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ABSTRACT

Moringa oleifera (MO), or the common drumstick possesses antioxidant properties, and its pods, seeds, leaves, and bark have been used for
the treatment of inflammatory and cancerous conditions. This systematic review attempts to synthesize original studies of MO extracts in cell
lines to determine their specific antiproliferative, antioxidant, anti-inflammatory, and related effects. The literature was obtained from PubMed
central, the Cochrane registry, and other sources including Google Scholar, and Embase. Studies fulfilling the inclusion criteria were selected.
Custom data collection forms were employed and two independent evaluators compiled the relevant information. Eighteen studies were
selected after applying inclusion and exclusion criteria. In most studies, MO leaves had more potent properties compared to other parts of the
plant. Ethyl acetate and ethanolic extractions improved the potency of the extract. Effects were selective (different for normal cells and cancer
cells) and dose-dependent. Anticancer and antioxidant activities were consistently reported, with effects exerted at the genetic and molecular
levels. MO extracts potentially could be employed for therapeutic applications. The optimal sources, preparation protocols, and dosages have
been researched, though further scrutiny is needed for a comprehensive formulation.
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INTRODUCTION

Herbal preparations have been used by humans since time
immemorial for treating various medical disorders. More than halfa
million unique species of plants on the earth present arich resource
of phytochemicals with potential therapeutic properties. Secondary
metabolites are produced by plants as a defense against injurious
pathogenic and environmental conditions. The major advantage
of synthetic chemicals is that they are relatively much safer, easily
accessible, and cost less. Initially exploited for antimicrobial use, the
applications have expanded to a wide range of conditions including
cancer, inflammatory disorders, immune disorders, and diabetes.'

Moringa oleifera (MO) is a common plant species of mainly
tropical climes. Almost every part of the plant has been employed
for nutritional and medicinal uses. Traditional medicine and
now increasingly, modern science have recognized the unique
composition of this plant and its efficacy in the treatment of various
diseases. In particular, the extracts of the plant are known to possess
antiproliferative, anti-inflammatory, antimicrobial, antioxidant, and
osteoprotective effects. '3

Oxidative stress is a pathological consequence of excess free
radical activity in the body. Normally there is a balance between
the beneficial and the toxic properties of free radicals, especially
reactive oxygen species (ROS). There is increasing evidence that
this balance is disturbed by conditions that unfortunately are
part of modern life. Processed food, unhealthy lifestyle, including
sedentary state (or excess exercise), deleterious habits, mental
stress, and pollution, have played havoc with our physiology. Some
of the major conditions the ROS plays a role in include cancer,
inflammatory conditions like arthritis, cardiovascular and neural
disease, aging, autoimmune diseases, and many other disorders.
To counteract free radical damage, the body systems generate free
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radical scavengers or antioxidants that neutralize their potency.
Exogenous antioxidants abound in nature, mainly present in
plant-based sources like fruit and vegetables.'*
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Moringa oleifera: Health Applications

In the last three decades, there has been considerable
interest in the applications of natural products in the treatment
of diseases. There is recognition of the fact that plant medicine
as practiced traditionally in many cultures is extremely effective
in treating many conditions that have been eluding allopathic
systems. There have been numerous studies of plant extracts to
determine their beneficial effects in the treatment of diseases."” 34
The present systematic review attempts to synthesize the results
and conclusions of validated studies on the antioxidant, anticancer,
anti-inflammatory, and related effects of M. oleifera extracts in cell
lines. This would consolidate the current evidence of the effects
of MO extracts in live cell cultures. There is a specific focus on
objective conclusions derived from laboratory techniques like cell
proliferation assay, cytotoxicity assay, oxidation stress assay, PCR,
and gene analysis of inflammatory and cancer genes.

MATERIALS AND METHODS

Sourcing and Study Selection

Online evaluation of electronic literature (PubMed/Medline
database and the Cochrane Study register, including Embase)
was performed. Keywords applied were “Moringa” and “Moringa
oleifera.” Original articles in journals with good credentials were
preferred. To further select validated ex vivo research, studies
that employed cell lines were preferred. English language
articles were collected from relevant scientific journals dated

Table 1: Inclusion and exclusion criteria

2000-2020 (20 years). Table T summarizes the selection criteria and
Flowchart 1 summarizes the PRISMA protocol employed.

Data Collection

The data extraction form customized for this review is presented
in Table 2. All relevant information for the analysis was included.
Two independent observers were employed. The final report was
generated by consensus.

Data Items

Data items included variables were setting/country, MO extract
types, methodology (the type of cell lines, laboratory procedure),
analysis, results, and conclusions (Table 2).

Bias Assessment

The risk of bias in selected studies was assessed employing the
Cochrane tool (Cochrane Handbook v 5.1.0, 2011).%

Qualitative Synthesis

This was performed following established guidelines (Thomas
and Harden and Bearman and Dawson).>%3” Parameters were
plant source (leaf, bark, seed), type of extract (aqueous, ethanolic,
fractionated), cell line, effect studied, and other relevant factors
including dosage.

Inclusion criteria

Exclusion criteria

Clinical trials registered in Cochrane Library,
PubMed listed articles mentioning the use of
Moringa/Moringa oleifera in anti-inflammatory,
anticancer, antioxidant, and related effects
Studies only on cell lines of human or animal
sources, both normal and tumor types
Publications ranging from the year 2000 to 2020

English language articles (including translations)

Trials deemed to be unsuitable for our analysis due to lack of ade-
quate information and major deficits in study design, methods, etc.

