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a b s t r a c t

Ethnopharmacological relevance: Triterpenes, which comprise a broad chemical group of active principles,
are implicated in the mechanisms of action and pharmacological effects of many medicinal plants used
in folk medicine against diseases in which the immune system is implicated. They have been described as
anti-inflammatory, antiviral, antimicrobial, and antitumoral agents, as well as being immunomodulator
compounds. Several of them are implicated in the resolution of immune diseases, although their effects
have not always been clearly correlated.
Aim of the review: The aim of this review is to compile relevant data on the mechanisms of action
of triterpenes isolated from active ethnomedicinal plants and their role in the resolution of diseases
in which the immune system is implicated to examine the mechanism by which they are useful as
ethnopharmacological medicines.
Methods: The selection of papers was made using the most relevant databases for the biomedical sciences
on the basis of their ethnopharmacological use. We principally chose those studies that examined the
resolution of allergic responses in vivo and those that studied the effects of the more relevant mediators
implicated in the immune response in vitro.
Results: The number of compounds actually studied is limited compared with the high number of prin-
ciples that have been isolated and identified. Many studies focus on specific pathologies such cancer

or inflammation, but in many cases they are clearly correlated with the immune response. Lanostanes,
cucurbitanes, and oleananes are probably the most interesting groups; however, other compounds are
also of potential importance.
Conclusions: Studies of specific mechanisms against mediators or transcription factors could be the objec-
tive for future research on ethnomedicinal plants used to combat immune diseases since the results
obtained with cucurbitacins or derivatives of oleanolic acid support the use of different medicinal plants,

thereby opening up a new frontier for future studies.

© 2010 Elsevier Ireland Ltd. All rights reserved.
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. Introduction: immunology and immune diseases

The objective of this review is to examine the role triterpenoids
ave in medicinal plants used against inflammatory diseases, espe-
ially those in which an immune response is implicated. In addition,
selection of several structurally related compounds has been

ompiled in order to analyze the possible structural characteris-
ics and relationships between the different types of structures
ound in triterpenoids. The selection of active species was made on
he basis of their immunomodulatory activity, as is the case with
anoderma lucidum, Panax ginseng, Tripterygium wilfordii, Boswellia
errata, Quillaja saponaria, Borassus flabellifer, and Cayaponia tayuya,
ut other related species were selected for their potential and their
elationship with the aforementioned species.

Immunity is the physiological defense of an organism against
nfectious diseases such as those caused by bacteria and viruses.

hereas specific cells and mediators are responsible for immu-
ity itself, the collective and coordinated response against strange
ubstances constitutes the immune response (Abbas and Lichtman,
003). The most relevant cells involved in the immune response are
ymphocytes, but other cells are also implicated, including mono-
ytes/macrophages and polimorphonuclear granulocytes (Delves
t al., 2006).

Macrophages and antigen-presenting cells (APC) are involved
n all stages of non-specific immune responses and are responsible

Fig. 1. Mechanism of ac
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

for phagocytosis; antigen processing and presentation; secretion
of cytokines such as nitric oxide (NO) and tumor necrosis factor-
� (TNF-�); and antibody-dependent cell-mediated cytotoxicity.
Dendritic cells, which are immune accessory cells, have differ-
ent functions in non-specific immune responses, including the
activation not only of native T cells but also of both native and
memory B-cells. At different stages of differentiation, dendritic
cells can also regulate effectors of innate immunity such as nat-
ural killer (NK) cells, which can modulate natural and specific
immune responses through of the production of interferon-�
(IFN-�), TNF-�, and granulocyte macrophage-colony stimulating
factor (GM-CSF) (Moradali et al., 2007). The third relevant ele-
ment involved in innate immunity is the complement system.
Among the physiological systems, the complement is the major
effector of humoral immunity, which is involved in the host
defense (Oh et al., 2000). Components of the complement sys-
tem, including activated components C3a and C3b through C9,
both mediate and amplify the immune reaction (Moradali et al.,
2007).

In adaptive or specific immunity, the stimulation of APC is

produced in a later interaction with the antigen-major histocom-
patibility complex (MHC) II. This leads to the production of various
cytokines such as interleukin (IL)-4 and IL-12, which in turn acti-
vate a variety of implicated cells, including macrophages, B cells,
and different types of T cells. Thus, the stimulation of Th1 cells pro-

tivation of NF-�B.
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Fig. 2. Mechanism of activation of NF-AT.
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Fig. 3. Mechanism

uces IFN-�, which subsequently activates various macrophages
nd cytotoxic T (Tc) cells (Moradali et al., 2007).

