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Abstract

Coronavirus disease 2019 (COVID-19) is an emerging disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that causing an
ongoing pandemic and is considered as a national public health emergency. The signs
and symptoms of COVID-19 vary from mild symptoms to a fulminating disease with
acute respiratory distress syndrome (ARDS) and multi-organ failure, which may
culminate into death with no available vaccines or specific antiviral treatments. God
provides us with important medicinal plants. Here | shall shed the light on one of
these plants that may help in the treatment of COVID-19 or may even cure it.
Saussurea costus (S. costus) is a popular plant with medical importance, the roots of
which are widely used for healing purposes throughout human history with great
safety and effectiveness. Previous studies revealed the presence of many bioactive
phytochemical molecules that has antiseptic, antibacterial, antifungal, antiviral, anti-
inflammatory, antioxidant, anti-lipid peroxidation, immunostimulant, immunom-
odulating, analgesic, bronchodilor, hepatoprotective and antihepatotoxic properties. S.
Costus has immunomodulatory effects on cytokine release and has complement-
inhibitor substances helpful in the treatment of some diseases related to marked
activation of the complement system, like respiratory distress.
Keywords: Saussurea costus, COVID-19, respiratory distress.

Background:

S. costus  (synonymous  with widely investigated®. Various compo-

Saussurea lappa), belongs to family
Asteraceae, widely distributed in diff-
erent regions in the world; however,
numerous species are found in India®,
in Pakistan, and some parts of
Himalayas®. The plant is well-known
about 2500 years ago. It is used in
different ancient systems of medicine
such as Ayurveda, Unani, and Siddha®.
S. costus is well Known in Islamic
medicine, which enlisted in the Holy
Ahadith said by Prophet Muhammad
(Peace be upon him). It is known in
Arab countries as Al-Kost Al-Hindi?,
Al-Kust, and Al-Qust®, and used by
traditional healers since the era of
Islamic civilization®.

In scientific literature, the biological
activities of the roots of S. costus are

unds isolated from the plant have
medicinal properties including terp-
enes, alkaloids, anthraquinones, and
favonoids. The plant has many terpe-
nes with anti-inflammatory and antitu-
mor properties, such as costunolide,
dihydrocostunolide, 12-methoxydihy-
drocostunolide, dehydrocostus lactone,
dihydrocostus lactone’,a-hydroxydeh-
ydrocostus lactone, B-hydroxydehy-
drocostus  lactone, lappadilactone®,
betulinic acid, betulinic acid methyl
ester, mokko lactone®, reynosin,
santamarine, cynar-opicrin’®, saussur-
eamines A-C, alantolactone, isoalan-
tolactone,  a-cycloco-stunolide'?, p-
cyclocostunolide, isodihydro-
costunolide™, 1p-hydroxy arbusculin
A° arbusculin B®. Also, it contains
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pregnenolone, B-sitosterol, daucosterol,
12-octadecadienoic acid™, costic acid,
myrcene, p-cymene, tannin, caryophy-
llene-oxide, octanoic acid, stigma-
asterol, lupeol,botulin, caryophyllene,
palmitic acid, oleic acid, inulin, camp-
hene, alphaphellandrene, hexanoic
acid, saussurine, acetic acid, beta-
ionone, friedelin, taraxasterol®, and
many other constituents™**.

S.costus has antiseptic’®, antibacterial
1718 costicacid,dehydrocotuslactone,m
yrcene,pcymene,  tannin®),  antif-
ungal*®?°  (caryophylleneoxide, myrc-

ene, octanoicacid,pcymene®), antiv-
|3,l7,21-25

ira (p-cymene,stigmasterol,
tannin®®), antiflu (lupeol, p-cymene®?),
anti-Epstein-barr virus(lupeol,

betulin®®), antinematodal®®?, anthe-

Imintic®%"?® (tannin®), anti-trypan0-
osoma® anti-malarial®*"  (lupeol®™),
anti-leishmanic gcaryophyllenelsz,
antiinflammatory®*?*=°, antioxidant®**’
(myrcene, palmitic acid, stigmasterol,
tannin®®), anti-lipid  peroxidation®,
antileukotriene-D4  (oleic  acid™),
immunostimulant®”* (inulin®),
immunomodulating”***,
analgesic?"*®** (myrcene, p-cymene™),
antipyretic(beta-sitosterol ™),
bronchodilating'®  (caryophyllene™),
expectorant (camphene, inulin, alpha-
phellandrene, caryophyllene, hexanoic
acid®®),  gastic  cytoprotective***
(caryophyllene™), antiulcer (tannin®),
choleretic (oleic acid™), cholagogic®,
carminative™®? antispasmodic®*’
(myrcene,saussurine™),
antidiarrheal®®*}(tannin®®),antibacillary
(p-cymene, acetic acid, alpha-phellan-
drene, beta-ionone, beta-sitosterol,
caryophyllene®) astringent®,
hepatoprotective*??*#  (tannin, p-
cymene®®), antihepatotoxic*® (tannin™),
hypoglycaemic®®  (inulin®),  anti-
hyperglycemic(lupeol™),
hypolipidemic®’(beta-sitosterol™),
hypocholesterolemic(inulin, oleic acid,
stigmasterol, beta-sitosterol*®), angiot-

ensin  converting enzyme (ACE)
inhibitor ~ (myrcene™),  diuretic
(friedelin'®), antiedemic(caryophylline
oxide, lupeol, taraxasterol®®), antirhe-
umatic (lupeol®™), antidermatitis (cary-
Ophy”enels), antiCanCer3,13,24,27,39,47,51-55
(caryophyllene oxide, caryophyllene,
costunolide, lupeol, tannin, betulin®™),
sedating’®,  and  anticonvulsant
properties®?3?728:°6 (myrcene!®).

