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Introduction: Traditional Vietnamese medicine has a long history of using Kho sam (Croton tonkinensis Gagnep) in 
the treatment of various cancers. Kho sam is an ingredient in numerous remedies for salivary gland cancer, 
bronchial-lung cancer, colorectal cancer, and liver cancer. This systematic review aims to comprehensively 
evaluate the existing literature on diterpenoids isolated from C. tonkinensis and their antitumor activities.
Methods: The protocol for this systematic review was registered in PROSPERO (CRD42024579468). A search was 
performed on PubMed, Virtual Health Library (VHL), Global Health Library (GHL), and Google Scholar on 
September 13, 2024. Two independent members conducted the steps of screening the article, scoring the risk of 
bias for the article, extracting and writing the results. Due to heterogeneity among the included studies, the 
results were narrative and no meta-analyses were conducted.
Results: From an initial retrieval of 500 articles, 11 met the inclusion criteria. These studies investigated thirty- 
seven different compounds, among which ent-kaurane diterpenoids with the 16-en-15-one functional group and 
8,9-seco-ent-kaurane diterpenoids exhibited particularly cytotoxic effects. These effects were mediated through 
several molecular pathways, including protein kinase B, hypoxia-inducible factor-dependent transcription, heat 
shock protein, extracellular signal-regulating kinase 1/2, and AMP-activated protein kinase pathways.
Conclusions: Current literature highlights kongensin D, derived from C. tonkinensis, as the most promising 
candidate, demonstrating high anticancer activity and selectivity, along with in vivo antitumor potential and a 
favorable safety profile.

1. Introduction

Cancer remains a critical global health issue, causing millions of 
deaths annually. In 2022, 20 million new cases were diagnosed, leading 
to 9.7 million deaths. Projections estimate over 35 million new cancer 

cases by 2050 [1]. Plant-derived phytochemicals continue to be a source 
of inspiration for innovative drug discovery, especially in cancer pre
vention and therapy [2,3]. Several phytochemical compounds, 
including polyphenon E, genistein, curcumin and resveratrol, are 
currently undergoing clinical trials for cancer prevention by targeting 
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markers associated with malignant progression [3]. Furthermore, phy
tochemicals show promise in modulating multidrug resistance in cancer 
cells by targeting ABC transporters, altering transporter or protein 
expression, or synergistically combining with chemotherapeutic drugs 
[4,5].

Diterpenes, a subclass of terpenoids, are plant-derived secondary 
metabolites [6]. Their structural diversity underlies a wide range of 
biological effects, including anti-inflammatory, anti-platelet aggrega
tion, analgesic, and anticancer activities [7–9]. Croton tonkinensis (or 
Croton kongensis) Gagnep (Euphorbiaceae), a tropical shrub endemic to 
Viet Nam and known locally as ‘Kho sam’, has shown significant po
tential as a source of diterpenoids with antineoplastic properties [10,
11]. The Vietnamese Pharmacopoeia V lists the leaves and branches of 
C. tonkinensis as a heat-clearing and detoxifying herb used for various 
heat-related issues [12]. In traditional Vietnamese medicine, Kho sam is 
an ingredient in numerous remedies for salivary gland cancer, 
bronchial-lung cancer, colon and rectal cancer, and liver cancer [13]. 
Consequently, exploring the phytochemical structures responsible for 
the anticancer activity of this plant is of significant interest. Chemical 
investigations have identified essential oils [14], triterpenoids [15], and 
notably diterpenoids [16,17] in C. tonkinensis. Among these, ent-kaurane 
diterpenoids are considered the main chemical components responsible 
for various biological activities, including antibacterial [18], 

anti-inflammatory [19,20], and anticancer effects [20]. Studies have 
demonstrated the in vitro cytotoxicity of ethanol extracts and ent-kaur
ane diterpenoids from C. tonkinensis against various cancer cell lines, 
such as cervical, breast, lung, pancreatic, ovarian, and hepatic cancer 
cells [21–23].

This systematic review evaluates current research on diterpenoids 
isolated from C. tonkinensis and their antitumor activities, with the aim 
of enhancing our understanding of their therapeutic potential in 
oncology.

2. Methods

Our systematic review followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) 2020 checklist 
(Table A.1) [24].

2.1. Protocol registration

We registered our review protocol at the International Prospective 
Register of Systematic Reviews (PROSPERO) under the ID number 
CRD42024579468.

Fig. 1. The PRISMA diagram of selected articles.
*PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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2.2. Eligibility criteria

This systematic review will include studies investigating the anti
tumor effects of isolated diterpenoids from Croton tonkinensis in both in 
vitro and in vivo settings. Eligible interventions are isolated diterpenoids 
with reported chemical structures, with no restrictions on dosage or 
administration. Studies must be original research, published in English, 
and provide full text with reliable data. We will exclude studies using 
whole plant extracts, other compounds, in silico predictions, ethno
pharmacological clinical trials, non-original works (reviews, etc.), ab
stracts without full text, and overlapped datasets.

