
ว.วิทย. มข. 42(4) 700-717 (2557)  KKU Sci. J. 42(4) 700-717 (2014) 

 

 
 

อะซีโทจีนินจากพืชวงศนอยหนาและฤทธิ์ทางชีวภาพ 

Acetogenins from the Annonaceae Family  

and their Biological Activity 
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บทคัดยอ 

อะซีโทจีนินเปนสารพฤกษเคมีออกฤทธ์ิทางชีวภาพที่พบเฉพาะในพืชวงศนอยหนาเทาน้ัน โครงสรางทาง

เคมีประกอบดวยวงแกมมาแลคโทนตออยูที่ปลายโซไฮโดรคารบอน มีหมูไฮดรอกซิล อะซีทอกซิล คีโตน อีพอกไซด 

วงเตตระไฮโดรฟูแรน และ วงเตตระไฮโดรไพแรน รวมทั้งพันธะคูและพันธะสามเกาะอยูภายในโซ จากการสืบคน

คําสําคัญ “acetogenin” ในฐานขอมูล SciFinder ป 2014 พบวามีรายงานผลการตีพิมพเก่ียวกับการคนพบ

อนุพันธของอะซีโทจีนินเปนจํานวนมาก สารเหลาน้ีสามารถแสดงคุณสมบัติทางชีวภาพไดอยางกวางขวาง ไดแก 

ฤทธ์ิตานมะเร็ง ฤทธ์ิตานมาลาเรีย ฤทธ์ิตานเช้ือรา ฤทธ์ิตานวัณโรค และ ฤทธ์ิตานอนุมูลอิสระ รวมทั้งสามารถ

ยับยั้งการสงถายอิล็กตรอนในไมโทคอนเดรียคอมเพล็กซที่ 1 และมีฤทธ์ิฆาไรสีนํ้าตาล ดังน้ันวัตถุประสงคของ

บทความปริทัศนน้ีเปนการรวบรวมสารอะซีโทจีนินที่แยกไดใหมและฤทธ์ิทางชีวภาพที่มีการรายงานระหวางป 

2005 ถึง 2014 จากการรวบรวมขอมูลพบวาสารอะซีโทจีนินจํานวนมากสามารถยับยั้งเซลลมะเร็งไดอยางมี

นัยสําคัญ นอกจากน้ียังพบวาสาร asimitrin (62) 4-hydroxytrilobin (68) และ squamostanins A-D (78-81) 

สามารถยับยั้งเซลลมะเร็งไดดีกวายา adriamycin ที่ใชรักษาโรคมะเร็งในปจจุบัน ดังน้ันสารอะซีโทจีนินจึงเปนหน่ึง

ในสารออกฤทธ์ิจากธรรมชาติที่ควรนํามาพัฒนาเพื่อตอยอดไปเปนยารักษาโรคมะเร็ง ซ่ึงเปนประโยชนตอวงการ

แพทยเปนอยางมาก 
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ABSTRACT 

Acetogenins are a unique class of bioactive phytochemicals found only in the family of 

Annonaceae plants. Structurally, they consist of a terminal -lactone ring bearing a hydrocarbon 

chain with various hydroxyls, acetoxyls, ketones, epoxides, tetrahydrofuran (THF) and 

tetrahydropyran (THP) rings together with double and triple bonds located within the chain. 

According to the searching of “acetogenin” as a keyword from SciFinder database 2014, it 

revealed that a great number of publications about acetogenin derivatives derived from the 

family have been reported. They displayed a broad biological property spectrum covering 

anticancer, antimalarial, antifungal, antituberculosis, and antioxidant effects together with the 

inhibition of electron transport chain in mitochondrial complex I and brine shrimp lethality 

activity. Therefore, this present article aimed to review the newly isolated acetogenins and their 

pharmacological activities published during the period from 2005 to 2014. From the 

systematically tabulated data, it is notable that most of them showed significantly biological 

activities towards selected human cancerous cell lines. Moreover, asimitrin (62), 4-

hydroxytrilobin (68), and squamostanins A-D (78-81) demonstrated higher potency than 

adriamycin drug which is used to date. It is indicated that they should be considered as one of 

bioactive compounds for further development to be effective cancer drugs which are very 

useful in medicine. 
 

คําสําคัญ: วงศนอยหนา  อะซีโทจีนิน  ฤทธ์ิตานมะเร็ง  ฤทธ์ิตานมาลาเรีย  ฤทธ์ิตานวัณโรค  ฤทธ์ิตานอนุมูลอิสระ 

Keywords: Annonaceae, Acetogenins, Anticancer, Antimalaria, Antituberculosis, Antioxidant 

 

Introduction 

Plants of the family Annonaceae are 

distributed abundantly throughout tropical 

and subtropical regions of America, Africa, and 

Southeast Asia with more than 130 genera and 

2,300 species consisting of trees, shrubs, or 

rarely lianas. Almost all parts of the family 

plants are used in traditional medicines by the 

local people for remedy a wide range of 

human diseases such as cancer, malaria, 

hepatitis, epilepsy, typhoid, jaundice, diarrhea, 

asthenia, arthritis, inflammatory conditions, 

and chickenpox. (Chen et al., 2012; Chuakul 

and Sornthornchareonon, 2003; Tsabang et al., 

2012). 

