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ในการศึกษานี้สามารถแยกไตรเทอร์พินอยด์หกชนิดจากลำต้นของมะเกลือกา 

(Diospyros gracilis H.R.Fletcher วงศ์ Ebenaceae) โดยประกอบด้วยไตรเทอปีนอยด์ประเภท 
friedelane 2 ชนิ ด  คือ  friedelin และ  epifriedelanol และประเภท  lupane 3 ชนิ ด  คือ 
betulin, betulinic acid, และ betulinaldehyde การพิสูจน์โครงสร้างทางเคมีของสารเหล่านี้ทำ
โดยวิเคราะห์ข้อมูลทางสเปกโทรสโคปีของสาร  (IR, NMR และ DART-TOF MS) ร่วมกับการ
เปรียบเทียบกับข้อมูลที่มีการรายงานไว้ก่อนหน้านี้  ในการศึกษาฤทธิ์เป็นพิษต่อเซลล์มะเร็ง
เพาะเลี้ยง สาร lupeol, betulin และ betulinic acid แสดงฤทธิ์เป็นพิษต่อเซลล์มะเร็งสมอง 
glioblastoma ชนิด U87 (ค่า IC50 เท่ากับ 13.16, 15.39 และ 8.31 ไมโครโมลาร์ ตามลำดับ) 
และเซลล์มะเร็งเต้านมชนิด MDA-MB231 (ค่า IC50 เท่ากับ 34.41, 74.49 และ 43.88 ไมโครโม
ลาร์  ตามลำดับ ) นอกจากนี้ พบว่าสาร  lupeol กับ  betulinic acid มีผลทำให้ การสร้าง 
interleukin 2 โดย Jurkat T cells ซึ่งถูกกระตุ้นด้วย anti-CD3/anti-CD28 antibodies ลดลง 
ที่ความเข้มข้นที่ไม่เป็นพิษต่อเซลล์  จึงมีความเป็นไปได้ว่าสารทั้งสองมีฤทธิ์ยับยั้งการกระตุ้นการ
ทำงานของ T-cell ที่เกิดผ่านกลไกซ่ึงเก่ียวข้องกับ CD3 และ CD28 
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In this study, six triterpenoids were isolated from the stem of Diospyros 
gracilis H.R.Fletcher (Ebenaceae), including two friedelane-type triterpenoids 
namely friedelin and epifriedelanol, and four lupane-type triterpenoids namely 
lupeol, betulin, betulinic acid and betulinaldehyde. Their chemical structures were 
identified by spectroscopic analysis (IR, NMR and MS) and comparison with those 
reported in the literature. In the investigation for their in vitro cytotoxic activity 
against cancer cells, lupeol, betulin and betulinic acid exhibited cytotoxic effects 
against glioblastoma (U87) and breast cancer (MDA-MB231) cells (IC50 = 13.16, 
15.39, 8.31 µM and 34.41, 74.49, 43.88 µM, respectively). In addition, lupeol and 
betulinic acid were found to cause suppression of the production of interleukin 2 
by Jurkat T cells, stimulated with anti-CD3 and anti-CD28 antibodies, at a non-
cytotoxic concentration, indicating their possible inhibitory activity on T cell 
activation mediated by CD3/CD28. 
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CHAPTER I 

INTRODUCTION 

The Diospyros genus is the largest genus in the Ebenaceae family, comprising 

over 700 species. Most are distributed in the tropics, while only a few extend into 

the subtropics (Phengklai, 1981; POWO, 2023). These plants are trees or shrubs, which 

are dioecious, occasionally monoecious, or polygamous, and mostly unarmed. All 

parts of the plants often turn black when dry. The leaves are distichous, mostly 

reflexed and penninerved. The inflorescences are cymose or fasciculate, and axillary 

or ramiflorous, (rarely cauliflorous); solitary flowers can be found. The flowers are 

actinomorphic. The calyx is more or less deeply lobed, persistent and usually 

accrescent in fruit; lobes are valvate or imbricate in bud. The corolla is gamopetalous 

and caducous; its segments appear twisted in the bud. The androecium consists of 6 

to many stamens, which can be free or paired, on the base of the corolla tube, or in 

bundles on the receptacle. The anthers are basifixed and bilocular, dehiscing 

longitudinally. Male flowers typically contain a rudimentary ovary. Staminodes are 

commonly present in female flowers. The ovary is superior. The number of styles 

ranges from one to five. The fruits are indehiscent and can be fleshy, dry, or woody, 

containing 1 to many seeds. The endosperm can be ruminate or smooth (Phengklai, 

1981). 

 Diospyros species found in Thailand include the following: (Pooma and 

Suddee, 2014; POWO, 2023) 

1. D. andamanica (Kurz) Bakh.; พลับอันดา (phlap anda) 

2. D. apiculata Hiern; มะพลับไข่นก (ma phlap khai nok) 

3. D. areolata King & Gamble; มะพลับ (ma phlap) 

4. D. bambuseti H.R.Fletcher; มะเกลืออรัญ (ma kluea aran) 

5. D. bejaudii Lecomte; พลับดง (phlap dong) 
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6. D. blancoi A.DC.; มะริด (ma rit) 

7. D. borneensis Hiern; ขี้หนู (khi nu) 

8. D. brandisiana Kurz; ดำ (dam) 

9. D. buxifolia (Blume) Hiern; สั่งทำ (sang tham) 

10. D. castanea (Craib) H.R.Fletcher; ตะโกพนม (tako phanom) 

11. D. cauliflora Blume; เท้าแสนปม (thao saen pom) 

12. D. coaetanea H.R.Fletcher; ล่ำตาควาย (lam ta khwai) 

13. D. collinsiae Craib; พลับยอดดำ (phlap yot dam) 

14. D. confertiflora (Hiern) Bakh.; ลูกหัวนก (luk hua nok) 

15. D. curranii Merr.; รักดำ (rak dam) 

16. D. dasyphylla Kurz; จันเขา (chan khao) 

17. D. decandra Lour.; จัน (chan) 

18. D. defectrix H.R.Fletcher; พญารากดำ (phaya rak dam) 

19. D. dictyoneura Hiern; ดงน้ำ (dong nam) 

20. D. diepenhorstii Miq.; เนียน (nian) 

21. D. dumetorum W.W.Sm.; มะเกลือน้อย (ma kluea noi) 

22. D. dussaudii Lecomte 

23. D. ehretioides Wall. ex G.Don; ตับเต่าต้น (tap tao ton) 

24. D. ferrea (Willd.) Bakh.; ลำบิด (lam bit) 

25. D. filipendula Pierre ex Lecomte; ลำบิดดง (lam bit dong) 

26. D. frutescens Blume; พลับกล้วย (phlap kluai) 

27. D. fulvopilosa H.R.Fletcher; เนียน (nian) 

28. D. glandulosa Lace; กล้วยฤๅษี (kluai ruesi) 

29. D. gracilis H.R.Fletcher; มะเกลือกา (ma kluea ka) 

30. D. hasseltii Zoll.; ตะโกจัน (tako chan) 

31. D. insidiosa Bakh.; จันเขา (chan khao) 

32. D. kaki Thunb.; พลับจีน (phlap chin) 

33. D. kerrii Craib; มะพลับดง (ma phlap dong) 
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34. D. kurzii Hiern; พลับม่าน (phlap man) 

35. D. lanceifolia Roxb.; พลับหัวแข็ง (phlap hua khaeng) 

36. D. latisepala Ridl.; เทพพนม (thep phanom) 

37. D. littorea (R.Br.) Kosterm.; ขี้หนู (khi nu) 

38. D. longipilosa Phengklai; มะพลับขน (ma phlap khon) 

39. D. malabarica (Desr.) Kostel.; ตะโกสวน (tako suan) 

40. D. martabanica C.B.Clarke; พลับไข่เต่า (phlap khai tao) 

41. D. mollis Griff.; มะเกลือ (ma kluea) 

42. D. montana Roxb.; ตานดำ (tan dam) 

43. D. oblonga Wall. ex G.Don; โมรี (mori) 

44. D. pendula Hasselt ex Hassk.; อินป่า (in pa) 

45. D. phengklaii Duangjai, Sinbumr. & Suddee; มะพลับเพ็งคล้าย (ma phlap pheng klai) 

46. D. phuketensis Phengklai; พลับภูเก็ต (phlap phuket) 

47. D. phuwuaensis Duangjai, Rueangr. & Suddee; มะพลับภูวัว (ma phlap phu wua) 

48. D. pilosiuscula G.Don; หางหนู (hang nu) 

49. D. pyrrhocarpa Miq.; เนียน (nian) 

50. D. ranongensis Phengklai; พลับระนอง (phlap ranong) 

51. D. rhodocalyx Kurz; ตะโกนา (tako na) 

52. D. savannarum Kosterm. 

53. D. scalariformis H.R.Fletcher; พลับท้องขาว (phlap thong khao) 

54. D. schmidtii Craib 

55. D. scortechinii King & Gamble; ไข่นก (khai nok) 

56. D. sumatrana Miq.; ลักเคยลักเกลือ (lak khoei lak kluea) 

57. D. thaiensis Phengklai; มะพลับเล็บนาง (ma phlap lep nang) 

58. D. toposia Buch.-Ham.; ขา้วเม่าเหล็ก (khao mao lek) 

59. D. transitoria Bakh.; มะพลับทอง (ma phlap thong) 

60. D. trianthos Phengkhlai; สามเกลอ (sam kloe) 

61. D. truncata Zoll. & Moritzi; พลับน้อย (phlap noi) 
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62. D. undulata Wall. ex G.Don; พลับเขา (phlap khao) 

63. D. variegata Kurz; พญารากดำ (phaya rak dam) 

64. D. venosa Wall. ex A.DC.; จันดำ (chan dam) 

65. D. wallichii King & Gamble; ดำตะโก (dam tako) 

66. D. winitii H.R.Fletcher; มะพลับเจ้าคุณ (ma phlap chao khun) 

Several Diospyros species have commercial importance and economic value. 

For instance, D. kaki, commonly known as persimmon, is highly popular in Asia due 

to its delicious ripe fruit. Additionally, Ceylon ebony (D. ebenum) and East Indian 

ebony (D. melanoxylon) are utilized in construction work (Rauf et al., 2017). Ma klue 

(D. mollis) and Chan (D. decandra) are Diospyros species in Thailand which have 

been ethnomedicinally used as an anthelminthic and emmenagogue, respectively 

(Utsunomiya et al., 1998). Diospyros plants have diverse uses in folk medicine and 

contain interesting chemical constituents. 