2.3. Information sources and search strategies

Searches were performed across PubMed, Virtual Health Library 
(VHL), Global Health Library (GHL) on September 13, 2024 with search 
terms provided in Table A.2. We also searched using advanced search on 
Google Scholar to find more articles Table A.2. To identify other rele
vant research, a manual search was conducted by utilizing the references 
of the included articles.

2.4. Study selection

Duplicates were removed using EndNote X9 (Clarivate Plc, London, 
United Kingdom). Two reviewers independently screened titles, ab
stracts, and full texts. Discrepancies were resolved by discussion.

2.5. Data extraction

Two reviewers independently extracted data, resolving disagree
ments through discussion or consultation with the supervisor (VLT). 
Extracted data included: (i) basic information (author, title, publication 
year, journal, study design); (ii) diterpenoid structures reported for ac
tivities against cancer; (iii) anticancer activities data of the compounds, 
including cytotoxic activities against cancer cell lines (IC50 or EC50), 
selectivity index (SI), in vivo tumor inhibition (tumor weight, tumor 
volume, etc.); and mechanism of action.

2.6. Risk of bias assessment

The quality of the selected studies will be evaluated for risk of bias by 
two independent reviewers using the Quality Assessment Tool For In 
Vitro Studies - QUIN Tool [25] (for in vitro studies) and the Systematic 
Review Centre for Laboratory Animal Experimentation (SYRCLE) tool 
[26] (for in vivo studies). The QUIN tool employs a 12-point scoring 
system where each criterion is rated as adequately specified (2 points), 
inadequately specified (1 point), not specified (0 points), or not appli
cable. The final risk of bias will be categorized as low (>70 %), medium 
(50-70 %), or high (<50 %) based on the calculation: (total score ×
100)/(2 × number of applicable criteria). The SYRCLE tool assesses risk 
of bias using a 10-item scale, with "yes" indicating low risk, "no" high 
risk, and "unclear" insufficient information. Studies will be classified as 
low risk (≥75 %), medium risk (43-74 %), and high risk (<43 %) based 
on the number of "yes" responses.

2.7. Strategy for data synthesis

We conducted a narrative synthesis of all extracted data, irrespective 
of study quality. The results will be presented grouped by objective, 
including cytotoxicity, mechanism of action, and animal model out
comes. Given the heterogeneity observed across the included studies, a 
narrative synthesis was employed, and no meta-analyses were 
performed.

3. Results

3.1. Study selection and study characteristics

The database search yielded a total of 500 articles. After removing 22 
duplicates, 37 papers underwent full-text screening, resulting in the 
inclusion of 11 papers for data extraction. The PRISMA flow diagram 
illustrating this process is presented in Fig. 1. Among the included 11 
articles, 10 were in vitro studies, and 1 study included both in vivo and in 
vitro experiments. The plant parts used for extraction and isolation were 
the aerial parts, including the stems and leaves. The extraction solvent 
was ethanol or methanol. The diterpenoids studied for anticancer ac
tivity include ent-kaurane, 8,9-seco-ent-kaurane, dimers of ent-kaurane 
diterpenoids and dual-bridged tricyclo [4.4.1.11,4]dodecane-2,11-dione 
ring system (Table 1).

3.2. Risk of bias in studies

Among the in vitro studies, 5 studies were considered low risk of bias 
[10,22,28–30], 4 studies had a medium risk of bias [11,17,21,27], 2 
studies had a high risk of bias [16,20], and none were excluded due to 
quality (Table A.3). The in vivo study [22] was considered to have a 

Table 1 
Characteristics of included studies.

Author, 
Year

Study 
design

Diterpenoids Plant part, 
slovent

Outcome 
included in 
review

Fan et al., 
2021 
[22]

in 
vitro, 
in vivo

ent-kaurane, 8,9- 
seco-ent-kaurane

stems, 95 % 
EtOH

IC50, SI, 
mechanism, 
tumor weight, 
tumor volume, 
cytotoxicity

Fan et al., 
2020 
[21]

in vitro dual-bridged 
tricyclo 
[4.4.1.11,4] 
dodecane-2,11- 
dione ring system, 
ent-kaurane

aerial parts, 95 
% EtOH

IC50

Quan 
et al., 
2019 
[11]

in vitro ent-kaurane, 
asymmetric 
dimers of ent- 
kaurane 
diterpenoids

leaves, EtOH IC50, mechanism

Shi et al., 
2018 
[17]

in vitro 8,9-seco-ent- 
kaurane

aerial parts, 95 
% EtOH

IC50

Pham 
et al., 
2016 
[10]

in vitro ent-kaurane leaves IC50, mechanism

Thuong 
et al., 
2012 
[27]

in vitro symmetric dimers 
of ent-kaurane 
diterpenoids

leaves IC50

Kuo et al., 
2007 
[20]

in vitro ent-kaurane whole plants, 
hot MeOH and 
concentrated

EC50

Giang 
et al., 
2007 
[16]

in vitro ent-kaurane leaves, MeOH IC50

Li et al., 
2016 
[28]

in vitro - - mechanism

Sul et al., 
2013 
[29]

in vitro ent-kaurane leaves mechanism

Lee et al., 
2018 
[30]

in vitro ent-kaurane leaves mechanism

*EtOH, Ethanol; MeOH, Methanol; IC50, Half-maximal inhibitory concentration; 
EC50, Half-maximal effective concentration; SI, Selectivity index
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medium risk of bias (Table A.4).