S. costus is used to treat, fever, head-
ache, pain, cough, bronchial asth-
ma'®?~">° hacterial infections®’, dia-
rrhea®, cholera®°, typhoid®?%, tube-

rculosis, leprosy?>?*2”, vomiting, dysp-
epsia®®?®, hiccups?’, gastric
ulcer®#343448061 = ahdominal pain®?,

diarrhea®, tenesmus?®, arthritis>?*, rhe-

umatoid arthritis, systemic lupus ery-
themaatosus, ~ respiratory  distress™,
chronic skin diseases®°, itching®,
scabies, ringworm, bruises, cuts?®#%,
and diabetes mellitus™.

COVID-19

COVID-19 has emerged as a pandemic
and a public health crisis. The
causative agent was named SARS-
CoV-2 and was detected from throat
swab samples®. It enters the cells by
endocytosis after attachment to the
angiotensin-converting enzyme-2
(ACEZ2) receptors on cells in the lung,
gastrointestinal tract, blood vessels,
heart, and kidney®®. Many countries try
to find a cure or vaccine to this disease.
Clinical features of COVID-19 include
tiredness, fever, dry cough, shortness
of breath,__myalgia, aches, nasal
congestion, sore throat, nausea,
vomiting, and diarrhea®*®. About 2-
10% of COVID-19 infected patients
have diarrhea, and the RNA of the
virus could be detected in stool and
blood samples®. Some cases are
asymptomatic or lacking the typical
symptoms of fever, dry cough and,
fatigue, and the diagnosis is based on
detection of the viral RNA in throat
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swab samples. In the majority of
cases, the course of infection remains
mild™"%, and the patients resolve
spontaneously®®. The patients can
develop bacterial and fungal infections
as the disease progresses. Therefore,
antibiotic or antifungal treatment may
be given as appropriate”. Individuals
with multiple comorbid conditions are
prone to severe infection®.

Fever can be treated with antipyretic
drugs such as paracetamol, and patients
with non-productive cough can be
given expectorants such as guaife-
nesin’®. Empirical early antibiotics
were given for possible bacterial pneu-
monia’.

Liver injury with various degrees
may occur in patients with COVID-19
and the infection may be caused
directly by the virus">"®. The incidence
of liver injury ranged from 14.8-53%,
detected mainly by abnormal alanine
aminotransferase  (ALT)/ aspartate
aminotransferase (AST) levels and
mild elevation of bilirubin levels®
Gamma-glutamyl  transferase  and
alkaline phosphatase were elevated in
54% and 18% of cases’’. The
incidence of liver injury in severe
COVID-19 patients was higher than
that in mild cases®”® and signs of
hepatic dysfunction may occur in
critically ill patients’®. One study
reported that serum ALT and AST
levels increased up to 7590 U/L and
1445 UL, respectively, in a severe
COVID-19 patient. Also, reduced
albumin levels may be detected in
severe cases®™. Postmortem biopsies
showed moderate microvascular stea-
tosis and mild lobular and portal
activity, indicating that the injury may
be due to either SARS-CoV-2 infection
or drug-induced liver injury”®, which
might be caused by lopinavir/ritonavir,
that were used as antiviral therapy®.

In COVID-19, various fatal compli-
cations including severe pneumonia,

ARDS, pulmonary edema, septic
shock, and organ failure can occur®®.

In some patients with SARS-CoV-2,
there is overexpression of inflam-
matory mediators which is known as
cytokine storm syndrome (CSS) which
also occurs in other inflammatory con-
ditions such as sepsis. It is unknown
who will develop the cytokine storm.
CRP, serum ferritin, and 1L-6 are early
biomarkers that may predict the
evolution of CSS. These patients have
a much higher incidence of a rapid
deterioration of health and death®'. The
cytokine storm is triggered by an
imbalanced response of type 1 and type
2 T helper cells®"#,

Covid-19 patients had a thrombosis in
the small vessels of multiple organs.
SARS-CoV-2 facilitates endotheliitis
that may precipitate thrombosis®.
Respiratory failure in COVID-19 is not
caused by ARDS alone®, but micro-
vascular thrombosis may play a role as
well. This has important diagnostic and
therapeutic implications®®. Whether the
thrombotic process is directly caused
by the virus or by the local or systemic
inflammation is not completely under-
stood®.

Hypertensive, diabetic, older patients
and those with coronary heart disease
were at higher risk of mortality".
Patients with myocardial injury are
older and have a higher prevalence of
coronary artery disease, hypertension,
heart failure, and diabetes mellitus than
those with normal levels of troponin |
(Tnl) or troponin T (TnT). Also, they
have evidence of more severe systemic
inflammation®"®®, Patients with risk
factors for atherosclerotic cardio-
vascular disease have a higher risk of
developing acute coronary syndrome
during acute infections which have
been shown previously in clinical and
epidemiologic studies of influenza® ",
and other acute inflammatory condi-
tions®>. Such acute coronary events
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could result from the severe increase in
myocardial demand triggered by
infections that precipitate myocardial
injury or infarction, or respiratory
dysfunction and hypoxemia caused by
COVID-19. Alternatively, cytokines
released during severe inflammation
could lead to atherosclerotic plaque
instability and rupture®.

The mortality among all infected
patients is about 0.5-4%* among
patients who require hospitalization is
about 5-15%, and for those who
become critically ill is about 22-
62%72'74.