Studies related to diabetes mellitus and antibacterial effects

Studies that include Moringa/Moringa oleifera in other applications
like non-medical uses, veterinary uses, Animal studies

Studies earlier than 2000
Other language articles

Flowchart 1: Process of study selection as per PRISMA guidelines

Additional records identified through
Cochrane and other sources (n = 30)

Records excluded filtering those
irrelevant tore-view (n = 665)

Records excluded as they did not
satisfy the inclusion criteria (n = 48)

S Records identified through
® PubMed search (n = 766)
O
: ! !
S
= Records after duplicates removed, and
applying year criteria (2000-2020) (n = 731)
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Full-text articles assessed
= for eligibility (n = 66)
=
=)
w —>
B v
B Studies included in qualitative
E synthesis (n = 18)

1484

The Journal of Contemporary Dental Practice, Volume 22 Issue 12 (December 2021)



ons

Health Applicati

Moringa oleifera

(pauod)
Spa9as
D13413]0 bbULIOY
WwioJ) Pa3oeIIXd
Djusbuowny "SI9)Jew Jo 4| 3 ‘[@12URAD01Y}0S]
Jou sem pue (Adesayy |90 'S9UH0dUO UO 303Y3 Juedylubis oN SJayJew |euoinau |Azuag- HECTIE]IeEM )
wia)s ul uepodwi) S| 'sauab Jusawdojanap JO 9dUIdSJoNjjounwiw| (AxojAsouwe  ‘sisouabodipy
wia)s 1ad ul sisauabounau |ednau jo uonenbaidn Ajie3 sisAjeue swoididsuel| y4-1-b)-¢]  uolelpudIRPIp SIE») (8102)
palenwins uibulow ‘uonesajoid |[93 wls panosdw| Kesse | |\ — uibunopy -0INBN WIS 1Qd uewnH Alel  "|e1d oswoy
'S|[9D |ewiou 019 ‘(4Q)
'S||9 |PWJOU 0} D1X0}03AD pue Jasued yioq Jo A1dIx010340 ybiy  uondel) sueylawoloydip
13| pue [|92 JIdUERD PAMOYS S1eIIXD JYIQ ‘AHDIX0303AD Jsed) ‘(4H) UoIDeI} BUBXAY  SPIIS JO SIORIIXD
9Y3 0} JIX0303KD Sem pass 9y} pamoys 4H AJuo ‘aul| ||92 |ewou e u| ‘(33D) 12e4IXD DljOoYOd|e Jljoueyla (jo1u02) VoL DN
OW JO 12e11X3 dIjoueYyla 'syoeiIxa 4@ A|gelou pue 4H ‘(JMD) 1eIIXD Snoanbe pajeuoioely ‘aul| ||9d Jsdued (£102)
pajeuoidelyauexaH  ‘IMD Ul padnpas Ajpuedyiubis ANjigeIA |9 Buisn Kesse Ayjiqeln |[9D pueapni) aanesdjljoidiuy 1seaiq /DN eisAejely  ‘|e 19 okegapy
10308}
Bumwi) e aq
'S10RIIXD Ul 'S}ORJIXD Y4BQ PUR Jed| Ul PAAI3SCO pINod juswyeas
payiuapl ase spunodwod  a19m isalle dseyd \-zD pue sisoydode a1e Kesse 32£>-||3d 1e3H
Jaduedue AUey ‘d9A13d3Yd 'S1ORJIXD dIeq pue pue (anbiuyd9y saul| ||92 Jadued
10U S1ORIIXD PISS  Jed| Ul uolewlo) Auojod ‘Ajjinow pasnpay ‘sisoydode ‘Ay|iqeIA 19D 19|YXx0S) Spass (]e32310]02) 8-1JH
'S1ORIIXD Y4BQ pUR Jed| ul "JORJIXD PIIS YUM Yyonwi sejou ing  Aesse |eAlaIns djusbouo|)  pue “jieq ‘jes) jo pue (3sealq)  saiels (51021
ANA1DR DAnRIRYII0IdIIUY  “YJeq PUB B3| YHM [BAIAINS |92 PaseaIda( Kesse A}nOy  10eJIXD dIjoueylg 2RI |oId Uy LEZ-9N-YAW  pauun ewsy-|y
[ull 193 (aun] 195 Asupny
'S|[97 |PWIOU JO  [BWIOU Ul J9MO| A[Juedyiubis sem 1339 ay | Aoxuow
bupeds 9|qissod ‘(payealy ‘uolyepelbap Kelieoudiw ‘1019 UIDISIMN uaalb uedlyy
-1eay 03 Jouadns oq Aew VNYJ 031 9np sauab uononpul "Ydd /-SOD ‘080L1H
10BJIXD Pa3eaJ}-P|Od) ‘Saul| pue sauaboduo jo uoljejnbasumoq ‘Aesse Auo|od ‘A112wW03Ad> [(sEILEIN ‘LEPY ‘L-DN
||92 425ued ul AjAe 'SOY JO uonIqIyu| ‘6%SY Jo sisoydode MO} p|0d) 10eIIXD 8GEH
aAnessyljoidiuy pasealoul pue ¢ asedsed jo uone|nbaidn ‘Aesse uonesayioid 1 |\ jes| snosnby  aanessyjoidiuy pue‘szH ‘6vSY 2210)| (10g) bunr
(¢4IN pue
€5d Jo dxa yNyw) ¥ddb
10|19 UIDISAN
‘A}AI3DR dAeIdyI|0IdIIUe Kesse asedse) NI
juazod bulk|dwi ‘(244N Jo uonenbai Kesse 1owi0) (pa31eas-1oy) |eleyuda Jejoanje
aul| |92 ui sisoydode UMOP 0} 9NP) $5343S AIIRPIXO PIsedul (duoiyrein|b ‘syygl) enxs Hunj| snossdued esLyy (€£102)
PIdNpPUI-SSAIIS DANBPIXO  YHM ‘saliAlde asedsed pue £6d paseadu| Kesse ssa.1s uoepIXQ Jed| snoanby  aAnesaj0idUY 6¥SY yinos ‘|e 39 o|1L
uoisnjauo) synsay ainpadoid Ai03pi0qp] 1OD0IIXd paipnis aulf|[a2 4o adk]  Aiunod [
OW jo adA| 13ya solbyy /buinas

