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Abstract

The latest pandemic of coronavirus disease 2019 (COVID-19), caused by the infection of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has brought upon the world an unparalleled challenge. Since its inception, scientists
and researchers have come together to develop various forms of vaccines and efficient therapeutic agents. In addition,
plant products have been considered safe, cost-effective, and reliable molecules capable of neutralizing various microor-
ganisms, including viruses. In this review, research articles on natural products related to antiviral effects were searched
from various databases, such as the Web of Science, Google Scholar, Medline, Scopus, and PubMed, until August 2021,
using English keywords. Moreover, the effectiveness of a locally available plant called Costus speciosus and its natural
extracts on SARS-CoV-2 is discussed, while also providing insight into the cellular and molecular pathways of its active
components that are involved in viral suppression. However, the lack of information regarding the safety profile and dos-
age for diverse diseases is one of the limitations of Costus speciosus as a natural medicine that can also interfere with
COVID-19 pathogenesis by inhibiting SARS-CoV-2 replication and entry into host cells. We also highlight the use of plants

as possible therapeutic agents in the prevention and management of COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), a single-stranded positive-sense RNA
virus that is very contagious and has quickly spread globally;
this disease results in severe mortality and has no specific
cure.! The effective management of COVID-19 is still not
in control and is not feasible with the recurrent mutations of
SARS-CoV-2, even after applying continuous vaccination
drives and treatment with drugs that are available in the mar-
ket.2 To discover a potential and appropriate drug for COV-
ID-19, scientists have been working hard; however, to date,
no effective methods for the prevention and therapeutic man-
agement of COVID-19 infection have been reported. Owing to
the scarcity and unavailability of effective vaccines, antiviral
drugs, effective prophylactic therapies, and remedies are still
required to prevent SARS-CoV-2 infection; thus, the burden of
the COVID-19 pandemic shined a light on the need to develop
alternative preventive and treatment options.

Nowadays, the World Health Organization focuses on de-
veloping effective treatments and welcomes innovative ther-
apies giving more emphasis to traditional medicines as tradi-

tional medicinal plants are the largest reservoir of biologically
active secondary metabolites, which play an important role
in curing different diseases including diseases caused by vi-
ruses from ancient times.® Ayurveda, Unani, and Siddha are
the most ancient indigenous systems of medicine of human
civilization used to treat various disorders for many centuries
using a variety of medicinal plants with their preventive, cu-
rative, and rehabilitative properties.

Costus, from the family Costaceae and order Zingiberales,
is a large genus comprising over ~150 species that has a long
ethno-medicinal account in India and has been used in tradi-
tional systems of medicine—Ayurveda, Unani, and Siddha—
since ancient times. According to the Ayurvedic Pharmaco-
poeia of India (2008),* Costus is referred to as “kebuka” and
has properties like rasa, guna, virya, vipaka, and karma; it is
used in formulations like krmighna, kvatha, and curna against
agnimandya, slipada, arsa, grahani, jvara, kamala, kasa, kus-
tha, raktavikara, krimiroga, and kaphaja, among others.

Costus speciosus (C. speciosus) Koen. ex Retz. is a per-
ennial herb with a tuberous horizontal rhizome and spirally
arranged simple leaves with bisexual flowers.5 It exhibits
multiple cytotypes, occurs worldwide,® and grows wild in
shady places of mixed deciduous forests in India.” Rhizomes
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contain high amounts of diosgenin.® The active ingredients
include diosgenin, dioscin, B-sitosterol, glucoside, gracillin,
saponin, quinine, a-tocopherol, tricontanoic acids, curcumin,
tricontanol, aliphatic hydroxyl ketones, triterpenes, abscisic
acid, starch mucilage, oxa-acids, fatty acids, corticosteroids,
and tigogenin. Traditionally, the plant has been used as an
astringent, depurative, purgative, febrifuge, expectorant,
and muscle relaxant. In addition, it has been used for the
treatment of pneumonia, rheumatism, urinary diseases, fe-
ver, jaundice, mental disorders, fever, and dysentery (Fig.
1).° The phytochemicals presented in C. speciosus possess
a number of activities, such as antiviral, antibacterial, anti-
fungal, antioxidant, immunomodulatory activity, antipyretic,
antidiabetic, adaptogenic, anthelmintic, antistress, hepato-
protective, anti-inflammatory, and many other biological ac-
tivities,® demonstrating its potential for the prevention and
therapeutic usefulness in the treatment of COVID-19.

In this current scenario, as there is no registered medicine
to treat COVID-19," C. speciosus could be a promising anti-
viral component to prevent and cure SARS-CoV-2 infection
without any harmful side effects. This review compiles all of
the information regarding the potential of C. speciosus as an
effective therapeutic agent to fulfill the global demand to pre-
vent or treat COVID-19 and can serve as a guide for further
research for the early development of new drugs and clinical
applications to combat this deadly disease.

Distribution

The plant C. speciosus is widely distributed in the humid tropi-
cal and subtropical regions on both sides of the equatorial
plane.>10 It is exclusively distributed throughout the globe, es-
pecially in the tropical regions of Asia, Africa, and the Ameri-
cas."12 C. speciosus is region-specific and native to the Ma-
lay Peninsula of Southeast Asia, '3 India, Indonesia, Sri Lanka,
and Malaysia; however, it has been naturalized in some other
tropical areas, including Hawaii."" Within India, it grows from
the central and eastern Himalayas to southern India and is
also located in the Andaman and Nicobar Islands.' C. spe-
ciosus is generally distributed below an altitude of 1,500 m in
tropical forests throughout the Indian subcontinent,’® mostly
in moist, warm, and hot evergreen forests. The geospatial
distribution in the country ranges throughout to the foothills
of the Himalayas from Himachal Pradesh to Assam; the Vin-
dhya Satpura Hills in central India; the Eastern Ghats of An-
dra Pradesh; the Western Ghats of Maharashtra, Karnataka,
Tamil Nadu, Kerala, Meghalaya, Bihar, and Khasi; as well as
the Jaintia Hills, Uttaranchal, Orissa, MP, North Bengal, West
Bengal, and Himalayan tracts," excluding the arid and semi-
arid areas of Punjab, Haryana, Rajasthan, Gujarat, and the
Peninsular India (Table 1).9-28 This plant thrives well on rich
moist soil in shady localities under deciduous forests; hence,
it is located wildly in the soggy wet-lands, particularly in the
streams and river banks.'® It grows well in a climate with high
humidity'® and is found in road-side ditches and low-lying ar-
eas'? in the marshy and shady places'” of forest plantation. In
many regions, this plant is also cultivated for its ethno-medic-
inal and ornamental purposes.® 116

Morphology of C. speciosus
C. speciosus Smith belongs to the family Costaceae and
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is an ornamental, perennial, rhizomatous, erect, succulent,
herbaceous, and monocotyledonous plant; it grows up to
2.7 m in height, arising from a horizontal rhizome.® Tuber-
ous rhizomes clothed with sheaths are found in the lower
parts, whereas the upwards parts are leafy.2° The upper sur-
face of the rhizome is marked with circular nodal scars with
remnants of leaf bases; on the other hand, the lower and
lateral surfaces exhibit small circular scars of roots or a few
wiry fractured yellowish-brown rootlets.?® The stem is sub-
woody at the base.' The leaves are simple, dark green in
color, elliptical to oblong or oblong to lanceolate, thick, sub-
sessile, and silky pubescent beneath, and spirally arranged
on the stems; the leaf sheaths are coriaceous. The flowers
are bisexual, large, and white, and they occur in cone-like
terminal dense spikes, with bright red bracts and a lip with
a yellowish throat.3! The flowers look like crape paper; thus,
the common name of the plant is “Crape ginger.” Flower-
ing generally occurs during the months of July to October.32
The attractive red cone-shaped bracts remain attached to
the inflorescence, even after the flowers fade away. The
fruits are capsular, globosely trigonous, and red in color.
The seeds are black, with white aril. The style is filiform, the
stigma generally has a semilunar ciliated depression, and
the ovary is generally three-celled. The ovules are many and
superposed.®918.33 A detailed overview of all of the probable
mechanistic details of C. speciosus as well as salient find-
ings is also provided in Table 2.11.12,15,17,19-23,34-50