The immune system is involved in combating many types of
nfections and parasitoses, including those caused by bacteria,
ungi, viruses, helminthes, protozoa, and others, but other diseases
re actually caused or aggravated by the immune response. These
nclude hypersensitivity, autoimmunity, immunodeficiency, and
ancer (Delves et al., 2006). In some inflammatory pathologies, for
xample, a higher immune system response is observed, with a
oncomitant proliferation of immune cells and pro-inflammatory

ytokines, which are produced by the activation of the corre-
ponding genes via nuclear transcription. In this fashion, various
L, TNF, and IFN are produced, increasing the inflammatory
esponse in which other mediators are also implicated, includ-
ng prostaglandins (PG) and NO, which are produced after the Fig. 4. Chemical structures of penasterol, penasterone and acetylpenasterol.
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Fig. 5. Chemical structu

nduction of the corresponding enzymes, e.g. cyclooxygenase-2
COX-2), and nitric oxide synthase (iNOS). Likewise, both peptidic

ediators and inducible enzymes are produced after the stimu-
ation of transcription factors such as nuclear factor-�B (NF-�B),
uclear factor-AT (NF-AT), and signal transducers and activators
f transcription (STATs). Among these transcription factors, NF-�B
ontrols the expression of genes encoding the pro-inflammatory
ytokines (IL-1, IL-2, IL-6, and TNF-�), as well as chemokines such
s IL-8 and eotaxin. It also has an effect on the expression of the
enes that encode adhesion molecules, including the intercellu-
ar adhesion molecule (ICAM), the vascular cell adhesion molecule
VCAM)-1, and E-selectin, along with inducible enzymes such as
OX-2 and iNOS, growth factors, and immune receptors (Fig. 1)
Calixto et al., 2003; Ríos et al., 2009).

NF-AT plays a key role in controlling lymphokine gene expres-
ion in T cells in a Ca2+-dependent manner. NF-AT itself is a
ytoplasmic component that is translocated to the nucleus follow-
ng T cell receptor (TCR) stimulation. NF-AT is also expressed in
ther immune cell types such as B cells, mast cells, and natural killer
ells and it is essential for activating T cells and regulating the cell
ycle (Fig. 2). In therapeutic practice, the activation of this transcrip-
ion factor is a target of the immunosuppressive drugs cyclosporine
nd tacrolimus (Ríos et al., 2009).

Other nuclear transcription factors are implicated in both immu-
ity and autoimmune diseases. STAT1 and STAT2, for example, are
he major regulators of the innate immune response with addi-
ional functions in the stimulation of the cellular immune response
ia IFN signaling. In the case of STAT3, although it was previously
escribed as an acute phase response factor activated by the pro-

nflammatory cytokine IL-6, it is now recognized as the target of
ther pro- and anti-inflammatory cytokines. Finally, STAT4 is impli-
ated in the regulation of both immunity and autoimmune disease
s the critical mediator of IL-12-stimulated gene regulation (Fig. 3)
Pfitzner et al., 2004).

. Effects of triterpenoids on hypersensitivity reactions

Adaptive immunity has the mission of defending an organism
gainst microbial infections, but it can also produce damage and
isease. Such is the case with hypersensitivity reactions, which
re responses of the immune system against different agents or
vents, but in some case cause an excessive response that is not
ontrolled by the organism. There are four types of hypersensi-
ivity reactions, of these, the most relevant with regard to being
reated with medicinal plants are type I or immediate hypersensi-
ivity, which is due to IgE antibodies, and type IV, which is mediated
y lymphocytes. In the former, allergy is the most relevant clin-
cal manifestation, with anaphylaxis, asthma, rhinitis, or eczema
eing common, while in the latter, delayed-type hypersensitivity
nd contact dermatitis are the most common manifestations. Other
iseases that can develop when lymphocyte-mediated hypersen-
itivity is implicated are rheumatoid arthritis, diabetes mellitus Fig. 6. Chemical structures of active ginsenosides.
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Fig. 7. Chemical structures of celastr

insulin-dependent), multiple sclerosis, and inflammatory bowel
isease (Abbas and Lichtman, 2003).