Phytochemical investigation of the 

family plants revealed the presence of a large 

number of potentially bioactive secondary 

metabolites such as terpenoids, alkaloids, and 

acetogenins (Leboeuf et al., 1982; Fournier et 

al., 1999; Bermejo et al., 2005). Interestingly, 

the latter compounds are a unique class of 
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natural products which have been isolated 

exclusively from the plants of this family 

during the last two decades. This secondary 

metabolite class has drawn much attention 

due to a broad biological property spectrum 

covering cytotoxicity in cancerous cell lines as 

well as antimalarial, antimicrobial, antioxidant, 

and insecticidal activities (Lima et al., 2010; 

Panthama et al.; 2010; Zhang et al., 2010; 

Wongsa et al., 2011). 

Acetogenins have been considered as 

one of the most important candidates for 

development to be potential anticancer drugs 

because such compounds display interesting 

mechanisms of action including extremely 

potential inhibition of the enzyme NADH: 

ubiquinone oxidoreductase in the 

mitochondrial complex I respiratory electron 

chain (Bermejo et al., 2005), induction of 

apoptosis (programmed cell death) (Zhu et al., 

2002), and complexation with Ca2+ and Mg2+ 

ions as ionphores (Sasaki et al., 1998) of 

cancerous cells. Additionally, they also display 

effective activity for multiple drug resistant 

(MDR) cancer cells and minimal toxicity to 

normal cells (Oberlies et al., 1997). 

Chemically, acetogenins are a series 

of C35 or C37 naturally occurring polyketides 

derived from fatty acid derivatives. The 

structural feature of acetogenins is consistent 

with a terminal -lactone ring connecting a 

long aliphatic chain with a various oxygenated 

functional groups particularly hydroxyls, 

acetoxyls, ketones, epoxides, tetrahydrofuran 

(THF) and tetrahydropyran (THP) rings together 

with double and triple bonds located in either 

adjacent or nonadjacent positions along the 

chain. 

The first naturally ocurring acetogenin 

was uvaricin isolated from the roots of Uvaria 

accuminata with promising of a powerful 

antitumor activity in the in vivo PS system (P-

388 lymphocytic leukemia in mice) (Jolad et 

al., 1982). This discovery prompted the 

researchers to investigate new acetogenins 

with a wide range of biological effects. To 

date, the great number of acetogenins has 

become one of the most rapidly growing 

classes of bioactive phytochemicals. 

From the recently literature review 

(Bermejo et al., 2005), 417 acetogenins were 

isolated from parts of the plant species, 

mostly from the seeds. Thirteen genera 

including Annona, Arbabotrys, Asimina, 

Dasymaschalon, Diseplum, Goniothalamus, 

Ophrypetalum, Polyalthia, Porcelin, Rollinia, 

Saccopetalum, Uvaria, and Xylopia were 

reported to contain acetogenins, principally 

from Annona species. According to the 

characteristic and number of oxygen-

containing moiety along the chain, 

acetogenins were classified into six types 

consisting of 40 linear, 16 epoxy, 206 mono-

THF, 146 bis-THF, 1 tri-THF, and 8 THP 

acetogenins. Their significant bioactivities were 

also reported covering cytotoxicity, pesticidal, 
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anthelmintic, antimalarial, antimicrobial, and 

antiviral effects. 

Owing to their powerful bioactivities, 

some useful commercial products containing 

annonaceous acetogenins have been 

developed. The natural mixtures of active 

componenets separated from paw paw 

(Asimina triloba) are incorporated into 

pesticidal, topical, and dietary supplement 

products, for example, a shampoo for 

treatment the infestations of head lice, fleas, 

and ticks, a series of pesticidal sprays for 

protection of pests, and an ointment for 

treatment of oral herpes (HSV-1). Additionally, 

the clinical trial of paw paw encapsulated 

extract has been effectively used without side 

effects by terminal patients with breast, lung, 

prostate, lymphatic, and colorectal cancers 

along with Waldenstrom’s macroglobulinemia 

(McLaughlin, 2008). 

According to the SciFinder database 

2014 with more than one thousand 

publications of the keyword “acetogenin”, it 

disclosed that the number of the bioactive 

metabolites from the Annonaceae plants has 

been isolated increasingly. Several 

components showed interesting bioactivities, 

i.e., anticancer, antimalarial, antifungal, 

antituberculosis, antioxidant, inhibition of 

mitochondrial complex I, and brine shrimp 

lethality activities. Moreover, the potency of 

some acetogenins against cancerous cell lines 

also exhibited activities with the value of 

nanomolar concentration. Therefore, the 

purpose of this review is focused to 

systematically outline the recent progress on 

new annonaceous acetogenins isolated during 

the period from 2005 to 2014 along with their 

pharmacological activities. These knowledges 

could provide useful information for further 

investigation and development newly 

effective drugs, especially cancer drugs that 

are probably very helpful to suffering cancer 

patients in the future. 

 

Types of Acetogenins 

In this period, eighty-one isolated 

acetogenins were obtained from the 

Annonaceae family. Most of them were found 

in Annona genus. Furthermore, this also 

indicated that an additional new genus, 

Cananga (Wongsa et al., 2011) was also known 

to produce acetogenins by comparison with 

those tabulated genera (Bermejo et al., 2005). 

They could be classified into four from six 

types which have been reported according to 

the characteristic and number of their oxygen-

containing groups appeared on a long chain 

fatty acids moiety as described below 

(Bermejo et al., 2005). 

1. Linear Acetogenins 

Without tetrahydrofuran ring, linear 

acetogenins possess the difference of the 

degree of double and triple bonds together 

with hydroxyls groups of their aliphatic 

hydrocarbon chain. They are considered as 
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twenty-one compounds (1-20) with a variety 

of C-types including C21, C23, C25, C27, C35, 

and C37 acetogenins as shown in Table 1. 