Various pharmacological activities of C. spe-
ciosus

Anti-inflammatory activity

The term inflammation is classically defined as a complex
biological response in which areas become reddened, hot,
swollen, and often painful, especially as a reaction to injury
or infection per se.5" It is well known that SARS-CoV-2 repli-
cation triggers the inflammatory response in the host cellular
milleu.52 Acute lung injury during SARS-CoV-2 infection is
due to aggressive inflammation initiated by viral replication
and allied factors.?® When inflammation is overwhelming, it
may lead to serious unfavorable outcomes or even death, as
seen during the COVID-19 pandemic.5* Inflammation also
plays a key role in the development and severity of COVID-19
when it occurs with other diseases (i.e., comorbidity).5° Thus,
controlling or preventing the inflammatory response may be
an effective way of preventing the life-threatening condition
in patients with COVID-19. One of the keys to successfully
manage the disease is to effectively control the inflammation
rapidly with the appropriate anti-inflammatory drugs.56
Clinical evidence has shown that during COVID, un-
controlled inflammation turns into hyperinflammation and
becomes chronic, which inhibits the adaptive immune re-
sponses and ultimately causes multiple organ dysfunction.
Such dysregulated inflammation results in a “cytokine storm”
that is manifested due to the release of high levels of pro-
inflammatory cytokines, such as interleukin (IL) 183, IL6,
granulocyte colony-stimulating factor, interferon gamma-
induced protein 10, monocyte chemoattractant protein 1,
macrophage inflammatory protein-1 alpha, tumor necrosis
factor-alpha, IL10, IL7, and IL2, as well as chemokines by
respiratory epithelial cells, dendritic cells, and macrophag-

www.cellnatsci.com 43



2(1):42-58

5

Nat Cell Sci 2024

//doi.org/10.61474/ncs.2023.00026

https

‘uted juiol ‘1ons} ‘ayoepeay ‘Asoids| ‘@o1punel ‘esessip
Areuun ‘Asdoup ‘wsiewnays ‘eluownaud ‘[eiqoioiownue
‘olpowsedsijue ‘olwaplodipadAynue ‘eanosioidoyeday
‘oljeqelplue ‘Aiojeluweyjui-jue ‘ojuiwBYUY

*9]0PIUB WOUSA 9XBUS ‘OljulW|dyjue
‘aAljeindap ‘yuenwis ‘puoe ‘aanebind ‘oluo) yueloyoadxa
Juabulise ‘Japiq ‘Asunald ‘siijISuo) ‘Jeoly) a10S

“1onsy ybly ‘sajeqelq

ydis

“UIWIBAUE ‘BulIWOA
‘uled 9SOU ‘USEJ ‘UON0B4UI WIBM ‘BILIBUE ‘SHIYOUOI]

elpu;
‘ewyise ‘oseasip upjs ‘Asoida] ‘uonedisuod ‘uonesuss teul
Buiuing ‘sajuyiLe ‘soipunel ‘ayq axeus ‘saiqqeos | YOS
‘spunom ‘synd ‘ybnes ‘eayuielp ‘A123uasAp Jona4
*sig)sl|q ‘sijo ‘Aisjuashp Jonaq elpu|

s

‘UlLIBA-JUe ‘BuIlWOA ‘uted 8sou ‘ysel ‘uonoaul

WJem ‘elwaue ‘BWYISE ‘SHIYOUOI] ‘BLIYISE '‘9SBas|p US
‘Asoida) ‘uonednsuod ‘uonesuas Buiuing ‘spuyue ‘aoipunel
‘a)iq 9XeUS ‘SaIqeds ‘SPUNOM ‘SJNd ‘YBNnoo ‘eayuielp ‘Jona

ayoepeay ‘|log ‘Jona

*SIopIosIp
[ejusw ‘AIsjuashp ‘uonosjul uys ‘oneqelplue ‘ybned
‘plo2 ‘ayoepesy ‘eisiodsAp ‘uonoaul Jes JoAs) ‘eayllelq

'sajeqelp ‘ayoe Jes
‘SI9PIOSIP [BJUSW ‘SJUBWIIE YOBWIO)S ‘SBIqEDS ‘19Ad) UBIH

Jea]

(eleso) ‘elpu|

uyinos ‘Buleslieq
‘wpiig ‘Unbledjep

‘eysipo) elpu|

elqely Ipnes

ysepe|bueg

uedep

elpuj unos

ejesoy]

eusIpO

elpu|

*Sasn 119y} pue snsojoads snjso? Jo sped

awoziyy

L Bi4

*SoNjeWs09 ‘sabeieyqaq ‘eoipunel

‘sajogelp ‘UoiodjUl Jes @ 949 ‘BlWBUE ‘SIIYOUOI]
‘wislyewnays ‘ewyise ‘ybneo ‘1oAs) ‘oseasip

upys ‘Asouds| ‘sisayjuiwiay ‘uonednsuod ‘@ousiniel
‘uolewweul ‘uoljeunn uo uolesuss buluing

elpuj

‘uondaoeljuod sjew
‘saka alos ‘ayoeyoeq ‘JaAd) ‘eyeaulp “Aisyuasip
‘punom ‘saseasip unjs ‘Aj|ius) sjew ‘e}q Joasu|

eIsauopu|

eisAeje|\

JUE|d SJOUYM

'xod ||ews Jo Juswiyeal) ay) Joj pasn

Nature Cell and Science | www.cellnatsci.com

44



(penunuoa)

‘sjusg||@daul |IAS JO Juswieal) pue ‘Bupjew jew ‘swall pooj snouabipul buiddeim se yons ‘sesodind
[B4N}|NDO-0I00S JBY10 10} Ing sudipaw oixnadelay) se pasn AJuo Jou S| }| 018 ‘SISpJosIp [elusw Ul pie
0] pue ‘AusjuasAp ‘suonoajul upys jsuiebe pasn ale pue sailadold onagelpiue ssassod 0} payodal
ale saAea| 8y "ybnoo pue ‘pjod ‘eyoepeay ‘eisdadsAp ‘suoiosjul Jes ‘Uans) ‘eaylielp jsuiebe sanes)
ay) asn a|doad |equy pue |ednl ay] ‘siayjo Buowe ‘aoipunel ‘saseasip Aleuln ‘sa}iq ayeus ‘Sasesasip
upjs ‘Asdoup ‘wsnewnayl ‘saseasip upys ‘Asosda| ‘siiyouolq U9As) ‘ewyise bulnd Joj ‘uelojoadxa
‘eluownaud se yons saseas|p Ul UBAID Os|e ale SaWozIyy "[ed)inadelinu B Se }I paWwnNsuU09 pue ‘suoijoajul
unys ‘ured juiol 81nd 0} BWOZIYJ BY} Pasn 8}e)s Y} JO SalIuNWWOoD [equ} 8yl “jlo/spidi] pue ‘uieold
‘asejAwe ‘youeys ‘sajeipAyogued Jo Jusjuod ybiy e yum snonuinu Alybiy si )i pue ‘sjgejaban payooo
8l e se 10 9|geiaban mel e se snsojoads "D Jo aWwoziyJ ay) asn eysipQ Jo a|doad [equ) pue [eint 8y jesT ‘ewoziyy eysipo

Nat Cell Sci 2024;2(1):42-58

https://doi.org/10.61474/ncs.2023.00026

-ao1punel pue sajaqelp 1o} A||eoo] pasnh os|e si ]| “S|9Ad] |0Ja}sajoyo pue Jebns Apoq aje|nbai jey) swa)l pooy

pue ‘sabeianaq ‘syuswalddns ‘(1eyo-jeqlay) sbeq esa) ul sjdoad |ea0| Aq pasn Ajjualind ale snsooads ) Jo

suoneledald [eqJay ‘eipu| U] "eJiNSEBWEY| Ul PAUOIUSW SE ‘SSBUSAIJOBIJE [BNXSS 80UBYUS O} SOI}SWS0D Ul

juaipalbul ue se pasn os|e s ]| 's|ioq Buneas; pue ‘eisdedsAp ‘ybnod ‘1oAs) [eylieled ‘spjoo ‘(swals BunoA

‘sanes| woJj des) eaylielp ‘suoiosjul Jea pue a4a Joj pasn si jue|d ay) ‘Ajjeusaiu| "elwsue pue ‘uoljewwejul

‘sijiyouolq ‘wsnewnayl ‘ewyise ‘ybnoo juslsisiad ‘Jans) ‘saseasip upys ‘Asolds| ‘siselyjuiwiey ‘uonednsuod

‘aous|nje)} ‘uoljewweliul ‘uoneuln Buunp uonesuas Buluing jeal} 0} |uIDIPaW [euoniped) ul pasn si jueld ay |

"SOU0)S Jappe|q pue Asupp Buiysnuo Joj pasn S| 8woziyJ ay} JO U008 8y "Saydepeay wolj Jal|a) pue

