
Bull. Pharm. Sci., Assiut University, Vol. 48, Issue 1, 2025, pp. 203-228. 

 

Bulletin of Pharmaceutical Sciences  
Assiut University 

Website: http://bpsa.journals.ekb.eg/  

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
Received : 11/5/2024 & Accepted : 4/3/2025 

*Corresponding author: Taha A. Hussein, E-mail: thussien71@yahoo.com 

 

ANTIVIRAL AND IMMUNOMODULATORY ACTIVITIES OF 

GENUS SAUSSUREA (ASTERACEAE): A REVIEW 

 
Kerollos A. Zaky1, Areej A. Ashour2, Tasneem Z. Zeid3, Amany S. Ahmed2.3,  

Taha A. Hussein2* 
 
1Faculty of Pharmacy, Sphinx University, Assiut, Egypt 
2Department of Pharmacognosy, Faculty of Pharmacy, Sphinx University, Assiut, Egypt 
3Department of Pharmacognosy, Faculty of Pharmacy, Assiut University, Assiut, Egypt 
 

Asteraceae (Compositae) family has a crucial role in complementary and alternative 

medicine, with its plants known for their biological applications and high economic value. Since 

ancient times, these plants, such as those in the Saussurea genus, have been used for treating 

various diseases. Throughout the ages, Saussurea species have attracted attention for their 

therapeutic abilities and the importance of their many biological applications. Therefore, this is 

the first review with the aim of demonstrating the antiviral activity and immunomodulator 

effects of Saussurea species. We investigated a wide range of literature across the biggest 

scientific databases to obtain the necessary information about the plants of Saussurea genus 

and their biological applications. We found that many Saussurea species have antiviral activity 

against various viruses, including enveloped single-stranded RNA viruses, whether negative-

sense or positive-sense, and also have antiviral activity against enveloped double-stranded 

DNA viruses. We also found that the scientific papers indicated many immunomodulator agents 

that were isolated from different Saussurea species. These findings support the significance of 

Saussurea species as a potential source of medications for the immune system and as efficient 

antiviral drugs. These plants may possibly be useful in future virus-caused pandemics as a 

primitive and complementary method of disease management. Some of these plants need further 

investigations and studies to prove their antiviral activity clearly and, in addition, to discover 

more Saussurea species that likely possess antiviral or immunomodulatory properties. 

              Keywords: Asteraceae, Saussurea, Antiviral, Immunomodulator, RNA virus, DNA virus 

 

INTRODUCTION 

 

One of the largest genera in the 

Asteraceae tribe, Cardueae, is Saussurea, 

which contains over 493 species1 with a 

geographical distribution throughout the 

temperate regions of Asia, Europe, America, 

and Australia2-5. The majority of the species in 

this genus are found in Central and Eastern 

Asia, which is also the area with the greatest 

diversity of species6, 7. More than 10 Saussurea 

species have been used for a very long time in 

Chinese folk medicine, and about 30 of them 

have been utilized in traditional Chinese 

medicine (TCM)8,9. For instance, the Southwest 

Chinese plant Saussurea lappa exhibits 

spasmolytic, antihypertension, and 

antimicrobial properties10. Saussurea costus 

herb with flower is involved in a Chinese 

formulation for improving bodily immunity and 

can strongly treat premature ovarian failure11. 

The biological properties of Saussurea 

pulchella include anti-inflammatory, anti-

hypertension, anti-hepatitis, and anti-arthritic 

effects. It has been used as a folk remedy in 

Korea12,13. Lower abdominal pain and 

rheumatoid arthritis have both been treated 

with Saussurea involucrata, a priceless 

traditional Chinese medicine14. As a traditional 

Korean medicine, Saussurea triangulata is 

used to cure hepatitis, hypertension, and 

inflammation. The rhizome of S. petrovii was 
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used to treat bleeding and rheumatism in the 

past15. The Chinese plant Saussurea medusa, 

which is native to the Tibetan Plateau, is 

mainly employed to treat rheumatoid arthritis, 

gynaecology, and to increase physical 

endurance16-19. Sesquiterpenes, triterpenes, 

flavonoids, lignans, and phenolic chemicals are 

the main chemical components of this genus' 

plants20. 

Interest in Saussurea species has increased 

in recent years due to the discovery of various 

biological activities, including 

immunostimulants, which have opened up new 

research and therapeutic possibilities.21-23 and 

antiviral properties24-26. Phytochemicals like 

flavonoids, terpenoids, and lignans have been 

found to have therapeutic properties against 

various viruses. Preliminary studies in 

experimental models show the protective 

impact of plant-derived natural chemicals 

against viral infection 27-31.  

In this article, we have made an attempt to 

thoroughly review and provide an extensive 

description of several phyto-antiviral and 

immunostimulant agents from Saussurea 

species. In addition, to supply crucial 

information that promotes the implementation 

of extensive clinical trials and the justification 

of a medicinal application of these species. 

 

MATERIAL AND METHODS 

 

The authors conducted an electronic 

literature search to gather primary studies on 

the Saussurea genus using the following online 

databases: Science Direct 

(http://www.sciencedirect.com), Scopus 

(www.scopus.com), PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed), Wiley 

Online Library 

(http://onlinelibrary.wiley.com/), in addition to 

Web of Science 

(http://apps.webofknowledge.com), Taylor and 

Francis (https://www.tandfonline.com/), 

Google Scholar (http://scholar.google.com), 

Baidu Scholar (https://xueshu.baidu.com/), and 

CNKI (https://www.cnki.net/index/). The 

search employed relevant keywords, namely 

"Saussurea", "Antiviral", and 

"Immunomodulator" as search items indicated 

in the title, abstract, and keywords without 

specific language limitation or time limit. The 

current review includes references to new 

research findings, review papers, magazine 

articles, book references, local records, 

classical Chinese herbal literature, and PhD 

and MSc dissertations. 

 

RESULTS AND DISCUSSION 

 

Antiviral activity of Saussurea genus plants 

Antiviral activity against enveloped, 

negative-sense, single-stranded RNA viruses 

Influenza Virus   

Numerous phytochemicals treat a variety 

of disorders because they are easily accessible, 

inexpensive32. Two compounds, Arctiin and 

chlorojanerin were obtained from extract of 

Saussurea heteromalla33. In the literature, 

chlorojanerin (1) is a sesquiterpene lactone in 

Fig. 1 has been studied for its antiviral and 

anti-ulcer properties34. Arctiin (2) is a lignan as 

shown in Fig. 1 present in several plants 

belonging to the Asteraceae family35. Arctiin is 

an influenza therapeutic agent that protects 

against lethal influenza virus (IFV), inhibits 

viral replication, improves immunological 

response, and reduces drug-resistant virus 

generation. Its effectiveness is enhanced with 

oseltamivir, and when combined with 

oseltamivir, it significantly reduces virus yields 

in bronchoalveolar lavage fluids and the 

lungs36. 

A study evaluated 43 methanolic extracts 

from 41 plant species for antiviral activity 

against influenza virus A, whose life cycle is 

shown in Fig. 2. Saussurea auriculata extract 

was found non-toxic to Madin-Darby canine 

kidney (MDCK) cells at 100 μgml-1 and 

moderately effective against influenza virus A 

(IC50 value 42 μgml-1), suggesting the genus 

Saussurea could be a potential source of 

antiviral agents37. The bioactive components at 

their low concentrations in the extract show 

moderate antiviral activity38. 

 

 

 

http://www.sciencedirect.com/
http://www.scopus.com/
http://www.ncbi.nlm.nih.gov/pubmed
http://onlinelibrary.wiley.com/
http://apps.webofknowledge.com/
https://www.tandfonline.com/
http://scholar.google.com/
https://xueshu.baidu.com/
https://www.cnki.net/index/
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Fig. 1: Antiviral agents from Saussurea genus: Chlorojanerin (1)33 – Arctiin (2)35 are two antiviral 

compounds extracted from S. heteromalla. 

 

 

 

 
Fig. 2: The life cycle of influenza A virus. 

 

 Spring viraemia of carp virus (SVCV)  

Arctigenin (ATG), an aglycone found in 

Saussurea medusa, has been used for 

modifications. ATG's derivative, 4'-(8-

imidazole-octyloxy)-arctigenin (6A), 

demonstrated strong activity against SVCV, 

with an IC50 of 0.095 μg/mL. The synthetic 

route of 6A, an immunosuppressive drug, with 

the required reagents and conditions is shown 

in Fig. 3. 6A reduced SVCV replication in 

Endothelial progenitor cells (EPC) at a 

concentration of 10 mg/L39. Zebra fish treated 

with 6A showed no significant interferon 

response against SVCV infection, and immune 

gene expression was reduced in EPC treated 

with 6A alone. When 6A was given 1 h after 

virus infection, it demonstrated strong anti-

SVCV activity. 6A mainly inhibited the early 

events of the replication cycle of SVCV, which 

was estimated to take about 8 hours40. 6A 

treatment could increase survival rates while 

decreasing viral load41. Coumarin derivative, 7-

(6-(2-methyl imidazole))-coumarin, effectively 

prevents rhabdovirus infection in fish, reducing 

mortality by 22.5% in zebrafish infected with 

SVCV after activating the fish interferon 

response42. 7-[6-(2-methylimidazole) hexyloxy] 

coumarin altered the structure of the SVCV 

glycoprotein, preventing viral binding to 

surface of cell or translocation to the cytosol40. 

Another coumarin derivative, 7-(4-

benzimidazolebutoxy)-coumarin, has been 

shown to increase HO-1 expression and 

decrease SVCV replication via PKCα/β-Nrf2 

signaling43. 
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Fig. 3: Synthesis of 4′-(8-imidazole-octyloxy)-arctigenin: (a) alkyl dibromide, K2CO3, dry acetone, 

reflux; (b) imidazole, K2CO3, CH3CN 44. 

 

Infectious hematopoietic necrosis virus 

(IHNV)  

Infectious hematopoietic necrosis virus 

(IHNV) is a type of RNA virus in the 

Rhabdoviridae family, as listed in Table 1. 4-

(8-(2-ethylimidazole)octyloxy)-arctigenin 

(EOA), an arctigenin derivative whose 

synthetic route with required reagents and 

conditions is shown in Fig. 4. EOA is stable 

and has a prolonged inhibitory half-life during 

an early viral infection. It suppresses IHNV 

glycoprotein (G) gene expression in virus-

sensitive organs like the kidney and spleen. 

EOA's 72-hour IC50 on G was 1.15 mg/L, and it 

demonstrated high antiviral activity against 

IHNV at 2 mg/L, with a maximal inhibition 

rate over 90%. In vivo, EOA treatment 

increased the survival rate of infected rainbow 

trout by 32.0%45. Autophagy activation 

suppressed both IHNV extracellular viral 

output and intracellular viral replication when 

EPC were infected with IHNV. EOA's antiviral 

mechanism could be similar to that of 

rapamycin, an autophagy inducer46 that has 

been shown to inhibit IL-8, IL-12p40, and 

TNF- α 47, 48. According to the findings, EOA 

has the potential to be a treatment for IHNV 

infection in aquaculture45. 

 
Table 1:  Antiviral activity of Saussurea plants against enveloped, negative-sense, single-stranded RNA viruses. 

Virus Family Antiviral 

agent 

Source Chemical 

class. 

References 

 

Lethal influenza 

virus (IFV)-

infection 

Orthomyxoviridae Arctiin Ethyl acetate soluble 

fraction of 

dichloromethane : 

methanol (1:1) extract 

of Saussurea 

heteromalla 

Lignan 33, 34, 35  

 

 

 

 

Influenza Virus A Orthomyxoviridae  

– 

Methanolic extract of 

Saussurea auriculata 

 

– 

36, 37 

 

H9N2 avian 

influenza viruses 

(AIVs) 

Orthomyxoviridae Arctiin  

–  

Lignan 

glycoside 

49 

Spring viraemia 

of carp virus 

(SVCV) 

Rhabdoviridae Arctigenin 

derivative 

Coumarin 

derivatives 

 

 

– 

Lignan 

 

 

Benzopyrones 

39, 44  

 

 

40, 42, 43  

Infectious 

hematopoietic 

necrosis virus 

(IHNV) 

Rhabdoviridae Arctigenin 

derivative 

 

– 

Lignan 

 

45-46  

 

 

Ranikhet- disease 

virus 

Paramyxoviridae  

– 

Saussurea obvollata 

flower extract 

 

– 

50  
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Fig. 4: Synthesis of EOA: (a) 1,8- dibromooctane, K2CO3, dry acetone, reflux; (b) 2-ethylimidazole, 

K2CO3, CH3CN 45. 

