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Advances in Pharmacological Activities 
of Terpenoids
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Abstract
Terpenoids, the most abundant compounds in natural products, are a set of important secondary metabolites in plants with diverse 
structures. Terpenoids play key roles in plant growth and development, response to the environment, and physiological processes. 
As raw materials, terpenoids were also widely used in pharmaceuticals, food, and cosmetics industries. Terpenoids possess antitu-
mor, anti-inflammatory, antibacterial, antiviral, antimalarial effects, promote transdermal absorption, prevent and treat cardiovas-
cular diseases, and have hypoglycemic activities. In addition, previous studies have also found that terpenoids have many potential 
applications, such as insect resistance, immunoregulation, antioxidation, antiaging, and neuroprotection. Terpenoids have a com-
plex structure with diverse effects and different mechanisms of action. Activities and mechanisms of terpenoids were reviewed in 
this paper. The development and application prospect of terpenoid compounds were also prospected, which provides a useful 
reference for new drug discovery and drug design based on terpenoids.
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Terpenoids constitute one of  the largest and structurally 
diverse groups of  naturally occurring compounds. 
Terpenoids are a class of  natural products derived from 
mevalonic acid (MVA) which are composed of  a plurality of  
isoprene (C5) structural units. Terpenoids are widely found 
in nature, with various structures and a wide variety. To date, 
more than 50 000 terpenoids have been found in nature,1 and 
most of  them are isolated from plants. Some terpenoids play 
an important role in plant growth and development, such as 
gibberellin, as plant hormones regulates plant development 
and carotenoids participates in photosynthesis; some ter-
penoids play a role in the interaction between plants and the 
environment, such as participating in plant defense systems 
in the form of  phytoalexins and interspecies competition as 
interspecific sensing compounds.2 Many volatile terpenoids 
such as menthol and perillyl alcohol are used as raw materials 
for spices, flavorings, and cosmetics.3 There are also some 
terpenoids with important economic value. They are used as 
pesticides, industrial raw materials, etc., such as pyrethrin 
and limonoids, which are often used as insecticides. 
Sesquiterpenes, farnesene and bisabolene, and 

monoterpenes, pinene and limonene, are recognized as pre-
cursor compounds for fuels.4

In the 1960s, the biological activity of  terpenoids began to 
be noticed by humans, but only limited to certain terpenoids. 
By the 1970s, the pace of  research on the biological activity of  
terpenoids was gradually accelerated, and the first small peak 
appeared. The research on artemisinin against malaria was 
completed at this stage. It was not until the late 1990s that the 
study on terpenoids attracted attention again, and the research 
focused on the separation and purification of  active compo-
nents, chemical composition analysis, and chemical structure 
research. Since then, the biological activity of  terpenoids has 
increased year by year.

In recent years, with the deepening of  research on terpenoids 
(especially terpenoids in medicinal plants), it has been found that 
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such compounds play an increasingly prominent role in the field 
of  medicine and have various biological activities such as antitu-
mor, anti-inflammatory, antibacterial, antiviral, antimalarial, pro-
moting the transdermal absorption, preventing and treating 
cardiovascular diseases, lowering blood sugar, and other effects. 
In addition, some terpenoids also have insecticidal, immunomod-
ulatory, antioxidant, antiaging and neuroprotective effects; the 
terpenoids paclitaxel and artemisinin have been widely used in 
clinical practice. Therefore, the research on the biological activity 
of  the terpenoids will contribute to the selection of  drugs and the 
improvement of  treatment methods and provide a theoretical 
basis for the development of  new drugs, which are paid much 
attention by scholars.

Overview of  Terpenoids
Terpenoids are a general term for a class of  compounds con-
sisting of  several isoprene structural units. Based upon the 
number of  isoprene units, these have mainly classified into 

monoterpene (C10), sesquiterpene (C15), diterpene (C20), trit-
erpene (C30), tetraterpene (C40), and polyterpene (C > 40), 
etc. In addition to being in the form of  terpene hydrocarbons, 
terpenoids are mostly present in the form of  various oxygen-
containing derivatives, including alcohols, aldehydes, carboxylic 
acids, ketones, esters, and glycosides. The synthetic pathways 
for terpenoids include the MVA pathway and the 
1-deoxy-D-xylulose-5-phosphate (DXP) pathway. Isopentenyl 
diphosphate is the main metabolic intermediate for both ways. 
The MVA pathway exists in the cytoplasm and the secondary 
metabolites such as sesquiterpenes, sterols, and triterpenes are 
mainly synthesized through this way; the DXP pathway is 
mainly present in plastids, and monoterpenes, diterpenes, and 
tetraterpenes are synthesized by this way.5

Terpenoids are mostly present in the form of  volatile oils in 
higher medicinal plants and mainly exists in the following 
medicinal plant groups: Compositae, Ranunculaceae, 
Araliaceae, Oleaceae, Magnoliaceae, Lauraceae, 
Aristolochiaceae, Rutaceae, Labiatae, Pinaceae, Umbelliferae, 
Celastraceae, Acanthaceae, Taxaceae, etc. Most of  the terpenes 
with bioactivities have been isolated in medicinal plants. 
Monoterpenes and sesquiterpenes are mainly found in essential 
oils of  the medicinal plant; larger molecular weight terpenes, 
such as triterpene, are mainly found in balsam and resin.

Pharmacological Activities of  Terpenoids
Antitumor Activity
Tumors are the most serious diseases that threaten human 
health, and the incidence of  cancer in China is increasing year 
by year. The research on new high-efficiency antitumor drugs 
is imminent. Terpenoids have attracted the interest of  many 
medicinal chemists with their distinctive structural features and 
good antitumor activity and have the potential to be lead com-
pounds to develop efficient and safe antitumor drugs. In the 
study of  the antitumor effects of  terpenoids (Figure 1), it was 
found that perillyl alcohol, geraniol, and paclitaxel are the ter-
penoids having antitumor activities (Table 1).

Perillyl alcohol is a monocyclic monoterpene mainly present 
in the essential oils of  medicinal plants has attracted significant 
interest due to its potent antitumor activity. It has 

Figure 1.  The structures of common terpenoids with antitumor 
activities.

Table 1.  The Antitumor Activity of Terpenoids.

Classification Compound Function Reference

Monoterpene Perillyl alcohol Broad-spectrum anticancer 6

Geraniol Antilung cancer, colon cancer, prostate cancer, pancreatic cancer, and liver cancer 7–13

Sesquiterpene Costunolide Antibladder cancer, ovarian cancer, leukemia cells, prostate cancer, nonsmall cell lung 
cancer, esophageal cancer

14–18

 � Artemisinin and its 
derivatives

Antileukemia, melanoma, colon cancer, non-small cell lung cancer, lung cancer, 
prostate cancer, breast cancer, and ovarian cancer

19–22

Diterpene  � Paclitaxel Antiovarian and breast cancer 23,24

Triterpene Ursolic acid Antiliver cancer, breast cancer, osteosarcoma, prostate cancer, and cervical cancer 25–30

Cucurbitacin Antibladder cancer, liver cancer, pancreatic cancer, breast cancer, and leukemia 31
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broad-spectrum, high efficiency, low-toxic antitumor proper-
ties. The growth of  tumor cells was significantly inhibited after 
perillyl alcohol was added in the culture of  tumor cells in many 
kinds of  animals.6 And perillyl alcohol plays a preventive and 
therapeutic role in cancer. The results showed that the admin-
istration of  perillyl alcohol at a dose of  1-2 g/kg in rats can 
significantly reduce the incidence and multiplicity of  colonic 
invasive adenocarcinoma caused by the injection of  carcinogen 
azomethane.6 Intraperitoneal injection of  perillyl alcohol at a 
dose of  75 mg/kg 3 times per week significantly inhibited lung 
tumor formation caused by the simultaneous injection of  the 
carcinogen 4-(methyl-nitrosamino)-1-(3-pyridyl)-1-butanone.6 
It was found that perillyl alcohol also exhibited high cytotoxic 
activity against OVCAR-8, HCT-116, and SF-295 human 
tumor cell lines, using the MTT assay. The cell growth inhibi-
tion percentage values were 90.92%-95.82%.32 Recent studies 
have revealed that the tumor growth inhibition rate of  perillyl 
alcohol evaluated in mice was 35.3% and 45.4% at doses of  
100 and 200 mg/kg/day, respectively. No toxicologically signif-
icant effect was found in liver and kidney parameters.33 In in 
vitro anticancer studies, perillyl alcohol was found to exert 
cytotoxicity against HepG2 cell line with a half-maximal inhib-
itory concentration (IC50) value of  409.2 µg/mL. However, 
this effect was not found to be selective.34