Buijoo9 Joy peay ay) 0} palidde pue ‘uoiloge ‘suolesajul wiom ‘Asosds| 1ead) 0} Jebns yum uaaib Ajjeuonipesy

S| awoziyJ ay} Jo 8aInf 8y] "sajaqelp pue ‘edipunel ‘saseasip Ateuun ‘Asdolp ‘wspewnayl ‘ejuownaud

ul UBAIB aJe SaWozIyy "SalIAIIOe [eiqoloiwiue pue ‘olpowsedsiue ‘olwapidiiadAynue ‘eanosjoidojeday

‘onjagelpnue ‘Alojewwejul-iue ‘oiuIwW|ayjue dABY 0} PaAaIaq aJe SNsol0ads ") JO S}00J pue SaWoziyl ay)

‘auioipaw [euoniped) ueipu| uj ‘siaisi|q 0} paldde pue ajsed e ojul punolb ale swajs 8y "SI0 |eay 0}

doup Jes ue se pasn sI wajs pauing Ajysalj ay} Jo aoinl sy "A11uasAp pue JOAS) [0JIUOD 0} PasNh S| Wa)S

3y} JO Uo0023ap 8y ‘MO| S|aA8| 8s0on|b pooiq Jiay) deay o} Ajiep jes| auo jes eipu| ul 8jdoad onagelq

"S9YOeIEd pUB ‘SISPJOSIP [BJUBW ‘SjusW|IB YOBWO]S ‘SaIgeds }eal) 0} pasn OS|e aJe SOABd| 8] "SIons)
0z'LL ybiy yum suaned ul 1ans) aonpau 0y palidde Ajjeaido) Jo Buiyieq Joj pasnh ale SaABa| pasinig "WSJBWNayl aWozZIYyY 100y
‘G1-21°'6 Buneauy ul [njasn si yoiym ,‘nbnyzaw Jaquie, Bnip snouabipul 8y} JO SJUSNIISUOD BY} JO BUO SI SNS0/0ads "D ‘we)s ‘yea

eipuj
"WIOUSA 9 eus J0} djopiiue ue se pue ‘Asunaid ‘ualp(iyd ui siijjisuo} pue siibulieyd Buneany
10} auiipaw s,}aydold ay) ul pauonuaw usaq Sey Snjso) “suldipaw dlwe|s| ul sjueld [euidipaw
[BUOIIPEI} BAD84S }SOW 8Y} JO BUO S| SNS0/0ads ) "JueI0joadxa pue ‘onuiwidyjue ‘eAneindsp
‘quelnwiis ‘puoe ‘aanebind ‘oluo) ‘Jueloyoadxe ‘quabulise ‘Janiq e se pasn Ajjeuonipel; osie sijueld siyl
ez'zL ‘Asuina|d pue ‘snj|jIsuo} Jeoly} 840S JO Juswieal} 8y} Joj pasn S BWOZIYl 8y} ‘Buldipawl Yo} IpNes uj awoziyy eliqely Ipnes
Gz "1oA8) ybiy pue sajagelp Joj pasn S| swoziyl ay | awoziyy yseape|bueg
‘Seale aWos Ul uoijdadeljuod sjew |euol)ipel) B Se pasn 0S|e pue SaAa a10s ‘Dyoeyoeq ‘IaAs) ‘eaoylelp
9l ‘AyuasAp ‘spunom ‘saseasip upjs ‘AjjiIa) ajew JIqiyul 0} ‘8}iq Joasul Jead) 0} pasn Ajuowwo?d si jueld siyL we(d ajoypn eIsauopu|
GlL'6 "xod |[ews Joj pasn si jueid ay | ue|d 8j0ypn eishejey
2z'cl ‘sijiydAs Buljjosjuod 10} pash S| JoeIIXS SWOZIYY awozIyy ueder

ELEIEIETEN| asn Jo apol pasn sjed uoneso]

plIom ay} Jo suoiBal snoLieA Ul snNsojoads snpso) o syed Juaiayip ul Sasn Jo apo|N 'L a|qel

45

Nature Cell and Science | www.cellnatsci.com



(penunuoa)

"sjel ul )s8) ewapa med psonpul-ueussbelied ay)
Buisn pajenjeas sem sped [eLse sNsojoads ") Woly

- sjpoelxe joueysw Jo AjAoe Alojewweyui-jue syl LL0Z O} 2961 - 9

‘uoljewloy ewojnuelb paonpul-}a|jed
UOJOD pue BWSpPa paonpul-ueuaabelled ul
Alenonued ‘syoays Alojewwejjul-ijue juedyiubis

- pelessuoOWap SNsojoads ) Jo Joeixa oloueyly /661 Ol GG6L - ge

‘saljIAoe Alojewweljul-ue Joj [enusiod Buneoipul
‘sjouayd |}O} pue ‘SplOUOAE]} ‘Spiouadia) ‘SploJa)s
‘suiuodes ‘suluue) ‘spiojey|e jo souasald ay)

- pajeaAal snsojoads ") Jo sjoenxe Jes| joueyls  $10Z O} 9G61L - e

‘siaplosip Aiojewwejjul snouen Joy Abajess buisiwolid
e se |ejuajod sy Bunybiybiy ‘siiisucy pue spbulieyd
10 swoydwAs aynoe anosdwi 0} sdoup [eseu se pasn
os|e s| snsojoads "D Jo uonn|os snoanbe sy "s|[92
‘papn[oul alem  g-Ag auunw uj siojeipaw Alojewwelyul-oid Bunigiyul Annoe

sniisuo} pue spibukieyd  Aq saipnis oJjiA Ul Ul S1oaye Alojewwepjul-nue juajod Aiojewwejjul
8JN0E UIM Sjuslled  Pajeljsuowap snsoiads *D JO Joelixe dljoueyidw 8yl /L0Z 0} €261 ¥10C—€10¢ cl -huy )
BLISJID UOIS SM3IA3I ainje Apnys ayy Auapoe |
-N|9Xa '@ uoIsn|auj| sbujpuy jusies -13}1] JO SIEdA Jo uoneling sduaisjey pajejai jue|d ONIS

sBuipuiy Juaijes 119y} Y}Im snsoroads s;pso? Jo sjiejap onsiueysaw ajqeqoad ayj ||e J0 MIIAISAO pajie}ap ayl °Z d|geL

'sNs0123ds *) ‘snso012ads sn3so)

"uollioge Joj pue ullIaA-lue ue se pue ‘Buniwoa dojs 0 ‘uled asou ‘saysel ‘suo}OBUI LWIOM

‘elwaue ‘suonewwejjul ‘siiyouoIq ‘ewyise ‘saseasip ups ‘Asoids| ‘uonedisuod ‘suonesuas Buiuing
‘snlyLe ‘eolpunel ‘seliq 8yeus ‘Saigeds ‘Spunom ‘sino ‘sybnod ‘esydielp jsuiebe pasn si swa)s BunoA
pue seAea| woJj des ay] "yjeq e Ul Jo OILIopNS B SE U0I}002ap JO UoIsnjul Jea| asn Ajjsow JaAs) ybiy
yum sjuaned 1aaay) e buunp paiidde aie saaes)| pasinig ‘A1sjuasAp pue JaAs) Jo) pash SI Wals ay) Jo

Nature Cell and Science | www.cellnatsci.com

UO0I}0029p V "Sayoepeay wolj jaljal pue Buijood oy peay ay} o} paljdde si swoziyl 8y} jo a2inl ey awoziyy
1z'ol "BIPU| YINOS JO Saqu} ||Iy aAiwd 8y} ‘siexiuuey] ay) Aq auioipaw pue pooyj se pasn sijueld siyl  ‘seAeaT ‘welS  elpu| yinos
S uefe| ewiH
m 6l ‘119g ueAejewiH uia)ses Jo suoifal 8y} Jo s|eoo| 8y} Ag pasn jueld yons auo Si SNsojoads ‘) weld ajoypa uieyseq
m /Z "SIy WINMIS J0 s8qL} 8y} Ag pasn si UOI}O00DP SWOZIUY swozIyy S|y wppfis
R % uekejewiH
M, £ 6l ‘J19g ueAejewiH uia)ses Jo suoibal ay} Jo s|eoo| 8y} Ag pasn jueld yons auo Si Snsojoads ‘) weld ajoypa uieiseq
V. <+
=% 8z "B|BI9)| Ul pasn S| awoziyJ pue jes) jueld ayy Jo 8oinf ysaiy 8yl dwoziyy ‘jes e[eiay]
m, 2 1211 ‘Buiiealieq Jo saquy ay) Ag pasn S| UOI}D003P SWOZIYJ 8Y | awoziyy Buleslieq
m Mc "a16unl 8y} Ul }S11Y}) DASI|91 0} PAMBYD S| Wa)S pajead wels
ma m 9Z'vZ'LL 2y ‘sajaqelp pue ‘eisdadsAp ‘auun pal jeal) 0} pasn S| sWozIyy ‘awoziyy |ebuag 1sopn
M m EBIEYETEN asn jo apo\l pasn sjed uoljeso]
- & .
S £ (penunuod) *} a|qeL

