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A B S T R A C T 
 

Aquatic plants are versatile source of phytochemicals that are of significant biological influences particularly, the flavonoids and 
their glycosidic derivatives distributed in different plant parts including fruits, seeds, leaves, flowers, stem, roots and rhizomes. 
Most of the reported biological influences are reported to be expressed by quercetin, kaempferol, isorhmnatin, and their glycosidic 

derivatives, particularly, rutin. In this survey, we summarized the reported flavonoids types, content and factors affecting their 
extracts contents of three aquatic plants Nuphar, Najas and Nymphoides detected in the Iraqi central marshlands, in provenance 
of Thi-Qar. Surveying the phytochemical investigations regarding Nuphar species of reported abundance of polyphenolic 
compounds content including identified and quantified phenolic acids, flavonoids like flavonols and flavonones, particularly, in 

their leaves. However, flavonoids/their derivatives types and quantities in various parts extracts are not reported to the extent of 
our knowledge although they are presumed to contribute to the reported biological influence of the plant on one hand. On the 
other hands, regarding Najas species, few reports have identified the existence of flavonoids as well as other phenolic compounds, 
although, total quantification to the phenolic compounds, flavonoids and tannins are reported rather than identifying the 

individual flavonoid in the plant extracts. Only single report demonstrates the total phenolic, flavonoids and tannin contents of 
ethyl acetate extract of Najar minor according to our survey. Regarding Nymphoides species, the extraction level flavonoids as 
lipophilic compounds as well as their much polar glycosidic derivatives is depending on the solvent polarities. In general, in most of 
Nymphoides species the ethanolic extract querectin, methylquercetin and kaempferol flvonoides/their derivatives are identified 

individual flavonoids/quantified to be more than one fold of that in the aqueous extracts. Finally, the manner/position of 
glycosylation as well as glycosides sugar resides acylation vary among the Nymphoides species. In general, single 3-O- or di 3,4’-O- 
glycosylation pattern is noticed in kaempferol, quercetin and isorhamnetin. The multiply diverse glycosylation, methylation as well 
as acylation pattern of Nymphoides species flavonoids may explains their identification in various plant part/extracts besides the 

variation in their biological activities potentials.   
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INTRODUCTION: 

olyphenolics are naturally occurring plant secondary 

metabolites detected in almost all plant organs 

including fruits, roots, flower, leaves even in 

vegetables. Their remarkably interesting multiple 

pharmaceutical as well as therapeutic potentials against 

various health anomalies including cancer as well as 

cardiovascular diseases 
[1-6]

. In fact, polyphenolic/phenolic 

compounds is a huge group of plant secondary metabolites 

that approaches eight thousands compounds of simple or 

complexed structures made of one aromatic ring with one or 

more phenolic hydroxyl groups constituting phenolic acids, 

flavonoids, coumarins, tannins, phytochemical classes etc. 

according to their chemical architecture mostly 

biosynthesized  

through shikimic acid pathway 
[7-10]

. Flavonoids constitutes 

a characteristic class of polyphenolic compounds, widely 

distributed in vegitables and fruits especially the edible ones 

P 
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[11, 12]
. They are fundamentally built of fifteen carbon two 

aromatic ring skeleton of three carbons C6-C3-C6, however, 

in some cases their sugar as well as organic acids conjugated 

metabolites are also identified as their major derivatives 

conferring medicinal/therapeutic potential to their plants 

particularly the antioxidant activity 
[7, 11-14]

. Chemically, 

flavonoids are classified according to the number as well as 

the arrangement of their structural carbons in to flavonols, 

flavones, flavan-3-ols, anthocyanidins, flavanones, 

isoflavones, etc. 
[10]

 mostly abundant in edible flower 

conferring them their heath beneficial effects 
[15]

. Flavonoids 

are of considerable stability along with tremendous 

structural diversity as they are structurally 
[16]

, hence, 

functionally varies according to the saturation status of the 

oxygen heteroatom ring C at carbons C2 and C3 besides the 

pattern of rings A and B hydroxylation, methoxylation and 

glycosylation 
[17]

. Consequently, the number as well as the 

location of the multiple OH groups determines their 

biological influences 
[18]

. For example, hydroxylation at ring 

B, C3’ and C4’ hydroxylation confer capability of 

flavonoids participation in redox effect 
[19]

, however, 

hydroxylation at ring C, C3 position contributes to their 

enzymes inhibitory influences 
[20]

 as they target 

mitochondrial sites, besides, C3 hydroxyl group acetylated 

derivatives processes caticholes protective influence 
[21]

. In 

addition, the hydroxylation at ring A, C5 and C7 positions 

contributes to their weak acidity due to ring C, C4 carbonyl 

intramolecular H-bonding 
[21]

.  

 

 

Some Biological Influences of Flavonoids: 

Both nutritive and non-nutritive flavonoids particularly in 

plant flowers exhibit various biological influences besides 

their famously known antioxidant activity including 

protective influences against prolonged health conditions 

cancer, cardiovascular diseases, inflammation, diabetes, 

hepatic toxicity, obesity, and neurodegenerative disease 

particularly quercetin and its derivatives, besides, their 

inhibitory effects against broad spectrum of mammalian 

enzymes involved in cell proliferation, platelets aggregation, 

inflammation and immune response such as topoisomerase 

II inhibition influences of genistein, (–)-epigallocatechin 

gallate and catechins mediated anticancer influence 
[22-41]

. In 

addition, flavonoids can inhibit various enzymes such as 

xanthine oxidase, protein kinase C, phosphodiesterase (like 

PDE-4), 5α-reductase and protein tyrosine phosphatase 1B 

(PTP1B) enzymes 
[42-51]

. In this regard, isoflavones and their 

derivatives are considered as effective as effective 

pharamcophor for the design of effectively powerful 5α-

reductase enzyme inhibitors 
[52]

 although many other 

common flavonoids are also recognized as inhibitors to this 

enzyme for treatment of androgenetic alopecia besides their 

anti-inflammatory as well as insulin resistance counter 

acting influences 
[53]

. Moreover, flavonoids can exploit 

microbial growth counteracting effect, antiulcer, 

antispasmodic, antiphotoaging as well as antiallergic activity 
[54-58]

. Furthermore, colorful plant compounds including 

flavonoids, catechins, anthocyanins and proanthocyanidins 

along with non-colored flavonoids can regulates cellular 

signaling, growth, differentiation as well as survival 

pathways and other critical pathophysiological pathways 

explaining their apoptotic, cyctotoxic influence in addition 

to chronic diseases curative effects 
[59-63]

. Interestingly, 

flavonoid glycosides are also health beneficial substances 

possess 
[45, 46, 47, 64, 65]

 such as Quercetin-3-O-(2”-galloyl)-L-

rhamnopyranoside that exhibits its anti-inflammatory 

influence via TNF-α-activated NF-kB-induced inflammatory 

mediator synthesis inhibition 
[66]

. Vitamin as well as plants 

polyphenolic compounds including flavonoids are of potent 

antioxidant capability, thus they are useful adjuvant therapy 

to counteract osteoporosis 
[67]

. 

Generally, plants flavonoids have potent antioxidant 

capacity
[68]

 mediated through one or more mode of actions 

including metal trapping (chelation) and/or scavenging of 

oxidative stress resulted free radicals (quenching of the 

reactive oxygen species) 
[45, 69-76]

, or regeneration of the 

membrane bounded antioxidants 
[77-79]

. Hence, inhibiting 

tissues lipid peroxidation through peroxyl radical 

neutralization, explaining the principle antioxidant 

influences of fruits and vegetables 
[72-75]

. Rutin for example 

has an antioxidant IC50 of 25.8 μg/mL against the 

pro=oxidant iron II 
[80]

. Flavonoids of the aquatic plant 

Nasturtium officinale is one of the fundamental antioxidant 

components of the plant besides beta-carotene 
[81, 82]

, thus, 

many of the flavonoids biological influences are 

significantly correlated to their potent antioxidant effect 
[83]

. 

In fact, the flavonoids/flavonols antioxidant potential 

contribute to most of their therapeutic potential as it inhibit 

DNA oxidative damage by the reactive oxygen compounds 

like hydrogen peroxide or reactive oxygen species like 

singlet oxygen generated by radiations including harmful 

UV radiation 
[84]

, besides, protecting body tissues against 

chronic diseases 
[85]

 such as tumor development as well as 

cardiovascular tissues through a similar mechanism 
[86-88]

.In 

addition, it is necessary to note that the flavonoids reported 

tissue/organ protection effects such as kidney protection in 

diabetic models through prevention or controlling 

nephropathy development, besides, other organ tissue 

protection such as pancreatic as well as hepatic tissues are 

attributed to their reactive oxygen species scavenging along 

with inclining the level of the endogenous antioxidant 

enzymes in these organs 
[89, 90]

. The flavonoids antioxidant 

activity is quietly associated with the hydroxyl groups 

number as well as position in the basic flavonoids scaffold, 

however, as much as the number of phenolic hydroxyl 

groups increase ( 3 groups) the flavonoid’s antioxidant 

influence enhances particularly in ring B. Meanwhile, 

declining these hydroxyl functionality by one slightly 

decline their antioxidant potential, yet, two hydroxyl 

functionality loss brings about considerable loss in their 

antioxidant activity on one hand. On the other hand, 

flavonoids glycosylation declines certain flavonols 

antioxidant influence as in case of quercetin, while, further 

aglycon modification with a second moiety further declines 
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this potential which is speculated to be due to the steric 

hindrance imposed by the added sugar motifs 
[91]

.  

Moreover, reports have demonstrated that plant phenolic 

and flavonoid secondary metabolites elicit hypolipidemic as 

well as hypocholesterolemic influences 
[92-96]

. In this 

context, investigators have reported the advantageous 

antioxidant influences of flavonoids for 

hypercholesterolemia related injuries of oxidative stress 
[97]

, 

particularly, fruits flavonoids that counteract 

hypercholesterolemia associated lipid peroxidation in animal 

model probably through promoting the antioxidant enzymes 

expression 
[78, 79]

. Nevertheless, several flavonoids exhibit 

potent hyoplipidemic influences 
[98, 99]

 that demonstrate a 

remarkably advantageous alteration in the pathogenic 

LDL/HDL ratio in clinical trials as they have declined the 

LDL level along with inclining the HDL level in patients 

with hypercholesterolemia probably through promoting 

disposition of cholestrol and triglycerides form the 

peripheral tissues to the catabolic and excretion tissues 
[100]

 

explaining their reported hepato-protective influence 
[101]

. 

Regarding flavonoids anti-inflammatory influence, animal 

as well as preclinical studies have reported such effect 
[68]

, 

however, flavonols is reported to be effective against both 

acute as well as chronic inflammations 
[102]

 through targeting 

the circulator inflammatory mediators TNF-α and IL-6
[103]

. 

In addition, flavonoids particularly their lipophilic aglycons  

can elicit lipoxygenase enzyme inhibitory influence 
[104, 105]

, 

pectolinarin for example is a potent 15-lipoxygenase 

enzyme inhibitor with of IC50 0.25 mM while 

Pectolinarigenin exhibit moderate 46% inhibitory activity 
[106]

. In Nasturtium officinale, the quantified rutin as well as 

phenolic phytochemicals have synergistically elicited anti-

inflammatory influence 
[107, 108]

. Rutin, anti-inflammatory 

influence is useful for various type of inflammation 

including cutaneous inflammations and contact allergic 

dermatitis 
[5, 107, 109-111]

 which is concentration dependent 
[107, 

112]
 since rutin and other flavonoids can attenuate IkB 

protein degradation or phosphorylation indirectly besides, 

MIP-2 expression and MMP-9 activation down regulation in 

the lung tissues through Akt phosphorylation prohibition 
[113, 

114]
. Moreover, antithrombotic influence via platelet 

aggregation prevention is reported to flavonols 
[115]

. 

However, the dimeric  morelloflavone biflavonoid can 

inhibit snake venom phospholipase A2 
[116, 117]

 which is 

expected for the Nymphoides indica anti-snake bite 

counteracting influence of their leaf and roots extracts used 

internally as well as externally in Nicaragua, Sri Lanka 
[118]

. 

Concerning the reported plant flavonoids antimicrobial 

influences against various microbial pathogens particularly 

the parasitic ones 
[119, 159-162]

, flavonoids from various plants 

particularly quercetin have been reported to exploit anti-

leishmanial effect 
[119, 121-123]

. In deed, (Tasdemir et al., 

2006) have reported that the flavonoids fisetin, 3-

hydroxyflavone, luteolin and quercetin exhibit anti-

leishmanial influence with IC50 values of 2.2, 2.9, 2.7, and 

3.3 μM, respectively
[124]

. Nevertheless, flavonoids 

particularly those from Erythrina abyssinica stem bark, are 

also reported to exploit antimalarial effect probably via 

inhibit the parasit’s fatty acid biosynthesis (FAS II)
[125]

. In 

addition, Nasturtium officinale aqueous and alcoholic 

extracts antibacterial influence is attributed to their 

flavonoids content 
[126]

. In addition, flavonoids as well as 

their synthetic analogues are reported to be individually or 

synergistically exhibit powerful antifungal influences even 

against resistance strains 
[127, 128]

. While, the geranylated 

flavonone, sophoraflavanone G and related flavonoid exploit 

vancomycin like promising antibacterial activity against 

methicillin resistant Staph. aureous with MIC of 7.3–14.7 

μM 
[129]

.  Interestingly, (Bettega, et al. 2016) believe that 

flavonoids from Nasturtium officinale, particularly rutin, 

express their antibacterial influence through declining the 

metalloproteinase of matrix-1 (MMP-1) gene expression as 

well as activity, besides the involvement of this mechanism 

in inclining the collagen formation/accumulation in wounds 

and ulcer areas explaining its wound healing effect 
[130]

 on 

one hand. On the other hand, other mechanisms are also 

proposed for flavonoids antimicrobial influence such as 

nucleic acid synthesis inhibitor, function interruption of cell 

membrane, interfering with energy production/metabolism 
[121]

. Furthermore, flavonoids are known to exhibit antiviral 

influence since the middle of last century, however, the ring 

C, C3 hydroxyl group is critical for flavonols antiviral 

influence especially against type 1 herpes simplex virus, 

which make it much active than flavones 
[131, 132]

. While, the 

flavonoid, baicalin is considered a promising anti-HIV 

candidate 
[133]

, although, flavonoids from various plant 

extracts have been reported to exploit anti-HIV effect 
[134-

140]
.  

Remarkably, the least prevalence rate of 

chronic/degenerative health conditions including tumors 

among the Mediterranean region population is significantly 

related to their high flavonoids/polyphenolics content plant 

diet 
[141]

, since, the DNA oxidative injuries fundamentally 

correlated to mutagenesis, cancer, aging and other health 

anomalies 
[142]

. The antioxidant as well as various critical 

intracellular signaling cascades/enzymes inhibitory 

influences may lies behind the dietary flavonoids cooked 

meat carcinogens counteracting influence 
[143]

, however, 

their mode of action involve targeting various development 

stages of neoplasms, immune survilance/response as well as 

immune system/cell components homeostasis 
[144, 145]

. More 

than one flavonoids influences may contribute to their 

anticancer effect such as scavenging free radical, 

counteracting inflammation, as well as cytotoxic influences 

as in case of lutein 
[146-148]

. In addition, other anticancer 

bioflavonoids exhibits their antineoplastic effect as well as 

other health related influences through targeting the gene 

related topoisomerase II enzymes 
[23, 24, 34-36]

 such as 

catechins 
[149, 150]

. Interestingly, isoflovons/isolfavonones are 

reported to promote tumor cells apoptosis, while, flavonols 

like quercetin, kaempferol as well as epigalocatechin 

galates, besides, the flavonones like apigenin are reported to 

exploit their antineoplastic activity  via cancer cells Ca
2+

 

channels functions modulation in different types of tumor 

cells 
[151]

. 

Furthermore, various plants phytochemical classes, 

flavonoids in particular such as 6-hydroxyflavonoides, 

flavonoids glycosides, isoorientin, kaempferitin, 

Isorhamnetin-3-O- -D-glucoside and other phenolic 

compounds have been reported to demonstrate antidiabetic 

influence via alpha-glucosidase or aldose reductase enzyme 
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inhibitory influences 
[106, 152-160]

 or even α-amylase enzyme 
[161]

.     