The major compounds found in the genus Diospyros are triterpenoids and 

naphthoquinones which have been shown to possess various biological activities, 

such as cytotoxic, anti-inflammatory and immunomodulating activities. Several 

triterpenoids have been reported for their interesting antitumor and anti-

inflammatory effects. One of the remarkable compounds is betulinic acid, which has 

been extensively studied for its potential in anticancer drug development (Jiang et 

al., 2021). Examples of triterpenoids with anti-inflammatory property include lupeol, 

ursolic acid and oleanolic acid (Dzubak et al., 2006). A number of naphthoquinones 

were found to exhibit cytotoxic and anti-inflammatory activities, for example, β-

lapachone and plumbagin with cytotoxic activity and shikonin with anti-inflammatory 

activity (Aminin and Polonik, 2020; Rahman et al., 2022). Plumbagin were also found 

to exert an immunosuppressive effect on human T-cell acute lymphoblastic 

leukemia MOLT-4 cells (Bae et al., 2016). 
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Diospyros gracilis H.R.Fletcher, commonly known as "Ma kluea ka " or "Ka cha" 

in Thai, is an evergreen tree that can grow up to 5 meters tall. The leaves are 

lanceolate or oblong-lanceolate, 3-10 cm long and 1-3 cm wide, glabrous on both 

sides, with 8-10 pairs of secondary veins. The leaf base is cuneate, and the leaf apex 

is acuminate with bult tip. The flowers are unisexual. Male flowers are 4-merous, 

borne in a cymose inflorescence, and have broadly campanulate calyx, 2-3 mm long, 

urn-shaped corolla, 5-7 mm long, and 14-18 stamens with glabrous anthers. Female 

flowers are solitary, 4-merous, larger than the male flowers, and have two styles and 

a globose, 4-loculate ovary covered with coarse hairs. The fruit is a globose berry 

with a persistent calyx, 1.5-2 by 2-2.5 cm. The seeds have smooth endosperm 

(Phengklai, 1981). 

D. gracilis is distributed throughout central Thailand and Its fruits are utilized 

for dyeing net and clothes. Its wood is used in various woodworking applications 

(Phengklai, 1981). This plant is a native species in Thailand that has never been 

previously studied on phytochemicals and bioactivity. The objective of this research 

is to isolate and identify chemical constituents from the stem of D. gracilis, and to 

examine the bioactivity of isolated compounds. The plant may serve as a potential 

source of compounds with interesting bioactivities, which could lead to further 

investigations for drug development.  
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Figure 1. Diospyros gracilis H.R.Fletcher 
A. Tree     B. Leaves     C. Pollinated flowers     D. Fruits 

 

A. 

B. 

D. C. 
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CHAPTER II 

HISTORICAL 

1. Chemical Constituents of Diospyros Plants 

 A variety of Diospyros species have been extensively studied for their 

phytochemical composition, revealing a diverse array of compounds. Chemical 

constituents found in Diospyros plants are naphthoquinones, naphthalene 

derivatives, triterpenoids, steroids, flavonoids, coumarins, tannins, and others. 

Notably, naphthoquinones and triterpenoids are widely distributed and considered as 

major components within the Diospyros genus. 

1.1 Naphthoquinones 

The Diospyros genus is an abundant reservoir of 1,4-naphthoquinones, in 

contrast to a minimal presence of 1,2-naphthoquinones. This prominence of 1,4-

naphthoquinones can serve as a chemotaxonomic identifier for this genus. 1,4-

Naphthoquinones found in Diospyros plants exist as monomeric or oligomeric 

structures. Most of them are derivatives of plumbagin and 7-methyljuglone. The 

oligomers are formed by the combination of individual units, and can exist as dimers, 

trimers, or tetramers. These quinones exhibit various pharmacological activities, 

including antioxidant, antimicrobial, anti-inflammatory, and anticancer. In contrast, 

1,2-naphthoquinones are not prevalent in Diospyros plants as compared to their 1,4-

naphthoquinone counterparts. However, they still contribute to the overall chemical 

diversity within the genus and may possess interesting biological activities. The 

occurrence of naphthoquinones and naphthalene derivatives in Diospyros plants, 

reported in the literature from the year 2012 to present, is shown in Table 1. 
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Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros 

Compounds Species References 

1. Naphthoquinones   

plumbagin (1) D. anisandra 
D. bipindensis 
D. canaliculata 
D. ehretioides 
D. gracilipes 
D. lotus 
D. maritima 
D. oocarpa 
D. shimbaensis 
D. undulata 

Uc-Cachón et al., 2014 
Cesari et al., 2013 
Lenta et al., 2015 
Wosawat et al., 2021 
Rasamison et al., 2016 
Rauf et al., 2015, 2020  
Higa et al., 2017 
Dev and Rajarajeshwari, 2013 
Aronsson et al., 2016 
Suchaichit et al., 2018, 2021 

3-methylplumbagin (2) D. maritima Higa et al., 2017 

3-(2-hydroxyethyl) plumbagin (3) D. maritima Higa et al., 2017 

3-bromoplumbagin (4) D. maritima Higa et al., 2017 

3-chloroplumbagin (5) D. maritima Higa et al., 2017 

droserone (6) D. anisandra 
D. maritima 

Uc-Cachón et al., 2014 
Higa et al., 2017 

6-(1-ethoxyethyl) plumbagin (7) D. maritima Higa et al., 2017 

3-(5-oxohexyl) plumbagin (8) D. undulata Suchaichit et al., 2021 

5-methoxy-2-methyl-1,4-
naphthoquinone (9) 

D. burmanica Mori-Yasumoto et al., 2012 

5,8-dimethoxy-2-methyl-1,4-
naphthoquinone (10) 

D. burmanica Mori-Yasumoto et al., 2012 

3-hydroxy-5-methoxy-2-methyl-1,4-
naphthoquinone (11) 

D. burmanica Mori-Yasumoto et al., 2012 

2-hydroxymethyl-5-methoxy-1,4-
naphthoquinone (12) 

D. undulata Suchaichit et al., 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 

Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros (continued) 

Compounds Species . 

7-methyljuglone (13) D. lotus 
D. maritima 

Uddin et al., 2014 
Higa et al., 2017 

3-methoxy-7-methyljuglone (14) D. zenkeri Feusso et al., 2019 

β-dihydroplumbagin (15) D. maritima Higa et al., 2017 

7-methyl-β-dihydrojuglone (16) D. maritima Higa et al., 2017 

2,3-epoxyplumbagin (17) D. maritima Higa et al., 2017 

2,3-epoxy-7-methyljuglone (18) D. maritima Higa et al., 2017 

7-hydroxy-8-methoxy-2-methyl-1,4-
naphthoquinone (19) 

D. burmanica Mori-Yasumoto et al., 2012 

canaliculatin (20) D. bipindensis 
D. canaliculata 

Cesari et al., 2013 
Lenta et al., 2015 

canaliculin (21) D. canaliculata Lenta et al., 2015 

ismailin (22) D. bipindensis 
D. canaliculata 

Cesari et al., 2013 
Lenta et al., 2015 

makluoside B (23) D. mollis Suwama et al., 2018 

3,3′-biplumbagin (24) D. anisandra 
D. ehretioides 
D. maritima 
D. shimbaensis 
D. undulata 

Uc-Cachón et al., 2014 
Wosawat et al., 2021 
Higa et al., 2017 
Aronsson et al., 2016 
Suchaichit et al., 2018, 2021 

7,7′-biplumbagin (25) D. undulata Suchaichit et al., 2018, 2021 

burmanin A (26) D. burmanica Mori-Yasumoto et al., 2012 

burmanin B (27) D. burmanica Mori-Yasumoto et al., 2012 

burmanin C (28) D. burmanica Mori-Yasumoto et al., 2012 

chitranone (29) D. anisandra 
D. maritima 

Uc-Cachón et al., 2014 
Higa et al., 2017 

2,7′-dimethyl-2′,3-bijuglone (30) D. maritima Higa et al., 2017 
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Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros (continued) 

Compounds Species Reference 

2,7′-dimethyl-3,3′-bijuglone (31) D. maritima Higa et al., 2017 

mamegakinone (32) D. maritima Higa et al., 2017 

di-naphthodiospyrol A (33) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol B (34) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol C (35) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol D (36) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol E (37) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol F (38) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

di-naphthodiospyrol G (39) D. lotus Aljohny et al., 2021; 
Bawazeer and Rauf, 2021 

diospyrin (40) D. lotus 
 
D. melanoxylon 
D. montana 
D. oocarpa 

Uddin et al., 2014; Bawazeer 
and Rauf, 2021 
Sharma et al., 2018 
Sharma, 2017 
Dev and Rajarajeshwari, 2013 

8-hydroxydiospyrin (41) D. lotus Uddin et al., 2014; Bawazeer 
and Rauf, 2021 

diospyrin-2′-(2-epoxy-3-methyl-
butanoate) (42) 

D. montana Sharma, 2017 

diospyrin-2′-(2-hydroxy-propanoate) (43) D. montana Sharma, 2017 

diospyrin-3′-(2-hydroxy-propanoate) (44) D. montana Sharma, 2017 
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Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros (continued) 

Compounds Species Reference 

ehretione (45) D. maritima Higa et al., 2017 

elliptinone (46) D. anisandra 
D. gracilipes 
D. maritima 

Uc-Cachón et al., 2014 
Rasamison et al., 2016 
Higa et al., 2017 

3,8′-biplumbagin (47) D. maritima Higa et al., 2017 

2,7′-dimethyl-6,8′-bijuglone (48) D. maritima Higa et al., 2017 

maritinone (49) D. anisandra 
D. ehretioides 
D. maritima 
D. undulata 

Uc-Cachón et al., 2014 
Wosawat et al., 2021 
Higa et al., 2017 
Suchaichit et al., 2018, 2021 

isodiospyrin (50) D. ehretioides 
D. fleuryana 
D. undulata 

Wosawat et al., 2021 
Ha et al., 2020 
Suchaichit et al., 2018, 2021 

8′-hydroxyisodiospyrin (51) D. fleuryana 
D. oocarpa 

Ha et al., 2020 
Dev and Rajarajeshwari, 2013 

neodiospyrin (52) D. maritima Higa et al., 2017 

isozeylanone (53) D. maritima Higa et al., 2017 

methylene-3,3′-biplumbagin (54) D. maritima Higa et al., 2017 

ethylidene-3,3′-biplumbagin (55) D. maritima Higa et al., 2017 

ethylidene-3,6′-biplumbagin (56) D. maritima Higa et al., 2017 

ethylidene-6,6′-biplumbagin (57) D. maritima Higa et al., 2017 

2′,7-dimethyl-3,6′-ethylidenebijuglone 
(58) 

D. maritima Higa et al., 2017 

7,7′-dimethyl-3,3′-ethylidenebijuglone 
(59) 

D. maritima Higa et al., 2017 

8,8′-oxo-biplumbagin (60) D. shimbaensis Aronsson et al., 2016 

zeylanone epoxide (61) D. anisandra Uc-Cachón et al., 2014 
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Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros (continued) 

Compounds Species Reference 

isoxylospyrin (62) D. maritima Higa et al., 2017 

2. Naphthalene derivatives   

8-methoxy-3-methyl-1-naphthalenol 
(63) 

D. burmanica Mori-Yasumoto et al., 2012 

2,8-dimethoxy-3-methyl-1-
naphthalenol (64) 

D. burmanica Mori-Yasumoto et al., 2012 

4,8-dimethoxy-3-methyl-1-
naphthalenol (65) 

D. burmanica Mori-Yasumoto et al., 2012 

5,8-dimethoxy-3-methyl-1-
naphthalenol (66) 

D. burmanica Mori-Yasumoto et al., 2012 

4-hydroxy-5-methoxy-2-
naphthaldehyde (67) 

D. burmanica 
D. oocarpa 

Mori-Yasumoto et al., 2012 
Dev and Rajarajeshwari, 2013 

4-hydroxy-3,5-dimethoxy-2-
naphthaldehyde (68) 

