
Chinese Herbal Medicines 12 (2020) 118–124 

Contents lists available at ScienceDirect 

Chinese Herbal Medicines 

journal homepage: www.elsevier.com/locate/chmed 

Review 

Immunomodulatory effects and structure-activity relationship of 

botanical pentacyclic triterpenes: A review 

Nurul Hikmah Harun 

a , b , ∗, Abdi Wira Septama 

c , Wan Amir Nizam Wan Ahmad a , 
Rapeah Suppian 

a 

a School of Health Sciences, Heath Campus, Universiti Sains Malaysia, Kubang Kerian 16150, Malaysia 
b School of Biomedicine, Faculty of Health Sciences, Universiti Sultan Zainal Abidin, Kuala Nerus 21300, Malaysia 
c Research Center for Chemistry, Indonesian Institute of Sciences, Kawasan Puspitek Serpong, Tangerang Selatan 15314, Indonesia 

a r t i c l e i n f o 

Article history: 

Received 22 February 2019 

Revised 6 May 2019 

Accepted 1 November 2019 

Available online 4 April 2020 

Keywords: 

botanical 

immunomodulatory 

pentacyclic triterpenes 

structure activity relationship 

a b s t r a c t 

Botanical pentacyclic triterpenes possessed a broad range of pharmacological activities such as anti- 

oxidant, anti-tumor, anti-microbial and anti-inflammatory activities. It is believed that the mechanisms 

involved in these bioactivities are due to the modulation of immune system. Recently, the pharmacologi- 

cal validation on immunomodulatory of pentacyclic triterpenes derived from higher plants is very limited 

and several existence review papers related for this group of compound have not been focused for this 

activity. In this review, we have highlighted several studies on immunomodulatory potential of botan- 

ical pentacyclic triterpenes isolated from wide array of different species of medicinal plants and herbs 

based on various preclinical in vitro and animal models. This review also attempts to discuss on bioactiv- 

ities of compouns related with their structure-activity relationship. Hence, the evaluation of pentacyclic 

triterpenes offers a great opportunity to discover adjuvants and novel therapeutic agents that presented 

beneficial immunomodulatory properties. 

© 2020 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. 
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1. Introduction 

Recently, the high attention of plant-based natural products is

paid by researchers due to numerous adverse side effects of mod-

ern therapeutic medicines. Also, the synthetic drugs are more ex-
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ensive to obtain in comparison with herbal products. Large num-

er of chemical entities with various pharmacological activities

riginated from plants are beneficial to promote human health.

n 2013, 1453 new chemical entities patented from natural prod-

cts approved by US Food and Drug Administration ( Katz and Baltz

016 ). They have been widely used as health supplements, nutri-

ive products, medications since prehistoric times. Natural product-
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ased drugs promote a significant role of the pharmaceutical in-

ustry. Lately, safe drugs with low side effects and high selective

igands that act on single disease target become a mission of drug

evelopment programs ( David et al., 2015 ). 

The immune system maintains homeostasis within the body

n a normal condition of host. Various exogenous and endoge-

ous agents contribute to the efficiency and function of the im-

une system that lead to the immunosuppression or immunos-

imulation ( Jantan et al., 2015 ). The alteration of host’s im-

une system contributes to the progression of abnormal condi-

ions such as cancer. Thus, the modulation of host’s immune re-

ponse to increase the competence of this system in eliminat-

ng the aetiological agents that caused diseases might decrease

his problem ( Razali et al., 2016 ). Immunomodulation could be

efined as the modification process of immune reactions that

unction to regulate immune responsiveness to treat illnesses

 Rasheed et al., 2016 ). The application of immunomodulators for

ither as a treatment or prevention of various ailments that related

ith malfunctioning of immune reactions became the major atten-

ion ( Sharma et al., 2015 ). The main purposes of immunomodula-

ors are either to suppress immune responses as a treatment for

utoimmune diseases or to enhance them that applied in immun-

deficiency and infectious diseases ( Ilyas et al., 2016 ). Additionally,

he usage of immunostimulant agents also essentially act as an ad-

uvant to chemotherapy for various illnesses ( Pujol et al., 2015 ). 