However, liver glucokinase action promoting influence of 

flavonoids presumably via inclining the pancreatic islet 

insulin release 
[162]

. In addition, flavonoids demonstrate 

antiglycation effect, particularly, the flavonol glycosides 

like isorhamnetin 3-robinobioside, hyperoside as well as 

isorhamnetin 3- galactoside-7-rhamnoside which exploit 

moderate antiglycation effect of IC50 values of 48 μM, 82 

μM and 155 μM, respectively relative to the positive 

standard aminoguanidine (IC50 920 μM) 
[163]

. Silymarine for 

example, as a complex type flavonoid can reduce aging 

glycation end products in diabetic individuals via blocking 

specific advanced glycation end products receptors in both 

in vivo as well as in vivo studies 
[164]

. As antiglycation 

compounds flavones are much potent then flavanones, 

isoflavones, and flavonols which is basically attributed to 

the structural requirements of such activity including C3, C5 

and C7, C3’, and C4’ hydroxylation besides the impact of 

the hydroxyl groups methylation or glycosylation 

particularly in flavones, flavonones and flavonols 
[165]

. It has 

been reported that (-)epicatechin exhibits promotes the ATP-

dependent pancreatic islets glucose stimulated insulin 

release in animal models besides a speculated enhancement 

of insulin biosynthesis along with cAMP phosphodiesterase 

enzyme inhibition 
[166]

 besides, inducing the peripheral AMP 

dependent protein kinase in skeletal muscles as well as 

white adipose tissues. Furthermore, it has been demonstrated 

that flavonoids prohibits intestinal glucose transporters 

activity hence, inclines peripheral glucose consumption
[167, 

168]
 on one hand. On other hand, flavonoids such as 

quercetin, and kaempferol inclines the pancreatic islets 

number as well as hexokinase glucokinase action in animal 

model 
[168]

. In addition, plants polyphenols exploit 

pancreatic lipase inhibitory effect in rat models 
[169, 170]

. 

Finally, the plant flavonoids and their analogues are reported 

to be type 2 aldose reductase (ALR2) inhibitors, hence 

counteracting the diabetes mellitus complications 
[171, 172]

. 

Some Specific Quercetin Biological Influences:  

As one of the fundamental dietary flavonoids distributed in 

various plant parts leaves, seeds, fruits and flowers  like in 

watercress 
[61, 173]

, Quercetin is presumed to constitute 50% 

of the flavonoids content, however, its level is plant 

species/varieties type and cultivation/processing conditions, 

although its level abundance in red onion not exceed 200–

600 mg/kg 
[174]

. As a row material, Quercetin aglycon is 

yellow color powder lipophilic substance freely soluble in 

alcohols and lipids, poorly soluble in hot water while 

insoluble in cold water. Quercetin beside being a well 

known antioxidant substance, it exhibit various biological 

influence such as neurodegenerative diseases counteraction, 

antimicrobial, antiviral, anticancer, anti-inflammatory, 

antidiabetic, cardiovascular protection,, hepatic protection, 

immune modulator, antiviral, as well as aldose reductase 

inhibitory influences 
[131, 173, 175-177]

. In addition, it 

synergistically enhances the antineoplastic activity of 

chemotherapeutic agent of multiple drug resistance 
[175, 176]

. 

The biosynthesis of Quercetin involve the condensation of 

three malonyl CoA and one p-coumaroyl CoA molecules via 

chalcone synthase enzyme activity into naringenin-chalcone 

which is cyclized via action of chalcone isomerase enzyme 

into the first flavonoid in the biosynthetic pathway, 

naringenin that is hydroxylized at the ring C, C3 carbon into 

dihydrokaempferol, that is oxidized at C2 and C3 carbon 

into Δ 2,3 double bond flavonol compound, kaempferol. The 

later flavonol is converted into dihydroquercetin by mean of 

flavonol 3-hydroxylase enzyme then into quercetin by action 

of flavonol synthase enzyme 
[178]

. Chemically, quercetin 

possess biological influences determining five hydroxyl 

functionalities, besides, the existence of two sub-classes of 

derivatives, the O-glycosides and ethers regardless some 

minor sulfate or prenyl substituted derivatives 
[111]

. 

Glycosylation of quercetin lipophilic aglycone occur at one 

of its C3 or C7 hydroxyl groups that may contains alkylation 

at other positions that may reaches to five ether alkylations 
[179]

. In general, most of Quercetin biological influences 

regarding counteracting/protection of many oxidative stress 

based human health anomalies such as cancer, 

atherosclerosis and inflammatory condition fundamentally 

relies on its antioxidant as well as anti-inflammatory effects. 

Quercetin also exploits its antioxidant influence via inducing 

the endogenous antioxidant enzymes to neutralize at least 

thirty type of oxidative carcinogens 
[180-182]

.  

Interestingly, quercetin/its derivatives (Quercetin-3-O-β-d-

glucopyranoside) through their antioxidant influence 

counteract hydrogen peroxides attributed cytotoxicity hence 

decreasing the generation of reactive oxygen species 
[206]

. 

Like myricetine,  Quercetin is reported to be in vitro 

counteract the, human lymphocytes, hydrogen peroxide-

induced DNA damage 
[183]

 besides imposing significant 

decline in colon cancer cell lines 
[184-186]

. The antioxidant 

influence particularly against LDL lipid peroxidation is 

attributed to its free radicals scavenging as well as trans 

metals chelating potentials which is believed to be strongly 

associated with structural features of the Quercetin basic 

scaffold. Dihydroxylation on ring B as well as unsaturation 

of ring C, at C2 and C3 along with 4-oxo functionalities are 

the basic determinats of its antioxidant activity
[180-182]

. 

Quercetin has antineoplastic effect against diverse types of 

tumors including; ovarian cancer 
[187, 188]

, melan-a 

melanocyte cells melanogenesis 
[189]

, human breast cancer 

MCF-7 cells through cell cycle regulation via targeting 

mitochondrial caspase cascade promotion as well as 

attenuation of tumor cells adhesion/metastasis 
[190-192]

. In 

fact, Quercetin anticancer activity against breast cancer is 

maintained viamiRNA expression regulation, hence, 

enhancing expression of the pro-apoptotic-Bax (Bcl-2 

associated X) and caspase-3 along with declining the 

expression of oncogenic-EGFR through inkling the 

expression of miR-146a that bring about tumor cells 

apoptosis besides, blocking tissues invasion by the tumors 

cells as in vitro demonstrated in breast cancer cell lines 

MCF-7 and MDA-MB-231 models 
[193]

.Quercetin also 

exhibits anticancer activity against colon tumors, hence, 

declining cancer growth, cancer cells survival/proliferation 

rate suppression, apoptosis/autophagy induction, and cell 

cycles arresting via targeting various molecular targets such 

as MYC, B-cell lymphoma (Bcl)-2, Bcl-xl expression 

depression along with p53, caspase-3, -9, cleaved Poly 

(ADPribose) polymerase (c-PARP) expression promotion in 

CRC cells 
[194-197]

, besides, mitochondrial membrane 

potential reduction 
[198-200]

.In this context, Quercetin 

provokes the p38MAPK gene that stimulates caspase-3 
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along with PARP protein in the colon cancer DLD-1 cells 
[201]

, while, promotes apoptosis in HT-29 and HCT-116 

colon cancer cell lines via rapamycin (AMPK/mTOR) 
[202]

 

in addition to AMPK/p38 
[203]

 pathways targets modulation 

that provokes the expression of sirtuin 2in a p53-

independent manner along with inducing the generation of 

reactive oxygen species intracellularly 
[200, 204]

.Remarkably, 

Quercetin is reported to attenuate the colon cancer cells 

CT26 metastasis via epithelial mesenchymal transition 

(EMT) through N-cadherin, β-catenin, and snail expression 

attenuation along with inclining theE-cadherin expression 
[194]

, besides, reported anti-invasive as well as anti-migration 

influence inHT-29, CT26 and Caco-2 cells via declining 

their migration ability by mean of MMP-2 and MMP-9 

expression prohibition 
[194, 195, 205]

. In addition, in murine 

model, Quercetin have been reported to decline the lung 

neoplastic masses due tocolorectal-lung metastasis at a dose 

of 10 or 50 mg/kg via inclining p-Erk, p-JNK and 

pp38MAPK, whereas, decliningMMP-2, MMP-9, N- 

cadherin, β-catenin, Snail, E-cadherin expressions. 

However, in vitro cytotoxic influence on CT-26 through 

inclining c-PARP, caspase-3,-9 while declining Bcl-2 and 

Bcl-xL expressions leading induce apoptosis 
[194]

. However, 

quercetin can also counteract colorectal carcinomas in 

clinical trials 
[206]

. Meanwhile, quercetin/isoquercetin 

formulation (CAT IQ) is recently reported to be in phase 2 

and phase 3 clinical trials for colorectal cancer adjuvant 

therapy 
[207]

. In vitro investigation of Quercetin at 25-200 

μM concentration for 48 h, induce apoptosis  via declining 

p-Akt, MYC expression along with cell proliferation 

inhibition at G0/G1 phase as well as arresting cell cycle 

through declining Bcl-2 while inclining Bax, p53, caspase-3 

expression in HT-29 
[196]

. In other study, in vitro study 

Quercetin at concentration of 25-100 μM for 24 h provokes 

apoptosis in Caco-2 and SW-620 cell lines via inclining Bax 

and caspase-3,-9, whereas, declining Bcl-2 and NF-κB 

expressions 
[197]

. In a third in vitro study, the administration 

of Quercetin at concentration 5-50 μM for 24-72 h in 

provokes apoptosis in colon DLD-1 cancer cell line via 

declining MMP 
[198]

. In a forth in vitro study, the 

administration at concentration of 25-100 μM for 6- 24h 

provokes apoptosis in HCT-116 via increasing reactive 

oxygen species generation besides inclining the SIRT-2 and 

p-AMPK/pp38MAPK expressions, while,  declining MMP 

and p-mTOR expressions 
[200, 202]

. In a fifth in vitro study, 

the administration of Quercetin at concentration of 50 μM 

for 48h provokes apoptosis and inhibits cell proliferation in 

Caco-2 and colon cancer DLD-1 cell lines via inclining JNK 

and c-Jun expressions while, declining CBI receptor, Wnt/-

catenin, p-GSK3β, p-PI3K/Akt, p-S6, p-4EBPI and p-

STAT3 expressions 
[195]

. In addition, Quercetin/ its 

derivatives have been reported to induce apoptosis at 

concentrations of 25-100 μM for 24h in HCT-116 cell line 

via inducing AMPK and HIF-1 expressions as well as 

reducing hypoxia, whereas, cell cycle arrest in tumors 

particularly at G0/G1 phase, as reported by (Yang et al., 

2016) 
[196]

, at 50 mg/kg  dose for 24 days in HCT-116 

Xenograft model 
[208]

. However, G2/M phase arrest is also 

reported in HT-29 and HCT-116 for Quercetin 5-40 μM for 

24h  through inducing oxidative stress, autophagy with 

increasing LC-I/II, SQSTM1/p62, p- Akt/PI3K, p-Erk1/2, p-

JNK, and p-p38MAPK, while, declining Beclin expressions 

[209, 210]
. In other study, (Hashemzaei et al., 2017) have 

reported that Quercetin at concentration of 10-120 μM for 

48h, induces apoptosis in CT-29, while, decreasing the 

tumor volume in an in vivo CT-26 Xenograft model
[211]

 

hence, enhancing the survival rate. Furthermore, Quercetin 

is also reported to potentiate the antineoplastic influences of 

other phytochemicals for example in HT-29 cells 

resveratrol-quercetin combination can prohibit the 

specificity protein (Sp) transcription factors Sp1, Sp3, and 

Sp4 expression along with Sp-dependent survivin gene 

(anti-apoptotic gene) 
[212]

. In another case, Quercetin has 

been reported to enhance the antineoplastic potential of 

isorhamnetin via elevating their blood level 
[174]

. A third 

case of curcumin-quercetin combination therapy (in a dose 

of 1.44 g curcumin and 60 mg quercetin /day for 6 months) 

have been reported to decline the adenomas in familial 

adenomatous polyposis size as well as number 
[213]

. A forth 

case involve the use of  500 μM (quercetin + rutin) to reduce 

reactive oxygen species in patients with colon cancer 
[214]

. 

Quercetin is reported to ameliorate GST and CYP1A1 

activities 
[215]

, besides, being inhibitor to ATPase of the 

mitochondrial soluble and particulate forms of the enzyme 

at low concentration despite being un effective on sub-

mitochondrial particles oxidative phosphorylation process 
[216]

, hence, attenuates energy production process. However, 

quercetin through its antioxidant influence besides 

attenuating the apoptotic along with promoting the growth 

factors, it protect the testes Sertoli cells
[217, 218]

 as what is 

encountered with other flavonoids apigenin and kaempferol 
[219, 220]

.  

Furthermore, Quercetin have been demonstrated to exploit 

anti-inflammatory influence via toll like receptor4 (TLR4), 

NF-ҡB, MMP-2 and MMP-9 genes along with inflammatory 

mediators expressions whereas, inclining E cadherin 

expression in Caco-2 cells at 5 μM concentration 
[205]

. 

While, others have reported NF-jB p65 nuclear translocation 

modulatory influence in changes in human polymorph 

nuclear cells via modulating the signaling TLR-NF-jB 

pathway 
[221]

. However, throughCOX-2 dependent reactive 

oxygen species development as well as p-Akt and p-GSK-3β 

expression attenuation, quercetin suppresses HT-29 and 

HCT-15 cells survival rates at 20-100 μM concentration for 

24h, hence, inhibiting cell proliferation, besides, Inducing 

apoptosis 
[222]

. In addition, it is reported that Quercetin 

effects the expression of  the reactive oxygen species-

sensitive nuclear transcription factors, pro-inflammatory 

cytokines, and adhesion molecules in the smooth muscle and 

endothelial cells of the human aorta 
[223]

, while others have 

attributed the usefulness of quercetin, kaempferol, 

kaempferol methyl ether, and other phytochemicals 

containing plants against snakebites for these flavonoids 

anti-inflammatory characteristic 
[224-228]

. The quercetin 

pharmacokinetics of 60-2000 mg/m
2
 body surface area dose 

have revealed its safety at a dose of (945mg/m
2
), 

distribution volume of (3.7L/m
2
), distribution t1/2 of 0.7–7.8 

min, elimination t1/2 of 3.8–86 min. while, toxicity adverse 

effects includes hypertension, emesis, nephrotoxicity, and 

hypokalemia 
[229]

. However, at a dose of 200 mg others have 

reported Cmax of 2.3 ± 1.5 μg/mL, while, Tmax of 0.7 ± 0.3h 
[230]

. Several nano-formulations have been reported for 

enhancing quercetin bioavailability in animal models such 

as curcumin-quercetin nano-capsules to potentiate their 
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anticancer activity against breast neoplasms 
[231]

, besides, 

quercetin-doxorubicin nano-capsules to enhance 

doxorubicin anticancer activity against resistant MCF-7 cell 

line in vivo 
[232]

. However, it is necessary to note that 

quercetin, luteoline, kaempferol and some other flavonoids 

process peroxisome proliferator-activated receptor gamma 

(PPARγ) antagonism 
[233]

.  

Moreover, the flavonoids such as Quercetin and myricetin 

antidiabetic and its complications counteracting influences 

is thoroughly reported 
[234, 235]

 via various mechanism 

including; first inhibition of protein tyrosine kinase critical 

for the insulin post receptor binding 
[157, 236]

 which may 

explain Nymphoides oristatum antidiabetic effect 
[157]

, 

second; potent inhibition of proteins (like albumin) 

glycation 
[237]

, third; reducing intestinal absorption of 

glucose 
[238, 239]

. However, regarding quercetin activity 

against diabetes complications, it is reported that quercetin 

rich ethyl acetate fraction of Rhododendron mucronulatum 

has exploited aldose reductase inhibitory activity with IC50 

of 2.11μM 
[240]

. Meanwhile, Quercetin exhibits 635 and 73% 

declining influence against lens aldose reductase enzyme in 

healthy as well as diabetic rat models 
[235]

, while, it has 

exploited 50% inhibition of human lens aldose reductase 

enzyme at concentration of 5 x 10
-6

 M although other 

flavonoids also has possessed such inhibitory effect 
[241]

. In 

fact, it is reported that quercetin acts as a non-competitive 

inhibitor of lens aldose reductase enzyme by 95% and 80% 

at 10
-5

 M and 10
-4

 M concentrations 
[242]

.  

Remarkably, quercetin, quercitrin and luteolin containing 

plants have been reported to demonstrate antiemetic drugs 

mimetic influence on the vomiting center 
[118]

, besides, 

α1β1γ2s GABAA receptors agonistic influence mediated 

anxiolytic effect 
[243]

. In addition, quercetin have been 

reported to exhibit PDE5 enzyme inhibitory influence 

explaining its therapeutic benefits in cases of cardiovascular 

diseases, stroke, pulmonary hypertension, female sexual 

dysfunction, premature ejaculation, leukemia, as well as 

renal failure
[244]

, besides, the potential involvement of 

quercetin/3-methoxyquercetin acetylcholinesterase enzyme 

inhibitory effect 
[245]

. Quercetin also has been reported to 

exploit type 1 isoztype of 5 -aldose reductase enzyme, 

however, other flavonols like kaempferol inhibits the 

isotype 2 of this enzyme despite a solely single hydroxyl 

group difference between the two flavonols 
[246]

.  