D. oocarpa Dev and Rajarajeshwari, 2013 

5-hydroxy-4-methoxy-2-
naphthaldehyde (69) 

D. oocarpa Dev and Rajarajeshwari, 2013 

(1,4,5-trimethoxynaphthalen-2-yl) 
methyl acetate (70) 

D. ehretioides Wosawat et al., 2021 

7-methyl-1-methoxy-5-hydroxy-
naphthalene-4-O-[(5′′-O-galloyl-β-D-

apiofuranosyl-(1′→6′)]-β-D-
glucopyranoside (71) 

D. soubreana Boué et al., 2018 

diospyrol 8-O-(6β-D-apiofuranosyl-β-D-
glucopyranosyl)-8′-O-β-D-
glucopyranoside (72) 

D. mollis Suwama et al., 2018 

diospyrol 8,8′-di-O-(6β-D-apiofuranosyl-
β-D-glucopyranoside) (73) 

D. mollis Suwama et al., 2018 
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Table 1. Distribution of naphthoquinones and naphthalene derivatives in the genus 
Diospyros (continued) 

Compounds Species Reference 

makluoside A (74) D. mollis Suwama et al., 2018 

makluoside C (75) D. mollis Suwama et al., 2018 

makluoside D (76) D. mollis Suwama et al., 2018 

makluoside E (77) D. mollis Suwama et al., 2018 

fragranone (78) D. fragrans Tameye et al., 2022 

cis-isoshinanolone (79) D. anisandra Uc-Cachón et al., 2014 

cis-isoshinanolone (79) D. ehretioides 
D. shimbaensis 
D. undulata 

Wosawat et al., 2021 
Aronsson et al., 2016 
Suchaichit et al., 2018, 2021 

trans-isoshinanolone (80) D. ehretioides 
D. shimbaensis 

Wosawat et al., 2021 
Aronsson et al., 2016 

cis-isoshinanolone-4-acetate (81) D. undulata Suchaichit et al., 2018, 2021 

3,4-dihydro-4β-hydroxy-5,6-dimethoxy-
2α-methyl-1(2H)-naphthalenone (82) 

D. undulata Suchaichit et al., 2018 
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 R1 R2 
5-methoxy-2-methyl-1,4-naphthoquinone (9) H H 
5,8-dimethoxy-2-methyl-1,4-naphthoquinone (10) H OCH3 
3-hydroxy-5-methoxy-2-methyl-1,4-naphthoquinone (11) OH H 
 

6-(1-ethoxyethyl) plumbagin (7) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3-(5-oxohexyl) plumbagin (8) 

 R 
plumbagin (1) H 
3-methylplumbagin (2) CH3 
3-(2-hydroxyethyl) plumbagin (3) CH2CH2OH 
3-bromoplumbagin (4) Br 
3-chloroplumbagin (5) Cl 
droserone (6) OH 
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 R1 R2 
2,3-epoxyplumbagin (17) H CH3 
2,3-epoxy-7-methyljuglone (18) CH3 H 
 

7-hydroxy-8-methoxy-2-methyl-1,4-naphthoquinone (19) 

2-hydroxymethyl-5-methoxy-1,4-naphthoquinone (12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

β-dihydroplumbagin (15) 

 R 
7-methyljuglone (13) H 
3-methoxy-7-methyljuglone (14) OCH3 
 

7-methyl-β-dihydrojuglone (16) 
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 R 
canaliculatin (20) H 
canaliculin (21) CH3 
 

makluoside B (23) 

ismailin (22) 
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burmanin A (26) 

 R 
burmanin B (27) H 
burmanin C (28) OCH3 
 

7,7′-biplumbagin (25) 

3,3′-biplumbagin (24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19 

chitranone (29) 

mamegakinone (32) 
 

 R1 R2 R3 R4 
2,7′-dimethyl-2′,3-bijuglone (30) H CH3 H OH 
2,7′-dimethyl-3,3′-bijuglone (31) OH H CH3 H 
 

 R1 R2 R3 
di-naphthodiospyrol A (33) H OCH3 OH 
di-naphthodiospyrol B (34) OH H OH 
di-naphthodiospyrol C (35) H H OH 
di-naphthodiospyrol D (36) OCH3 OCH3 OH 
di-naphthodiospyrol E (37) OH OH OCH3 
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 R1 R2 
di-naphthodiospyrol F (38) H OH 
di-naphthodiospyrol G (39) OH OCH3 
 

 R 
diospyrin (40) H 
8-hydroxydiospyrin (41) OH 
 

 

 

 

 

 

 

 

 

  

diospyrin-2′-(2-epoxy-3-methyl-butanoate) (42) 

diospyrin-2′-(2-hydroxy-propanoate) (43) 
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ehretione (45) 

elliptinone (46) 

3,8′-biplumbagin (47) 

 

 

 

 

 

 

  

diospyrin-3′-(2-hydroxy-propanoate) (44) 
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2,7′-dimethyl-6,8′-bijuglone (48) 

maritinone (49) 

isodiospyrin (50) 

8′-hydroxyisodiospyrin (51) 

neodiospyrin (52) 
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isozeylanone (53) 

methylene-3,3′-biplumbagin (54) 

ethylidene-3,3′-biplumbagin (55) 

ethylidene-3,6′-biplumbagin (56) 
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7,7′-dimethyl-3,3′-ethylidenebijuglone (59) 

2′,7-dimethyl-3,6′-ethylidenebijuglone (58) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ethylidene-6,6′-biplumbagin (57) 

8,8′-oxo-biplumbagin (60) 
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 R1 R2 R3 
8-methoxy-3-methyl-1-naphthalenol (63) H H H 
2,8-dimethoxy-3-methyl-1-naphthalenol (64) OCH3 H H 
4,8-dimethoxy-3-methyl-1-naphthalenol (65) H OCH3 H 
5,8-dimethoxy-3-methyl-1-naphthalenol (66) H H OCH3 
 

isoxylospyrin (62) 

zeylanone epoxide (61) 
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7-methyl-1-methoxy-5-dihydroxy-naphthalene-4-O-[(5′′-O-galloyl-β-D-

apiofuranosyl-(1′→6′)]-β-D-glucopyranoside (71) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1,4,5-trimethoxynaphthalen-2-yl) methyl acetate (70) 

 R1 R2 R3 
4-hydroxy-5-methoxy-2-naphthaldehyde (67) OCH3 OH H 
4-hydroxy-3,5-dimethoxy-2-naphthaldehyde (68) OCH3 OH OCH3 
5-hydroxy-4-methoxy-2-naphthaldehyde (69) OH OCH3 H 
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 R1 R2 
diospyrol 8-O-(6-β-D-apiofuranosyl-β-D-
glucopyranosyl)-8′-O-β-D-glucopyranoside (72)  

H H 

diospyrol 8,8′-di-O-(6-β-D-apiofuranosyl-β-D-
glucopyranoside) (73) 

apiofuranosyl H 

makluoside A (74) apiofuranosyl xylopyranosyl 
 

 R 
makluoside C (75) H 
makluoside D (76) xylopyranosyl 
makluoside E (77) apiofuranosyl 
 

 

 

 

 

 

 

 

 

 

 

 

 

fragranone (78) 
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3,4-dihydro-4β-hydroxy-5,6-dimethoxy-2α-methyl-1(2H)-naphthalenone (82) 

 R 
cis-isoshinanolone (79) OH 
cis-isoshinanolone-4-acetate (81) OAc 
 

trans-isoshinanolone (80) 
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1.2 Triterpenoids 

Triterpenoids are a class of natural compounds characterized by their core 

stucture constructed from six isoprene units. Diospyros plants, known for their 

significant content of triterpenoids, have captured scientific attention due to their 

diverse and beneficial pharmacological properties. These plants are known to contain 

different types of triterpenoids, such as lupane, ursane, oleanane, friedelane, 

taraxerane and cycloartane. Each type exhibits interesting biological activities. For 

example, betulinic acid, a lupane-type triterpenoid, has shown various biological 

activities such as anti-cancer, anti-malarial, anti-inflammatory, and anti-viral (Ali-Seyed 

et al., 2016). The ursane-type ursolic acid displayed anti-inflammatory, 

hepatoprotective, cardioprotective, anti-tumor, and neuroprotective effects (Pironi et 

al., 2018), while the oleanane-type oleanolic acid has shown interesting biological 

activities such as hepatoprotective, anti-tumor, anti-inflammatory and anti-obesity 

(Feng et al., 2020). The distribution of triterpenoids in the genus Diospyros, 

summarized from reported data in the literature from the year 2012 to present, is 

shown in Table 2. 
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Table 2. Distribution of triterpenoids in the genus Diospyros 

Compounds Species References 

1.  Acyclic type   

squalene (83) D. virginiana Priya et al., 2014 

2. Cycloartane type   

cycloart-24-en-3β,26-diol (84) D. mannii Feusso et al., 2017 

(24E)-3-hydroxycycloart-24-en-26-al (85) D. mannii Feusso et al., 2017 

mangiferolic acid (86) D. mannii Feusso et al., 2017 

3β,23-dihydroxy-cycloart-24E-en-26-oic 
acid (87) 

D. mannii Feusso et al., 2017 

conocarpol (88) D. conocarpa Feusso et al., 2016 

(24E)-cycloart-24-en-26-ol-3-one (89) D. mannii Feusso et al., 2017 

(24E)-3-oxocycloart-24-en-26-al (90) D. mannii Feusso et al., 2017 

mangiferonic acid (91) D. mannii Feusso et al., 2017 

3. Norcycloartane type   

4,4,14-trimethyl-9,19-cyclocholane-
3β,24-diol (92) 

D. mannii Feusso et al., 2017 

4. Friedelane type   

friedelinol (93) D. filipendula Wisetsai et al., 2021 

friedelin (94) D. collinsae 
 
D. filipendula 
D. undulata 

Bumroong and 
Thanakijcharoenpath, 2016 
Wisetsai et al., 2021 
Suchaichit et al., 2018, 2021 

5. Friedo-oleanane type   

3β-hydroxy-D:B-friedo-olean-5-ene (95) D. burmanica Choi et al., 2015 

6. Lupane type   

lupeol (96) D. burmanica 
D. collinsae 
 

Choi et al., 2015 
Bumroong and 
Thanakijcharoenpath, 2016 
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Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

lupeol (96) D. conocarpa 
D. ehretioides 
D. fragrans 
D. gilletii 
D. gracilescens 
D. longiflora 
D. lotus 
D. melanoxylon 
D. mollis 
D. oocarpa 
D. soubreana 
D. undulata 
D. zenkeri 

Feusso et al., 2016 
Wosawat et al., 2021 
Tameye et al., 2022 
Tameye et al., 2020 
Njanpa et al., 2021 
Dongmo et al., 2018 
Uddin et al., 2014 
Sharma et al., 2018 
Suwama et al., 2018 
Dev and Rajarajeshwari, 2013 
Blanchard et al., 2018 
Suchaichit et al., 2021 
Feusso et al., 2019 

lupeol acetate (97) D. soubreana Blanchard et al., 2018 

lupeol caffeate (98) D. mollis Suwama et al., 2018 

betulin (99) D. canaliculata 
D. carbonaria 
D. collinsae 
 
D. conocarpa 
D. discolor 
D. ehretioides 
D. gilletii 
D. gracilescens 
D. iturensis 
D. longiflora 
D. mannii 
D. melanoxylon 