.1. The effects of triterpenoids on hypersensitivity type I
eactions

Penasterone and acetylpenasterol (Fig. 4) isolated from the
arine sponge Penares incrustans (Stellettidae) were found to

nhibit the histamine release from rat peritoneal mast cells induced
y anti-immunoglobulin (Ig) E in a dose-dependent manner. Penas-
erol (Fig. 4) isolated from the same source also inhibited the
nti-IgE-induced histamine release, but only at higher concentra-
ion. Other structurally related lanostanes that have been described
s inhibitors of histamine release from rat peritoneal mast cells are
anoderic acids C and D (Fig. 5) isolated from Ganoderma lucidum,
pecies used against different immune implicated diseases, such
s allergy, inflammation and cancer (Giner-Larza et al., 2000; Ríos,
008).

The ginsenosides Rg3, Rf, and Rh2 (Fig. 6), isolated from the
mmunomodulator plant Panax ginseng (Araliaceae), inhibited the
gE-induced passive cutaneous anaphylaxis in mice, with gin-
enoside Rh2 being the most potent inhibitor of the three. This
ompound was also the most potent inhibitor of degranulation of
BL-2H3 cells (Bae et al., 2006).

.2. Triterpenes as inhibitors of delayed-type hypersensitivity
DTH)

Various triterpenes were assayed as inhibitors of induced DTH
eactions, especially those isolated from the immunomodulator
lants Tripterygium wilfordii (Li and Weir, 1990), Cayaponia tayuya

Ríos et al., 1990), Astragalus membranaceus (Ríos and Waterman,
997) and Glycyrrhiza glabra (Kroes et al., 1997). Celastrol (tripter-

ne) (Fig. 7), for example, was found to inhibit the DTH reaction
nduced by dinitrochlorobenzene (DNCB) in mouse skin. This effect

as related to the compound’s ability to inhibit the production
yonolic acid and glycyrrhetinic acid.

of IL-1� and TNF-� in lipopolysaccharide (LPS)-stimulated human
monocytes. Cytokine IL-1� is essential for the initiation of cuta-
neous immune responses and its upregulation by Langerhans cells
is relevant in the early stages of skin sensitization, but this same
cytokine, together with TNF-�, also plays a relevant role in Langer-
hans cell mobilization and the development of contact dermatitis
(Ríos et al., 2005). In a comparative study between the anti-allergic
activity of bryonolic acid and glycyrrhetinic acid (Fig. 7) on the con-
tact hypersensitivity induced by picryl chloride in mice, bryonolic
acid was found to suppress ear swelling in a dose-dependent fash-
ion over time whereas glycyrrhetinic acid was so toxic that it could
not be properly studied. Both compounds are triterpene deriva-
tives, but while bryonolic acid is a friedoolean-type compound,
glycyrrhetinic acid is of the oleanan-type. This fact marked a clear
difference for both the toxicity and the effectiveness of bryonolic
acid versus glycyrrhetinic acid in DTH reactions (Ríos et al., 2005).

Other triterpenes with a cucurbitacin structure, including dihy-
drocucurbitacin B and cucurbitacin R (Fig. 8) from Cayaponia tayuya
(Cucurbitaceae), were found to inhibit the inflammatory reactions
induced by oxazolone, dinitrofluorobenzene (DNFB), and sheep red
blood cells (SRBC), reducing both the edema and cell infiltration.
Dihydrocucurbitacin B reduced the presence of the most relevant
cytokines implicated in these processes, including IL-1�, IL-4, and
TNF-�, and was also found to inhibit the proliferation of phyto-
hemagglutinin A (PHA)-stimulated human T lymphocytes, halting
the cell cycle in the G0 phase. In addition, this triterpene reduced the
production of IL-2, IL-4, IL-10, and IFN-� in human T lymphocytes
and hampered the induction of the principal cyclins involved in
the cell cycle. Finally, it selectively inhibited NF-AT in human lym-
phocytes without affecting calcium influx. The authors concluded
that dihydrocucurbitacin B curbs DTH reactions by inhibiting NF-

AT, which in turn suppresses the proliferation of the most relevant
cells involved in DTH reactions, namely the T cells (Escandell et al.,
2007b, 2010). This same triterpene, along with another structurally
related compound, cucurbitacin R, exerted a clear inhibition in an
experimental model of adjuvant-induced arthritis in rats, modify-
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ng the evolution of the clinical symptoms while the histopathology

f the paws demonstrated a reduction in the signs of arthritis. This
xperimental protocol is a model unique to rats that is widely
sed for studying the physiology, biochemistry, and pharmacol-
gy of inflammation; it is also used as a model of cell-mediated
utoimmune disease. The in vivo study of the expression of pro-