At present, there is no effective
antiviral treatment or vaccine for
COVID-19. Several drugs were tried®.
Early initiation of antiviral treatment is
known to decrease the severity of the
disease®™. Oseltamivir, a neuraminidase
inhibitor, is currently being tried. Rem-
desivir acts as an adenosine-analog that
induces RNA chain termination, it
inhibited SARS-CoV-2 in vitro®*® and
decreased the severity of MERS-CoV-
infection in a non-human primate
model in vivo™. Several reports have
suggested it's clinical efficacy in
patients ~ with ~ COVID-19'%%*%,
Ritonavir-boosted lopinavir has an
antiviral effect on SARS-CoV?2 in vitro
but not in vivo study®%. Hydroxy-
chloroquine or chloroquine phosphate
has antiviral efficacy against SARS-
CoV-2 in vitro by interference with the
ACE2-receptor-mediated endocytosis
and is used as monotherapy or in
combination with azithromycin®®1%31%,
It is not recommended to use syste-
matic corticosteroids for respiratory
failure without ARDS in COVID-19,
however, it may be used for patients
with ARDS™®. Glucocorticoids may be
considered for patients with severe
immune reactions’®™*. Treatment with
methyl prednisolone, 1-2 mg/kg/d for
5-7 days, is associated with a reduction
in duration of fever and the need for

supplemental oxygen'®. The use of
convalescent plasma may contribute to
recovery'®. Anti-cytokine therapy, as
anti-IL-1 and anti-IL-6 may mitigate
the hyper-inflammation that may dev-
elop in conjunction with ARDS'%*17,
Recent recommendations suggest that
all hospitalized COVID-19 patients
should receive thromboprophylaxis, or
full therapeutic-intensity anticoagul-
ation if needed'®. In the absence of
shock, intravenous fluids should be
carefully administered when needed™®.
Patients with a severe respiratory inf-
ection, respiratory distress, hypoxemia,
or shock require immediate oxygen
therapy™'°. About 5-10 % of patients
require intensive care unit admission
and mechanical ventilation®”.

Possible rule of S. costus in
treatment of COVID-19

S. costus by its myrcene content that
acts on ACE receptors'® may interfere
with viral entry into the cells. S. costus
is used to treat fever, headache, cough,
and bronchial asthma'®?°"*°  Qleic
acid acts as antileukotriene-D4"
therefore acts as a bronchodilator. S.
costus is traditionally used as a
bronchodilator’® and as an anal-
gesic??®%, Myrcene and p-cymene
have analgesic properties while camph-
ene, inulin, alpha-phellandrene, caryo-
phyllene, hexanoic acid act as
expectorant’> S. costus has antimi-
crobial’”*®# and antibacterial prop-
erties'™® (costic acid, dehydrocotus
lactone, myrcene, p-cymene, tannin®®).
It is traditionally used as antiseptic'®
and has a wide spectrum antimicrobial
activity against some human patho-
gens. It exhibited a significant level of
antibacterial activity against many
Gram-positive and  Gram-negative
pathogenic bacteria, including staphyl-
ococcus aureus, pseudomonas aerug-
inosa, acinetobacter baumanii, esche-
richia coli, and klebsiella pneumonia®’.
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Also, it has antifungal activity™*% (car-

yophyllene oxide, myrcene, octanoic
acid, p-cymene®). The decoction of
the plant increases the endogenous
motilin release and accelerates gastric
emptying®, and improves gastric
cytoprotection®***. It amplified the
mucus discharge and was proved to be
an antiulcer agent>?3#3448061 -~ caryo-
phyllene™ and increased intracellular
glutathione are responsible  for
protection against gastric cell injury®.
Besides, S. costus showed the ability to
inhibit several strains of helicobacter
pylori™ and it is carminative'®®,
Oleic acid has choleretic effect™ and
costunolide has cholagogic effect*®. S.
costus has significant antidiarrheal
activity™>*® (tannin'®), antiseptic and
astringent agent™. It is widely utilized
in different medical systems all around
the world for treating a variety of
ailments such as vomiting, dyspepsia,
inflammation, diarrhea, tenesmus, and
abdominal pain®?. S. costus roots
have hepatoprotective™®?*#+? (tannin,

p-cymene™) and  antihepatotoxic
effects® (tannin™).

S. costus roots have antiviral
activity®*"#®, The studies that

demonstrated its antiviral activity were
done on the hepatitis B virus (HBV)
and showed its considerable activity
against the virus and its ability to
inhibit hepatitis B surface antigen
(HBsAg) expression?>®. Constunolide
and dehydrocostus lactone showed an
inhibitory effect on the expression of
HBsAg by Hep3B cells. They
suppressed HBsSAQ gene expression at
the mRNA level. Costunolide and
dehydrocostus lactone are candidates
to be developed as potent anti HBV
drugs®®.  P-cymene,  stigmasterol,
tannin, lupeol, and Dbotulin have
antiviral effects'. S. costus has anti-
inflammatory activity”>?®. It is freq-
uently used for inflammatory diseases.
It inhibited the cytokine-induced