Lately, the practice of immunomodulation drugs from medicinal

lants and their derivatives have extended a great interest to treat

umerous immunologic diseases. It is due to the adverse side

ffects of the immunomodulation drugs used in clinical setting.

or example, azathioprine which is an immunosuppressant agent

s associated with side effects such as medullar suppression,

yalgia, pancreatitis, hepatitis and dizziness ( Antonia et al., 2014 ).

mmunostimulants derived from natural products are ben-

ficial to treat or prevent the immunodeficiency conditions

uch as in cancer, bacterial and viral infections ( Sepideh and

zam 2016 ). Previous studies showed that the botanical-derived

hytochemicals such as triterpenoids, flavanoids, diterpenoids,

lycosides, polysaccharides, lactones and alkaloids promoted al-

ernative immunomodulating properties. Others like curcumin,

apsaicin, quacertin, resveratrol, andrographolide, epigallocathecol- 

-gallate, colchicine, and genistein also exhibited significant

ctivities in different pathways of immunity in vitro ( Jantan et al.,

015 ). 

Pentacyclic triterpenes are secondary plant metabolites usually

ound in stem bark, leaves and fruit peel. This type of compounds

ontain 30-carbon skeleton comprising four six-membered rings

nd one five-membered ring (lupanes and hopanes) or five six

embered rings (ursanes and lanostanes). Triterpenes include

 huge number of diverse types of compounds which may be

lassified into families based on chemical structure. The major im-

ortant groups of triterpenes and their glycosides are characterized

y tetracyclic and pentacyclic derivatives. In brief, the pentacyclic

erivatives are comprised of three main groups; lupane, ur-

ane and oleaname ( Niege et al., 2017 ). Currently, pentacyclic

riterpenes gained a great attention because of their effects in pro-

oting health such as immunomodulatory ( Oladimeji et al., 2017 ),

nti-tumor ( Cho et al., 2015 ), anti-microbial ( Wojnicz et al., 2017 ),

nti-oxidant and anti-inflammation ( Romero-Estrada et al., 2016 ).

ased on the previous studies, almost all the bioactivities of this

ype of compound are believed originated from the alteration of

mmune systems. However, there are still limited review papers

hat compiled the immunomodulatory studies of this group of

hytochemical. Under this background, the present work was

arried out to review the immunomodulatory activities of botan-

cal pentacyclic triterpenes isolated from wide array of different

pecies of medicinal plants and herbs. 
. Immunomodulatory activities of selected plant-derived 

entacyclic triterpenes 

Immunomodulator is a component which is able to regulate

he immune system involving both innate and adaptive immune

esponses. Currently, various bioactive compounds derived from

edicinal plants have become a substance for scientific explo-

ation to modulate immune system ( Brindha et al., 2016 ). Inflam-

ation is defined as a normal physiology process of our body’s im-

une responses against infections. It comprises the body defend

tself against foreign intruders such as bacteria and viruses, repair

amaged tissue and effort to heal itself after an injury. However,

xcessive inflammation gives amplification to functional impair-

ent, tissue damage, pain and discomfort ( Bartold and Dyke 2017 ).

oreover, plant-derived pentacyclic triterpenes also have an abil-

ty to modulate immune responses in various inflammatory model

tudies that also included in this review. 

Currently, the rise of researcher attention to obtain the im-

unomodulator agents from alternative sources to prevent or treat

umerous of diseases because of the less-effective or adverse side

ffects presented by available synthetic drugs. For instance, re-

ently, the antibiotic treatment has produced less or no significant

ffect on infections caused by targeted organisms because of the

ncrease of multidrug resistant and tremendously drug resistant or-

anisms ( Lebeaux et al., 2014 ). The bioactive compounds isolated

rom natural products also provide positive feedback due to the

otential of this agent to increase the normal body’s immune de-

ence system as a preparation to enhance host protection or as a

icrobial clearance agent against infection instead of using mod-

rn synthetic agents as a treatment ( Adelina et al., 2013 ). 