Fig. 8. Chemical structures o
acology 128 (2010) 1–14

inflammatory enzymes (iNOS, COX-2) and mediators (TNF-� and

PGE2) demonstrated a clear decrease in these mediators in arthritic
paws. In this case, the mechanism of action of cucurbitacin R was
related to the inhibition of STAT3 activation in the T lymphocytes
(Escandell et al., 2007a). In the case of dihydrocucurbitacin B, simi-
lar effects were reported, but no implication of transcription factors

f active cucurbitacins.
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as studied. Instead, this compound reduced the synthesis, release,
nd activity of pro-inflammatory enzymes (elastase, COX-2, and
NOS) as well as other mediators (TNF-� and IL-1�) in the lympho-
ytes (Escandell et al., 2006).

The ginsenosides Rg3, Rf, and Rh2 were found to reduce
xazolone-induced contact dermatitis in mice. In fact, all three
erivatives diminished the ear swelling and reduced the mRNA
xpression levels of COX-2, IL-1�, TNF-�, and IFN-�, but only gin-
enoside Rh2 reduced IL-4 expression. When these ginsenosides
ere assayed in vitro in LPS-stimulated murine macrophages, Rh2

nhibited the expression of both COX-2 and iNOS. These results
ustify the potential utility of ginseng and its constituents in the
reatment of atopic and contact dermatitis through the regulation
f pro-inflammatory enzymes and cytokine expression (Bae et al.,
006).

. Immunosuppressive effects of triterpenoids

As mentioned above, dihydrocucurbitacin B is known to inhibit
he proliferation of PHA-stimulated human T lymphocytes, halt-
ng the cell cycle in the G0 phase (Escandell et al., 2007b). Similar
ffects have been described for different triterpenoids. Fujimoto et
l. (1994) isolated different lanostanes with immunosuppressive
ctivity from Pisolithus tinctorius (Sclerodermataceae) and eval-
ated their properties against the proliferation of mouse spleen

ymphocytes stimulated with concanavalin A (Con A) and LPS.
he authors established a relationship between the chemical
tructure of each compound and its suppressive effect, sug-
esting that the presence of a five-membered ring containing
he 22,28-epoxy-28-hydroxyl moiety increases the suppressive
otency, while the replacement of the hydroxyl at position 28
ith a carbonyl decreases the potency of the compounds stud-
ed. The compound 24-methyllanosta-8,24(28)-diene-3�,22�-diol
nd a mixture of (22S,24R)-24-methyllanosta-8-en-22,28-epoxy-
�,28�-diol and (22S,24S)-24-methyllanosta-8-en-22,28-epoxy-
�,28�-diol (Fig. 9) inhibited both the Con A- and the LPS-induced
roliferation of mouse spleen lymphocytes, respectively. For its

Fig. 9. Chemical structures of active principles from
acology 128 (2010) 1–14 7

part, pisolactone suppressed Con A-induced proliferation by only
31% while the LPS-induced proliferation was suppressed by a mere
20%, even at 25 �g/mL.

Scholz et al. (2004) identified the immunosuppressant principle
of Borassus flabellifer (Arecaceae) as 17�-23-(E)-dammara-20,23-
diene-3�,25-diol (Fig. 9). The researchers subsequently studied this
compound in animal models of immunosuppression and inflam-
mation using murine and porcine models of oxazolone-induced
allergic contact dermatitis as the directing in vivo test system and
demonstrated that biologically active compounds with the 17�
configuration are thermodynamically more stable and much easier
to synthesize.

Demethylzeylasteral (Fig. 10) isolated from Tripterygium wil-
fordii (Celastraceae) was shown to inhibit the mixed lymphocyte
reaction and to prolong the survival time of rats with kidney
transplants. It also inhibited proliferation of peripheral blood
mononuclear cells with no cytotoxicity and suppressed levels
of CD4 and other cell types involved in immune responses. It
also suppressed levels of CD25, which is part of the IL-2 recep-
tor, but did not inhibit IL-2 production. Other related congeners,
such as 2,3-dihydroxy-1,3,5(10),7-tetraene-6�(1′-hydroxyethyl)-
24-nor-D:A-friedooleane-29-oic acid and wilforic acid A (Fig. 10)
were good inhibitors of the production of cytokines such as IL-
1�, IL-2, and IFN-�; the former also inhibited IL-8 and TNF-�
(Brinker et al., 2007). In addition, demethylzeylasteral showed a
potent immunosuppressive effect in the treatment of acute kid-
ney transplant rejection reactions. In fact, the combination of
demethylzeylasteral and prednisone was effective in suppressing
the ongoing rejection of kidney grafts. These results demonstrate
the strong immunosuppressive activity of demethylzeylasteral
and suggest a possible clinical role for this compound as an
immunosuppressive agent in the fields of organ transplantation

and autoimmune disorders (Xu et al., 2009).