3.3. Cytotoxicity of diterpenoids from Croton tonkinensis against cancer 
cell lines

The in vitro cytotoxic activities against cancer cell lines of diterpe
noid compounds from Croton tonkinensis (Fig. 2) are presented in 
Table 2. The identification (ID) numbers below correspond to the ID 
number for each compound in Table 2.

Ent-kaurane, 8,9-seco-ent-kaurane, and dimeric ent-kaurane diter
penoids have demonstrated cytotoxic activity against various breast 
cancer cell lines [11,22,27]. Compound 1 (1), Compound 2 (2), kon
gensin D (6), kongeniod B (7), kongensin A (8), and kongensin F (9) 
from the stems of C. tonkinensis exhibited potent cytotoxicity against 
human triple-negative breast cancer (TNBC) cell lines MDA-MB-231 and 
MDA-MB-468, and MCF-7 cell lines, with IC50 values below 3 μM. 
Notably, kongensin D (6) showed exceptional activity against both 
TNBC cell lines, with IC50 values around 80 nM, comparable to doxo
rubicin [22]. While euphoranginone D (3), ent-kaurane-3-oxo-16β, 
17-diol (4), ent-16β-H-3-oxokauran-17-ol (5) displayed very weak ac
tivity (IC50 > 5 μM) [22]. Ent-kaurane diterpenoids isolated from 
C. tonkinensis leaves, bearing the 15-oxo-16-ene moiety, including 
ent-1β-acetoxy-7α,14β-dihydroxykaur-16-en-15-one (14), ent-18-ace
toxy-7α-hydroxykaur-16-en-15-one (15) and ent-18-acetoxy-7α, 
14β-dihydroxykaur-16-en-15-one (16), showed moderate growth inhi
bition against MCF-7 breast cancer cells, with IC50 ranging from 7.3 to 
4.5 μg/ml. However, their activity was lower than that of doxorubicin 
(IC50 of 1.3 μg/ml). In contrast, asymmetric dimers of ent-kaurane 
diterpenoids, such as crotonkinensin E (12) and crotonkinensin F (13) 
exhibited minimal or no inhibitory activity [11]. Crotonkinensin D (27), 
a symmetric dimer of ent-kaurane diterpenoid isolated from 
C. tonkinensis leaves, exhibited potent cytotoxicity against various breast 
cancer cell lines, with IC50 values of 9.4 μM (MCF-7), 2.6 μM 
(MCF-7/TAMR), 18.9 μM (MCF-7/ADR), and 22.0 μM (MDA-MB-231). 
Its derivative, crotonkinensin C (26), which contains a hydroxyl group at 
C-18, showed minimal cytotoxicity (IC50 > 30 μM) [27].

Regarding liver cancer, HepG2 and Hep3B are the most commonly 
used in vitro models. Among the compounds isolated from C. tonkinensis 
leaves, ent-18α-acetoxy-7α,14β-dihydroxykaur-16-en-15-one (23) 
exhibited the most potent cytotoxicity against both HepG2 and Hep3B 
liver cancer cell lines, with IC50 values of 3.5 μM and 3.7 μM, respectively 
[10]. This outperformed doxorubicin, the positive control, which had 
IC50 values of 26.5 μM and 25.1 μM [10]. Several other compounds also 
showed cytotoxicity against both HepG2 and Hep3B cells, including 
ent-18-acetoxy-7β-hydroxykaur-16-en-15-one, also known as CrT1 (19), 
ent-1α-acetoxy-7β,14α-dihydroxykaur-16-en-15-one (20), ent-16 
(S)-18-acetoxy-7β-hydroxykaur-15-one (21), ent-7β,14α-dihydrox
ykaur-16-en-15-one (22), ent-1α,14α-diacetoxy-7β-hydroxykau 
r-16-en-15-one (24), and ent-1α,7β-diacetoxy-14α-hydroxykaur-16-e 
n-15-one (25) [10]. Furthermore, subtoxic concentrations of ent-kaurane 
diterpenoids significantly increased the sensitivity of HCC cells to 
doxorubicin [10]. Compounds crotonkinensin E (12), ent-1β-acetoxy-7α, 
14β-dihydroxykaur-16-en-15-one (14), ent-18-acetoxy-7α-hydroxykau 
r-16-en-15-one (15), ent-18-acetoxy-7α,14β-dihydroxykaur-16-
en-15-one (16), ent-7β,18-diacetoxykaur-16-en-15-one (36), and 
ent-18-acetoxykaur-16-en-7,15-dione (37) demonstrated cytotoxic ef
fects against the HepG2 cell line [11,16]. However, their activity against 
Hep3B liver cancer cell lines remains undetermined.