S|ell} [eD1UI> P1I|DS W04 Blep PIIIR||0D) i dqeL

1485

The Journal of Contemporary Dental Practice, Volume 22 Issue 12 (December 2021)



ons

: Health Applicati

Moringa oleifera

1DRIIXD DYOWS

‘abewep ydd-14b anaJebid 0}
Bbun| pasnpul-ayows jo ‘(Aemyied gy4N JO HUNGNS ) 7|9y padnpay Buisn siskjeue auan pasodxa (WAW)
juswieasy ul suonedidw| 'sisAjeue suab pue ys|73 Aq 871 pue suonoely sobeydoidew
'SOIUAIIOR  UMOYS S ‘PIMIGIyul 219M 8-T| PUB ‘O-TI INL  ‘9-TI ANL 404 YSIT3 ‘Kessy 19430 pue jes| panlsp
Kiojewwepul-nue "JU33U0D dijouayd YUM 331e|a110d uo[1ez110|0d3p O O uonoeuy Kiojewwejul -93A>0uow #102)
pue JuepIXOlIuUe JUI10d 10U pIp 38y} A1IA13DR JuepIXOUY uol3ed |edipel 519y aje3aoe |Ayg -nuy uewnH puejieyl 1e3Y3|00Y|
‘Ajjigejieaeolq 'zodaH 03 21x03034D 3I0|N
yby bunesipui ‘s|[92 @A1Hsod JINNL 7odsH ewourdied
‘Je|iwis s1eJ ul uolely ‘uoissaidxa auab di3oydod (s3e4) AeSse Jaqy Jejnjj@>03eday
-S|UJWpe |elo pue 33}  -elaue padnpal pue djjoydodeoid pasealdou] MOJ[OH ‘30|g UIDISIAN ‘Aesse uewny pue Sy
0J}IA Ul JO S} NSY ‘AAioe ‘uondnpal Auojod ‘(sisoydode)  JINNL ‘BUIpUIq AUIXBUUY  1DBIIXD Jes| O J9dued bun| |92
dAI3RI9)lj0IdIIUR DAIDRYT  ISAMe-| D) pue AHDIX0303AD Juapuadap-asoq ‘Aesse Bujwioj-Auojod ‘L || P|od pazijiydoA] oAesajjoidipuy  [|ews-uou uewny ©310)Y| (9107) bunr
‘pai1enuae uoIs (auexay
‘emyyed -sa1dxa g¥4N ‘pamqiyul uoizepelbap ngy| 944N ‘0g¥|  puUe ‘WIoj0I0|Yd
g¥4N 3y uo bunoe "T-X0D 'SONI o baiumoq Z-XOD ‘SON! ‘a3e30e |AY39
K|qeqoud "uolidely s1eade ‘(uorndeuy )eade ‘slojelpaw ‘loueinq) (ssbeydoiew
|Ay3o dsa ‘1090 A1orew Ay dsa) d 171 “04NL ‘9-11 ‘ON 40 uomqiyu| Aiorewwepjui-oad 10j yS|13 suonoely Kiojewwejul pale|nwns (CIN4NIRE]
-wepul-ijue yusjod ay | 'SUOI}RIIUSIUOD MO Je DIX0}-UON ‘uondnpoid ON ‘Aesse | | |A JLETNIEYENRTT -luy Sd1) £ 79ZMVY  eiskejepy UBA[DS|NIY
(w/Bri 6z 1<)
'S||9 |PWIOU JO UOIIRID SUOIeIIUSDUOD JBYDIY Ul pasessdsp Ing Saned)|
-jijoad ayy ‘burjeay punom SUOI}RJIUIDUOD MO| Ul paseasdul uopelbiw - Aesse ydiesds punom ‘Aesse O 0 uonoeuy burjeay sisejqoiqy [ewsap (9102)
910wWwoud s3sop Mo pue uonesapoid |90 A1DIX0101Ad ON uonesayljold ‘Aesse | ||\ aje390e |AYg punop uewny [ewloN eisAejely  ‘|e 312 leyion
'S31IAIDR
Klojewwejul-ipue pue
JUBPIXOI}UR JO IDUIPIAT
0-gX| pue
0111 AJoyewiwiejul-| ‘paseatdul 01-1| Ing padnpai 7-XOD pue ‘SON! I9MO|} DI3JIa[0 £v9C
pasealdul Inq ‘siojeipaw d1-11 “9od ‘pauqIyul uorewo) NN ‘g3-4N 0-INL ‘g L-11 ‘911 ‘W jo1oenxs Kiojewweyul MVY ‘Bul|
Kioyewwepyur-oid Juapuadap-asop Inq 304 ‘ON JO JUSWISSISSY Jljoueyla0IpAy -ue |92 abeydoidew (S102)
‘ON Pa1gIyul OW ‘sabeydoidew ul A1DIX0103AD [ewiUI Kesse (1 1IN) A1121x01034) %08 Pue JuepIXOiuY [uunp ueder ‘le 3@ uey
(ewouied
plowuapida xuhie|
uewny) z-d3H pue
(ewioupIed0USpPR
uojod
saul| uewny) 6Z-1H
[|92 3Y3 Ul 3|qeJewsl Jou '6Z-1H 104 dsa A1IA1308 D1X0103AD Yeapn
DI9M $1D9443 JodURdIUY ‘padNnpas a1am ¢ -] pue {NL TOWSM “TON> (ewouried
'S||92 |ewou 10U 213M TONSM 10BJIXD PIIS prow.apidaodnw
Ul S}ORIIXD 9S9YL JO  “1DRJIXD PSS PaIn|Ip 1x0101AD A|eizualod pain|iq ‘10X Kioyewwepul Kreuownd (€£102)
$109)J9 Alojewwejul-13uy 2J9M TOAD 1RIIXD Pads snoanby Kesse £1121x01014) paas snoanby  -lue DI1x01014) uewny) Z6ZH-IDN |1zeig ‘le 39 ofneay
uoIsnjpuod) s3|nsay ainpacoid Aiopioqp7 1OD1IX3 paipnis aulf |22 4o adAl  Aipunod [
OW 40 2dA| 12943 Jolbpy /buimoas