Lenta et al., 2015 
Peyrat et al., 2017 
Bumroong and 
Thanakijcharoenpath, 2016 
Feusso et al., 2016 
Somat et al., 2020 
Wosawat et al., 2021 
Tameye et al., 2020 
Njanpa et al., 2021 
Feusso et al., 2020 
Dongmo et al., 2018 
Feusso et al., 2017 
Sharma et al., 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

33 

Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

betulin (99) D. mollis 
D. undulata 
D. zenkeri 

Suwama et al., 2018 
Suchaichit et al., 2018, 2021 
Feusso et al., 2019 

28-O-acetylbetulin (100) D. ehretioides 
D. undulata 

Wosawat et al., 2021 
Suchaichit et al., 2018 

betulinaldehyde (101) D. glans 
D. oocarpa 

Peyrat et al., 2016 
Dev and Rajarajeshwari, 2013 

betulinic acid (102) D. bipindensis 
D. canaliculata 
D. carbonaria 
D. collinsae 
 
D. conocarpa 
D. discolor 
D. ehretioides 
D. filipendula 
D. fragrans 
D. gilletii 
D. glans 
D. gracilescens 
D. iturensis 
D. kaki 
D. longiflora 
D. lotus 
D. mannii 
D. melanoxylon 
D. mollis 
D. soubreana 

Cesari et al., 2013 
Lenta et al., 2015 
Peyrat et al., 2017 
Bumroong and 
Thanakijcharoenpath, 2016 
Feusso et al., 2016 
Somat et al., 2020 
Wosawat et al., 2021 
Wisetsai et al., 2021 
Tameye et al., 2022 
Tameye et al., 2020 
Peyrat et al., 2016 
Njanpa et al., 2021 
Feusso et al., 2020 
Kim et al., 2016 
Dongmo et al., 2018 
Uddin et al., 2014 
Feusso et al., 2017 
Sharma et al., 2018 
Suwama et al., 2018  
Blanchard et al., 2018 
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Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

betulinic acid (102) D. undulata 
D. zenkeri 

Suchaichit et al., 2018, 2021 
Feusso et al., 2019 

3-O-trans-caffeoylbetulinic acid (103) D. ehretioides Wosawat et al., 2021 

alphitolic acid (104) D. mannii Feusso et al., 2017 

3-O-cis-p-coumaroylalphitolic acid (105) D. carbonaria Peyrat et al., 2017 

3-O-trans-p-coumaroylalphitolic acid 
(106) 

D. carbonaria 
D. filipendula 

Peyrat et al., 2017 
Wisetsai et al., 2021 

eucalyptic acid (107) D. carbonaria Peyrat et al., 2017 

lupenone (108) D. gracilipes 
D. mollis 

Rasamison et al., 2016 
Suwama et al., 2018 

betulonaldehyde (109) D. filipendula Wisetsai et al., 2021 

methyl lup-20(29)-en-3-on-28-oate 
(110) 

D. burmanica Choi et al., 2015 

O-trans-p-coumaroylcylicodiscic acid 
(111) 

D. mannii Feusso et al., 2017 

(3β)-3,23-dihydroxylup-20(29)-en-28-oic 
acid (112) 

D. glans Peyrat et al., 2016 

(3β)-3,23-dihydroxylup-12,20(29)-dien-
28-oic acid (113) 

D. glans Peyrat et al., 2016 

3β,28,30-lup-20(29)-ene triol (114) D. zenkeri Feusso et al., 2019 

lup-20 (29)-ene-3α,6 β-diol (115) D. melanoxylon Sharma et al., 2018 

messagenin (116) D. zenkeri Feusso et al., 2019 

7. Oleanane type   

β-amyrin (117) D. burmanica 
D. iturensis 
D. soubreana 

Choi et al., 2015 
Feusso et al., 2020 
Blanchard et al., 2018 

β-amyrin acetate (118) D. fragrans Tameye et al., 2022 
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Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

oleanolic acid (119) D. fragrans 
D. kaki 
D. melanoxylon 

Tameye et al., 2022 
Zhang et al., 2018 
Sharma et al., 2018 

hederagenin (120) D. fragrans 
D. mannii 

Tameye et al., 2022 
Feusso et al., 2017 

β-amyrenone (121) D. iturensis Feusso et al., 2020 

aridanin (122) D. conocarpa Feusso et al., 2016 

kakisaponin VII (123) D. kaki Zhang et al., 2018 

ryobunin C (124) D. kaki Zhang et al., 2018 

2α, 3α, 19α, 24- tetrahydroxyolea-12-
en-28-oic acid-β-D-glucopyranosyl ester 
(125) 

D. kaki Zhang et al., 2018 

kakisaponin IV (126) D. kaki Zhang et al., 2018 

8. Taraxerane type   

3β-taraxerol (127) D. filipendula 
D. gracilipes 

Wisetsai et al., 2021 
Rasamison et al., 2016 

taraxeryl acetate (128) D. filipendula Wisetsai et al., 2021 

3β-E-coumaroyltaraxerol (129) D. gracilipes Rasamison et al., 2016 

3α-taraxerol (130) D. gracilipes Rasamison et al., 2016 

9. Ursane type   

α-amyrin (131) D. burmanica 
D. soubreana 

Choi et al., 2015 
Blanchard et al., 2018 

uvaol (132) D. fragrans 
D. iturensis 

Tameye et al., 2022 
Feusso et al., 2020 

ursolic acid (133) D. discolor 
D. fragrans 
D. gilletii 

Somat et al., 2020 
Tameye et al., 2022 
Tameye et al., 2020 
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Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

ursolic acid (133) D. gracilipes 
D. iturensis 
D. melanoxylon 
D. zenkeri 

Rasamison et al., 2016 
Feusso et al., 2020 
Sharma et al., 2018 
Feusso et al., 2019 

(3β)-3-(acetyloxy)-urs-12-en-28-oic acid 
(134) 

D. glans Peyrat et al., 2016 

corosolic acid (135) D. fragrans 
D. gilletii 
D. gracilipes 
D. iturensis 
D. kaki 

Tameye et al., 2022 
Tameye et al., 2020 
Rasamison et al., 2016 
Feusso et al., 2020 
Kim et al., 2016 

α-amyrenone (136) D. iturensis Feusso et al., 2020 

13,28-epoxyurs-11-ene-3,28-dione (137) D. glans Peyrat et al., 2016 

myrtifolic acid (138) D. fragrans Tameye et al., 2022 

11-oxo-acetyl ursolic acid (139) D. glans Peyrat et al., 2016 

actinidic acid (140) D. iturensis Feusso et al., 2020 

kakisaponin A (141) D. kaki Zhang et al., 2018 

2α, 3α, 19α, 23- tetrahydroxyurs-12-
en-28-oic acid-O-β-D-glucopyranosyl 
ester (142) 

D. kaki Zhang et al., 2018 

2α, 3α, 19α, 24-tetrahydroxyurs-12- 
en-28-oic acid-28-O-β-D-glucopyranosyl 
ester (143) 

D. kaki Zhang et al., 2018 

rotungenic acid 28-O-α-L-

rhamnopyranosyl-(1→2)-β-D-
glucopyranoside (144) 

D. kaki Zhang et al., 2018 

niga-ichigoside F1 (145) D. kaki Zhang et al., 2018 
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Table 2. Distribution of triterpenoids in the genus Diospyros (continued) 

Compounds Species References 

28-O-α-L-rhamnopyranosyl(1→2)-β-D-
glucopyranoside tormentic acid ester 
(146) 

D. kaki Zhang et al., 2018 

vismiaefolic acid (147) D. fragrans Tameye et al., 2022 

kakisaponin VI (148) D. kaki Zhang et al., 2018 

kakisaponin I (149) D. kaki Zhang et al., 2018 

kakisaponin III (150) D. kaki Zhang et al., 2018 

kakisaponin V (151) D. kaki Zhang et al., 2018 

kakisaponin B (152) D. kaki Zhang et al., 2018 

kakisaponin II (153) D. kaki Zhang et al., 2018 
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squalene (83) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

conocarpol (88) 

 R1 R2 
cycloart-24-en-3β,26-diol (84) H CH2OH 
(24E)-3-hydroxycycloart-24-en-26-al (85) H CHO 
mangiferolic acid (86) H COOH 
3β,23-dihydroxy-cycloart-24E-en-26-oic acid (87) OH COOH 
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friedelinol (93) 

 R 
(24E)-cycloart-24-en-26-ol-3-one (89) CH2OH 
(24E)-3-oxocycloart-24-en-26-al (90) CHO 
mangiferonic acid (91) COOH 
 

4,4,14-trimethyl-9,19-cyclocholane-3β,24-diol (92) 
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friedelin (94) 

 R1 R2 
lupeol (96) OH CH3 
lupeol acetate (97) OAc CH3 
lupeol caffeate (98) O-trans-caffeoyl CH3 
betulin (99) OH CH2OH 
28-O-acetylbetulin (100) OH OAc 
betulinaldehyde (101) OH CHO 
betulinic acid (102) OH COOH 
3-O-trans-caffeoylbetulinic acid (103) O-trans-caffeoyl COOH 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3β-hydroxy-D:B-friedo-olean-5-ene (95) 
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 R 
alphitolic acid (104) OH 
3-O-cis-p-coumaroylalphitolic acid (105) O-cis-p-coumaroyl 
3-O-trans-p-coumaroylalphitolic acid (106) O-trans-p-coumaroyl 
eucalyptic acid (107) O-trans-feruloyl 
 

 R 
lupenone (108) CH3 
betulonaldehyde (109) CHO 
methyl lup-20(29)-en-3-on-28-oate (110) COOCH3 
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(3β)-3,23-dihydroxylup-12,20(29)-dien-28-oic acid (113) 

(3β)-3,23-dihydroxylup-20(29)-en-28-oic acid (112) 

O-trans-p-coumaroylcylicodiscic acid (111) 
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lup-20 (29)-ene-3α,6β-diol (115) 

messagenin (116) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3β,28,30-lup-20(29)-ene triol (114) 
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 R1 R2 R3 
β-amyrin (117) OH CH3 CH3 
β-amyrin acetate (118) OAc CH3 CH3 
oleanolic acid (123) OH CH3 COOH 
hederagenin (121) OH CH2OH COOH 
 

aridanin (123) 

β-amyrenone (122) 
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 R1 R2 R3 R4 
kakisaponin VII (123) H H CH2OH H 
ryobunin C (124) H α-OH CH3 α-OH 
2α, 3α, 19α, 24-tetrahydroxyolea-12-en-28-oic acid-
β-D-glucopyranosyl ester (125) 

α-OH α-OH CH3 H 

 

kakisaponin IV (126) 
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 R1 R2 R3 
α-amyrin (131) H OH CH3 
uvaol (132) H OH CH2OH 
ursolic acid (133) H OH COOH 
(3β)-3-(acetyloxy)-urs-12-en-28-oic acid (134) H OAc COOH 
corosolic acid (135) α-OH OH COOH 
 

3α-taraxerol (130) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 R 
3β-taraxerol (127) OH 
taraxeryl acetate (128) OAc 
3β-E-coumaroyltaraxerol (129) O-trans-p-coumaroyl 
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α-amyrenone (136) 