10

neutrophil chemotactic factor induc-
tion®.  Costunolide has antiinfl-
ammatory activity®>. S. costus decrea-
ses pain and inflammation by
inhibition of cyclooxygenase (COX)
enzyme®. S. costus is used for treatm-
ent of chronic inflammation of the
lungs, chest congestion, lung inflam-
mation®, and respiratory distresss*".
Chlorogenic acid in the roots of S.
costus exhibited antioxidant activity™.
Myrcene, palmitic acid, stigmasterol,
and tannin have antioxidant
properties™. S. costus extract caused a
dose-dependent protection against lipid
peroxidation®”. 'S. costus possesses
immunostimulant effect®”® (tannin®).
It increased the leukocytic count,
phagocytosis and antibody-secreating
cells. It inhibited the oxidation of
reduced glutathione (GSH) in a dose-
dependent manner*’. The importance
of thiols, especially of cysteine and
glutathione, for lymph-ocyte function,
has been known for many years. GSH
iS a non-enzymic mode of defense
against free radicals''?. Glutathione is
an important constituent of
intracellular protective mechanisms
against  several noxious stimuli,
including oxidative stress™*. S. costus
roots have immunomodulator
activity>3**L. Cynaropicrin has immu-
nomodulatory effects on cytokine
release®. S. costus has “ complement-
inhibitor’” substances helpful in the
treatment of some diseases related to
marked activation of the complement
system, like rheumatoid arthritis, resp-
iratory distress, and systemic lupus
erythematosus®. Its roots are used in
the treatment of rheumatic dise-
ases®®**1 Lupeol has antirheumatic
effect’. S. costus has hypoglycaemic
activity® (inulin®), and it was found to
be effective for obese diabetic patie-
nts®. It showed a significant hypoli-
pidaemic effect in rabbits. Reduction in
serum triglycerides and cholesterol
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were also found to be significant®.
Beta-sitosterol has hypolipidemic and
hypocholesterolemic effects, inulin,
oleic acid, and stigmasterol have
hypocholesterolemic  effects™.  S.
costus roots have spasmolytic active-
ity”®. Myrcene and saussurine have
antispasmodic actions™®. S. cotus is
known to suppress contractions in the
guniea-pig aorta. Sesquiterpenes are
recognized to stimulate the soluble
guanylyl cyclase (sGC) which stim-
ulates extrusion of K+ ions and thereby
reduces intrinsic Ca++ ions through
activation of protein kinase G (PKG)
pathway and cyclic guanosine mono-
phosphate (cGMP), leading to smooth
muscles relaxation®’.

Conclusion and recommendation:
Medicinal plants provide us with
important drugs that could be used to
treat different diseases. Research insti-
tutes should evaluate the therapeutic
potential of S. costus in the treatment
of COVID-19 and the patients should
be asked to participate in clinical trials.
It is worthy to separate the bioactive
compounds from the roots of S. costus
to get new natural and effective drugs.

References

1- Pandey MM, Rastogi S, Rawat AK.
Saussurea costus: Botanical, chemical,
and pharmacological review of an ayur-
vedic medicinal plant. J
Ethnopharmacol 2007; 110(3): 379-
390.

2- Shah R. Nature’s medicinal plants of

Uttaranchal: (Herbs, Grasses and
Ferns). Vol. I and Il. Gyanodaya
Prakashan, Kanpur, Nanital,

Uttarakhand. India 2006.

3- Madhuri K, Elango K, Ponnusankar S.

Saussurea lappa (Kuth root): review of its
traditional uses, phytochemistry and
pharmacology. Orient Pharm Exp Med
2012; 12: 1-9.

11

4- Ahmad M, Khan MA, Marwat SK, et al.
Useful medicinal flora enlisted in Holy
Quran and Ahadith. American-Eurasian
J Agric Environ Sci 2009; 5(1): 126-
140.

5-Saussurea costus wikipidia

6- Julianti T, Hata Y, Zimmermann S, et
al.  Antitrypanosomal sesquiterpene
lactones from Saussurea  costus.
Fitoterapia 2011; 82(7): 955-959.

7- Yang H, Xie JL, Sun HD. Resarch
progress on the medicinal plant
Saussurea lappa. Nat Prod Res Dev
1998; 10(2): 90-98.

8- Sun CM, Syu WJ, Don MJ, et al.
Cytotoxic sesquiterpene lactones from
the root of Saussurea lappa. J Nat Prod
2003; 66(9): 1175-1180.

9- Choi EM, Kim GH, Lee YS. Protective
effects of dehydrocostus lactone
against hydrogen peroxide-induced
dysfunction and oxidative stress in
osteoblastic MC3T3-E1 cells. Toxicol
In Vitro 2009; 23: 862-867.

10- Cho JY, Park J, Yoo ES, et al.
Inhibitory effect of sesquiterpene
lactones from Saussurea lappa on
tumor necrosis factor-alpha production
in murine macrophage-like cells. Planta
Med 1998; 64(7): 594-597.

11- Yoshikawa M, Hatakeyama S, Inoue
Y, et al. Saussureamines A, B, C, D,
and E, new antiulcer principles from
Chinese Saussureae Radix. Chem
Pharm Bull (Tokyo) 1993; 41(1): 214-
216.

12- Zhao F, Xu H, He EQ, et al. Inhibitory
effects of  sesquiterpenes  from
Saussurea lappa on the overproduction
of nitric oxide and TNF-alpha release
in LPS-activated macrophages. J Asian
Nat Prod Res 2008; 10(11-12): 1045-
1053.

13- Robinson A, Kumar TV, Sreedhar E,
et al. A new sesquiterpene lactone from
the roots of Saussurea lappa: Structure-
anticancer activity study. Bioorg Med
Chem Lett 2008; 18: 4015-4017.

14- Yang H, Xie J, Sun H. Study on
chemical constituents of Saussurea



SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

lappa Il. Acta Botanica Yunnanica
1997; 19: 92-96.
15-Natural Medicine Facts. Saussurea

lappa. Health effects and herbal facts.
https://www.naturalmedicine
facts.info/plant/saussurea-lappa.html

16- Wani BA, Wani FM, Khan A, et al.
Some herbs mentioned in the Holy
Quran and Ahadith and their medicinal
importance in contemporary times. J
Pharm Res 2011; 4(11): 3888-3891.

17- Hasson SSA, Al-Balushi MS, Alharthy
K, et al. Evaluation of anti-resistant
activity of Auklandia (Saussurea
lappa) root against some human
pathogens. Asian Pac J Trop Biomed
2013; 3(7): 557-562.