46



Nat Cell Sci 2024;2(1):42-58

https://doi.org/10.61474/ncs.2023.00026

(penunuoa)

‘sjed ul sajyoud pidi] Buiaoidwi pue s|aAg)
9s00n|6 poojq Buionpal Ul SSBUBAI0BYS UMOYS
- aABY BWOZIYJ SNS0108ds "D JO S}OeIIXS dljoueyl]

‘Aljawiwie)|oA oaia ur Buisn sndweosoddiy

1l 8y} Ul (uluojolas Jo | H-G Ajjeanioads)
$9|0pulAX0IpAY-G JO BSB[aI BY} UO SSaI)S

- uonezijigowuw jo joedwi ay} payebisanul Apnis ay

"109)48 Juessaidapnue [enuajod e Buneoipul ‘s|aAg)
VVIH-G PUB | H-G JO SUOI}BAS|S PaINpUI-SSaI]S 8oNpal
— snsojoads D Woly syoelixs jeyy paysabbns Apnis ay |

jued ayy Jo |enusajod olusboydepe Bunsabbns Alaioe
OVIN paleinpow pue ‘suiwedop pue aulydauidaiou
Aleinoned ‘uoneldap Jepiwsuesoinau payuasa.d
S]oBJIX® 8| "UONIBIIXD }o|yx0s Buisn ssals
uoljezijigowwi pjod 0} pajoalgns sjel ouiqie uo

SBWO0ZIYJ SNS0/98dS "D WO} S}oBAXS JljouBy)d

- 10 AjIAjoe ssadisijue ay) pajebisaaul Apnis ay |

‘sjel ajew Ayjjeay pajos|as uo snsoinads )

10 JoeIIX8 [oUBYIBW Buisn 1S8) uoIsIawwl |Ie} pue

1s9} Buiylim paonpul-ujjewloy) Se Yons s)sa} OAIA

ul pue uoniqiyul uoielnjeusp uldjold ‘sisAjoway

0g4H pajiedwi-AyouojodAy ‘Bunse) Ayjigels

auelIquiaw SB Yyons Saipnis oJjA ul ybnouyy

- passasse sem AJAnoe Alojewwejjul-iue ay

‘A)jigers suelquiasw 834004yjAia uo joedwl

S1oeljxa ay} Buissasse Aq paulwlialap sem Alaioe
Buizijige)s suelquaw pue uonelnjeusp uisjoid

jsuiebe 109j0.1d 0] Ajjige Jiay) Bunenjeas pue
SUOIIBIJUSDUOD JUBIBHIP Ul SNS0109ds "D JO S}oeIIXd

Jes| ay) Bunoslgns Ag pessesse sem ‘uoiewiwejul

- JO @sneo umouy| e ‘suisjold Jo uonelnjeusp ay |

"1oBAX8 8y} JO AlAioe Alojewwejjul-jue
Juspuadap-uonesuaouod sy} Buneoipul ‘payenojed

2JoM UONEeZI|Ige)S duelquiaw pue sisAjowsey

Jo abejuaoiad ay] -uoisuadsns HGY ayl Yyim
SUOI}BJ}USOUOD SNOLIBA JB SOABRS| SNS0/08ds ")

J0 JoB1IX8 [oueyldw Bunegnoul Aq payonpuod

- sem Aesse onAjowaey pasnpul-jeay ay |

9l0C %1 ¢/6l

€861 01 9961

L10C 01 €L6)

800¢ ©} 8961

¥710C 03 8961

€10C 01 ¢E6L

¥710C ©1 .61

oy

‘'shep 9| o}
pajeal) alom
sjel oulqly 6¢€

FAS

- 6l

Ananoe
onagelp-Huy '€

Ayanoe
ojuaboydepy Z

eLI9)1ID UoIS

-NJ9Xd % uoIsn|ou| sBuipuyy jusijes

SMaIA3I ainje
-19}1] JO SIeaA

Apnjs ayy

o g ERITETEIEN|

Ayanoe

pajejas juelg °NIS

(ponunuos) -z a|qeL

47

Nature Cell and Science | www.cellnatsci.com



Nat Cell Sci 2024;2(1):42-58

https://doi.org/10.61474/ncs.2023.00026

(ponunuos)

‘s|ewliue mau yum paoejda.
pue papnjoxa alom uonoalul

‘Ajiep peyeal
2Jam sjel ay)

uexoj|e Jaje sinoy gy yoiym Buunp
elwadA|biadAy Buidojensp ‘S]el d1jegeIp PaodNpuUl-UeXo||e Ul S}0aUd ‘sAep g| Joj
J0U sjey :uoisnjoxg b onaqgelpnue jueoyiubis pajeljsuowsp pue pajse| pouad
081—0G1 Buiybiom sje. snjeledde jo|yxog Buisn pajebisaaul sem |eluawiiadxa
oulqy Je}sIp) (uoisnjou| awoziyl snsoroads " Jo JoeiXa dljoueyl® 8yl  800Z O} 696} ayl YA
"S]OBJIXD
ayy yum Ajrep
90IM) pajeal}
"S)el Ol}8geIp PaONPUI-UID0}0Z0}dalls Ul S}0ayd aI9M sjel
‘Sjel oljagelp paonpul oljegelpnue juediubls payiqiyxe Joelixa oljoueyl ay] "syoam
-u100j0Z0o)dasis JOo  “sjel dl3egeIp PadNpul-up0}0Zodalis 0} palalsiuiwpe 9a4y) pouad
UoI108|8S Y} PAAJOAUI Al|eJo a19m SaAB8| SNS0108ds ") JO J0BAXS JBJEM |ejuswiadxe
B119}1J0 UoIsSn|ou| pue JOoBIIXS |OUBY}S ‘J0BJIXS JOy}e Wnajoliad 9102 0} /61 ayl 1z
‘papn|oxa alem sajagelp
paonpul-71 S Joj eus}lo
ay) Buneew jou asouy) pue
abuel Jybrem payioads
2y} apIsIno sjey "abuel ‘sajaqelp Buibeuew Joj Bnip e se |eiuajod sy
asoon|b ewsed Bunsey) e Bunsabbns ‘syoaye olwepidijodAy pue o1waA|6
uo paseq papnjoul aJem -owJou Jueonubls pajessuowap aploun}sod ‘sAep g Jo}
Ss}el onegelIq "papn|oul "S)el oljageIp padnpul-up0jozoydals 0} pajse| pouad
alam 6 00Z—061 1noge paJajsiuipe Sem UYdIym ‘apljoun)sood a}e|os! 0} |ejuswiiadxa
Buiybiam sjeu Jejsipn sleln auexay YlIM pajoeJIXa 8lom S}00J SNSoroads D 800Z O} LG61L ayl Ly
‘sped jue|d pue saoads Buowe Jusjuod
uluabsolp ul uonelea Buleanal ‘sawoziyl pue
SOAB9| UO Pajonpuod sem OdH "uonoesxa
auexay pue sISA|0IpAY PaAjOAUL UOIIOBIIXD
uluabsolq "sisAjeue D1dH Buisn snsorads 9 ul
punodwod aAoeolq Jofew pue uiuodes [eploJals
- e ‘uluabsolp BuiAynuenb uo pasnooy Apnis ay | 2102 01 9G6 | - 0z
‘sajaqgelp bunealy ul spunodwod payiuspl 8y} Jo
[enusyod sy Bunybiybiy Ag pepnjouoo Apnis ey
‘sisAjeue o1doosouyoads pue Aydelbolewolyd uwnjod
eol|is ybnoiyy paynuapl aiam spunodwod ay| ‘|oueyio
Buisn sanes| snsojoads 9 woly spunodwod Bunoesixe
- paAjoAul Juswssesse AjAloe olagelp-fue 8yl  £L0Z O} ZE6L - JAS
BLI3}LID UOIS sBuipuyy JusIes SMB3JA3I ainje Apnys ayy sousIByOY Ayanoe ‘ON IS
-NjoXa R uoisnjouj S : -19})1] JO SIBdA Jo uoneing pajejai jue|d