13,28-epoxyurs-11-ene-3,28-dione (137) 

myrtifolic acid (138) 

11-oxo-acetyl ursolic acid (139) 
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 R1 R2 R3 
kakisaponin A (141) H CH2OH CH3 
2α, 3α, 19α, 23- tetrahydroxyurs-12-en-28-oic acid 
-O-β-D-glucopyranosyl ester (142) 

α-OH CH3 CH2OH 

2α, 3α, 19α, 24-tetrahydroxyurs-12- en-28-oic acid 
-28-O-β-D-glucopyranosyl ester (143) 

α-OH CH2OH CH3 

 

 

 

 

 

 

 

 

 

 

  

actinidic acid (140) 
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kakisaponin VI (148) 

  

 R1 R2 R3 R4 
rotungenic acid 28-O-α-L-rhamnopyranosyl-

(1→2)-β-D-glucopyranoside (144) 

H CH2OH CH3 Glc-Rha 

niga-ichigoside F1 (145) OH CH3 CH2OH Glc 

28-O-α-L-rhamnopyranosyl(1→2)-β-D-
glucopyranoside tormentic acid ester (146) 

OH CH3 CH3 Glc-Rha 

vismiaefolic acid (147) OH COOH CH3 H 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 

 R1 R2 
kakisaponin I (149) β-OH OH 
kakisaponin III (150) β-OH =O 
kakisaponin V (151) α-OH OH 
 

 R 
kakisaponin B (152) OH 
kakisaponin II (153) =O 
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2. Biological and Pharmacological Activities of Diospyros Plants 

Plants belonging to the Diospyros genus have been widely utilized in folk 

medicine for the treatment of various diseases. Previous studies on the chemical 

compounds isolated from this genus have revealed their remarkable biological and 

pharmacological activities. The interest in the activities of Diospyros species 

continues unabated, with recent findings enriching the existing knowledge and 

providing promising avenues for future research (Fareed et al., 2022; Ribeiro et al., 

2023). A summary on biological and pharmacological activities of Diospyros species, 

focusing on post-2012 research, is presented in Table 3. 
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Table 3. Biological and pharmacological activities of extracts from Diospyros species 

Species Part of plants Activity Reference 
D. bipindensis stem bark anti-inflammatory Cesari et al., 2013 

anti-microbial Cesari et al., 2013 
antioxidant Cesari et al., 2013 

D. canaliculata stem bark antiprotozoal Lenta et al., 2015 
D. carbonaria bark antiviral Peyrat et al., 2017 
D. discolor leaves and stem bark acetylcholinesterase 

inhibitory 
Somat et al., 2020 

D. dumetorum leaves xanthine oxidase 
inhibitory 

Deng et al., 2017 

D. fleuryana leaves cytotoxic Ha et al., 2020 
D. fragrans leaves antibacterial Tameye et al., 2022 
D. gracilescens trunk anti-leishmanial Njanpa et al., 2021 
D. gracilipes stems and leaves antimicrobial Rasamison et al., 2016 
D. iturensis leaves antioxidant Feusso et al., 2020 
D. longiflora stem bark antioxidant Dongmo et al., 2018 
D. lotus roots anti-nociceptive 

anti-inflammatory 
sedative 

Uddin et al., 2014 
Uddin et al., 2014 
Uddin et al., 2014 

D. shimbaensis stem and root bark cytotoxic Aronsson et al., 2016 
D. villosa leaves and stem bark antioxidant Adu et al., 2022 

antimicrobial Adu et al., 2022 
D. virginiana fruits antibacterial Rashed et al., 2014 

antifungal Rashed et al., 2014 
D. zenkeri leaves and twigs antioxidant Feusso et al., 2019 

antiproliferative Feusso et al., 2019 
lipoxygenase 
inhibitory 

Feusso et al., 2019 
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CHAPTER III 

EXPERIMENTAL 

1. Source of Plant Material 

The stem of Diospyros gracilis H.R. Fletcher were collected from Suan Luang 

Rama IX Royal Botanical Garden, Bangkok, Thailand on May 30, 2019. The plant was 

identified by Asst. Prof. Thaya Jenjittikul, Department of Plant Science, Faculty of 

Science, Mahidol University, Bangkok, and the voucher specimen was prepared and 

deposited at the Museum of Natural Medicine, Faculty of Pharmaceutical Sciences, 

Chulalongkorn University for future reference and verification. 

2. General Techniques 

2. 1 Chromatographic Technique 

2.1.1 Thin-Layer Chromatography (TLC) 

Technique One dimension, ascending 

Adsorbent Silica gel 60 F254 (E. Merck) precoated plates 

Layer thickness 0.2 mm 

Distance 5 cm 

Temperature 25-35 °C (laboratory temperature) 

Detection 1) Visual detection under daylight 

2) Ultraviolet light (254 and 365 nm) 

3) Spraying with 10% sulfuric acid in ethanol 

and heating at 110 °C for 5-10 minutes 

4) Spraying with Liebermann-Burchard reagent 

and heating at 100 °C for 5-10 minutes, then 

detected under UV 365 nm 
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2.1.2 Column Chromatography (CC) 

Column Flat bottom glass column (assorted diameters) 

Adsorbent S ilica gel 60 (No . 9385 , E . M erck) w ith  a 

particle size of 0.040-0.063 mm (230 - 400 

mesh ASTM) 

Packing method Wet packing 

Sample loading 1) dry packing  

The sam ple was d issolved in  a m in im al 

amount of organic solvent, mixed with a small 

quantity of adsorbent, triturated, dried and 

then deposited on the top of the column. 

2) Wet packing 

 The sam ple w as d isso lved in  a lim ited 

volume of the eluent, then placed at the top 

of the column. 

2.2 Spectroscopy 

2.2.1 Infrared (IR) Absorption Spectra 

Infrared (IR) spectra were acquired on a Bruker Alpha FTIR spectrometer with 

Platinum-ATR module (Pharma Nueva, Bangkok, Thailand). 

2.2.2 Mass Spectra 

Direct analysis in real time (DART) - time of flight (TOF) mass spectra were 

acquired on a JEOL AccuTOFTM LC-plus JMS-T100LP (Faculty of Science, 

Chulalongkorn University). 

2.2.3 Proton and Carbon-13 Nuclear Magnetic Resonance (1H and 13C NMR) Spectra 
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1H NMR and 13C NMR spectra were acquired on a Bruker Ascend 400 MHz NMR 

spectrometer (Faculty of Pharmaceutical Sciences, Chulalongkorn University). 

The NMR solvent used in the experiment was CDCI3. The chemical shifts were 

reported in ppm, using the chemical shift of the solvent as the reference signal. 

2.3 Solvent 

All organic solvents used in this research work were of commercial grade and 

were redistilled prior to use. 

3. Extraction and Isolation 

3.1 Extraction 

Dried and powdered stems of Diospyros gracilis (1.5 kg) were macerated with 

methanol (12 L x 5, 3 days each) at room temperature. The resulting extracts were 

combined and evaporated under reduced pressure to yield 147.0 g of dried crude 

methanol extract (9.8% of dry plant weight). The crude extract was suspended in 

water and then partitioned with hexane (300 mL x 15) to yield hexane extract (10.9 g, 

0.7% of dry weight). The remaining aqueous layer was further partitioned with EtOAc 

(300 mL x 7) and then BuOH (4 mL x 4) to yield EtOAc extract (12.2 g, 0.8% of dry 

weight) and BuOH extract (23.0 g, 1.5% of dry weight), along with an aqueous 

methanol extract (75.9 g, 5.1% of dry weight).  
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Scheme 1. Extraction of D. gracilis stem  

Partition with BuOH 

BuOH extract 

(23.0 g) 

Aqueous MeOH extract 

(75.9 g) 

Dried, powdered stem of D. gracilis (1.5 kg) 

Macerate with methanol (12 L X 5) 

MeOH extract (147.0 g) 

- Suspend in H2O 
- Partition with hexane 

Hexane extract 

(10.9 g) 

Aqueous phase 

 Partition with EtOAc 

EtOAc extract 

(12.2 g) 

Aqueous phase 

Marc 
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3.2 Isolation 

A portion of the EtOAc extract (10.0 g) was fractionated on a silica gel column 

(400 g, 10 x 14 cm) which was eluted with a series of CH2Cl2-MeOH mixtures of 

increasing polarity, ranging from CH2Cl2-MeOH (1:0) to CH2Cl2-MeOH (13:7). A total of 

80 fractions (50 mL each) were collected and combined into fourteen major fractions 

(E1-E14) based on their TLC patterns, as shown in Table 4. Afterward, the column 

was washed down with MeOH. 

Table 4. Combined fractions from the EtOAc extract 

Fraction Number of eluates Weight (g) 
E1 1-2 0.02 
E2 3-4 0.04 
E3 5-6 0.05 
E4 7-11 0.17 
E5 12-13 0.08 
E6 14-22 0.23 
E7 23-28 0.15 
E8 29-31 0.18 
E9 32-34 0.47 
E10 35-39 1.18 
E11 40-49 2.78 
E12 50-59 0.62 
E13 60-74 1.15 
E14 75-80 0.34 

MeOH eluate  1.95 

1. Isolation of Compounds DG01 - DG04 

Fraction E6 (0.23 g) was subjected to silica gel column chromatography. The 

column (60 g, 3 x 18 cm) was eluted with gradient mixtures of CH2Cl2-MeOH 

(1:0→4:1). Twenty-one fractions (50 ml each) were collected and then combined 
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based on their TLC patterns into five major fractions (E6A-E6E) as shown in Table 5. 

The column was then washed down with MeOH. 

Table 5. Combined fractions from E6 
Fraction Number of eluates Weight (mg) 

E6A 1-2 115.9 

E6B 3 6.6 

E6C 4-6 75.7 

E6D 7-9 18.9 

E6E 10-21 14.0 

MeOH eluate  12.3 

Fraction E6A (115.9 mg) was subjected to silica gel column chromatography. 

The column (4 g, 1 x 11 cm) was eluted with hexane - EtOAc (19:1). A total of 26 

fractions (2 ml each) were collected and then combined based on their TLC patterns 

into eight major fractions (E6A1-E6A8) as shown in Table 6. The column was then 

washed down with MeOH. 

Table 6. Combined fractions from E6A 

Fraction Number of eluates Weight (mg) 

E6A1 1-5 5.3 

E6A2 6-7 0.9 

E6A3 8-9 1.3 

E6A4 10 3.1 

E6A5 11-12 3.6 

E6A6 13-15 17.9 

E6A7 16-22 68.4 

E6A8 23-26 1.5 

MeOH Eluate  12.7 
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Compound DG01 (5.3 mg) was obtained as colorless needles from fraction 

E6A1 after removal of the eluent. The compound gave a pale orange spot with 10% 

sulfuric acid in ethanol reagent and a blue fluorescent spot under UV 365 nm upon 

detection with Liebermann-Burchard reagent. 

Compound DG02 (3.1 mg) was obtained as white amorphous powder from 

fraction E6A4 after removal of the eluent. The compound gave an orange spot with 

10% sulfuric acid in ethanol reagent and a blue fluorescent spot under UV 365 nm 

upon detection with Liebermann-Burchard reagent. 