Geraniol is widely found in essential oils of  aromatic medic-
inal plants. Current experimental evidence indicates that gera-
niol has therapeutic or prophylactic effects on different types 
of  cancer (eg, lung cancer,7 colon cancer,8 prostate cancer,9 
pancreatic cancer,10 and liver cancer).11 It has been demon-
strated that geraniol can regulate a variety of  signaling mole-
cules and participate in a variety of  life processes, such as cell 
cycle, cell proliferation, apoptosis, autophagy, and metabolism. 
It can be used as a multitarget drug for the treatment of  cancer; 
the effect is significant and is not affected by adaptive resis-
tance. For example, geraniol inhibits tumor cell growth by 
blocking the G1 phase of  the Michigan Cancer Foundation 
(MCF)-7 breast cancer cell cycle. The levels of  cyclin D1, 
cyclin-dependent kinase 4, cyclin E, and cyclin A were 
decreased in geraniol-treated MCF-7 cells, while the level of  
cyclin p27Kip1 was increased. At the same time, geraniol had 
no effect on the growth of  MCF-10 normal breast epithelial 
cells, which demonstrated that its activity is tumor specific.12 
Kim et al13 found that in a structurally and functionally similar 
monoterpene, geraniol can effectively induce tumor cell apop-
tosis and autophagy. The expression level of  HMG-CoA 
reductase is often upregulated in various human cancers. 
Studies have shown that geraniol inhibits the expression of  the 
HMG-CoA reductase gene in most types of  tumor cells, which 
may be the mechanism for the treatment of  cancer by geraniol. 
Prostate cancer is a common cancer. Metastatic prostate cancer 
initially responds to androgen deprivation therapy, but eventu-
ally develops into castration-resistance prostate cancers, which 
is resistant to this treatment and obtained the ability to escape 
cell death in the absence of  androgen. The study found that 
AKT can increase cell viability in prostate cancer cells in a 

variety of  ways, including mammalian target of  rapamycin 
(mTOR) activation, to enhance cell resistance to death in 
androgen-deficient conditions. Other studies have found that 
5′ adenosine monophosphate-activated protein kinase (AMPK) 
can inhibit mTOR activity by phosphorylating TSC2 and/or 
Raptor to interfere with the AKT signaling pathway. Inhibition 
of  AMPK can promote cell proliferation and promote the 
malignant behavior of  cells. The results of  the above studies 
indicate that the anticancer effect of  AKT inhibition may be 
enhanced by AMPK activation. Geraniol can inhibit the AKT 
signaling pathway, activate the AMPK signaling pathway, 
inhibit the mTOR signaling pathway, and is more effective in 
the treatment of  prostate cancer by the combination of  inhib-
iting of  AKT and activating the AMPK signaling pathway.

Hassan et al14 studied the health-promoting properties of  
Thymus bovei Benth. essential oil (TB-EO) for its possible use in 
clinical practice with regard to its cytotoxic, antiherpes simplex 
virus type 2 (HSV-2), and antihypertensive properties. TB-EO 
showed very weak cytotoxicity on the healthy human fetal lung 
fibroblast cells with an IC50 value of  118.34 µg/mL compared 
with that of  cisplatin (IC50 = 10.08 µg/mL). TB-EO and its 
main component geraniol have displayed anti-HSV-2 with the 
half-maximal effective concentration (EC50) values of  2.13 and 
1.92 µg/mL, respectively. TB-EO and geraniol at a concentra-
tion of  15 µg/mL showed prominent inhibitory activities 
against angiotensin-converting enzyme with the percentage of  
inhibition 95.4% and 92.2%, respectively, compared with that 
of  standard inhibitor captopril (99.8%; 15 µg/mL). The results 
may be a novel findings in the course of  a search for new and 
active anticancer, anti-HSV-2, and antihypertensive agents.

Costunolide (CT) is a sesquiterpene lactone compound and 
is one of  the main chemical constituents of  the medicinal plant 
Aucklandia lappa Decne. Studies have shown that CT has effects 
of  antibladder cancer,15 ovarian cancer,16 leukemia,17 and pros-
tate cancer,18,19 mainly by inhibiting cancer cell proliferation, 
inducing apoptosis and differentiation of  cancer cells, inhibit-
ing metastasis and invasion of  cancer cells, reversing multidrug 
resistance, and inhibiting angiogenesis.

Artemisinin and its derivatives, well-known as antimalarial 
drugs, in recent years have been reported to have specific 
inhibitory effects on tumors in vitro and in vivo, with small side 
effects, obvious effects, and low costs.20,21 For example, artesu-
nate is a semisynthetic derivative of  artemisinin that exhibits 
anticancer activity against various types of  tumors, such as leu-
kemia, melanoma, colon cancer, nonsmall cell lung cancer, lung 
cancer, prostate cancer, breast cancer, and ovarian cancer.22 
The present studies have shown that semisynthetic artemisinin 
derivatives can exert anticancer effects by causing cell cycle 
G0/G1 arrest, inducing cell apoptosis, and participating in oxi-
dative stress, which result in more efficient antitumor activity 
than monomeric compounds, but this mechanism of  action 
has not been elucidated.23

Paclitaxel is a kind of  tetracyclic diterpenoid which is iso-
lated from taxus plants and has a good therapeutic effect on 
cancers such as ovarian cancer and breast cancer.24 Paclitaxel 
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was cytotoxic against SKOV3 cells in vitro with a viability rate 
of  38.2 ± 1.3% for 1 µmol/L of  paclitaxel and the apoptotic 
rate of  SKOV3 cells was 15.7 ± 1.7 for paclitaxel. Sun et al25 
found that paclitaxel can activate the toll-like receptor 4-nuclear 
factor-kappa B (NF-κB) pathway and induce the expression of  
the ABCB1 gene, which is of  great significance for studying 
the drug resistance of  paclitaxel in the treatment of  ovarian 
cancer.

Ursolic acid can induce tumor cell apoptosis and has obvi-
ous antitumor effects, but its proapoptotic mechanism has not 
yet been elucidated. Recently, the mechanism of  action of  
ursolic acid in the treatment of  various types of  tumors has 
been studied in depth.26–29 The current investigation demon-
strated that ursolic acid could protect hepatoma cells and 
reduce HBx-mediated autophagy through modulation of  Ras 
homolog gene family member A (RhoA).26 In the present 
study, it was found that ursolic acid at the low micromolar 
range may promote its anticancer action by targeting glycolysis 
in phenotypically distinct breast cancer cells.27 Ursolic acid can 
also inhibit proliferation and induce apoptosis of  human 
osteosarcoma 143B cells by inactivating Wnt/β-catenin signal-
ing.28 Research has shown that ursolic acid activates cell apop-
tosis in prostate cancer through rho-associated protein kinase/

phosphatase and tensin homolog-mediated mitochondrial 
translocation of  cofilin-1.29 In addition, ursolic acid is made 
into nanoparticles which can improve anticancer efficacy and 
bioavailability.30,31

Cucurbitacin is a class of  tetracyclic triterpenoids that also 
have antitumor activity.35

Anti-Inflammatory Activity
Inflammation is a common and very important pathological 
process, often manifests as “red, swollen, hot, painful”. It is a 
defensive response of  living tissue with a vascular system to 
various damage factors, and it is closely related to various dis-
eases such as asthma, rhinitis, arthritis, and arteriosclerosis. If  
inflammation is allowed to develop and is not controlled, it can 
cause serious illness. The structures of  terpenoids with anti-
inflammatory activities were shown in Figure 2.

Paeoniflorin is a monoterpene glycoside compound isolated 
from the root of  Paeonia lactiflora Pall. Bi et al36 studied the anti-
inflammatory activity and the mechanism of  action of  paeoni-
florin, paeoniflorin derivatives, 4-O-methyl paeoniflorin, 
4-O-methylbenzoyl paeoniflorin, and other monoterpenoids in 
peony. The results showed that most of  the monoterpenes 

Figure 2.  The structures of common terpenoids with anti-inflammatory activities.



Yang et al. 5

could inhibit the production of  inflammatory factor nitric 
oxide (NO), interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α) induced by lipopolysaccharides (LPS). And it 
has a significant correlation with the dose.

Inula flower (Inula japonica Thunb.) is a traditional Chinese 
herbal medicine of  the genus Asteraceae. Chen et al37 found 
that the sesquiterpene lactone compound IVSE in the inula 
flower can inhibit the production of  NO induced by LPS, 
thereby exhibiting the anti-inflammatory activity. Wang et al38 
isolated a novel sesquiterpene lactone compound JEUD-38 in 
the Inula flower; this compound significantly attenuated LPS-
induced NO production and had the effect of  preventing and 
treating inflammatory diseases. In this research, the results 
showed that under the stimulation of  LPS, the amount of  NO 
increased by about 11 times compared with the blank group. 
After the addition of  JEUD-38 (the cells were treated with dif-
ferent concentrations of  JEUD-38), the production of  NO 
was significantly inhibited, and the inhibitory effect was signifi-
cantly correlated with the dose.

The Chinese traditional medicine Tripterygium wilfordii Hook. 
f. has been used to treat immune system diseases and inflam-
matory diseases for hundreds of  years. Triptolidenol is the 
main bioactive component of  Tripterygium wilfordii. It is also one 
of  the most effective natural products of  inflammation and 
immune regulation that has been found to treat various auto-
immune and inflammation-related disorders.39 Its main mech-
anism is to inhibit the production of  inflammatory cytokines.40 
Researches also have shown that triptolide, tripterine, and trip-
tonide all have obvious anti-inflammatory effects.41-43 In one 
study, it was found that both triptolide and triptonide signifi-
cantly relieved the symptoms of  acute lung injury (ALI) in 
mice. Triptolide can improve the pathological state of  lung 
tissue in ALI mice. Triptonide can significantly reduce the 
expression of  chemokines MIP-1α, MIP-1β, RANTES, MCP-
1, and IP-10 induced by LPS.