2. Epoxy Acetogenins 

Like linear acetogenins, no 

tetrahydrofuran ring appeared within the 

hydrocarbon chain. This type belongs to 

epoxy ring possibly generated by oxidation of 

linear acetogenins in proposed biogenesis 

pathway. Four acetogenin metabolites are 

grouped in this type (21-24). All were C35 

acetogenins. The list of this class is shown in 

Table 2. 

 

Table 1. Linear acetogenins isolated from the Annonaceous family. 

 

No. C-type 
Positions (Relative configuration)a 

References 
Olefinic Hydroxy 

1 37  15/16,21/22 Zhou et al., 2008 

2 37  17/18,23/24 Zhou et al., 2008 

3 (23-OMe) 23 11(),13(),15(Z),19  Wongsa et al., 2011 

4 (23-OMe) 23 11(),13(),15(Z)  Wongsa et al., 2011 

5 (23-OMe) 23 11(),13(),19  Wongsa et al., 2011 

6 (23-OMe) 23 11(),13()  Wongsa et al., 2011 

7 23 11(),13(Z),19 23 Wongsa et al., 2011 

8 23 11(),19 23 Wongsa et al., 2011 

9 (23-OMe) 23 11(),19  Wongsa et al., 2011 

10 21 9(),11(Z),17 21 Wongsa et al., 2011 

11 21 9(),11(Z) 21 Wongsa et al., 2011 

12 25 13(),15() 25 Panthama et al., 2010 

13 25 13(),15() 17,25 Panthama et al., 2010 

14 25 13(),15(),17(E) 25 Panthama et al., 2010 

15 25 13(),15(),17(Z),21 25 Panthama et al., 2010 

16 25 13(),15(),17(E),21 25 Panthama et al., 2010 

17 27 15(),17(),19(Z) 27 Panthama et al., 2010 

18 35  4,9,15/16(th),19/20(th) Liaw et al., 2005 

19 35  4,9,15/16(th),19/20(th) Liaw et al., 2005 

20 (10-CO) 37 15(Z),19(Z)  Colman-Saizarbitoria et al., 2009 

Remark: th = threo 
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Table 2. Epoxy acetogenins isolated from the Annonaceous family. 

 

No. C-type 
Positions (Relative configuration) 

References 
Olefinic Epoxy 

21 35  13/14,17/18 Ndob et al., 2009 
22 35  15/16 Melot et al., 2009 
23 35  13/14 Melot et al., 2009 

24 35 23(Z) 15/16,19/20 Ndob et al., 2009 
 

3. Mono-tetrahydrofuran Acetogenins 

Unlike linear and epoxy types, this 

acetogenin type consists of only one 

tetrahydrofuran ring and hydroxyl groups. The 

ring may be connected with one or two 

flanking hydroxyls. Thirty compounds (25-54) 

are membered of this type as shown in Table 

3 together with the relative configuration of 

HO-CH2-THF-CH2-OH. Amongst the mono-THF 

type, there are only two C-types, C35 and 

C37. 

4. Bis-tetrahydrofuran Acetogenins 

This type contains two 

tetrahydrofuran rings included adjacent and 

non-adjacent acetogenins with their flanking 

hydroxyls. They are considered as twenty-

seven bis-THF covering eigthteen adjacent bis-

THF (55-72) and nine nonadjacent bis-THF (73-

81). Most of adjacent bistetrahydrofuran 

acetogenins were C37 type except for 

annosquacin A (56), 4-Desoxylogimicin B (64) 

and isolongimicin B (69) that were C35 type 

while all nonadjacent bis-THF type were C37 

acetogenin. The list of class together with the 

relative configuration of HO-CH2-THF-CH2-OH 

are shown in Table 4 and Table 5, 

respectively. 

 

Biological activities 

The Annonaceae family plants 

produced a diversity of acetogenin congeners. 

The potential biological activities of 

acetogenin derivatives have been reported. 

They possessed a broad biological property 

spectrum, i.e., cytotoxicity to several human 

cancerous cell lines, antimalarial activity 

against Plasmodium falciparum, antifungal 

activity against Candida albicans, 

antituberculosis activity against 

Mycobacterium tuberculosis, and antioxidant 

activity against DPPH free radical along with 

inhibition of mitochondrial complex I and 

brine shrimp lethality activity against Artemia 

salina. The summary of acetogenins and their 

pharmological activities are tabulated in Table 

6.
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Table 3. Mono-THF acetogenins isolated from the Annonaceous family. 

 

No. C-type 

Positions  
(Relative configuration) 

Relative  
configuration  

of THFa 
References 

Hydroxy THF 

25 35 9,14 10/13 th/t/er Chen et al., 2012 
26 35 11,16 12/15 th/t/er Chen et al., 2012 
27 35 9,14 10/13 th/t/th Chen et al., 2012 

28 35 17,22 18/21 th/c/th Liaw et al., 2008 
29 (23(Z)) 35 15,20 16/19 th/t/er Ndob et al., 2009 

30 (23(Z)) 35 15,20 16/19 th/t/th Ndob et al., 2009 
31 35 4,7/8(th),18 14/17 -/t/th Liaw et al., 2005 
32 35 4,7/8(th),18 14/17 -/t/th Liaw et al., 2005 

33 35 4,7,9,15,20 16/19 th/t/th Liaw et al., 2005 
34 35 4,7,9,15,20 16/19 th/c/th Liaw et al., 2005 
35 35 4,13,15,20 16/19 th/t/er Sun et al., 2014 