The immunosuppressive effects of Tripterygium wilfordii may
also involve other triterpenoids, including celastrol (Fig. 7), pris-
timerin, and tripterygone (Fig. 10), as well as compounds such as
oleanolic acid, 3-epi-katonic acid, triptotriterpenonic acid A, and

Pisolithus tinctorius and Borassus flabellifer.



8 pharm

2
f
m
t
t
p
r
t
l
w
w
r
e
t
L
t
a
a
a
c
t

J.-L. Ríos / Journal of Ethno

�,3�-dihydroxy-olean-12-ene-22,29-lactone (Fig. 11). Celastrol,
or example, has exhibited activity against different symptoms and

ediators of autoimmune diseases. In asthmatic mice it reduced
he airway inflammation and decreased the number of inflamma-
ory cells in the lung tissue; in mice with lupus it lowered the
roduction of serum auto-antibodies and the levels of IgG and NO,
educed albumin in the urine, and decreased both IL-10 produc-
ion by peritoneal macrophages and the severity of glomerular
esions (Brinker et al., 2007). Some of these effects have to do

ith the inhibition of pro-inflammatory cytokines and enzymes,
hich is due to an inhibition of transcription factors. Thus, celastrol

educes the production of IL-1, IL-2, IL-6, IL-10, and TNF-�, low-
rs the production of PGE2 and NO, inhibits the transfer of NF-�B
o the nucleus, and decreases the levels of phosphorylated p38 in
PS-activated monocytes. Its related compounds, pristimerin and
ripterygone, have similar properties, but different mechanisms of
ction (Brinker et al., 2007). For their part, oleanolic acid (Fig. 11)

nd its related compounds are known to be anti-inflammatory
nd immunosuppressive agents through their reduction of relevant
ytokines such as IL-1�, IL-6, and TNF-�, as well as their effect on
he classic pathway of complement activation though the inhibition

Fig. 10. Chemical structures of nor-fried
acology 128 (2010) 1–14

of C3 convertase. Oleanolic acid also inhibits adenosine deaminase,
an enzyme which is found at increased levels in various immune
diseases (Brinker et al., 2007). Previously, no clear differences had
been reported for the immune-inhibitory activity of oleanolic acid
versus that of ursolic acid at various concentrations. However, new
research shows that at high concentrations (>40 �g/mL), ursolic
acid exerts more of an effect than oleanolic acid, for which only a
moderate inhibition of the proliferation of human peripheral blood
mononuclear cells and a strong enhancement of the secretion of
IFN-� at low concentrations was found (Chiang et al., 2003).

In various traditional medicines the oleogum resins from
Boswellia species are used for the treatment of different dis-
eases, including those involving the immune system. The
anti-inflammatory principles of Boswellia resin are boswellic acids
(Fig. 12), which have been shown to act by inhibiting different
mediators and pro-inflammatory enzymes such as 5-lipoxygenase
(LOX) and human elastase (Safayhi et al., 1997). However, their

mechanism of action is also related to their inhibition of certain
components of the immune system. Clinical pilot studies thus far
suggest the efficacy of these acids in treating several autoimmune
diseases including rheumatoid arthritis, Crohn’s disease, ulcerative

olanes from Tripterygium wilfordii.
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Fig. 11. Chemical structures of o

olitis, and bronchial asthma. As for their effect as an anticomple-
ent system, a mixture of boswellic acids was found to inhibit

he activity of C3 convertase in the classic complement pathway,

hich consequently suppressed the conversion of C3 into C3a and
3b. In the case of specific humoral defense, researchers have
emonstrated that boswellic acids administered orally produce a
ose-related reduction in the primary hemagglutinating antibody
iters in serum four days after administration of SRBC to mice. In

Fig. 12. Chemical structure
nes from Tripterygium wilfordii.