Ginseng is a traditional Chinese medicine; its main compo-
nent is ginsenoside. With the deepening of  research, it has 
been found that ginsenoside-Rb1 (G-Rb1) is a potential anti-
inflammatory agent. G-Rb1 can significantly inhibit the activa-
tion of  NF-κB (NF-κB is a key factor in inflammation, and is 
also a regulatory factor of  the production of  TNF-α). In addi-
tion, it was found that ginsenoside-Rb2 (G-Rb2) and ginseno-
side-Rd (G-Rd) exhibited neuroprotective effects.44

Antibacterial Activity
Terpenoids (Figure 3) also have strong antibacterial effects45–49 
(Table 2). The monoterpenoids in terpenoids are mainly found 
in the genus Mentha, and previous studies have found that 
most of  the compounds extracted from plants of  the genus 
mentha have strong antimicrobial activity.50 Menthol is a cyclic 
monoterpene which has been shown to have antibacterial 
activity.51–54 Raut et al55 found that menthol showed significant 
inhibitory activity of  biofilm when studying the effects of  
plant-derived terpenoids on Candida albicans.

Patchouli alcohol (PA) is a tricyclic sesquiterpenoid com-
pound found in Pogostemon cablin (Blanco) Benth. Xu et al58 
found that it had anti-Helicobacter pylori activity in vitro and in 
vivo. The experimental data show that the bactericidal effect of  
PA is dependent on time and dose under different pH condi-
tions, and the minimal bactericidal concentrations (MBCs) of  
PA were 25-75 µg/mL. In addition, PA has a significant inhib-
itory effect on the movement of  H. pylori and the formation of  
flagella.

Studies have found that artemisinin drugs have different 
antibacterial activities against anaerobic bacteria, facultative 
anaerobic bacteria, microaerophilic bacteria, and aerobic bacte-
ria. This antibacterial activity has specificity and concentration 
dependence, which is reflected in different bacteria with differ-
ent antibacterial activities.59-61

Pseudomonas aeruginosa is a clinically important conditional 
pathogen with strong pathogenicity and high mortality. Due to 
the widespread use of  antibiotics, its sensitivity to most antibi-
otics is reduced. It is a common pathogen. Andrographolide is 
a diterpene lactone compound in the Chinese medicine 
Andrographis paniculata Nees. Cheng et al62 found that androgra-
pholide had a significant inhibitory effect on the biofilm of  P. 
aeruginosa and synergistic antibacterial effect with azithromycin. 
Banerjee et al63 found that andrographolide exhibited potential 
antibacterial activity against most of  the tested Gram-positive 
bacteria, among which it was most sensitive to Staphylococcus 
aureus with a minimal inhibitory concentration (MIC) value of  
100 µg/mL and was found to have an inhibitory effect on the 
formation of  the biofilm of  S. aureus.

Oleanolic acid is a pentacyclic triterpenoid compound iso-
lated from plants. The results of  one study showed oleanolic 
acid has a certain inhibitory effect on S. aureus, methicillin-
resistant S. aureus, and Streptococcus mutans.64 Kim also found65,66 
that oleanolic acid can kill Listeria monocytogenes, Enterococcus fae-
cium, and Enterococcus faecalis by destroying cell membranes of  
the bacteria, and the MICs were 16-32 μg/mL for L. monocyto-
genes and 32-64 μg/mL for E. faecium and E. faecalis, and bacte-
rial cell viability decreased after exposure to 2× MIC of  
oleanolic acid.

Figure 3.  The structures of common terpenoids with antibacterial 
activities.
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Antiviral Effect
Terpenes are among the very promising source of  new antimi-
crobials agents that have shown to have activity against viruses, 
bacteria, fungi, and protozoa.67 The structures of  terpenoids 
with antiviral effects are shown in Figure 4. Monoterpenoids, 
isoborneol and borneol, have strong activities against herpes 
simplex virus-1 (HSV-1). Isoborneol is a monoterpene found 
in a wide range of  plant essential oils. This compound showed 
total inhibition of  HSV-1 replication at a concentration of  
0.06%.68 Other monoterpene compounds such as thymol, 
α-terpinene, γ-terpinene, 1,8-cineole, α-terpineol, and citral iso-
lated from tea tree, thyme, and eucalyptus demonstrated in 
vitro antiviral activity against HSV-1 by inhibition of  virus 
greater than 80%.69

Hassan et al70 isolated 12 pure compounds from the leaves 
and twigs of  Eucalyptus globulus and all of  them were tested for 
antiherpetic activity against the replication of  antigen types 
HSV-1 and HSV-2. The results demonstrated that the com-
pound tereticornate A (IC50: 0.96 µg/mL; selectivity index 
CC50/IC50: 218.8) showed the strongest activity in the anti-
HSV-1 assay, even greater than acyclovir (IC50: 1.92 µg /mL; 
selectivity index CC50/IC50: 109.4), a standard antiviral drug. 
And the compound also displayed moderate antibacterial 
effects and anti-inflammatory activity.

Putranjivain A, a diterpene isolated from Euphorbia jolkini, 
demonstrated antiviral effect against HSV-2 in Vero cells with 
an IC50 value of  6.3 µM.71 The two triterpenes compounds, 
moronic acid and betulonic acid, extracted from the plant Rhus 
javanica showed in vitro potent inhibitory effect on HSV-1 with 
EC50 values of  3.9 and 2.6 µg/mL, respectively.72 
Notoginsenoside ST-4i, isolated from the Chinese herb Panax 
notoginseng, demonstrated in vitro remarkable inhibitory activi-
ties against HSV-1 and HSV-2 with EC50 values of  16.4 and 
19.44 µM, respectively.73 The results of  inhibitory activity 
against HSV-1 of  glycyrrhizin (GR) indicated that GR elimi-
nated the increased susceptibility of  thermally injured mice to 

Table 2.  The Antibacterial Activity of Terpenoids.

Classification Compound Antibacterial range Reference

Monoterpene 1,8- eucalyptus Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and Streptococcus, Listeria, Bacillus cereus 45,46

Limonene, 
Geranialdehyde

B. subtilis, S. aureus, Streptococcus mutans, E. coli, Candida albicans, methicillin-resistant S. 
aureus and Saccharomyces cerevisiae

56

Sabinene S. aureus (Gram-positive) and E. coli (Gram-negative) 57

Menthol S. aureus, Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilus influenzae 50–55

Sabinol Oral bacteria 47

Carvone S. aureus, E. coli, B. subtilis, Salmonella typhimurium, Listeria 48,49

 � Sesquiterpene Patchouli Alcohol Helicobacter pylori 58

 � Diterpene Artemisinin Various pathogens such as B. subtilis, E. coli, Pseudomonas aeruginosa, S. cerevisiae, S. aureus, 
Mycobacterium tuberculosis

59-61

Andrographolide P. aeruginosa 62,63

 � Triterpene Oleanolic acid S. aureus, methicillin-resistant S. aureus, S. mutans and Listeria monocytogenes, Enterococcus 
faecium, Enterococcus faecalis

64-66

Figure 4.  The structures of common terpenoids with antiviral 
effects.
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HSV infectivity during the induction of  CD4+ contrasuppres-
sor T cells.74

Artemisinin and its derivatives showed significant inhibitory 
activity on the hepatitis B virus (HBV) and hepatitis C virus 
(HCV).75 Artesunate is the semisynthetic derivative of  artemis-
inin, which has a more pronounced inhibitory effect on hepa-
titis B surface antigen (HBsAg). A synergistic effect was 
observed by combining artesunate with lamivudine (a drug for 
treating HBV).

Recent studies have found that andrographolide has a signifi-
cant inhibitory effect on the replication process of  the chikun-
gunya virus (CHIKV) (a mosquito-borne alphavirus).76 
Andrographolide showed good inhibition of  CHIKV infection 
and reduced virus production by approximately 3log10 with a 
50% EC50 of  77 µM without cytotoxicity. Time-of-addition and 
RNA transfection studies showed that andrographolide affected 
CHIKV replication and the activity of  andrographolide was 
shown to be cell type independent. Dengue fever is the most 
common viral disease transmitted by arthropods in humans, but 
there are currently no drugs against the dengue virus (DENV). 
Panraksa showed that andrographolide exhibited significant anti-
DENV activity in both cell lines (HepG2 and HeLa), significantly 
reducing both the levels of  cellular infection and virus output, 
with 50% EC50 for DENV of  21.304 µM and 22.739 µM for 
HepG2 and HeLa, respectively.77

Harada et al78 found that GR (a triterpenoid saponin) can 
inhibit the replication of  severe acute respiratory syndrome-
associated virus and regulate the mobility of  the envelope of  
the human immunodeficiency virus (HIV).