 

 

Najas And Nuphar Aquatic Plants Species Polyphenolic 

And Flavonoids Contents: 

Aquatic plants that is detected in Iraqi marsh lands are 

thoroughly investigated for their polyphenolic, flavonoids 

and other phytochemicals for their classes, level as well as 

total class/individual metabolite content. Watercress, 

Nasturtium officinale for example its hepato-protective 

influence is attributed to its enrichment of flavonoid 

(flavonols) as well as phenolic phytochemicals 
[247]

. In 

addition, the flavonoids, phenolics and tannins richer ethyl 

acetate extract exhibits extremely much potent antibacterial 

activity against Staphylococcus aureus PMFKGB12 and 

Bacillus subtilis at MIC < 78.13 μg/mL as long as 

Escherichia coli ATCC25922 BIC50 at 719 μg/mL as 

compared to water extract which is apparently inactive. The 

total phenolic, flavonoids and tannin contents of water 

extract of Najas minor is 2.46  0.11 mg gallic acid/gm 

extract, 1.25  0.03 mg rutin/gm extract and 0.1  0.09 mg 

catechin/gm extract respectively. However, the total 

phenolic, flavonoids and tannin contents of ethyl acetate 

extract of Najar minor is 20.58  0.11 mg gallic acid/gm 

extract, 89.72  0.61 mg rutin/gm extract and 1.93  1.83 

mg catechin/gm extract respectively 
[248]

, although 

individual flavonoid type metabolites have not been reported 

so far to our knowledge. However, Nuphar lutea commonly 

known as yellow lily, mature leaves have been reported to 

exploit high levels of phenolic phytochemicals particularly 

the polyphenolic metabolites that contribute to the leave’s 

extract fungistatic potential, besides, other phytochemicals 

related to health beneficial biological effects 
[249]

. 

Nevertheless, shading declines the biosynthetic extent of the 

polyphenolic phytochemicals due to the attenuation primary 

biosynthetic pathway enzyme phenylalanine ammonia-lyase 

(PAL) which is light dependent 
[250]

. In this context, the 

plant leaves phenolic phytochemicals is enhanced with 

increasing light intensity leading to the incline of the 

phenolic content from 31% to 72%, however, the water/soil 

nitrogen content inversely proportional to the biosynthesis 

of phenolic compounds where the reduction of nitrogen 

level from 25% to 15% inclines the phenolic compound 

content from 88% to 225% in the leaves 
[251]

. 

Furthermore, phenolic acids such as caffeic, ferulic, and 3,4-

dimethoxy-cinnamic acids besides, flavonols and flavonones 

are reported for Nuphar variegatum
[252, 253]

, although 

chalkones and flavonols derivatives are speculate to exist in 

the plant seedling exudate due to the detected high level of 

variously substituted anthocyanidin diglycosides
[254]

. In this 

context, 0.2 g/mg dry weight of phenolic compounds 

including phenolic acids and 1.3 g/mg dry weight of 

tannins, hydrolysable tannin and gallotannin have been 

reported to exist in the seedling exudate of Nuphar leuta
[255]

. 

In addition, a complex collection of hydrolizable tannins are 

isolated from Nuphar variegatum roots contributing to the 

plant’s extract antibacterial activity 
[256]

, however, ellagic 

acid is also detected in the leaves of Nuphar lutea (L.) 

Sm.
[257]

, however, complex mixture of polymeric 

ellagotannins and gallotannins from Nuphar japonicum DC 

and Nuphar variegatum
[258-261]

, although individual 

flavonoid type metabolites have not been reported so far to 

our knowledge. 

Nymphoides Aquatic Plants Species Polyphenolic And 

Flavonoids Contents: 

Nymphoides are commonly known as floatingheart is a third 

type of aquatic plant, however its various species have been 

reported to possess broad array of phytochemicals including 

polyphenolic phytochemicals such as flavonoids like 

methylquercetin, tannins and phenolic acids like ferulic acid 
[262]

. These phytochemicals are mostly lipophilic compounds 

particularly the phenolic acids and flavonoids aglycones 
[262-

264]
. The phenolic as well as flavonoids content is 

summarized in table (1). The Nymphoides genus plants (like 

N. hydrophylla, N. indica and N. macrospermum) are 

reported to possess various classes of phytochemicals 
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including phenolic compounds like polyphenolics 

compounds including phenolic acids, flavonoids and 

coumarin, in addition, triterpenes, carbohydrates and 

glycosides. Among the characteristic phytochemicals of this 

genus are methyl quercetin and ferulic acid
[262, 265]

. In 

addition, flavonoids are detected in N. indica 
[266]

, however, 

always medium polarity solvents/isolated fraction such as 

alcohols, chloroform and ethyl acetate are rich in flavonoids 

as well as terpenes 
[263]

. (Amin A. 2016) has reported that 

the total phenolic compounds and flavonoids in Nymphoides 

indica that explain the greatest total phenolic as well as 

flavonoids contents contributing to the crude extracts, 

methanolic and acid acetate fractions, although both have 

exhibited moderate antioxidant effects with IC50  value of 81 

μg/ml for ethyl acetate fraction followed by 97 μg/ml 

methanolic fraction followed by 119 μg/ml for chloroform 

fraction although methanolic fraction has exploited better 

antiglycation influence, yet, has speculated very low- low 

total phenolic compounds and flavonoids 
[106]

 as what 

(Dudonne, et al. 2009) have reported 
[267]

.Nevertheless, 

(Amin, et al. 2016), has supposed another non-phenolic 

plant metabolites also contributing to the extracts 

antiglycation influences, but they concluded that phenolic 

compounds, particularly, the flavonoids are the major 

contributors to the plant antiglycation influence particularly 

the ethyl acetate extract via their antioxidant potential as 

well as its moderate antidiabetic influence due to its -

glucosidase inhibitory effect 
[263]

. In addition, the n-butanol 

fraction exhibits 24% antiglycation activity attributed to its 

flavonoids and monoterpenes content 
[106]

. Nevertheless, 

plant leaves extracts (particularly ethyl acetate) exhibits 

moderate antiglycation effect weaker than quercetin  while, 

mild-moderate α-glucosidase inhibitory influence awed to 

the extract’s phenolic acids as well as flavonoids content 

although, the encountered elevated antioxidant influence is 

also reported to their high content.  In fact, the order of 

antioxidant influence of Nymphoides indica leaves extracts 

are in the following order; ethyl acetate extract with IC50 

value of 81 μg/mL > methanolic extract with IC50 value of 

97 μg/mL > chloroform extract with IC50 value of 115 

μg/mL
[263]

. Moreover, N. indica extracts have been reported 

to exhibit antiprotozoal influence of moderate IC50. In this 

context, the plant methanolic fraction is attributed to its 

flavonoids and coumarins content that are synergistically 

confer the plant’s antimicrobial effect 
[106]

. Recently, (Hanif, 

et al., 2022) have reported various antioxidant influences of 

the different N. Indica rhizome extract fraction in different 

in vitro antioxidant assays. For example, in DPPH assay the 

methanolic fraction and chloroform fractions exhibit potent 

antioxidant influence at IC50 value of 40.3±0.04 μg/mL and 

40.05±0.21 μg/mL respectively, while, in FRAP assay the 

methanolic fraction, chloroform and ethyl acetate fractions 

possess potent antioxidant influence at IC50 value of 

756.2±0.06 μg/mL, 225.0±0.04 μg/mL and 193.0±0.21 

μg/mL respectively.However, the N. Indica rhizome extract 

fractions, significant antimicrobial influence against 

Klebsiella pneumoniae is reported for chloroform fraction 

followed by methanolic fraction with MIC values of 

 < 0.156 mg/ml and 0.625 mg/ml respectively, while, the 

fractions anti-biofilm forming effect is demonstrated to the 

chloroform as well as ethyl acetate fractions at IC50 values 

of 1.73 mg/ml and 1.76 mg/ml respectively. However, the 

reported antioxidant, antimicrobial and antibiofilm 

influences of the extract’s fractions are awed to their 

flavonoids content 
[268]

. However, phenolic phytochemicals 

existed in the crude methanolic Nymphoides hydrophylla 

leaves exracts has been reported to be significantly 

correlated to its mild anthelmintic, moderate antioxidant and 

potent cytotoxic effects 
[265]

. Earlier (Amin, et al., 2014) 

have reported that the order of Nymphoides indica leaves 

extract fractions antioxidant activity is ethyl acetate >90% 

methanol > chloroform with IC50 values of 147 µg/mL, 211 

µg/mL, and 380 µg/mL respectively. However, the plant 

leaves extract fractions antiglycation influence is in the 

following order n-butanol > chloroform > ethyl acetate 

>90% methanol fraction with IC50 values of 32 µg/mL, 64 

µg/mL, 69 µg/mL, and 86 µg/mL respectively 
[269]

.

 

Table 1: Reported total phenolic compounds and flavonoids in Nymphoides species: 

Nymphoides  specie Part used Type of extract Total phenolic content Total flavonoids content Ref. 

Nymphoides indica Leaves crude extract 28.88 mg of GAE/g 70.28 mg RUE/g [106, 263] 

Nymphoides indica Leaves 90% methanolic fraction 31.87  0.83 mg GAE/g 62.34  0.9 mg RUE/g [106, 263] 

Nymphoides indica Leaves Chloroform fraction 9.76  0.96 mg GAE/g 17.52  1.22 mg RUE/g [106, 263] 

Nymphoides indica Leaves Ethyl acetate fraction 43.1  0.54 mg GAE/g 73.44  1.23 mg RUE/g [106, 263] 

Nymphoides indica Leaves n-butanol extract 16.38  1.07 mg GAE/g 10.57  0.39 mg RUE/g [106, 263] 

Nymphoides hydrophylla Roots and 

rhizomes 

Aqueous extract 1.110 ± 0.318 mg GAE/g ------- [264] 

Nymphoides hydrophylla Roots and 
rhizomes 

Alcoholic extract 1.800 ± 0.350 mg GAE/g ------- [264] 

Nymphoides hydrophylla Leaves Crud methanolic extract 12.5 ± 0.167 mg GAE/gm ------- [265] 

Nymphoides hydrophylla Whole plant Aqueous extract 48.83 mg GAE/g 6.86 mg QE/g [270] 

Nymphoides hydrophylla Whole plant Ethanolic extract 79.43 mg GAE/g 197.21 mg QE/g [270] 

Nymphoides 
cristata(Roxb.) O. Kuntze 

Leaves acidified methanol/ acid 
hydrolyzate 

3.82 ± 1.02 mg GAE/g DW 23.28 ± 0.54 mg QE/g DW 

Flavonols: 

6.71 ± 0.44 mg QE/g DW 

[271] 

* GAE: gallic acid equivalent., ** RUT: rutin equivalent., *** GE: quercetin equivalent., **** DW : dry weight. 
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Nymphoides indica (L.) Kuntze leaves alcoholic extract has 

been reported to contain various phytochemical classes 

including Polyphenolic component such as Flavonoids like 

Methyl quercetin,  besides, phenolic acids like Ferulic 

acid
[263]

, besides, . However, the decomposition of dry 

materials Nymphoides indica in water leads to the liberation 

of polyphenolic compounds to water 
[272]

. In addition it is 

reported that the polyphenolic as well as flavonoids content 

in the ethanolic extract is greater than that in the aqueous 

extract explaining its greater antioxidant influence, yet, 

according to the HPLC analysis the superior content of 

flavonoids (2.8 times ) particularly quercetin and 

kaempferol in addition the polyphenolic content (1.6 times) 

in the ethanolic extract as compared to the aqueous extract 

explains the reported antioxidant effect. Thus, the magnitude 

of the antioxidant influence is attributed to the quantity and 

quality of the polyphenolic compounds in particular 

kaempferol and quercetin 
[270]

.  

Interestingly, some aqueous extracts from thia/Lanna herbal 

recipe from MANOSROI II database included Nymphoides 

indica L. have revealed a considerable correlation between 

the phytochemical contents including flavonoids as well as 

tannins and the observed anti-proliferative, the MMP-2 

inhibitory and metal chelating inhibitory influences in all 

studied extracts 
[273]

. However, more than 40% prohibition 

of the MMP-1 mRNA expression have been reported for the 

N. peltata extract butanolic fraction at 10 μg/mL 

concentration, thus anti-aging beneficial use of N. peltata 

nominate it for cosmetics formulations 
[274]

. Furthermore, 

(Madhavan, et al., 2011) has reported the existence of 

phenolic compounds as well as tannins in acetone, ethanol 

and aqueous rhizome as well as roots extracts of 

Nymphoides indica (L.) Ktze., whereas, flavonoids in 

ethanol and aqueous extracts 
[275]

. However, (Hanif, et al., 

2021) have reported the significant correlation between the 

moderate antixoidnat, α-glucosidase inhibitory and 

antiglycation influences of these (aqueous and alcoholic 

extracts) as well as other non polar extracts of to the 

Nymphoides Indica rhizome to their flavonoids and terpenes 

content 
[263, 276]

, besides, its reported anticonvulsant effect 
[277]

. In addition, Nymphoides hydrophylla roots as well as 

rhizome extracts also exhibits similar phytochemical profile 

of phenolic compounds and tannins in the ethanolic and 

aqueous extracts, along with coumarins in the ethanolic 

extract, while, phenolic compounds, tannins and flavonoids 

in the acetone extract. Nevertheless, the total polyphenolic 

compounds explains the moderate antioxidant influence of 

the N. hydrophylla aqueous and alcoholic extracts 
[264]

. It is 

reported that anti-HIV antiviral utilization is specified for 

whole plant crud extract of Nymphoides peltata (S.G. 

Gmel.) Kuntze 
[278]

. Furthermore, it is also reported that 

Nymphoides indica purely isolated flavonoids exploits 

antipyretic, analgesic, antirheumatism, and antiscabies 
[279]

, 

however, those isolated from Nymphoides hydrophylla 

Leaves and seeds have been reported to elicit antipyretic, 

antiulcer, anti-snake-bite, anti-scorpion sting, anti-insect 

bites anti-juandice effects 
[280]

. However, earlier (Amine, et 

al., 2014) have reported the isolation of four flavonoids from 

various 90% methanolic, chloroform, ethyl acetate, and 

butanol Nymphoides indica leaves extracts. The methanolic 

extract has exhibited antimicrobial (antifungal and 

antibacterial) as well as cytotoxic influences at IC50 values 

of 32 µg/mL and 38.9 µg/mL respectively, besides, n-

hexane extract has exhibited antibacterial as well as 

antifungal with IC50 of 19.15 µg/mL 
[269]

. 

Two Quercetin glucose glycosides derivatives are obtained 

from Nymphoides indica crud extract fractions; methanol, 

ethyl acetate and n-butanol fractions which are Quercetin 4’-

O-glcoside which is the dominant flavonoid and 7-O-

glycoside, besides, one methylated Quercetin aglycone 
[106, 

264, 266]
. In addition, these flavonoids glycosides also exhibit 

antiglycation influence in the follow order 3-O-

Methylquercetin-7-O- β-glucoside with inhibition 

percentage of 54% at 0.67 mM with IC50 value of 0.42 mM 

> 3,7-Di-O-methylquercetin-4’-O-β-glucoside with 

inhibition percentage of 44% > 3,7-di-O-methylquercetin 

with inhibition percentage of 39%. Furthermore, the isolated 

flavonoids exploit mild-moderate α-glucosidase prohibition 

influence as compared to standard flavonoids, Quercetin, 

although 3-O-Methylquercetin-7-O-β-glucoside is devoid of 

this activity. The flavonoid, 3,7-Di-O-methylquercetin-4’-O-

β-glucoside exhibit 45% enzyme inhibitory influence, while, 

3,7-di-O-methylquercetin exhibits 27% enzyme inhibitory 

influence. The flavonoid, 3,7-Di-O-methylquercetin-4’-O-β-

glucoside have found to exhibit weak antiparasitic influence 

against Trypanosoma brucei, Trypanosoma cruzi, and 

Leishmania infantum with IC50 values of 8.4 μM, 30.0 μM 

and 32.5 μM respectively 
[106, 263]

. Nevertheless, two 

flavonoids isolated from Nymphoides indica rhizomes 

extract 3,7-di-O-methylquercetin-4’-O-β-glucoside has been 

reported to exploit anti-aging influence at > 5 μg/mL 

concentration, although fifteen flavonoids was previously 

isolated from the aerial parts of the plant. However, 3-O-

mono-, 3-O-diglycosides, 4′-O-glucosides are characteristic 

to four Nymphoides species 
[281]

. The flavonoid, quercetin 

3,7-dimethyl ether 4’-glucoside has been reported to exploit 

anti-inflammatory influence via dose dependent blocking 

cytokines (such as TNF-α, IL-1, IL-6, and IL-8), COX-2 

protein, and chemokines expressions produced by 

keratinocytes at concentration at a dose of 10 μg/mL, 

besides, prohibition of the expression of skin barrier peptide 

along with inhibition of hyaluronic acid synthesis 
[282]

. The 

reported Nymphoides species isolated flavonoids in different 

parts various extraction solvents are listed in table (2). 

Moreover, whole plant aqueous as well as alcoholic extracts 

of Nymphoides hydrophylla in Taiwan have demonstrated 

the existence of polyphenolic compounds particularly 

phenolic acids like gallic as well as ellagic acid in addition 

to flavonoids such as quercetins and kaempferols 
[282]

.  