There is also combination therapy particularly with compounds

riginated from natural products offers improved responses as

ompared to application of a single therapy of synthetic drug. It

ight increase the bioactivities and multi-targeted mode of ac-

ions ( Bulusu et al., 2016 ). This statement supported by research

onducted by Arunachalam et al., (2019) elucidated that the com-

ination of corticosterone (0.001 mg/L) with escin, a natural com-

ination triterpenoid glycosides derived from the seeds of Aesculus

ippocastanum L. (0.1 mg/L) was significantly reduced the synthe-

is of immune-inflammatory markers such as tumor necrosis fac-

or alpha (TNF- α) (24.43%), interleukin 1-beta (Il-1 β) (46.9%) and

itrite oxide (NO) (31.8%) in lipopolysaccharide (LPS)-stimulated

AW 264.7 macrophages. Hence, a combination of treatment ap-

eared to be a better solution to treat inflammatory diseases

s compared with an individual treatment with synthetic agent

 Xin et al., 2011 ). The other study evaluated the prospects of QS-

1 fraction, triterpene glycosides from Quillaja saponaria for a new

lternative adjuvants in vaccines also promoted virtuous alterna-

ive to the vaccine development program. It is because the uses

f aluminium salts as an adjuvant only elicit Th2-type adaptive

mmune response. However, there was an increment in immuno-

enicity level of polysaccharide, protein and glycoprotein in several

nimal models after treated with QS-21 fraction. Later, it also initi-

ted the stimulation of both the humoral and cell mediated immu-

ities as a response to specific antigens compared to the applica-

ion of using aluminium salts as adjuvant ( Ragupathi et al., 2011 ).

ther research conducted by Adelina et al. (2013) reported that the

ombination of oleonolic acid and ursalic acid from Chamaedorea

epejilote and Lantana hispida aerial parts presented anti-microbial

ctivities against streptomycin-resistant Mycobacterium tuberculo- 

is H37Rv strain with mean inhibitory concentration (MIC) of 12.5

g/mL for in vitro evaluation. Next, in vivo study conducted to

he infected animal and further treated with drug-sensitive H37Rv

train and combined of both compounds for one and two months

howed a significant reduced number of live bacilli in the lungs.

hese results might be related with the rise of gene expression
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of immunoregulatory markers such as interferon-gamma (IFN- γ):,

TNF- α and inducible nitrite oxide synthase (iNOS) which also de-

tected in this study. 

Instead of that, several pentacyclic triterpenes derived from nat-

ural products have also applied into the clinical applications and

targets for variety type of diseases. There was a past research pre-

sented that liposomal ursolic acid in healthy adult volunteers and

in patients with advanced solid tumors possessed low toxicities af-

ter received a single-dose of ursalic acid liposomes via intravenous

infusion. Therefore, the findings suggest that ursalic acid has a

great potential to be established into a potent immunomodulation

related anti-cancer and anti-inflammatory drug ( Wang et al., 2012 ).

There was also finding related with QS-21, purified fraction com-

prised of triterpene glycosides isolated from Q. saponaria has been

evaluated in clinical models. Such an example, combination treat-

ment of QS-21 at 100 to 200 μg per vaccination among cancer

patients presented antibody responses against peptide and car-

bohydrate antigens in the linked of KLH-conjugate vaccine. Ad-

ditionally, the concentration of applied QS-21 also showed light

controllable toxicity likes flu-like symptoms and local erythema

( Ragupathi et al., 2011 ). The other study was using hawthorn tablet

consisted mainly of ursalic acid, oleonolic acid and hyperoside pre-

sented reduced level of serum total cholesterol and triglyceride in

hyperlipidemia patients who were treated thrice daily for three

months ( Sheng and Sun 2011 ). 

There were numerous studies conducted to assess the im-

munomodulatory activities of pentacyclic triterpenes originated

from herbs Centella asiatica (Linn.) Urban contains abundant of

pentacyclic triterpenes compounds which contribute to its phar-

macological properties including immunomodulatory activities.