(""p3uod) :z 3|qeL

The Journal of Contemporary Dental Practice, Volume 22 Issue 12 (December 2021)

1486



SPaas DJayIajo Yy WOy Ud3| 3|gN|OS
191BM “TOWS/M ‘U13D3| D3}13[0 “I JuRINBROD “TOIND ‘DSeUSBAXO0-0]2AD ‘XD ‘@SeYIUAS SPIX0 dL3U 3|qIdNPUL ‘SON! ‘Uldloid pajeposse-upAwedes 1 dg)d ‘dvy4 ‘[Azeiphykioid- | -|Auaydip-z'z ‘Hdda ‘Aesse
JuSgJosouUNWIWI PAYUI| SWAZUD ‘YS|T3 ‘BUIlaqe| puUd YDIU d1 NP dSeIdjsuel) [APIIO3PNUAXOSP |_UILLISY “TIN(L ‘SOOURISONS SAIIDRAI PIde dLINYIGIROIY) ‘SYYEL ‘Aesse winijozes3a) [Kjozelyy [Ayaw ‘| I\

1487

ons

: Health Applicati

Moringa oleifera

$92IN0S
J9Y30 yum
'$109)9 buoje ‘sanea| EVITNIER)
'S||92 Jowiny jsuiebe  pajelpawi-leipuoyd0w ‘s|ad ewoydwA|  sAesse 3]24d>-||9 ‘sisoydode OW Jo 1denxe spays  (1Q) ewoydwi| (0202) ybuIis
AJIA130R D13RIS03AD PoOD) uo s329y9 d1noydode 21X03034D 9A13D9|9S ‘(LLIN) uoizessyijoid |joueylaw y J9dUedUY s9y105€e Suoljeq elpu| pue eWIIA
‘ymolb buissaiddns
AgaJayl ‘1saue gy 4N HqIyul ‘souab Jossaiddns sowny pue ulbunowodn|6 s||9d
92A2-||92 d2npul ‘Ul sasedsed Bulye|nbasdn Aq yimoldb jowny  skesse 9|2£>-||93 ‘sisoydode pa9s wouy S1099 eWO}Se|qOIN3U (6102)
||92 Jown} jo sisoydody JO uonIqIyul JuspuUIdap-asop pue dwl]  ‘A}DIX0}0IAD ‘UOIIRIDH|0Id  PRALSP UIBULIO JodUedIUY  UBWINY ASAS-HS Aley NERERTIT)
5|93 poojq
Jes|pnuouow ‘aul|
'S10B11X3 J9PNID 0} ||92 ewWiOUIDIED
pasedwod A}121X0} J9MO| pioipyuda xia1d
pey S10943 3DISIN0IIN *AMIAI}OR BY) S)e|NpOow pue Kesse |eipuoyd0)W |Df  12eIIXd snoanbe uewny eaH ‘s||9d
'$91A00UOW JOU INQ SBUI|  S||9D UBWINY JIUD UBD S|DISIACDI “saul]  ‘Aesse sisoydode ‘924> |92 pPaas woly S10919 ploydwA| |-93 (0202)
[|92 J9dued jo uonliqiyu| |92 jo sisoydode ‘z-10g Jo uonenbasumog  ‘Aesse AyljIgeln ‘Yieap [19D S9DISOA0DIN JadURdRUY 1esjIN[ uewny Aley  °|e 19 k153304
uazouy saul| |2
'saAed| 0} paJsedwod 'SISOYIUAS YNQ paldaye 4Dd-14b pue pajioq ‘spaas ploykoouow LdHL
spass ul Jaybiy ‘AuAnoe A|gissod OIA JO SYNY ||PWS 'S3DRIIXD ‘Aesse uolyesayljold pue saAe3| jo S10919 ‘proydwiA| 1-93 (6102)
Jownyiue dypads  pajlog UeYl DIX0} 210W dJe S}ORIIXD USZOM{  ‘Aesse AM|ICeIA ‘Yieap ||9D  S1DeJIxd snoanby JdURdUY 1esjn[ uewny Aley ‘e 19 e1sa30d
10|g UJIDISIMN Japmod spunodwod (Waw)
Kemyed gy-4N paje|os| spunodwod [9Aou Auely  “YS|T3 Ydimpues ‘Ydd-14b Je9]| JO sajeuon 9A13DEO0Iq sobeydoidew
Aiojewweul ay3 uqiyul ‘sabeydosoew  ‘Aesse A}1D1x03034D ‘siskjeue -delj dje}dde  ‘s3o0aye Alojew PaALIRP-91AD (0207) e ¥
S1OBJIXD 9119k |AY1d JesT Ul ZIDd pue ‘g L-7] 0-4NL ‘9T Ul 9sea.d9p ¢ SW/SW-4010-1S3-D1 |AY32 ‘suexaH -weyul-nuy -OuoW uewnH puejiey uoobesan
dul| BWOUDIRD
Japmod uewny
‘Payiuspl sisAjeue jes| S1-DDS "aul|
219Mm (jouryuad-gz-|Auayd-| ‘splwes|o 9|24>-|93 ‘sisoydode JO s9)euOlDely spunodwod  ejwayN3| uewny
‘Aya13oe djoydode 3saybiy ‘pIoe d10UR}D0-/) Spunodwod 33y ‘uolyewloy Auojod |joueyla 9A13DRO0Iq 295 ‘S|I192
QY3 sey apiwes|Q “AHAOe ‘uol1dely 91e3ade |AY1e apnJd dy} ‘AMjigeln |93 ‘sisAjeue pue ‘ajejade ESSETIE] J9dued Jseaiq (0207) e ¥
Jaouednue sAd3[RS Aqasaybiy ‘sau] 195 19duEd JO UONIGIYU| SW/SN-40L0-153-D1 IAy33 ‘SuexaH Jssuednuy LEZ-9W-VAW puejieyl undbuodusim
sajyoud
[ea1wayd
'S9IHAIIDR JUBPIXOl3UR 0)Ayd
pue Alojewwepul "AYIAI}DR JURpIXOlIUR 's}001 pue 51099
-ljue pue jud} 13yb1y aaeY $1004 pue saARST ‘Spa9s ‘sone?)| juepixonue /[ 9TMVY
-U0D PIOUOAR]} U9IMIS] ‘Auanoe Kiojewwejui-nue |[0>030.d Juabeas ssaln  bunoA jo syoenxa  ‘Alojewwejul abeydoiew (6102)