36 35 4,12,17,25 13/16 th/t/th Sun et al., 2014 
37 35 4,20,23/24(th) 16/19 -/t/th Sun et al., 2014 

38 (15-OAc) 37 10,17,22 18/21 th/t/th Éparvier et al., 2006 
39 (15-OAc) 37 10,17,22 18/21 th/t/er Éparvier et al., 2006 
40 (10-CO,15-OAc) 37 17,22 18/21 th/t/th Éparvier et al., 2006 

41 (10-CO,15-OAc) 37 5,17,22 18/21 th/t/th Éparvier et al., 2006 
42 (10-CO,15-OAc) 37 5,17,22 18/21 th/t/th Éparvier et al., 2006 
43 (10-CO) 35 5,15,20 16/19 th/c/th Éparvier et al., 2006 

44 35 4/5,11,15,20 16/19 th/c/th Éparvier et al., 2006 
45 (5-CO) 35 10/11,15,20 16/19 th/t/th Éparvier et al., 2006 

46 (21(Z)) 37 13,18 14/17 th/t/th Pimenta et al., 2005 
47 37 15/16(th),19,24,28 20/23 th/t/er Liaw et al., 2008 
48 37 16,19/20(th),23/24(th) 12/15 -/t/th Liaw et al., 2008 

49 37 4,16,21/22(th) 12/15 -/t/th Liaw et al., 2008 
50 37 15,20,27/28(th) 16/19 th/t/th Liaw et al., 2008 
51 35 11,17,22 18/21 th/t/th Liaw et al., 2008 

52 35 15,20 16/19 th/c/er Liaw et al., 2008 
53 37 19,24 20/23 th/c/er Liaw et al., 2008 

54 35 4,8,16,19/20(th) 12/15 -/t/th Colom et al., 2009 

Remark: th = threo, er = erythro, t = trans, c = cis 
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Table 4. Adjacent bis-THF acetogenins isolated from the Annonaceous family. 

 

No. C-type 
Positions (Relative configuration) Relative configuration  

of THFa 
References 

Hydroxy THF 

55 37 9,11,20 12/15,16/19 er/t/th/t/th Lima et al., 2010 

56 35 11,20 12/15,16/19 th/t/th/t/er Chen et al., 2012 
57 37 11,20 12/15,16/19 th/t/th/t/er Chen et al., 2012 

58 37 11,20,23 12/15,16/19 th/t/th/t/er Chen et al., 2012 
59 37 13,22 14/17,18/21 th/t/th/t/er Chen et al., 2012 
60 37 10,19,23 11/14,15/18 th/t/th/t/er Chen et al., 2011 

61 37 8,13,22 14/17,18/21 th/t/th/c/er Lima et al., 2010 
62 37 4,15,17,24 16/19,20/23 th/t/t/th/t/th Kim et al., 2005 
63 37 7,17,26 18/21,22/25 th/t/th/t/er Santos et al., 2006; 

Lima et al., 2010 
64 35 11,20 12/15,16/19 th/t/th/t/th Lima et al., 2010 
65 37 12,21 13/16,17/20 th/t/th/t/er Lima et al., 2010 

66 37 12,21 13/16,17/20 th/c/th/c/th Lima et al., 2009; 2010 
67 37 9,12,21 13/16,17/20 th/t/th/t/er Lima et al., 2009; 2010 

68 37 4,10,15,24 16/19,20/23 th/t/er/c/th Kim et al., 2005 
69 35 11,20 12/15,16/19 th/t/th/c/er Lima et al., 2010 
70 (5-CO) 37 15,24 16/19,20/23 th/t/th/t/er Fall et al., 2006 

71 37 8,12,21 13/16,17/20 er/t/er/t/th Dai et al., 2012 
72 37 5,14,23 15/18,19/22 er/t/er/t/th Dai et al., 2012 

Remark: th = threo, er = erythro, t = trans, c = cis 
 

The effects of acetogenins toward the 

proliferation of selected human cancer cell 

lines have been mainly investigated by MTT 

and colorimetric method. They included 

melanoma cancer (A2058), ovarian cancer 

(A2780), lung carcinoma (A549 and H522), 

colon adenocarcinoma (HCT), cervix carcinoma 

(HeLa), hepatoma carcinoma (Hep 3B, Hep G2, 

and SMMC-7721), colon adenocarcinoma (HT-

29), oral epidermoid carcinoma (KB and KB 3-

1), breast carcinoma (MCF7), small-cell lung 

carcinoma (MDA-MB-231 and NCI-H187), gastric 

adenocarcinoma (MKN-45), prostate 

adenocarcinoma (PC-3) 

In KB cell line, cananginones A-I (3-11) 

displayed weak potency of growth-inhibitory 

effect with IC50 values in the range 33.9-112.6 

M. More interestingly, plagioneurins A-E (38-

42) and plagionicins C (44) and D (45) showed 

strong activity with IC50 values in the range 2.4-

26 nM whereas plagionicin B (43) exhibited 

moderate activity with IC50 value of 1400 nM 

(Éparvier et al., 2006; Wongsa et al., 2011). The 

potent inhibitory effects against KB was 
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probably due to the relative configuration of 

mono-THF rings flanked by the two OH 

groups, the CO at C-10, the OAc at C-15, the 

number and the location of OH groups. 

Additionally, the proliferation of KB 3-1 has 

been potentially inhibited by joolanin (70) 

with IC50 value of 0.4 nM (Fall et al., 2006). 