 

Antiviral activity against enveloped, 

positive-sense, single-stranded RNA viruses 

Japanese encephalitis virus (JEV)    

Arctigenin (AR), an aglycone found in 

Saussurea medusa, was found to be effective in 

treating Japanese encephalitis virus (JEV) in 

mice of either sex. The study involved a lethal 

dose of JEV given intravenously to four to five-

week-old BALB/c mice, followed by arctigenin 

intraperitoneally twice daily for seven days. All 

untreated animals died on the 9th day after 

infection; however, arctigenin treatment 

offered full protection in both in vivo and in 

vitro studies. Arctigenin's neuroprotective 

effect was associated with decreased viral load, 

neuronal death, active caspase-3 activity, 

reactive oxygen species, levels of stress-

associated signaling molecules, and TNF-alpha 

production. This reduced inflammatory 

responses and established its potential for 

treating inflammation-related complications51, 

52. Additionally, arctigenin treatment improves 

the behavioral outcome after JE. Arctigenin's 

antiviral, neuroprotective, anti-inflammatory, 

and antioxidative properties effectively reduced 

the severity of JEV-induced disease51. 

 

Hepatitis C virus (HCV) 

To develop novel anti-hepatitis C virus 

(HCV) drugs from natural resources, 93 

Yunnan crude drugs were investigated, 

including the whole plant of Sausurea 

namikawae Kitam. and Saussurea laniceps 

Hand.-Mazz., as mentioned in Table 2. They 

were evaluated for their inhibitory effect on 

NS5B protein, which is recombinant HCV 

RNA-dependent RNA polymerase (RdRp). 

There were some extracts with significant 

tannin content. The majority of crude drugs 

were reported to contain a variety of tannins, 

which bind to proteins and have an inhibitory 

impact on the HCV-RdRp enzyme. The 

aqueous extracts of Sausurea namikawae 

Kitam. have inhibitory activity on HCV-RdRp 

by 57.9% with IC50 28.8 μg/ml and <0.5% of 

tannins content. While Saussurea laniceps 

Hand.-Mazz. aqueous extracts inhibit HCV-

RdRp by 55.8% with IC50 35.0 μg/ml and 

<0.5% of tannins content53. 

 

SARS-CoV-2 (COVID-19) 

Since December 2019, the novel 

coronavirus disease 2019 (COVID-19), caused 

by SARS-CoV-2 from the Coronaviridae 

family, has been a global health problem54,55, a 

spherical enveloped virus with a single-

stranded RNA genome, as shown in Fig. 5 56, 57. 

Lupeol (3), shown in Fig. 6, is a triterpenoid 

found in S. lappa (syn. S. costus and 

Aucklandia costus). It has high affinity in silico 

studies to target the spike (S) protein of SARS-

CoV-2 proteins58. Myrcene in S. costus, which 

may inhibit viral entry of SARS-CoV-2 into 

cells by its potential to interfere with 

angiotensin-converting enzyme (ACE) 

receptors59. In folk medicine, S. costus is 

commonly used in the treatment of a variety of 

diseases, such as fever, headache, cough, 

bronchial asthma 60, 61, 62, 63, 64, 65, and viral 

infection due to lupeol, p-cymene, tannins, 

stigmasterol, and botulin in S. costus66. S. 

costus also has antimicrobial and antibacterial 

properties and inhibits the cyclooxygenase 

(COX) enzyme, which reduces pain and 

inflammation 67-70. All of this information 

suggests that S. costus might be helpful in the 

treatment of COVID-19 disease71. Unani 

medicine prioritizes three measures during 

outbreaks: environmental purification using 

herbal drugs such as Saussurea costus Falc. 
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Lipsch. (Qust) as sprays or fumigants, health 

promotion and immune modulation, and the use 

of health-protective and symptom-specific 

drugs72-74. The using of Saussurea costus for 

the sanitization due to its insect repellant 

activity and toxicity75. The GC-MS analysis of 

S. costus extract revealed 69 chemical 

components, including terpenoids, 

hydrocarbons, sterols, alkaloids, and phenolic 

compounds. The extract showed significant 

antiviral activity against herpes simplex virus 1 

(HSV-1) but no effect on SARS-CoV-2 entry 

prevention76.  

Idriss' investigation identify 48 substances 

in S. costus extract using gas chromatography-

mass spectrometry (GC-MS), with fatty acids 

showing the highest abundance (73.8%). Of 

these substances, 22 were docked on the 

catalytic dyad of His41 and Cys145 on the 

active side of the main SARS-CoV-2 protease 

(Mpro). The most effective inhibitors shown in 

Fig. 6 are 4,8,13-Cyclotetradecatriene-1,3-

diol,1,5,9-trimethyl-12-(1-methylethyl) (4), 

andrographolide (5), as well as delta 4-

androstene-3.beta,17.beta-diol (6). The binding 

affinity of (6) ranged from −6.1 to −6.5 

kcal/mol77. A study on 10 adult female K18-

hACE2 transgenic mice found that the extract 

of S. lappa, which possesses antiviral 

properties, protected them from weight loss and 

viral replication in a challenge test against 

SARS-CoV-2. The results showed that the 

extract-treated mice had healthier lungs and 

were able to survive in the experiment24. 

The Alpha Variant of Concern (VOC), 

also known as Kent VOC or S gene negative, 

was replaced by the Delta VOC on May 19, 

202178. Houchi et al. conducted in-silico 

screening of 55 bioactive constituents from 

Saussurea costus and Saussurea involucrata to 

find inhibitors of two viral proteases, Mpro 

(PDB ID: 6LU7) and  RBD of SGP of SARS-

CoV-2 (B1.617.2). Tangshenoside III, Rutin, 

and Hesperidin generated stable complexes and 

displayed remarkable binding energies in the 

following order: Tangshenoside III, Rutin, and 

Hesperidin (−9.07, −7.71, and −7.57 kcal/mol) 

with Mpro and Rutin, Tangshenoside III and 

Hesperidin (−9.07, −7.71, and −7.57 kcal/mol) 

with RBD of SGP. These substances are not 

carcinogenic or mutagenic. Rutin was the most 

reactive of the three inhibitors against B1.617.2 

Delta and Mpro, suggesting it may be a 

candidate for an antiviral drug26. 

 

 

Fig. 5 : SARS-CoV-2 (COVID-19) and its target proteins and its mechanism of host entry. 

 

 

 

 

 

Fig. 6 : Antiviral agents from Saussurea genus:  Lupeol (3)87 – 4,8,13-Cyclotetradecatriene-1,3-diol,1,5,9-

trimethyl-12-(1-methylethyl) (4), Andrographolide (5), Delta 4-androstene-3.beta,17.beta-diol (6) are 

COVID-19 inhibitors extracted from S. costus77. 
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Table 2 : Antiviral activity of Saussurea plants against enveloped, positive-sense, single-stranded RNA viruses. 

Virus Family Antiviral 

agent 

Source Chemical class. Effect/Mechanism References 

 

Japanese 

encephalitis 

virus (JEV) 

Flaviviridae Arctigenin Saussurea 

medusa 
Lignan  

– 

51, 88 

 

 

Hepatitis C 

virus (HCV) 

Flaviviridae  

 

– 

Aqueous 

extract of 

Saussurea 

namikawae 

& Saussurea 

laniceps 

 

 

– 

Tannins bind to 

proteins and have 

an inhibitory 

impact on the 

HCV-RdRp 

enzyme. 

53 

 

SARS-CoV-2 

(COVID-19) 

Coronaviridae lupeol 

 

 

 

 

 

Myrcene 
 
 

 
P-cymene, 

tannins, 

stigmastero

l, and 

botulin 

Saussurea 

costus Falc. 

Lipsch. 

Roots (Qust) 

 

Triterpenoid 

 

 

 

 

 

Monoterpenes 

Targets 

coronavirus spike 

protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sanitization of the 

environment by 

fumigation because 

S. costus is used as 

an insect repellant 

and toxic. 

54  

 

 

 

 

 

59 

 

 

 

66 

 

 

 

 

 

72 

Human 

Immunodeficien

cy Virus Type-1 

(HIV-1) 

Retroviridae (-)-

Arctigenin 

Saussurea 

medusa 
lignanolide Prevent the 

integration of 

proviral DNA into 

the cellular DNA 

genome in human 

cells. 

79, 80, 81, 

83, 86  

 

 

HIV and Other 

Retroviruses 

Retroviridae 
n-

Docosanol 

 

Saussurea 

obvallata 

Saturated 22-

carbon aliphatic 

alcohol 

 

  – 

89   

 

Inhibitors of Human Immunodeficiency 

Virus Type-1 Integrase    

The study examined the effectiveness of  

(-) -arctigenin, a lignanolide from Saussurea 

medusa, and 27 related lignans in preventing 3'-

processing and strand transfer by 

immunodeficiency virus type 1 (HIV-1) 

integrase. Arctigenin inhibits HIV replication 

but is ineffective against HIV-1 integrase. 

Arctigenin-related derivatives, mentioned in 

Fig. 7, showed activity, with some showing  

 

100% inhibition, such as (2R,3R)-2,3-Bis(3,4-

dihydroxybenzyl)butyrolactone(7),(2R,3R)-2-

(3',4'-Dihydroxybenzyl)-3-

(3'',4''dimethoxybenzyl)butyrolactone (8), and 

(2R,3R)-2-(4'-Hydroxy-3'-methoxybenzyl)-3-

(3'',4''-dihydroxybenzyl)butyrolactone (9). The 

anti-HIV-1 action of (-)-arctigeninmay be due 

either to its metabolism of certain O-

demethylated congeners with HIV-1 integrase-

inhibiting action or to its activity in an earlier 

phase in the life cycle of the virus79-83.  
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Fig. 7 : Antiviral agents from Saussurea genus: (2R,3R)-2,3-Bis(3,4-dihydroxybenzyl)butyrolactone (7),  

(2R,3R)-2-(3',4'-Dihydroxybenzyl)-3-(3'',4''-dimethoxybenzyl)butyrolactone (8), (2R,3R)-2-(4'-

Hydroxy-3'-methoxybenzyl)-3-(3'',4''-dihydroxybenzyl)butyrolactone (9) are arctigenin's derivatives act 

as HIV type 1 inhibitors 79. 

 

HSV-1, HSV-2, Varicella zoster virus 

(VZV), Cytomegalovirus (CMV), Human 

Herpesvirus 6 (HHV-6), and HIV-1 are all 

inhibited by docosanol in vitro, which isolated 

from Saussurea obvallata84, 85. A study on ten 

HIV-1-infected patients treated 28 cutaneous 

Kaposi's sarcoma (KS) lesions with docosanol 

10% cream for four weeks. After an extended 

treatment program, for all target lesions, the 

average percent decrease in lesion area was 

20% (p < 0.01). The anti-HIV regimen, HIV 

viral level, and past KS therapies did not affect 

medication response. Docosanol is suggested 

as a possible topical therapy for AIDS-related 

Kaposi's sarcoma lesions86. 

 

Antiviral activity against enveloped, double-

stranded DNA viruses 

Hepatitis B virus (HBV)  

SLP-4 is a typical pectin polysaccharide 

isolated from the petal of Saussurea laniceps. 