Compound DG03 (68.4 mg) was obtained as colorless needles from fraction 

E6A7 after removal of the eluent. The compound gave a reddish orange spot with 

10% sulfuric acid in ethanol reagent and a pink fluorescent spot under UV 365 nm 

upon detection with Liebermann-Burchard reagent. 

After the eluent was removed from fraction E6D, compound DC04 (18.9 mg) 

was obtained as colorless needle crystals which gave a brownish purple spot with 

10% sulfuric acid in ethanol reagent and a blue fluorescent spot when detected with 

Liebermann-Burchard reagent under UV 365 nm. 

2. Isolation of Compound DG05 

Fraction E11 (2.78 g) was separated on a silica gel column (150 g, 4.6 x 17 

cm). Elution was carried out with progressively increasing polarity, ranging from a 

CH2Cl2-EtOAc-MeOH ratio of 1:0:0 to 0:1:4. A total of 104 fractions (50 ml each) were 

collected and then combined into six major fractions (E11A-E11F) based on their TLC 

patterns, as shown in Table 7. The column was then washed down with MeOH. 
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Table 7. Combined fractions from E11. 

Fraction Number of eluates Weight (mg) 

E11A 1-5 3.8 

E11B 6-15 26.6 

E11C 16-72 666.8 

E11D 73-86 176.3 

E11E 87-98 571.8 

E11F 99-104 81.3 

MeOH Eluate  32.3 

Fraction E11C (666.8 mg) was purified by recrystallization in methanol to give 

compound DG05 (401.3 mg) as colorless needles. This compound gave a reddish 

purple color with 10% sulfuric acid in ethanol reagent and a light blue fluorescent 

spot under UV 365 nm upon detection with Liebermann-Burchard reagent. 

3. Isolation of Compound DG06 

Fraction E4 (0.17 g) was chromatographed on a silica gel column (50 g, 3 x 14 

cm), eluted with mixtures of increasing polarity ranging from CH2Cl2-MeOH (1:0) to 

CH2Cl2-MeOH (9:1). A total of 14 fractions (50 ml each) were collected and then 

combined into four major fractions (E4A-E4D) based on their TLC patterns, as shown 

in Table 8. The column was then washed down with MeOH. 

Table 8. Combined fractions from E4 

Fraction Number of eluates Weight (mg) 

E4A 1-3 26.2 

E4B 4 38.7 

E4C 5-9 no data* 

E4D 10-14 7.4 

MeOH Eluate  13.9 

* The weight measurement before combining with fraction E5B was omitted. 
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Fraction E5 (76.5 mg) was processed through column chromatography on a 

silica gel column (50 g, 3 x 15 cm). The column was eluted with mixtures of 

increasing polarity, ranging from CH2Cl2-MeOH (1:0) to CH2Cl2-MeOH (9:1). A total of 14 

fractions (50 ml each) were collected and then combined into four major fractions 

(E5A-E5D) based on their TLC patterns, as shown in Table 9. The column was then 

washed down with MeOH. 

Table 9. Combined fractions from E5 

Fraction Number of eluates Weight (mg) 

E5A 1 0.9 

E5B 2-4 no data* 

E5C 5-8 3.6 

E5D 9-14 3.8 

MeOH Eluate  10.9 

* The weight measurement before combining with fraction E4C was omitted. 

Fractions E4C and E5B which showed similar TLC patterns were combined 

(156.5 mg) and then separated on a silica gel column (4 g, 1 x 10.5 cm), eluted with 

hexane - EtOAc (95:5). A total of 15 fractions (2 ml each) were collected and then 

combined into five major fractions [E(4C5B)1-E(4C5B)5], as shown in Table 10. The 

column was then washed down with MeOH. 

Table 10. Combined fractions from E(4C5B) 

Fraction Number of eluates Weight (mg) 

E(4C5B)1 1-3 2.7 

E(4C5B)2 4-5 5.1 

E(4C5B)3 6-9 113.6 

E(4C5B)4 10-12 18.3 

E(4C5B)5 13-15 3.2 

MeOH Eluate  6.1 
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Compound DG06 (3.2 mg) was obtained from fraction E(4C5B)5 as a white 

amorphous powder after removal of the eluent. The compound gave a purple color 

with 10% sulfuric acid in ethanol reagent and a blue fluorescent spot under UV 365 

nm upon detection with Liebermann-Burchard reagent. 
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4. Physical and Spectral Data of Isolated Compounds 

4.1 Compound DG01 

Appearance : colorless needles 

Solubility : soluble in hexane 

IR νmax cm-1 : 2924, 2856, 1715, 1459, 1389 (Figure 2). 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.74 (s), 0.89 (s), 0.90 (d, J = 6.4 Hz), 0.97 (s), 

1.02 (s), 1.03 (s), 1.07 (s), 1.20 (s), 1.71, 1.99 (m), 

2.27, 2.33, 2.41 (ddd , J = 11.6, 5.2, 2.0 Hz) 

(Table 11 and Figures 3a-3b). 
13C NMR (δ ppm, 100 MHz, CDCl3) : 6.8, 14.7, 17.9, 18.2, 18.7, 20.3, 22.3, 28.2, 30.0, 

30.5, 31.8, 32.1, 32.4, 32.8, 35.0, 35.3, 35.6, 36.0, 

37.4, 38.3, 39.3, 39.7, 41.3, 41.5, 42.2, 42.8, 53.1, 

58.2, 59.5, 213.3 (Table 11 and Figures 4a-4b). 

DART-TOF MS m/z : 427.3926 [M+H]+ (Figure 5) 

4.2 Compound DG02 

Appearance : white amorphous powder 

Solubility : soluble in dichloromethane 

IR νmax cm-1 : 3400, 2924, 2851, 1449, 1386 (Figure 6). 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.88 (s), 0.96 (d, J = 6.8 Hz), 0.97 (s), 0.99 (s), 

1.01 (s), 1.02 (s), 1.03 (s), 1.19 (s), 3.76 (q-like, J = 

2.4 Hz) (Table 12 and Figures 7a-7b) 
13C NMR (δ ppm, 100 MHz, CDCl3) : 11.6, 15.8, 16.4, 17.6, 18.3, 18.7, 20.1, 28.2, 30.0, 

30.6, 31.8, 32.1, 32.3, 32.8, 35.0, 35.2, 35.3, 35.6, 

36.1, 37.1, 37.8, 38.4, 39.3, 39.7, 41.7, 42.8, 49.2, 

53.2, 61.3, 72.8 (Table 12 and Figures 8a-8b) 

DART-TOF MS m/z : 429.4007 [M+H]+ (Figure 9) 
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4.3 Compound DG03 

Appearance : colorless needles 

Solubility : soluble in dichloromethane 

IR νmax cm-1 : 3369, 2940, 1454, 1386 (Figure 10). 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.70 (br d), 0.78 (s), 0.81(s), 0.85 (s), 0.96 (s), 0.98 

(s), 1.05 (s), 1.34, 1.70 (s), 1.94 (m) 2.39 (ddd, J = 

10.8, 10.8, 5.6 Hz), 3.20 (dd, J = 11.2, 5.2 Hz), 

4.58 (dd, J = 4.2, 1.2 Hz), 4.70 (d, J = 2.4 Hz) 

(Table 13 and Figures 11a-11b) 
13C NMR (δ ppm, 100 MHz, CDCl3) : 14.5, 15.3, 15.9, 16.1, 18, 18.3, 19.3, 20.9, 25.1, 

27.4, 27.4, 28, 29.7, 34.2, 35.6, 37.1, 38.0, 38.7, 

38.8, 40.0, 40.8, 42.8, 43.0, 48.0, 48.3, 50.4, 55.3, 

79.0, 109.3, 151.0 (Table 13 and Figures 12a-

12b) 

DART-TOF MS m/z : 427.3885 [M+H]+ (Figure 13) 

4.4 Compound DG04 

Appearance : colorless needles 

Solubility : soluble in dichloromethane, methanol 

IR νmax cm-1 : 3295, 2924, 2863, 1636, 1456, 1374 (Figure 14). 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.70 (br d), 0.78 (s), 0.84 (s), 0.99 (s), 1.00 (s), 

1.04 (s), 1.70 (s), 2.40 (ddd, J = 10.8, 10.8, 6.0 

Hz), 3.20 (dd, J = 11.2, 4.8 Hz), 3.35 (d, J = 10.8 

Hz), 3.82 (dd, J = 10.8, 1.6 Hz), 4.60 (dd, J = 2.0, 

1.2 Hz), 4.70 (d , J = 2.0 Hz) (Table 14  and 

Figures 15a-15b) 
13C NMR (δ ppm, 100 MHz, CDCl3) : 14.7, 15.3, 16.0, 16.1, 18.3, 19.1, 20.8, 25.2, 27.0, 

27.4, 28.0, 29.2, 29.7, 34.0, 34.2, 37.1, 37.3, 38.7, 

38.8, 40.9, 42.7, 47.8, 47.8, 48.7, 50.4, 55.3, 60.5, 
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79.0, 109.7, 150.5 (Table 14 and Figures 16a-

16b) 

DART-TOF MS m/z : 443.3913 [M+H]+ (Figure 17) 

4.5 Compound DG05 

Appearance : colorless needles 

Solubility : soluble in ethanol 

IR νmax cm-1 : 3424, 2926, 2868, 1686, 1461 (Figure 19). 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.70 (br d), 0.77 (s), 0.84 (s), 0.95 (s), 0.98 (s), 

0.99 (s), 1.71 (s), 3.02 (ddd, J = 10.8, 10.8, 4.8 

Hz), 3.21 (dd, J = 11.2, 5.2 Hz), 4.63 (br s), 4.76 

(br s) (Table 15 and Figures 20a-20b) 
13C NMR (δ ppm, 100 MHz, CDCl3) : 14.8, 15.4, 16.1, 16.2, 18.4, 19.5, 20.9, 25.6, 27.5, 

28.1, 29.8, 30.6, 32.2, 34.4, 37.1, 37.3, 38.5, 38.8, 

39.0, 40.8, 42.5, 47.0, 49.4, 50.6, 55.4, 56.4, 79.1, 

109.8, 150.5, 180.3 (Table 15 and Figures 22a-

22b) 

DART-TOF MS m/z : 457.3672 [M+H]+ (Figure 25) 

 

4.6 Compound DG06 

Appearance : white amorphous powder 
Solubility : soluble in dichloromethane 
IR νmax cm-1 : 3401, 2931, 2868, 1711, 1453 (Figure 26) 
1H NMR (δ ppm, 400 MHz, CDCl3) : 0.68 (br d), 0.76 (s), 0.84 (s), 0.92 (s), 0.97 (s), 

1.26 (s), 1.70 (s), 2.87 (ddd, J = 11.2, 11.2, 5.6 
Hz), 3.19 (dd, J = 11.2, 4.8 Hz), 4.64 (br s), 4.76 
(br s), 9.69 (s) (Table 16 and Figures 27a-27b) 

13C NMR (δ ppm, 400 MHz, CDCl3) : 14.3, 15.4, 15.9, 16.2, 18.3, 19.0, 20.8, 25.5, 27.3, 
28.0, 28.8, 29.3, 29.9, 33.2, 34.3, 37.2, 38.7, 38.7, 
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38.9, 40.8, 42.6, 47.6, 48.1, 50.5, 55.3, 59.4, 79.0, 
110.2, 149.8, 206.8 (Table 16 and Figures 28a-
28b) 

 

5. Determination of Biological Activities 

5.1 Cell Culture and Treatments 

Human glioblastoma U87 cells (ATCC) were cultured in Eagle's Minimum 

Essential Medium (EMEM). Human breast cancer MDA-MB231 cells (ATCC) and human 

endothelial EA.hy926 cells (ATCC) were cultured in Dulbecco's Modified Eagle 

Medium (DMEM), and human T lymphoblastoid Jurkat E6-1 cells (ATCC) were 

cultured in RPMI1640 medium. All culture media were supplemented with 10% heat-

inactivated fetal bovine serum (FBS). The cells were maintained at humidified 

atmosphere of 5% CO2 at 37ºC and routinely subcultured every three days. All 

tested compounds were dissolved in DMSO and diluted in culture medium, 

maintaining final DMSO concentration at 0.5%. 