Mahmood et al. (2016) reported that asiatic acid at concentra-

tion of 40 and 80 μmol/L decreased the NO production of LPS-

stimulated RAW 264.7 macrophage cells in a dose dependent

level. This parameter was analyzed using Griess assay. However,

the opposite phenomenon exhibited after treatment with asiatic

acid at a higher dose (160 μmol/L). There was another in vitro

findings validated that LPS-induced prostaglandin E2 (PGE2), NO,

interleukin-6 (IL-6), and interleukin-8 (IL-8) production in RAW

264.7 macrophage cells were dose-dependently diminished by asi-

atic acid after treated with the compound at concentration of 25,

50 and 100 μmol/L, respectively. Asiatic acid also reduced p65

NF- κB phosphorylation in LPS-stimulated human gingival fi-

broblasts (HGFs) from explants of human normal gingival tis-

sue. Meanwhile, the in vivo study using Male Sprague-Dawley

rats (7 weeks old) induced-periodontitis as a model presented

that asiatic acid significantly suppress LPS-induced IL-8 and

IL-6 protein expression levels in rats gingival tissue. In this

study, enzyme-linked immunosorbent assay (ELISA) and west-

ern blot have been used as approached methodologies to

evaluate the pro-inflammatory cytokines and protein expres-

sion levels, respectively ( Hao et al., 2017 ). Besides, asiatic acid

from the similar plant at a dosage of 20 μmol/L also sig-

nificantly inhibited the mRNA expression levels of IL-6, IL-8,

IL-1 β and TNF- α in a human corneal epithelial cells (HCECs) after

stimulated with LPS for in vitro study ( Chen et al., 2017 ). 

Yun et al. (2008) discovered that asiatic acid (30, 60 and 120

μmol/L) isolated from the leaves of C. asiatica produced inhibitory

activities in the production of pro-inflammatory cytokines of TNF α,

IL-6 and IL-1 β in LPS-stimulated RAW 264.7 macrophage cells in a

dose-dependent manner. Later, this compound also reduced pro-

tein and mRNA expression of inducible cyclooxygenase-2 (COX-2)

and iNOS, nuclear translocation of NF- κβ and phosphorylation of

both inhibitor of nuclear factor kappa-B (NF- κB) kinase subunit

beta and alpha (IKK- α/ β) and inhibitor of nuclear factor of kappa

light polypeptide gene enhancer in B-cells subunit alpha (I κB- α).

The anti-inflammatory properties of asiatic acid was believed orig-
nated from down-regulation of NF- κB activation due to inhibition

f IKK and MAP kinase phosphorylation in RAW 264.7 cells that

romoted the suppression of IL-6, IL-1 β, iNOS, COX-2, and TNF- α
xpressions. 

Madecassoside which also one of main pentacyclic triterpenoid

ompounds from C. asiatica that promotes immunomodulatory ac-

ivities in various inflammatory models for both in vitro and in

ivo . Li et al. (2009) revealed that treatment of madecassoside at

osage of 10 and 30 mg/kg body weight in collagen-induced athri-

is in DBA/1J mice reduced the IL-6, TNF- α levels and lympho-

yte cells proliferation and increased IL-10 levels significantly in

 dose relationship effect. Cao et al. (2010) also conducted both

n vitro and in vivo studies using LPS-induced cardiomyocytes cells

nd LPS-induced male Sprague-Dawley rats, respectively using this

ompound. They reported that 100 and 300 μmol/L of madecasso-

ide were able to dose-dependently reduced mRNA level of TNF-

using reverse transcriptase-polymerase chain reaction (RT-PCR)

nalysis. The in vivo study which did a measurement of TNF- α
evel in plasma of rats after treatment with 20 and 40 mg/kg body

eight of this compound for 5 d also exhibited similar outcome. 

Jimenez-Arellanes et al. (2013) investigated anti-microbial prop-

rties of ursolic and oleanolic acid derived from aerial parts of

hamaedora tepejilote Liebm. Ex Mart. and Lantana hispida Kunth,

eparately that involved immunoregulatory pathway. The in vivo

ndings presented that BALB/c mice (6-8 weeks) induced pul-

unory tuberculosis treated with tripled dosage of mean in-

ibitory concentration (MIC) of ursalic acid and oleanolic acid

hich determined previously in vitro exhibited higher gene ex-

ression of IFN- γ): , TNF- α and iNOS when compared to untreated

roup. Interestingly, the combination treatment of ursalic acid and

leanolic acid exhibited greater expression in all similar parame-

ers than the value of untreated group. 