18-Kalid A, Urrehman U, Sethi A et al.
Antimicrobial activity analysis of
extracts of Acacia modesta, Artemisia
absinthium,  Nigella sativa and
Saussurea lappa against Gram positive
and Gram negative microorganisms.
African Journal of Biotechnology
2011; 10(22): 4574-4580.

19- Barrero AF, Oltra JE, Alvarez M, et al.
New sources and antifungal activity of
sesquiterpene  lactones.  Fitoterapia
2000; 71: 60-64.

20- Rao KS, Babu GV, Ramnareddy YV.
Acylated favone glycosides from the
roots of Saussurea lappa and their
antifungal activity. Molecules 2007;
12(3): 328-344.

21- Babbar OP, Joshi MN, Madan AR.
Evaluation of plants for antiviral
activity. Indian J Med Res 1982; 76
(S): 54-65.

22- Chen HC, Chou CK, Lee DS et al.
Active compounds from Saussurea
lappa Clarks that suppresses hepatitis B
virus surface antigen gene expression
in human hepatoma cells. Antiviral
Research 1995;27: 99-109.

23- Zahara K, Tabassum S, Sabir S, et al.
A review of therapeutic potential of
Saussurea lappa-An endangered plant
from Himalaya. Asian Pac J Trop Med
2014; 7(S1): S60-69.

12

24- Amara U, Mashwani ZR, Khan A et
al. Conservation status and therapeutic
potential of Saussurea lappa; An
overview. American Journal of Plant
Science 2017; 8: 602-614

25- Ansari S, Siddiqui MA, Malhotra S et

al.  Antiviral efficacy of Qust
(Saussurea lappa) and Afsanteen
(Artemisia asbinthium) for chronic

hepatitis B: A prospective single-arm
pilot clinical trial. Pharmacognosy
Research 2018; 10 (3): 282-290.

26- Akhtar MS and Riffat S. Field trail of
Saussurea  lappa roots  against
nematodes and Nigella sativa seeds
against cestodes in children. J Pakistan
Med Assoc 1991; 41: 185-187.

27- Malik AH, Khuroo AA, Dar GH, et al.
Ethnomedicinal uses of some plants in
the Kashmir Himalaya. Indian J Tradit
Knowl 2011; 10(2): 362-366.

28- Kirtikar KR and Basu BD. Indian
medicinal plants. Derhadun:
International Book Distributors 1987;
p. 915.

29- Tsarong TJ. Tibetan medicinal plants.
India: Tibetan Medical Publications
1994,

30- Lee GI, Ha JY, Min KR, et al.
Inhibitory effects of oriental herbal
medicines on IL-8 induced in
lipopolysacharide activated rat
macrophages. Planta Med 1995; 61:
26-30.

31-Jin M, Lee HJ, Ryu JH et al. Inhibition
of LPS-induced NO production and
NF-kappa B  activation by a
sesquiterpene from Saussurea lappa.
Arch Pharm Res 2000; 23: 54-58.

32- Gokhale AB, Damre AS, Kulkarni KR
et al. Preliminary evaluation of anti-
inflammatory and anti-arthritic activity
of S. lappa, A. speciosa and A. aspera.
Phytomedicine 2002; 9: 433-437.

33- Kang JS, Yoon YD, Lee KH, et al.
Costunolide inhibits interleukin-1beta
expression by down-regulation of AP-1
and MAPK activity in LPS-stimulated



SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

RAW 264.7 cells. Biochem Biophys
Res Commun 2004; 313: 171-177.

34- Yashvanth S, Robinson A, Babu KS,
et al. Anti-inflammatory and cytotoxic
activity of chloroform extract of roots
of Saussurea lappa Clarke. J Pharm
Res 2010; 3(8): 1775-1778.

35- Choi HG, Lee DS, Li B, et al.
Santamarin, a sesquiterpene lactone
isolated from  Saussurea lappa,
represses LPS-induced inflammatory
responses via expression of heme
oxygenase-1 in murine macrophage
cells. Int Immunopharmacol 2012; 13
(3): 271-9.
D0i:10.1016/j.intimp.2012.04.016.

36- Shafiee M, Carbonnart MA, Huart JB,
et al. Synergistic antioxidative
properties of phenolics from natural
origin towards low-density lipoproteins
depend on oxidation system. J Med
Food 2002; 5: 69-78.

37- Pandey MM, Govindarajan R, Rawat
AKS, et al. Free radical scavenging
potential of Saussarea costus. Acta
Pharm 2005; 55:297-304.

Hamilton AC. Medicinal plants,
conservation and livelihoods. Biodivers
Conserv 2004; 13: 1477-1517.

39- Cho JY, Kim AR, Jung JH, et al.
Cytotoxic and pro-apoptotic activities
of cynaropicrin, a sesquiterpene
lactone, on the viability of leukocyte
cancer cell lines. Eur J Pharmacol
2004; 492: 85-94.

40- Pandy RS. Saussurea lappa extract
modulates cell mediated and humoral
immune response in mice. Der
Pharmacia Lettre 2012; 4: 1868-1873.

41- Fan H, Liu F, Bligh SWA, et al.
Structure of a homofructosan from
Saussurea costus and anti-
complementary activity of its sulfated
derivatives. Carbohyd Polym 2014;
105: 152-160.

42- Chen SF, Li YQ, He FY. Effect of
Saussurea lappa on gastric functions.
Chinese J Integ Trad West Med 1994;
14: 406-408.

38-

13

43- Mitra SK, Gopumadhavan S,
Hemavathi TS, et al. Protective effect
of UL-409, a herbal formulation
against physical and chemical factor
induced gastric and duodenal ulcers in
experimental animals. J

Ethnopharmacol 1996; 52: 165-169.