Several diterpenoids exhibited cytotoxic activity against various 
cancer cell lines. In addition to MCF-7 and HepG2 cell lines, crotonki
nensin E (12), ent-1β-acetoxy-7α,14β-dihydroxykaur-16-en-15-one (14), 
ent-18-acetoxy-7α-hydroxykaur-16-en-15-one (15), and ent-18-acetoxy- 
7α,14β-dihydroxykaur-16-en-15-one (16) also inhibited lung (A549), 
pancreatic (Panc-1), gastric (NCI-N87), rhabdomyosarcoma (RD), cer
vical (Hela), and ovarian (Ovcar-8) cancer cells, with the monomers (14- 
16) showing greater activity [11]. Compounds 
ent-7β-hydroxy-16-kauren-15-one (29), ent-7β-hydroxy-15-oxoka 
ur-16-en-18-yl acetate (30), ent-kaur-16-en-15-one 18-oic acid (31), 
ent-18-acetoxykaur-16-en-15-one (32), ent-7α,14β-dihydroxykaur-16-
en-15-one (33), ent-18-hydroxykaur-16-en-15-one (34), 
ent-7β-hydroxy-15-oxokaur-16-en-18-ol (35), ent-1β-acetoxy-7α, 
14β-dihydroxykaur-16-en-15-one (14), and ent-18-acetoxy-7α, 

Fig. 2. Structure of diterpenoids from Croton tonkinensis.
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Table 2 
The in vitro cytotoxic activities against cancer cell lines of diterpenoids from C. tonkinensis.

ID Compound name in the 
article

Half maximal inhibitory concentration - IC50 (µM) (mean ± standard deviation) Ref.

Breast cancer cell line Liver cancer cell line HL-60 A-549 Panc-1 NCI- 
N87

RD Hela Ovcar-8 KB KB- 
VIN

LU

MDA-MB- 
231

MDA-MB- 
468

MCF-7 MCF-7/ 
TAMR

MCF- 
7/ 
ADR

HepG2 Hep3B

1 Compound 1 0.153 ±
0.0120

0.116 ±
0.00635

0.248 ±
0.0148

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ [22]

2 Compound 2 1.77 ±
0.185

0.842 ±
0.0953

1.24 ±
0.0601

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

3 euphoranginone D > 5 > 5 > 5 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
4 ent-kaurane-3-oxo- 

16β,17-diol
> 5 > 5 > 5 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

5 ent-16β-H-3-oxokauran- 
17-ol

> 5 > 5 > 5 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

6 kongensin D 0.0783 ±
0.00610

0.0716 ±
0.00228

0.113 ±
0.0103

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

7 kongeniod B 0.185 ±
0.0220

0.121 ±
0.0131

0.215 ±
0.0213

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

8 kongensin A 0.177 ±
0.0135

0.228 ±
0.0180

0.120 ±
0.0120

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

9 kongensin F 0.677 ±
0.0602

0.236 ±
0.0110

0.266 ±
0.00317

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

​ Doxorubicin (PC) 0.0805 ±
0.0156

0.0521 ±
0.00713

0.0795 ±
0.00615

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

10 Crokonoid A ​ ​ ​ ​ ​ ​ ​ 1.24 
±

0.56

7.92 ±
0.60

​ ​ ​ ​ ​ ​ ​ ​ [21]

11 Crokonoid B ​ ​ ​ ​ ​ ​ ​ - - ​ ​ ​ ​ ​ ​ ​ ​
​ Adriamycin (PC) ​ ​ ​ ​ ​ ​ ​ 0.06 

±

0.03

0.50 ±
0.24

​ ​ ​ ​ ​ ​ ​ ​

12 crotonkinensin E ​ ​ 24.1 ±
0.9 µg/ml

​ ​ 11.8 ±
1.1 µg/ 
ml

​ ​ 25.3 ±
5.7 µg/ 
ml

18.0 ±
1.2 µg/ 
ml

16.3 ±
0.5 µg/ 
ml

19.4 ±
0.3 µg/ 
ml

12.3 ±
1.8 µg/ 
ml

14.1 ±
0.8 µg/ 
ml

​ ​ ​ [11]