In other studies, the immunomodulatory effects of combina-

ion of several pentacyclic triterpene compounds derived from Rosa

anina L. using LPS-activated Mono Mac 6 cells as an in vitro

ode has been conducted. The results exhibited that the mixture

f oleanolic, betulinic and ursolic acid (30:49:21) inhibit the LPS-

nduced IL-6 release higher than activity of individual compound

ith IC 50 value of (21 ± 6) μmol/L ( Saaby et al., 2011 ). Marquez-

artin et al. (2006) found that several pentacyclic triterpenoid

ompounds isolated from “orujo” olive oil such as olenolic acid,

rythrodial and uvaol at concentration of 10, 25, 50, 100 μmol/L

educed dose-dependently secretion of IL-1 β and IL-6 of periph-

ral blood mononuclear cells (PBMCs) from donor compared with

ontrol. Erythrodial at all doses possessed the most effective in-

ibitory effect significantly ( P < 0.05) on IL-1 β and IL-6 production

f PBMCs compared with other compounds. Meanwhile, madecas-

oside and oleanolic acid at 100 μmol/L presented significant inhi-

ition of IL-6 released by these cells. 

There was exploration regarding immunomodulatory effects of

entacyclic triterpenoid, 3 β,6 β-dihydroxyolean-12-en-27-oic acid

erived from rhizomes of Astilbe chinensis (Maxim) Franch. et Sa-

at. to regulate anti-tumor activities in S180-bearing mice. The out-

ome displayed that the compound at dosages of 60 and 80 mg/kg

ody weight significantly increase natural killer cells and cytotoxic

 lymphocytes activity after 11 d of treatment in a dose-dependent

anner, respectively. Meanwhile, at concentrations of 40 and 60

g/kg body weight, 3 β,6 β-dihydroxyolean-12-en-27-oic acid also

ignificantly enhanced production of IL-2 and anti-SRBC antibody

roduction in treated mice compared with negative control group

n similar pattern ( Sun et al., 2009 ). 

Zhang et al. (2014) reported that the activity of madecassic acid

rom C. asiatica increased CD4 + and CD8 + T-lymphocytes subpop-

lation and the secretion of pro-inflammatory cytokines IFN- γ):

nd IL-4 significantly compared with the untreated group of tu-

or bearing mice using flow cytometry analysis. They proposed
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hat the enhanced of rat’s immune defence system against tumori-

enesis were modulated by both T-helper 1 (Th1) and T-helper 2

Th2) mediated immune responses that influenced by this bioac-

ive compound. Furthermore, the other studies exhibited signif-

cant elevated activities of phagocytosis in macrophage cells of

unming mice after treated with betulinic acid (0.5 and 1 mg/kg

ody weight) in a dose-dependent manner. Meanwhile, the splenic

atios of CD4 + /CD8 + and production of TNF- α in treated mice

lso significantly enhanced in a dose-dependent manner ( Yi et al.,

010 ). 

According to Dash et al. (2015) , betulinic acid derived from

arks of Ziziphus jujube Mill. tree at a high concentration (50

g/mL) presented an increased level of TNF- α and IL-12 and

educed level of IL-10 and TGF- β of both lymphocyte and

acrophage cells. In addition, the compound also enhanced level

f CD4 + lymphocyte population. These in vitro studies were us-

ng ELISA and flow cytometric analysis, respectively. Besides, the

tudy conducted in vivo using mice exhibited elevated level of

gG immunoglobulin after treated with this bioactive compound

50 μg) when with control that received only phosphate buffer

aline. 

