et al.  2008 ). The summarised structure of some of the anti-

plasmodial and antimalarial fl avonoids can be depicted from 

Fig.  2 a, b.                 

 The exact mechanism of inhibition by fl avonoids against 

plasmodium strains is relatively unknown. In a review, it was 

stated that some fl avonoids inhibit the infl ux of  L -glutamine 

and myoinositol into infected erythrocytes. Alternatively, 

SAR studies revealed that the gallolyl moeity of  L -arabino-

furanosoides elevates the antimalarial effi  cacy while the ace-

tate group alleviates the response of fl avonoids against the 

malarial strain. Iridoid and a fl avone glycoside from  Scro-
phularia lepidota  are reported to inhibit FabI enzyme of  P. 
falciparum . The antimalarial fl avonoids from the green tea 

extract popularly known as catechins showed inhibition of 

 P. falciparum  enoyl-ACP reductase (PfENR) (EGCG being 

the best inhibitor) and all the catechins increase the activity 

of triclosan by binding of triclosan to PfENR (Kaur et al. 

 2009 ). 

    Quantifi cation of fl avonoids in bio-fl uids: 
sample treatment and extraction 

 Sample preparation plays a pivotal role in analysis, including 

both analyses pre-concentration and sample-clean up. The 

principle of this step is to isolate the constituent of interest 

from the interfering compounds, dissolution of the constitu-

ent in a suitable solvent and to improve the sensitivity of 

the system by enriching the sample (biological fl uids) with 

respect to the constituent i.e., fl avonoids. Choice of extrac-

tion solvent, pH, temperature, and sample to solvent ratio, 

number and time-intervals of individual extraction, sample 

characteristics and extraction techniques are the most deter-

mining factors for the extraction effi  ciency and recovery of 

the fl avonoids (Preedy  2012 ). Isolation of fl avonoids from 

biological fl uids is critical as it is not easy to extract out the 

phytol-constituents from the biomatrices due to the interfer-

ences in the matrix and the complexity of the various biolog-

ical fl uids containing various enzymes, complex agents, pro-

teins etc. Hence, it is important to choose the right extraction 

method to analyse the component from the biological matrix 

depending upon the nature of the fl avonoids and the type of 

the sample from which the constituent has to be extracted 

out. Despite of correct extraction technique for analyte, it is 

equally important that the extraction method should be able 

to extract the internal standard used in the method. Internal 

standards are used across a wide range of mass spectrometry 

applications such as therapeutic drug monitoring. Internal 

standards are used to improve the accuracy of quantitation 

of analytes in complex matrices by normalizing the diff er-

ences in extraction, chromatography, ionization, detection 

between samples and may be used for correction of eff ects, 

such as instrument drift or variable sample injection volume, 

or for internal calibration of the measurements. Ideally, use 

of internal standard must be isotopically labelled or syn-

thesize an analogue of the analyte with a diff erent isotopic 

composition from the naturally occurring analyte. But such 

internal standard is very costly and it is not possible to get 

an analogue for each analyte. So most of the time scientist 

choose non-isotopically labelled internal standard (Wieling 

 2002 ). When selecting non labelled internal standard then 

it must be cautious that internal standard not present any of 

the sample to be analysed and it should have similar physi-

ochemical properties to the target analytes. 

 In biological fl uids, the fl avonoids and its metabolites 

occur in very minute concentration and exist as glucuronide 

and sulphate conjugates, therefore fl avonoids may fi rst be 

treated for enzymatic hydrolysis with β-glucuronidase and 

sulfatase (Kumar and Pandey  2013 ). In biological fl uids, 

the fl avonoids are present in the form of conjugated such 

as glucuronides and sulphates. The fl avonoids and isofl a-

vonoids are metabolised by the enzymes present in intes-

tinal fl ora and phase II and phase I conjugating enzymes. 