Betulinic acid is a pentacyclic triterpenoid compound iso-
lated from Syzigium claviforum. Betulinic acid and its derivatives 
have anti-HIV activity, and it is considered to be the earliest 
discovered pentacyclic triterpenoid compound with anti-HIV 
activity, which can affect the fusion between virus and cells, 
and also inhibit the activity of  the reverse transcriptase and 
assembly of  the virus.79,80 Oleanolic acid, dammarenolic acid, 
and ursolic acid also have anti-HIV activity.81-83

Antimalarial Effect
Artemisinin is a sesquiterpene lactone compound isolated 
from Artemisia annua Linn in the 1970s. It is the most effective 
antimalarial drug after pyrimethamine, chloroquine, and pri-
maquine and has the characteristics of  low toxicity and high 
efficiency. Later, antimalarial drugs such as artesunate, arteether, 

and artemether have been synthesized by modifying the chem-
ical structure of  artemisinin (Figure 5). These drugs have small 
adverse reactions and can effectively kill the plasmodium in the 
red blood cell phase. Current research shows that when red 
blood cells are phagocytosed by plasmodium, heme molecules 
in high concentrations are released. Artemisinin is activated by 
heme in the place where the plasmodium metabolized vigor-
ously and binds to the parasite proteins in the plasmodium 
body to make the proteins inactivated, achieving the purpose 
of  killing plasmodium.84 In addition, sarcoplasmic endoplas-
mic reticulum calcium ATPase (PfATP6),85 translational con-
trolled tumor protein,86 and glutathione S transferase87 have 
also been identified as nonheme protein substances that inter-
act with artemisinin in the plasmodium. The antimalarial mech-
anism of  artemisinin still needs further study.

Prevention and Treatment of  Cardiovascular Diseases
In recent years, the incidence of  cardiovascular diseases in 
humans has increased year by year. Finding effective drugs for 
treating cardiovascular diseases is an urgent task for research-
ers. Tanshinone IIA (TS) (Figure 6) is an active ingredient iso-
lated from the rhizome of  Chinese herbal medicine Salvia 
miltiorrhiza Bunge. The latest findings suggest that TS can pre-
vent the formation of  atherosclerosis and the damage and 
hypertrophy of  the heart. In atherosclerosis, TS can inhibit the 
oxidation of  low-density lipoprotein and the expression of  
proinflammatory factors, and TS also has certain activity and 
potential to stabilize atherosclerotic plaque.88 In addition, TS 
has significant therapeutic effects on a variety of  cardiovascu-
lar diseases, such as antimyocardial infarction, dilation of  blood 
vessels, improvement of  microcirculation, antiangina, etc.89-91

Ginsenosides (Figure 6), in addition to its anti-inflammatory 
effects, also have significant therapeutic effects on various cardio-
vascular diseases, such as regulating vascular function, inhibiting 
cardiomyocyte hypertrophy, and inhibiting thrombosis.92

Hypoglycemic Effect
Diabetes is a metabolic disease characterized by high blood sugar. 
The long-standing high blood sugar in diabetics can cause chronic 
damage and dysfunction in various tissues. Diterpenoid stevios-
ide (SVS) (Figure 7) is an active ingredient isolated from plant 
stevia (Stevia rebaudiana (Bertoni) Hemsl.). In the study by Jeppesen 
et al,93 it was found that SVS can significantly improve the hyper-
glycemia of  rats. Its antihyperglycemic effect may be related to 
the expression of  glycolytic-related genes, phosphorylation of  
liver mitochondrial ATP, and inhibition of  nicotinamide adenine 
dinucleotide-oxidase activity, thereby achieving the effect of  low-
ering blood sugar.

In recent years, artemisinin has been found to be a potential 
drug to improve type 1 diabetes. Ginsenosides have also made 
great progress in the research of  the prevention of  diabetes and 
hypoglycemic activity.

Figure 5.  The structures of common terpenoids with antimalarial 
effects.
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Promote Transdermal Absorption
The presence of  the stratum corneum of  the skin is a major 
obstacle in the percutaneous administration process.94 In order to 
enhance the permeability of  drugs through the skin, researchers 
have done a lot of  research. The most popular method currently 
is the application of  penetration enhancers, including natural ter-
penes; the most commonly used terpenes being menthol, men-
thone, 1,8-cineole, cinene, and nerolidol (Figure  8).95 Natural 
terpene has high activity, little skin irritation, and low toxicity and 
can safely and effectively promote transdermal absorption of  
drugs. In addition, several terpenes (such as 1,8-cineole, menthol, 
and menthone) have been included in the list of  “Generally 
Recognized As Safe” issued by the US Food and Drug 
Administration. Hydrocarbon terpenes, such as d-cinene, have 
been approved as steroid activity enhancers.96 Another study 
reported that α-terpineol is used as a transdermal enhancer for 
zidovudine and buspirone hydrochloride,97,98 and limonene has 
the effect of  enhancing the skin penetration of  ketoprofen and 
aceclofenac.99,100

Terpenes interfere with the lipid arrangement in the inter-
cellular regions of  the stratum corneum (SC),101 which leads to 
increased permeability of  the skin and thus aids in drug 
absorption.

The molecular mechanism studies suggested that monocyclic 
monoterpenes, such as menthol and menthone, enhanced the 
skin permeability by disordering the ordered organization of  SC 
lipids and extracted part of  SC lipids.102 Recently, Wang et al103 
studied the mechanism of  transdermal absorption of  menthol 
and menthone on ligustrazine hydrochloride (LH). The results 
suggest that the mechanism of  action may involve hydrogen 

bonding and interference with the SC lipid arrangement. In addi-
tion, the polarity of  terpenes is a key factor affecting drug absorp-
tion. Terpenes, such as limonene, have a strong promoting effect 
on the penetration of  lipophilic drug molecules,104 while terpenes 
with polar groups, such as menthol, have a better penetration 
enhancing effect on hydrophilic drug molecules.105

Other Biological Activity
In addition to the above-mentioned antitumor activity, anti-
inflammatory activity, antibacterial activity, antiviral activity, anti-
malarial activity, prevention and treatment of  cardiovascular 
diseases, hypoglycemic activity, terpenoids also have other biolog-
ical and pharmacological activities, such as insect resistance, 
immunoregulation, antioxidation, antiaging, and 
neuroprotection.

The results showed that the monoterpenoid thymol (Figure 9) 
and its derivatives, menthol derivatives, have certain insecticidal 
activity.106,107 Through a series of  screening and determination, it 
was found that 3,7-dimethyl-1-octanol (dihydrocitronellol) is the 
most effective terpene with antischistosomal activity (IC50 values 
of  13–52 µM)108; confocal laser scanning microscopy revealed 
that the compound induced severe tegumental damage in adult 
schistosomes and a correlation between viability and tegumental 
changes was observed.

Oleanolic acid, ursolic acid, triterpene acids of  loquat (TAL) 
have good immunomodulatory effects.109,110 They are potent 
immunomodulators of  macrophages infected with virulent 
Mycobacterium tuberculosis and their immunomodulatory activity 
induced through activation of  macrophages.

Figure 9.  The structure of thymol.

Figure 6.  The structures of terpenoids with prevention and 
treatment of cardiovascular diseases.

Figure 7.  The structure of terpenoids with hypoglycemic effect.

Figure 8.  The structures of terpenoids with transdermal absorption.
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The ginsenoside Re isolated from American ginseng has an 
antioxidation effect and can protect cardiomyocytes from oxida-
tive damage of  internal and external oxidants.111 Ginsenoside 
Rg1 regulates the expression of  regulatory factors in the cell cycle 
and then exerts its antiaging effects. Currently, ginsenoside Rd is 
widely used for neuroprotection. In addition, Wan et al112 found 
that ginsenoside Rd can alleviate cognitive dysfunction.

Conclusions and Outlooks
The structures of  the most promising terpenoids that could be 
used as templates for further investigations were listed in 
Figure  10. The current research results show that various ter-
penoids have been shown to have significant disease prevention 
and treatment effects, and have antitumor, anti-inflammatory, 
antibacterial, antiviral, antimalarial effects and also show potential 
functions in immune regulation, neuroprotection, antiallergy. The 
activity exhibited by terpenoids has a considerable role in the 
development of  new drugs and improvements in existing treat-
ment options. At the same time, the biological activities of  many 
terpenoids still require in-depth and meticulous research.

The terpenoids are abundant in medicinal plants, and ter-
penoids are widely used, have enormous application potential, 
and broad development prospects. Terpenoids not only can be 
extracted and isolated from plants but also can be obtained based 
on metabolic engineering, synthetic biology, and biotransforma-
tion which are new sources of  the synthesis of  terpenoid and also 
solve the shortage of  terpenoids. Structurally optimized ter-
penoids can be prepared in large quantities by synthetic biology 
to meet the needs of  drug research and development.

At present, the mechanism of  action of  many terpenoids has 
not yet been elucidated. The combination of  “omics” technology 
and molecular network pharmacology can be used to further 
study the mechanism and structure–activity relationship of  ter-
penoids. Screening the activity of  terpenoids is still a key step in 
the development of  new drugs, the compounds with higher 
activity can be directly developed into new drugs, or structurally 
modified as lead compounds, and then screening new com-
pounds with significant activity. It is an important means for the 
research and development of  the drug, and it is also a hot spot in 
the field of  natural product research. The new dosage form of  
terpenoids can be developed in combination with the new prog-
ress of  pharmaceutics to maximize its pharmacological activity. 
Or terpenoids can be added as additives to health care products 
and cosmetics, which has broad market prospects and economic 
benefits.