. Structure-activity relationship for immunomodulatory 

ffects of plant-derived pentacyclic triterpenes 

Pentacyclic triterpenes, aglycones of saponin are widely

istributed in plants kingdom. These compounds have well

nown to have several pharmacological properties including anti-

nflammation and immunomodulator. The chemical structures of

entacyclic triterpene compounds act as an immunomodulator are

mphasized in Fig. 1 . Ayatollahi et al. (2011) reported that three

ommon pentacyclic triterpenes named betulinic acid, oleanolic

cid and ursolic acid, have been successfully isolated from Euphor-

ia microsciadia Boiss, a perennial plant that cultivates in some

arts of Iran. These compounds were then evaluated their effects

n T-cell proliferation activity. Briefly, T-lymphocytes were isolated

rom fresh venous blood from a normal healthy volunteer and

he analysis was done using liquid scintillation counter. The re-

ults showed that oleanolic acid even at the low concentration

0.5 μg/mL) stimulates T-cell proliferation. Conversely, betulinic

cid and ursolic acid enabled to inhibit T-cell proliferation with

C 50 values greater than 50 μg/mL and 3.01 μg/mL, respectively.

herefore, by comparing these results, oleanolic acid and ursolic

cid which have the same chemical structure but only differ in ring

 presented two different activities. Another study also proofs this

tatement by presented that oleanolic acid stimulated NO and TNF-

production of mouse macrophage cells ( Choi et al., 2001 ). In con-

rast, ursolic acid showed suppression effects. It has been reported

hat ursolic acid has strong activity in inhibiting T-cell prolifera-

ion ( Khajuria et al., 2007 ). These results indicated that different

osition of methyl group at ring E could be responsible for their

ctivities. Substitution of one methyl group on C-19 and loss of

ne methyl group on C-20 might be important for inhibition ef-

ects of pentacyclic triterpenes. Another study also showed the ev-

dence that dissimilar position of methyl group (ring E) pentacyclic

riterpenes might be involved in their contrast activities. Present

f methyl group at C19 increased inhibitory effect of α-amyrin on

PO activity ( Holanda Pinto et al., 2008 ). 

On the other hand, inhibitory activities of betulinic acid and

rsolic acid against T-cell proliferation, showed that ursolic acid

hich has six members E ring is more potent than betulinic acid

five members analogue in lupine type). This finding illustrated

hat ring E of pentacyclic triterpene is probably significant for its

nhibitory effects. Moreover, four pentacyclic triterpenes that in-

lude oleanolic acid, maslinic acid, erythrodiol, and uvaol from

live pamoce oil have been evaluated for their immunomodula-
ory activity on cytokine production of human mononuclear cells.

he results exhibited that among of these compounds, erythro-

iol at 100 μmol/L is the most potent compound in decreasing

L-1 β production. This compound at the same concentration also

emonstrated strongest activity in reducing IL-6 production. In

ase of their activity on TNF- α production, uvaol and oleanolic

cid at the highest concentration (100 μmol/L) significantly inhib-

ted TNF- α production, while erythrodiol at the similar concen-

ration did not affect these pro-inflammatory cytokines ( Marquez-

artin et al., 2006 ). According to their chemical structures such as

he present of carboxyl group and methanol at C-17, these com-

ounds can be classified as acid and alcohol pentacyclic triter-

enes. Although the relationship between their chemical struc-

ure and their activities are still unclear, however, it is worthy

oted that the present of methanol at C-17 as well as substitu-

ion one methyl group at C-20 (ring E) might be important for in-

ibition effect of erythrodiol on pro-inflammatory cytokines pro-

uctions. In addition, it can be observed that maslinic acid which

as one additional hydroxyl group at C-2 (ring A) differ from oth-

rs. Although this substitution is important for its antioxidant ac-

ivity and inactivation of NF- κB, however its inhibition effects to-

ard cytokine production was not found ( Motilla et al., 2003 ;

ukumitsu et al., 2016 ). It can be assumed that the presence

f hydroxyl group did not affect their anti-inflammatory activi-

ies through cytokines production and it might decrease its im-

unomodulatory activities. 