addition, boswellic acids produce a concentration-dependent inhi-
bition of lymphocyte proliferation after stimulation of mice cells
with different agents (Ammon, 2006).
Other triterpenoids with anticomplement properties include
the saponins isolated from Pueraria lobata (Fabaceae). Of these,
the diglycosidic derivatives are the most potent, followed by the
mono- and triglycosidic compounds. In contrast, the correspond-
ing aglycones actually enhance hemolysis in the presence of serum

s of boswellic acids.
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ig. 13. Chemical structures of saponins from Pueraria lobata and Actaea podocarpa.

n the classic complement system pathway. None of them showed
elevant effects on the alternative complement pathway. A study
f the relationship between effects and activity showed that the
resence of a free carboxyl in glucuronic acid increased the activ-

ty whereas the salts, methyl esters, and reduced form of this acid
re less potent. Thus, the compounds which exhibited the high-
st potency as anticomplementary agents were kaikasaponin I and
oyasaponin III (Fig. 13) (Oh et al., 2000).

Ali et al. (2006) isolated a new triterpenoid with anticom-
lement activity, namely podocarpaside (Fig. 13) from Actaea
odocarpa (Ranunculaceae), which inhibited human complement
ctivity. Still, it was less potent than compounds obtained from
rsolic and oleanolic acids (Ali et al., 2006).

. Immunostimulant effects of triterpenoids

Çalis et al. (1997) studied eight cycloartanes isolated from Astra-
alus melanophrurius (Fabaceae) and found that the compounds
howed interesting immunomodulatory activity in an isolated
uman lymphocyte stimulation test. The researchers determined
hat astrasieversianins II and X; astragalosides I, II, IV, and VI; and

yclocanthosides E and G (Fig. 14) were all able to stimulate human
ymphocyte proliferation in concentrations ranging from 0.01 to
0 �g/mL.

Behboudi et al. (1996, 1997) studied the effects of a mixture
f triterpenes from Quillaja saponaria (Rosaceae) on the produc-
Fig. 14. Chemical structures of astrasieversianins, astragalosides and cyclocantho-
sides from Astragalus melanophrurius and Quillaja saponins.

tion of IL-1 and IL6, as well as their role in the activation of APC,
a prerequisite for the development of immune responses. In such
cell-mediated immune responses, IL-6 synergizes with IL-1 to pro-
mote T cell proliferation and both the differentiation of T helper
cells and the development of T cell-mediated cytotoxicity by CD8+
cells. IL-1 constitutes a second signal for T cell activation, in this case
provided by APC, which carries the first signal produced by the MHC
class II molecules. After its release, IL-1 upregulates the activity of

T helper cells. For its part, cytokine IL-6 is a key factor in cytolytic T
lymphocyte generation, which is an important effector mechanism
elicited by the immunostimulant complex (iscom)-borne antigens.
Of the possible combinations of triterpenoids, including QH-A, QH-
C, and spikoside, a semipurified Quillaja saponin product (Fig. 14),
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ll of which are mixtures of saponins, the researchers found that
n increase in QH-A as opposed to QH-C increased the capacity to
ctivate APC.

From Luffa cylindrica (Cucurbitaceae), Khajuria et al. (2007) iso-
ated and studied the immunomodulatory activity of oleanolic acid
nd echinocystic acid. Both compounds increased the phagocytic
ndex and showed stimulatory effects on macrophages, increasing
oth humoral and cell-mediated immune responses.

. Triterpenoids with adaptogenic activity

Panossian et al. (1997) tested the adaptogenic activity of Bry-
nia alba roots in both preclinical and clinical trials, demonstrating
hat the compound responsible for this activity was cucurbitacin

-diglucoside (Fig. 8) (Panossian et al., 1999). This compound

ncreases corticosteroid secretion by stimulating the adrenal cor-
ex, modulating corticosteroid release until optimal levels are
btained, thereby protecting the adrenal cortex from hypotro-
hy. Moreover, cucurbitacin R-diglucoside not only modifies the
in G and buddlejasaponin IV.

metabolism of eicosanoids, thus increasing the production of
PGE2, but also inhibits the biosynthesis of the pro-inflammatory
mediators from LOX such as LTB4 and 5-hydroxy-6E,8Z,11Z,14Z-
eicosatetraenoic acid (5-HETE), which activate the chemotaxis of
neutrophils, lysosomal enzyme release, vascular permeability, and
superoxide anion generation. Other cucurbutacins (B, D, and R)
(Fig. 8) were assayed as immunomodulators, but their activity was
of little interest. It should be noted, however, that cucurbitacin
R gave IC50 values of 1.0 and 0.46 �g/mL against mitogen CoA-
stimulated IL-2 dependent murine lymphoblasts and mitogen Con
A-stimulated murine spleen cells, respectively (Frei et al., 1998).