Hence, the biological matrices constituting fl avonoids are 

treated with β-glucuronidase and sulfatase to quantify the 

free form of phase II enzymes (Baranowska et al.  2011 ). 

Hydroxylation will result in increased phase II metabolism 

and decreased bioavailability whereas increasing alkylation 

will result in metabolic stability and more bioavailability. 

Among the various extraction techniques used, protein pre-

cipitation (PPT) being the simplest one. The method elimi-

nates the interference caused by protein from the biological 
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  Fig. 2        a, b  Structures of antima-

larial fl avonoids procured from 

plants  
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matrices and is usually done by salting out or by solvent 

precipitation. Generally, the proteins are soluble in dilute 

salts (salting-in) and insoluble in concentrated salts. There-

fore, for precipitations using salting out method, the excess 

amount of salts are added in which the solubility of proteins 

gets decreased and protein is precipitated. The salts used in 

salting out protein precipitation method should be highly 

soluble (e.g. ammonium sulphate, sodium chloride). Moreo-

ver, the fl avonoids are diffi  cult to extract completely either 

into aqueous phase or organic phase. Hence, the combina-

tion of salting out reagent and an organic solvent results 

into higher extraction of fl avonoids in organic phase and 

separation as the ionic strength of aqueous phase is increased 

thereby decreasing the solubility of fl avonoids in water (Bian 

et al.  2020 ). Taking an example, pharmacokinetics of fl a-

vonoids from Shengjiang Xiexin decoction was performed 

and the samples were prepared through salting out assisted 

liquid–liquid extraction protein precipitation technique to 

minimize the matrix eff ect using sodium chloride as the 

precipitating salt (Guan et al.  2017 ). Moreover, the reagents 

utilized for protein precipitation method includes acids like 

trichloracetic acid (TCA), perchloric acid and tungstic acids, 

and organic solvents such as acetonitrile (ACN) or methanol 

(MeOH). The extraction technique for various fl avonoids 

could be depicted from Table  1 . An example can be of the 

acacetin which was extracted through PPT method using 

acetonitrile as extracting solvent by Fan and his colleagues 

(Fan et al. 2015). On the other hand, extraction of luteo-

lin from rat plasma was performed using hydrochloric acid 

(HCl)-methanol as an extracting solvent (Duan et al.  2011 ). 

Protein precipitation is manifested to be advantageous as a 

fi rst step for extraction when both conjugated and unconju-

gated forms of fl avonoids had to be measured in the sample, 

on the other way it may risk the back pressure of the HPLC 

system and the plasma components soluble in diluting sol-

vents may interfere with the results. Hence, liquid–liquid 

extraction (LLE) is a better approach to quantify compounds 

from biological matrices which gives more pure samples 

with higher sensitivity and recovery. It is a method employed 

for isolation of the desired components by the use of two 

immiscible solvents i.e. one aqueous and other the organic 

solvent. Selective partitioning of the compound between two 

phases occurs by the proper choice of extraction solvent(s). 

To quote an example, epigallocatechin-3-gallate (EGCG) 

was extracted from rat plasma and rat liver tissue through 

LLE using dichloromethane and ethyl acetate as extract-

ing solvents yielding good sensitivity (James et al.  2015 ). 

LLE was applied as an extraction technique for isolation of 

quercetin and kaempferol from human urine using diethyl 

ether (Wang et al.  2003 ). Also, simultaneous determination 

of six fl avonoids in rat plasma after oral administration of 

 Paulownia tomentosa  fl ower extract had been determined 

through utilization of liquid–liquid extraction method using 

dichloromethane (Dai et al.  2015 ). This technique is cost 

eff ective, and yields near quantitative recoveries; however, it 

is also tedious, time-consuming and requires multiple extrac-

tion steps for better result. Furthermore, another process that 

can be employed to overcome the problem of complexity of 

the impurities of the samples is solid phase extraction (SPE). 