SLP-4 has anti-virus action against the hepatitis 

B virus (HBV) because of its structure-function 

relationship. Rhamnogalacturonan I (RG-1) had 

interaction with Hepatitis B envelope antigen 

(HBeAg) or Hepatitis B surface antigen 

(HBsAg)25, so that it could efficiently suppress 

the HBV secretion through the interaction 

between HBV proteins and SLP-4. SLP-4 

effectively inhibited HBV proliferation in 

HepG2.2.15 cells without cellular pathways, 

preventing the release of HBsAg and HBeAg, 

and had a minimal impact on HBV DNA 

replication25, 90. SLP-4's effects on HBeAg 

secretion were noticeably better than those on 

HBsAg secretion in this investigation, 

suggesting that SLP-4's anti-HBV mechanism 

may differ from that of other polysaccharides 

with anti-HBV properties91.  Experimental 

medications significantly impacted HBV 

expression in HepG2.2.15 cells. SLP-4 and 

3TC treatment (lamivudine is a common 

therapy for HBV and can inhibit HBV 

replication) significantly reduced HBsAg and 

HBeAg secretion, with most antiviral 

medications and polysaccharides inhibiting 

HBsAg more potently than HBeAg92-95. This 

study suggests that SLP-4's anti-HBV 

mechanism may be shared by other 

polysaccharides, offering new insights into 

their antiviral activity and potential 

applications in food preparation and drug 

delivery25. 

The secondary metabolites dehydrocostus 

lactone (10) and costunolide (11) mentioned in 

Fig. 8 were isolated from S. costus roots, one 

of the Indian medicinal plants (AYUSH), and 

showed antiviral activity towards HBV by 

significantly suppressing the expression of 

HBsAg with IC50 (1.0 and 2.0 µM) in a dose-

dependent manner in human hepatoma Hep 3B 

cells96, 97. The alcoholic extract of Saussurea 

lappa roots inhibits HBsAg formation in 

Hep3B cells with IC50 of 1.0–2.0 µM and Hep 

A2 cells. Both costunolide and dehydrocostus 

lactone reduce HBsAg gene expression at the 

mRNA level. They also inhibit HBsAg and 

HBeAg in HepA2 cells, suggesting the 

potential development of costunolide and 

dehydrocostus lactone as anti-HBV 

medicines69, 98, 99, 100. Several studies have 

shown that the unsaturated carbonyl group in 

the α-methylene-γ-butyrolactone moiety of 

costunolide and dehydrocostus lactone may 
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have an important role in cell biology by 

conjugating with target protein mercapto (SH)-

groups99, 101. The study evaluated the potency of 

the crude extract of Saussurea lappa in 

suppressing HBsAg and HBeAg in chronic 

hepatitis B (CHB) patients. The patients were 

given 15 mL of S. lappa decoction and 15 mL 

of Artemisia absinthium decoction daily for 12 

weeks. The drug significantly decreased HBV 

DNA, HBsAg, and HBeAg while improving 

liver functions without any side effects102. 

 

Herpes Simplex Virus (HSV) 

Herpes simplex virus infections impact 

people around the world. The virion is 

constructed up of a nucleocapsid holding the 

viral DNA103, 104. Antiviral treatment may lower 

morbidity and mortality, but its effectiveness 

remains contentious105. Recurrent herpes 

labialis (RHL) or herpes simplex labialis (HSL) 

is a severe oral infection affecting 20%–40% of 

adults. It is caused by the HSV-1 neurotropic 

DNA virus106-108. HSV-1 infection prevalence 

in 2015–2016 was 47.8% in the US and 63.6% 

worldwide. Oral-to-genital infections are more 

common but have a lower reactivation 

probability109. 

HSL, often known as fever blisters or cold 

sores, is a chronic oral-facial condition that can 

be treated with docosanol (12), which is shown 

in Fig. 8 107, 110. Systemic antiviral treatment for 

HSL aims to decrease viral DNA production 

without affecting host function, focusing on 

acyclovir (ACV), a high-safety medication 

used for nearly three decades105. Docosanol, a 

novel antiviral drug, differs from existing 

nucleoside analogues by preventing HSV-1 

entry into host cells and herpes virus 

replication both in vitro and in vivo85, 111. 

Docosanol inhibits the development of mutant 

viral strains that are resistant to the drug, as 

summarized in Table 3. The only over-the-

counter medication for treating HSL that has 

been approved by the US Food and Drug 

Administration (FDA) is topical docosanol as 

an alternative to topical penciclovir and 

acyclovir112, 113. Docosanol significantly 

enhances the effectiveness of ACV against all 

tested herpesviruses, potentially affecting other 

viruses like ACV-resistant HSV mutants, HIV, 

influenza, respiratory syncytial virus, and 

vaccinia virus. In human peripheral blood 

mononuclear cells, docosanol prevents HIV 

and human herpesvirus-6 replication89, 114. 

Docosanol's action relies on its permeation 

through human cadaver skin. A vertical Franz 

diffusion cell was used to investigate this 

process115.  N-docosanol inhibits the fusion of 

the HSV and preventing the generation of 

intermediate early gene products. Its antiviral 

properties require a time-dependent metabolic 

change. Cellular resistance to infection reduces 

after a t1/2 of about 3 hours, and n-docosanol 

reduces viral gene expression by 70% and 

inhibits the release of virion-associated 

regulatory molecules116. Alantolactone (13), 

which is demonstrated in Fig. 8, is a 

sesquiterpene lactone found in Saussurea 

costus extract117. The study examined the 

effects of alantolactone on HSV-1 using an 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 

diphenyl tetrazolium bromide) assay and a 

cytotoxic effect (CPE)-based assay. 

Alantolactone may have less potent antiviral 

activity at 10-6 g/mL due to its cytotoxic effect 

on Vero cells118. 

 

Immunomodulatory activity of Saussurea 

genus plants Curcumene 

The relative percentage of total aromatic 

sesquiterpene compounds detected in hexane 

extract of Egyptian marketed Saussurea costus 

(Falc.) Lipsch. root powder was 0.66% , 

methylated fraction was 0.39%, and Solid-

phase microextraction (SPME) extracted oil 

using GC – MS was 5.83%. The most 

representative compound in this class of 

compounds is curcumene. Because of their 

lower molecular weight, the SPME method 

produced the highest yield (5.83%) of various 

isomers of curcumene (α-Curcumene, β-

Curcumene, γ-Curcumene). Curcumene has a 

wide range of pharmacological properties, 

including immunomodulation121. 

Hydrodistillation of Chinese costus oil 

produced a lower yield of curcumene (4.3%)122, 

123.  
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Fig. 8 : Antiviral agents from Saussurea genus: Dehydrocostus lactone (10), Costunolide (11) are secondary 

metabolites isolated from S. costus roots and showed antiviral activity against HBV98. Docosanol (12) 

from S. obvallata showed antiviral activity against HSV-1 119. 

Alantolactone (13) from S. costus showed antiviral activity against HSV-1117. 

 

Table 3: Antiviral activity of Saussurea plants against enveloped, double-stranded DNA viruses. 

Virus Family Antiviral 

agent 

Source Chemical 

class. 

Effect/Mechanism Re. 

 

Hepatitis 

B virus 

(HBV) 

Hepadnaviridae Pectin 

polysaccharide 

(SLP-4) 

 

 

 

 

 

Costunolide & 

dehydrocostus 

lactone 

 

 

The petal 

of 

Saussurea 

laniceps 

 

 

 

 

Saussurea 

costus 

 

 

Decoction 

of the 

crude root 

of S. 

lappa 

(qust) 

 

 

Hexane 

fraction of 

alcoholic 

extract of 

Saussurea 

lappa 

Polysaccharide 

 

 

 

 

 

 

 

Sesquiterpene 

lactones 

RG-1 had 

interaction with 

HBeAg or HBsAg, 

effects of SLP-4 on 

HBeAg secretion 

were noticeably 

better than those on 

HBsAg secretion. 

 

 

 

 

 

Decrease HBV 

DNA, HBsAg, and 

HBeAg while also 

improving liver 

functions with no 

noticeable side 

effects. 

 

Hexane fraction of 

alcoholic extract of 

Saussurea lappa 

roots inhibits 

HBsAg formation 

by Hep3B cells with 

IC50  of 1.0–2.0 µM 

25, 91, 

120  

 

 

 

 

 

 

69, 98-

100 

 

 

 

 

102 

 

 

 

 

 

 

96 

Herpes 

simplex 

virus 

(HSV) 

Herpesviridae n- docosanol Saussurea 

obvallata 

Saturated 22-

carbon 

aliphatic 

alcohol 

Inhibits the fusion 

of the HSV 

envelope and 

plasma membrane. 

114, 116 

HSV-1 Herpesviridae Alantolactone Saussurea 

costus 

Sesquiterpene 

lactone 

Significantly 

inhibited viral 

infection at 10-7 

g/mL. 

118 

Recurrent 

herpes 

labialis 

(RHL) / 

Herpes 

simplex 

labialis 

(HSL) 

Herpesviridae Docosanol Saussurea 

obvallata 

Saturated 22-

carbon 

aliphatic 

alcohol 

Docosanol targets 

HSV-1 by inhibiting 

viral entry into host 

cells and preventing 

its replication and 

the development of 

drug-resistant 

mutant viral strains 

85, 106, 

107, 109, 

110, 112, 

113, 115, 

116  
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Arctigenin and other lignans 

Arctigenin (AR), which occurs naturally 

in Saussurea medusa, was found to have 

immunomodulatory properties52. Two lignans, 

isolated from S. medusa and shown in Fig. 9, 

induced immunosuppressive activity: 2α-

Guaicyl-4-oxo-6α-catechyl-3,7-

dioxabicyclo[3.3.0]octane (14) and 1α-

Hydroxy-2α,4α-guaicyl-3,7-

dioxabicyclo[3.3.0]octane (15). They were 

studied for their inhibitory effect on cytokine 

production. When compared to the standard 

drug, prednisolone, the investigations revealed 

a strong inhibitory effect on cytokine 

generation from LPS (or phytohemagglutinin)-

stimulated human peripheral mononuclear 

cells66. 

 

Pectin 

Pectins are valuable plant-based 

components that are used in food and 

pharmaceutical preparations. 

Immunomodulatory activity is one of the many 

bioactivities of pectins and their derivatives120.  

 

 

 

 

 

Rutin 

The nitric oxide (NO), which the inducible 

nitric oxide synthase (iNOS) produces in huge 

amounts. Although NO is crucial in the human 

immune system as a defense mechanism 

against numerous pathogens, excessive NO 

production can be harmful and lead to 

autoimmune disorders, septic shock, and 

rheumatoid arthritis. As a result, medicinal 

drugs that suppress iNOS may be effective in 

treating certain inflammatory diseases. Rutin is 

a flavonoid that is found in Saussurea 

involucrate. However, when cotreated with an 

ethyl acetate extract of S. involucrate or rutin, 

the levels of the COX-2 and iNOS bands were 

significantly decreased when compared to D-

gal therapy alone. These findings indicate that 

ethyl acetate extract of S. involucrate or rutin 

may possess immunospressive properties124. 

 

Pulchellamin G 

Pulchellamin G, an amino acid-

sesquiterpene lactone, from Saussurea 

pulchella. Pulchellamin G inhibited the mRNA 

and protein expression of inducible nitric oxide 

synthase (iNOS) and iNOS-derived nitric oxide 

(NO)125. 

 

 

 

Fig. 9 : Two lignans isolated from S. medusa (14), (15) induced immunosuppressive activity 66. 
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Inulin  

Inulin, a polyfructose extracted from 

Saussurea lappa roots, contains 95.89% w/w 

fructose and has immunostimulant properties, 

potentiating delayed-type hypersensitivity 

response to sheep red blood cells (SRBC) and 

increasing total white blood cell (WBCs) 

count22. The study evaluated inulin 

intraperitoneal (i.p.) suspension on sheep red 

blood cell-induced delayed-type 

hypersensitivity (DTH) reactions in mice. 

Results showed that inulin may activate T 

lymphocytes, which release lymphokines and 

vasoactive amines, which may mediate the 

hypersensitive response by attracting and 

stimulating macrophages126. It has been found 

that insoluble antigen-presenting cells (APC) 

activators like inulin, when incubated with 

serum, create an enzymatically active complex 

that can activate C3 and C5 components of the 

complement system127. When given at doses of 

100 and 200 mg/kg, the hydroalcoholic extract 

of S. lappa causes a rise in white blood cell 

count, spleen weight, phagocytic activity, and 

antibody-secreting cells128, as well as a 

reduction in anaphylactic symptoms in animals. 