13 crotonkinensin F ​ ​ >30 µg/ 
ml

​ ​ >30 µg/ 
ml

​ ​ >30 
µg/ml

>30 
µg/ml

>30 
µg/ml

>30 
µg/ml

>30 
µg/ml

>30 µg/ 
ml

​ ​ ​

14 ent-1β-acetoxy-7α,14β- 
dihydroxykaur-16-en- 
15-one

​ ​ 7.3 ± 0.9 
µg/ml

​ ​ 6.7 ±
1.4 µg/ 
ml

​ ​ 7.2 ±
0.5 µg/ 
ml

5.1 ±
0.5 µg/ 
ml

6.5 ±
0.7 µg/ 
ml

7.1 ±
0.4 µg/ 
ml

5.4 ±
1.5 µg/ 
ml

3.3 ±
1.2 µg/ 
ml

​ ​ ​

15 ent-18-acetoxy-7α- 
hydroxykaur-16-en-15- 
one

​ ​ 6.0 ± 1.5 
µg/ml

​ ​ 10.2 ±
1.7 µg/ 
ml

​ ​ 5.4 ±
0.3 µg/ 
ml

2.9 ±
0.4 µg/ 
ml

6.2 ±
0.1 µg/ 
ml

6.8 ±
0.4 µg/ 
ml

5.1 ±
0.9 µg/ 
ml

4.2 ±
1.5 µg/ 
ml

​ ​ ​

16 ent-18-acetoxy-7α,14β- 
dihydroxykaur-16-en- 
15-one

​ ​ 4.5 ± 0.5 
µg/ml

​ ​ 8.9 ±
0.5 µg/ 
ml

​ ​ 4.2 ±
0.2 µg/ 
ml

3.2 ±
0.4 µg/ 
ml

5.7 ±
0.9 µg/ 
ml

2.4 ±
0.1 µg/ 
ml

4.4 ±
0.9 µg/ 
ml

3.8 ±
1.3 µg/ 
ml

​ ​ ​

​ Doxorubicin (PC) ​ ​ 1.3 ± 0.0 
µg/ml

​ ​ 3.3 ±
0.3 µg/ 
ml

​ ​ 2.0 ±
0.5 µg/ 
ml

6.4 ±
0.6 µg/ 
ml

1.9 ±
0.4 µg/ 
ml

0.3 ±
0.0 µg/ 
ml

0.3 ±
0.1 µg/ 
ml

2.4 ±
0.1 µg/ 
ml

​ ​ ​

17 kongeniod A ​ ​ ​ ​ ​ ​ ​ 1.27 
±

0.24

5.74 ±
0.25

​ ​ ​ ​ ​ ​ ​ ​ [17]

7 kongeniod B ​ ​ ​ ​ ​ ​ ​ 0.47 
±

0.04

3.25 ±
0.91

​ ​ ​ ​ ​ ​ ​ ​

(continued on next page)
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Table 2 (continued )

ID Compound name in the 
article 

Half maximal inhibitory concentration - IC50 (µM) (mean ± standard deviation) Ref.

Breast cancer cell line Liver cancer cell line HL-60 A-549 Panc-1 NCI- 
N87 

RD Hela Ovcar-8 KB KB- 
VIN 

LU 

MDA-MB- 
231 

MDA-MB- 
468 

MCF-7 MCF-7/ 
TAMR 

MCF- 
7/ 
ADR 

HepG2 Hep3B 

18 kongeniod C ​ ​ ​ ​ ​ ​ ​ 0.58 
±

0.17

NT ​ ​ ​ ​ ​ ​ ​ ​

​ Adriamycin (PC) ​ ​ ​ ​ ​ ​ ​ 0.06 
±

0.03

0.50 ±
0.24

​ ​ ​ ​ ​ ​ ​ ​

19 ent-18-acetoxy-7β- 
hydroxykaur-16-en-15- 
one (CrT1)

​ ​ ​ ​ ​ 3.6 ±
1.5

8.6 ±
0.4

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ [10]

20 ent-1α-acetoxy-7β,14α- 
dihydroxykaur-16-en- 
15-one

​ ​ ​ ​ ​ 9.6 ±
3.1

8.5 ±
0.7

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

21 ent-16(S)-18-acetoxy- 
7β-hydroxykaur-15-one

​ ​ ​ ​ ​ 85.2 ±
32.5

69.6 ±
13.9

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

22 ent-7β,14α- 
dihydroxykaur-16-en- 
15-one

​ ​ ​ ​ ​ 3.9 ±
0.3

6.1 ±
0.5

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

23 ent-18α-acetoxy- 
7α,14β-dihydroxykaur- 
16-en-15-one

​ ​ ​ ​ ​ 3.5 ±
0.8

3.7 ±
0.1

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

24 ent-1α,14α-diacetoxy- 
7β-hydroxykaur-16-en- 
15-one

​ ​ ​ ​ ​ 5.0 ±
1.2

6.1 ±
0.5

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

25 ent-1α,7β-diacetoxy- 
14α-hydroxykaur-16- 
en-15-one

​ ​ ​ ​ ​ 13.7 ±
1.3

9.7 ±
0.1

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

​ Doxorubicin (PC) ​ ​ ​ ​ ​ 26.5 ±
1.8

25.1 ±
2.1

​ ​ ​ ​ ​ ​ ​ ​ ​ ​

26 Crotonkinensin C >30 ​ >30 >30 >30 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ [27]
27 Crotonkinensin D 22.0 ±