In less time, it generates 10–50 plates in a single step of 

extraction. However, depending upon the nature of the com-

pound to be isolated sometimes LLE may be more viable 

than SPE or both can be used in combination. Genistein and 

quercetin were extracted and purifi ed with LLE and SPE 

(treated with 5% TCA then fl owed through a pre-treatment 

 C 18  SPE cartridge with gravity followed by extraction with 

methanol) (Zeng et al.  2011 ).  

 In addition to the aforementioned techniques, newer 

techniques like pressurized liquid extraction (PLE) are also 

being utilized for the extraction of fl avonoids from biologi-

cal fl uids. A review by Martnez et al. focuses on the use of 

PLE in the analysis of food and biological samples (Cara-

bias-Martínez et al.  2005 ). A graphical representation of dif-

ferent extraction methods employed in the sample processing 

of natural antimalarial fl avonoids is shown in Fig.  3 .         

   Chromatographic separation of fl avonoids 

 After isolation and extraction, it is mandatory to use the cor-

rect column for effi  cient separation of fl avonoids. The choice 

of column depends upon the nature of the compound to be 

separated. Flavonoids are the phenolic compounds; mostly 

the reverse phase (RP, C-8 or C-18 bonded silica phases) 

columns are used. Other silica based chemically bound 

phases and non-silica polymers or mixed inorganic–organic 

phases are also being employed but to a lesser extent. 

 For HPLC–MS analysis, narrow bore columns with 

internal diameter 2 μm are suggested. The separations of 

polyphenolic compounds are usually performed at ambient 

temperature but moderately higher temperature between 30 

and 40 °C is also reported. For example, Column: Agilent 

Zorbax SB-C18 column (250 × 4.6 mm, 5 μm) has been 

used for the extraction of luteolin maintained at temperature 

30 ± 1 °C (Chen et al.  2012 ). Newer columns, monolithic 

and superfi cially porous particles columns with 1.7–10 μm 

particle size can tolerate high fl ow rates without generat-

ing back pressure and require lesser time for equilibration 

when a gradient mobile phase is used. These columns are 

used in separation of phenolic compounds like fl avonoids 

by advanced HPLC techniques like ultra-high pressure liq-

uid chromatography (UHPLC) and high temperature liquid 

chromatography (HTLC) and two-dimensional liquid chro-

matography (2D-LC). 

 Furthermore, the selection of an appropriate mobile 

phase for quantifi cation of fl avonoids is also a very crucial 

step. Depending upon the choice, type of compounds and 
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nature of matrices, both isocratic and gradient elution can 

be performed. Use of acetonitrile and methanol is gener-

ally preferred for the identifi cation of phenolic compounds 

before switching to any other solvent system (Daigle and 

Conkerton  1988 ). The fl avonoids contains several ionisable 

hydroxyl groups, that is why it is highly advisable to keep 

the pH of the mobile phase around 2–4, hence increasing 

resolution and reproducibility of retention characteristics. 

For maintaining the mobile phase at low pH, usually the acid 

modifi ers such as acetic acid, formic or phosphoric acid are 

added. Alternatively ammonium acetate, citrate and phos-

phate buff ers maintained at low pH are used and predomi-

nantly applied to the gradient elution technique as compared 

to isocratic elution method (Stefova et al.  2003 ). Diff erent 

extraction solvent systems, mobile phases, pH ranges and the 

elution methods applied by the researchers worldwide for the 

isolation and separation of the antimalarial fl avonoids were 

studied and are summarised in Table  1 . 