Acknowledgments
This work was supported by The National Natural Science 
Foundation of  China (21602095), A Project of  Shandong Province 
Higher Educational Science and Technology Program (J18KA156), 
Doctoral Scientific Research Foundation of  Linyi University 
(LYDX2016BS097), Students' Platform for Innovation and 
Entrepreneurship Training Program (201910452044, 201810452010, 
201710452179), The Key Research and Development Plan Program 
of  Shandong Province (2017YYSP027).

Declaration of  Conflicting Interests
The author(s) declared no potential conflicts of  interest with respect 
to the research, authorship, and/or publication of  this article.

Funding
The author(s) disclosed receipt of  the following financial support for 
the research, authorship, and/or publication of  this article: This work 
was supported by The National Natural Science Foundation of  China 
(21602095), A Project of  Shandong Province Higher Educational 
Science and Technology Program (J18KA156), Doctoral Scientific 
Research Foundation of  Linyi University (LYDX2016BS097), 
Students' Platform for Innovation and Entrepreneurship Training 
Program (201910452044, 201810452010, 201710452179), The Key 
Research and Development Plan Program of  Shandong Province 
(2017YYSP027).

ORCID ID
Xiuling Yu ‍ ‍ https://​orcid.​org/​0000-​0001-​5805-​9097

References
	 1.	 Sun LC, Li SY, Wang FZ, Xin FG. Research progresses in the 

synthetic biology of  terpenoids. Biotechnol Bull. 2017;33(1):64-75.
	 2.	 Arimura G, Ozawa R, Shimoda T, Nishioka T, Boland W, 

Takabayashi J. Herbivory-induced volatiles elicit defence genes 
in lima bean leaves. Nature. 2000;406(6795):512-515. ​doi:​10.​
1038/​35020072

Figure 10.  Structures of the most promising terpenoids.

https://orcid.org/0000-0001-5805-9097
https://orcid.org/0000-0001-5805-9097


Natural Product Communications10

	 3.	 Martin VJJ, Pitera DJ, Withers ST, Newman JD, 
Keasling JD. Engineering a mevalonate pathway in Escherichia coli 
for production of  terpenoids. Nat Biotechnol. 2003;21(7):796-802. ​
doi:​10.​1038/​nbt833

	 4.	 George KW, Alonso-Gutierrez J, Keasling JD, Lee TS. Isoprenoid 
drugs, biofuels, and chemicals--artemisinin, farnesene, and 
beyond. Adv Biochem Eng Biotechnol. 2015;148:355-389. ​doi:​10.​
1007/​10_​2014_​288

	 5.	 Liao P, Hemmerlin A, Bach TJ, Chye M-L. The potential of  
the mevalonate pathway for enhanced isoprenoid production. 
Biotechnol Adv. 2016;34(5):697-713. ​doi:​10.​1016/​j.​biot​echadv.​
2016.​03.​005

	 6.	 Chen TC, Fonseca COD, Schönthal AH. Preclinical development 
and clinical use of  perillyl alcohol for chemoprevention and 
cancer therapy. Am J Cancer Res. 2015;5(5):1580-1593.

	 7.	 Galle M, Crespo R, Kladniew BR, Villegas SM, 
Polo M, de Bravo MG. Suppression by geraniol of  the growth 
of  A549 human lung adenocarcinoma cells and inhibition of  
the mevalonate pathway in culture and in vivo: potential use in 
cancer chemotherapy. Nutr Cancer. 2014;66(5):888-895. ​doi:​10.​
1080/​01635581.​2014.​916320

	 8.	 Carnesecchi S, Schneider Y, Ceraline J, et  al. Geraniol, a 
component of  plant essential oils, inhibits growth and polyamine 
biosynthesis in human colon cancer cells. J Pharmacol Exp Ther. 
2001;298(1):197-200.

	 9.	 Kim S-H, Bae HC, Park E-J, et  al. Geraniol inhibits prostate 
cancer growth by targeting cell cycle and apoptosis pathways. 
Biochem Biophys Res Commun. 2011;407(1):129-134. ​doi:​10.​1016/​j.​
bbrc.​2011.​02.​124

	 10.	 Burke YD, Stark MJ, Roach SL, Sen SE, Crowell PL. Inhibition 
of  pancreatic cancer growth by the dietary isoprenoids farnesol 
and geraniol. Lipids. 1997;32(2):151-156. ​doi:​10.​1007/​s11745-​
997-​0019-y

	 11.	 Ong TP, Heidor R, de Conti A, Dagli MLZ, Moreno FS. 
Farnesol and geraniol chemopreventive activities during the 
initial phases of  hepatocarcinogenesis involve similar actions 
on cell proliferation and DNA damage, but distinct actions 
on apoptosis, plasma cholesterol and HMGCoA reductase. 
Carcinogenesis. 2006;27(6):1194-1203. ​doi:​10.​1093/​carcin/​bgi291

	 12.	 Cho M, So I, Chun JN, Jeon J-H. The antitumor effects of  
geraniol: modulation of  cancer hallmark pathways (review. Int J 
Oncol. 2016;48(5):1772-1782. ​doi:​10.​3892/​ijo.​2016.​3427

	 13.	 Kim S-H, Park E-J, Lee CR, et al. Geraniol induces cooperative 
interaction of  apoptosis and autophagy to elicit cell death in 
PC-3 prostate cancer cells. Int J Oncol. 2012;40(5):1683-1690. ​
doi:​10.​3892/​ijo.​2011.​1318

	 14.	 Hassan STS, Berchová-Bímová K, Šudomová M, Malaník M, 
Šmejkal K, Rengasamy KRR. In vitro study of  multi-therapeutic 
properties of  Thymus bovei Benth. essential oil and its main 
component for promoting their use in clinical practice. J Clin 
Med. 2018;7(9):283-15. ​doi:​10.​3390/​jcm7​090283

	 15.	 Rasul A, Bao R, Malhi M, et  al. Induction of  apoptosis by 
costunolide in bladder cancer cells is mediated through 
ROS generation and mitochondrial dysfunction. Molecules. 
2013;18(2):1418-1433. ​doi:​10.​3390/​mole​cule​s180​21418

	 16.	 Yang Y-I, Kim J-H, Lee K-T, Choi J-H. Costunolide induces 
apoptosis in platinum-resistant human ovarian cancer 
cells by generating reactive oxygen species. Gynecol Oncol. 
2011;123(3):588-596. ​doi:​10.​1016/​j.​ygyno.​2011.​08.​031

	 17.	 Choi J-H, Lee K-T. Costunolide-induced apoptosis in human 
leukemia cells: involvement of  c-Jun N-terminal kinase 
activation. Biol Pharm Bull. 2009;32(10):1803-1808. ​doi:​10.​1248/​
bpb.​32.​1803

	 18.	 Hsu J-L, Pan S-L, Ho Y-F, Hwang T-L, Kung F-L, Guh J-H. 
Costunolide induces apoptosis through nuclear calcium2+ 
overload and DNA damage response in human prostate cancer. 
J Urol. 2011;185(5):1967-1974. ​doi:​10.​1016/​j.​juro.​2010.​12.​091

	 19.	 Zhang JH, Liu WJ, Luo HM. The research of  progress of  
the medicinal plant terpenoids. World Science and Technology/
Modernization of  Traditional Chinese Medicine and Materia Medica. 
2018;20(3):419-430.

	 20.	 Efferth T, Kaina B. Toxicity of  the antimalarial artemisinin and 
its dervatives. Crit Rev Toxicol. 2010;40(5):405-421. ​doi:​10.​3109/​
1040​8441​0036​10571

	 21.	 Crespo-Ortiz MP, Wei MQ. Antitumor activity of  artemisinin 
and its derivatives: from a well-known antimalarial agent to a 
potential anticancer drug. J Biomed Biotechnol. 2012;2012:247597. ​
doi:​10.​1155/​2012/​247597

	 22.	 Efferth T, Dunstan H, Sauerbrey A, Miyachi H, Chitambar CR. 
The anti-malarial artesunate is also active against cancer. Int J 
Oncol. 2001;18(4):767-773. ​doi:​10.​3892/​ijo.​18.​4.​767

	 23.	 Das AK. Anticancer effect of  antimalarial artemisinin 
compounds. Ann Med Health Sci Res. 2015;5(2):93-102. ​doi:​10.​
4103/​2141-​9248.​153609

	 24.	 Song Y, Xin X, Zhai X, Xia Z, Shen K. Sequential combination of  
flavopiridol with taxol synergistically suppresses human ovarian 
carcinoma growth. Arch Gynecol Obstet. 2015;291(1):143-150. ​doi:​
10.​1007/​s00404-​014-​3408-0

	 25.	 Sun N-K, Huang S-L, Chang T-C, Chao CC-K. Tlr4 and NFκB 
signaling is critical for taxol resistance in ovarian carcinoma cells. 
J Cell Physiol. 2018;233(3):2489-2501. ​doi:​10.​1002/​jcp.​26125

	 26.	 Chang C-D, Lin P-Y, Hsu J-L, Shih W-L. Ursolic acid 
suppresses hepatitis B virus X protein-mediated autophagy 
and chemotherapeutic drug resistance. Anticancer Res. 
2016;36(10):5097-5108. ​doi:​10.​21873/​anti​canres.​11079