0.9
​ 9.4 ± 1.7 2.6 ±

0.9
18.9 
± 0.6

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

​ Camptothecin (PC) 2.7 ± 0.6 ​ 2.6 ± 0.7 1.8 ±
0.2

0.8 ±
0.2

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

​ Doxorubicin (PC) 2.1 ± 0.3 ​ 1.7 ± 0.3 1.1 ±
0.5

83.2 
± 0.5

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

28 crotonkinin A ​ ​ NA* ​ ​ ​ ​ ​ NA* ​ ​ ​ ​ ​ NA* NA* ​ [20]
29 ent-7β-hydroxy-16- 

kauren-15-one
​ ​ 1.47* ​ ​ ​ ​ ​ 4.77* ​ ​ ​ ​ ​ 0.79

*
0.74
*

​

30 ent-7β-hydroxy-15- 
oxokaur-16-en-18-yl 
acetate

​ ​ 0.65* ​ ​ ​ ​ ​ 1.26* ​ ​ ​ ​ ​ 0.71
*

0.61
*

​

21 ent-(16S)-18-acetoxy- 
7β-hydroxykaur-15-one

​ ​ NA* ​ ​ ​ ​ ​ NA* ​ ​ ​ ​ ​ NA* NA* ​

31 ent-kaur-16-en-15-one 
18-oic acid

​ ​ 2.69* ​ ​ ​ ​ ​ 3.91* ​ ​ ​ ​ ​ 1.04
*

1.08
*

​

32 ent-18-acetoxykaur-16- 
en-15-one

​ ​ 6.11* ​ ​ ​ ​ ​ 6.56* ​ ​ ​ ​ ​ 3.75
*

2.84
*

​

14 ent-1β-acetoxy-7α,14β- 
dihydroxykaur-16-en- 
15-one

​ ​ 0.94* ​ ​ ​ ​ ​ 3.03* ​ ​ ​ ​ ​ 0.91
*

0.78
*

​
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Table 2 (continued )

ID Compound name in the 
article 

Half maximal inhibitory concentration - IC50 (µM) (mean ± standard deviation) Ref.

Breast cancer cell line Liver cancer cell line HL-60 A-549 Panc-1 NCI- 
N87 

RD Hela Ovcar-8 KB KB- 
VIN 

LU 

MDA-MB- 
231 

MDA-MB- 
468 

MCF-7 MCF-7/ 
TAMR 

MCF- 
7/ 
ADR 

HepG2 Hep3B 

33 ent-7α,14β- 
dihydroxykaur-16-en- 
15-one

​ ​ 0.75* ​ ​ ​ ​ ​ 1.45* ​ ​ ​ ​ ​ 0.64
*

0.63
*

​

34 ent-18-hydroxykaur-16- 
en-15-one

​ ​ 4.31* ​ ​ ​ ​ ​ 6.52* ​ ​ ​ ​ ​ 1.47
*

1.31
*

​

35 ent-7β-hydroxy-15- 
oxokaur-16-en-18-ol

​ ​ 0.98* ​ ​ ​ ​ ​ 3.96* ​ ​ ​ ​ ​ 0.87
*

0.82
*

​

16 ent-18-acetoxy-7α,14β- 
dihydroxykaur-16-en- 
15-one

​ ​ 1.98* ​ ​ ​ ​ ​ 2.78* ​ ​ ​ ​ ​ 0.93
*

0.88
*

​

19 ent-18-acetoxy-7β- 
hydroxykaur-16-en-15- 
one (CrT1)

​ ​ ​ ​ ​ 0.196 
µg/ml

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.154 
µg/ml

[16]

36 ent-7β,18- 
diacetoxykaur-16-en- 
15-one

​ ​ ​ ​ ​ 0.36 µg/ 
ml

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.454 
µg/ml

37 ent-18-acetoxykaur-16- 
en-7,15-dione

​ ​ ​ ​ ​ 0.255 
µg/ml

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.315 
µg/ml

* data as half maximal effective concentration (EC50 (μg/ml)). 
Note: MDA-MB-231: triple-negative breast cancer cells - mesenchymal like subtype, MDA-MB-468: triple-negative breast cancer cells - basal-like I subtype, MCF-7: MCF-7 breast cancer cells, MCF-7/TAMR: tamoxifen- 

resistant MCF-7, MCF-7/ADR: adriamycin-resistant MCF-7, HepG2: HepG2 hepatocellular carcinoma cells, Hep3B: Hep3B human hepatoma cells, A549: A549 lung cancer cells, Panc-1: Panc-1 pancreatic cancer cells, NCI- 
N87: NCI-N87 gastric cancer cells, RD: RD Rhabdomyosarcoma cells, Hela: Hela cervical cancer cells, Ovcar-8: Ovcar-8 ovarian cancer cells, KB: KB cancer cells, KB-VIN: KB-VIN cancer cells, HL-60: HL-60 human leukemia 
cells, A-549: A-549 human lung adenocarcinoma cells, “-”: inactive, NA: did not reach 50 % inhibition at 20 µg/ml, NT: IC50 not tested.
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14β-dihydroxykaur-16-en-15-one (16) demonstrated cytotoxic activity 
against lung (A549), breast (MCF-7), KB, and KB-VIN cancer cells. 
Among these, ent-7β-hydroxy-15-oxokaur-16-en-18-yl acetate (30) and 
ent-7α,14β-dihydroxykaur-16-en-15-one (33) exhibited the most potent 
anticancer effects, with EC50 values ranging from 0.61 to 1.45 μg/ml 
[20]. Crokonoid A (10), kongeniod A (17) and kongeniod B (7), showed 
moderate to potent cytotoxicity against human leukemia (HL-60) and 
lung adenocarcinoma (A-549) cell lines [17,21]. Kongeniod C (18) 
displayed strong cytotoxicity against HL-60 cells, but its effect on A-549 
cells was not tested [17]. However, the ent-kaurene diterpenoid pre
cursor, crokonoid B (11), showed no activity in these models [21].