The ketone group at C-5 of 70 seem to raise it 

potency.

 

Table 5. Nonadjacent bis-THF acetogenins isolated from the Annonaceous family. 

 

No. C-type 
Positions (Relative configuration) 

Relative configuration of THFa References 
Hydroxy THF 

73 37 13,16,21 9/12,17/20 -/t/th-th/t/er Chen et al., 2012 
74 37 13,16,21,29 9/12,17/20 -/t/th-th/t/er Chen et al., 2012 
75 37 21,24,29/30(er) 17/20,25/28 -/t/th-th/t/er Chen et al., 2011 

76 37 4,21,24,29 17/20,25/28 -/t/th-th/t/er Chen et al., 2011 
77 37 4/5,16,19,24 12/15,20/23 -/t/th-th/c/er Pimenta et al., 2005 
78 37 15,18,23,27 11/14,19/22 -/t/th-th/t/th Yang et al., 2009 

79 37 15,18,23,27 11/14,19/22 -/t/th-th/t/er Yang et al., 2009 
80 37 5,16,19,24 12/15,20/23 -/t/th-th/t/th Yang et al., 2009 

81 37 5,16,19,24 12/15,20/23 -/t/th-th/t/er Yang et al., 2009 

Remark: a th = threo, er = erythro, t = trans, c = cis 
 

MCF7 cancer cell has been inhibited 

by compounds cananginones B-F (4-8), H (10) 

and I (11), squafosacin B (50), annosquacins A-

D (56-59) and I (60), annosquatins A-B (73-74), 

I (75), and II (76), and squamostanins A-D (78-

81). Most of them displayed the cytoxicity 

with IC50 and ED50 values in the micro level 

(Chen et al., 2011 and 2012; Liaw et al., 2008; 

Wongsa et al., 2011; Yang et al., 2009). 

Notably, acetogenins 78-81 possessed strong 

activity with ED50 values of 1.62×10-2, 1.17×10-2 

, 1.62×10-2, and 7.17×10-3 g/mL, respectively. 

Importantly, they also showed more potency 

than that of adrimycin which has ED50 values 

of 1.94×10-1 g/mL (Yang et al., 2009). 

(–)-Monhexocin (18), monlicins A (31), 

B (32), G (33), and H (34), annosquacins A-D 

(56-59) and I (60), annosquatins A-B (73-74), I 

(75), and II (76), and squamostanins A-D (78-

81) could reduce the proliferation of A549 

cancer cell line (Chen et al., 2011 and 2012; 

Liaw et al., 2005; Yang et al., 2009). 

Acetogenins 78-81 showed the most powerful 

cytotoxicity against A549 with similar ED50 

values in the range 5.53×10-3 - 5.67×10-3 

g/mL. Furthermore, it is noted that the 

cytotoxicities also showed more potency than 
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that of adrimycin which has ED50 values of 

2.62×10-2 g/mL (Yang et al., 2009). 

Only linear acetogenins 3-11 were 

tested cytotoxicity against NCI-H187 cancer 

line. They presented weak growth-inhibitory 

activities with IC50 values in the range 27.0-

70.2 M (Wongsa et al., 2011) while MDA-MB-

231 cancer cell line has been significantly 

inhibited by squadiolins A (47) and B (48), 

mono-THF acetogenin, with IC50 values 0.63 

and 0.28 M, respectively (Liaw et al., 2008). 

The cytotoxicity towards Hep G2 of  

(–)-monhexocin (18), (+)-monhexocin (19), 

monlicins A (31), B (32), G (33), and H (34), 

squadiolins A (47) and B (48), squafosacin B 

(50), annosquacins A-D (56-59) and I (60), and 

annosquatins A-B (73-74), I (75), and II (76) 

pertained siginificantly inhibitory activity with 

the IC50 and ED50 values in the micro level 

(Chen et al., 2011 and 2012; Liaw et al., 2005 

and 2008). More interestingly, compounds 47 

and 48 displayed the most potential activity 

against Hep G2 with the IC50 values of  

5.60×10-3 and 1.1×10-2 M, respectively (Liaw 

et al., 2008). Acetogenins 31-34 and 50 also 

showed significant inhibition of Hep 3B with 

ED50 values of in the range 1.59-6.09 g/mL 

and IC50 value of 0.72 M, respectively. 

Antiprofiferative activity of muricin J-L 

(35-37) against PC-3 were evaluated. They all 

showed inhibition with potency as following: 

muricin K > muricin L > muricin J which are 

more effective than N-acetyl-L-leucinyl-L-

norleucinal (Sun et al., 2014). More 

interestingly, the cytotoxicity against PC-3 of 

asimitrin (62), 4-hydroxytrilobin (68), and 

squamostanins A-D (78-81) possessed very 

strong cytotoxicities with ED50 values of 

1.72×10-6, 2.01×10-4, 5.63×10-3, 7.33×10-4, 

2.63×10-1 g/mL, and 1.33×10-2 g/mL, 

respectively (Kim et al., 2005; Yang et al., 

2009). Compounds 62 and 68 also showed 

powerful cytotoxicity against HT-29 with ED50 

values of 1.19×10-4 and 1.54×10-6 g/mL, 

respectively. Importantly, 62 and 68 are 

selectively cytotoxic toward PC-3 and HT-29 at 

about 100-10,000 times which are more 

powerful than those of adriamycin which has 

ED50 values of 5.77×10-2 and 2.87×10-2 g/mL, 

respectively (Kim et al., 2005). Moreover, 

compounds 78-81 also displayed interestingly 

growth inhibitory activity against HCT with ED50 

values of 3.97×10-3, 3.02×10-3, 3.97×10-2, and 

3.02×10-2 g/mL, respectively. They also 

showed more potency than that of adrimycin 

which has ED50 values of 4.94×10-2 g/mL 

(Yang et al., 2009). 