	 27.	 Lewinska A, Adamczyk-Grochala J, Kwasniewicz E, 
Deregowska A, Wnuk M. Ursolic acid-mediated changes in 
glycolytic pathway promote cytotoxic autophagy and apoptosis 
in phenotypically different breast cancer cells. Apoptosis. 
2017;22(6):800-815. ​doi:​10.​1007/​s10495-​017-​1353-7

	 28.	 Zhang R-X, Li Y, Tian D-D, et  al. Ursolic acid inhibits 
proliferation and induces apoptosis by inactivating Wnt/β-
catenin signaling in human osteosarcoma cells. Int J Oncol. 
2016;49(5):1973-1982. ​doi:​10.​3892/​ijo.​2016.​3701

	 29.	 Gai W-T, Yu D-P, Wang X-S, Wang P-T. Anti-Cancer effect 
of  ursolic acid activates apoptosis through ROCK/PTEN 
mediated mitochondrial translocation of  cofilin-1 in prostate 
cancer. Oncol Lett. 2016;12(4):2880-2885. ​doi:​10.​3892/​ol.​2016.​
5015



Yang et al. 11

	 30.	 Li T, Chen X, Liu Y, et  al. pH-Sensitive mesoporous silica 
nanoparticles anticancer prodrugs for sustained release of  ursolic 
acid and the enhanced anti-cancer efficacy for hepatocellular 
carcinoma cancer. Eur J Pharm Sci. 2017;96:456-463. ​doi:​10.​
1016/​j.​ejps.​2016.​10.​019

	 31.	 Wang S, Meng X, Dong Y. Ursolic acid nanoparticles inhibit 
cervical cancer growth in vitro and in vivo via apoptosis 
induction. Int J Oncol. 2017;50(4):1330-1340. ​doi:​10.​3892/​ijo.​
2017.​3890

	 32.	 Andrade LN, Lima TC, Amaral RG, et  al. Evaluation of  the 
cytotoxicity of  structurally correlated p-menthane derivatives. 
Molecules. 2015;20(7):13264-13280. ​doi:​10.​3390/​mole​cule​s200​
713264

	 33.	 Andrade L, Amaral R, Dória G, et al. In vivo anti-tumor activity and 
toxicological evaluations of  perillaldehyde 8,9-epoxide, a derivative 
of  perillyl alcohol. Int J Mol Sci. 2016;17(1):32-11. ​doi:​10.​3390/​ijms​
17010032

	 34.	 Oturanel CE, Kıran İsmail, Özşen Özge, Çiftçi GA, Atlı Özlem, 
Kiran I, Cytotoxic AO. Cytotoxic, antiproliferative and apoptotic 
effects of  perillyl alcohol and its biotransformation metabolite on 
A549 and HepG2 cancer cell lines. Anticancer Agents Med Chem. 
2017;17(9):1243-1250. ​doi:​10.​2174/​1871​5206​1766​6170​1030​93923

	 35.	 Duangmano S, Dakeng S, Jiratchariyakul W, Suksamrarn A, 
Smith DR, Patmasiriwat P. Antiproliferative effects of  cucurbitacin 
B in breast cancer cells: down-regulation of  the c-Myc/hTERT/
Telomerase pathway and obstruction of  the cell cycle. Int J Mol Sci. 
2010;11(12):5323-5338. ​doi:​10.​3390/​ijms​11125323

	 36.	 Bi X, Han L, Qu T, et al. Anti-Inflammatory effects, SAR, and 
action mechanism of  monoterpenoids from Radix Paeoniae alba 
on LPS-stimulated RAW 264.7 cells. Molecules. 2017;22(5):715. ​
doi:​10.​3390/​mole​cule​s220​50715

	 37.	 Chen X, Tang S-A, Lee E, et  al. IVSE, isolated from Inula 
japonica,suppresses LPS-induced NO production via NF-
κB and MAPK inactivation in RAW264.7 cells. Life Sci. 
2015;124:8-15. ​doi:​10.​1016/​j.​lfs.​2015.​01.​008

	 38.	 Wang X, Tang S-A, Wang R, Qiu Y, Jin M, Kong D. Inhibitory 
effects of  JEUD-38, a new sesquiterpene lactone from Inula 
japonica Thunb, on LPS-induced iNOS expression in RAW264.7 
cells. Inflammation. 2015;38(3):941-948. ​doi:​10.​1007/​s10753-​014-​
0056-2

	 39.	 Graziose R, Lila MA, Raskin I. Merging traditional Chinese 
medicine with modern drug discovery technologies to find 
novel drugs and functional foods. Curr Drug Discov Technol. 
2010;7(1):2-12. ​doi:​10.​2174/​1570​1631​0791​162767

	 40.	 Brinker AM, Ma J, Lipsky PE, Raskin I. Medicinal chemistry and 
pharmacology of  genus Tripterygium (Celastraceae. Phytochemistry. 
2007;68(6):732-766. ​doi:​10.​1016/​j.​phyt​ochem.​2006.​11.​029

	 41.	 Fan DP, Guo QQ, Zheng K, Zhao YK, AP L, XJ H. Effects of  
triptolide on the expression of  MIP–1α, eotaxin and MCP–1 
in collagen–induced arthritis rats. World Science and Technology–
Modernization of  Traditional Chinese Medicine. 2016;18(9):1027-1032.

	 42.	 Li H, Zhang Y-Y, Tan H-W, Jia Y-F, Li D. Therapeutic effect 
of  tripterine on adjuvant arthritis in rats. J  Ethnopharmacol. 
2008;118(3):479-484. ​doi:​10.​1016/​j.​jep.​2008.​05.​028

	 43.	 Lv LP, Zhang YZ. Effects of  triptolide on rheumatoid arthritis 
in rats. Chinese Patent Medicine. 2007;29:966-968.

	 44.	 Kim JH, Yi Y-S, Kim M-Y, Cho JY. Role of  ginsenosides, the main 
active components of  Panax ginseng, in inflammatory responses and 
diseases. J Ginseng Res. 2017;41(4):435-443. ​doi:​10.​1016/​j.​jgr.​2016.​08.​
004

	 45.	 Sebei K, Sakouhi F, Herchi W, Khouja ML, Boukhchina S. Chemical 
composition and antibacterial activities of  seven Eucalyptus 
species essential oils leaves. Biol Res. 2015;48(1):7-5. ​doi:​10.​
1186/​0717-​6287-​48-7

	 46.	 Dogan G, Kara N, Bagci E, Gur S. Chemical composition 
and biological activities of  leaf  and fruit essential oils from 
Eucalyptus camaldulensis. Zeitschrift für Naturforschung C. 
2017;72(11-12):483-489. ​doi:​10.​1515/​znc-​2016-​0033

	 47.	 Wang T-H, Hsia S-M, Wu C-H, et al. Evaluation of  the antibacterial 
potential of  liquid and vapor phase phenolic essential oil compounds 
against oral microorganisms. PLoS One. 2016;11(9):e0163147. ​doi:​
10.​1371/​​journal.​​pone.​​0163147

	 48.	 Chan YW, Siow KS, Ng PY, Gires U, Yeop Majlis B. Plasma 
polymerized carvone as an antibacterial and biocompatible 
coating. Materials Science and Engineering: C. 2016;68:861-871. ​doi:​
10.​1016/​j.​msec.​2016.​07.​040

	 49.	 Shahbazi Y. Chemical Composition and In Vitro Antibacterial 
Activity of  Mentha spicata Essential Oil against Common Food-
Borne Pathogenic Bacteria. J Pathog. 2015;2015(2):916305-. ​doi:​
10.​1155/​2015/​916305

	 50.	 Park YJ, Baskar TB, Yeo SK, et  al. Composition of  volatile 
compounds and in vitro antimicrobial activity of  nine Mentha spp. 
Springerplus. 2016;5(1):1628. ​doi:​10.​1186/​s40064-​016-​3283-1

	 51.	 Pattnaik S, Subramanyam VR, Bapaji M, Kole CR. Antibacterial 
and antifungal activity of  aromatic constituents of  essential oils. 
Microbios. 1997;89(358):39-46.

	 52.	 Osawa K, Saeki T, Yasuda H, Hamashima H, Sasatsu M, Arai T. The 
antibacterial activities of  peppermint oil and green tea polyphenols, 
alone and in combination, against enterohemorrhagic Escherichia 
coli. Biocontrol Sci. 1999;4(1):1-7. ​doi:​10.​4265/​bio.​4.1

	 53.	 Inouye S, Takizawa T, Yamaguchi H. Antibacterial activity of  
essential oils and their major constituents against respiratory 
tract pathogens by gaseous contact. J  Antimicrob Chemother. 
2001;47(5):565-573. ​doi:​10.​1093/​jac/​47.​5.​565

	 54.	 Trombetta D, Castelli F, Sarpietro MG, et  al. Mechanisms of  
antibacterial action of  three monoterpenes. Antimicrob Agents 
Chemother. 2005;49(6):2474-2478. ​doi:​10.​1128/​AAC.​49.​6.​2474-​
2478.​2005

	 55.	 Raut JS, Shinde RB, Chauhan NM, Karuppayil SM. Terpenoids 
of  plant origin inhibit morphogenesis, adhesion, and biofilm 
formation by Candida albicans. Biofouling. 2013;29(1):87-96. ​doi:​
10.​1080/​08927014.​2012.​749398

	 56.	 Lee SB, Cha KH, Kim SN, et al. The antimicrobial activity of  
essential oil from dracocephalum foetidum against pathogenic 
microorganisms. J Microbiol. 2007;45(1):53-57.