uole|a110d aanisod ay 19119 PAMOYS S1OBIIXD Jed] dv44 ‘s19v ‘Hdda J1joueyyy -uy auunpy eAuay| NERENY

The Journal of Contemporary Dental Practice, Volume 22 Issue 12 (December 2021)



Moringa oleifera: Health Applications

REesuLTs

Eighteen studies were selected based on the applied criteria.
Two independent evaluators performed a randomized evaluation
to eliminate timeline and interobserver bias. Table 2 illustrates the
information categorized after a comprehensive evaluation. The 18
studies have been reported between 2013 and 2020. Almost every
study is recorded from a different country and has representation
from every region of the world. Ten studies focused on the
antiproliferative (anticancer) effects of the MO extracts. Six studies
were on the antioxidant and anti-inflammatory effects. However,
most studies had evaluated multiple procedures.

Normal as well as cancer cell lines were cultured in these
studies. The normal cell lines included monkey kidney cells, human
periodontal stem cells, murine macrophage cell lines, and human
dermal fibroblasts. Cancer lines included lung cancer cells, breast
cancer, colorectal cancer, pulmonary mucoepidermoid carcinoma,
larynx carcinoma, small cell lung cancer, and hepatocellular
carcinoma.

All studies employed specifically produced MO extracts. They
were derived from leaf, seed, flower, pod, bark, and root (hot
treated/boiled aqueous extract, cold treated/frozen aqueous
extract, ethanolic extract, fractionated extract, microvesicles). Some
studies performed multiple extraction methods from different tree
sources to compare their effects.

The studies have employed a wide assortment of laboratory
procedures. The most prevalent procedures included cell
proliferation/cytotoxicity/viability assays [mainly done by MTT or
3-(4,5-dimethyl-2-thiazole)-2,5-diphenyl-2H-tetrazolium bromide],
oxidation stress assay (TBARS , glutathione), RT-PCR, Western
blot, cell-cycle assay, motility assay, gene analysis, TUNEL, and
ELISA. These tests were performed to assess the antiproliferative,
antioxidant, and anti-inflammatory effects.

The risk of bias assessment is illustrated in Table 3. Overall, the
risk of bias was assessed to be low by two independent evaluators.

Table 4 succinctly summarizes the major findings of the selected
studies. There are adequate data generated and compiled from
these studies to reach clinically significant conclusions regarding
the best source of the extracts (leaf, seed seem to be the best
sources), and extraction method (heat-treated/boiled aqueous
extracts, ethyl acetate fractionation were the most efficacious
methods). All studies across the board have reported concurrent
effects of MO extracts in cell lines. Studies of cancer cell lines

17-34

have consistently reported inhibition of cell growth, increased
apoptosis, cell-cycle arrest, and cytotoxicity in all cancer cell lines
irrespective of the cancer type. These effects were dose-dependent
but were seen even at low concentrations. In studies that have
included normal as well as cancer cell lines, the selective effects
of MO extracts were clear. The extracts did not show inhibition
of normal cell lines. Conversely, there was increased proliferation
observed in stem cell lines and fibroblasts. There was no cytotoxic
or growth suppression except in very high doses. Cancer cell lines
were inhibited at much lower concentrations.