Acetogenins 56-60 and 73-76 also 

possessed high powerful cytotoxicity against 

HeLa, SMMC-7721, and MKN-45 cancer cell 

lines with IC50 values in the range 0.025-3.5, 

0.057-1.8, and 0.042-2.7 g/mL, respectively. 

Compound 60 showed the highest potential 

activity toward all three cell lines (Chen et al., 

2011 and 2012). It is notable that bis-THF 

acetogenins are significantly active with the 
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three cell lines. The structural-activity 

relations of these potency are in accordance 

with the review that Alali stated (Alali et al., 

1999). 

Uvaricins A (71) and B (72) displayed 

modest antiproliferative activity toward A2780, 

and A2058 cell lines with the low IC50 values 

in the range 6.4-8.8 M while the cytotoxicity 

against H522 showed IC50 value less than 10 

M. The influence of the relative configuration 

of the THF ring and the positions of the OH 

groups on the aliphatic chain may be effect to 

their activities. By comparison with the activity 

of rolliniastatin-1 against SW480 human colon 

cancer cells with IC50 value of = 0.7×10-7 M, it 

could say that the threo-cis-threo-cis-erythro 

configuration of rolliniastatin-1 has significant 

influence than the erythro-trans-erythro-trans-

threo configuration of 71 and 72 (Dai et al., 

2012). 

Biological activities of linear 

acetogenins revealed that cananginone E (7) 

also displayed weak antimalarial activity 

against P. falciparum with IC50 values of 24.4 

M while cananginones H (10) and I (11) also 

showed weak antifungal activity against C. 

albicans with IC50 values of 75.5 and 37.4 M, 

respectively (Wongsa et al., 2011). Debilisones 

B (13), C (14) and E (16) exhibited moderate 

antituberculosis activity against M. tuberculosis 

with MIC values of 25.0, 12.5, and 25.0 g/mL, 

respectively (Panthama et al., 2010). Only 

adjacent bis-tetrahydrofuran acetogenins 

including annonfolin (55), annotacin (61), 4-

desoxylongimicin B (64), folianins A (65) and B 

(66), and isolongmicin B (69) have been 

assayed. They presented strong antioxidant 

activity against DPPH free radical with IC50 

values in the range 1.12-1.76 g/mL, 

respectively which is similar to that of ascorbic 

acid (1.62 g/mL) (Lima et al., 2010). It is 

remarkable that this is the first knowledge 

about antioxidant activity of acetogenins. 

These DPPH free radical scavenging activity are 

probably involved with the ,-unsaturated 

-lactone moiety of the acetigenins in the 

same structure of ascorbic acid. (Lima et al., 

2010). 

The in vivo biological activities have 

been reported. Xymarginatin (20) has a 

moderate potency as inhibitor of the NADH: 

ubiquinone oxidorecductase (complex I) in the 

mitochondrial electron-transport chain with 

IC50 values of 1,720 nM (Colman-Saizarbitoria 

et al., 2009) while tucupentol (54) has a 

potency with IC50 values of 5.3±0.3 nM. It is 

similar to annonacin-A (IC50 = 5.4±1.3 nM) and 

rotenone (IC50 = 5.1±0.1 nM), a very well-

known inhibitor of mitochondrial complex I 

respiratory chain (Colom et al., 2009). 

The toxicity of folianin B (66) and 9-

hydroxyfolianin (67) toward A. salina Leach 

gave the LD50 values of 2.10×10-2 and  

4.24×10-2 g/mL, respectively. The toxicity of 

66 against A. salina was probably due to the 

stereochemistry of the bis-THF rings with two 
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flanking OH groups, whose relative 

configuration is different from that of 67. The 

toxicity may also be owing to the number of 

the OH group (Lima et al., 2009). 

The potent bioactivities on the 

secondary metabolites were presented mostly 

from mono- and bis-tetrahydrofuran 

acetogenins rather than the nonring THF 

acetogenins. It is probably due to the 

substitution pattern in the lactone ring, the 

number and position of functional groups 

including hydroxyls, ketones and 

tetrahydrofurans (THF) together with the 

relative configuration of the HO-CH2-THF-CH2-

OH along the hydrocarbon chain. It is also 

found that the hydroxyl groups of 18 and 19 

and a ketone group of 20 may be enhance 

the bioactivity of linear acetogenins. The 

highest potency of 62 and 68 is accordance to 

the review which Alali stated that bis-adjacent 

THF acetogenins are the most potent among 

this family (Alali et al., 1999). However, 

additional reseaches involving total synthesis 

and clinical trials of the potent bioactive 

acetogenins are necessary to be further 

studied to develop the effective drugs which 

will be used in the future, especially 

chemotherapeutic drugs. 
 

Table 6. Biological activities of naturally occurring acetogenins from the Annonaceous family. 