Thus, the extract exhibited a dose-dependent 

humoral as well as a cell-mediated impact. The 

humoral immune responses are unaltered when 

this extract is used at low doses (100 mg/kg), 

but the antibody titer has been observed to be 

higher at 200 mg/kg22. 

 

Costunolide, dehydrocostus lactone, and 

guaianolides of Saussurea costus 

Higher doses of the hydroalcoholic root 

extract of Saussurea costus (Falc.) Lipsch., as 

one of the rasayanas, suggested the possibility 

of immunomodulatory activity in the immune 

system, both humoral and cellular128, as shown 

in Table 4. Rasayanas, botanical 

immunomodulators in Ayurveda, improve 

mental performance and slow senescence by 

enhancing the psycho-neuro-immune axis 

through their effects on histamine release, 

cytokine production, and cellular receptor 

expression129. Costunolide and dehydrocostus 

lactone from Saussurea costus were found to 

reduce the cidal activity of cytotoxic T 

lymphocytes by inhibiting the rise in tyrosine 

phosphorylation in response to T cell receptor 

crosslinking at IC50 ranging from 3.6/ M to 

10/ M in CD8+ CTL clone OE497, 130, 131. 

Constunolide may benefit in the study of its 

effect on allergic rhinitis and may be helpful in 

immunocompromised patients117. Saussurea 

costus compounds, including dehydrocostus 

lactone, mokko lactone, and other guaianolides, 

were studied for structure-activity. They were 

found to inhibit CTL killing function and 

intercellular adhesion molecule-1 (ICAM-1) 

activation, with guaianolides, which have a α-

methylene-γ-lactone moiety, showing 

significant inhibition69, 130, 132, 133. Costunolide 

also has significant immunological effects in 

addition to its range of biological effects. In 

fact, costunolide inhibits carcinogenesis like 

other sesquiterpene compounds that cause 

apoptosis in cancer cells134.  

 

Cynaropicrin and Tannins content of 

Saussurea costus 

S. costus has an immunostimulant effect 

due to the action of cynaropicrin (16) shown in 

Fig. 10 and tannins content71, 135, 136 by raising 

leukocytic count, phagocytosis, and antibody-

secreting cells128, as well as inhibiting reduced 

glutathione (GSH) oxidation in a dose-

dependent manner135. Thiols, particularly 

cysteine and glutathione, are crucial for 

lymphocyte function and play a vital role in 

intracellular defense mechanisms against 

harmful stimuli, including oxidative stress137, 

as well as a non-enzymic defensive mechanism 

against free radicals138. In addition, 

complement inhibitor substances found in S. 

costus are useful in the treatment of disorders 

like rheumatoid arthritis, respiratory distress, 

and systemic lupus erythematosus, which are 

caused by a marked activation of the 

complement system65.  
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Table 4: Immunomodulator agents isolated from Saussurea genus plants. 

Immunomodulator 

agent 
Source Chemical class. Effect/Mechanism 

References 

 

Arctiin Ethyl acetate soluble 

fraction of 

dichloromethane : 

methanol (1:1) extract of 

Saussurea heteromalla 

Lignan Increase immune response. 

33, 35 

 

 

Curcumene Hexane extract, 

methylated fraction, 

SPME extracted oil 

using GC – MS of 

Egyptian marketed 

Saussurea costus 

Aromatic 

sesquiterpene 

 

 

– 
121 

Arctigenin and other 

lignans 

Saussurea medusa Lignan Immunomodulatory properties 

and strong inhibitory effect on 

cytokine production. 

52, 66 

Pectin Saussurea laniceps Polysaccharide – 120 

Rutin Saussurea involucrate Flavonoid Immunosuppressant inhibit 

the production of NO, which 

is crucial in the human 

immune system as a defense 

mechanism against numerous 

pathogens. 

124 

Pulchellamin G Saussurea pulchella amino acid-

sesquiterpene 

lactone 

Inhibit the mRNA and protein 

expression of iNOS and NO. 125 

Inulin Hydroalcoholic extract 

of S. lappa roots 

Polysaccharide 

 

Inulin significantly potentiates 

the delayed-type 

hypersensitivity response to 

sheep red blood cells, 

increasing total WBCs count 

and activating T lymphocytes. 

22, 98, 126 

 

Costunolide , 

dehydrocostus 

lactone, 

mokko lactone, and 

other guaianolides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hydroalcoholic extract 

of Saussurea costus 

Falc. Lipsch. root (Kuth) 

Sesquiterpene  

lactones 

and 

Guainolide 

sesquiterpene 

Benefit in allergic rhinitis and 

immunocompromised 

patients. 

 

 

Immunomodulatory activity in 

the immune system, both 

humoral and cellular by 

preventing the elevation in 

tyrosine phosphorylation in 

response to T-cell receptor 

cross-linking. 

 

Costunolide inhibited the 

killing activity of CTL through 

preventing the increase in 

Tyrosine phosphorylation in 

response to the cross linking 

of T cell receptor. 

Dehydrocostus possessing an 

α-methylene-γ—lactone 

moiety exhibited significant 

inhibitory activity towards the 

killing function of CTL and 

the induction of ICAM-1. 

117 

 

 

 

 

 

165 

 

 

 

 

 

 

 

 

69, 130, 132, 

133 
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Table 4: Continued. 

Guaianolides Saussurea costus root Sesquiterpene  

lactones 

– 117  

Cynaropicrin & 

Tannins 

 

S. costus Sesquiterpene 

lactone & 

polyphenolic 

biomolecules 

They have immunostimulant 

effects by raising leukocyte 

count, phagocytosis, 

antibody-secreting cells, and 

inhibiting reduced 

glutathione oxidation in a 

dose-dependent manner. 

71, 135, 137 

Cynaropicrin Hydroalcoholic 

extract of Saussurea 

costus Falc. Lipsch. 

Root (Kuth) 

Sesquiterpene  

lactone 

Immune-suppression effects 

on the release of cytokine, 

and nitric oxide production. 

 

165, 139-143 

Flavones content & 

Ethanolic extract of S. 

involucrata 

S. involucrata Flavones content: 

Flavonoids 

 

– 

23 

Sesquiterpenes & 

Flavonoids 

S. laniceps Sesquiterpene 

lactone & Flavonoids 

 

– 

21 

Scopoletin S. laniceps Hydroxycoumarin It has anti-oxidant and 

immunomodulatory 

properties due to its 

aromatic hydroxyl group. 

21, 156, 157 

S. lappa ethanolic 

extract 

Saussurea lappa – – 158, 159, 

160, 161, 

162, 163, 164 

 

 

 
Fig.10: Immunomodulatory agents from Saussurea genus: Cynaropicrin (16) is a guaianolide-type sesquiterpene 

lactone has immunomodulatory properties136.  

3α,7α,12-Trihydroxyeudesm-4(15),-11(13)-diene (17), 3α,8α -Dihydroxy-1α H,5α H,6β H,7α H,11β H-guai-

4(15),10(14)-dien-6,12-olide 8-O -2-hydroxymethylacrylate (18), 3α,8α -Dihydroxy-1α H,5α H,6β H,7α H,11β H-

guai-4(15),10(14)-dien-6,12-olide 8-O -(2-methyl)acrylate (19) are three sesquiterpenes from S. laniceps showed 

immunosuppressive activity66. 

Acacetin (20)23 and Scopololetin (21)157 from S. laniceps showed immunomodulatory properties. 

 

Cynaropicrin 

Cynaropicrin inhibits the proliferation of 

leukocyte cancer cell lines like U937, Eol-1, 

and Jurkat T cells in a dose-dependent mannar. 

IC50 values were 10.90, 2.36, and 3.11μmol/l, 

respectively139; however, change liver cells and 

human fibroblast cell lines do not respond 

strongly to cynaropicrin97, 140. Cynaropicrin, 

found in S. costus, is an immunomodulator that 

helps treat conditions like systemic lupus 

erythematosus, rheumatoid arthritis, and 

respiratory discomfort by inhibiting cytokine 

release71. Cynaropicrin significantly suppressed 

CD4+, CD8+ T- and B-lymphocytes 

proliferation in treated cells with concanavalin 

A, lipopolysaccharide, phytohemagglutinin, 

and interleukin-2. Its inhibition is due to a 

chemical reaction with the SH group of l-
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cysteine, which attacks target proteins, causing 

irreversible covalent binding141. Cyanopicrin 

has immunosuppressive and 

immunomodulatory effects on the release of 

cytokinase142. 

Cynaropicrin is a sesquiterpene lactone 

with a 5-7-5 fused tricyclic skeleton and six 

stereocenters. Its crucial pharmacophore is the 

g-butyrolactone ring. Cynaropicrin has also 

been reported from these botanical sources: the 

aerial parts of S. salicifolia, S. eopygmaea, S. 

calcicola, the aerial parts of S. pulchella, S. 

lappa, S. salsa (Pall.) Spreng., S. amara, S. 

katochaete, the aerial parts of S. amurensis, the 

aerial parts of S. lipshitzii, S. alata, and S. 

affinis. It has strong antiviral activity against all 

HCV genotypes, with EC50 values at low 

micromolar levels. It inhibits the HCV lifecycle 

at its early stages, including cell-free and cell-

cell infection. Cynaropicrin suppresses HCV 

genotypes 1a, 1b, 2b, 3a, 4a, 5a, 6a, and 7a, 

demonstrating pan-genotypic antiviral action. 

This makes it an attractive choice for 

developing novel and inexpensive pan-

genotypic entry inhibitors of HCV infection as 

well as treating CD29- and CD98-mediated 

disorders like virus-induced chronic 

inflammation and leukocyte cancer cell 

invasion143. 

 

Ethanolic extract and flavones content of S. 

involucrate 

Specific components of S. involucrata, 

such as flavones144, 145, as well as ethanolic 

extract146, have been found to modulate 

immunity23. S. involucrata suppressed non-

specific defense mechanisms and delayed 

hypersensitivity in mice, but it boosted humoral 

immune activity when greater dosages of S. 

involucrata were given146. Furthermore, 

considerable improvements in mouse 

immunological function were seen, as 

evidenced by higher percentages of lymphocyte 

transformation caused by PHA, serum 

hemagglutinin antibody titers against SRBC, 

and hemolysin antibody titers144. Apart from 

that, S. involucrata injection of the same 

concentration stimulated T lymphocyte 

proliferation while inhibiting B lymphocyte 

proliferation147, which serves as the ultimate 

proof of S. involucrata's performance in the 

two-way adjustment function. S. involucrata, 

known for its revitalizing powers, preserves 

body equilibrium in traditional Chinese 

medicine. Its ethanolic extract of S. involucrate 

flower (Sau) lowers iNOS protein/mRNA 

levels in brain tissue in the severe acute 

pancreatitis (SAP) group, suggesting its 

potential as an anti-iNOS treatment148. 

 

Sesquiterpenes and Flavonoids 

The immunomodulatory and antioxidant 

potencies of S. laniceps have been 

demonstrated to be strongly connected with 

activities on antiaging and antifatigue as well 

as promotion of immune function, contributing 

to the diverse therapeutic effects of the herb149, 

150. Previous studies have demonstrated that 

three sesquiterpenes from S. laniceps 3α,7α,12-

Trihydroxyeudesm-4(15),-11(13)-diene (17), 

3α,8α -Dihydroxy-1α H,5α H,6β H,7α H,11β 

H-guai-4(15),10(14)-dien-6,12-olide 8-O -2-

hydroxymethylacrylate (18), and 3α,8α -

Dihydroxy-1α H,5α H,6β H,7α H,11β H-guai-

4(15),10(14)-dien-6,12-olide 8-O -(2-

methyl)acrylate (19) in Fig. 10 have inhibitory 

effects on the proliferation of murine T and/or 

B cells. For a very long period, S. laniceps has 

been used in Tibetan medicine to treat 

rheumatoid arthritis, which the prospective 

immunosuppressive activity supports66, 151. In 

vitro and in vivo studies found that 

sesquiterpenes like cynaropicrin and flavonoids 

like acacetin (20), which are shown in Fig. 10, 

have immunomodulatory effects on murine cell 

models. Aligning with traditional Chinese 

medical theory that energizes both the "Yin" 

and "Yang" essences while maintaining 

dynamic body balance152. This ties in with the 

traditional idea that S. laniceps, as one of the 

main ingredients in snow lotus medicine, helps 

to strengthen the body and protect it from a 

variety of ailments23. Cynaropicrin's 

immunomodulatory effects on cytokine release, 

nitric oxide generation, and immune 

suppression in murine macrophages were 

studied using a herbal formulation (KM1608) 

as an ingredient69, 153-155. 