	 57.	 Wagner CS, De Gezelle J, Robertson M, Robertson K, 
Wilson M, Komarnytsky S. Antibacterial activity of  medicinal 
plants from the physicians of  Myddvai, a 14th century Welsh 



Natural Product Communications12

medical manuscript. J Ethnopharmacol. 2017;203:171-181. ​doi:​10.​
1016/​j.​jep.​2017.​03.​039

	 58.	 Xu YF, Lian DW, Chen YQ, et al. In vitro and in vivo antibacterial 
activities of  patchouli alcohol, a naturally occurring tricyclic 
sesquiterpene, against Helicobacter pylori infection. Antimicrob 
Agents Chemother. 2017;61(6):e00122-17. ​doi:​10.​1128/​AAC.​00122-​
17

	 59.	 Appalasamy S, Lo KY, Ch'ng SJ, Nornadia K, Othman AS, 
Chan L-K. Antimicrobial activity of  artemisinin and precursor 
derived from in vitro plantlets of  Artemisia annua L. Biomed Res Int. 
2014;2014(31):215872. ​doi:​10.​1155/​2014/​215872

	 60.	 Juteau F, Masotti V, Bessière JM, Dherbomez M, Viano J. 
Antibacterial and antioxidant activities of  Artemisia annua essential 
oil. Fitoterapia. 2002;73(6):532-535. ​doi:​10.​1016/​S0367-​326X(​02)​
00175-2

	 61.	 Kim W-S, Choi WJ, Lee S, et al. Anti-inflammatory, Antioxidant 
and Antimicrobial Effects of  Artemisinin Extracts from 
Artemisia annua L. Korean J Physiol Pharmacol. 2015;19(1):21-27. ​
doi:​10.​4196/​kjpp.​2015.​19.​1.​21

	 62.	 Cheng HJ, Liu J, Zhang G. The anti–bacterial effect of  
andrographolide against Pseudomonas aeruginosa biofilm and 
azithromycin. Chinese J Microecology. 2012;24:120-123.

	 63.	 Banerjee M, Parai D, Chattopadhyay S, Mukherjee SK. 
Andrographolide: antibacterial activity against common bacteria 
of  human health concern and possible mechanism of  action. 
Folia Microbiol. 2017;62(3):237-244. ​doi:​10.​1007/​s12223-​017-​
0496-9

	 64.	 Zhao LX, Wang ZW, Zheng CJ, et al. Synthesis, characterization 
and antibacterial activity of  oleanolic acid C–28 modification. 
J  Liaoning Normal University, Natural Science Edition. 
2013;36:529-533.

	 65.	 Kim S, Lee H, Lee S, Yoon Y, Choi K-H. Antimicrobial action of  
oleanolic acid on Listeria monocytogenes, Enterococcus faecium, 
and Enterococcus faecalis. PLoS One. 2015;10(3):e0118800. ​doi:​10.​
1371/​​journal.​​pone.​​0118800

	 66.	 Kurek A, Nadkowska P, Pliszka S, Wolska KI. Modulation of  
antibiotic resistance in bacterial pathogens by oleanolic acid and 
ursolic acid. Phytomedicine. 2012;19(6):515-519. ​doi:​10.​1016/​j.​
phymed.​2011.​12.​009

	 67.	 Hassan STS, Masarčíková R, Berchová K. Bioactive natural 
products with anti-herpes simplex virus properties. J  Pharm 
Pharmacol. 2015;67(10):1325-1336. ​doi:​10.​1111/​jphp.​12436

	 68.	 Armaka M, Papanikolaou E, Sivropoulou A, Arsenakis M. Antiviral 
properties of  isoborneol, a potent inhibitor of  herpes simplex virus 
type 1. Antiviral Res. 1999;43(2):79-92. ​doi:​10.​1016/​S0166-​3542(​99)​
00036-4

	 69.	 Astani A, Reichling J, Schnitzler P. Comparative study on 
the antiviral activity of  selected monoterpenes derived from 
essential oils. Phytotherapy Res. 2010;24(5):673-679.

	 70.	 Brezáni V, Leláková V, Hassan S, et  al. Anti-infectivity against 
herpes simplex virus and selected microbes and anti-Inflammatory 
activities of  compounds isolated from Eucalyptus globulus Labill. 
Viruses. 2018;10(7):360-18. ​doi:​10.​3390/​v100​70360

	 71.	 Cheng H-Y, Lin T-C, Yang C-M, Wang K-C, Lin L-T, Lin C-C. 
Putranjivain A from Euphorbia jolkini inhibits both virus entry 

and late stage replication of  herpes simplex virus type 2 in vitro. 
J Antimicrob Chemother. 2004;53(4):577-583. ​doi:​10.​1093/​jac/​dkh136

	 72.	 Kurokawa M, Basnet P, Ohsugi M, et  al. Anti-herpes simplex 
virus activity of  moronic acid purified from Rhus javanica in 
vitro and in vivo. J Pharmacol Exp Ther. 1999;289(1):72-78.

	 73.	 Pei Y, Du Q, Liao P-Y, et al. Notoginsenoside ST-4 inhibits virus 
penetration of  herpes simplex virus in vitro. J Asian Nat Prod Res. 
2011;13(6):498-504. ​doi:​10.​1080/​10286020.​2011.​571645

	 74.	 Utsunomiya T, Kobayashi M, Herndon DN, Pollard RB, 
Suzuki F, Glycyrrhizin SF. Glycyrrhizin (20 beta-carboxy-11-oxo-
30-norolean-12-en-3 beta-yl-2-O-beta-D-glucopyranuronosyl-
alpha-D-glucopyranosiduronic acid) improves the resistance of  
thermally injured mice to opportunistic infection of  herpes simplex 
virus type 1. Immunol Lett. 1995;44(1):59-66. ​doi:​10.​1016/​0165-​
2478(​94)​00183-R

	 75.	 Wohlfarth C, Efferth T. Natural products as promising drug 
candidates for the treatment of  hepatitis B and C. Acta Pharmacol 
Sin. 2009;30(1):25-30. ​doi:​10.​1038/​aps.​2008.5

	 76.	 Wintachai P, Kaur P, Lee RCH, et al. Activity of  andrographolide 
against Chikungunya virus infection. Sci Rep. 2015;5(1):14179. ​
doi:​10.​1038/​srep​14179

	 77.	 Panraksa P, Ramphan S, Khongwichit S, Smith DR. Activity of  
andrographolide against dengue virus. Antiviral Res. 2017;139:69-78. ​
doi:​10.​1016/​j.​anti​viral.​2016.​12.​014

	 78.	 Harada S. The broad anti-viral agent glycyrrhizin directly 
modulates the fluidity of  plasma membrane and HIV-1 
envelope. Biochem J. 2005;392(Pt 1):191-199. ​doi:​10.​1042/​BJ20​
051069

	 79.	 Fujioka T, Kashiwada Y, Kilkuskie RE, et al. Anti-Aids agents, 
11. betulinic acid and platanic acid as anti-HIV principles from 
Syzigium claviflorum, and the anti-HIV activity of  structurally 
related triterpenoids. J  Nat Prod. 1994;57(2):243-247. ​doi:​10.​
1021/​np50​104a008

	 80.	 Cichewicz RH, Kouzi SA. Chemistry, biological activity, and 
chemotherapeutic potential of  betulinic acid for the prevention 
and treatment of  cancer and HIV infection. Med Res Rev. 
2004;24(1):90-114. ​doi:​10.​1002/​med.​10053

	 81.	 Zhu YM, Shen JK, Wang HK, Cosentino LM, Lee KH. Synthesis 
and anti-HIV activity of  oleanolic acid derivatives. Bioorg Med 
Chem Lett. 2001;11(24):3115-3118. ​doi:​10.​1016/​S0960-​894X(​01)​
00647-3

	 82.	 Esimone CO, Eck G, Nworu CS, Hoffmann D, Uberla K, 
Proksch P, Charles OE, Gero E, Chukwuemeka SN, Dennis H, 
Klaus U, Peter P. Dammarenolic acid, a secodammarane triterpenoid 
from Aglaia sp. shows potent anti-retroviral activity in vitro. 
Phytomedicine. 2010;17(7):540-547. ​doi:​10.​1016/​j.​phymed.​2009.​10.​
015

	 83.	 Ma C, Nakamura N, Miyashiro H, Hattori M, Shimotohno K. 
Inhibitory effects of  constituents from cynomorium songaricum 
and related triterpene derivatives on HIV-1 protease. Chem 
Pharm Bull. 1999;47(2):141-145. ​doi:​10.​1248/​cpb.​47.​141

	 84.	 Creek DJ, Charman WN, Chiu FCK, et al. Relationship between 
antimalarial activity and heme alkylation for spiro- and dispiro-
1,2,4-trioxolane antimalarials. Antimicrob Agents Chemother. 
2008;52(4):1291-1296. ​doi:​10.​1128/​AAC.​01033-​07