Finally, a very early work by (Bohm, et al, 1986) have 

revealed that Menyanthaceae family to which the genus 

nymphoides characterized by biosynthesis of some 

flavonoids pattern based on Quercetin, kaempferol, 

quercetin/kaempferol methylated derivatives and their 

glycosides. Five various aglycones are identified in the nine 

species including simple kaempferol, isorhamnetin, and 

quercetin, besides, their O-methyl derivatives are identified 

in all species of Nymphoides particularly quercetin 

aglycone. Some species of Nymphoides have possessed 

simple flavonoids pattern including quercetin alone as in 

case of N.exigua and N. peltata, besides,  kaempferol and 

quercetin combination as in case of  (N. cordata, N. crenata, 

and N. cristata, however, O-methylation mostly happens at 
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C3, C7 and C3’ hydroxyl groups. In the nine studied 

species, isorhamnetin, 7-O-methylquercetin, 7-O-

methylkaempferol, 3,7-di-O-methylquercetin, and 7,3'-di-O-

methylquercetin are detected in Nymphoides species, yet, 

Isorhamnetin, 7-O-methylquercetin, and 3,7-di-O-

methylquercetin as well as 3-O-methylquercetin is identified 

in two species Nymphoides geminate and Nymphoides 

indica, yet, 7,3'-di-O-methylquercetin is characteristic to N. 

geminata exclusively indicating an elevated degree of O-

methylation. Nevertheless, a trace amount of 

dihydroflavonol in Nymphoides grayana. In addition, 

isorhamnetin and 3,7-di-O-methylquercetin are identified in 

N. fallax as well as N. grayana, whereas, 7-O-

methylquercetin is identified in four species N. indica, N. 

fallax, N. grayana, and N. geminate that produce simple as 

well as several types of O-methylated quercetin and/or 

kaempferol aglycones. Five speices of Nymphoides fails to 

biosynthesize O-methylated flavonols including N. peltata, 

N. cordata, N. crenata, N. cristata, and N. exgua thus 

produce only quercetin and/or kaempferol aglycones. 

furthermore, some species are identical in their identified 

flavonoids aglycone profile as incase of as in case of N. 

grayana, and N. fallax, although, N. grayana characterized 

by C3’ O-methylation, however, it varies from either of N. 

fallax or N. indica by its more complex glycosides 

derivatives. In this context, the three Australian species, N. 

crenata, N. exigua, and N. geminata varies from each other 

in both flavonoids aglyconesand glycosides pattern 
[283]

. 

Moreover, flavonoids O-glycosylation may occur at single 

position at C3 position, and double O-glycosylation at C3 

and C4’ positions of kaempferol, quercetin and isorhamnetin 

which are identified at two Nymphoides species including N. 

geminate and N. indica. In addition. The 3,7-di-O-

methylquercetin-4’-O-glucoside is identified in four species 

including N. indica, N. grayana, and N. geminate. In 

addition, despite both of N. fallax and N. grayana are 

distinguished from each other by the presence of quercetin 

3-O-galactoside in N. grayana. Remarkably, 4’-O-

glucosides mostly occur in 3,7-di-O-methylquercetin are 

detected in four Nymphoides species including N. indica, N. 

fallax, N. grayana, and N. geminate, while, 3-O-glucosides 

are encountered with other five species making this pattern 

of flavonoids glycosylation is the common one.  In addition, 

N.fallax varies from N. indica by glucosides acylation as 

well as monorhamnosides are identified in the first specie. 

Some flavonoids 3-O-diglycosides derivative are 

encountered, however, some occur of the same sugar as the 

inner residue while arabinose and rhamnose occur is the 

outer residue. Similarly, glucose as well as rhamnose  

quercetin 3-O-triglycoside is identified in N.cordata [283]. 

The flavonoids aglycones and glycosides derivatives is 

listed in table (3) modified from that of (Bohm, et al, 1986) 

work 
[283]

.

 

 

Table 2: Reported Nymphoides species isolated flavonoids in different parts various extraction solvents. 

Nymphoides species Plant part Extraction solvent Isolated flavonoids Quantity of each 

flavonoid 

Ref. 

Nymphoides indica 

(L.) Kuntze 

Leaves Crud extract fractionation 

solvents (methanol, ethyl 

acetate and n-butanol) 

3,7-Di-O-methylquercetin-4’-O-β-

glucoside. 

3-O-Methylquercetin-7-O- β-glucoside 

3,7-di-O-methylquercetin 

------- [106, 263, 

266] 

 

Nymphoides indica Rhizomes Hydroalcoholic extract 3,7-di-O-methylquercetin-4’-O-β-

glucoside. 

3,7-Di-O-methylquercetin 

-------- [281] 

Nymphoides Indica 

Kuntze 

Whole 

plant 

95% methanolic extract: 

flavonoid fraction 
- Quercetin 3,7-dimethyl ether 

4’-glucoside 

------ [282] 

Nymphoides 

hydrophylla 

Leaves, 

seeds and 
whole plant 

part 

------ Kaempferol. 

Allantoin. 

------ [280] 

Nymphoides cristata Leaves Methanolic hydrolysates Myricetin (major flavonoid) 1099.85 ± 37.03 μg/g DW [271] 

Quercetin 116.53 ± 26.66 μg/g DW 

Kaempferol 107.41 ± 5.35 μg/g DW 

Nymphoides 

indica (L.) Kuntze 

Leaves 90% methanolic extract 3,7-dimethoxy Taxifolin. 

3,7-dimethoxy Taxifolin-4’-O glycoside. 

3-methoxy Taxifolin-7-O-glycoside. 

6-methoxy-Taxifolin-3-O-glycoside. 

------ [269] 

Nymphoides 

hydrophylla 

Whole 

plant 

Aqueous and ethanolic 

extracts 

Quercetin and kaempferol and their 

glycosides 

------ [282] 
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Table 3: The flavonoids aglycones and glycosides derivatives of Nymphoides species modified from that of (Bohm, et al, 1986) work [283]. 

Type of 

flavonoid 

N. cordata N. crenata N. cristata N. exigua N. fallax N. geminata N. grayana N. indica N. peltata 

Aglycone  Quercetin 

Kaempferol 

 

 

Quercetin 

kaempferol 

Quercetin 

kaempferol 

kaempferol Quercetin 

Kaempferol 

7-O-

methylquercetin 

3,7-O-

methylquercetin 

Quercetin 

Kaempferol 

Isorhamnetin  

7-O-

methylquercetin 

3,7-O-

methylquercetin 

3’,7-O-

methylquercetin 

Quercetin 

 

Quercetin 

Kaempferol 

Isorhamnetin  

7-O-

methylquercetin 

3,7-O-

methylquercetin 

 

quercetin 

Mono-

glycoside 

Kaempferol-3-

O-glucoside 

 

Kaempferol-3-

O-galctoside 

 

Kaempferol-3-

O-rhamnoside 

 

Quercetin-3-O-

glucoside 

 

Quercetin-3-O-

galctoside 

 

Quercetin-3-O-

rhamnoside 

 

Kaempferol-

3-O-

glucoside 

 

Kaempferol-

3-O-

galctoside 

 

Kaempferol-

3-O-

arabinoside 

 

Quercetin-3-

O-glucoside 

 

Quercetin-3-

O-galctoside 

 

Quercetin-3-

O-

arabinoside 

Kaempferol-

3-O-

glucoside 

 

Quercetin-3-

O-glucoside 

 

Quercetin-3-

O-

arabinoside 

 

Quercetin-3-

O-glucoside 

 

Kaempferol-3-

O-glucoside 

 

Quercetin-3-O-

glucoside 

 

Quercetin-4’-O-

glucoside 

 

Quercetin-3-O-

arabinoside 

 

Quercetin-3-O-

rhamnoside 

 

7-O-methyl-

Quercetin-3-O-

glucoside 

 

7-O-methyl-

Quercetin-3-O-

rhamnoside 

 

7,3’-O-dimethyl-

Quercetin-3-O-

glucoside 

 

Acyl Quercetin-

3-O-glucoside 

deivative 

 

 

Quercetin-3-O-

glucoside 

 

Quercetin-4’-O-

glucoside 

 

Kaempferol-3-

O-glucoside 

 

Quercetin-3-O-

glucoside 

 

Quercetin-3-O-

galactoside  

 

Quercetin-3-O-

arabinoside 

 

Quercetin-3-O-

rhamnoside 

 

7-O-methyl-

Quercetin-3-O-

glucoside 

 

3,7-O-dimethyl-

Quercetin-4’-O-

glucoside 

 

 

Acyl Quercetin-

3-O-glucoside 

deivative 

 

Kaempferol-3-O-

glucoside 

 

Kaempferol-3-O-

arabinoside 

 

Quercetin-3-O-

glucoside 

 

Quercetin-3-O-

arabinoside 

 

7-O-methyl-

Quercetin-3-O-

glucoside 

 

3,7-O-dimethyl-

Quercetin-4’-O-

glucoside 

 

Quercetin-3-

O-glucoside 

 

Quercetin-3-

O-

arabinoside 

 

di-

glycoside 

Kaempferol-3-

O- diglycoside 

 

Kaempferol-3-

O-gluco-

rhamnoside 

 

Quercetin-3-O- 

diglycoside 

 

Quercetin-3-

O-gluco-

arabinoside 

 

Kaempferol-

3-O-gluco-

arabinoside 

 

Quercetin-3-

O-gluco-

arabinoside 

 

Quercetin-3-

O-gluco-

arabinoside 

 

Quercetin-3-

O-gluco-

rhamnoside 

 

Quercetin-3-O-

gluco-

arabinoside 

 

7-O-methyl-

Quercetin-3-O-

gluco-

galactoside 

Kaempferol-3-

O- diglycoside 

 

Kaempferol-3-

O-gluco-

rhamnoside 

 

Quercetin-3-O- 

diglycoside 

 

Quercetin-3-O-

gluco-

rhamnoside 

 

Isorhamnetin-3-

O-glucoside 

Kaempferol-3-

O-gluco-

galactoside 

 

Quercetin-3-O-

gluco-

arabinoside 

 

7-O-methyl- 

Quercetin-3-O- 

diglycoside 

 

Kaempferol-3-O-

gluco-arabinoside 

 

Quercetin-3-O-

gluco-arabinoside 

 

Isorhamnetin-3-O-

glucoside 

Quercetin-3-

O-gluco-

arabinoside 

 

Quercetin-3-

O-gluco-

rhamnoside 

 

Quercetin-3-

O-galacto-

rhamnoside 

 

Quercetin-3-

O-gluco-

galactoside 

acyl 

derivative 

 

 

CONCLUSIONS: 

Aquatic plants are versatile source of phytochemicals that 

are of significant biological influences particularly, the 

flavonoids and their glycosidic derivatives distributed in 

different plant parts including fruits, seeds, leaves, flowers, 

stem, roots and rhizomes. These phytochemicals have been 

thoroughly reported to exploit a broad spectrum of 

biological influences inclunding, antioxidant, 

antihyperlipidemic, antiemetic, antitumor, anti-

inflammatory, immune-modulatory, antimicrobial, 

antidiabetic, antiallergic, hepatoprotective, other organs-

protective, antiaging as well as enzymes inhibitory 

influences that contribute to these plants reported biological 

effects as well as folkloric uses,  besides counteracting 

snakes bit toxicities. Flavonoids are reported to inhibit wide 

range of various enzymes including xanthine oxidase, 

protein kinase C, phosphodiesterase, 5α-reductase, 

topoisomerase II and protein tyrosine phosphatase 1B 

(PTP1B) enzymes. Most of the reported biological 

influences are reported to be expressed by quercetin, 

kaempferol, isorhmnatin, and their glycosidic derivatives, 

particularly, rutin that exhibit antibacterial, antifungal, 

antiparasitic as well as antiviral effect against broad 

spectrum of microbs in addition to their strains. The various 

quercetin glycosides are also reported to exploit such 

formerly mentioned activities, hence, could be considered as 

essential contributors to these biological influences 

especially antineoplastic influences of wide range of tumors 

such as colon, lung, metastatic, colorectal-lung, ovarian, 

melanocytic tumors…etc via modulation /interference with 
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various molecular mechanisms. In this review, we 

summarized the reported flavonoids types, content and 

factors affecting their extracts contents of three aquatic 

plants Nuphar, Najas and Nymphoids detected in the Iraqi 

central marshlands, in provenance of Thi-Qar. Surveying the 

phytochemical investigations regarding Nuphar species of 

reported abundance of polyphenolic compounds content 

including phenolic acids, flavonoids like flavonols and 

flavonones, particularly, in their leaves. However, 

hydrolysable tannins and phenolic acids are identified and 

quantified in seedling plant and roots however, 

flavonoids/their derivatives types and quantities in various 

parts extracts are not reported to the extent of our 

knowledge although they are presumed to contribute to the 

reported biological influence of the plant on one hand. On 

the other hands, reports regarding Najas species, few reports 

have identified the existence of flavonoids as well as other 

phenolic compounds, although, total quantification to the 

phenolic compounds, flavonoids and tannins are reported 

rather than identifying the individual flavonoid in the plant 

extracts. Only single report demonstrates the total total 

phenolic, flavonoids and tannin contents of ethyl acetate 

extract of Najar minor according to our survey. Regarding 

Nymphoides species, numerous reports have demonstrated 

the abundant existence of phenolic phytochemicals 

including phenolic acids, flavonoids, coumerins and tannins 

besides the existence of other classes of secondary plant 

metabolits. Nevertheless, the extraction level flavonoids as 

lipophilic compounds as well as their much polar glycosidic 

derivatives is depending on the solvent polarities, where, the 

greatest levels of polyphenolic compound mostly in the 

polar (like methanol) to intermediate polarity organic 

solvents (like ethylactate) which are major contributers 

besides other plant secondary metabolites to these extract’s 

antioxidant, antidiabetic, antiglycation, antibacterial and α-

glucosidase inhibitory effects. The greatest total phenolic 

and total flavonoids compounds are reported in ethyl acetate 

extract of the leaves of Nymphoides indica with 

concentrations of 43.1 mg GAE/g and 73.44 mg RUE/g, 

while, in the ethanolic extract of the Nymphoides 

hydrophylla whole plant at concentrations of 79.43 mg 

GAE/g and 197.21 mg QE/g respectively. In general in most 

of Nymphoides species the ethanolic extract querectin, 

methylquercetin and kaempferol flvonoides/their derivatives 

are identified individual flavonoids/quantified to be more 

than one fold of that in the aqueous extracts explaining the 

enhanced magnitudes of antioxidant, antiaging, anti-

proliferative, antiglycation, anti-inflammatory, anti-HIV 

antiviral, antimicrobial, and, α-glucosidase inhibitory 

influences. Remarkably, Quercetin/methyl quercetin 4’-O- 

and 7-O-glcosides are the majorly dominant/quantity 

abundant flavonoids in the Nymphoides species extracts 

followed by kaempferol/its glycosides. In addition, in other 

than Nymphoides indica, elevated degrees of methylation is 

noticed at C3, C7 and C3’ hydroxyl groups. Furthermore, 

isorhamnetin, 7-O-methylquercetin, 7-O-methylkaempferol, 

3,7-di-O-methylquercetin, and 7,3'-di-O-methylquercetin are 

detected in nine Nymphoides species including N. indica. 

Unfortunately, to our survey with the exception of 

Nymphoides cristata leaves methanolic hydrolysate, the 

identified flavonoids in various plant parts extracts are not 

quantified. Finally, the manner/position of glycosylation as 

well as glycosides sugar resides acylation vary among the 

Nymphoides species. In general, single 3-O- or di 3,4’-O- 

glycosylation pattern is noticed in kaempferol, quercetin and 

isorhamnetin which are identified at two Nymphoides 

species including N. geminate and N. indica, while, 4’-O-

glucosides is identified in N. indica, N. fallax, N. grayana, 

and N. geminate, although, 3-O-glucosylation is identified 

in other species. Nevertheless, glucoses and galactose are 

mostly the first sugar moiety glycoside in monoglycosylated 

flavonoids, while, the inner sugar moiety linked to mostly to 

rhamnose as an outer sugar moiety in diglycoside 

derivatives. The multiply diverse glycosylation, methylation 

as well as acylation pattern of Nymphoides species 

flavonoids may explains their identification in various plant 

part/extracts besides the variation in their biological 

activities potentials. 

REFFERENCE: 

1. Aherne SA, O’Brien NM, Dietary flavonols: chemistry, food content, 

and metabolism. Nutrition. 2002; 18(1): 75–81. 

2. Havsteen BH, The biochemistry and medical significance of the 
flavonoids. Pharmacol Ther. 2002; 96(2):67–202. 

3. Hill S, Williams KB, Denekamp J. Vascular collapse after flavone 
acetic acid: a possible mechanism of its anti-tumour action. Eur J 

Cancer Clin Oncol. 1989. 25(10): 1419–1424. 

4. Lopez-Lazaro M. Flavonoids as anticancer agents: structure-activity 
relationship study. Curr Med Chem Anticancer Agents. 2002; 

2(6):691–714 

5. Middleton E, Kandaswami C, Theoharides TC. The effects of plant 
flavonoids on mammalian cells: implications for inflammation, heart 

disease, and cancer. Pharmacol Rev. 2000; 52(4): 673–751 

6. Monasterio A, Urdaci M C, Pinchuk IV, Lopez-Moratalla N, Martinez-
Irujo JJ. Flavonoids induce apoptosis in human leukemia U937 cells 

through caspase-and caspase-calpain-dependent pathways. Nutr 

Cancer. 2004; 50(1): 90–100. 
7. Cartea ME, Francisco M, Soengas P, Velasco P. Phenolic Compounds 

in Brassica Vegetables. Molecules. 2011; 16: 251-280.  