    Detection and quantifi cation 

 Numerous reports have been published with respect to quan-

tifi cation of fl avonoids in serum, plasma, bile, urine and tis-

sue homogenates using diff erent analytical techniques. Gas 

chromatography (Tekel et al.  1999 ) was used earlier but 

now it’s not in frequent use due to its lengthy procedures, 

signifi cant losses and chemical derivatization of the com-

pound during the procedure. Therefore, other methods with 

more accuracy, highly precise analysis of compounds have 

emerged. HPLC, used in the combination with detectors like 

ultraviolet/photo-diode array (UV/PDA), fl uorescence (FL), 

electrochemical detector (ECD), mass spectrometry (MS) 

and nuclear magnetic resonance (NMR) techniques and to 

some lesser extent techniques such as capillary electropho-

resis and immunoassays, is the most prominent technique 

for the quantifi cation of phenolic compounds like fl avonoids 

(Stefova et al.  2003 ). A graphical representation of diff erent 

detection methods employed in the bioanalysis of natural 

antimalarial fl avonoids available in literature is shown in 

Fig.  4 . Many research articles have been published for the 

quantifi cation and simultaneous determination of fl avonoids 

in biological matrices using HPLC–PDA analysis (Zeng 

et al.  2011 ; Chen et al.  2012 ). For example luteolin-7-O-β-

 D -glucoside and apigenin-7-O-β- D -glucoside were extracted 

from rat plasma using PPT with ACN as extracting solvent 

and quantifi ed by HPLC–UV system as an analytical tech-

nique (Zeng et al.  2011 ; Chen et al.  2012 ). HPLC coupled 

with PDA lacks the specifi city, sensitivity and selectivity 

required during analysis of fl avonoids, therefore the other 

techniques mentioned above are incorporated along with 

HPLC. Except isofl avones (does not contain hydroxyl group 

in the 5th position), detection of other fl avonoids is not pos-

sible with fl uorescence as they don’t exhibit such property. 

HPLC-FL using derivatization with aluminium was used for 

quantifi cation of quercetin and its methylated metabolites in 

rat brain (Paulke et al.  2012 ).         

 During quantification of flavonoids through HPLC-

ECD, the sensitivity and detection limits were found 

to be 10–100 folds higher than UV and tenfold higher 

than FL but the major negative aspect was the gradient 

elution of mobile phase which causes a base-line drift 

when used with ECD. Therefore, HPLC–ECD with Cou-

lArray detection has been developed allowing the use 

of gradient elution without any hindrance as it is being 

incorporated with a software containing a gradient cor-

recting algorithm that removes the base line drift. HPLC-

ECD has been employed by several researchers for the 

  Fig. 3       Diff erent extraction methods used in the bioanalysis of natural 

antimalarial fl avonoids  

  Fig. 4       Diff erent detection techniques used in the bioanalysis of natu-

ral antimalarial fl avonoids  
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analysis of quercetin, luteolin and catechins and their 

metabolites in plasma and other biomatrices (Manach 

et al.  2005 ; Wittemer et al.  2005 ; James et al.  2015 ). A 

comprehensive review on the fundamentals and applica-

tions of HPLC–CoulArray for flavonoid analysis in bio-

logical matrices has been published by Manach and his 

colleagues (Manach  2003 ; Manach et al.  2005 ). Nowa-

days, for structural elucidation of flavonoids LC–MS has 

become the prominent technique for isolation, detection, 

quantification and characterization of flavonoids and its 

metabolites in bio-fluids as has been reported by many 

workers (Huck and Bonn  2001 ). Quercetin in a research 

published has been quantified using LC–MS technique 

in rat plasma (Kammalla et al.  2015 ). Atmospheric pres-

sure chemical ionization (APCI) and electron spray ioni-

zation (ESI) equipped with quadruple/triple quadruple 

and ion-trap had been the backbone for the analysis of 

flavonoids in biological matrices due to their relatively 

low cost, physically small size, ideal mass range and rea-

sonable scanning speed. Taking an example, a sensitive 

LC–MS/MS method for simultaneous determination of 

six flavonoids in rat plasma has been developed using 

multiple reaction monitoring (MRM) with an ESI source 

and operating in the negative ionization mode (Kim et al. 

 2015 ). Other techniques utilized for the characterisation 

of flavonoids and their metabolites using HPLC coupled 

with radio-counting, chemiluminescence (CL) etc. are 

also reported (He et al.  2013 ). 