5.2 Determination of Cytotoxicity by MTT Assay. 

 Human glioblastoma U87 cells, human breast cancer MDA-MB231 cells, and 

human endothelial EA.hy926 cells were seeded into 96-well plates at a density of 4 

x 104 cells/well and subjected to an overnight incubation at 37 ºC under 5% CO2 

atmosphere. The cells were treated with a range of concentrations (0.01 – 100 µM) of 

each tested compound. After 24-hour incubation, the medium containing samples 

was replaced with 100 µL of a 0.5 mg/mL MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide] solution and the cells were further incubated for 4 

hours. After removal of the cell supernatant, 100 µL of DMSO were added into each 

well to dissolve the resultant formazan crystals. Absorbance was measured at a 

wavelength of 570 nm. The percentages of cell viability were calculated from the 

equation shown below. 
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% Cell viability = As/Ac x 100 

As = Absorbance of the samples 

Ac = Absorbance of the control 

 IC50 values of the tested compounds were derived from the dose response 

curve using GraphPad software. 

5.3 Determination of Inhibitory Activity on T Cell Activation 

 Jurkat T cells were seeded into 96-well plate at a density of 10 x 104 

cells/well and pre-treated with various concentrations of the tested compounds for 

24 hours. Subsequently, the cells were stimulated with 10 ng/mL of anti-CD3 

antibody (BioLegend, USA) and 10 ng/mL of anti-CD28 antibody (BioLegend, USA), 

and further incubated for 72 hours. After incubation, the cell supernatants were 

collected from each well and analyzed for the level of Interleukin-2 (IL-2) by using 

ELISA MAX™ Deluxe Set Human IL-2 (BioLegend, USA). 

 The determination on cytotoxic activity and inhibitory activity on T cell 

activation of isolated compounds was performed by Dr. Nonthaneth Nalinratana at 

the Department of Pharmacology and Physiology, Faculty of Pharmaceutical 

Sciences, Chulalongkorn University. 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

68 

CHAPTER IV 

RESULTS AND DISCUSSION 

The phytochemical investigation conducted on the EtOAc extract of the dried 

stem of Diospyros gracilis led to the isolation of six chemical constituents. The 

identification of these compounds was based on spectroscopic analysis and 

confirmed by comparison with the values reported in the literature. Certain isolated 

compounds were investigated for their biological activities, including cytotoxic activity 

and inhibitory activity on T cell activation. 

1. Identification of Isolated Compounds 

1.1 Compound DG01 (friedelin) 

Compound DG01 was obtained as colorless needles. Its IR spectrum (Figure 

2) showed a peak at 1715 cm-1, which suggested the presence of a carbonyl group in 

the molecule. 

The 1H NMR spectrum of DG01 (Figures 3a-3b) exhibited eight methyl signals 

representing one secondary and seven tertiary methyl groups, which were 

characteristic of the friedelane triterpenoid skeleton. These signals comprised a 

doublet corresponding to one secondary methyl at δ 0.90 (J = 6.4 Hz, Me-23) and 

singlets corresponding to seven tertiary methyls at δ 0.74 (Me-24), 0.89 (Me-25), 0.97 

(Me-29), 1.02 (Me-30), 1.03 (Me-26), 1.07 (Me-27), and 1.20 (Me-28). 

The 13C NMR spectrum (Figures 4a-4b) showed 30 carbon signals. The most 

downfield signal at δ 213.3 ppm was indicative of the 3-keto group. Comparison of 

13C NMR data of the compound with those of friedelin revealed complete 

concordance (Akihisa et al., 1992). Based on the comparison, the 30 carbon signals of 

DG01 could be divided into eight methyl signals at δ 6.8 (C-23), 14.7 (C-24), 17.9 (C-

25), 18.7 (C-27), 20.3 (C-26), 31.8 (C-30), 32.1 (C-28), and 35.0 (C-29) ppm; eleven 

methylene signals at δ 18.2 (C-7), 22.3 (C-1), 30.5 (C-12), 32.4 (C-15), 32.8 (C-21), 35.3 
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(C-19), 35.6 (C-11), 36.0 (C-16), 39.3 (C-22), 41.3 (C-6), and 41.5 (C-2) ppm; four 

methine signals at δ 42.8 (C-18), 53.1 (C-8), 58.2 (C-4), and 59.5 (C-10) ppm; and 

seven quaternary signals at δ 28.2 (C-20), 30.0 (C-17), 37.4 (C-9), 38.3 (C-14), 39.7 (C-

13), 42.2 (C-5), and 213.3 (C-3) ppm. The most downfield signals at 213.3 ppm 

represented the keto carbonyl group. 

All the information obtained from the IR and NMR spectra suggested the 

structure of friedelin, a friedelane-type triterpenoid with the 3-keto substituent. The 

DART-TOF mass spectrum of DG01 (Figure 5) displayed a pseudomolecular peak 

[M+H]+ at m/z 427.3926, corresponding to the molecular formula of C30H50O. This 

information confirmed that DG01 was friedelin. 1H and 13C NMR assignments of DG01, 

in comparison with those of friedelin, are shown in Table 11. The structure of the 

compound is shown below. 
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Table 11. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG01 and 
friedelin (in CDCI3) 

Position 
Compound DG01 Friedelin* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1 1.71**, 1.99 (m) 22.3 1.69 (m), 1.97 (m) 22.3 
2 2.33**, 

2.41 (ddd, 11.6, 5.2, 2.0) 
41.5 2.31 (m), 2.39 (m) 41.5 

3  213.3  213.2 
4 2.27** 58.2 2.25 (m) 58.2 
5  42.2  42.1 
6  41.3  41.3 
7  18.2  18.2 
8  53.1  53.1 
9  37.4  37.4 
10  59.5  59.4 
11  35.6  35.6 
12  30.5  30.5 
13  39.7  39.7 
14  38.3  38.3 
15  32.4  32.4 
16  36.0  36.0 
17  30.0  30.0 
18  42.8  42.8 
19  35.3  35.3 
20  28.2  28.1 
21  32.8  32.7 
22  39.3  39.2 
23 0.90 (d, 6.4) 6.8 0.88 (d, 7) 6.8 
24 0.74 (s) 14.7 0.73 (s) 14.6 
25 0.89 (s) 17.9 0.87 (s) 17.9 
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Table 11. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG01 and 
friedelin (in CDCI3) (continued) 

Position 
Compound DG01 Friedelin* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
26 1.03 (s) 20.3 1.01 (s) 20.2 
27 1.07 (s) 18.7 1.05 (s) 18.6 
28 1.20 (s) 32.1 1.18 (s) 32.1 
29 0.97 (s) 35.0 0.95 (s) 35.0 
30 1.02 (s) 31.8 1.00 (s) 31.8 

* 1H (400 MHz) and 13C (100 MHz) NMR; Akihisa et al., 1992. 

** Overlapped signal 

 

  

Figure 2. IR spectrum of compound DG01 
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Figure 3b. 1H NMR (40O MHz) spectrum of compound DG01 (in CDCl3) (expanded) 

Figure 3a. 1H NMR (40O MHz) spectrum of compound DG01 (in CDCl3) 
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Figure 4a. 13C NMR (100 MHz) spectrum of compound DG01 (in CDCl3) 
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Figure 4b. 13C NMR (100 MHz) spectrum of compound DG01 (in CDCl3) (expanded) 
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Friedelin is widely distributed in nature. The cork of various plants is the 

source of friedelin. Friedelin has been isolated some Diospyros species such as D. 

collinsae, D. glandulosa and D. ferrea (Thanakijcharoenpath and Theanphong, 2007; 

Bumroong and Thanakijcharoenpath, 2016; Radi et al., 2023). In addition, friedelin can 

be obtained from other natural sources such as lichens, green algae, and fungi. 

Friedelin has been reported to exhibit various pharmacological activities, including 

antibacterial, antiviral, cytotoxic, and anti-inflammatory (Radi et al., 2023). 

1.2 Compound DG02 (epifriedelanol) 

DG02 was obtained as a white amorphous powder. Its IR spectrum (Figure 6) 

displayed a broad absorption band at 3400 cm-1, indicating the presence of a 

hydroxy group in the molecule. 

The 1H and 13C NMR spectra of DG02 were similar to those of DG01, implying 

their related chemical structures. The 1H NMR spectrum (Figure 7a-7b) showed the 

Figure 5. DART-TOF Mass spectrum of compound DG01 
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presence of eight methyl signals corresponding to one secondary (δ 0.96 ppm, d, J = 

6.8 Hz, Me-23) and seven tertiary methyl groups (δ 0.88, Me-25, δ 0.97, Me-29, δ 0.99 

Me-26, δ 1.01, Me-27, δ 1.02, Me-30, δ 1.03, Me-24, and δ 1.19, Me-28). The 1H NMR 

spectrum of DG02 was different from that of DG01 in showing an additional quartet-

like at δ 3.76 ppm (J = 2.4 Hz), which represented a hydroxymethine proton (H-3). 

The 13C NMR spectrum (Figure 8a-8b) showed 30 carbon signals; the most downfield 

signal was observed at δ 72.8 instead of the keto carbonyl at δ 213.3 ppm in the 13C 

NMR spectrum of DG01. This information from the NMR spectra suggested that DG02 

was a friedelane derivative with the 3-hydroxy group. When compared with the 13C 

NMR data of epifriedelanol (Salazar et al., 2000), they were in full agreement.  