8. Crozier A, Jaganath IB, Clifford MN. Phenols, polyphenols and 
tannins: An overview. In Plant Secondary Metabolites: Occurrence, 

Structure and Role in the Human Diet; Crozier, A., Clifford, M., 

Ashihara, H., Eds.; Blackwell: Oxford, UK, 2006; pp. 1-24. 
9. Pereira DM, Valentao P, Pereira JA, Andrade PB. Phenolics: From 

Chemistry to Biology. Molecules. 2009; 14: 2202-2211. 

10. Hollman PCH, Arts ICW. Flavonols, flavones and flavanols-nature, 
occurrence and dietary burden. J. Sci. Food Agric. 2000; 80: 1081-

1093. 

11. Heber D. Vegetables, fruits and phytoestrogens in the prevention of 
diseases. Journal of Postgraduate Medicine. 2005; 50: 145–149. 

12. Manach C, Mazur A. Scalbert A. Polyphenols and preventation of 

cardiovascular diseases. Current Opinion in Lipidology. 2004; 16: 77–
84. 

13. Kim D, Jeond S, Lee C. Antioxidant capacity of phenolic 

phytochemicals from various cultivars of plums. Food Chemistry. 
2003; 81: 321-326. 

14. Luximon-Ramma A, Bahorun T,Soobrattee MA, Aruoma OI. 

Antioxidant activities of phenolic, proanthocyanidin, and flavonoid 
components in extracts of Cassia fistula, J. Agric. Food Chem. 2002; 

50: 5042–5047. 

15. Kumari P, Ujala, Bhargava B. Phytochemicals from edible flowers: 
Opening a new arena for healthy lifestyle. Journal of Functional Foods. 

2021; 78: 104375 

16. Neukiron HD, Ambrosio M, Dovia J. Guerriero A. Simultaneous 
quantitative determination of eight triterpenoid monoesters from 

flowers of 10 varieties of Calendula officinalis L. and characterization 

of a new triterpenoid monoester. Phytochemical Analysis. 2004; 15: 
30-35. 

17. Nijveldt RJ, et al. Flavonoids: a review of probable mechanisms of 

action and potential applications. Am J Clin Nutr. 2001; 74(4): 418–
425 

18. Mattarei A, Biasutto L, Rastrelli F, Garbisa S, Marotta E, Zoratti M, 

Paradisi C. Regioselective O-derivatization of quercetin via ester 
intermediates. An improved synthesis of rhamnetin and development of 



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [33]                                                                        CODEN (USA): AJPRHS 

a new mitochondriotropic derivative. Molecules. 2010; 15(7): 4722–

4736. 
19. Metodiewa D, Jaiswal AK, Cenas N, Dickancaite E, Segura-Aguilar J. 

Quercetin may act as a cytotoxic prooxidant after its metabolic 

activation to semiquinone and quinoidal product. Free Radic Biol Med. 

1999; 26(1–2): 107–116. 

20. Sarno S, Moro S, Meggio F, Zagotto G, Dal Ben D, Ghisellini P, 

Battistutta R, Zanotti G, Pinna LA. Toward the rational design of 
protein kinase casein kinase-2 inhibitors. Pharmacol Ther. 2002; 93(2–

3): 159–168. 

21. Van Dijk C, Driessen AJ, Recourt K. The uncoupling efficiency and 
affinity of flavonoids for vesicles. Biochem Pharmacol. 2000; 60(11): 

1593–1600. 

22. Navarro-Gonz´alez I, Gonz´alez-Barrio R, García-Valverde V, 
Bautista-Ortín AB, Periago MJ. Nutritional composition and 

antioxidant capacity in edible flowers: Characterization of phenolic 

compounds by HPLC-DAD-ESI/MSn. International Journal of 
Molecular Sciences. 2015; 16(1): 805–822. 

23. Bandele OJ, Osheroff N. Bioflavonoids as poisons of human 

topoisomerase Iiα and IIβ. Biochemistry. 2007; 46(20): 6097-6108. 
24. Bandele OJ, Osheroff N. The efficacy of topoisomerase II-targeted 

anticancer agents reflects the persistence of drug-induced cleavage 

complexes in cells. Biochemistry. 2008; 47(45): 11900-11908. 

25. Azarova AM, Lin RK, Tsai CL, Liu F, Lin CP, Lyu YL. Genistein 

induces topoisomerase IIβ- and proteasome-mediated DNA sequence 

rearrangements: Implications in infant leukemia. Biochem. Biophys. 
Res. Commun. 2010; 399(1): 66-71. 

26. Lopez-Lazaro M, Calderon-Montano JM, Burgos-Moron E, Austin 

CA. Green tea constituents (-)-epigallocatechin-3-gallate (EGCG) and 
gallic acid induce topoisomerase Iand topoisomerase II-DNA 

complexes in cells mediated by pyrogallol-induced hydrogen peroxide. 

Mutagenesis. 2011; 26(4): 489-498. 
27. Dantas AM, Mafaldo IM, de Lima Oliveira PM, dos Santos Lima M, 

Magnani M, Borges GDSC. Bioaccessibility of phenolic compounds in 

native and exotic frozen pulps explored in Brazil using a digestion 
model coupled with a simulated intestinal barrier. Food Chemistry. 

2019; 274: 202–214. 

28. Zheng J, Meenu M, Xu B. (2019). A systematic investigation on free 
phenolic acids and flavonoids profiles of commonly consumed edible 

flowers in China. Journal of Pharmaceutical and Biomedical Analysis. 

2019; 172: 268–277. 

29. Zeng Y, Deng M, Lv Z, Peng Y. Evaluation of antioxidant activities of 

extracts from 19 Chinese edible flowers. SpringerPlus. 2014; 3(1): 315.  

30. Lu B, Li M, Yin R. Phytochemical content, health benefits, and 
toxicology of common edible flowers: A review (2000–2015). Critical 

Reviews in Food Science and Nutrition. 2016; 56(sup1): S130–S148. 

31. Manthey JA, Grohmann K, Guthrie N. Biological properties of citrus 
flavonoids pertaining to cancer and inflammation. Current Medical 

Chemistry. 2001;  135–153. 

32. Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in 
human health and disease. Oxidative Medicine and Cellular Longevity. 

2009; 2(5): 270-278. 
33. Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their 

antioxidant and anticancer properties. Molecules. 2010; 15(10): 7313–

7352. 
34. Ketron AC, Osheroff N. Phytochemicals as anticancer and 

chemopreventive topoisomerase II poisons. Phytochem. Rev. 2014; 

13(1): 19-35. 
35. Austin CA, Patel S, Ono K, Nakane H, Fisher LM. Site-specific DNA 

cleavage by mammalian DNA topoisomerase II induced by novel 

flavone and catechin derivatives." Biochem J. 1992; 282(Pt3): 883-
889. 

36. Bandele OJ, Clawson SJ, Osheroff N. Dietary polyphenols as 

topoisomerase II poisons: B ring and C ring substituents determine the 
mechanism of enzyme-mediated DNA cleavage enhancement. Chem. 

Res. Toxicol. 2008; 21(6): 1253-1260. 

37. Chen YT, Zheng RL, Jia ZJ, Ju Y. Flavonoids as super oxide 
scavengers and antioxidant. Free Radic Biol Med. 1990; 9: 19–21. 

38. Mehon LG, Kuttan R, Kuttan G. Inhibition of long metabolism in mice 

induced by B16F10 melanoma cells by polyphenolic compounds. 
Cancer Lett. 1995; 95: 221–5. 

39. Hertog MG, Hollman PC, Katan MB, Kromhout D. Intake of 

potentially anticarcinogenic flavonoids and their determinants in adults 
in The Netherlands. Nutr Cancer. 1993; 20: 21–9. 

40. Andersen Ø M, Markham K R. Flavonoids chemistry, biochemistry 

and application. CRC Press; 2005. 

41. Hayashi T, Sawa K, Kawasaki M, Arisawa M, Shimizu M, Morita N. 

Inhibition of cow’s milk xanthine oxidase by flavonoids. J Nat Prod. 
1988; 51: 345–8. 

42. Ferriola PC, Cody V, Middleton Jr E. Protein kinase C inhibition by 

plant flavonoids. Kinetic mechanisms and structure–activity 

relationships. Biochem Pharmacol. 1989; 38: 1617–24. 

43. Kuppusamy UR, Das NP. Effects of flavonoids on cyclic AMP 

phosphodiesterase and lipid mobilization in rat adipocytes. Biochem 
Pharmacol. 1992; 44: 1307–15. 

44. Baumann S, Fas SC, Giaisi M, Muller WW, et al. Wogonin 

preferentially kills malignant lymphocytes and suppresses T-cell tumor 
growth by inducing PLCgamma1- and Ca2+-dependent apoptosis. 

Blood. 2008; 111: 2354–2363. 

45. Kumar S, Pandey AK. Chemistry and biological activities of 
flavonoids: An overview. Sci. World J. 2013; (2013): ID 162750.  

46. Materska M, Quercetin and its derivatives: Chemical structure and 

bioactivity—A review. Pol. J. Food Nutr. Sci. 2008; 58: 407–413. 
47. Zhang TT, Wang M, Yang L, Jiang JG, Zhao JW, Zhu W. Flavonoid 

glycosides from Rubus chingii Hu fruits display anti-inflammatory 

activity through suppressing MAPKs activation in macrophages. J. 
Funct. Foods 2015; 18: 235–243.  

48. Senthamilselvi MM, Kesavan D, Sulochana N. An anti-inflammatory 

and anti-microbial flavone glycoside from flowers of Cleome viscosa. 

Org. Med. Chem. Lett. 2012; 2: 19.  

49. Miller EC, Swanson AB, Phillips DH, Fletcher TL, Liem A, Miller J 

A. Structure-activity studies of the carcinogenicities in the mouse and 
rat of some naturally occurring synthetic alkenylbenzene derivatives 

related to safrole and estragole. Cancer Research. 1983; 43(3): 1124-

1134. 
50. Gao Y, Zang Y, Zhu J, Li B, Li Z, Zhu W, Shi J, Jia Q, Li Y. Recent 

progress in natural products as DPP-4 inhibitors. Future Medicinal 

Chemistry. 2015; 7(8): 1079-1089. 
51. Jiang C-S, Liang L-F, Guo Y-W. Natural products possessing protein 

tyrosine phosphatase 1B (PTP1B) inhibitory activity found in the last 

decades. Acta Pharmacologica Sinica. 2012; 33: 1217-1245. 
52. Chen GS, Chang C-S, Kan WM, Chang C-L, Wang KC, Chern J-W. 

Novel lead generation through hypothetical pharmacophore three-

dimensional database searching: Discovery of isoflavonoids as 
nonsteroidal inhibitors of rat 5α-reductase. Journal of Medicinal 

Chemistry. 2001; 44(23), 3759-3763. 

53. Sadgrove NJ. The new paradigm for androgenetic alopecia and plant-

based folk remedies: 5α-reductase inhibition, reversal of secondary 

microinflammation and improving insulin resistance. Journal of 

ethnopharmacology. 2018; 227: 206-236.‏ 
54. Ferrándiz ML, Alcaraz MJ. Anti-inflammatory activity and inhibition 

of arachidonic acid metabolism by flavonoid. Agents Actions. 1991; 

32: 283–8. 
55. Edenhardder R, Von Petersdorff I, Rauscher R. Antimutagenic effects 

of flavonoids, chalcones and structurally related compounds on the 

activity of 2-amino-3-methylimidazole [4,5-f]quinoline (IQ) and other 
heterocyclic amine mutagens from cooked food. Mutat Res. 1993; 287: 

261–74. 
56. Maschi O, Cero ED, Galli GV, Caruso D, Bosisio E, Dell’Agli M. 

Inhibition of human cAMP-phosphodiesterase as a mechanism of the 

spasmolytic effect of Matricaria recutita L.. J Agric Food Chem. 2008; 
56: 5015–20. 

57. Clack W, Mackay E. Effect of flavonoid substances on histamine 

toxicity, anaphylactic shock and histamine enhanced capacity to dye. J 
Allergy. 1950; 21: 133–47. 

58. Jnawali HN, Lee E, Shin A, Park YG, Kim Y. Effect of quercetin in the 

UV-irradiated human keratinocyte HaCaT cells and a model of its 
binding to p38 MAPK. Bull. Korean Chem. Soc. 2014; 35: 2787–2790.  

59. Podsedek A. Natural antioxidants and antioxidant capacity of Brassica 

vegetables: A review. Lwt-Food Sci. Technol. 2007; 40: 1-11. 
60. Vallejo F, Tomas-Barberan FA, Garcia-Viguera C. Potential bioactive 

compounds in health promotion from broccoli cultivars grown in 

Spain. J. Sci. Food Agric. 2002; 82: 1293-1297. 
61. Russo N, Toscano M, Uccella N. Semiempirical molecular modeling 

into quercetin reactive site: structural, conformational, and electronic 

features. J. Agric. Food Chem. 2000; 48: 3232–3237. 
62. de Pascual-Teresa S, Moreno DA, Garcia-Viguera C. Flavanols and 

Anthocyanins in Cardiovascular Health: A Review of Current 

Evidence. Int. J. Mol. Sci. 2010; 11: 1679-1703. 
63. Skandrani I, Limem I, Neffati A,Boubaker J, et al. Assessment of 

phenolic content, free-radical scavenging capacity genotoxic and anti-

genotoxic effect of aqueous extract prepared from Moricandia arvensis 
leaves. Food Chem. Toxicol. 2010; 48: 710-715. 



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [34]                                                                        CODEN (USA): AJPRHS 

64. Lesjak M, Beara I, Simin N, Pinta´c D, Majki´c T, Bekvalac K, Orˇci´c 

D, Mimica-Duki´c N. Antioxidant and anti-inflammatory activities of 
quercetin and its derivatives. J. Funct. Foods. 2018; 40: 68–75.  

65. Zhang TT, Wang M, Yang L, Jiang JG, Zhao JW, Zhu W. Flavonoid 

glycosides from Rubus chingii Hu fruits display anti-inflammatory 

activity through suppressing MAPKs activation in macrophages. J. 

Funct. Foods. 2015; 18: 235–243.  

66. Lee CS, Jeong EB, Kim YJ, Lee MS, Seo SJ, Park KH, Lee MW. 
Quercetin-3-O-(2”-galloyl)- 

-Lrhamnopyranoside inhibits TNF- -activated NF-kB-induced 

inflammatory mediator production by suppressing ERK activation. Int. 

Immunopharmacol. 2013; 15: 481–487. 
67. Iotsova V, Caamaño J, Loy J, Yang Y, Lewin A. Bravo R. 

Osteopetrosis in mice lacking NF-kappaB1 and NF-kappaB2. Nat Med. 

1997; 3(11) :1285-1289. 
68. Ravipati AS, Zhang L, Koyyalamudi SR, et al. Antioxidant and anti-

inflammatory activities of selected Chinese medicinal plants and their 

relation with antioxidant content. BMC Complementary and 
Alternative Medicine. 2012; 12: article 173.  

69. Peng Xi. Zheng Z, Cheng KW, Shan F, Ren GX, Chen F. Wang M. 

Inhibitory effect of mung bean extract and its constituents vitexin and 
isovitexin on the formation of advanced glycation Endproducts. Food 

Chem. 2008; 106: 475–481. 

70. Ferreres F, Fernandes F, Sousa C, Valentao P, Pereira JA, Andrade PB, 
Metabolic and bioactivity insights into Brassica oleracea var. acephala. 

J. Agric. Food Chem. 2009; 57: 8884–8892. 

71. Andarwulan N, Batari R, Sandrasari DA, Bolling B, Wijaya H. 
Flavonoid content and antioxidant activity of vegetables from 

Indonesia. Food Chem. 2010; 121: 1231–1235. 

72. González R, Ballester I, López-Posadas R, Suárez MD, et al. Effects of 
flavonoids and other polyphenols on inflammation. Crit. Rev. Food 

Sci. Nutr. 2011; 51: 331–362. 

73. Ciesla L, Kowalska I, Oleszek W, Stochmal A. Free radical scavenging 
activities of polyphenolic compounds isolated from Medicago sativa 

and Medicago truncatula assessed by means of thin-layer 

chromatography DPPH rapid test. Phytochem Anal. 2013; 24(1): 47–
52.  

74. Di Meo F, Lemaur V, Cornil J, Lazzaroni R, Duroux JL, Olivier Y, et 

al. Free radical scavenging by natural polyphenols: atom versus 
electron transfer. J PhysChemA. 2013; 117(10): 2082–92.  

75. Vanzani P, Rossetto M, De Marco V, Sacchetti LE, Paoletti MG, Rigo 

A. Wild mediterranean plants as traditional food: A valuable source of 
antioxidants. J. Food Sci. 2011; 76: C46–C50. 

76. Aliyu AB, Musa AM, Oshanimi JA, Ibrahim HA, Oyewale AO. 

Phytochemical analysis and mineral elements composition of some 
medicinal plants of Northern Nigeria. Nigerian Journal of 

Pharmaceutical Sciences. 2008; 7: 119–125. 