(penunuoo) *z a|qeL

Nature Cell and Science | www.cellnatsci.com

48



Nat Cell Sci 2024;2(1):42-58

https://doi.org/10.61474/ncs.2023.00026

(panunuoa)

"eLI9)oeq aAlebau-welb pue aanisod-welb

yjoq isuiebe Ajanoe jueoyiubis pajesisuowap

Bulusalos |ellsjoegnuUe 3y ‘SIN-09 pue a|4

-09 Buisn pazAjeue sem snsooads ‘) Jo

- aWO0ZIYJ 8y} WOIy PaJOBIIXS [I0 [BIUSSSS By |

"els)oeq pue 16uny uo syeye Aloygiyul

Jueoliubis pajesisuowap s)Nsay "uiuabsolp Jo
uonepixoda pue ‘sjoeuixs jueld Jo} uonejoatad

P|O2 ‘UONOBIIXS [I0 [BIUSSSS 10} UOEe||lISIP Wea)s
BuiLojdws ‘sjool snsoroads -9 jo saiadolid

- [eigosoiwnue ay) payebisaaul Apnis ay |

"BlIB)0Rq Jay)0 Jsulebe AjAnoe Alojigiyul ou pamoys
JOBJIXS Jljoueyiaw ‘I9aAamoH “Buipul siyy buiuoddns
Ja)em ui Buljioq Jo asn |euoiiiped) 8yl Yum ‘snaine
$Nn22090}Ayde)s 1suiebe AlAoe [elsjoeqrue pajqIyxa
SJoBJIX8 Shoanbe pue JljouBYIB)\ 'SNS0/0ads D

1o Bulusalos |eiqosoiwnue pue ‘uonelsedss H71dH

- ‘Buiussios [eolwayo0}Ayd sy} uo pasnooy Apnis oyl

‘swisiuebioooiw paysa) Aue jsuiebe syoaye

[ela}oEqgUE HJIYXd JOU PIP P|OD UO JOBJIXD

snoanby "AjiAjoe [ebunyijue ou yum ‘Ajiaioe

|euajoeqiue pake|dsip J0y Uo joelxa snoanby
‘swisjueBbioooiw dluaboyied asiaAlp jsuiebe

saniAijoe [ebunyjue pue |eusjoeqiue juesyiubis
pajelisuowap ‘spoyidaw pjod pue joy yioq ybnoiy)
paule}qo pue suoljesiuadsuod ybiy ui Aueinoied

- ‘SaWO0ZIYJ SNS0j28ds "9 JO S}oBJIXS dljouey}q

‘A1anoosip Bnup ul [eiuajod sy

Bunyb1ybly pue esn [eudipaw [euohIpel} s

Bunepijea ‘saniAnoeolq |eiuajod jo aoussald

- By} pajeanal JoelIxa Jes| oljoueyld ay |

'SNS0198ds "D JO 10BIIXS JljOUBYIBW Y}IM

pawuiopad alem ‘AjAnoe onagelpiue Joy Aesse
auIpoI—youe)ls Buipnjoul SJUBWISSSSSE OJYA Ul

- pue ‘D71 dH ybnouyy uoneosynuenb uiuabsoiq

"uonoe ulNsul adueyus pue saiadoid olwadA|BodAy
NqIyxe seAes| 8y} ‘A|leuolippy “sies oiegelp Ul
sJa)oweled |eolwayoolq Jayjo Buiroidwi pue asoon|b
wnias Buonpal ul Aoeoiys pajelisuowap snsoads

- ‘D JO S}oBJIXS dueXaY pue dljoueyldw ‘snoanby

LL0C 01 9961

¢10¢ ©1 0861

£00¢C 0} /861

8L0C 01 CL6)

¥10¢ 0} 9661

910¢C 0} ¥G61

600¢ ©1 0461

Aoy
[ElqOJOIWNUY 87

- 44

BLI9)1ID UOIS

-N|9Xd % uoIsn|ou| sBuipuyy jusijes

SMaIAaI ainje
-19}1] JO SIBAA

Apnjs ayy
Jo uoneling

Aynanoe

aoual9)ay pajejaa jue|d

‘ON IS

(penupuoo) -z ajqeL

49

Nature Cell and Science | www.cellnatsci.com



Nat Cell Sci 2024;2(1):42-58

https://doi.org/10.61474/ncs.2023.00026

'SNs0123ds *) ‘snso012ads sn3so)

‘sanadoud onalAd-nue jueosiyubis

pajes}SuoWap dwoziyl snsoads ) ay} Jo
10BJIX8 OljoUBYI® 8] "pPap.lodal sem ainjesadwa}
|ejoal pue ‘Apnys onalAdiue ay) Joj pasn alem
siel ouiq|e ajew AjuQ "sjel ul eixalAd paonpul
-1seaA ul paipn}s atam saljadoud onalAdiuy

‘Aydesbojewoiyd Jake| uiy ‘sisAjeue wnioads

Y| ‘sisAjleue wnnoads AN ‘DTdH 1S9} Ipleyaing
-uuewJagal-Se yons spoyjow |ejuswiiadxs
jualaylp Aq snsoroads 9 Jo uonisodwod |esiwayd
2y} 1noge uonewlojul papiroid Apnis ay |

‘wisiueyoaw pajelpaw-1o0jdesal usbolise

-uou e elA Buijoe ‘|019)s0}Is-q ‘Jusn}isuod s

JO 9|0J BY} UO SNJ0} B Y)IM ‘JOBIIXD SWO0ZIY
snsojoads ‘9 Aq AJAijoe aulsin Jo uoneNwS
jueoyiubis e Bunsabbns ejep pajuasaid Apnys ay |

"sjel sjewsay }npe Jo ybiem aulsin sy} SUIWEXS 0}
pasn awoziyl snsojoads 9 J0 10.IXS dljoueylow ay |

‘(Jw/Bw og) oj0zepuaqe ‘Bnip pJepuels e yjm
paledwoo sem s)oelixe ay) Jo AJAlIOE doluIWBYIUE
ay] 'sped [euse ay) Jo syoelixe snoanbe pue
oljoueyjow Buisn passasse sem snsoroads ) Jo
ANAOE onuIWIBYIUE 8] "SWIOM [ejuswiiadxe

se pakojdwe atem uewnyjsod ewnaiayd

‘jueld ay} 0} pajejal ainjeld)l| d|qe|ieAe Jo
uonebnsaul pue Apnys ay} saAjoAul ABojopoylaw
9y 'snsojoads "D Jo saladoud jeaibojooewleyd
pue |eaiwayd0iAyd sy} uo uonewojul
S9]epI|0SU0D JBY} MBIASI B SBM J|DILE 8y |

‘Jj09 "3 1sulebe paAlasqo AjAnoe 1saybiy ayy
UNMm ‘sjoaya |eiqololwiue Juediiubis pajeanal
Aesse uoisnyip ||om Jebe ay] ‘snsoroads

‘0 JO SOAB9| 8} SEM AJIAIIOE [BlqosoIwue

10 [enuajod ay) paisabbns sbuipul ay |

661 0} GG61

¥00¢ ©1 0461

010c ©1 0v61

0c0C 01 ¢L61

GL0C 01 0L6)