 

Scopoletin  

Scopololetin (21) in Fig. 10, as a 

coumarin compound that exists in Saussurea 

laniceps, demonstrated exceptional antioxidant 

efficacy due to its aromatic hydroxyl group156. 

A recent study found compounds with hydroxyl 

groups have high antioxidant activity, while 
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those without such a functional group lack 

reducing power. Scopoletin, with its anti-

oxidant and immunomodulatory properties, 

also has hepatoprotective effects157. 

 

S. lappa ethanolic extract 

The study by Abd El-Rahman investigates 

the potential benefits of Saussurea lappa 

ethanolic extract in preventing oxidative 

damage caused by triamcinolone acetonide 

(TA), a widely used glucocorticoid. Results 

showed that TA exposure increased 

leukocytosis, decreased interleukin-12, C-

reactive protein, immunoglobulins, and tumor 

necrosis factor ex, and inhibited oxidative and 

apoptotic effects. S. lappa's anti-inflammatory, 

anti-apoptotic, and antioxidant properties make 

it a potential natural antioxidant to prevent 

glucocorticoids' negative side effects158. The 

GC-MS analysis of S. lappa extract reveals its 

immunostimulant activity, attributed to various 

bioactive chemicals like dehydrocostus lactone, 

costunolide, dihydrodehydrocostus lactone, 

caryophyllene oxide, saussurea lactone, and 

beta-costol159. Mahmoud Ashry's study found S. 

costus extract has immunomodulatory effects, 

potentially reducing OXP-induced 

inflammation and serum TNF-α and IL-1β in 

rats when combined with Oxaloplatin®. 

Septilin, an herbal preparation containing S. 

lappa, enhances immune responses in mice160, 

161. Milad et al.'s study found that 

dexamethasone injection caused 

immunosuppression in rats, reducing TLC, C3, 

C4, and IFNγ, atrophy of the spleen's white 

pulp, and weak Ki-67 expression. However, 

administration of M. oleifera, Z. Spina-Christi, 

and S. costus plant extracts at 200 mg/kg b.wt 

enhanced immunity at day 28. The combined 

plant extract showed a higher immune response 

at 100 mg/kg, presenting no risk to the liver or 

kidneys162. Sesquiterpene lactones from S. 

lappa effectively reduce proinflammatory 

cytokine TNF-α release and NO 

overproduction in macrophages. These lactones 

show effectiveness in managing inflammatory 

diseases and potentially offer immunospressive 

effects163. Sesquiterpenes with α-methylene-γ-

butyrolactone moiety decrease NO production 

in LPS-activated macrophages, while amino 

acid-sesquiterpene conjugates, saussureamines 

A and B, induce HSP 72 and inhibit NF-κB 

activation and iNOS induction164. Santamarin, a 

sesquiterpene lactone isolated from Saussurea 

lappa, inhibited inducible nitric oxide synthase 

(iNOS) protein and reduced iNOS-derived 

nitric oxide (NO)70.  

 

Conclusion 

Asteraceae family is consider one of the 

most important families in the complementary 

and alternative medicine. Since ancient times, 

plants in this family have been used to treat 

many diseases due to their biological activites. 

Accordingly, these plants, which are in 

Saussurea genus, acquired high economic 

value. In this review, we investigated the 

literature about the plants of Saussurea genus 

and their biological applications, such as their 

antiviral activity and immunomodulator effects. 

We found that many plants have antiviral 

action, including Saussurea heteromalla, 

Saussurea auriculata, Saussurea obvollata, 

Saussurea medusa, Saussurea namikawae, 

Saussurea laniceps, and Saussurea costus. 

These medicinal plants of Saussurea genus 

exhibited antiviral action against several 

viruses from different families, such as 

Orthomyxoviridae, Rhabdoviridae, 

Paramyxoviridae, Flaviviridae, Coronaviridae, 

Retroviridae, Hepadnaviridae, and 

Herpesviridae. The findings found that 

Saussurea heteromalla, Saussurea auriculata, 

and Saussurea obvollata exhibited antiviral 

action against enveloped, negative-sense, 

single-stranded RNA viruses like influenza 

virus, spring viraemia of carp virus (SVCV), 

infectious hematopoietic necrosis virus 

(IHNV), and ranikhet disease virus. On the 

other side, Saussurea medusa, Saussurea 

namikawae, Saussurea obvollata, Saussurea 

laniceps, and Saussurea costus have been 

demonstrated as antiviral drugs against 

enveloped, positive-sense, single-stranded 

RNA viruses such as Japanese encephalitis 

virus (JEV), hepatitis C virus (HCV), SARS-

CoV-2 (COVID-19), human immunodeficiency 

virus type-1 (HIV-1), and other retroviruses. 

Some plants exhibited antiviral effects against 

enveloped, double-stranded DNA viruses like 

the HBV and herpes simplex virus (HSV). We 

also found that the scientific papers indicated 

many immunomodulator agents that were 

isolated from different Saussurea species. The 

experiments revealed that arctiin, curcumene, 

arctigenin, pectin, rutin, pulchellamin G, inulin, 
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costunolide, dehydrocostus lactone, 

cynaropicrin, tannins, acacetin, scopoletin, 

mokko lactone, and other guaianolides have 

immunomodulation effects. All of these results 

confirm the importance of Saussurea species as 

a possible source of effective antiviral drugs 

and potent medications for the immune system. 

These species may also be beneficial in future 

pandemics caused by viruses as a primitive and 

complementary solution to managing the 

disease. Furthermore, some of these plants 

require more experiments and investigations to 

clearly exhibit their antiviral action and to 

discover more Saussurea species that probably 

have antiviral or immunomodulatory activities. 

 

REFERENCES 

 

1. E. V. Raab-Straube, "Taxonomic revision 

of Saussurea subgenus Amphilaena 

(Compositae, Cardueae)", BGBM Press, 

Botanic Garden and Botanical Museum, 

(2017). 

2. S. Lipschitz, "Genus Saussurea DC. 

(Asteraceae)", Nauka, (1979). 

3. W. B. Dickorè, "Observations on some 

saussurea (compositae–cardueae) of w 

kunlun, karakorum and w himalaya", 

Edinburgh J Bot, 58(01), 15–29 (2001). 

4. L. Barres, I. Sanmartín, C. L. Anderson, et 

al. "Reconstructing the evolution and 

biogeographic history of tribe Cardueae 

(Compositae)", Am J Bot, 100(5), 867–

882 (2013). 

5. Y. S. Chen, "Asteraceae II. Saussurea", 

Flora of Pan-Himalaya, 48(2), 

Cambridge University Press, (2015). 

6. J. S. Butola and S. S. Samant, "Saussurea 

Species in Indian Himalayan Region: 

Diversity, Distribution and Indigenous 

Uses", Int J Plant Biol, 1(1), e9 (2010). 

7. A. Gailite and D. Rungis, "An initial 

investigation of the taxonomic status of 

Saussurea esthonica Baer ex Rupr. 

utilising DNA markers and sequencing", 

Plant Syst Evol, 298, 913–919 (2012). 

8. T. M.Wang, R. F.Wang, , H. B.Chen, et 

al., "Alkyl and phenolic glycosides from 

Saussurea stella", Fitoterapia, 88, 38–43 

(2013). 

9. Z. D.Yang, K. Gao and Z. J. Jia, 

"Eudesmane derivatives and other 

constituents from Saussurea parviflora", 

Phytochemistry, 62(8), 1195–1199 

(2003). 

10. H. Q. Yin,  H.-M. HUA, H.-W. Fu , et al., 

"A new sesquiterpene lactone with 

sulfonic acid group from Saussurea 

lappa", J Asian Nat Prod Res, 9(7), 579–

582 (2007). 

11. S. A. Mohajeri, N. Hedayati and M. 

Bemani-Naeini, "Available saffron 

formulations and product patents", 

Saffron, 493–515, (2020).  

12. S. U. Choi, M. C. Yang, K. H. Lee, K. H. 

Kim, et al.,"Lignan and terpene 

constituents from the aerial parts of 

saussurea pulchella", Arch Pharm Res, 

30, 1067–1074 (2007). 

13. M. C. Yang, S. U. Choi, W. S. Choi, S. Y. 

Kim, et al.,"Guaiane Sesquiterpene 

Lactones and Amino Acid-Sesquiterpene 

Lactone Conjugates from the Aerial Parts 

of Saussurea pulchella", J Nat Prod, 

71(4), 678–683 (2008). 

14. X. L.Wang, S. L. Gesang, W. Jiao, et 

al.,"Two New Sesquiterpenoid Glucosides 

from the Aerial Parts of Saussurea 

involucrate", J Integr Plant Biol, 49(5), 

609–614 (2007). 

15. M.Yang, S. Kim, K. Lee, K. Kim, et 

al.,"New Sesquiterpene Glycoside from 

the Aerial Parts of Saussurea triangulata", 

Molecules, 12(10), 2270–2276 (2007). 

16. J. Dai, C. Zhao, Q. Zhang,  et al., 

"Taraxastane-type triterpenoids from 

Saussurea petrovii", Phytochemistry, 

58(7), 1107–1111 (2001). 

17. H. Duan, Y. Takaishi, H. Momota, Y. 

Ohmoto, et al., "Immunosuppressive 

constituents from Saussurea medusa", 

Phytochemistry, 59(1), 85–90 (2002). 

18. M. Takasaki, T. Konoshima, K. Komatsu, 

et al., "Anti-tumor-promoting activity of 

lignans from the aerial part of Saussurea 

medusa", Cancer Lett, 158, 53–59 (2000). 

19. H.  Xie, T. Wang, H. Matsuda, et al., 

"Bioactive Constituents from Chinese 

Natural Medicines. XV. Inhibitory Effect 

on Aldose Reductase and Structures of 

Saussureosides A and B from Saussurea 

medusa", Chem Pharm Bull, 53(11), 

1416–1422 (2005). 

20. J. Hu, X. Shi, J. Chen, et al.,"Cytotoxic 

https://pubmed.ncbi.nlm.nih.gov/?term=Sanmart%C3%ADn+I&cauthor_id=23624927
https://pubmed.ncbi.nlm.nih.gov/?term=Anderson+CL&cauthor_id=23624927


Kerollos A. Zaky, et al. 

220 

taraxerane triterpenoids from Saussurea 

graminea", Fitoterapia, 83(1), 55–59 

(2012). 

21. Q. L. Chen, X.-Y. Chen, L. Zhu, et al., 

"Review on Saussurea laniceps, a potent 

medicinal plant known as"snow lotus": 

botany, phytochemistry and bioactivities", 

Phytochem Rev, 15(4), 537–565 (2016). 

22. S. D. Savita Kulkarni, "lmmunostimulant 

Activity of lnulin Isolated from Saussurea 

lappa Roots", Indian J Pharm Sci, 63(4), 

292–294 (2001). 

23. W. I. Chik, L. Zhu, L.-L. Fan et al., 

"Saussurea involucrata: A review of the 

botany, phytochemistry and 

ethnopharmacology of a rare traditional 

herbal medicine", J Ethnopharmacol, 

172, 44–60 (2015). 

24. H. Ulbegi Polat, M. Serhatli, A. T. Ekiz et 

al., "Investigation of the Antiviral Effects 

of Saussurea lappa Root Extract against 

SARS‐CoV‐2 Virus", Mol Nutr Food 

Res, 67(14), e2200804 (2023). 

25. W. Chen, X. Zhu, J. Ma, et al., "Structural 

Elucidation of a Novel Pectin-

Polysaccharide from the Petal of 

Saussurea laniceps and the Mechanism of 

its Anti-HBV Activity", Carbohydr  

Polym., 223, 115077 (2019). 