77. Yazdanparast R, Bahramikia S, Ardestani A. Nasturtium officinale 
reduces oxidative stress and enhances antioxidant capacity in 

hypercholesterolaemic rats. Chemico-Biological Interactions 2008; 

172(3): 176–184. 
78. Mateos R, Lecumberri E, Ramos S, Goya L, Bravo L. Determination of 

malondialdehyde (MDA) by high-performance liquid chromatography 
in serum and liver as a biomarker for oxidative stress Application to a 

rat model for hypercholesterolaemia and evaluation of the effect of 

diets rich in phenolic antioxidants from fruits. J. Chromatogr. B. 2005; 
827: 76–82. 

79. Lin YL, Cheng CY, Lin YP, Lau YW, Juan IM, Lin JK. Hypolipidemic 

effect of green tea leaves through induction of antioxidant and phase II 

enzymes including superoxide dismutase, catalase, and glutathione S-

transferase in rats, J. Agric. Food Chem. 1998; 46: 1893–1899. 

80. Yadav AS, Bhatnagar D. Inhibition of iron induced lipid peroxidation 
and antioxidant activity of Indian spices and Acacia in vitro. Plant 

Foods for Human Nutrition. 2010; 65: 18–24. 

81. Justesen U, Knuthsen P. Composition of flavonoids in fresh herbs and 
calculation of flavonoid intake by use of herbs in traditional Danish 

dishes, Food Chem. 2001; 73(2): 245–250. 

82. Oliveira JED, Marchini JS. Ciencias Nutritionnelles, Sarvier, Sao 
Paulo, 1998. 

83. Ardestani A, Yazdanparast R. Antioxidant and free radical scavenging 

potential of Achillea santolina extracts. Food Chemistry. 2007; 104: 
21–29. 

84. Melidou M, Riganakos K, Galaris D. Protection against nuclear DNA 

damage offered by flavonoids in cells exposed to hydrogen peroxide: 
the role of iron chelation. Free Radic Biol Med. 2005; 39(12): 1591–

1600 

85. Marchand LL. Cancer preventive effects of flavonoids—a review. 

Biomedicine and Pharmacotherapy. 2002; 56: 296–301. 
86. Lako J, Trenerry VC, Wahlqvist M, Wattanapenpaiboon N, 

Sotheeswaran S, Robert P. Phytochemical flavonols, carotenoids and 

the antioxidant properties of a wide selection of Fijian fruit, vegetables 

and other readily available foods. Food Chemistry. 2007; 101: 1727–

1741. 

87. Liu RH. Potential synergy of phytochemicals in cancer prevention: 
mechanism of action. Journal of Nutrition. 2004; 134: S3479–3485 

88. Fukumoto LR, Mazza G. Assessing antioxidant and prooxidant 

activities and phenolic compounds. Journal of Agricultural and Food 
Chemistry. 2000; 48: 3597–3604. 

89. Oyenihi AB, Brooks NL, Oguntibeju OO, Aboua G. (2014). 

Antioxidant- Rich Natural Products and Diabetes Mellitus. In: 
Antioxidant- Antidiabetic Agents and Human Health. Intech. Chapter 

14. Pp: 317-345. 

90. Adewole SO, Caxton-Martins EA, Ojewole JA. Protective effect of 
quercetin on the morphology of pancreatic β-cells of streptozotocin-

treated diabetic rats. African Journal of Traditional, Complementary 

and Alternative medicines. 2007; 4: 64-74. 
91. Fukumoto LR, Mazza G. Assessing antioxidant and prooxidant 

activities of phenolic compounds. J. Agric. Food Chem. 2000; 48: 

3597-3604. 

92. Anila L, Vijayalakshmi NR. Flavonoids from Emblica officinalis and 

Mangifera indica: effectiveness for dyslipidemia. J Ethnopharmacol 

2002; 79: 81–87. 
93. El-Beshbishy HA, Singab ANB, Sinkkonen J, Pihlaja K. 

Hypolipidemic and antioxidant effects of Morus alba L. (Egyptian 

mulberry) root bark fractions supplementation in cholesterol-fed rats. 
Life Sci 2006; 78: 2724–2733. 

94. Rajaei Z, Hadjzadeh MA, Moradi R, Ghorbani A, Saghebi A. 

Antihyperglycemic and antihyperlipidemic effects of hydroalcoholic 
extract of Securigera securidaca seeds in streptozotocin-induced 

diabetic rats. Adv Biomed Res. 2015; 4: 33. 

95. Chan PT, Fonf WP, Cheung YL, Huang Y, Ho WK, Chen ZY. Jasmine 
green tea epicatechins are hypolipidemic in hamsters fed a high fat 

diet. J Nutr. 1999; 129: 1094–1101. 

96. Guimaraes PR, Galavao AMP, Batista CM, Azovedo GS, Oliveira RD, 
Lamounier P, et al. Eggplant (Solanum melongena) infusion has 

modest and transitory effect on hypercholesteremic subjects. Braz J 

Med Biol Res. 2000; 33: 1027–1036. 

97. Anila L, Vijayalakshmi NR. Antioxidant action of flavonoids from 

Magnifiers Indica and Emblica Officinalis in hypercholesterolaemic 

rats. Food Chem. 2003; 83: 569–574. 
98. Koshy AS, Vijayalakshmi NR. Impact of certain flavonoids on lipid 

profiles potential action of Garcinia cambogia flavonoids. 

Phytotherapy Research. 2001; 15: 395–400. 
99. Wang HX, Ng TB. Natural products with hypoglycemic, hypotensive, 

hypocholesterolaemic, antiatherosclerotic and antithrombotic activities. 

Life Sciences. 1999; 65: 2663–2777. 
100. Weggemans RM, Trautwein EA. Relation between soy-associated 

isoflavones and LDL and HDL cholesterol concentrations in 
humans: a meta analysis. European Journal of Clinical Nutrition. 

2003; 57: 940–946. 

101. Scalbert A, Johnson IT, Saltmarsh M. Polyphenols: antioxidants and 
beyond. The American Journal of Clinical Nutrition. 2005; 81: 215S-

217S. 

102. Lee SJ, Son KH, Chang HW, Do JC, Jung KY, Kang SS, Kim HP. 
Anti-inflammatory activity of naturally occurring flavone and 

flavonol glycosides. Arch Pharm Res. 1993; 16(1): 25–28. 

103. Peluso I, Raguzzini A, Serafini M. Effect of flavonoids on 
circulating levels of TNF-α and IL-6 in humans: a systematic review 

and meta-analysis,” Molecular Nutrition & Food Research, vol. 57, 

no. 5, pp. 784–801, 2013. 
104. Lyckander IM, Malterud KE. Lipophilic flavonoids from 

Orthosiphon spicatus inhibit oxidative inactivation of 15-

lipoxygenase. Prostagl Leukotr Essent Fatty Acids. 1996; 54: 239-
246. 

105. Malterud KE, Rydland KM. Inhibitors of 15-lipoxygenase from 

orange peel. J Agric Food Chem. 2000; 48: 5576–80. 
106. Amin A. (2016). Phytochemical and biological investigations on 

medicinal plants from Pakistan (Doctoral dissertation, Universiteit 

Antwerpen (Belgium)) pp: 16, 101-147, 214-218.  
107. Boligon AA, Vanessa Janovik V, et al. HPLC analysis of 

polyphenolic compounds and antioxidant activity in Nasturtium 

officinale. Int J Food Properties. 2013; 16: 61–69. 



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [35]                                                                        CODEN (USA): AJPRHS 

108. Selloum L, Bouriche H, Tigrine C, Boudoukha C. Anti-inflammatory 

effect of rutin on rat paw oedema, and on neutrophils chemotaxis and 
degranulation. Exp Toxicol Pathol. 2003; 54: 313–18 

109. Choi JK, Kim S. 2013. Rutin suppresses atopic dermatitis and 

allergic contact dermatitis. Exp. Biol. Med. 2013; 238: 410–417. 

110. Melgarejo E, Medina M, Sánchez-Jiménez F, Botana L, Dominguez 

M, Escribano L, Orfao A, Urdiales J. (−)-Epigallocatechin-3-gallate 

interferes with mast cell adhesiveness, migration and its potential to 
recruit monocytes. Cell Mol Life Sci. 2007; 64(19–20): 2690–2701. 

111. Williams CA, Grayer RJ. Anthocyanins and other flavonoids. Nat 

Prod Rep. 2004; 21(4): 539–573. 
112. Siddiqui F, Naqvi S, Abidi L, Faizi S, Avesi L, Mirza T, Farooq AD. 

Opuntia dillenii cladode: Opuntiol and opuntioside attenuated 

cytokines and eicosanoids mediated inflammation. Journal of 
Ethnopharmacology. 2016; 182, 221-234.‏ 

113. Chen WY, Huang YC, Yang ML, Lee CY, et al. Protective effect of 

rutin on LPS-induced acute lung injury via down regulation of MIP-
2 expression and MMP-9 activation through inhibition of Akt 

phosphorylation. Int. Immunopharmacol. 2014; 22: 409–413. 

114. Choi KC, Son YO, Hwang JM, Kim BT, Chae M, Lee JC. 
Antioxidant, anti-inflammatory and anti-septic potential of phenolic 

acids and flavonoid fractions isolated from Lolium multiflorum. 

Pharm. Biol. 2017; 55, 611–619. 

115. Gryglewski RJ, Korbut R, Robak J, Świȩs J. On the mechanism of 

antithrombotic action of flavonoids. Biochem Pharmacol. 1987; 

36(3): 317–322. 
116. Perea˜nez JA, Pati˜no AC, N´u˜nez V, Osorio E. The biflavonoid 

morelloflavone inhibits the enzymatic and biological activities of a 

snake venom phospholipase A2. Chemico-Biological Interactions. 
2014; 220: 94–101. 

117. Dharmadasa RM, Akalanka GC. Muthukumarana PRM, Wijesekara 

RGS. Ethnopharmacological survey on medicinal plants used in 
snakebite treatments in Western and Sabaragamuwa provinces in Sri 

Lanka. Journal of Ethnopharmacology. 2016; 179: 110–127. 

118. Coe FG, Anderson GJ. Snakebite ethnopharmacopoeia of eastern 
Nicaragua. Journal of Ethnopharmacology. 2005; 96(1-2): 303–323. 

119. Lovkova MY, Buzuk GN, Sokolova SM, Kliment'eva NI. Chemical 

features of medicinal plants (Review). Applied Biochemistry and 
Microbiology. 2001; 37(3): 229–237. 

120. Cushnie TPT, Lamb AJ. Antimicrobial activity of flavonoids. Int J 

Antimic Agents. 2005; 26: 343–356. 

121. Muzitano MF, Cruz EA, Almeida AP, et al. Quercitin from 

Kalanchoe pinnata: the first antileishmanial flavonoid glycoside. 

Planta Med. 2006a; 72: 81–83. 
122. Muzitano MF, Tinoco LW, Guette C, Kaiser CR, Rossi-Bergmann 

B, Costa SS. The antileishmanial activity assessment of unusual 

flavonoids from Kalanchoe pinnata. Phytochemistry. 2006; 67: 
2071–2077. 

123. Muzitano MF, Falcao CA, Cruz EA, et al. Oral metabolism and 

efficacy of Kalanchoe pinnata flavonoids in a murine model of 
cutaneous Leishmaniasis. Planta Med.2009; 75: 307–311. 

124. Tasdemir D, Kaiser M, Brun R, Yardley V, Schmidt TJ, Tosun F, 
Ruedi P. Antitrypanosomal and Antileishmanial Activities of 

Flavonoids and Their Analogues: In Vitro, In Vivo, Structure-

Activity Relationship, and Quantitative Structure-Activity 
Relationship Studies. Antimicrob Agents Chemother. 2006; 50: 

1352–1364. 

125. Yenesew A, Induli M, Derese S, Midiwo JO, et al. Anti-plasmodial 
flavonoids from the stem bark of Erythrina abyssinica. 

Phytochemistry. 2004; 65: 3029–3032. 

126. Derhami SF, Rad MG, Mahmoudi R. Evaluation of Antibacterial 
Effects of Aqueous and Alcoholic Extracts of Nasturtium Officinale 

on Some Pathogenic. Medical Laboratory Journal. 2016; 10(6): 49-

53. 
127. Jin YS. Recent advances in natural antifungal flavonoids and their 

derivatives. Bioorganic & medicinal chemistry letters. 2019; 29(19): 

 ‏.126589
128. Treutter D. Significance of flavonoids in plant resistance: a review. 

Environ Chem Lett. 2006; 4(3): 147–157 

129. Tsuchiya H, Sato M, Miyazaki T, et al. Comparative study on the 
antibacterial activity of phytochemical flavanones against methicillin 

resistant Staphylococcus aureus. J Ethnopharmacol. 1996; 50: 27-34. 

130. Bettega PVC, Johann ACBR, Alanis LRA, Bazei IF, Miguel OG, et 
al. Experimental Confirmation of the Utility of Nasturtium officinale 

Used Empirically as Mouth Lesion Repairing Promotor. Clin Exp 

Pharmacol. 2016; 5: 201. 
131. Cody V. Middleton E, Harborne JB. (1986) Plant flavonoids in 

biology and medicine: biochemical, pharmacological, and structure-

activity relationships: proceedings of a symposium held in Buffalo, 

New York, July 22–26, 1985. Liss, New York 

132. Selway JT. Antiviral activity of flavones and flavans. Prog Clin Biol 

Res. 1986; 213: 521. 

133. Kurapati KRV, Atluri VS, Samikkannu T, Garcia G, Nair MP. 

Natural products as anti-HIV agents and role in HIV-associated 

neurocognitive disorders (hand): A brief overview. Front. Microbiol. 

2016; 6: 1444. 
134. Hongthong S, Kuhakarn C, Jaipetch T, Prabpai S, et al. 

Polyoxygenated cyclohexene derivatives isolated from 

Dasymaschalon sootepense and their biological activities. Fitoterapia 
2015, 106, 158–166. 

135. Wang HK, Xia Y, Yang ZY, Morris Natschke SL, Lee KH. Recent 

advances in the discovery and development of flavonoids and their 
analogues as antitumor and anti-HIV agents. Adv. Exp. Med. Biol. 

1998; 439: 191–225.  

136. Lee JS, Kim HJ, Lee YS. A new anti-HIV flavonoid glucuronide 
from Chrysanthemum morifolium. Planta Med. 2003; 69: 859–861. 

137. Chaniad P, Wattanapiromsakul C, Pianwanit S, Tewtrakul S. Anti-

HIV-1 integrase compounds from Dioscorea bulbifera and molecular 
docking study. Pharm. Biol. 2016; 54: 1077–1085. 

138. Min BS, Tomiyama M, Ma CM, Nakamura N, Hattori M. 

Kaempferol acetylrhamnosides from the rhizome of Dryopteris 

crassirhizoma and their inhibitory effects on three different activities 

of human immunodeficiency virus-1 reverse transcriptase. Chem. 

Pharm. Bull. 2001; 49: 546–550. 
139. Likhitwitayawuid K, Sritularak B, Benchanak K, Lipipun V, Mathew 

J, Schinazi RF. Phenolics with antiviral activity from Millettia 

erythrocalyx and Artocarpus lakoocha. Nat. Prod. Res. 2005; 19: 
177–182. 

140. Tan EC, Karsani SA, Foo GT, Wong SM. Abdul Rahman N. Khalid 

N. Othman S. Yusof R. Proteomic analysis of cell suspension 
cultures of Boesenbergia rotunda induced by phenylalanine: 

Identification of proteins involved in flavonoid and phenylpropanoid 

biosynthesis pathways. Plant Cell Tissue Organ Cult. 2012, 111, 
219–229. 

141. Casanova NA, Ariagno JI, López Nigro MM. In vivo antigenotoxic 

activity of watercress juice (Nasturtium officinale) against induced 
DNA damage. J. Appl. Toxicol. 2013; 33(9): 880-5. 

142. Kapiszewska M, Sołtys E, Visioli F, Cierniak A, Zajac G. The 

protective ability of the mediterranean plant juices against the 

oxidative DNA damage. The role of the radical oxygen species and 

the polyphenol content. J. Physiol. Pharmacol. 2005; 56(1): 183–

197. 
143. Thomson B, Shaw IAA. Comparison of risk and protective factors 

for colorectal cancer in the diet of New Zealand maori and non-

maori. Asian Pac J Cancer Prev. 2002; 3(4): 319-324.‏ 
144. Shokoohinia Y, Rashidi M, Hosseinzadeh L, Jelodarian Z. 

Quercetin-3-O-β-d-glucopyranoside, a dietary flavonoid, protects 

PC12 cells from H2O2-induced cytotoxicity through inhibition of 
reactive oxygen species. Food Chem. 2015; 167: 162–167. 

145. Aron PM, Kennedy JA. Flavan-3-ols: Nature, occurrence and 
biological activity. Mol. Nutr. Food Res. 2008; 52: 79-104. 

146. Chkhikvishvili I, Sanikidze T, Gogia N, et al. Constituents of French 

Marigold (Tagetes patula L.) flowers protect jurkat t-cells against 
oxidative stress. Oxidative Medicine and Cellular Longevity. 2016; 

(2016): ID 4216285. 