Yang et al. 13

	 85.	 Eckstein-Ludwig U, Webb RJ, Van Goethem IDA, et  al. 
Artemisinins target the SERCA of  Plasmodium falciparum. 
Nature. 2003;424(6951):957-961. ​doi:​10.​1038/​natu​re01813

	 86.	 Eichhorn T, Winter D, Büchele B, et al. Molecular interaction of  
artemisinin with translationally controlled tumor protein (TCTP) of  
Plasmodium falciparum. Biochem Pharmacol. 2013;85(1):38-45. ​doi:​
10.​1016/​j.​bcp.​2012.​10.​006

	 87.	 Lisewski AM, Quiros JP, Ng CL, et al. Supergenomic network 
compression and the discovery of  EXP1 as a glutathione 
transferase inhibited by artesunate. Cell. 2014;158(4):916-928. ​
doi:​10.​1016/​j.​cell.​2014.​07.​011

	 88.	 Gao S, Liu Z, Li H, Little PJ, Liu P, Xu S. Cardiovascular actions 
and therapeutic potential of  tanshinone IIA. Atherosclerosis. 
2012;220(1):3-10. ​doi:​10.​1016/​j.​athe​rosc​lerosis.​2011.​06.​041

	 89.	 Fu J, Huang H, Liu J, Pi R, Chen J, Liu P. Tanshinone IIA 
protects cardiac myocytes against oxidative stress-triggered 
damage and apoptosis. Eur J Pharmacol. 2007;568(1-3):213-221. ​
doi:​10.​1016/​j.​ejphar.​2007.​04.​031

	 90.	 Maione F, Cantone V, Chini MG, De Feo V, Mascolo N, Bifulco G. 
Molecular mechanism of  tanshinone IIA and cryptotanshinone in 
platelet anti-aggregating effects: an integrated study of  pharmacology 
and computational analysis. Fitoterapia. 2015;100:174-178. ​doi:​10.​
1016/​j.​fitote.​2014.​11.​024

	 91.	 Pan C, Lou L, Huo Y, et al. Salvianolic acid B and tanshinone 
IIA attenuate myocardial ischemia injury in mice by NO 
production through multiple pathways. Ther Adv Cardiovasc Dis. 
2011;5(2):99-111. ​doi:​10.​1177/​1753​9447​10396538

	 92.	 Wang W, GY S, WQ H, Zhao YQ. Advances in pharmacological 
effects of  ginsenosides on cardiovascular diseases in the past 10 
years. Chinese Herbal Medicine. 2016;47:3736-3741.

	 93.	 Jeppesen PB, Dyrskog SE, Agger A, et  al. Can stevioside in 
combination with a soy-based dietary supplement be a new useful 
treatment of  type 2 diabetes? an in vivo study in the diabetic Goto-
Kakizaki rat. Rev Diabet Stud. 2006;3(4):189-199. ​doi:​10.​1900/​RDS.​
2006.​3.​189

	 94.	 Trommer H, Neubert RHH. Overcoming the stratum corneum: 
the modulation of  skin penetration. A review. Skin Pharmacol 
Physiol. 2006;19(2):106-121. ​doi:​10.​1159/​0000​91978

	 95.	 Cornwell PA, Barry BW, Bouwstra JA, Gooris GS. Modes of  
action of  terpene penetration enhancers in human skin; differential 
scanning calorimetry, small-angle X-ray diffraction and enhancer 
uptake studies. Int J Pharm. 1996;127(1):9-26. ​doi:​10.​1016/​0378-​
5173(​95)​04108-7

	 96.	 Anjos JLVD, Neto DdeS, Alonso A. Effects of  1,8-cineole on 
the dynamics of  lipids and proteins of  stratum corneum. Int J 
Pharm. 2007;345(1-2):81-87. ​doi:​10.​1016/​j.​ijpharm.​2007.​05.​041

	 97.	 Al-Khalili M, Meidan VM, Michniak BB. Iontophoretic transdermal 
delivery of  buspirone hydrochloride in hairless mouse skin. AAPS 
PharmSci. 2003;5(2):61-71. ​doi:​10.​1208/​ps050214

	 98.	 Narishetty STK, Panchagnula R. Transdermal delivery of  zidovudine: 
effect of  terpenes and their mechanism of  action. J Control Release. 
2004;95(3):367-379. ​doi:​10.​1016/​j.​jconrel.​2003.​11.​022

	 99.	 Rhee YS, Choi JG, Park ES, Chi SC. Transdermal delivery of  
ketoprofen using microemulsions. Int J Pharm. 2001;228(1-
2):161-170. ​doi:​10.​1016/​S0378-​5173(​01)​00827-4

	100.	 Lee J, Lee Y, Kim J, Yoon M, Choi YW. Formulation of  
microemulsion systems for transdermal delivery of  aceclofenac. 
Arch Pharm Res. 2005;28(9):1097-1102. ​doi:​10.​1007/​BF02​
977408

	101.	 Cal K, Kupiec K, Sznitowska M. Effect of  physicochemical 
properties of  cyclic terpenes on their ex vivo skin absorption and 
elimination kinetics. J Dermatol Sci. 2006;41(2):137-142. ​doi:​10.​1016/​
j.​jdermsci.​2005.​09.​003

	102.	 Lan Y, Wang J, Li H, et  al. Effect of  menthone and related 
compounds on skin permeation of  drugs with different lipophilicity 
and molecular organization of  stratum corneum lipids. Pharm Dev 
Technol. 2016;21(4):389-398. ​doi:​10.​3109/​10837450.​2015.​1011660

	103.	 Wang J, Dong C, Song Z, et  al. Monocyclic monoterpenes as 
penetration enhancers of  ligustrazine hydrochloride for dermal 
delivery. Pharm Dev Technol. 2017;22(4):571-577. ​doi:​10.​1080/​
10837450.​2016.​1189936

	104.	 Yang Z, Teng Y, Wang H, Hou H, Huimin H. Enhancement of  skin 
permeation of  bufalin by limonene via reservoir type transdermal 
patch: formulation design and biopharmaceutical evaluation. Int J 
Pharm. 2013;447(1-2):231-240. ​doi:​10.​1016/​j.​ijpharm.​2013.​02.​048

	105.	 Ahad A, Aqil M, Kohli K, Sultana Y, Mujeeb M, Ali A. Role 
of  novel terpenes in transcutaneous permeation of  valsartan: 
effectiveness and mechanism of  action. Drug Dev Ind Pharm. 
2011;37(5):583-596. ​doi:​10.​3109/​03639045.​2010.​532219

	106.	 Robledo S, Osorio E, Muñoz D, et al. In vitro and in vivo cytotoxicities 
and antileishmanial activities of  thymol and hemisynthetic derivatives. 
Antimicrob Agents Chemother. 2005;49(4):1652-1655. ​doi:​10.​1128/​
AAC.​49.​4.​1652-​1655.​2005

	107.	 Kiuchi F, Itano Y, Uchiyama N, et  al. Monoterpene 
hydroperoxides with trypanocidal activity from Chenopodium 
ambrosioides. J  Nat Prod. 2002;65(4):509-512. ​doi:​10.​1021/​np01​
0445g

	108.	 Mafud AC, Silva MPN, Monteiro DC, et al. Structural parameters, 
molecular properties, and biological evaluation of  some terpenes 
targeting Schistosoma mansoni parasite. Chem Biol Interact. 
2016;244:129-139. ​doi:​10.​1016/​j.​cbi.​2015.​12.​003

	109.	 López-García S, Castañeda-Sanchez JI, Jiménez-Arellanes A, 
et al. Macrophage activation by ursolic and oleanolic acids during 
mycobacterial infection. Molecules. 2015;20(8):14348-14364. ​doi:​10.​
3390/​mole​cule​s200​814348

	110.	 Ge JF, Li J, Hu CM, et  al. Study on the immunomodulatory 
effects of  triterpenic acid of  Lycium barbarum L. Chin J Pharm. 
2006;10:1194-1198.

	111.	 Xie J-T, Shao Z-H, Vanden Hoek TL, et  al. Antioxidant 
effects of  ginsenoside re in cardiomyocytes. Eur J Pharmacol. 
2006;532(3):201-207. ​doi:​10.​1016/​j.​ejphar.​2006.​01.​001

	112.	 Wan Q, Ma X, Zhang Z-J, et  al. Ginsenoside reduces cognitive 
impairment during chronic cerebral hypoperfusion through brain-
derived neurotrophic factor regulated by epigenetic modulation. Mol 
Neurobiol. 2017;54(4):2889-2900. ​doi:​10.​1007/​s12035-​016-​9868-4


	Advances in Pharmacological Activities of Terpenoids
	Abstract
	Overview of Terpenoids
	Pharmacological Activities of Terpenoids
	Antitumor Activity
	Anti-Inflammatory Activity
	Antibacterial Activity
	Antiviral Effect
	Antimalarial Effect
	Prevention and Treatment of Cardiovascular Diseases
	Hypoglycemic Effect
	Promote Transdermal Absorption
	Other Biological Activity

	Conclusions and Outlooks
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID ID

	References