26. S. Houchi and Z. Messasma, "Exploring 

the inhibitory potential of Saussurea 

costus and Saussurea involucrata 

phytoconstituents against the Spike 

glycoprotein receptor binding domain of 

SARS-CoV-2 Delta (B.1.617.2) variant 

and the main protease (Mpro) as 

therapeutic candidates, using. Molecular 

docking, DFT, and ADME/Tox studies", J 

Mol Struct, 1263, 133032 (2022). 

27. G. De Bruxelles, "Signals Regulating 

Multiple Responses to Wounding and 

Herbivores", CRC  Crit Rev  Plant Sci, 

20(5), 487–521 (2001). 

28. S. A. A. Jassim and M. A. Naji, "Novel 

antiviral agents: a medicinal plant 

perspective", J Appl Microbiol, 95(3), 

412–427 (2003). 

29. M. J. Abad, J. A. Guerra, P. Bermejo, et 

al., "Search for antiviral activity in higher 

plant extracts", Phyther Res, 14(8), 604–

607 (2000). 

30. K. W. Martin and E. Ernst, "Antiviral 

agents from plants and herbs: a systematic 

review", Antivir Ther, 8, 77–90 (2003). 

31. B. Havsteen, "Flavonoids, a class of 

natural products of high pharmacological 

potency", Biochem Pharmacol, 32(7), 

1141–1148 (1983). 

32. L. Cathrine and N. Nagarajan, 

"Preliminary phytochemical analysis and 

antibacterial activity of leaf extracts of 

Vitexleucoxylon LF.", Int J Curr Pharm 

Res, 3, (2010). 

33. A. Saklani, M. R. Sahoo, P. D. Mishra, et 

al., "Saussurea heteromalla (D. Don) 

Hand.-Mazz.: A new source of arctiin, 

arctigenin and chlorojanerin", Indian J 

Chem  - Sect B Org Med Chem, 50(4), 

624–626 (2011). 

34. B. Özçelik, I. Gürbüz, T. Karaoglu, et al.,  

"Antiviral and antimicrobial activities of 

three sesquiterpene lactones from 

Centaurea solstitialis L. ssp. solstitialis", 

Microbiol Res, 164(5), 545–552 (2009). 

35. A. Arslan, F. Tourchi and M. Iranshahi, 

"Biological Effects of Arctiin from Some 

Medicinal Plants of Asteraceae Family", J 

Biol Life Sci, 4(5), 41–47 (2016). 

36. K. Hayashi, K. Narutaki, Y. Nagaoka, T. 

Hayashi, et al., "Therapeutic effect of 

arctiin and arctigenin in 

immunocompetent and 

immunocompromised mice infected with 

influenza A virus", Biol Pharm Bull, 

33(7), 1199–205 (2010). 

37. M. Rajbhandari, et al., "Antiviral Activity 

of Some Plants Used in Nepalese 

Traditional Medicine", Evidence-Based 

Complement Altern Med, 6(4), 517–522 

(2009). 

38. P. Cos, A. J. Vlietinck, B. D. Vanden, et 

al.,"Anti-infective potentials of natural 

products: how to develop a strong in vitro 

proof of concept", J Ethnopharmacol, 

106, 290–302 (2006). 

39. W. C. Chen, Y. Hu, L. Liu, et al., 

"Synthesis and in vitro activities 

evaluation of arctigenin derivatives 

against spring viraemia of carp virus", 

Fish Shellfish Immunol, 82, 17–26 

(2018). 

40. W. C. Chen, L. Liu, Y.-F. Shen, et al., "A 

new coumarin derivative plays a role in 

rhabdoviral clearance by interfering 



221 

glycoprotein function during the early 

stage of viral infection", Cell Signal, 51, 

199–210 (2018). 

41. W. C. Chen, , E. L., Wang, F. Luo, K. G. 

Song, et al., "Identification and 

pathogenicity analysis of a novel highly 

virulent strain of spring viraemia of carp 

virus and production of its structural 

proteins by the mammalian expression 

system", Aquaculture, 547, 737487 

(2022). 

42. L. Liu, Y. Hu, J. Lu, et al., "An imidazole 

coumarin derivative enhances the antiviral 

response to spring viremia of carp virus 

infection in zebrafish", Virus Res, 263, 

112–118 (2019). 

43. L. Liu, Y. F. Shen, Y.  Hu, et al., 

"Antiviral effect of 7-(4-benzimidazole-

butoxy)-coumarin on rhabdoviral 

clearance via Nrf2 activation regulated by 

PKCα/β phosphorylation", Fish Shellfish 

Immunol, 83, 386–396 (2018). 

44. W. C. Chen, F. Luo, K. G. Song, et al., 

"4′-(8-Imidazole-Octyloxy)-Arctigenin 

Efficiently Inhibits Spring Viraemia of 

Carp Virus Infection in Vitro and in 

Vivo", Aquaculture, 547, 737521 (2022). 

45. Y. Hu, W. C.Chen, Y. F. Shen, et al., 

"Synthesis and antiviral activity of a new 

arctigenin derivative against IHNV in 

vitro and in vivo", Fish Shellfish 

Immunol, 92, 736–745 (2019). 

46. J. Z. Zhao, et al., "Autophagy induced by 

infectious hematopoietic necrosis virus 

inhibits intracellular viral replication and 

extracellular viral yields in epithelioma 

papulosum cyprini cell line", Dev  Comp 

Immunol, 77, 88–94 (2017). 

47. B. Charreau, S. Coupel, F. Goret, et al.,  

"Association of glucocorticoids and 

cyclosporin A or rapamycin prevents E-

selectin and IL-8 expression during LPS-

and TNFα-mediated endothellal cell 

activation", Transplantation, 69, 945–953 

(2000). 

48. C. Wang, L. Qin, T. D. Manes, et al., 

"Rapamycin antagonizes TNF induction of 

VCAM-1 on endothelial cells by 

inhibiting mTORC2", J Exp Med, 211(3), 

395–404 (2014). 

49. B. Zhou, L. Wang, Y. Liang, et al., 

"Arctiin suppresses H9N2 avian influenza 

virus-mediated inflammation via 

activation of Nrf2/HO-1 signaling", BMC 

Complement Med Ther, 21, 1–12 (2021). 

50. B. S. Aswal, D. S. Bhakuni, A. K. Goel, et 

al., "Screening of Indian plants for 

biological activity. Part XII", Indian J 

Exp Biol, 24(1), 48–68 (1986). 

51. V. Swarup, J. Ghosh, M. K. Mishra, et al., 

"Novel strategy for treatment of Japanese 

encephalitis using arctigenin, a plant 

lignan", J Antimicrob Chemother, 61(3), 

679–688 (2008). 

52. J. Y. Cho, A. R. Kim, E. S. Yoo, et 

al.,"Immunomodulatory effect of 

arctigenin, a lignan compound, on tumour 

necrosis factor-alpha and nitric oxide 

production, and lymphocyte proliferation", 

J Pharm Pharmacol, 51(11), 1267–73 

(1999). 

53. M. Jo, N. Nakamura, N. Kakiuchi, et al., 

"Inhibitory effect of Yunnan traditional 

medicines on hepatitis C viral 

polymerase", J Nat Med, 60(3), 217–224 

(2006). 

54. R. Bhattacharya, K. Dev and A. 

Sourirajan, "Antiviral activity of bioactive 

phytocompounds against coronavirus: An 

update", J Virol Methods, 290, 114070 

(2021). 

55. P. Sun, X. Lu, C. Xu, et al., 

"Understanding of COVID‐19 based on 

current evidence", J Med Virol, 92(6), 

548–551 (2020). 

56. K. G. Andersen, A. Rambaut, W. I. 

Lipkin, et al.,"The proximal origin of 

SARS-CoV-2", Nat  Med, 26, 450–452 

(2020). 

57. T. Phan, "Novel coronavirus: From 

discovery to clinical diagnostics", Infect 

Genet Evol, 79, 104211 (2020). 

58. G. Kiran, L. Karthik, S. Devi, et al., "In 

silico computational screening of kabasura 

kudineer-official siddha formulation and 

JACOM against SARS-CoV-2 spike 

protein", JAyurveda Integr Med, 13(1), 

30024–30033 (2020). 

59. Natural Medicine Facts, Saussurea lappa: 

Health effects and herbal facts. 

60. B. A. Wani, F. M. Wani, A. Khan,  et al., 

"Some herbs mentioned in the Holy Quran 

and Ahadith and their medicinal 

importance in contemporary times", J 



Kerollos A. Zaky, et al. 

222 

Pharm Res, 4(11),3888-3891 (2011). 

61. K. R. Kirtikar and B. D. Basu, "Indian 

medicinal plants", International Book 

Distributors, Derhadun, (1987). 

62. R. N. Chopra, S. L. Nayar and C. I. 

Chopra, "Glossary of Indian medicinal 

plants", Publication and Information 

Directorate, (1956). 

63. S. P. Jain, "Ethnobotany of Morni and 

Kalesar (Ambala, Haryana)", J Econ 

Taxon Bot, (1984). 

64. T. J. Tsarong, "Tibetan medicinal plants", 

Tibetan Medical Publications, India, 

(1994). 

65. H. Fan, F. Liu, S. W. Annie,  et al., 

"Structure of a homofructosan from 

Saussurea costus and anti-complementary 

activity of its sulfated derivatives", 

Carbohyd Polym, 105,152-160 (2014). 

66. J. L.Yang, R. Wang, L. L. Liu, et 

al.,"Phytochemicals and biological 

activities of Saussurea species", J Asian 

Nat Prod Res, 12, 162–175 (2010). 

67. S. S. A. Hasson, M. S. Al-Balushi, K. 

Alharthy, et al., "Evaluation of anti-

resistant activity of Auklandia (Saussurea 

lappa) root against some human 

pathogens", Asian Pac J Trop Biomed, 

3(7), 557–562 (2013). 

68. A. Kalid, U. Urrehman, 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 J 

Biotechnol, 10(22), (2011). 

69. K. Zahara, S. Tabassum, S. Sabir, et al., 

"A review of therapeutic potential of 

Saussurea lappa-An endangered plant 

from Himalaya", Asian Pac J Trop Med, 

7(1), S60–S69 (2014). 

70. H. G. Choi, D.-S. Lee., B. Li., 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, 13(3), 271–279 

(2012). 

71. M. Saif-Al-Islam, "Saussurea costus may 

help in the treatment of COVID-19", 

Sohag Med J, 24(3), 6-17 (2020). 

72. S. Nikhat and M. Fazil, "Overview of 

Covid-19; its prevention and management 

in the light of Unani medicine", Sci Total 

Environ, 728, 138859 (2020). 

73. Z. Razi, "Kitab al-Mansoori", Central 

Council for Research in Unani Medicine, 

(1991). 

74. I. Rushd, "Kitab al-Kulliyat", Central 

Council for Research in Unani Medicine, 

(1987). 

75. M. Sagheer, K. Ali, M. U.Hasan, et al., 

"Repellent and toxicological impact of 

acetone extracts of nicotiana tabacum, 

pegnum hermala, saussurea costus and 

salsola baryosma against red flour beetle, 

tribolium castaneum (herbst)", Pak J 

Zool, 45(6), 1735–1739 (2013). 

76. H. Idriss, B. Siddig, P. González-

Maldonado et al., "Inhibitory Activity of 

Saussurea costus Extract against Bacteria, 

Candida, Herpes, and SARS-CoV-2", 

Plants, 12(3), 460 (2023). 

77. H. Idriss, B. Siddig, P. G. Maldonado  et 

al., "Phytochemical Discrimination, 

Biological Activity and Molecular 

Docking of Water-Soluble Inhibitors from 

Saussurea costus Herb against Main 

Protease of SARS-CoV-2", Molecules, 

27(15), 4908 (2022). 

78. E. C. Wall, M. Wu, R. Harvey, et al., 

"Neutralising antibody activity against 

SARS-CoV-2 VOCs B.1.617.2 and 

B.1.351 by BNT162b2 vaccination" 

Lancet, 397(10292), 2331–2333 (2021). 