Many studies reported the antioxidant and anti-inflammatory
effects of MO extracts, especially those employing macrophage
cell lines. The macrophage activity was reduced in multiple ways.
There was the suppression of pro-inflammatory cytokines like ROS,
tumor necrosis factor (TNF)a,, interleukin (IL)-16, nitrous oxide, IL-6
and prostaglandin E2 (PGE2), and upregulation of anti-inflammatory
mediators like IL-10 and IkB-a. The nuclear factor kappa B (NFkB)
pathway seems to be the major point of MO activity.

Discussion

M. oleifera, the common drumstick tree, grown widely in the tropical
climes of the world, has long been known to have significant health
benefits. In many countries, the leaves, flowers, and fruit pods are
an essential food staple. Powdered extracts are used in Ayurvedic
medicine and as for tea. Oil extracted from seeds is used in cooking,
as fuel, and in topical formulations and cosmetics. Only in recent
years, the medical potential of this wonder plant is being uncovered
by scientific methods and is trending in the modern imagination.' '

The role of reactive oxygen metabolites and free radicals in
pathological processes, and the antioxidant mechanism, has been
generating huge academic interest. Synthetic chemicals used in the
treatment of diseases are increasingly implicated in many disorders
and exert deleterious effects on body systems. Therefore, safe and
natural alternative management is the main focus of present and
future drug formulations. Numerous inflammatory and cancerous
conditions and lifestyle disorders seem to be free radical and ROS-
mediated.'*'®

The major results of the studies indicate that there are potent
antiproliferation and apoptoticactivities in cancer cell lines, which was
not observed in normal cell lines. The antioxidant activity was seen
to be upregulated and inflammatory activity was downregulated,
as shown by both marker activity and gene expression. Moreover,

Table 3: Risk assessment of bias across studies (Adapted from: Cochrane Handbook tool. Cochrane Handbook v 5.1.0, March 2011)

Domain Risk Review authors’ judgment

Selection bias

Randomization Low/ These types of studies use cell lines and laboratory procedures. It is unclear
Allocation concealment unclear if randomization and allocation concealment is applicable

Performance bias

Blinding of personnel and Low Automated laboratory procedures of cell lines eliminate subjective errors
participants

Detection bias

Blinding of assessment Low Automated laboratory procedures of cell lines eliminate subjective errors
Attrition bias

Incomplete outcome data Low All data assessed

Reporting bias

Selective reporting Low All data reported

Other bias Unclear Insufficient information
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Table 4: Qualitative synthesis

Theme/parameter Nature of variability Effect of MO extract Report
Cell line type Range of cell types, both normaland  Dose-dependent beneficial effects MO extracts seem to possess a
cancer cells, from animals and humans on normal cell lines and cytotoxic beneficial effect on normal cell lines
effects on cancer lines. in low doses, while high doses were
cytotoxic. In cancer lines, all doses were
found to be cytotoxic. Therefore, the
ideal concentration of the extracts for
therapeutic usage must be determined.
Extract type Extracts from leaf, seed, pods, flower,  Leaf extracts were the most potent MO extracts made from leaves seem to
bark, roots. and the seed extracts least. be most suitable for therapeutic usage.
Aqueous extracts and hexane fractions
Aqueous extracts, solvents like Alcohol-based fractionation elevated seem to be safer and effective. Alcoholic
ethanol, ethyl acetate, chloroform, the potency of the studied effect; extraction and fractionation may be
butanol, hexane, fractionated extracts, however, elevated cytotoxicity was done for specific requirements. This may
moringin. also observed. be done keeping in mind the elevated
cytotoxic effect.
Cold and heat-treated forms, Heat treatment seemed to lower the
microvesicles effect; cold treatment seems to be Further research on microvesicles
preferred. required.
Safest seems to be cold aqueous
extract. Microvesicle extraction is
promising.
Laboratory Depended on the effect studied. All assays were satisfactory in Cytotoxicity assays revealed the
procedure Cytotoxic (MTT) assay, proliferation determining the particular effect. destructive effect of MO on cancer

Anticancer effect

Antioxidant activity

Anti-inflammatory

activity

Other effects

assay, genetic analysis, inflammatory
mediator assays, ELISA, Western Blot,
oxidation stress, etc.

Proliferation and cytotoxicity studies,
oncogene and tumor suppressor gene
analysis

Oxidation stress assay, nitric oxide,
iNOS, COX-2, ABTS

Cell mediator assays, inflammatory
gene analysis

Neurogenesis, stem cell proliferation,
wound healing

Genetic analysis like PCR, TUNEL,
Comet, microarray, and
transcriptome analysis provided
valuable data.

Tumor suppressor (p53, etc) and
apoptotic genes (caspase, etc) were
upregulated. Antiapoptotic and
inflammatory/oxidant effects were
downregulated.

Inhibition of reactive oxygen
species. Nitrite formation reduced,
iNOS downregulated. But the potent
effect was seen on normal cell lines
and not cancer lines.

Pro-inflammatory mediators like
PGE2, IL-1a, IL-6, IL-8, TNFa, RelA
(NFKB) reduced.