0L0C 01046}

610C 01 €/61

"uonessiuiwpe

1seak Jaye
sinoy Q|
paJinooo
uoneJisiuiwpe
Bniqg

Ge

0§

6v

€¢

Gl

114

Ll

Ajanoy
oalkdiuy L

Ajanoy
oluabonsy ‘9

Ainnoy
onuIBYIUY G

eLI9)1ID UoIS
-NjoXa @ uoisn|au|

sbBuipuyy jusijes

SMalAal ainje
-19}1] JO SIeBA

Apnjs ayy
Jo uoneling

9JUaldjay

Aynanoe

pajejasjuelg C°N IS

(penupuoo) g ajqeL

Nature Cell and Science | www.cellnatsci.com

50



es.5” According to recent reports, cytokine storm and se-
vere inflammation are highly correlated for the progression
of SARS-CoV-2 infection.?8 It has been observed that lung
epithelial cells play a crucial role in the release of several
pro-inflammatory cytokines, including IL6 and 1L8.5° Vari-
ous inflammatory markers such as high levels of C-reactive
protein, ferritin, and D-dimers as well as the neutrophil-to-
lymphocyte ratio and serum levels of several inflammatory
cytokines and chemokines are associated with the disease
severity and death of COVID-19 patients.®? In addition, it has
been observed that aberrant pathogenic T cells and inflam-
matory monocytes are rapidly activated, producing a huge
number of cytokines and inducing an inflammatory storm.6’
Nonsteroidal anti-inflammatory drugs (such as aspi-
rin, ibuprofen, celecoxib, and indomethacin) are widely
prescribed for the relief of pain and inflammation during
COVID-19.%2 These drugs alleviate inflammation through
effectively blocking the production of prostaglandins via in-
hibition of cyclooxygenase enzymes.®® Anti-inflammatory
therapeutics, such as colchicine, are used to treat COVID-
19-associated excessive inflammation® that acts by inter-
acting with the Nod-like receptor protein 3 inflammasome
protein complex, suppressing the release of the cytokines
IL1B, IL18, and 1L6.55 Colchicine also can bind to free tubu-
lin dimers and block microtubule polymerization; therefore, it
interrupts inflammatory cell activities and cytokine release.®®
Moreover, colchicine is used to control the white blood cell-
mediated inflammatory activities, thus inhibiting the produc-
tion of superoxides and the release of numerous cytokines
and pyrogens from the white blood cells.5” Quercetin and
Ivermectin also have been suggested as anti-inflammatory
drugs for the treatment of COVID-19 because they work by
reducing the production of tumor necrosis factor-alpha, IL1,
and IL6 as well as suppressing lipopolysaccharide-induced
translocation of nuclear factor kappa-light-chain-enhancer of
activated B cells.®8 The signaling pathway of the anti-inflam-
matory effects occurs through the inhibition of enzymes like
cyclooxygenases and lipoxygenases, which are responsible
for eicosanoid generation. This in turn reduces the concen-
trations of inflammatory mediators such as prostaglandins
and leukotrienes. Also, they prevent the activation of nuclear
factor kappa-light-chain-enhancer of activated B cell target
genes, such as those for the cytokines IL1q, IL183, IL6, IL8,
and tumor necrosis factor-alpha, which are considered po-
tential markers for inflammation.58 Experimental studies in-
dicate that C. speciosus has potent anti-inflammatory effects
due to the presence of the active compounds costunolide
and diosgenin, which have been isolated from the plant.'?
The flavonoids and terpenoids present in the ethanolic leaf
extract of C. speciosus also exhibit anti-inflammatory proper-
ties.34 To investigate the traditional uses of C. speciosus for
the treatment of inflammation, numerous experimental stud-
ies have been conducted. The ethanolic extract of the C. spe-
ciosus rhizome has shown anti-inflammatory properties in
carrageenen-induced edema formation in rats.3® In addition,
the methanolic extract of the C. speciosus aerial parts has
demonstrated anti-inflammatory activities in adult albino rats
and Swiss albino mice.% Likewise, the methanolic extract
of C. speciosus leaves has shown anti-inflammatory activity
by inhibiting the heat-induced hemolysis of red blood cells.®
The denaturation of proteins is one of the main causes of
inflammatory disease. In-vitro studies have demonstrated
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that the ethanolic extract of C. speciosus leaves inhibits
protein denaturation in inflammatory disease by controlling
auto-antigen production.3” Moreover, the methanolic extract
of C. speciosus seeds has shown significant anti-inflamma-
tory activity by inhibiting hypotonic lysis of the erythrocyte
membrane in a red blood cell membrane stabilization study.
It also has been noticed that the methanolic extract exhibits
anti-inflammatory activity by blocking cyclooxygenase activ-
ity followed by the inhibition of prostaglandin synthesis.3®
Despite enormous efforts for the development of new drugs
for the treatment of COVID-19, to date, no clinical trial has
shown a validated significant effect. Therefore, there is still a
lack of specific efficacious clinically proven drugs, vaccines,
as well as other antiviral medications and therapies to con-
trol the virus that causes COVID-19.5° Based on the above-
mentioned antiviral, anti-inflammatory, and immunoregula-
tory activity, C. speciosus might be a promising safe, natural
candidate for the treatment and prevention of COVID-19 in
the future.

Adaptogenic activity

Adaptogens are classical stress-protective compounds that
help organisms to acclimatize under different forms of stress
as well as to increase adaptability, resilience, and hence sur-
vival by activating certain adaptive signaling pathways of the
cellular and organismal defense systems.”® Adaptogens also
stimulate the cellular defense mechanisms and increase non-
specific resistance and adaptation to stress by expressing
stress-activated proteins and activating the extra- and intra-
cellular signaling pathways. Likewise, adaptogens coordinate
to alleviate stress-induced mental and behavioral disorders.”"
C. speciosus rhizome extracts act as an effective adaptogenic
agent when administered in stress-induced experimental al-
bino rats. The extract showed antistress and adaptogenic
activity in brain neurotransmitter profiles and in monoamine
oxidase enzyme levels by normalizing norepinephrine, dopa-
mine, 5-hydroxy tryptamine, and 5-hydroxy indole acetic acid
against cold immobilization.3° This plant extract also has been
used in the formulation of an effective antistress and antide-
pressant drug against central nervous system disorders,'?
since the extract significantly reduced the stress-induced in-
crease of 5-hydroxy tryptamine and 5-hydroxy indole acetic
acid levels in brain tissues by preventing the alarm reaction,
which causes a significant increase in 5-hydroxy indole acetic
acid and 5-hydroxy tryptamine levels.*?

Adaptogens play a potentially significant role at all stages
of viral infections. They can decrease the duration of the
acute phase of illness by affecting the neuroendocrine-im-
mune system. Adaptogens likely combat infection through
their specific and nonspecific antiviral properties, attenuate
escalating inflammation through their potent anti-inflamma-
tory effects, repair oxidative stress-induced injuries in com-
promised cells and tissues, and provide baseline support
through their immunomodulatory, immunostimulatory, and
anti-oxidant effects. In COVID-19 patients, the effects of
adaptogens mainly occur during their convalescence. Adap-
togens are primarily preferred for the treatment of viral infec-
tions as they modulate innate and adaptive immunity as well
as anti-inflammatory activity, detoxify and repair the oxida-
tive stress-induced damage in the cells, and direct antiviral
effects by inhibiting viral docking or replication; thus, they
can improve the quality of life of patients during convales-
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cence. Recent data from clinical experimental studies have
shown that melatonin, a novel therapeutic agent against
SARS-CoV-2, helps to bolster the immune system, which
is activated by adaptogens through the melatonin signaling
pathway.”? Melatonin as an adaptive hormone”? also plays
an important role in the regulation of homeostasis,” which
in turn can be activated using novel C. speciosus plant ex-
tracts.

Safe and nontoxic psychotropic medications that do not
aggravate the psychiatric condition are a prerequisite for the
treatment of COVID-19 patients.”® Therefore, considering
the urgent need to find a specific pharmacotherapy for COV-
ID-19 patients, the rhizomic extract of C. speciosus may be
recommended as an easily available, affordable, nontoxic,
and safe adaptogenic agent for the treatment of COVID-19
patients.

Antidiabetic activity

Diabetes mellitus is a chronic metabolic disorder caused ei-
ther by the failure of requisite insulin production due to the
loss of beta cells present in the pancreas (as in type 1 diabe-
tes), or when the sensitivity of those cells is diminished due
to insulin resistance (as in type 2 diabetes).”® Hyperglycemia
occurs when an excessive amount of glucose circulates in
the blood plasma; on the other hand, hypoglycemia ensues
when the blood glucose level decreases. Both hyperglyce-
mia and hypoglycemia may disrupt an already malfunction-
ing innate immune system in patients with diabetes, increas-
ing their susceptibility to infections.”” Uncontrolled diabetes
is associated with macro- and microvascular complications
affecting the health and survival of patients.”®

C. speciosus has been demonstrated to have immense
antidiabetic properties as it regulates the secretion of insu-
lin from pre-existing beta cells of the islets of Langerhans.™
This appears through induction of the expression of the insu-
lin gene in pancreatic cells and insulin receptor-A in hepatic
cells, and increasing the serum insulin levels consequently
increases glucose uptake through induction of glucose trans-
porter 2 gene expression. The hypoglycemic effect of various
active constituents is exerted through potentiation of insulin
synthesis and release from the existing beta cells as well as
increasing the tissue sensitivity of insulin to glucose uptake.
The leaves and rhizomes of C. speciosus have shown an-
tidiabetic activity due to the presence of phytochemical fla-
vonoids®” and diosgenin, a steroidal saponin.2? Additionally,
costunolide, extracted from C. speciosus, significantly re-
duced the plasma glucose level when administered to strep-
tozotocin-induced diabetic male Wistar rats at different dos-
es*! by inhibiting the expression of nitric oxide synthase.”®
Similarly, the administration of aqueous and methanolic rhi-
zome extracts showed a reduction in the blood glucose level
in streptozotocin-induced diabetic rats. The ethanolic extract
of C. speciosus leaves was found to significantly reduce the
blood glucose level when administered orally to diabetic
experimental animal models.2" The ethanolic extract of C.
speciosus rhizomes also showed a significant antidiabetic
effect in alloxan-induced diabetic rats.*? In diabetic rats, the
hexane crude extract of C. specious rhizomes was effective
in bringing down and normalizing the serum glucose level.??
The in-vitro antidiabetic potential of C. speciosus was also
assessed by a starch—iodine color assay.*?