 Tandem MS is preferred over single stage MS due to 

its greater selectivity, capability, and sensitivity to obtain 

structural information of flavonoids. Many publications 

indicating the use of tandem MS could be found with bet-

ter results. Recently, Kim and his colleagues developed 

and validated a highly sensitive LC–MS/MS method for 

the determination of acacetin in human plasma (Naka-

gawa and Miyazawa  1997 ). UHPLC combined with tan-

dem MS have gained importance among scientists in 

research for the bioanalysis of flavonoids. These high-

throughput analytical and bioanalytical methods with 

rapid resolution and high sensitivity are attracting interest 

of scientists and are being validated in various laborato-

ries (Zhang et al.  2013 ). Nowadays, alternative techniques 

e.g., HPLC-NMR, UHPLC, HILIC, 2D-LC, combination 

of 2D-LC with HILIC and RP-LC coupled with MS/MS 

are applied due to high sensitivity, high specificity and 

could separate and characterize the compounds which are 

structurally similar and present in minor quantities in a 

complex matrix. After an exhaustive search of literatures 

for the analytical techniques used for the isolation, quan-

tification and characterization of antimalarial flavonoids 

from biological fluids were studied and are summarised 

in Table  1 . 

     Multicomponent herbal medicaments 
as a new approach against malaria 

 The multicomponent formulation forms the basis of phy-

totherapy. Mechanistic reasons for the poly-pharmacolog-

ical eff ects of plants constitute increased bioavailability, 

interference with cellular transport processes, activation 

of pro-drugs/deactivation of active compounds to inactive 

metabolites and action of synergistic partners at diff erent 

points of the same signalling cascade. Herbal medicine 

contains a variable number of chemical compositions and 

extremely complicated to fi nd eff ect of each composition 

in human body. Herbal medicine was used to introduce 

xenobiotics in body at a same time and metabolism of 

these chemicals may provide insights to how they work 

in vivo due to herbal exposure. However, undistinguish-

able metabolic fate of multicomponent or herbal medicine 

causes signifi cant limitation to understanding the pharma-

cological effi  cacy and toxicity studies of these substances 

as compared to single chemical substance where there is a 

signifi cant metabolic fate and effi  cacy. Herbal medicine or 

multi-component drugs represent a challenge due to their 

complex nature (Lan et al.  2013 ). 

 HPLC-based anti-malarial profi ling is a highly versa-

tile strategy to accelerate deconvolution of active herbal 

extracts. The principle of this approach consists of separat-

ing bioactive components of herbal extracts analytically 

and high throughput screening techniques like HPLC, 

LC–MS/MS. There are some traditional phytomedicines 

approved as an antimalarial drug among some countries 

such as Qing hao, Totaquina, Phyto-laria, Ayush-64, 

Malarial-5, Nʼdribala., and Soumafoura Tiemoko Bengaly 

(Willcox  2011 ). 

    Conclusion 

 Malaria due to its epidemic nature and resistance to the 

available drugs has become a disease of global concern 

and aff ects almost half of the global population. Newer 

drugs and conventional therapies involving the use of 

plants and/ their constituents. Most of the plant derived 

compounds constituting fl avonoids are polyphenolic in 

nature. A large number of papers have been published con-

fi rming the health-related benefi ts of dietary fl avonoids. 