6. Triterpenoids as potential immunomodulatory agents
via the inhibition of transcription factors
6.1. Triterpenoids as inhibitors of NF-�B

Triterpenoids from different structural groups have been stud-
ied and described as anti-inflammatory and immunomodulatory
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Fig. 16. Chemical structures of active principles from Acanthopanax koreanu

gents through their ability to inhibit both the transcription factors
mplicated in these processes as well as the mediators produced by
heir activation. Celastrol (Fig. 7), a nor-triterpenoid from Celas-
rus orbiculatus, and its analogous derivative pristimerin (Fig. 11),
ave been studied as inhibitors of the transcription factor NF-�B
Ríos et al., 2009). Celastrol was found to block the NF-�B activa-
ion induced by different stimuli and cell types without affecting
he DNA-binding activity of AP-1. It also completely blocked the
PS-, TNF-�-, and TPA-induced degradation and phosphorylation
f the inhibitor protein of NF-�B (I�B)�, (Lee et al., 2006). The
xperimental data suggest an interference with one or more of the
ommon steps of NF-�B activation, such as the I�B phosphoryla-
ion at Ser-32 and Ser-36 carried out by I�B kinase (IKK). Moreover,
elastrol prevented not only the expression of iNOS and TNF-�, but
lso the production of NO and TNF-� in LPS-stimulated RAW 264.7
ells. It also inhibited the NF-�B activation induced by transform-
ng growth factor (TGF)-� activated kinase-1 (TAK1) (Sethi et al.,
007). Its analogous compound pristimerin was also reported to be
potent inhibitor of NF-�B, reducing both the induction of iNOS

nd NO synthesis in LPS-stimulated RAW 264.7 cells in a dose-
ependent fashion. However, this activity may actually be due to
ytotoxic effects (Dirsch et al., 1997).

Another group of triterpenoids that act as immunomodulators
re the saponins. The avicins, for example, have been studied as
otential inhibitors of NF-�B activation. Of the compounds studied,
vicin G from Acacia victoriae (Fig. 15) was able to impair the TNF�-
nduced binding of NF-�B to DNA in Jurkat cells, but this effect was
eversed by dithiothreitol, which suggests that avicins may modify
sulfidryl group critical for NF-�B activation. On the other hand,

hey may also target the cysteine residues in the NF-�B molecule.
hile avicins did not affect the degradation of I�B, they were able

o decrease the nuclear localization of the p65 subunit of NF-�B

Haridas et al., 2001).

Buddlejasaponin IV from Pleurospermum kamtschatidum
Fig. 15) also inhibited NF-�B with parallel reductions in I�B�
egradation and phosphorylation as well as in the nuclear translo-
ation of the p65 subunit. The inhibitory activity was due to
d Liquidambar formosana, and semisyntetic derivatives form oleanolic acid.

the prevention of I�B� degradation and the consequent down-
regulation of the expression of the enzymes iNOS and COX-2 (Won
et al., 2006).

Different ginsenosides from Panax ginseng (Araliaceae) have
been demonstrated to be NF-�B inhibitors, with consequent inhibi-
tion of the mediators implicated in both inflammation and immune
diseases. For example, ginsenoside Rg3 inhibited the NF-�B activity
in colon cancer cells and enhanced the response to docetaxel and
other chemotherapeutics (Kim et al., 2009a) while ginsenoside Rp1
inhibited the production of IL-1� in murine macrophages through
the down-regulation of both IKK/I�B� phosphorylation and the
consequent activation of NF-�B without affecting the activation of
its upstream signaling enzymes (Kim et al., 2009b). Ginsenoside
Rb1 also inhibited the TNF-�-induced over-expression of VCAM-
1 in human umbilical cells (HUVECs and HMVECs-L) as well as
the activation of p38, c-Jun N-terminal protein kinase (JNK), extra-
cellular signal-regulated kinase (ERK)-1/2, and I�B� (Chai et al.,
2008).

6.2. Triterpenoids as inhibitors of NF-AT

Impressic acid from Acanthopanax koreanum, and 3�-acetoxy-
25-hydroxy-olean-12-en-28-oic acid, and lantanolic acid from
Liquidambar formosana (Fig. 16) all inhibited NF-AT; however,
other structurally related compounds did not. These data indicate
a relationship between chemical structure and pharmacological
activity. In this case, it was established that the presence of an oxy
methylene group at C25 along with an acetoxyl group at C3 gen-
erally increases the inhibitory activity against NF-AT (Ríos et al.,
2009).