Dendritic cells are classified in the group of leucocytes play

 vital part in the activation and modulation of the immune re-

ponses. These cells are able to act as antigen-presenting cells

nd have a special ability to activate naive T cells to further

timulate adaptive immune response towards multiple pathways

 Banchereau et al., 20 0 0 ). Assessing immunomodulatory effect of

entacyclic triterpenes on dendritic cells has been performed by

elaez et al. (2013) . They have successfully isolated one novel com-

ound named, yarumic acid, along with known compound such

s serjanic acid, spergulagenic A, 20-hydroxy-ursolic acid and gor-

ihic acid from Cecropia telenitida Cuatrec. The compounds were

hen preceeded to various assays including pro-inflammatory pro-

uction test. The findings demonstrated that spergulagenic acid is

he most potent compound which inhibits cytokines production

more than 50%) followed by serjanic acid and yarumic acid. Mean-

hile, 20-hydroxy-ursolic acid and goreihic acid were the least ac-

ive pentacyclic triterpenes. According to their chemical structures,

heir properties might be due related with the presence of car-

onyl group at C-3 on ring A that is important for inhibition ef-

ects of spergulagenic on cytokines production. Moreover, in case

f yarumic acid, substitution of hydroxyl group at C-2 and C-20, as

ell methyl group at C-19 might lessen its inhibition effect. 

Lupeol and lupeol linoleate, two common pentacyclic triter-

enes, have also been studied for their anti-inflammatory activity.

he result elicited that lupeol linoleate has strong activity (58%

educe paw swelling) which is comparable to indomethacin as

 positive control ( Geetha and Varalakshmi 2001 ). In a different

tudy, Lucetti et al. (2010) reported that lupeol acetate has sig-

ificant anti-inflammatory effect in formalin test animal model.

he present of linoleate at C-3 (ring A) might be contributed for

ts anti-inflammation properties in vivo . Human neutrophil elas-

ase (HNE) is serine protein in the granule of neutrophil. It plays

mportant in phagocytosis activity by assisting neutrophil migra-

ion towards infection side. In certain condition, over expression

f this enzyme may lead to chronic inflammation. The effect of

entacyclic triterpenes which includes ursolic acid, oleanolic acid,

etulinic acid and lupeol on HNE was performed. The results re-

ealed vary inhibition activities against HNE which ursolic acid

howed strongest effect in inhibiting serine protein production.

he presence of carboxyl group at C-28 might be contributed
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Fig. 1. Chemical structures of pentacyclic triterpenes which have a potential as an immunomodulator. 
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for its activity. This result was then confirmed using molecu-

lar docking study in which 28-COOH and double bond in their

skeleton enabled to increase its inhibitory activity ( Feng et al.,

2013 ). 

According to previous studies, asbetulin, betulinic acid, ursolic

acid and lupeol have been known to possess anti-inflammatory ac-

tivity. Using animal model, it has been shown that betulinic acid

at a concentration of 30 μmol/L inhibited the expression of COX-2,

while ursolic acid displayed an anti-inflammatory activity on NF-

κB at somewhat higher concentration (50 μmol/L). In general, peta-

cyclic triterpenes are classified into three classes, such as ursanes,
leananes, and lupanes ( Catteau et al., 2018 ) ( Fig. 2 ). The differ-

nt activity of these compounds might be because of the differ-

nt substitution on their basic skeleton. It has been known that

etulinic acid has four six-rings and one five-rings, while urso-

ic acid consists of five six-rings ( Laszczyk, 2009 ). Moreover, be-

ulin, betulinic acid and oleanolic acid have also demonstrated

nti-inflammatory effect with vary activities. This variation is not

nly due to their concentrations, but also the presence of different

ubstitution groups on their main structure probably contribute for

heir action ( Catteau et al., 2018 ). 
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Fig. 2. Chemical structures of main classes of pentacyclic triterpenes. 
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Another study has also been performed to find relationship

etween chemical structure of some lupeol derivatives including

upeol, betulinic acid, ethyl betulinate, and lupenyl acetate and

heir immunomodulatory effects. Phagocytes chemiluminescene 

nd lymphocyte proliferation assays were used in this study. The

esult showed that ethyl butinilate is the strongest compound in

nhibiting phagocytosis (IC 50 value of 3.85 μg/mL) compared with

ther tested compounds of pentacyclic triterpenes. This compound

lso revealed strongest effect to inhibit T-cell proliferation with

C 50 value of 12.9 μg/mL. The presence of esteric group at C-28

f ethyl betulinate probably plays important role to increase inhi-

ition effect of this pentacyclic triterpene ( Shahlaei et al., 2013 ). 