44- VVenkataranganna MV, Gopumadhavan
S, Sundaram R, et al. Evaluation of
possible mechanism of anti-ulcerogenic
activity of UL-409, a herbal
preparation. J Ethnopharmacol 1998;
63: 187-192.

45- Matsuda H, Kageura T, Inoue Y, et al.
Absolute  stereo  structures  and
syntheses of Saussureamines A, B, C,
D and E, amino acid-sesquiterpene
conjugates with gastroprotective effect
from the roots of Saussurea lappa.
Tetrahedron 2000; 56:7763-7777.

46- Yamahara J, Kobayashi M, Miki K, et
al. Cholagogic and antiulcer effect of
Saussurea radix and its components.
Chem Pharm Bull 1985; 33: 1285-
1288.

Hsu YL, Wu LY, Kuo PL.
Dehydrocostuslactone, a medicinal
plant derived sesquiterpene lactone
induces  apoptosis  coupled to
endoplasmic reticulum stress in liver
cancer cells. J Pharmacol Exp Ther
2009; 329: 809-819.

48- Negi JS, Bisht VK, Bhandari AK et al.
Antidiarrheal activity of methanol
extract and major essential oil contents
of Saussurea lappa Clarke. African
Journal of Pharmacy and
Pharmacology 2013; 7(8): 474-477.

49- Yaeesh S, Jamal Q, Shah AJ, et al.
Antihepatotoxic activity of Saussurea
lappa extract on D-galactosamine and
lipopolysaccharide-induced hepatitis in
mice. Phytother Res 2010; 2: S229-
S232.

47-

50- Upadhyay OP, Singh RH, Dutta SK.
Studies on antidiabetic medicinal plants
used in Indian folklore. Aryavaidyan
1996; 9: 159-167.



SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

51- Kim RM, Jeon SE, Choi Y.
EuiBangRuChui 1991. Vol 6. Seoul:

Yeokang. Publications; p. 385.

52- Lee MG, Lee KT, Chi SG, et al.
Costunolide induces apoptosis by ROS-
mediated mitochondrial permeability
and cytochrome C release. Biol Pharm
Bull 2001; 24: 303-306.

53- Fukuda K, Akao S, Ohno Y, et al.
Inhibition by costunolide of phorbol
ester-induced transcriptional activation
of inducible nitric oxide synthase gene
in a human monocyte cell line THP-1.
Cancer Lett 2001; 164:7-13.

54- Kim EJ, Lim SS, Park SY, et al.
Apoptosis of DU145 human prostate
cancer cells induced by dehydrocostus
lactone isolated from the root of
Saussurea lappa. Food Chem Toxicol
2008; 46:3651-3658.

55- Ko SG, Kim HP, Jin DH, et al.
Saussurea lappa induces G2-growth
arrest and apoptosis in AGS gastric
cancer cells. Cancer Lett 2005; 220:
11-19.

56- Butola JS and Samant SS. Saussurea
species in Indian Himalayan Region:
diversity, distribution and indigenous
uses. IntJPlant Biol 2010; 1: 43-51

57- Chopra RN, Nayar SL, Chopra IC.
Glossary of Indian medicinal plants.
New Delhi: Publication and
Information Directorate 1956.

58- Jain SP. Ethnobotany of Morni and
Kalesar (Ambala, Haryana). J Econ
Taxon Bot 1984; 5: 809-813.

59- Dhar GH, Virjee J, Kachroo P, et al.
Ethnobotany of Kashmir—I. Sind
Valley. J Econ Taxon Bot 1984; 5:
668-675.

60- Yamahara J, Kobayashi M, Miki K, et
al. Cholagogic and antiulcer effect of
Saussurea radix and its components,
Chem Pharm Bull 1985; 33: 1285-
1288.

61- Sutar N, Garai R, Sharma US, et al.
Antiulcerogenic activity of Saussurea
lappa root. Int J Pharm Life Sci 2011,
2: 516-520.

14

62- Council of Scientific and Industrial
Research. The wealth of India: a
dictionary of Indian raw materials and
industrial  products. New  Delhi:
Council of Scientific and Industrial
Research 1972.

63- Shah NC. Herbal folk medicines in
northern India. J Ethnopharmacol 1982;
6: 293-301.

64- World Health Organization. WHO
Director-General’s Remarks at the
Media Briefing on 2019-nCoV on 11
February 2020,
https://www.who.int/dg/speeeches/deta
il/who-director-general-s-remarks-at-
the-media-briefing-on-2019-ncov-on-
11-february-2020.

65- Wang Q, zZhang Y, Wu L, et al
Structural and functional basis of
SARS-CoV-2 entry by using human
ACE2. Cell;
https://doi.org/10.1016/j.cell.2020.03.0
45. Published April 9, 2020.

66- Chen N, Zhou M, Dong X, et al.
Epidemiological and clinical
characteristics of 99 cases of 2019
novel coronavirus pneumonia in
Wuhan, China: a descriptive study.
Lancet 2020; 395(10223): 507-13.
https://doi.org/10.1016/S0140-
6736(20)30211-7.

67- Huang C, Wang Y, Li X, et al. Clinical
features of patients infected with 2019
novel coronavirus in Wuhan, China.
Lancet 2020; 395(10223): 497-506.

68- Guan W, Ni Z, Hu Y, et al. Clinical
characteristics of 2019 novel
coronavirus infection in  China.
medRxiv 2020.

69- Yeo C, Kaushal S, Yeo D. Enteric
involvement of coronaviruses: is faecal
& oral transmission of SARS-CoV-2
possible? The Lancet
Gastroenterol&Hepatol 2020; 5: 335-
337.