Most of the available clinical studies have shown that
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diabetes mellitus is one of the most common and prevalent
comorbidities in COVID-19 patients that is causing consider-
able morbidity and mortality rates globally.8° Therefore, as
C. speciosus is a potent antidiabetogenic agent, it should be
considered as one of the first lines of defense. Patients with
diabetes tend to have more severe disease vulnerability with
poor glycemic control, which has a negative impact on the
immunological system and may lead to a high risk of infec-
tions and serious life-threatening chronic complications with
worse outcomes when they test positive for COVID-19.8!
In-vitro animal studies have shown that when angiotensin-
converting enzyme 2 (ACEZ2), the main receptor responsible
for COVID-19, binds with SARS-CoV-2, this biological mech-
anism reduces adequate insulin secretion by damaging the
function of the beta cells of pancreatic islets.82 On the other
hand, infection secondary to diabetic complications is also
accompanied by a huge production of cytokines, causing cy-
tokine storms, which may induce insulin resistance.83 Both
altered insulin secretion and insulin resistance are respon-
sible for uncontrolled blood sugar levels, which are gener-
ally noticed in patients infected with SARS-CoV-2; therefore,
acute and chronic diabetes significantly affect both the in-
nate and the adaptive immune system® and are linked to
poor white blood cell function, including impaired phagocyto-
sis by neutrophils, neutrophil chemotaxis, macrophage and
monocyte function, and innate cell-mediated immunity.85 Pa-
tients with diabetes (type 1 or type 2) have been identified as
being at an increased risk for respiratory tract infections and
serious illness from COVID-19 relative to the healthy general
population®® because there is a defect in the innate immu-
nity, which aggravates phagocytosis, neutrophil chemotaxis,
and/or cell-mediated immunity.8”

The mortality rate of COVID-19 patients with diabetes was
significantly higher (~42.3%) than that of COVID-19 patients
without diabetes.”® Numerous recent studies have indicated
that SARS-COV-2 infection can lead to multi-organ injuries
with a worsening clinical status and composite adverse out-
comes in individuals with pre-existing diabetes.8 In light of
the currently available data, people with diabetes are at risk
for developing severe and critical forms of COVID-19 and
seem to be more susceptible and vulnerable; thus, they need
special care.8? However, it is very obvious that patients with
diabetes need to continuously control and regularly moni-
tor their blood glucose levels, which requires careful clini-
cal management, with extra precautions and special atten-
tion to prevent COVID-19. Therefore, it is urgently needed
to develop novel antidiabetic medications, which will play a
distinctive role in protecting people from infection and could
reduce the risk of morbidity and mortality in patients with un-
controlled glycemia. Antidiabetic drugs (e.g., insulin, dipep-
tidyl peptidase 4 inhibitors, sodium-glucose cotransporter 2
inhibitors, glucagon-like peptide 1 receptor agonists, thiazo-
lidinediones, metformin, sulfonylureas, pioglitazone, liraglu-
tide, hydroxychloroquine, etc.) have been used in COVID-19
patients to manage their diabetes;*® however, they show
various complications for lowering persistent high blood glu-
cose levels. Therefore, in order to protect these patients, the
administration of a drug formulated from naturally occurring
C. speciosus may be prescribed as a future preventative
therapy for patients with diabetes, as good glycemic control
is the key to reduce the probability of contracting COVID-19
and will help to overcome the detrimental adverse effects
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of this disease. Due to its low cost, widespread availability,
and good tolerability, C. speciosus plant extract is definitely
a potential candidate and an appropriate add-on drug that
could safely be prescribed as a sustainable, nontoxic, effec-
tive herbal antidiabetic drug therapy for treating and control-
ling the insulin levels of diabetic patients in order to decrease
complications due to COVID-19.33

Antimicrobial activity

Co-infections, also known as dual-infections, secondary in-
fections, or superinfections caused by multiple pathogens of
viral, bacterial, or fungal origin, are a common complication
causing severe illness among COVID-19 patients and result
in a major risk of unfavorable outcomes, which may prolong
the acute phase of COVID-19 and are also associated with
increased rates of morbidity and mortality.®" Published clini-
cal data show that COVID-19 patients are vulnerable to co-
infections caused by bacterial and/or fungal pathogens.%2
These bacterial and/or fungal secondary infections by mul-
tiple pathogens interfere with the immune status, which is a
big threat to patients during COVID-19.93

Opportunistic infections by other microorganisms de-
velop in patients diagnosed with COVID-19 during or after
the initial infection with a virus, and they are associated with
worse adverse outcomes than that of either infection on its
own.?* Sometimes, due to the combined effects of the micro-
bial pathogens, patients may be exposed to severe disease
conditions leading to fatal clinical complications. The most
common bacteria reported during co-infections in COVID-19
patients mainly include Staphylococcus aureus, Streptococ-
cus pneumoniae, Haemophilus influenzae, Pseudomonas
aeruginosa, Klebsiella pneumonia, Acinetobacter bauman-
nii, and Mycoplasma pneumonia.®®> Secondary fungal co-
infections (e.g., candidiasis, aspergillosis, cryptococcosis,
pneumocystosis, and histoplasmosis) also have been identi-
fied in patients with COVID-19,% including Aspergillus fla-
vus, Aspergillus fumigates, Candida glabrata, and Candida
albicans, among others.%” Mucormycosis, also known as the
black fungus, is another serious fungal infection that produc-
es life-threatening complications detected among COVID-19
patients.%8

To overcome severe disease, various antibacterial, anti-
fungal, and antiviral drugs are administered to COVID-19 pa-
tients.% The use of antimicrobial drugs is one of the principal
methods in medicine that is widely employed to help reduce
and prevent different infectious diseases, either bacterial
or fungal.?®* The most frequently prescribed antibiotics that
are used to prevent the occurrence of secondary bacterial
infections in COVID-19 patients include ceftriaxone/cefo-
taxime, ampicillinfamoxicillin, quinolones, imipenem, ceftri-
axone, fluoroquinolone, azithromycin, quercetin, rapamycin,
doxycycline, fluoroquinolones, macrolides, cephalosporins,
azithromycin, moxifloxacin, ceftriaxone, vancomycin, and
cefepime.’%0 Meanwhile, the drugs used to treat fungal infec-
tions in COVID-19 patients include amphotericin B, itracona-
zole, caspofungin, fluconazole, and voriconazole.''

Some of the alternative antiviral drugs that are used in
the management of COVID-19 target specific steps within
the life cycle of SARS-CoV-2, such as darunavir, atazanavir,
saquinavir (protease inhibitors); umifenovir (fusion inhibitor);
remdesivir, favipiravir (inhibitors of viral RNA polymerase/
RNA synthesis); lopinavir/ritonavir (inhibitors of viral protein
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synthesis); ivermectin (inhibitor of viral replication); hydroxy-
chloroquine, chloroquine (viral entry inhibitors); oseltamivir
(viral release inhibitor); nitazoxanide (imunomodulator);
ribavirin, sofosbuvir (nucleotide reverse transcriptase inhibi-
tor); emtricitabine, and azvudine (nucleoside reverse tran-
scriptase inhibitor).192 As viral-bacterial-fungal co-infections
are one of the largest medical concerns resulting in increased
mortality rates, it is imperative to pay attention to these co-
infections in critical patients positive for COVID-19.%5 In most
cases, patients are treated with broad-spectrum antimicro-
bial drugs with unknown efficacy'%? for the suspected bacte-
rial or fungal co-infections,'%* but they are not very effective
for the treatment of COVID-19 and also suppress the im-
mune system.'%! Based on the recent clinical data, serious
adverse side effects have been reported in patients when
treated with the above-mentioned antimicrobial drugs,®?
since no specific drug has been approved and shown to be
effective until now;3 whereas a newer drug development re-
gime is time consuming'®” for the prevention and treatment
of human coronavirus infections. %8 Therefore, immediate ef-
forts and effective treatment strategies are needed to reduce
the risk of transmission and to manage future pandemics. 02
This critical reality demands urgency for a special focus on
developing novel, effective, and safe antimicrobial drugs
with more promising clinical development to combat inva-
sive microbes.