Anti-inflammatory mediators like
IL-10, ikBa

Beneficial effects on wound healing,
nerve regeneration, stem cell
proliferation.

cell lines. Proliferation assays showed

a positive effect on normal stem cells
and other cells. Genetic analysis
revealed the upregulation of apoptotic,
anti-inflammatory, and antioxidant
genes and downregulation of
inflammatory genes and oncogenes.

MO extracts showed potent anticancer
effects. In cancer cells, even prooxidant
and inflammatory effects were
pronounced. Cell survival and motility
reduced.

Potent antioxidant effect of MO
extracts. The opposite effect was seen
in some trials of cancer lines.

Potent anti-inflammatory effects in
genetic level, upregulation of
anti-inflammatory genes/products,
and downregulation of
pro-inflammatory genes/products.
Positive effect on normal cell lines,
indicating a role in regeneration,
healing.

these effects seemed to be dose-dependent. Lower concentrations
showed maximum beneficial effects, while higher concentrations
produced comparable cytotoxicity even in normal cell lines."-3*
MO extracts are not cytotoxic to normal human cell lines.
A 2018 neurogenesis study revealed that moringin [4-(a-L-
rhamnosyloxy)-benzyl isothiocyanate], an MO derivative, exerted
neuro-differentiation among periodontal ligament stem cells.
Therefore, there is evidence that this derivative might selectively
be cytotoxic to tumor cells in low doses.?® This activity was further
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confirmed in a 2019 study in which cancer cell lines were inhibited
by inducing cell-cycle arrest and apoptosis.?

There is considerable variation in the effects produced by
the different sources of MO extracts. Most studies agree that leaf
extracts achieved the most potent beneficial effects, while seed
extracts were the weakest.?%?5?7 Pods, flower, and bark extracts
showed intermediate results. Even within the type of extracts, the
method of extraction proved to be significant. Among aqueous
extracts, heat-treated extracts exhibited less potency compared
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to cold-treated extracts. This could indicate that certain beneficial
components might be inactivated by heat. A 2019 analysis of
macrophage cell lines reported that root extracts were as effective
as the other sources of the plant. Their anti-inflammatory and
antioxidant activities seemed to correlate with the flavonoid content
of the extracts. A 2020 study found many specific compounds and
in particular reported oleamide as having the highest antiapoptotic
activity against tumor cell lines,20:21:30-32

Ethanolic extracts were more potent than the aqueous extracts,
possibly due to the preferential concentration orisolation of active
components during the extraction process. Further, fractionated
extracts were incorporated in some studies. For extraction, solvents
like ethanol, hexane, dichloromethane, ethyl acetate, butanol,
and chloroform were used. Results indicate that the ethyl acetate
fraction might demonstrate the most potent beneficial activity.
Higher potency was also demonstrated by cold aqueous leaf
extracts, ethanol extract, and chloroform fraction. In one study,
the hexane fraction showed the least cytotoxicity compared to the
other extract types.3334

The above-mentioned finding corresponds with the earlier
finding regarding dose-dependent potency and cytotoxicity. Very
high doses and prolonged fractionation demonstrated higher
results but significantly also produced deleterious effects in normal
cell lines.

Therefore, further research must take into account the optimal
nature and the dosage of the active compounds in these extracts.

Cell proliferation, cytotoxicity, and survival assays performed
using these extracts produced significant results. Increased p53
activity, caspase upregulation, increased apoptosis, G2-M cell-cycle
arrest, etc., of neoplastic cell lines were reported in many studies.
The effects mainly pointed to the upregulation of tumor suppressor
genes and downregulation of oncogenes. Notably, normal cell
lines like stem cell and dermal fibroblast studies showed increased
proliferation especially in low concentrations.’~3*

As regards antioxidant and anti-inflammatory activities, results
indicate that MO extracts could be a potential game changer. Most
studies consistently report the effects of MO on critical pathways of
inflammation and free radical dynamics. Inhibition of inflammatory
mediators and oxidants like ROS, TNFa, and IL-1p were reported.
Nitrite formation and PGE2 were inhibited but anti-inflammatory
IL-10 and IxB-a were increased. Nitrous oxide and IL-6 were also
inhibited. Downregulation of iNOS and COX-2 suppressed IkBa
degradation, attenuated NFkB expression was also reported.
Notably, reduced RelA (a subunit of the NFkB pathway) was found
in a study. Many studies imply that one of the anti-inflammatory
mechanisms of MO is routed via the vital NFkB pathway.?>30-34

Other significant effects include their positive influence on
neurogenesis, wound healing, adipogenesis and osteogenesis,
and reducing smoke-induced lung damage.?>?*32 There has been
further research on the exact components of the extracts which
exert the beneficial actions.