147. Moliner C, Barros L, Dias MI, L´opez V, Langa E, et al. Edible 
flowers of Tagetes erecta L. as functional ingredients: phenolic 

composition, antioxidant and protective effects on caenorhabditis 

elegans. Nutrients. 2018; 10(12): 2002. 
148. Yasukawa K, Kasahara Y. (2013). Effects of flavonoids from French 

Marigold (Florets of Tagetes patula L.) on acute inflammation 

model. International Journal of Inflammation. 2013; (2013): ID 
309493.  

149. Bandele OJ, Osheroff N. (2008). (–)-Epigallocatechin gallate, a 

major constituent of green tea, poisons human type II 
topoisomerases. Chemical research in toxicology. 2008; 21(4): 936-

 ‏.943

150. López-Lázaro M, Calderón-Montano JM, Burgos-Morón E, Austin 
CA. Green tea constituents (−)-epigallocatechin-3-gallate (EGCG) 

and gallic acid induce topoisomerase I–and topoisomerase II–DNA 

complexes in cells mediated by pyrogallol-induced hydrogen 
peroxide. Mutagenesis. 2011; 26(4) 489-498.‏ 

151. Singha J, Hussaina Y, Luqmana S, Meenaa A. Targeting Ca2+ 

signalling through phytomolecules to combat cancer. 
Pharmacological Research. 2019; 146: ID 104282. 



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [36]                                                                        CODEN (USA): AJPRHS 

152. Jung M. Park M. Lee H C. Kang Y H. Kang E S. Kim S K. Anti-

diabetic agents from medicinal plants. Curr Med Chem 2006; 13: 
1203-18. 

153. Malviya N, Jain S, Malviya S. Anti-diabetic potential of medicinal 

plants. Acta Pol Pharm 2010; 67(2): 113-8. 

154. Lu YX, Zhang Q, Li J, Sun YX, Wang LY, Cheng WM, et al. Anti-

diabetic effects of total flavonoids from Litsea Coreana level on fat-

fed, streptozotocin-induced type 2 diabetic rats. Am J Chin Med 
2010; 38(4): 713-25. 

155. Boussahel S, Cacciola F, Dahamna S, et al. Flavonoid profile, 

antioxidant and antiglycation properties of Retama sphaerocarpa 
fruits extracts. Nat Prod Res 2018; 32(16): 1911-1919. 

156. Wu CH, Huang SM, Yen GC. Silymarin: a novel antioxidant with 

antiglycation and anti-inflammatory properties in vitro and in vivo. 
Antioxidant Redox Signal 2011; 14 (3): 353-366. 

157. Marles RJ, Farnsworth NR, Antidiabetic plants and their active 

constituents. Phytomedicine. 1995; 2(2): 137-189.‏ 
158. Abbas G, Al-Harrasi AS, Hussain H, Hussain J, Rashid R, 

Choudhary MI. 2016. Antiglycation therapy: Discovery of promising 

antiglycation agents for the management of diabetic complications. 
Pharm Biol. 2016; 54: 198-206. 

159. Feng J, Yang XW, Wang RF. Bio-assay guided isolation and 

identification of -glucosidase inhibitors from the leaves of 

Aquilaria sinensis. Phytochemistry. 2011; 72: 242–247. 
160. Hong HC, Li SL, Zhang XQ. Ye WC, Zhang QW. 2013. Flavonoids 

with α-glucosidase inhibitory activities and their contents in the 

leaves of Morus atropurpurea. Chin Med. 2013; 8: 19. 
161. Tadera K, Minami Y, Takamatsu K, Matsauka T. Inhibition of α-

glucosidase and α-amylase by flavonoids. J Nutri Sci Vitaminaol. 

2016; 52: 149-153. 
162. Bhushan MS, Rao CHV, Ojha SK, Vijayakumar M, Verma A. An 

analytical review of plants for antidiabetic activity with their 

phytoconstituent and mechanism of action. IJPSR 2010; 1(1): 29-46. 
163. Jung HA, Park JJ, Nurul-islam Md. Jin SE, Min BS. Lee JH, Sohn 

HS, Choi JS. Inhibitory Activity of Coumarins from Artemisia 

capillaris against Advanced Glycation End product Formation. Arch 
Pharm Res. 2012; 35: 1021-1035. 

164. Wu CH, Lin JA, Hsieh WC, Yen GC. Low-density-lipoprotein 

(LDL)-bound flavonoids increase the resistance of LDL to oxidation 
and glycation under pathophysiological concentrations of glucose in 

vitro. J Agric Food Chem. 2009; 57: 5058-5064. 

165. Matsuda H, Wang T, Managi H, Yoshikawa M. Structural 
requirements of flavonoids for inhibition of protein glycation and 

radical scavenging activities. Bioorg Med Chem. 2003; 11: 5317–

5323. 
166. Hii CST, Howell SL. Effects of epicatichin on rat Islets of 

Langerhans. Diabetes. 1984; 33: 291-296. 

167. Jadhav R, Puchchakayala G. Hypoglycemic and antidiabetic activity 
of flavonoids: boswellic acid, ellagic acid, quercetin, rutin on 

streptozotocin-nicotinamide induced type 2 diabetic rats. 

International Journal of Pharmacy and Pharmaceutical Sciences. 
2012; 4: 251-256. 

168. Vessal M, Hemmati M, Vasei M. Antidiabetic effects of quercetin in 
streptozotocin-induced diabetic rats. Comparative Biochemistry and 

Physiology - Part C: Toxicology. 2003; 135: 357-364. 

169. Mineo S, Noguchi A, Nagakura Y, Kobori K, Ohta T, Sakaguchi E, 
et al. Boysenberry polyphenols suppressed elevation of plasma 

triglyceride levels in rats. J Nutr Sci Vitaminol. 2015; 61(4): 306–12.  

170. Kobayashi M, Ichitani M, Suzuki Y, Unno T, Sugawara T, Yamahira 

T, et al. Black-tea polyphenols suppress postprandial 

Hypertriacylglycerolemia by suppressing lymphatic transport of 

dietary fat in rats. J Agr Food Chem. 2009; 57(15): 7131–6. 
171. Crabbe MJC, Goode D. Aldose reductase: a window to the treatment 

of diabetic complications?. Progress in retinal and eye research. 

 ‏.313-383 :(3)17 ;1998
172. Rastelli G, Antolini L, Benvenuti S, Costantino L. Structural bases 

for the inhibition of aldose reductase by phenolic compounds. 

Bioorganic & medicinal chemistry. 2000; 8(5): 1151-1158.‏ 
173. Wang YF, Wang XH, Zhu YT. Advancement of researches in 

quercetin. Nat. Prod. Res. 2003; 15: 171–173. 

174. Rashid MI, Fareed MI, Rashid H, Aziz H, Ehsan N, Khalid S. 
Flavonoids and Their Biological Secrets.‏ in Plant and Human Health, 

Phytochemistry and Molecular Aspects, Munir¬Ozturk¬• 

Khalid¬Rehman¬Hakeem (edt.) Volume 2, Springer Nature 
Switzerland AG, 2019, pp: 579-605. 

175. David AVA, Arulmoli R, Parasuraman S. Overviews of biological 

importance of quercetin: A bioactive flavonoid. Pharmacognosy 
reviews. 2016; 10(20): 84.‏ 

176. Daker M, Ahmad M, Khoo AS. Quercetin-induced inhibition and 

synergistic activity with cisplatin–a chemotherapeutic strategy for 

nasopharyngeal carcinoma cells. Cancer cell international. 2012; 

 ‏.1-8 :(1)12

177. Tanwar B, Modgil R. Flavonoids: dietary occurrence and health 
benefits. Spatula DD. 2012; 2(1): 59–68. 

178. Crozier A, Clifford MN, Ashihara H. Plant Secondary Metabolites 

Occurrence, Structure and Role in the Human Diet. Blackwell 
publishing. 2006; 1(3): 14–19. 

179. Materska M. Quercetin and its derivatives: chemical structure and 

bioactivity-a review. Pol J Food Nutr Sci. 2008; 58(4): 407–413. 
180. Ackland ML, Van de Waarsenburg S, Jones R. Synergistic 

antiproliferative action of the flavonols quercetin and kaempferol in 

cultured human cancer cell lines. In Vivo. 2005; 19: 69-76. 
181. Fresco P, Borges F, Marques MPM, Diniz C. The Anticancer 

Properties of Dietary Polyphenols and its Relation with Apoptosis. 

Curr. Pharm. Des. 2010; 16: 114-134. 
182. Kim JD, Liu LP, Guo WM, Meydani M. Chemical structure of 

flavonols in relation to modulation of angiogenesis and immune-

endothelial cell adhesion. J. Nutr. Biochem. 2006; 17: 165-176. 

183. Duthie SJ, Collins AR, Duthie GG, Dobson VL. Quercetin and 

myricetin protect against hydrogen peroxide-induced DNA damage 

(strand breaks and oxidized pyrimidines) in human lymphocytes. 
Mut Res. 1997; 393: 223–231. 

184. Agullo G, Gamet-Payrastre L, Fernandez Y, Anciaux N, Demigne C, 

et al. Comparative effects of flavonoids on the growth, viability and 
metabolism of a colonic adenocarcinoma cell line (HT29 cells). 

Cancer Lett. 1996; 105: 61–70. 

185. Kuo SM. Anti-proliferative potency of structurally distinct dietary 
flavonoids on human colon cancer cells. Cancer Lett. 1996; 110: 41–

48. 

186. Van derWoude H, Gliszczynska-Swiglo A, Struijs K, Smeets A, 
Alink GM, Rietjens IM. Biphasic modulation of cell proliferation by 

quercetin at concentrations physiologically relevant to humans. 

Cancer Lett. 2003; 200: 41–47. 
187. Gates MA, Tworoger SS, Hecht JL, De Vivo, Rosner IB, Hankinson 

SE. A prospective study of dietary flavonoid intake and incidence of 

epithelial ovarian cancer. Int. J. Cancer. 2007; 121(10): 2225–2232. 

188. Lee GY, Lee JJ, Lee SM. Antioxidant and anticoagulant status were 

improved by personalized dietary intervention based on biochemical 

and clinical parameters in cancer patients. Nutr. Cancer. 2015; 67(7): 
1083–1092. 

189. Chun HJ, Choi WH, Baek SH, Woo WH. Effect of quercetin on 

melanogenesis in melan-a melanocyte cells. Kor J Pharmaco. 2002; 
33: 245–251. 

190. Chou CC, Yang JS, Lu HF, Ip SW, Lo C, Wu CC, Lin JP, Tang NY, 

Chung JG, Chou MJ. Quercetin-mediated cell cycle arrest and 
apoptosis involving activation of a caspase cascade through the 

mitochondrial pathway in human breast cancer MCF-7 cells. Arch 
Pharm Res. 2010; 33(8): 1181–1191. 

191. Priyadarsini RV, Murugan RS, Maitreyi S, Ramalingam K, 

Karunagaran D, Nagini S. The flavonoid quercetin induces cell cycle 
arrest and mitochondria-mediated apoptosis in human cervical cancer 

(HeLa) cells through p53 induction and NF-κB inhibition. European 

journal of pharmacology. 2010; 649: 84-91. 
192. Maryam R,Faegheh S, Majid AS, Kazem NK. Effect of quercetin on 

secretion and gene expression of leptin in breast cancer. Journal of 

Traditional Chinese Medicine. 2017; 37: 321- 325. 
193. Tao SF, He HF. Chen Q. Quercetin inhibits proliferation and 

invasion acts by up-regulating miR-146a in human breast cancer 

cells. Mol Cell Biochem 2105; 402(1-2): 93-100. 
194. Kee JY, Han YH, Kim DS, Mun JG, Park J, Jeong MY, Um JY, 

Hong SH. 2016. Inhibitory effect of quercetin on colorectal lung 

metastasis through inducing apoptosis, and suppression of metastatic 
ability. Phytomedicine. 2016; 23(13): 1680–1690. 

195. Refolo, MG, D'Alessandro R, Malerba N, Laezza C, et al. 2015. Anti 

proliferative and pro apoptotic effects of flavonoid quercetin are 
mediated by CB1 receptor in human colon cancer cell lines. J. Cell. 

Physiol. 2015; 230(12): 2973–2980. 

196. Yang L, Liu Y, Wang M, Qian Y, Dong X, Gu H, Wang H, Guo S, 
Hisamitsu T. Quercetin-induced apoptosis of HT-29 colon cancer 

cells via inhibition of the Akt-CSN6-Myc signaling axis. Mol. Med. 

Rep. 2016; 14(5) 4559–4566. 



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [37]                                                                        CODEN (USA): AJPRHS 

197. Zhang XA, Zhang S, Yin Q, Zhang J. Quercetin induces human 

colon cancer cells apoptosis by inhibiting the nuclear factor-kappa B 
Pathway. Pharmacogn. Mag. 2015; 11(42): 404. 

198. Cincin ZB, Unlu M, Kiran B, Bireller ES, Baran Y, Cakmakoglu B. 

Apoptotic effects of quercitrin on DLD-1 colon cancer cell line. 

Pathol. Oncol. Res. 2015; 21(2): 333–338. 

199. Khan I, Paul S, Jakhar R, Bhardwaj M, Han J, Kang SC. Novel 

quercetin derivative TEF induces ER stress and mitochondria-
mediated apoptosis in human colon cancer HCT-116 cells. Biomed. 

Pharmacother. 2016; 84: 789–799. 

200. Kim GT, Lee SH, Kim JI, Kim YM. Quercetin regulates the sestrin 
2-AMPKp38 MAPK signaling pathway and induces apoptosis by 

increasing the generation of intracellular ROS in a p53-independent 

manner. Int. J. Mol. Med. 2014; 33(4): 863–869. 
201. Bulzomi P, Galluzzo P, Bolli A, Leone S, Acconcia F, Marino M. 

The proapoptotic effect of quercetin in cancer cell lines requires 

ERβ-dependent signals. J. Cell. Physiol. 2012; 227(5): 1891–1898. 
202. Kim GT, Lee SH, Kim YM. Quercetin regulates sestrin 2-AMPK-

mTOR signaling pathway and induces apoptosis via increased 

intracellular ROS in HCT116 colon cancer cells. Eur. J. Cancer Prev. 
2013; 18(3): 264. 

203. Kim JH, Kim YH, Song GY, Kim DE, Jeong YJ, Liu KH, Chung 

YH, Oh S. Ursolic acid and its natural derivative corosolic acid 

suppress the proliferation of APC-mutated colon cancer cells through 

promotion of β-catenin degradation. Food Chem. Toxicol. 2014; 67: 

87–95. 
204. Kim KH, Dodsworth C. Paras A. Burton B K. High dose genistein 

aglycone therapy is safe in patients with mucopolysaccharidoses 

involving the central nervous system. Mol. Genet. Metab. 2013; 
109(4): 382–385. 

205. Han M, Song Y, Zhang X. Quercetin suppresses the migration and 

invasion in human colon cancer caco-2 cells through regulating toll-
like receptor 4/nuclear factor-kappa B pathway. Pharmacogn. Mag. 

2016; 12(Suppl. 2): S237. 

206. Kyle  JAM, Sharp L, Little J, Duthie GG, McNeill G. Dietary 
flavonoid intake and colorectal cancer: a case–control study. Br. J. 

Nutr. 2010; 103(3): 429–436. 

207. Afrin S, Giampieri F, Gasparrini M, Forbes-Hernández TY, 
Cianciosi D, et al. Dietary phytochemicals in colorectal cancer 

prevention and treatment: A focus on the molecular mechanisms 

involved. Biotechnology advances. 2020; 38: ID 107322.‏ 

208. Kim HS, Wannatung T, Lee S, Yang WK, Chung SH, Lim JS, Choe 

W, Kang I, Kim SS, Ha J. Quercetin enhances hypoxia-mediated 

apoptosis via direct inhibition of AMPK activity in HCT116 colon 
cancer. Apoptosis. 2012; 17(9): 938–949. 

209. Enayat S, Ceyhan MŞ, Taşkoparan B, Stefek M, Banerjee S, 

CHNQ.a novel 2-Chloro-1, 4-naphthoquinone derivative of 
quercetin, induces oxidative stress and autophagy both in vitro and in 

vivo. Arch. Biochem. Biophys. 2016; 596: 84-98. 

210. Zhao H, Liu Q, Wang S, Dai F, Cheng X, Cheng X, Chen W, Zhang 
M, Chen D. In vitro additive antitumor effects of 

dimethoxycurcumin and 5-fluorouracil in colon cancer cells. Cancer 
Med. 2017; 6(7): 1698–1706. 

211. Hashemzaei M, Delarami Far A, Yari A, Heravi RE, et al. 

Anticancer and apoptosis-inducing effects of quercetin in vitro and in 
vivo. Oncol. Rep. 2017; 38(2): 819–828. 

212. Del Follo-Martinez A, Banerjee N, Li X, Safe S, Mertens-Talcott S. 

Resveratrol and quercetin in combination have anticancer activity in 
colon cancer cells and repress oncogenic microRNA-27a. Nutr. 

Cancer. 2013; 65(3): 494–504. 

213. Cruz-Correa M, Shoskes DA, Sanchez P, Zhao R, Hylind LM, 
Wexner SD, Giardiello FM. Combination treatment with curcumin 

and quercetin of adenomas in familial adenomatous polyposis. Clin. 