From the thorough phytochemical studies and investiga-
tions of the available literature on C. speciosus, it has been
clearly found that the C. speciosus plant extract possesses
plethoric secondary metabolites (e.g., flavonoids, phenols,
tannins, alkaloids, steroids, terpenoids, etc.), which act as
an effective antimicrobial substance against a wide range
of microorganisms.3* Hexane and ethanolic extracts of C.
speciosus leaves and rhizomes exhibit promising antibac-
terial and antifungal activities against various pathogenic
microorganisms.** Moreover, the aqueous extract shows
antibacterial activity against S. aureus,*> which is one of the
causative agents for co-infection in COVID-19. In addition, it
has been noted that the epoxidation of diosgenin extracted
from the rhizome of Costus shows antifungal activity*® and
that components of the essential oil (e.g., a-humulene and
zerumbone) extracted from the rhizomes of C. speciosus
possess considerable antibacterial activity.*”

It also has been noticed that sometimes the use of syn-
thetic antibiotic drugs increases the risk of death during sec-
ondary infections in COVID-19 patients.'%® Furthermore, an-
tibiotic overuse is associated with subsequent harm, which
leads to resistance against the microorganisms,’'® and
these antibiotic-resistant infections are a significant threat to
COVID-19 patients. On the other hand, it is very challenging
to distinguish between severe COVID-19 and bacterial and
fungal secondary infections.03

Therefore, the experimental results suggest that since the
C. speciosus plant extract acts as an effective antimicrobial
agent, it possibly could be used as a safe and effective anti-
microbial medicine'” for invasive secondary bacterial and/or
fungal co-infections, which are more life-threatening than the
initial viral infection during COVID-19.

Anthelmintic activity

Anthelmintics are a class of generic drugs that are used to de-
stroy parasitic worms without causing any significant harm to
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the host cell. Some reports of substantial anthelmintic activity
of the methanolic and aqueous extracts of the aerial parts of
C. speciosus against earthworms are present in the existing
literature as they have been used widely for the primary evalu-
ation of anthelmintic compounds in vitro because they mimic
intestinal worms in their reaction to helminthiasis,*® suggest-
ing that the plant can be used as a promising anthelmintic
agent to cure the disease.'® There are plethoric anthelmintic
medicines, viz. niclosamide, ivermectin, and nitazoxanides,
in the market that are employed to symptomatically treat and
cure COVID-19 patients."!" It has been reported that potential
helminth co-infections exacerbate the immune systems sus-
ceptible to newer contagions.''? It also has been noted that
helminth parasites have symbiotically adapted to their specific
hosts during the long evolutionary process, thus resulting in
chronic diseases of the host; however, the mortality rate is
low. There are several modulations in the host surface that
are brought about by these parasites; the immune system is
one of them. In general, the parasites induce a hyporespon-
sive state of the host’'s immune system, and, in situations like
the COVID-19 pandemic, such attributes may worsen the
situation per se. Therefore, the current situation demands the
launch of newer therapeutic drugs and treatment options that
are widely and easily available as well as affordable, effective,
and safe, without causing any systemic side effects. As the C.
speciosus plant extract has potent anthelmintic activity, it may
be a potent addition to prevent SARS-CoV-2 viral replication
and may be recommended for symptomatic treatment for fur-
ther clinical evaluation and development of new drugs to cure
and treat COVID-19.

Estrogenic activity

Estrogen, a primary female sex hormone that actively regu-
lates the cellular and molecular processes, is involved in the
development of the female reproductive system along with
the maintenance of secondary sexual characteristics. Both
ethanolic and methanolic extracts of C. speciosus rhizomes
have been shown to exert an effective estrogenic effect in
animal models.2349 Additionally, uterine stimulant properties
were observed when rhizome extracts of C. specious were
administered on spontaneous phasic uterine contractions,
which were mainly due to nonestrogenic effects with a conse-
quent increase in uterotonic contractions indued via calcium
entry on L- type calcium channels and sarcoplasmic reticulum
calcium release.*® There are several reports explaining that
the saponins present in the C. speciosus extract induced a
profound estrogenic activity in sprayed rats, significantly in-
creased uterine weight and uterine glycogen concentration,
and produced proliferative changes in the uterus.?°

Recently, estrogenic activity has been linked with the re-
pair of infected respiratory tissues, which provide protection
from developing a severe infection by SARS-CoV-2 in fe-
males and thus act as a strong immune-regulatory agent in
both the innate and adaptive immune systems.''2 It has been
well speculated that the SARS-CoV-2 spike protein binds to
ACE2 receptors and that estrogens play an important role
in the interactions between the SARS-CoV-2 spike protein
and the human ACE2 receptor that protects the human lung
during infection caused by SARS-CoV-2.""% Derivatives of
estrogen molecules (17B3-diol and S-equol) modulate the
ACE2-dependent membrane fusion protein and reduce the
entry of the SARS-CoV-2 spike protein into lung cells. Es-
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trogen also affects cardiac ACE2 levels and activity through
its receptors estrogen receptor alpha and G protein-coupled
estrogen receptor, by regulating ACE2 shedding via disinte-
grin and metalloprotease 17 and transmembrane serine pro-
tease 2. This linear correlation of ACE2 gene transcripts with
estrogen receptor alpha and G protein-coupled estrogen
receptor mRNAs is associated with higher values of ACE2
gene expression.'® Estrogens stimulate the immune system
by modulating the function of B cells and thus improve T-
helper 2 cell activity. They stimulate the nasal immune sys-
tem by increasing the activity of phagocytes, dendritic cells,
and natural killer cells.''® Estrogens are elevated during C.
speciosus administration, which also exhibits anti-inflamma-
tory and immuno-modulatory effects against COVID-19, thus
reducing SARS-CoV-2 infectivity through modulation of pro-
inflammatory signaling pathways."”

These observations strongly indicate the potential protec-
tive effect of C. speciosus via modulating estrogenic activity;
therefore, it could be recommended for future therapeutic
strategies against COVID-19 (Fig. 2).

Antipyretic activity

Cumulatively, antipyretics are a group of drugs that reduce
fever during pyrexia or conditions leading to an increase in
the core body temperature. The ethanolic rhizome extract
of C. speciosus has been shown to exhibit an antipyretic
effect in yeast-induced pyrexia in an animal model by act-
ing through inhibition of the production of prostaglandins
in the hypothalamus.3® An uncontrolled increase in body
temperature leading to fever is one of the most common
initial symptoms of COVID-19 in approximately 80% of pa-
tients, 8 so it is considered that there is a close connection
between pyrexia and the onset of the disease. Under these
circumstances, it is mandatory to control and reduce fever
with artificial antipyretics, which is beneficial for COVID-19
patients."'® Recent COVID-19 treatment guidelines by the
World Health Organization have recommended the use of
antipyretics?* as a first line of defense. Several synthetic an-
tipyretics (e.g., ibuprofen, paracetamol, among others) are
readily available in the market as over-the-counter medica-
tions; however, consuming them may lead to severe irre-
versible side effects.'20 Therefore, the administration of C.
speciosus extract or its derivatives for its natural antipyretic
activity may be an effective option as a safe and nontoxic
herbal antipyretic medicine for the symptomatic treatment of
COVID-19 patients.

Conclusions

The therapeutic potential of C. speciosus extract or its de-
rivatives against COVID-19 is significant, given their diverse
modes of action and their ability to impact different cellular
and molecular pathways that are related to the pathophysi-
ology of the disease. The present review emphasizes the
need for comprehensive studies to entirely understand the
efficacy, safety, and mechanism of action of these natural
compounds derived from C. speciosus. As the global scien-
tific community continues to search for effective treatments
for COVID-19, natural products offer a valuable resource for
discovering novel antiviral agents.
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Fig. 2. Overview of cellular and molecular mechanisms of Costus speciosus and COVID-19.

In conclusion, the role of C. speciosus in combating COV-
ID-19 is an area of great interest and potential. Continued re-
search and clinical trials are essential to validate the efficacy
of these compounds and to potentially integrate them into
the broader strategy for managing and treating COVID-19.
The exploration of natural products not only offers hope for
new therapeutic options but also highlights the importance
of biodiversity and natural resources in addressing global
health challenges.
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