70- Novel Coronavirus Pneumonia
Emergency Response Epidemiology
Team.  Vital  surveillances:  the
epidemiological characteristics of an

outbreak of 2019 novel coronavirus


https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7

SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

diseases (COVID-19)—China, 2020.
China CDC  Weekly. Accessed
February 20, 2020. http://weekly.
chinacdc.cn/en/article/id/e53946e2-
c6c4-41e99a9b-fea8db1a8f51

71- Zhou X, Zhang B, Qiu Y, et al.
Clinical characteristics of 82 death
cases with COVID-19. medRxiv 2020.

72- Yang X, Yu Y, Xu J, et al. Clinical
course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia
in Wuhan, China. Lancet Respir Med
2020; 8 (5): 475-481. S2213-
2600(20)30079-5.

73- Kui L, Fang YY, Deng Y, et al
Clinical  characteristics of  novel
coronavirus cases in tertiary hospitals
in Hubei Province, Chin Med J 2020;
(Engl) 1.

74- Wang D, Hu B, Hu C, et al. Clinical
characteristics of 138 hospitalized
patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China. J
Am Med Assoc; Published online
February 7, 2020.
https://doi.org/10.1001/jama.2020.1585

75- Murthy S, Gomersall CD, Fowler RA.
Care for critically ill patients with
COVID-19. JAMA; Published online
March 11 2020. Downloaded From:
https://jamanetwork.com/ on
04/15/2020.

76- Zhang D, Zhu NA, Wang W, et al. A
novel coronavirus from patients with
pneumonia in China, 2019. New
England Journal of Medicine 2020;
382(8): 727-733.

77- Chai X, Hu L, Zhang Y, et al. Specific
ACE2 expression in cholangiocytes
may cause liver damage after 2019-
nCoV infection. bioRxiv 2020.

78- Cai Q, Huang D, Ou P, et al. COVID-
19 in a Designated Infectious Diseases
Hospital Outside Hubei Province,
China. medRxiv 2020.

79- Shi H, Han X, Jiang N, et al.
Radiological findings from 81 patients
with COVID-19 pneumonia in Wuhan,

15

China: a descriptive study. Lancet
Infect Dis 2020.

80- Fan Z, Chen L, Jun LI, et al. Clinical
features of COVID-19- related liver
damage. medRxiv 2020.

81-Bassin B, Cherry-Bukowiec J, Diwan
M, et al. Michigan Medicine COVID-
19 Adult Critical Care Consensus
Recommendations 2020.
http://www.med.umich.edu/surgery/
mcccn/documents/ COVID-19-Critical-
Care-Management-Consensus-
Recommendations-3.25.20.pdf

82- Wong CK, Lam CWK, Wu AKL, et al.
Plasma inflammatory cytokines and
chemokines in severe acute respiratory
syndrome. Clin Exp Immunol 2004;
136, 95-103.

83- Varga Z. Endothelial cell infection and
endotheliitis in  COVID-19. The
Lancet’s website.
https://www.thelancet.com/lancet/articl
e/s0140-6736(20)30937-5.  Published
April 17, 2020.

84-Magro C, Mulvey JJ, Berlin D, et al.
Complement associated microvascular
injury and thrombosis in the
pathogenesis of severe COVID-19
infection: A report of five cases. Transl

Res 2020; doi:
10.1016/j.trsl.2020.04.007.  Published
April 15, 2020.

85-Zhou F, Yu T, Du R, et al. Clinical
course and risk factors for mortality of
adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort
study. Lancet 2020; 395:1054-62. doi:
10.1016/S0140-6736(20)30566-3.

86-Oudkerk M, Biller HR, Kuijpers D, et
al. Diagnosis, Prevention, and
Treatment of Thrombormbolic
Complications in COVID-19: Report of
the National Institute for Public Health
of the Netherlands. Radiol 2020;
Published Online: Apr 23 2020.
https://doi.org/10.1148/radiol.2020201
629


https://doi.org/10.1001/jama.2020.1585
http://www.med.umich.edu/surgery/mcccn/documents/%20COVID-19-Critical-Care-Management-Consensus-Recommendations-3.25.20.pdf
http://www.med.umich.edu/surgery/mcccn/documents/%20COVID-19-Critical-Care-Management-Consensus-Recommendations-3.25.20.pdf
http://www.med.umich.edu/surgery/mcccn/documents/%20COVID-19-Critical-Care-Management-Consensus-Recommendations-3.25.20.pdf
http://www.med.umich.edu/surgery/mcccn/documents/%20COVID-19-Critical-Care-Management-Consensus-Recommendations-3.25.20.pdf
https://doi.org/10.1148/radiol.2020201629
https://doi.org/10.1148/radiol.2020201629

SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

87- Shi S, Qin M, Shen B, et al.
Association of cardiac injury with
mortality in hospitalized patients with
COVID-19 in Wuhan, China. JAMA
Cardiol 2020; Published online March
25, 2020.
doi:10.1001/jamacardio.2020.0950.

88- Guo T, Fan Y, Chen M, et al.
Cardiovascular implications of fatal
outcomes of patients with coronavirus
disease 2019 (COVID-19). JAMA
Cardiol 2020; Published online March
27, 2020.
doi:10.1001/jamacardio.2020.1017.

89- Madjid M, Miller CC, Zarubaev VV,
et al. Influenza epidemics and acute
respiratory  disease  activity are
associated with a surge in autopsy-
confirmed coronary heart disease
death: results from 8 years of autopsies
in 34,892 subjects. Eur Heart J 2007,
28(10): 1205-
1210.d0i:10.1093/eurheartj/ehm035.

90- Nguyen JL, Yang W, Ito K, et al.

Seasonal influenza infections and
cardiovascular  disease  mortality.
JAMA  Cardiol 2016; 1(3):274-

81.d0i:101001/jamacardio.2016.0433.