As mentioned above, dihydrocucurbitacin B (Fig. 8) inhibited the

DTH reaction by suppressing lymphocyte proliferation through a
direct inhibition of NF-AT activity. This, in turn, led to a reduction in
the expression of cyclins and cytokines, especially those implicated
in this type of reaction, such as IL-2 and IFN-� (Escandell et al.,
2007b).
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.3. Triterpenoids as inhibitors of STATs

Cucurbitacins have been reported to be potential immunomod-
latory agents, especially through the modification of the
on-specific immune response (Panossian et al., 1997, 1999) or
electively via the reduction of T cell proliferation (Escandell
t al., 2007b). Some of these effects are due to the ability of
hese compounds to inhibit constitutively activated STAT3. Indeed,
ucurbitacins were found to be highly selective for JAK/STAT3 and
id not inhibit other pathways. Thus, cucurbitacin I (Fig. 8) reduced
he levels of phosphotyrosine of constitutively activated STAT3 in
ifferent human cancer cell lines (Blaskovich et al., 2003). This sup-
ression resulted in the blockade of STAT3 DNA-binding activity
nd STAT3-mediated gene transcription with a high selectivity in
ts disruption of STAT3 signaling over other pivotal pathways. Sun
t al. (2005) later carried out a structure-activity relationship study
ith five structural analogues and found that while cucurbitacin Q

nhibited the activation of STAT3 but not that of JAK2, cucurbitacin
inhibited the activation of JAK2 but not that of STAT3. For their

art, cucurbitacins B, E, and I inhibited the activation of both.
Escandell et al. (2007a) demonstrated that cucurbitacin R (Fig. 8)

nhibited STAT3 activation in peripheral human blood lymphocytes
timulated with IL-6. It seems likely that in diseases in which the
ctivation of the JAK/STAT system is implicated, treatment should
nclude the use of new agents that inhibit these transcription path-

ays.
Oleanolic acid is currently undergoing clinical trials for its anti-

ancer and anti-inflammatory effects through its potential ability
o inhibit transcription factors such as STAT3 and STAT5. Its status
f development is phase I/II (Butler, 2008).

.4. Triterpenoids as inhibitors of other transcription factors

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is a basic
eucine zipper (bZIP) domain oxidant-responsive transcription
actor responsible for regulating a battery of cytoprotective
enes, including antioxidants, while maintaining cellular redox
omeostasis. It has a critical role in improving survival dur-

ng sepsis, which is characterized by an inappropriate host
mmune-inflammatory response and sustained oxidative damage.
retreatment of peripheral blood mononuclear cells with cyano-
erivatives of oleanolic acid (CDDO-Im and CDDO-Me) (Fig. 16) has
een shown to attenuate LPS-induced cytokine expression and to

ncrease levels of antioxidant genes (Thimmulappa et al., 2007).

. Triterpenes as potential anti-acquired
mmunodeficiency syndrome (AIDS) agents

Yu et al. (2007) reviewed the potential of natural products as
nti-AIDS compounds. While their review included many triter-
enoids, the pharmacological effects of these compounds did not
ecessary include an increase in the immune response. Rather, they
ere described as antiviral agents that could inhibit the replica-

ion of the human immunodeficiency virus (HIV) in lymphocytes
r increase cellular cytotoxicity or apoptosis. This review is of great
nterest for natural products researchers, specifically those special-
zing in triterpenoids, as many compounds and their mechanisms
f action are reviewed.

. Future perspectives
Triterpenes comprise one of the most interesting groups of natu-
al products due to their high potential as pharmacological agents.
sually they are present in plants used as ethnomedicines, such
s Astragalus membranaceus, Boswellia serrata, Cayaponia tayuya,
acology 128 (2010) 1–14 13

Ganoderma lucidum, Panax gisneng or Tripterygium wilfordii. Many
such compounds can either be used directly as active compounds
or modified to increase their selectivity and potency. Although
they have generally been examined for their anti-inflammatory
and antiviral properties, their possible use as immunosuppressant
drugs should be considered for future research. In addition, new
paths of investigation should be pursued, including studies on their
effects on transcriptional pathways other than that of NF-�B, as well
as their implication in immune responses. Several structural groups
of triterpenes have demonstrated specificity against transcriptional
factors such as NF-AT or STAT3; these could be of particular interest
in treating inflammation, cancer, and immune diseases.
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