3.4. Mechanisms

Several studies have elucidated the molecular mechanisms by which 
C. tonkinensis-derived diterpenoids induce apoptosis, autophagy, and 
metastasis suppression, and inhibit cellular migration and invasion [11,
22,28–30]. Key proteins implicated in these processes include caspases, 
protein kinase B (AKT), hypoxia-inducible factor-dependent transcrip
tion (HIF-1), heat shock protein 90 (HSP90), Extracellular 
signal-regulating kinase 1/2 (ERK1/2), and AMP-activated protein ki
nase (AMPK) (Fig. 3).

AKT activation promotes β-catenin accumulation, facilitating cell 
migration and invasion [31]. Treatment with kongensin D (6) signifi
cantly decreased p-AKT and p-mTOR levels, indicating AKT inhibition. 

Then, cellular thermal shift assay confirmed a direct interaction between 
kongensin D (6) and AKT1. Moreover, AKT1 knockdown experiments 
further demonstrated that the anti-TNBC effects of kongensin D (6) were 
primarily mediated through AKT inhibition [22]. HIF-1, a key driver of 
tumor growth, vascularization, and metastasis, is a promising target for 
cancer therapy [32], and was suppressed by ent-18-acetox
y-7α-hydroxykaur-16-en-15-one (15) [11]. Kongensin A (8) induces 
apoptosis in HT29 and A549 cells by targeting heat shock protein 90 
(HSP90) [28]. By forming a covalent bond with cysteine 420, a previ
ously unidentified residue in the middle domain of HSP90, kongensin A 
(8) disrupts the HSP90-CDC37 complex, thereby suppressing 
RIP3-mediated necroptosis [28]. Ent-18-acetoxy-7β-hydroxyk 
aur-16-en-15-one (19), also known as CrT1, promoted apoptosis and 
inhibited cell viability in SK-HEP1 cells via caspase-3, -7, -8, -9 and 
AMPK activation [29]. Additionally, CrT1 suppressed cell migration and 
invasion in SKOV3 cells by activating the ERK1/2 pathway [30].

3.5. Tumor inhibitory activity in animal models

The in vivo results from Fan et al., (2021) show that kongensin D (6) 
significantly inhibited the growth of triple-negative breast cancer 
(TNBC) xenografts in female NOD/SCID mice (Table 3). A dose- 
dependent reduction in tumor weight and volume was observed in 
mice treated with kongensin D (6) compared to the normal saline control 
group. High doses of kongensin D (6) reduced tumor weight by 58 % and 

Fig. 3. Mechanisms involved in the anticancer activity of diterpenoids from C. tonkinensis against cancer cell lines.
Note: AKT: protein kinase B, HIF-1: hypoxia-inducible factor-dependent transcription, HSP90: heat shock protein 90, ERK1/2: Extracellular signal-regulating kinase 
1/2, AMPK: AMP-activated protein kinase
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volume by 44.8 % without causing significant changes in body weight or 
observable toxic side effects in the heart, liver, spleen, lungs, and kid
neys [22]. The results from the positive control group treated with 
doxorubicin were not obtained because the mice in this group succes
sively died in the trial [22]. These findings suggest that kongensin D (6) 
is a promising therapeutic candidate for TNBC with a favorable safety 
profile.

4. Discussion

The findings of this study revealed that the diterpenoids isolated 
from C. tonkinensis exhibit significant cytotoxicity against various cancer 
cell lines, including breast, liver, lung, pancreatic, gastric, rhabdomyo
sarcoma, cervical, and ovarian cancer. One of the most notable findings 
is the potent cytotoxicity of kongensin D (6) against triple-negative 
breast cancer cell lines. Kongensin D (6) demonstrated a similar po
tency to doxorubicin but with a higher selectivity index [22]. In addi
tion, kongensin D (6) also shows cytotoxicity against ovarian cancer cell 
line SKOV3, prostate cancer cell line C42B, colon cancer cell lines 
SW480 and RKO, liver cancer cell line HepG2, lung cancer cell line 
A549, pancreatic cancer cell line PANC-1, and gastric cancer cell line 
MG803 (data provided in Supporting Information by Fan et al., 2021) 
[22]. In a xenograft model, kongensin D (6) effectively inhibited the 
growth of TNBC tumors in female NOD/SCID mice, without causing 
significant systemic toxicity [22]. The results indicate that kongensin D 
(6) has the potential to become a promising therapeutic agent for TNBC.