According to previous studies, asiatic acid isolated from C. asi-

tica strongly inhibited LPS-induced NO and PGE2 production in

AW 264.7 macrophage cells. This compound was more potent

han its derivative namely asiaticoside. By comparing their chem-

cal structures, the present of glucose at C-28 (ring E) of asiatico-

ide might reduce its anti-inflammatory effect ( Yun et al., 2008 ). In

ivo study has also performed to evaluate anti-inflammation of asi-

tic acid derivates. Asiatic acid along with corosolic acid and alphi-

olic acid have been tested their anti-inflammatory effect in animal

odel. All compounds revealed inhibition effect in TPA-induced in-

ammation. However, corosolic acid presented most potent activi-

ies when measured using arachidonic acid assay. Lack of one al-

oholic group at C-24 (ring A) probably contributed for its activity

 Aguirre et al., 2006 ). 

Recently, five pentacyclic triterpenes, such as 3, 23-dihydroxy-

2-oleanen-28-oic acid, 3 β-hydroxylolean-12-en-28-oic, stigmas- 

erol, 3- O - β- D -glucopyranosyl stigmasterol, and 23-hydroxy-3-oxo-

rs12-en-28-oic acid, have been isolated from Cussonia arborea .

hese compounds were then determined for their immunomodula-

ory effect, including suppression of reactive oxygen species (ROS).

mong of the compounds, 3, 23-dihydroxy-12-oleanen-28-oic acid,

nd 3 β-hydroxylolean-12-en-28-oic showed strongest inhibition ef-

ect on ROS production with IC 50 values of 24.4 and 37.5 μg/mL, re-

pectively. While, 3 β-hydroxylolean-12-en-28-oic exhibited highest

ffect on T-cell proliferation (IC 50 value of 12.6 μg/mL). The struc-

ure activity relationship, presence of methyl group at C-23 (ring A)

ight be important for immunosuppression effect of pentacyclic

riterpene ( Oladimeji et al., 2017 ). Additionally, similar study was

lso conducted by Mawa and team. Three new triterpenoids that

onsist of 28,28,30-trihydroxylupeol, 3,21,21,26 tetrahydroxylanos- 

anoic acid and dehydroxybetulinic acid, along with seven known

ompounds have been observed their immunomodulatory effects

sing chemiluminescence and chemotactic assay. The findings re-

ealed that 3,21,21,26 tetrahydroxylanostanoic acid had strong in-

ibition activity on ROS production of PMNs, as well as chemotac-

ic activity with IC 50 values of 2.8 μg/mL and 0.9 μg/mL, respec-

ively. According to general analysis of chemical structure and im-

unodulatory effect, the presence of an oxygenated group at C-

 as well as carboxyl group at C-28 of ring A might increase its
mmunosuppression activity on ROS production and chemotaxis of

uman neutrophil ( Mawa et al., 2016 ). 

. Conclusion 

The significances of the outcome of these studies recommended

entacyclic triterpenes have a potential to further discover as a fu-

ure immunomodulator agent for developing new natural products

ased on pharmaceuticals. However, there is still shortage of com-

ilation of scientific data to offer validations on immunomodula-

ory activities of this group of compounds. Actually, sufficient re-

earch has not been implemented on normal state model in lab-

ratory studies regarding all factors comprising pro-inflammatory

nzymes, pro-inflammatory cytokines, proteins and genes expres-

ion. The evaluation of the effects of botanical pentacyclic triter-

enes on the activity and gene expression of enzymes and cy-

okines involved in a normal model might be useful to explore the

apability of this compound as a potential to enhance body’s im-

une system. Therefore, this compound could be a good candidate

o stimulate immunity of the host as prevention against attacking

athogens that cause various diseases. If there are enough preclin-

cal and safety data, more clinical trials are fortified to be done to

rove their activities. 
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