79. E. Eich, H. Pertz, M. Kaloga, et al., "(-)-

Arctigenin as a lead structure for 

inhibitors of human immunodeficiency 

virus type-1 integrase", J Med Chem, 

39(1), 86–95 (1996). 

80. E. Eich, J. Schulz, S. Trumm, et al., 

"Lignanolides: Novel In Vitro Anti-HIV 

Active Agents", Planta Med, 56(6), 506 

(1990). 

81. H. C. Schroeder, H. Merz, R. Steffen, et 

al., "Differential in Vitro Anti-HIV 

Activity of Natural Lignans", Z 

Naturforsch., 45(11-12), 1215–1221 

(1990). 

82. E. Eich, J. Schulz, M. Kaloga, and H. 

Merz ,"Interference of 

Epipodophyllotoxins and Natural 

Lignanolides with Topoisomerase II: A 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01290-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01290-3/fulltext


223 

Proposed Molecular Mechanism", Planta 

Med., 57(S2), A7–A8 (1991). 

83. K. Pfeifer, H. Merz, R. Steffen, and 

W.E.G. Muller, "In Vitro Anti-HIV 

Activity of Lignans - Differential 

Inhibition of HIV-1 Integrase Reaction, 

Topoisomerase Activity and Cellular 

Microtubules", J Pharm Med, 2(2), 75–97 

(1992). 

84. P. Semwal and S. Painuli, "Antioxidant, 

antimicrobial, and GC-MS profiling of 

Saussurea obvallata (Brahma Kamal) from 

Uttarakhand Himalaya", Clin 

Phytoscience, 12, (2019). 

85. D. H. Katz, J. F. Marcelletti, M. H. Khalil, 

et al.,"Antiviral activity of 1-docosanol, an 

inhibitor of lipid-enveloped viruses 

including herpes simplex", Proc Natl 

Acad Sci, 88(23), 10825–10829 (1991). 

86. M. J. Scolaro, et al., "The antiviral drug 

docosanol as a treatment for Kaposi’s 

sarcoma lesions in HIV type 1-infected 

patients: A pilot clinical study", AIDS Res 

Hum Retroviruses, 17(1), 35–43 (2001). 

87. PubChem CID: 259846. 

https://pubchem.ncbi.nlm.nih.gov/compou

nd/Lupeol 

88. S. Joe, A. A. Salam, U. Neogi, et al., 

"Antiviral drug research for Japanese 

encephalitis: an updated review", 

Pharmacol Reports, 74(2), 273–296 

(2022). 

89. J. F. Marcelletti, P. Lusso and D. H. Katz, 

"n-Docosanol inhibits in vitro replication 

of HIV and other retroviruses", AIDS Res 

Hum Retroviruses, 12, 71–74 (1996). 

90. C. X. Dong, K. Hayashi, J. B. Lee, et al., 

"Characterization of Structures and 

Antiviral Effects of Polysaccharides from 

Portulaca oleracea L.", Chem Pharm 

Bull, 58(4), 507–510 (2010). 

91. C. H. Shih, L. S. Li, , S. Roychoudhury 

and M. H. Ho, "In vitro propagation of 

human hepatitis B virus in a rat hepatoma 

cell line", Proc. Natl. Acad. Sci., 86(16), 

6323–6327 (1989). 

92. M. Zhang, X. Wu, F. Lai, et al., "Betaine 

Inhibits Hepatitis B Virus with an 

Advantage of Decreasing Resistance to 

Lamivudine and Interferon α", J Agric 

Food Chem, 64(20), 4068–4077 (2016). 

93. F. Jiao, D. Li, S. Yang, et al., "Inhibition 

effects of polysaccharides on HBV 

replication and cell proliferation from 

Lentinus edodes waste material", Microb 

Pathog, 123, 461–466 (2018). 

94. S. Liu, W. Wei, Y. Li,  et al., "In vitro and 

in vivo anti-hepatitis B virus activities of 

the lignan nirtetralin B isolated from 

Phyllanthus niruri L.", J 

Ethnopharmacol, 157, 62–68 (2014). 

95. H. Yang, Z. Zhou, L. He, et al., 

"Hepatoprotective and inhibiting HBV 

effects of polysaccharides from roots of 

Sophora flavescens", Int J Biol 

Macromol, 108, 744–752 (2018). 

96. S. Ahmad, S. Zahiruddin, B. Parveen, et 

al., "Indian Medicinal Plants and 

Formulations and Their Potential Against 

COVID-19–Preclinical and Clinical 

Research", Front Pharmacol, 11, 578970 

(2021). 

97. M. M. Pandey, S. Rastogi and A. K. S. 

Rawat, "Saussurea costus: Botanical, 

chemical and pharmacological review of 

an ayurvedic medicinal plant", J 

Ethnopharmacol, 110(3), 379–390 

(2007). 

98. R. B. Semwal, K. Joshi, A. Pandian, et al., 

"Biological applications and secondary 

metabolites of Saussurea costus (Falc.) 

Lipsch." J Conv Knowl Holist Heal, 4(1), 

1–8 (2020). 

99. H. C. Chen, C. K. Chou, S. D. Lee, et al., 

"Active compounds from Saussurea lappa 

Clarks that suppress hepatitis B virus 

surface antigen gene expression in human 

hepatoma cells", Antiviral Res, 27(1-2), 

99–109 (1995). 

100. S. F. Chen, Y. Q. Li and F. Y. He, "Effect 

of Saussurea lappa on gastric functions" 

Chin J Integr Tradit West Med, 14(7), 

406–408 (1994). 

101. X. Lin, Z. Peng and C. Su, "Potential Anti-

Cancer Activities and Mechanisms of 

Costunolide and Dehydrocostuslactone", 

Int J Mol Sci, 16(5), 10888–10906 

(2015). 

102. S. Ansari, M. Siddiqui, S. Malhotra, et al., 

"Antiviral efficacy of qust (Saussurea 

lappa) and afsanteen (Artemisia 

absinthium) for chronic Hepatitis B: A 

prospective single-arm pilot clinical trial", 

Pharmacognosy Res., 10(3), 282-290 



Kerollos A. Zaky, et al. 

224 

(2018). 

103. C. S. Miller, R. J. Danaher, R. J. Jacob, et 

al., "Molecular Aspects of Herpes 

Simplex Virus I Latency, Reactivation, 

and Recurrence", Crit Rev Oral Biol Med, 

9(4), 541–562 (1998). 

104. P. G. Arduino and S. R. Porter, "Herpes 

Simplex Virus Type 1 infection: overview 

on relevant clinico-pathological features", 

J Oral Pathol Med, 37(2), 107–121 

(2007). 

105. P. G. Arduino and S. R. Porter, "Oral and 

perioral herpes simplex virus type 1 

(HSV-1) infection: review of its 

management", Oral Dis, 12(3), 254–270 

(2006). 

106. N. S. Treister and S. B. Woo, "Topical n-

docosanol for management of recurrent 

herpes labialis", Expert Opin 

Pharmacother, 11(5), 853–860 (2010). 

107. S. L. Sacks, R. A. Thisted, T. M. Jones, et 

al., "Clinical efficacy of topical docosanol 

10% cream for herpes simplex labialis: A 

multicenter, randomized, placebo-

controlled trial", J Am Acad Dermatol, 

45(2), 222–230 (2001). 

108. R. J. Whitley and B. Roizman, "Herpes 

simplex virus infections", Lancet, 

357(9267), 1513–1518 (2001). 

109. C. James, M. Harfouche, N. J. Welton, et 

al., "Herpes simplex virus: global 

infection prevalence and incidence 

estimates, 2016", Bull World Health 

Organ., 98(5), 315–329 (2020). 

110. D. T. Leung and S. L. Sacks, "Docosanol: 

a topical antiviral for herpes labialis", 

Expert Opin Pharmacother, 5(12), 2567–

2571 (2004). 

111. "Docosanol cream becomes first OTC 

antiviral drug in the US", Antivir Agents 

Bull, 13, 225–226 (2000). 

112. L. E. Pope, J. F. Marcelletti, L. R. Katz, et 

al., "Anti-herpes simplex virus activity of 

n-docosanol correlates with intracellular 

metabolic conversion of the drug", J Lipid 

Res, 37(10), 2167–2178 (1996). 

113. K. D. P. Hammer, J. Dietz, T. S. Lo, et al., 

"A Systematic Review on the Efficacy of 

Topical Acyclovir, Penciclovir, and 

Docosanol for the Treatment of Herpes 

Simplex Labialis", EMJ Dermatology, 

118–123 (2018).  

114. J. F. Marcelletti, "Synergistic inhibition of 

herpesvirus replication by docosanol and 

antiviral nucleoside analogs" Antiviral 

Res, 56(2), 153–166 (2002). 

115. V. K. Shankar, M. Wang, S. Ajjarapu, et 

al., "Analysis of docosanol using GC/MS: 

Method development, validation, and 

application to ex vivo human skin 

permeation studies", J Pharm Anal, 

12(2), 287–292 (2022). 

116. L. E. Pope, J. F Marcelletti, L. R. Katz, et 

al., "The anti-herpes simplex virus activity 

of n-docosanol includes inhibition of the 

viral entry process", Antiviral Res, 40(1-

2), 85–94 (1998). 

117. R. K. Nadda, A. Ali, R. R. C. Goyal, et al., 

"Aucklandia costus (Syn. Saussurea 

costus): Ethnopharmacology of an 

endangered medicinal plant of the 

himalayan region", J Ethnopharmacol, 

263, 113199 (2020). 

118. C. Rezeng,  D. Yuan, J. Long, et al., 

"Alantolactone exhibited anti-herpes 

simplex virus 1 (HSV-1) action in vitro", 

Biosci. Trends, 9(6), 420–422 (2015). 

119. PubChem CID : 12620. 

https://pubchem.ncbi.nlm.nih.gov/compou

nd/Docosanol 

120. Q. Guo, X. Huang, J. Kang,  et al., 

"Immunomodulatory and antivirus 

activities of bioactive polysaccharides and 

structure-function relationship", Bioact 

Carbohydrates Diet Fibre, 27, 100301 

(2022). 

121. E. Mohsen, A. H. El-Far, K. Godugu,  et 

al., "SPME and solvent-based GC–MS 

metabolite profiling of Egyptian marketed 

Saussurea costus (Falc.) Lipsch. 

concerning its anticancer activity", 

Phytomedicine Plus, 2(1), 100209 (2022). 

122. K. Lunz and I. Stappen, "Back to the 

Roots—An Overview of the Chemical 

Composition and Bioactivity of Selected 

Root-Essential Oils", Molecules, 26(11), 

3155 (2021). 

123. Yuandani, I. Jantan, A. S. Rohani, et 

al.,"Immunomodulatory Effects and 

Mechanisms of Curcuma Species and 

Their Bioactive Compounds: A Review", 

Front Pharmacol, 12, (2021). 

124. Y. C.Yang, H.-Yi. Lin, K.-Yi. Su, et al., 

"Rutin, a Flavonoid That Is a Main 

https://www.jstage.jst.go.jp/search/global/_search/-char/ja?item=8&word=Dongping+Yuan
https://www.jstage.jst.go.jp/search/global/_search/-char/ja?item=8&word=Jun+Long
https://onlinelibrary.wiley.com/authored-by/Lin/Hsueh-Yi
https://onlinelibrary.wiley.com/authored-by/Su/Kang-Yi


225 

Component of Saussurea involucrata , 

Attenuates the Senescence Effect in D-

Galactose Aging Mouse Model", 

Evidence-Based Complement Altern 

Med, 1–10 (2012). 

125. D. S. Lee, H.-G. Choi, K. W.Woo,  et al., 

"Pulchellamin G, an amino acid-

sesquiterpene lactone, from Saussurea 

pulchella suppresses lipopolysaccharide-

induced inflammatory responses via heme 

oxygenase-1 expression in murine 

peritoneal macrophages", Eur J 

Pharmacol, 715(1-3), 123–132 (2013). 

126. M. I. Roitt, "Essential Immunology", 

Blackwell Scientific Publications, (1988). 