91- Kwong JC, Schwartz KL, Campitelli
MA, et al. Acute myocardial infarction
after laboratory-confirmed influenza
infection. N Engl J Med 2018; 378(4):
345-53. doi:10.1056/NEJM0a1702090.

92- Smeeth L, Thomas SL, Hall AJ, et al.
Risk of myocardial infarction and
stroke after acute infection or
vaccination. N Engl J Med 2004,
351(25)2611-8.
doi:10.1056/NEJM0a041747.

93- Bonow RO, Fonarow GC, O'Gara PT,
et al. Association of coronavirus
disease 2019 (COVID-19) with
myocardial injury and mortality. JAMA
Cardiology 2020; Puplishe online
March 27, 2020. Downloaded-from:

https//jamanetwork.com/ on
04/15/2020.
94- Wu Z and McGoogan JM.

Characteristics of and important

16

lessons from the coronavirus disease
2019 (COVID-19) outbreak in China:
summary of a report of 72314 cases
from the Chinese Center for Disease
Control and Prevention. JAMA 2020;
Published online February 24,2020.
doi:10.1001/jama.2020. 2648.

95- Harrison C. Coronavirus puts drug
repurposing on the fast track; EASL-
ESCMID Position Paper 2020.

96- Tobias B, Philip N N, Mario U M, et
al. Care of patients with liver disease
during the COVID-19 pandemic;
EASL-ESCMID Position Paper 2020.

97- Warren TK, Jordan R, Soloveva V, et
al. Therapeutic efficacy of the small
molecule GS-5734 against Ebola virus
in rhesus monkeys. Nature 2016; 531.:
381-385.

98- Wang M, Cao R, Zhang L, et al.
Remdesivir and chloroquine effectively
inhibit the recently emerged novel
coronavirus in vitro. Cell Research
2020; 30: 269-271.

99- Feldmann F, Cronin J, Jordan R, et al.
Prophylactic and therapeutic remdesivir
(GS-5734) treatment in the rhesus
macaque model of MERS-CoV
infection. Proceedings of the National
Academy of Sciences 2020.

100- Holshue ML, DeBolt C, Lindquist S,
et al. First Case of 2019 Novel
Coronavirus in the United States. New
England Journal of Medicine 2020;
382: 929-936.

101- Sheahan TP, Sims AC, Leist SR, et
al. Comparative therapeutic efficacy of
remdesivir and combination lopinavir,
ritonavir, and interferon beta against
MERS-CoV. Nature Communications
2020; 11: 222.

102- Cao B, Wang Y, Wen D, et al. A
Trial of Lopinavir-Ritonavir in Adults
Hospitalized with Severe Covid-19.
New England Journal of Medicine
2020.

103- Li G, De Clercq E. Therapeutic
options for the 2019 novel coronavirus.



SOHAG MEDICAL JOURNAL
Vol. 24 No. 3 July 2020

Saussurea costus may help in the treatment of COVID-19

Mahmoud Saif-Al-Islam

Nat Rev Drug Discov 2020; 19: 149-
150.

104- Gautret P, Lagier JC, Parola P, et al.
Hydroxychloroquine and azithromycin
as a treatment of COVID-19: results of
an open-label non-randomized clinical
trial. International ~ Journal  of
Antimicrobial Agents 2020.

105- Wang Y, Jiang W, He Q, et al. Early,
low-dose and short-term application of
corticosteroid treatment in patients with
severe COVID-19 pneumonia: single-
center experience from Wuhan, China.
medRxiv 2020. Preprint posted March
12,2020.
d0i:10.1101/2020.03.06.20032342v1

106- Roback JD and Guarner J.
Convalescent plasma to treat COVID-
19. Possibilities and Challenges. JAMA

2020; Downloaded From:
https://jamanetwork.com/ on
04/15/2020.

107- Mehta P, McAuley DF, Brown M, et
al. COVID-19: consider cytokine storm
syndromes and immunosuppression.
Lancet 2020.

108-Kollias A, Kyriakoulis KG,
Dimakakos E, et al. Thromboembolic
risk and anticoagulant therapy in
COVID-19 patients: emerging evidence
and call for action. Br J Haematol

2020; 2020 Apr 18. doi:
10.1111/bjh.16727. [Epub ahead of
print].

17

109- Schultz MJ, Dunser MW, Dondorp
AM, et al. Current challenge in the
management of sepsis in ICUs in
resource-poor settings and suggestions
for the future, Intensive Care Med
2017; 43: 612-624.

110- Resjg H, Varpula M, Hagve T-A, et
al. Circulating high sensitivity troponin
T in severe sepsis and septic shock:
distribution, associated factors, and
relation to outcome, Intensive Care
Med 2011; 37: 77-85.

111- Li Y, Xu C, Zhang Q et al. In vitro
anti-helicobacter pylori action of 30
Chinese herbal medicines used to treat
ulcer disease. Journal of Ethnoph-
armacology 2005; 98: 329-333.

112- Tripathi YB and Sharma M.
Comparison of the antioxidant action of
the alcoholic extract of Rubia cordifolia
with rubiadin. Indian J Biochem
Biophys 1998; 35: 313-316.

113- Govindarajan R, Vijayakumar M,
Rawat AKS et al. Free radical
scavenging potential of Picrorhiza
kurrooa Royle ex Benth. Indian J Exp
Biol 2003; 41: 875-879.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kyriakoulis%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=32304577
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimakakos%20E%5BAuthor%5D&cauthor=true&cauthor_uid=32304577
https://www.ncbi.nlm.nih.gov/pubmed/32304577
https://www.ncbi.nlm.nih.gov/pubmed/32304577