Gastroenterol. Hepatol. 2006; 4(8): 1035–1038. 
214. Kurzawa-Zegota M, Najafzadeh M, Baumgartner A, Anderson D. 

The protective effect of the flavonoids on food-mutagen-induced 

DNA damage in peripheral blood lymphocytes from colon cancer 
patients. Food Chem. Toxicol. 2012; 50(2): 124-129. 

215. Ciolino HP, Daschner PJ, Yeh GC. Dietary flavonols quercetin and 

kaempferol are ligands of the aryl hydrocarbon receptor that affect 
CYP 1A1 transcription differentially. Biochem. J. (1999); 340: 715-

722. 

216. Lang DR, Racker E. Effects of quercetin and F1 inhibitor on 
mitochondrial ATPase and energy-linked reactions in 

submitochondrial particles. Biochem. Biophys. Acta. 1974; 333: 

180–186. 

217. Akbari M, Goodarzi N, Tavafi M. Stereological assessment of 

normal Persian squirrels (Sciurus anomalus) kidney. Anatomical 
Science International. 2017; 92(2): 267–274. 

218. Kanter M, Aktas C, Erboga M. Protective effects of quercetin against 

apoptosis and oxidative stress in streptozotocin‐induced diabetic rat 

testis. Food and Chemical Toxicology. 2012; 50(3–4): 719–725. 

219. Li H, Li HB, Zhang M, Yan F, Zhang ZX, Li ZL. Effect of apigenin 

on the reproductive system in male mice. Health. 2010; 2(05): 435. 
220. Jamalan M, Ghaffari MA, Hoseinzadeh P, Hashemitabar M, Zeinali 

M. (2016). Human sperm quality and metal toxicants: Protective 

effects of some flavonoids on male reproductive function. 
International Journal of Fertility & Sterility. 2016; 10(2): 215. 

221. Bhaskar S, Shalini V, Helen A. Quercetin regulates oxidized LDL 

induced inflammatory changes in human PBMCs by modulating the 
TLR-NF-jB signaling pathway. Immunobiol. 2011; 216: 367–373. 

222. Raja SB, Rajendiran V, Kasinathan NK, Amrithalakshmi P, 

Venkatabalasubramanian S, Murali MR, Devaraj H, Devaraj SN. 
Differential cytotoxic activity of Quercetin on colonic cancer cells 

depends on ROS generation through COX-2 expression. Food Chem. 

Toxicol. 2017; 106: 92–106. 
223. Chao PY, Huang YP, Hsieh WB. Inhibitive effect of purple sweet 

potato leaf extract and its components on cell adhesion and 

inflammatory response in human aortic endothelial cells. Cell Adh. 

Migr. 2013; 7: 347–245.  

224. Cambie RC, Ash J. 1994. Fijian Medicinal Plants. CSIRO 

(Commonwealth Scientific and Industrial Research Organization), 
Australia. 

225. Duke JA. 1985. Handbook of Medicinal Herbs. CRC Press, Inc, 

Boca Raton, Florida. 
226. Leung AY, Foster S. 1996. Encyclopedia of Common Natural 

Ingredients. John Wiley & Sons, Inc, NY. 

227. Lewis WH, Elvin-Lewis MPF. 1977. Medical Botany: Plants 
Affecting Man’s Health. John Wiley and Sons, New York, NY. 

228. Tyler VE, Brady LR, Robbers JE. 1988. Pharmacognosy. Lea and 

Febiger, Philadelphia, PA. 
229. Ferry DR, Smith A, Malkhandi J, Fyfe DW, et al. Phase I clinical 

trial of the flavonoid quercetin: pharmacokinetics and evidence for in 

vivo tyrosine kinase inhibition. Clinical cancer research: an official 
journal of the American Association for Cancer Research. 1996; 

 ‏.659-668 :(4)2

230. Graefe EU, Wittig J, Mueller S, Riethling AK, et al. 

Pharmacokinetics and bioavailability of quercetin glycosides in 

humans. The Journal of Clinical Pharmacology. 2001; 41(5): 492-

 ‏.499
231. Sayeed MA, Bracci M, Lazzarini R, Tomasetti M, Amati M, 

Lucarini G, et al. Use of potential dietary phytochemicals to target 

miRNA: Promising option for breast cancer prevention and 
treatment? J Funct Foods. 2017; 28: 177-193. 

232. Lv L, Liu C, Chen C, Yu X, Chen G, Shi Y, et al. Quercetin and 

doxorubicin co-encapsulated biotin receptor-targeting nanoparticles 
for minimizing drug resistance in breast cancer. Oncotarget 2016; 

7(22): 32184. 
233. Wang L, Waltenberger B, Pferschy-Wenzig EM, Blunder M, et al. 

Natural product agonists of peroxisome proliferator-activated 

receptor gamma (PPARγ): a review. Biochemical Pharmacology. 
2014; 92: 73-89. 

234. Rahman AU, Zaman K. Medicinal plants with hypoglycemic 

activity. Ethnopharmacol. 1989; 26: 1-55. 
235. Goodarzi MT, Zal F, Malakooti M, Sadeghian MSS. Inhibitory 

activity of flavonoids on the lens aldose reductase of healthy and 

diabetic rats. Acta Medica Iranica. 2006; 44(1): 41-45.‏ 
236. Geahlen RL, Koonchanok NM, McLaughlin L, Pratt DE. Inhibition 

of protein-tyrosine kinase activity by flavanoids and related 

compounds. J. Nat. Prod. 1989; 52: 982-986. 
237. Wu JW, Hsieh CL, Wang HY, Chen HY. Inhibitory effects of guava 

(Psidium guajava L.) leaf extracts. Food Chem. 2009; 113: 78-84. 

238. Anjaneyulu M, Chopra K, Kaur I. Antidepressant activity of 
quercetin, a bioflavonoid, in streptozotocin-induced diabetic 

mice. Journal of medicinal food. 2003; 6(4): 391-395.‏ 

239. Kwon O, Eck P, Chen S, Corpe CP, Lee JH, Kruhlak M, Levine M. 
Inhibition of the intestinal glucose transporter GLUT2 by 

flavonoids. The FASEB Journal. 2007; 21(2): 366-377.‏ 

240. Lee J, Ryu HS, Rodriguez JP, Lee S. Aldose reductase inhibitory 
activity of quercetin from the stems of Rhododendron mucronulatum 

for albiflorum. Journal of Applied Biological Chemistry. 2017; 

 ‏.29-33 :(1)60



 Al-Sa'idy et al                                                      Asian Journal of Pharmaceutical Research and Development. 2023; 11(1): 22-38 

SSN: 2320-4850                                                                                                [38]                                                                        CODEN (USA): AJPRHS 

241. Chaudhry PS, Cabrera J, Juliani HR, Varma SD. Inhibition of human 

lens aldose reductase by flavonoids, sulindac and indomethacin. 
Biochemical Pharmacology. 1983; 32(13): 1995-1998.‏ 

242. Kador PF, Akagi Y, Kinoshita JH. The effect of aldose reductase and 

its inhibition on sugar cataract formation. Metabolism. 1986; 35(4): 

 ‏.15-19

243. Chen CR, Chen HW, Chang CID. C-Friedooleanane-type 

triterpenoids from Lagenaria siceraria and their cytotoxic 
activity. Chemical and Pharmaceutical Bulletin. 2008; 56(3): 385-

 ‏.388

244. Lines TC, Ono MFRS 1000. an extract of red onion peel, strongly 
inhibits phosphodiesterase 5A (PDE 5A). Phytomedicine. 2006; 13: 

236–9. 

245. Jung M, Park M. Acetylcholinesterase inhibition by flavonoids from 
agrimonia pilosa. Molecules. 2007; 12: 2130-2139. 

246. Hiipakka RA, Zhang HZ, Dai W, Dai Q, Liao S. Structure-activity 

relationships for inhibition of human 5α-reductases by polyphenols. 
Biochemical Pharmacology. 2002; 63: 21165-21176. 

247. Karami M, Nosrati A, Naderi M, Makhloogh M, Shahani S. 

Protective effects of Nasturtium officinale against gamma-
irradiation-induced hepatotoxicity in C57 mice. Res J Pharmacogn. 

2015; 2: 19–25. 

248. Topuzovic MD, Radojevic ID, Dekic MS, Radulovic NS, Vasic SM, 

Comic LR, Licina BZ. Phytomedical investigation of Najas minor 

All in the view of the chemical constituents. Excli Journal. 2015; 14: 

 ‏.496
249. Vergeer LHT, Van der Velde G. Phenolic content of daylight-

exposed and shaded floating leaves of water lilies (Nymphaeaceae) 

in relation to infection by fungi. Oecologia. 1997; 112(4): 481-484.‏ 
250. SUGIER P, Lorens B. Resources of Nuphar lutea (L.) Sibth. & Sm. 

in mid-eastern Poland as a potential source of herbal raw material. 

Annales UMCS sectio E Agricultura. 2020; 75: 103-116. 
251. Cronin G, Lodge DM. (2003). Effects of light and nutrient 

availability on the growth, allocation, carbon/nitrogen balance, 

phenolic chemistry, and resistance to herbivory of two freshwater 
macrophytes. Oecologia. 2003; 137(1): 32-41.‏ 

252. Su KL, Staba EJ, Abul-Hajj Y. Preliminary chemical studies of 

aquatic plants from Minnesota. Lloydia. 1973; 36(1-4), 72-79.‏ 
253. Forrest TP. Ray S. 3,4-dimethoxy-trans-cinnamic acid from Nuphar 

variegatum. Phytochemistry.855 :11 ;1972 ‏. 

254. Sütfeld R. (1987) HPLC of thiophenes for phytochemical and 

biochemical research. In Linskens H F, Jackson J F (cds) Modern 

Methods of Plant Analysis. New Series Vol 5. High Performance 

Liquid Chromatography in Plant Sciences. Berlin: Springer. pp 104-
113. 

255. Sütfeld R. Exudation of UV-light absorbing natural products by 

seedlings of Nuphar lutea. Chemoecology. 1993; 4(2): 108-114.‏ 
256. Nishizawa K, Nakata I, Kishida A, Ayer WA, Browne LM. Some 

biologically active tannins of Nuphar variegatum. Phytochemistry. 

 ‏.2491-2494 :(8)29 ;1990
257. Bate-Smith EC. Chemotaxonomy of Nuphar lutea (L.) Sm. 

Phytochemistry. 1968; 7(3): 459.‏ 
258. Nishizawa M, Yamagishi T, Nonaka G, Nishioka I, Bando H. Novel 

hydrolyzable tannins from Nuphar japonicum DC. Chem Pharm 

Bull. 1982; 30: 1094-1097. 
259. Nishizawa K, Nakata I, Kishida A, Ayer WA, Browne LM. Some 

biologically active tannins of Nuphar variegatum. Phytochemistry. 

1990; 29: 2491-2494 

260. Nonaka G, Ishimatsu H, Tanaka T, Nishioka I, Nishizawa M, 

Yamagishi T. Tannins and related eompounds. LVIII. Novel 

gallotannins possessing an alpha-glucose core from Nuphar 
japonicum DC. Chem Pharm Bull. 1987; 35: 3127-3131. 

261. lshimatsu H, Tanaka T, Nonoka GI, Nishikoka I, Nishizawa M, 

Yamagishi T. Tannins and related compounds LXXIX. Isolation and 
characterization of novel dimeric and trimeric hydrolyzable tannins, 

nupharins C, D, E and F, from Nuphar japonicum DC. Chem Pharm 

Bull. 1989; 37: 1735-1743. 
262. Khan ZR, Chowdhury NS, Sharmin S, Sohrab MH. (2018). 

Medicinal values of aquatic plant genus Nymphoides grown in Asia: 

A review. Asian Pacific Journal of Tropical Biomedicine. 2018; 8(2): 
 ‏.113

263. Amin A, Tuenter E, Exarchou V, Upadhyay A, Cos P, Maes L, et al. 

Phytochemical and pharmacological investigations on Nymphoides 
indica leaf extracts. Phytother Res. 2016; 30: 1624-1633. 

264. Madhavan V, Jayashree M, Yoganarasimhan SN, Gurudeva M, 

Deveswaran R, Mythreyi R. Pharmacognostical studies on the root 
and rhizome of Nymphoides hydrophylla (Linn.) O. Kuntze -An 

alternate source for Tagara drug. Indian J Nat Prod Resour 2012; 

3(3): 371-385. 

265. Moghal MMR, Foysal KA, Haque MM, Kader MA, Hossain MS, 

Mogumder S. In vitro study of cytotoxic, anthelmintic and 

antioxidant activities of Nymphoides hydrophylla. Int J Pharm 
Phytopharmacol Res. 2013; 2(5): 328-331. 

266. Bohm BA, Nicholls KW, Ornduff R. Flavonoids of the 

Menyanthaceae intra and interfamilial relationships. Amer J Bot. 
1986; 73: 204-213. 

267. Dudonne S, Vitrac X, Coutiere P, Woillez M, Merillon JM. 

Comparative Study of Antioxidant Properties and Total Phenolic 
Content of 30 Plant Extracts of Industrial Interest Using DPPH, 

ABTS, FRAP, SOD, and ORAC Assays. J Agric Food Chem. 2009; 

57: 1768–1774. 
268. Hanif M, Khan MA, Rafey A, Aziz I, Khan MA, Khan BA, Amin A. 

UHPLC, ATR-FTIR analysis of Nymphoides indica rhizome extract 

and determination of antioxidant & antibiofilm potential. Main 
Group Chemistry. 2022; 21(1): 157-166. 

269. Amin A, Upadhyay A, Zafar M, Cos P, Maes L, Apers S, Exarchou 

V, Pieters L. Antibacterial, antifungal, cytotoxic, antioxidant and 

antidiabetic compounds from Nymphoides indica the first 

comprehensive phytochemical and pharmacological study. Planta 

Med. 2016; 80: P1L115. 
270. Ko HJ, Huang SH, Ng LT. Chemical compositions and antioxidant 

activities of a specialty aquatic vegetable Nymphoides hydrophylla 

in Taiwan. Journal of Aquatic Food Product Technology. 2014; 
23(6): 591-600. 

271. Chao PY, Lin SY, Lin KH, Liu YF, Hsu JI, Yang CM, Lai JY. 

Antioxidant activity in extracts of 27 indigenous Taiwanese 
vegetables. Nutrients. 2014; 6(5): 2115-2130.‏ 

272. Esteves FDA, Barbieri R. Dry weight and chemical changes during 

decomposition of tropical macrophytes in lobo reservoir—São Paulo, 
Brazil. Aquatic Botany. 1983; 16(3): 285-295.‏ 

273. Manosroi J, Boonpisuttinant K, Manosroi W, Manosroi A. (2012). 

Anti-proliferative activities on HeLa cancer cell line of Thai 
medicinal plant recipes selected from MANOSROI II database. 

Journal of ethnopharmacology, 142(2), 422-431.‏ 

274. Kim YA, Kim DH, Yu JM, Park CB, Park BJ. (2017). Anti-wrinkle 

effects of extracts and solvent fractions from Nymphoides peltata on 

CCD-986sk. Journal of Applied Biological Chemistry, 60(4), 357-

 ‏.362
275. Madhavan V, Arora S, Yoganarasimhan SN, Gurudeva MR. 

Pharmacognostical studies on the rhizome and roots of Nymphoides 

indica (L.) Ktze.–alternate source for Tagara. Asian Journal of 
Traditional Medicines. 2011; 6(1): 14-25.‏ 

276. Hanif M, Khan MA, Rafey MRA, Zaman A, Aziz I. Inhibitive 

efficacy of Nymphoides indica rhizome extract on α-glucosidase, 
and cross-link formation of advanced glycation end products. Journal 

of Traditional Chinese Medicine. 2021; 41(3): 376.‏ 
277. Madhavan V, Arora S, Murali A, Yoganarasimhan SN. Anti-

convulsant activity of aqueous and alcohol extracts of roots and 

rhizomes of Nymphoides indica (L.) O. Kuntze, in Swiss Albino 
mice. J Nat Remedies 2009; 9(1): 68-73. 

278. Chang YS, Woo ER. Korean medicinal plants inhibiting to human 

immunodeficiency virus type 1 (HIV-1) fusion. Phytother. Res. 
2003; 17: 426–429. 

279. Panda A, Misra MK. Ethnomedicinal survey of some wetland plants 

of South Orissa and their conservation.303–296 :(2)10 ;2011 ‏. 
280. Cook CDK. Aquatic and Wetland Plants of India, Oxford University 

Press, Oxford, UK, 1996. 

281. Kim YA, Jeon TB, Jang W, Park BJ, Kang H. Development of 
Sustainable Anti-aging Products Using Aquaponics Technology. 

Journal of the Society of Cosmetic Scientists of Korea. 2019; 45(3): 

 ‏.307-317
282. Kim YA, Kim DH, Park CB, Park TS, Park BJ. Anti-inflammatory 

and skin-moisturizing effects of a flavonoid glycoside extracted from 

the aquatic plant Nymphoides indica in human keratinocytes. 
Molecules. 2018; 23(9): 2342. 

283. Bohm BA, Nicholls KW, Ornduff R. Flavonoids of the 

Menyanthaceae: intra‐and interfamilial relationships. American 
journal of botany. 1986; 73(2): 204-213.‏ 

 

 