127. J. Hamuro, U. Hadding and D. Bitter-

Suermann, "Solid phase activation of 

alternative pathway of complement by 

beta-1,3-glucans and its possible role for 

tumour regressing activity", Immunology, 

34(4), 695–705 (1978). 

128. R. S. Pandy, "Saussurea lappa extract 

modulates cell mediated and humoral 

immune response in mice", Der Pharm 

Lett,4(6), 1868-1873 (2012). 

129. M. M. Elmaghrabi, N. M. Majrashi, D. S. 

Alharbi, et al., "Saussurea costus as herbal 

medicines have im- munomodulatory and 

potential nutraceutical components that 

may help in covid-19 remedy", Adv 

Biomed Sci, 7, 1–14 (2022). 

130. M. Taniguchi, T. Kataoka , H. Suzuki,  et 

al., "Costunolide and Dehydrocostus 

Lactone as Inhibitors of Killing Function 

of Cytotoxic T Lymphocytes", Biosci 

Biotechnol Biochem, 59(11), 2064–2067 

(1995). 

131. Y.-F. Wang,  Z.-Y. Ni, M. Dong, et al., 

"Secondary Metabolites of Plants from the 

Genus Saussurea: Chemistry and 

Biological Activity", Chem Biodivers, 

7(11), 2623–2659 (2010). 

132. S. Yuuya, H. Hagiwara, T. Suzuki, et al., 

"Guaianolides as immunomodulators. 

Synthesis and biological activities of 

dehydrocostus lactone, mokko lactone, 

eremanthin, and their derivatives", J Nat 

Prod, 62(1), 22–30 (1999). 

133. M. Madhavi, G. Mallika, N. Lokanath, et 

al., " A review on phytochemical and 

pharmacological aspects of Saussurea 

lappa", Int J Rev Life Sci, 2(1), 24–31 

(2012). 

134. D. Chaturvedi and  P. K. Dwivedi, 

"Recent Developments on the Antidiabetic 

Sesquiterpene Lactones and Their 

Semisynthetic Analogues". In: 

Brahmachari G (ed) Discovery and 

Development of Antidiabetic Agents from 

Natural Products, 185–207 (Elsevier, 

2017).  

135. M. M. Pandey, R. Govindarajan, A. K. S. 

Rawat, et al., "Free radical scavenging 

potential of Saussarea costus", Acta 

Pharm, 55(3), 297-304 (2005). 

136. J. Y. Cho, A. R. Kim, J. H. Jung, et al., 

"Cytotoxic and pro-apoptotic activities of 

cynaropicrin, a sesquiterpene lactone, on 

the viability of leukocyte cancer cell 

lines", Eur J Pharmacol, 492(2-3), 85–94 

(2004). 

137. R. Govindarajan, M. Vijayakumar, A. K. 

S. Rawat, et al., "Free radical scavenging 

potential of Picrorhiza kurrooa Royle ex 

Benth.", Indian J Exp Biol,  41(8), 875-

879 (2003). 

138. Y. B. Tripathi and M. Sharma, 

"Comparison of the antioxidant action of 

the alcoholic extract of Rubia cordifolia 

with rubiadin", Indian J Biochem 

Biophys, 35(5), 313-316 (1998). 

139. A. Ali, A H Kawther, K.  Alqaseer, et al., 

"Saussurea lappa: An Important Medicinal 

Plant for Treatment Different Diseases: A 

review", Kufa J Nurs Sci, 11(1), 1–19 

(2021). 

140. R. Kumari, M. Negi , P. Thakur, et al., 

"Saussurea costus (Falc.) Lipsch.: a 

comprehensive review of its 

pharmacology, phytochemicals, 

ethnobotanical uses, and therapeutic 

potential", Naunyn Schmiedebergs Arch 

Pharmacol, 397(3),1505-1524 (2023).  

141. J. Y. Cho, K. U. Baik, J. H. Jung, et al., 

"In vitro anti-inflammatory effects of 

cynaropicrin, a sesquiterpene lactone, 

from Saussurea lappa", Eur  J Pharmacol, 

398(3), 399–407 (2000). 

142. J. Kumar and M. Pundir, "Phytochemistry 

and pharmacology of Saussurea genus 

(Saussurea lappa, Saussurea costus, 

Saussurea obvallata, Saussurea 

involucrata)", Mater Today Proc, 56(Part 

3), 1173–1181 (2022). 

https://www.sciencedirect.com/author/57214846990/hyun-gyu-choi
https://onlinelibrary.wiley.com/authored-by/Ni/Zhi%E2%80%90Yu
https://onlinelibrary.wiley.com/authored-by/Dong/Mei
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+AR&cauthor_id=15178350
https://pubmed.ncbi.nlm.nih.gov/?term=Jung+JH&cauthor_id=15178350
https://www.researchgate.net/scientific-contributions/A-H-Kawther-2200128357?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Kawther-Alqaseer?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://pubmed.ncbi.nlm.nih.gov/?term=Negi+M&cauthor_id=37755516
https://pubmed.ncbi.nlm.nih.gov/?term=Thakur+P&cauthor_id=37755516


Kerollos A. Zaky, et al. 

226 

143. M. F. Elsebai, A. Mocan and A. G. 

Atanasov, "Cynaropicrin: A 

Comprehensive Research Review and 

Therapeutic Potential As an Anti-Hepatitis 

C Virus Agent", Front Pharmacol, 7, 

(2016). 

144. G. X. Fan, H. X.Ren,Y. K. Yuan, et al., 

"Effect of Saussurea involucrata Kar Et 

Kir Ex maxim flavone on murine 

immunology function", J Xi’An Med 

Univ, 17, 452–454 (1996). 

145. H. J. Ma, G. X. Fan, H. X. Ren, et al., 

"Effect of Saussurea involucrata Kar Et 

Kir ExMaxim flavone on human 

peripheral blood mononuclear cells", J 

Xi’An Med Univ, 19, 168–169 (1998). 

146. J. M. Jia and C. F. Wu, "Effect of 

Saussurea involucrata culture on mouse 

immune function", China J Tradit Chin 

Med Pharm, 4, 238–240 (2007). 

147. H. Y. Tao, H. Huang, G. P. Hou, et al., 

"Effect of Saussurea involucrata injection 

on counteracting adjuvant-induced 

arthritis and its immonuregulation 

function", Tradit Chin Drug Res Clin 

Pharmacol, 18, 269–273 (2007). 

148. X. Wang, L. Chu , C. Liu,  et 

al.,"Therapeutic effects of Saussurea 

involucrata injection against severe acute 

pancreatitis- induced brain injury in rats", 

Biomed Pharmacother, 100, 564–574 

(2018). 

149. J. Shi, N. Jing, F. Wang et 

al.,"Compositional analysis and 

antioxidant activity assessment of 

polysaccharide extracted from snow lotus 

(Saussurea) species", Asian J Chem, 

25(12), 6477-6485  (2013). 

150. T. Yi, H. Lo, Z. Zhao et al., "Comparison 

of the chemical composition and 

pharmacological effects of the aqueous 

and ethanolic extracts from a Tibetan 

“Snow Lotus” (Saussurea laniceps) herb", 

Molecules, 17(6),7183-7194 (2012). 

151. H. B. Wang, H. P. Zhang, Y. Zhou, et 

al.,"Sesquiterpenoids from Saussurea 

laniceps", J Nat Prod, 68(5), 762–765 

(2005). 

152. M. J. Liu, H. G. Wang, et al.,"The 

relationship of spleen and kidney: from an 

immunology angle", J Chin Tradit Chin 

Med Info, 4, 537-565 (2010). 

153. A. A. Ghasham, M. A. Muzaini, K. A. 

Qureshi, et al.,"Phytochemical screening, 

antioxidant and antimicrobial activities of 

methanolic extract of Ziziphus mauritiana 

Lam. Leaves collected from Unaizah, 

Saudi Arabia", Int J Pharm Res  Allied 

Sci, 6(3), 33–46 (2017). 

154. J.  Martel, Y.-F. Ko, D. M. Ojcius, et 

al.,"Immunomodulatory Properties of 

Plants and Mushrooms", Trends 

Pharmacol Sci, 38(11), 967–981 (2017). 

155. T. A. Trinh, J. Park, J. H. Oh, et 

al.,"Effect of herbal formulation on 

immune response enhancement in RAW 

264.7 macrophages", Biomolecules, 10(3), 

1–16 (2020). 

156. T. B. Ng, F. Liu, Y. Lu, et 

al.,"Antioxidant activity of compounds 

from the medicinal herb Aster tataricus", 

Comp Biochem Physiol C Toxicol 

Pharmacol, 136(2),109-113 (2003). 

157. S. Y. Kang, S. H. Sung, J. H. Park, et 

al.,"Hepatoprotective activity of 

scopoletin, a constituent of Solanum 

lyratum", Arch Pharmacal Res, 21(6), 

718-722 (1998). 

158. G. I. Abd El-Rahman, A. Behairy, N. M. 

Elseddawy, et al.,"Saussurea lappa 

ethanolic extract attenuates triamcinolone 

acetonide-induced pulmonary and splenic 

tissue damage in rats via modulation of 

oxidative stress, inflammation, and 

apoptosis", Antioxidants, 9(5), 396 

(2020). 

159. E. J. Park, S. W.Park, H. J. Kim, et al., 

"Dehydrocostuslactone inhibits LPS-

induced inflammation by p38MAPK-

dependent induction of hemeoxygenase-1 

in vitro and improves survival of mice in 

CLP-induced sepsis in vivo", Int 

Immunopharmacol, 22(2), 332–340 

(2014). 

160. M. Ashry, "Protective Effect of Costus 

(Saussurea Costus) Ethanolic Extract on 

Oxaloplatin®-Induced Histological 

Changes and Hemato-Cardiotoxicity in 

Adult Male Albino Rat", Egypt Acad J  

Biol Sci D Histol Histochem, 11(2), 69–

85 (2019). 

161. S. B. Sharma and S. Ray, "Effect of herbal 

preparation on immune response of 

immunosuppressed mice", Indian J 

https://pubmed.ncbi.nlm.nih.gov/?term=Chu+L&cauthor_id=29494987
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+C&cauthor_id=29494987


227 

Physiol Pharmacol, 41(3), 293–296 

(1997). 

162. S. S. Milad, S. E. Ali, M.Z. Attia, et al., 

"Enhanced immune responses in 

dexamethasone immunosuppressed male 

rats supplemented with herbal extracts, 

chitosan nanoparticles, and their 

conjugate", Int J Biol Macromol, 250, 

126170 (2023). 

163. F. Zhao, H. Xu, E. Q. He, et al., 

"Inhibitory effects of sesquiterpenes from 

Saussurea lappa on the overproduction of 

nitric oxide and TNF-α release in LPS-

activated macrophages", J Asian Nat Prod 

Res, 10(11), 1045–1053 (2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

164. H. Matsuda, I. Toguchida, K.Ninomiya, et 

al., "Effects of sesquiterpenes and amino 

acid–sesquiterpene conjugates from the 

roots of Saussurea lappa on inducible 

nitric oxide synthase and heat shock 

protein in lipopolysaccharide-activated 

macrophages", Bioorg Med Chem, 11(5), 

709–715 (2003). 

165. S. Rathore, P. Debnath and R. Kumar, 

"Kuth Saussurea costus (Falc.) Lipsch.: A 

critically endangered medicinal plant from 

Himalaya", J  Appl Res Med Aromat 

Plants, 20, 100277(2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Kerollos A. Zaky, et al. 

228 

 

  نشـرة العـلوم الصيدليــــــة

 جامعة أسيوط
 

 

، مصر 11ة سفنكس ، أسيوط الجديدة كلية الصيدلة ، جامع
 

2
 ، مصر11قسم العقاقير، كلية الصيدلة، جامعة سفنكس، أسيوط الجديدة 

3
 ، مصر61527قسم العقاقير، كلية الصيدلة، جامعة أسيوط، أسيوط 

(RNA) 

(DNA) 

 

Bull. Pharm. Sci., Assiut University, Vol. 48, Issue 1, 2025, pp. 203-228. 

 