Large-scale clinical trials are required to be conducted in 

order to establish the potential usefulness of fl avonoids in 

the treatment of various disease conditions. This requires 

the development of rapid and validated assays for the char-

acterization and quantifi cation of the phytol-constituents 

and their metabolites in biological matrices. Plant extracts 



465Proceedings of the Indian National Science Academy (2021) 87:446–468 

1 3

though contain a mixture of chemical constituents which 

complicates the process of bioanalysis required in the 

drug development process. Thus a knowledge database 

that will help solve the intricacies involved in the iden-

tifi cation, separation and quantifi cation of these promis-

ing antimalarial drugs is inevitable which motivated us 

to author this article. HPLC coupled with UV and MS 

detection has emerged as the technique of choice to 

achieve high-throughput bioanalysis of these fl avonoids 

in clinical samples. LC–MS/MS off ers high sensitivity, 

specifi city, simple sample preparation and rapid analysis 

of the targeted analytes. Additionally, with the develop-

ment of innovative techniques such as online and offl  ine 

96-well format sample preparation, use of high fl ow rates 

and fast gradients, development and implementation of 

monolithic columns, application of column switching to 

MS have made the technique most preferred technique for 

bioanalysis. These techniques have signifi cantly reduced 

the overall analysis time. Development and proper valida-

tion of such high throughput bioanalytical methods will 

strengthen the therapeutic role of antimalarial fl avonoids 

in current medical practices. This article summarising the 

analytical methods used for the characterisation of diff er-

ent antimalarial fl avonoids will surely be helpful in the 

further exploration and development of new antimalarial 

fl avonoids by these and other developed techniques. 

 Recent studies suggest that metabolomics coupled with 

multivariate statistical tools can offer an alternative to 

address the challenges of the determination of PK of multi-

component pharmaceuticals and/or herbal medicine. We 

believe that the use of a metabolomics strategy in pharmaco-

logical studies has important advantages over conventional 

approaches for multi-component therapeutics. The integra-

tion of metabolomics to study the metabolism of xenobi-

otics will unravel the complicated variations in multiple 

metabolites of endogenous and exogenous origin within the 

host-gut microbial symbiotic network. Progress in this fi eld 

will defi nitely help the poly-PK studies of multi-component 

herbal medicines to assess their effi  cacy. 

    Future perspectives 

 Despite the improvements and advancements in analytical 

techniques, issues remain with assessing phytochemicals and 

extracts regarding rapid quantifi cation, appropriate sensitiv-

ity and accuracy due to the complexity in the composition. 

Development of rapid and sensitive bioanalytical methods 

is indispensable to uphold the ongoing research and clinical 

trials meant for the discovery and development of new lead 

molecules anti-malarial to tackle with the developing resist-

ance and provide an aff ordable treatment. 

    Executive summary 

   Introduction 

     •  This review highlights the bioanalytical quantifi cation 

of the natural antimalarial fl avonoids.    

    Flavonoids from nature: an approach to be a novel 
antimalarial agent 

     •  Due to the increasing resistance towards the antima-

larial drugs available in the market, there is an intense 

requirement of new lead molecules against resistant 

malarial strains. Plants manifesting the positive out-

comes towards the emerging and MDR therapy could 

evolve as an alternative antimalarial approach. Most of 

the plant constituents are polyphenolic in nature consti-

tuting majorly fl avonoids, proving to be new eff ective 

pharmacophore against resistant plasmodial strains.    

    Quantifi cation of fl avonoids in bio-fl uids 

     •  Analysis of natural fl avonoids in diff erent biological 

fl uids through various bioanalytical techniques includes 

the sample treatment, sample extraction, chromato-

graphic separation of fl avonoids and detection and 

quantifi cation. Due to the ambiguity in the composi-

tion and increased chances of interferences quantifi ca-

tion becomes challenging which needs to be strategized 

and dealt with expertise. LC–MS/MS and other high 

throughput analytical techniques have revolutionized 

the bioanalytical area and are techniques of choice for 

analysis of fl avonoids.    

    Conclusion 

     •  Besides all the high-throughput analytical techniques, 

LC–MS/MS (tandem MS) has been the method of choice 

for analysis of fl avonoids in bio-fl uids. A database of 

bioanalytical methods helpful in the identifi cation, sepa-

ration and quantifi cation of these promising antimalarial 

drugs is inevitable.    

    Future perspective 

     •  This review presents the perspective of developments in 

quantifi cation of natural antimalarial fl avonoids.    
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