Recently small RNAs and microRNAs of phytochemicals
are increasingly being targeted for their anticancer and anti-
inflammatory effects. A 2019 report suggested that these RNAs
alter the DNA synthesis in cancer cell lines. A microvesicle extraction
study by the same team revealed that plant microvesicles can
enter the human cells and exert anti-inflammatory and antioxidant
activities. The cytotoxic potential of microvesicles was lesser
compared to the cruder extracts, indicating that more research may
prove valuable in this aspect. Recent Indian research postulated that
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the cytotoxic and apoptotic effects of aqueous extracts of MO might
be mediated by mitochondrial degradation by the production of
reactive oxygen species.?2426

Recently there has been an explosion of research on
phytochemicals including MO extracts in their health effects.
Vongsak et al. used 70% ethanolic extraction of MO leaf and
found that phytochemicals especially cryptochlorogenic acid
(0.05% w/w) and isoquercetin (0.09% w/w) seem to be the major
antioxidant components. Another study employed 80% methanolic
and 70% ethanolic extraction of freeze-dried leaves. Interestingly
comparison of leaves from different agroclimatic conditions
revealed that the highest antioxidant effects were noted in Indian
varieties. In this study, the active components were found to be
quercetin and kaempferol.383°

Basic phytochemical analysis of ethanolic flower extracts
revealed compounds like tannins, cardiac glycosides, flavonoids,
and alkaloids. Total phenolic content was 19.31 mg/g of gallic
acid equivalent. The anti-inflammatory effect was claimed to be
comparable to diclofenac. Santos et al. found that ethanolic extract
of leaf tissue is much more potent than saline extract in antioxidant
(radical scavenging) activity.*>*' Further, vitamins and their
precursors, e.g., niacin, ascorbic acid, beta carotene, and tocopherol,
have been isolated. This might explain the anti-inflammatory and
antioxidative effects.*?*3

All the above-mentioned studies indicate that leaf extracts
might be the most beneficial in therapeutic use. Further, the
effect of tender (immature) and mature leaves were evaluated by
a study that reported that both stages of leaves possessed good
antioxidant activities. However, a Thai study found that aqueous
extracts had higher antioxidant capacities and total phenolic
content than ethanolic extracts, which was a departure from most
of the observed studies. They also found that the antioxidant
activity was more regarding quenching of ABTS [2,2'-Azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid)] cation decolorization than
the reducing power and quenching of DPPH.#44>

Extensive reviews and animal studies of the various applications
of M. oleifera extracts have been published. The phytosterols found
in MO extracts include phytosterols, glucosinolates, caffeoylquinic
acid, and glycosides. They credit the anticancer effect to components
like hexadecanoic acid ethyl ester. The antioxidant properties of MO
extracts were due to the suppression of malondialdehyde and an
increase in ascorbic acid, superoxide dismutase, and glutathione
peroxidase. Their cytokine modulation and anti-inflammatory
effects on macrophages via multiple signaling pathways through
effects on NF-xB, IkBa, and TNF-a have been documented. They
may also be effective in treating immune disorders.*6=4°

A qualitative synthesis of the studies generated valuable
information (Table 4). Based on the results and analysis of the
studies, the applications of M. oleifera extracts could be summarized
as follows: extracts of leaves of M. oleifera were the most effective.
Other plant parts had beneficial effects, though not comparable
to leaves. Aqueous and ethanolic extraction at room temperature
seemed to be the best method. Fractionation has been reported
to generate higher potency but the adverse effects were also
magnified. Microvesicle extraction could hold great potential for
future research. The effects were dose-dependent. Cytotoxicity has
been reported in normal cell lines in higher dosages. Cytotoxicity
was reported in cancer cell lines even at low concentrations.
Paradoxically in cancer cells even prooxidant properties were
observed. MO extracts had significant anti-inflammatory,
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antiproliferative, and antioxidant properties. Many of the effects
were detected at the molecular and genetic levels (RNAs and
mitochondrial).

Therefore, there is extensive evidence of the beneficial
properties of MO extracts. There is a need for standardization
and quality control in the manufacture of these extracts.
Chromatographic fingerprinting can help in the assessment of
the quality of these products. Karthivashan et al. using HPLC-
DAD-ESI-MS (High performance liquid chromatography [HPLC]
with diode array detection, electrospray ionization, and mass
spectroscopy) found that a 90% ethanolic extract had the most
effective extraction of bioactive components. Apart from the
previously identified kaempferol and quercetin, new compounds
multiflorin-B and apigenin were found in the leaf extracts. Makita
et al. compared M. oleifera and Moringa ovalifolia and found
superior flavonoid content in the former, especially a compound
known as vicenin-2, an antidiabetic and antioxidant molecule.
They further opined that genetic and environmental influences
play a significant role in determining the flavonoid profile of the
specimens. Chinese researchers follow the Traditional Chinese
Medicine Chromatographic Fingerprint Similarity Evaluation
System (v 2004A) for quality testing of samples. Xu et al. analyzed
leaf extracts using ultra-high-performance liquid chromatography
(UPLC) and found twelve common peaks, which they determined
to be the characteristic fingerprint. Xu et al. found differences in
the phytochemical composition between leaf, root, and seed
extracts. The main chemicals found with strong activity were
kaempferol 3-O-glucoside, kaempferol 3-O-rutinoside, quercetin
3-0-(6"-malonyl-glucoside), and a quercetin derivative. Zhu
et al. in an analysis of MO seeds derived from 11 geographic
regions in China, India, and Myanmar found that eleven basic
chromatographic peaks were concurrent. The optimal extraction
method seemed to be a 24-hour soak extraction followed by
30-minute ultrasonic extraction using 50% methanol. They
concluded that HPLC-DAD was a simple and efficient method to
determine the quality of samples. Further research would enhance
the quality of extraction and optimize therapeutic benefits.2%-50-54

CONCLUSION

M. oleifera extracts possess significant health benefits. They possess
anti-inflammatory, antiproliferative, and antioxidant effects. MO
leaves are the best sources of extracts, especially under aqueous
and alcoholic extraction methods. They are cytotoxic to cancer
cell lines and protective in normal cell lines; their effects being
dose-dependent. Further studies are necessary for quality control
of production and therapeutic applications.
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