Name Plantsa Plant Parts Biological Activityb 

Calamistrin H (1) U. calamistrata roots - 
Calamistrin I (2) U. calamistrata roots - 

Cananginone A (3) C. latifolia stem barks KB, NCI-H187 (IC50 = 99.0, 48.9 M) 
Cananginone B (4) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 67.4, 93.7, 60.7 M) 

Cananginone C (5) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 57.2, 84.8, 66.3 M) 
Cananginone D (6) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 79.8, 126.3, 61.1 M) 
Cananginone E (7) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 45.2, 16.6, 70.2 M) 

P. falciparum (IC50 = 24.4 M) 
Cananginone F (8) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 33.9, 67.3, 27.0 M) 
Cananginone G (9) C. latifolia stem barks KB, NCI-H187 (IC50 = 112.6, 66.7 M) 

Cananginone H (10) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 59.9, 92.0, 28.6 M) 
C. albicans (IC50 = 75.2 M) 

Cananginone I (11) C. latifolia stem barks KB, MCF7, NCI-H187 (IC50 = 43.3, 129.7, 32.3 M) 
C. albicans (IC50 = 37.4 M) 

Debilisone A (12) P. debilis roots - 

Debilisone B (13) P. debilis roots M. tuberculosis (MIC = 25.0 g/mL) 
Debilisone C (14) P. debilis roots M. tuberculosis (MIC = 12.5 g/mL) 
Debilisone D (15) P. debilis roots - 

Debilisone E (16) P. debilis roots M. tuberculosis (MIC = 25.0 g/mL) 
Debilisone F (17) P. debilis roots - 
(–)-Monhexocin (18) A. montana seeds Hep G2, A549 (ED50 = 0.098, 2.64 g/mL) 
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Table 6. Biological activities of naturally occurring acetogenins from the Annonaceous family. 

(continued) 

Name Plantsa Plant Parts Biological Activityb 

(+)-Monhexocin (19) A. montana seeds Hep G2 (ED50 = 0.081 g/mL) 
Xymarginatin (20) X. emarginata twigs Mitochondrial respiratory chain (IC50 = 1720 nM) 

Dieposabadelin (21) A. squamosa seeds - 
Epomurinin A (22) A. muricata pulps - 

Epomurinin B (23) A. muricata pulps - 
Squamocenin (24) A. squamosa seeds - 
Annosquamin A (25) A. squamosa seeds - 

Annosquamin B (26) A. squamosa seeds - 
Annosquamin C (27) A. squamosa seeds - 
cis-Annotemoyin 1 (28) A. squamosa seeds - 

Dotistenin (29) A. squamosa seeds - 
Lepirenin (30) A. squamosa seeds - 

Monlicin A (31) A. montana seeds Hep G2, Hep 3B, A549 
(ED50 = 0.020, 1.59, 4.37 g/mL) 

Monlicin B (32) A. montana seeds Hep G2, Hep 3B, A549 
(ED50 = 0.023, 3.77, 5.61 g/mL) 

Montalicin G (33) A. montana seeds Hep G2, Hep 3B, A549 
(ED50 = 0.078, 6.09, 6.55 g/mL) 

Montalicin H (34) A. montana seeds Hep G2, Hep 3B, A549  
(ED50 = 0.075, 2.02, 6.38 g/mL) 

Muricin J (35) A. muricata Fruits PC-3 

Muricin K (36) A. muricata Fruits PC-3 
Muricin L (37) A. muricata fruits PC-3 
Plagioneurin A (38) D. plagioneurum leaves KB (IC50 = 2.4 nM) 

Plagioneurin B (39) D. plagioneurum leaves KB (IC50 = 6.5 nM) 
Plagioneurin C (40) D. plagioneurum leaves KB (IC50 = 26 nM) 

Plagioneurin D (41) D. plagioneurum leaves KB (IC50 = 2.8 nM) 
Plagioneurin E (42) D. plagioneurum leaves KB (IC50 = 2.6 nM) 
Plagionicin B (43) D. plagioneurum leaves KB (IC50 = 1400 nM) 

Plagionicin C (44) D. plagioneurum leaves KB (IC50 = 6.0 nM) 
Plagionicin D (45) D. plagioneurum leaves KB (IC50 = 26 nM) 
Rolilaurin (46) R. laurifolia leaves - 

Squadiolin A (47) A. squamosa seeds Hep G2, MDA-MB-231 (IC50 = 5.60×10-3, 0.63 M) 
Squadiolin B (48) A. squamosa seeds Hep G2, MDA-MB-231 (IC50 = 1.1×10-2, 0.28 M) 

Squadiolin C (49) A. squamosa seeds - 
Squafosacin B (50) A. squamosa seeds Hep G2, Hep 3B, MCF7 (IC50 = 0.71, 0.72, 0.96 M) 
Squafosacin C (51) A. squamosa seeds - 

Squafosacin F (52) A. squamosa seeds - 
Squafosacin G (53) A. squamosa seeds - 
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Table 6. Biological activities of naturally occurring acetogenins from the Annonaceous family. 

(continued) 

Name Plantsa Plant Parts Biological Activityb 

Tucupentol (54) A. montana Leaves, twigs Mitochondrial complex I (IC50 = 5.3±0.3 nM) 
Annonfolin (55) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.12±0.16 g/mL) 

Annosquacin A (56) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 2.4, 3.5, 4.1x10-1, 2.9, 1.8, 2.7 g/mL) 

Annosquacin B (57) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 8.5x10-1, 2.9, 3.0x10-1, 1.2, 1.3x10-1, 4.7x10-1 
g/mL) 

Annosquacin C (58) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 1.6x10-1, 3.0x10-1, 8.8x10-2, 3.1x10-1, 1.2x10-1, 
1.5x10-1 g/mL) 

Annosquacin D (59) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 4.8, 2.8, 3.0x10-1, 4.6, 7.8x10-1, 2.5 g/mL) 