Investigations have also explored the mechanisms of action of ent- 
kaurane diterpenoids from C. tonkinensis. Several studies have shown 
that these compounds can induce apoptosis, autophagy, and inhibit cell 
migration and invasion. These effects are mediated through a variety of 
molecular pathways, including the AKT, HIF-1, HSP90, ERK1/2, and 
AMPK pathways. AKT is crucial for cell growth and survival, making its 
dysregulation a key factor in cancer development and thus a prime 
therapeutic target [33]. While many clinical studies failed to translate 
preclinical AKT inhibitor results, several combination therapy studies 
have shown very encouraging results, especially in breast cancer [33]. 
For example, capivasertib, a selective AKT kinase inhibitor, combined 
with fulvestrant, was tolerable and clinically active in PTEN-mutant 
ER-positive metastatic breast cancer [34]. In another trial, the 

olaparib-capivasertib combination was well-tolerated and yielded du
rable clinical benefit in diverse treatment-resistant cancers [35]. In this 
study, an AKT inhibitor, kongensin D (6), showed cytotoxicity against 
multiple cancer cell lines, including TNBC, and its in vivo profile suggests 
it is suitable for further studies.

Structural activity relationships of several compounds have been 
reported in the literature [10,20,22]. The 16-en-15-one skeleton of 
ent-kaurane diterpenoids was found to be important for hepatocellular 
carcinoma cytotoxicity, while the non-skeletonized compounds exhibi
ted lower activity compared to other structures in the same study [10,
20]. For example, ent-16(S)-18-acetoxy-7β-hydroxykaur-15-one (21) 
[10], crotonkinin A (28) [20] showed much lower activity than other 
ent-kaurane diterpenoids. The 8,9-seco-ent-kaurane diterpenoids 
demonstrated superior activity compared to the ent-kaurane diterpe
noids, suggesting that the disruption of the C8-C9 bond is advantageous 
for biological activity [22].

Our systematic review has several limitations. Firstly, the number of 
articles included in our systematic review was 11, which may not be 
sufficient to provide the most comprehensive insight. Secondly, 
although many diterpenoids from C. tonkinensis showed promising 
cytotoxic activity against various human cancer cell lines, currently only 
kongensin D (6) has been tested for antiproliferative activity against 
TNBC in an animal model. Thirdly, due to the limitations of 2D culture 
system, 3D cell culture models have developed great impact of showing 
the way cells and tissues operate, the interaction between cell-cell, cell- 
matrix with greater specificity and accuracy [36,37]. 3D cell culture 
models have been improved significantly to the state of mimicing the 
microstructure, dynamic mechanical and biochemical functionalities of 
living organs [36]. However, in vitro studies in this systematic review are 
not performed on 3D cell culture models, so the results may not always 
translate to clinical efficacy. Further in vivo studies are needed to 
confirm the antitumor potential of the other compounds.

5. Conclusion

Our systematic review synthesized available evidence from 11 pa
pers on the diterpenoids from C. tonkinensis and their anticancer activ
ities. Thirty-seven compounds were investigated, and among these, ent- 
kaurane diterpenoids bearing the 16-en-15-one and 8,9-seco-ent-kaur
ane diterpenoids exhibited particularly strong cytotoxicity. These find
ings strongly suggest that diterpenoids from C. tonkinensis are a valuable 
resource for discovering anticancer agents. Further in vivo research is 
crucial to translate these laboratory findings into clinical applications. 
Additionally, the current literature suggests that kongensin D emerged 
as the most promising candidate from C. tonkinensis, demonstrating high 
anticancer activity and selectivity, as well as in vivo antitumor potential 
and a favorable safety profile.
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Table 3 
in vivo antitumor efficacy of kongensin D (6) in the TNBC xenograft mouse 
models* reported by Fan et al., 2021 [22].

Compound/control Dosage Tumor 
weight 
(g)

Tumor 
volume 
(mm3)

Safety

Vehicle (normal saline per 
day)

- 0.32 ±
0.04

267.01 
± 26.29 
(at day 
33)

no abnormality 
was observed in 
heart, liver, 
spleen, lung, 
and kidney 
tissues (n = 3)

kongensin D

5 mg/ 
kg 
per day

0.19 ±
0.01 (p <
0.01 vs. 
vehicle 
group)

198.58 
± 17.94 
(at day 
33)

-

10 mg/ 
kg per 
day

0.14 ±
0.01 (p <
0.001 vs. 
vehicle 
group)

148.09 
± 15.03 
(at day 
33)

no abnormality 
was observed in 
heart, liver, 
spleen, lung, 
and kidney 
tissues (n = 3)

doxorubicin 5 mg/ 
kg per 
week

was not obtained because the mice 
successively died

*MDA-MB-468 cells, female NOD/SCID mice (n = 8)
Data from the chart was extracted using the WebPlotDigitizer tool at htt 
ps://automeris.io/
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