Annosquacin I (60) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 1.2x10-2, 2.5x10-2, 5.2x10-2, 2.2x10-2, 5.7x10-2, 
4.2x10-2 g/mL) 

Annotacin (61) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.76±0.42 g/mL) 

Asimitrin (62) As. triloba seeds PC-3 (ED50 = 1.72x10-6 g/mL) 
HT-29 (ED50 = 1.19x10-4 g/mL) 

Cornifolin (63) A. cornifolia seeds - 

4-Desoxylogimicin B (64) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.95±0.34 g/mL) 
Folianin A (65) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.95±0.34 g/mL) 

Folianin B (66) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.54±0.37 g/mL) 
Brine shrimp lethality test (LD50 = 2.10x10-2 g/mL) 

9-Hydroxyfolianin (67) A. cornifolia seeds Brine shrimp lethality test (LD50 = 4.24x10-2 g/mL) 

4-Hydroxytrilobin (68) As. triloba seeds PC-3 (ED50 = 2.01x10-4 g/mL) 
HT-29 (ED50 = 1.54x10-6 g/mL) 

Isolongimicin B (69) A. cornifolia seeds DPPH scavenging activity (IC50 = 1.66±0.33 g/mL) 

Joolanin (70) U. chamae seeds KB 3-1 (IC50 = 0.4 nM) 
Uvaricin A (71) Uvaria sp. aerials A2780, A2058, H522 (IC50 = 6.4, 6.6, <10 M) 
Uvaricin B (72) Uvaria sp. aerials A2780, A2058, H522 (IC50 = 8.8, 7.2, <10 M) 

Annosquatin A (73) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 4.9x10-1, 5.4x10-1, 6.3x10-2, 4.5x10-1, 5.1x10-1, 
1.1x10-1 g/mL) 

Annosquatin B (74) A. squamosa seeds A549, HeLa, MCF7, Hep G2, SMMC-7721, MKN-45 
(IC50 = 8.4x10-2, 1.5, 1.5x10-1, 2.0, 7.9x10-1, 8.6x10-1 
g/mL) 

Annosquatin I (75) A. squamosa seeds A549, HeLa, MCF7, Hep G2 SMMC-7721, MKN-45 
(IC50 = 3.1x10-1, 5.7x10-1, 5.0x10-1, 1.7x10-1, 1.1x10-1, 
1.4x10-1 g/mL) 
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Table 6. Biological activities of naturally occurring acetogenins from the Annonaceous family. 

(continued) 

Name Plantsa Plant Parts Biological Activityb 

Annosquatin II (76) A. squamosa seeds A549, HeL, MCF7, Hep G2, SMMC-7721, MKN-45 (IC50 = 
6.8x10-1, 1.5, 7.5x10-1, 8.0x10-1, 3.9x10-1, 5.9x10-1 g/mL) 

Rolifolin (77) R. laurifolia leaves - 
Squamostanin A (78) A. squamosa seeds HCT, A549, PC-3, MCF7 (ED50 = 3.97x10-3, 5.67x10-3, 

5.63x10-3, 1.62x10-2 g/mL) 

Squamostanin B (79) A. squamosa seeds HCT, A549, PC-3, MCF7 (ED50 = 3.02x10-3, 5.53x10-3, 
7.33x10-4, 1.17x10-2 g/mL) 

Squamostanin C (80) A. squamosa seeds HCT, A549, PC-3, MCF7 (ED50 = 3.97x10-2, 5.67x10-3, 
2.63x10-1, 1.62x10-2 g/mL) 

Squamostanin D (81) A. squamosa seeds HCT, A549, PC-3, MCF7 (ED50 = 3.02x10-2, 5.53x10-3, 
1.33x10-2, 7.17x10-3 g/mL) 

Remark:  a A. = Annona, As. = Asimina, C. = Cananga, D. = Disepalum, M. = Mitrephora, P. = Polyalthia, R. = 
Rollinia, U. = Uvaria, X. = Xylopia 

b A2058 = Human melanoma cancer, A2780 = Human ovarian cancer, A549 = Human lung carcinoma, 
H522 = Human lung cancer, HCT = Human colon adenocarcinoma, HeLa = Human cervix carcinoma, Hep 3B = 
Human hepatoma carcinoma, Hep G2 = Human hepatoma carcinoma, HT-29= Human colon adenocarcinoma, KB 
= Human oral epidermoid carcinoma, KB 3-1 = Human epidermoid carcinoma, MCF7 = Human breast carcinoma, 
MDA-MB-231 = Human small-cell lung carcinoma, MKN-45 = Human gastric adenocarcinoma, NCI-H187 = Human 
small cell lung carcinoma, PC-3 = Human prostate adenocarcinoma, SMMC-7721 = Human hepatoma carcinoma 
 

Summary 

Acetogenins are a unique class of 

bioactive secondary metabolites which have 

been extensively isolated from the 

Annonaceous family plants. They possessed a 

diversity of biological activities, mostly the 

potential cytotoxicity towards selected human 

cancerous cell lines. The results from 

acetogenin bioassays play an important rule 

for further research, especially 62 and 68 that 

exhibit higher potency against PC-3 and HT-29 

cell lines than adriamycin, the 

chemotherapeutic drugs. Additionally, 

squamostanins A-D (78-81) also display more 

powerful than adriamycin towards MCF7, HCT, 

A549, and PC-3 cell lines. Furthermore, the 

additional studies on the antioxidant activity 

of acetogenins to evaluate their benefits by 

using them as sources of dietary supplements 

should be further encouraged. 
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