The DART-TOF MS of DG02 (Figure 9) displayed a pseudomolecular peak 

[M+H]+ at m/z 429.4007, which was consistent with the molecular formula of 

C30H52O, thereby confirming the identity of DG02 as epifriedelanol (3β-friedelinol), the 

structure of which is shown below. Comparison of 1H and 13C NMR assignments of 

DG02 and epifriedelanol is shown in Table 12. 
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Table 12. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG02 and 

epifriedelanol (in CDCI3) 

Position 
Compound DG02 Epifriedelanol* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1  15.8  16.2 
2  36.1  36.1 
3 3.76 (q-like, 2.4) 72.8 3.81 (q-like, 2.0) 71.6 
4  49.2  49.6 
5  37.8  38.1 
6  41.7  42.0 
7  17.6  17.7 
8  53.2  53.3 
9  37.1  37.2 
10  61.3  61.7 
11  35.3  35.7 
12  30.6  30.7 
13  38.4  38.4 
14  39.7  39.7 
15  32.3  32.3 
16  35.6  35.9 
17  30.0  30.0 
18  42.8  42.9 
19  35.2  35.4 
20  28.2  28.2 
21  32.8  32.9 
22  39.3  39.3 
23 0.96 (d, 6.8) 11.6 1.02 (d, 7.0) 12.1 
24 1.03 (s) 16.4 1.10 (s) 16.6 
25 0.88 (s) 18.3 0.89 (s) 18.4 
26 0.99 (s) 20.1 0.99 (s) 20.1 
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Figure 6. IR spectrum of compound DG02 

Table 12. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG02 and 
epifriedelanol (in CDCI3) (continued) 

Position 
Compound DG02 Epifriedelanol* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
27 1.01 (s) 18.7 1.02 (s) 18.7 
28 1.19 (s) 32.1 1.18 (s) 32.1 
29 0.97 (s) 35.0 0.97 (s) 35.0 
30 1.02 (s) 31.8 1.02 (s) 31.9 

* 1H (400 MHz) and 13C (100 MHz); Salazar et al., 2000.  
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Figure 7a. 1H NMR (40O MHz) spectrum of compound DG02 (in CDCl3) 
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Figure 7b. 1H NMR (40O MHz) spectrum of compound DG02 (in CDCl3) (expanded) 
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Figure 8b. 13C NMR (100 MHz) spectrum of compound DG02 (in CDCl3) (expanded) 
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Figure 8a. 13C NMR (100 MHz) spectrum of compound DG02 (in CDCl3) 
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Epifriedelanol, similar to friedelin, can be found in various plant families 

including Asteraceae, Euphorbiaceae, Phyllanthaceae, etc. Epifriedelanol has been 

reported to exhibit several pharmacological activities such as cytotoxic, and 

antihyperglycemic (Radi et al., 2023). 

1.3 Compound DG03 (lupeol) 

DG03 was obtained as colorless needles. Its IR spectrum (Figure 10) showed a 

broad absorption band at 3369 cm-1, suggesting the presence of the hydroxy group in 

the molecule. 

The 1H NMR spectrum of DG03 (Figures 11a-11b) displayed seven methyl 

singlets at δ 0.78 (Me-24), 0.81 (Me-28), 0.85 (Me-25), 0.96 (Me-27), 0.98 (Me-23), 1.05 

(Me-26), 1.70 (Me-30) ppm, and a pair of singlet-like signals at δ 4.58 (dd, J= 2.4, 1.2 

Hz, H-29a), and δ 4.70 (d, J= 2.4 Hz, H-29b) ppm. These signals were indicative of the 

methyl groups and the isopropenyl group of a lupane-type triterpenoid. In addition, a 

Figure 9. DART-TOF Mass spectrum of compound DG02 
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doublet of doublets at δ 3.20 (J = 11.2, 5.2 Hz) ppm, representative of the 

hydroxymethine proton (H-3), was observed. The 13C NMR spectrum (Figures 12a-

12b) showed 30 carbon signals which supported the triterpenoid nature. Seven 

methyl groups were represented by seven signals at δ 14.5 (C-27), 15.3 (C-24), 15.9 

(C-26), 16.1 (C-25), 18.0 (C-28), 19.3 (C-30), 28.0 (C-23) ppm while the isopropenyl 

group by two signals at δ 109.3 (C-29) and 151.0 (C-20) ppm. The presence of the 

hydroxy group was confirmed by the signal at δ 79.0 (C-3) ppm. 

This information suggested that DG03 was lupeol, a lupane derivative with the 

3-hydroxy group. When compared with the 13C NMR data of lupeol (Reynolds et al., 

1986), the data of DG03 were found to be in full agreement. The identity of the 

compound was further confirmed by the DART-TOF MS (Figure 13) which displayed a 

pseudomolecular peak [M+H]+ at m/z 427.3880, consistent with the molecular 

formula of C30H50O. Therefore, DG03 was identified to be lupeol, the structure of 

which is shown below. 1H and 13C NMR assignments of DG03, in comparison with 

those of lupeol, are shown in Table 13. 
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Table 13. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG03 and 
lupeol (in CDCI3) 

Position 
Compound DG03 Lupeol* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1  38.7  38.7 
2  27.4  27.4 
3 3.20 (dd, 11.2, 5.2) 79.0 3.18 (dd) 78.9 
4  38.8  38.8 
5 0.70 (br d) 55.3 0.69 (d) 55.3 
6  18.3  18.3 
7  34.2  34.2 
8  40.8  40.8 
9  50.4  50.4 
10  37.1  37.1 
11  20.9  20.9 
12  25.1  25.1 
13  38.0  38.0 
14  42.8  42.8 
15  27.4  27.4 
16  35.6  35.5 
17  43.0  43.0 
18  48.3  48.2 
19 2.39  

(ddd, 10.8, 10.8, 5.6) 
48.0 2.30 (m) 47.9 

20  151.0  150.9 
21 1.34**, 1.94 (m) 29.7 1.33 (m), 1.93 (m) 29.8 
22  40.0  40.0 
23 0.98 (s) 28.0 0.98 (s) 28.0 
24 0.78 (s) 15.3 0.77 (s) 15.4 
25 0.85 (s) 16.1 0.84 (s) 16.1 
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Table 13. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG03 and 
lupeol (in CDCI3) (continued) 

Position 
Compound DG03 Lupeol* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
26 1.05 (s) 15.9 1.04 (s) 15.9 
27 0.96 (s) 14.5 0.97 (s) 14.5 
28 0.81 (s) 18.0 0.79 (s) 18.0 
29 4.58 (dd, 2.4, 1.2), 

4.70 (d, 2.4) 
109.3 4.56 (m), 4.69 (m) 109.3 

30 1.70 (s) 19.3 1.69 (s) 19.3 

* 1H (400 MHz) and 13C (100 MHz); Reynolds et al., 1986. 

** Overlapped signal 

 

  

Figure 10. IR spectrum of compound DG03 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

84 

  

Figure 11b. 1H NMR (40O MHz) spectrum of compound DG03 (in CDCl3) (expanded) 
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Figure 11a. 1H NMR (400 MHz) spectrum of compound DG03 (in CDCl3) 
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Figure 12b. 13C NMR (100 MHz) spectrum of compound DG03 (in CDCl3) (expanded) 
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Figure 12a. 13C NMR (100 MHz) spectrum of compound DG03 (in CDCl3) 
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Figure 13. DART-TOF Mass spectrum of compound DG03 

 Lupeol can be found in several Diospyros plants such as D. anisandra, D. 

mespiliformis, D. viginiana (Fareed et al., 2022). Besides Ebenaceae, the compound 

can be found in Euphorbiaceae, Fabaceae, Apocynaceae, Capparidaceae, and many 

others. It was rarely found in fungi and animals. Various biological activities of lupeol 

have been reported e.g., anti-inflammatory, anticancer, antimalarial, hepatoprotective 

activities (Gallo and Sarachine, 2009). 

1.4 Compound DG04 (betulin) 

DG04 was obtained as colorless needles. Its IR spectrum (Figure 14) displayed 

a broad absorption band at 3295 cm-1, indicating the hydroxy group in the molecule. 

The 1H NMR spectrum of DG04 (Figures 15a-15b) suggested that the 

compound was a lupane-type triterpenoid by showing six methyl singlets at δ 0.78 

(Me-24), 0.84 (Me-25), 0.99 (Me-23), 1.00 (Me-27), 1.04 (Me-26), 1.70 (Me-30) ppm and 

a pair of singlet-like signals at δ 4.60 (dd, J= 2.0, 1.2 Hz, H-29a), 4.70 (d, J= 2.0 Hz, H-
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29b) ppm. The doublet at δ 3.20 (dd, J= 11.2, 4.8 Hz, H-3) ppm, implying the 

presence of the 3-hydroxy group, was also observed. When compared with the 1H 

NMR spectrum of DG03, the spectrum of DG04 revealed the absence of one methyl 

singlet and the addition of a pair of signals at δ 3.35 (d, J = 10.8 Hz) and 3.82 (dd, J = 

10.8, 1.6 Hz) ppm, suggesting that one methyl group of DG03 was replaced by a 

primary alcoholic group. The 13C NMR spectrum (Figures 16a-16b) exhibited 30 

carbon signals, corresponding to the structure of a triterpenoid. The two signals at δ 

109.7 (C-29) and 150.5 (C-20) ppm represented the isopropenyl group, and those at δ 

79.0 and 60.5 ppm corresponded to hydroxymethine (C-3) and hydroxymethylene (C-

28) carbons, respectively. Based on these data, DG04 was proposed to be betulin, a 

derivative of lupeol with the 28-hydroxy group.  

The DART-TOF mass spectrum (Figure 17) of DG04 displayed a 

pseudomolecular peak [M+H]+ at m/z 443.3913, corresponding to the molecular 

formula of betulin (C30 H50O2). Comparison of 1H and 13C NMR assignments of DG04 

with those of betulin is shown in Table 14. The structure of DG04 is shown below. 
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Table 14. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG04 and 
betulin (in CDCI3) 

Position 
Compound DG04 Betulin* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1  38.7  38.9 
2  27.4  27.6 
3 3.20 (dd, 11.2, 4.8) 79.0 3.19 (dd, 11.2, 4.9) 79.1 
4  38.8  39.0 
5 0.70 (br d) 55.3 0.67 (m) 55.4 
6  18.3  18.5 
7  34.2  34.4 
8  40.9  41.1 
9  50.4  50.6 
10  37.1  37.3 
11  20.8  21.0 
12  25.2  25.4 
13  37.3  37.5 
14  42.7  42.9 
15  27.0  27.2 
16  29.2  29.3 
17  47.8  48.0 
18  48.7  48.9 
19 2.40  

(ddd, 10.8, 10.8, 6.0) 
47.8 2.38 (m) 48.0 

20  150.5  150.6 
21  29.7  29.9 
22  34.0  34.1 
23 0.99 (s) 28.0 0.96 (s) 28.1 
24 0.78 (s) 15.3 0.76 (s) 15.5 
25 0.84 (s) 16.1 0.82 (s) 16.3 
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Figure 14. IR spectrum of compound DG04 

Table 14. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG04 and 
betulin (in CDCI3) (continued) 

Position 
Compound DG04 Betulin* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
26 1.04 (s) 16.0 1.02 (s) 16.1 
27 1.00 (s) 14.7 0.98 (s) 14.9 
28 3.35 (d, 10.8),  

3.82 (dd, 10.8, 1.6) 
60.5 3.33 (d, 10.6),  

3.80 (d, 10.8) 
60.7 

29 4.60 (dd, 2.0, 1.2),  
4.70 (d, 2.0) 

109.7 4.58 (m), 4.68 (d, 2.2) 109.8 

30 1.70 (s) 19.1 1.68 (s) 19.2 

* 1H (400 MHz) and 13C (100 MHz); Li et al., 2015.  
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Figure 15b. 1H NMR (40O MHz) spectrum of compound DG04 (in CDCl3) (expanded) 
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Figure 15a. 1H NMR (40O MHz) spectrum of compound DG04 (in CDCl3) 
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Figure 16a. 13C NMR (100 MHz) spectrum of compound DG04 (in CDCl3) 
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Figure 16b. 13C NMR (100 MHz) spectrum of compound DG04 (in CDCl3) (expanded) 
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Betulin can be found in several members Diospyros such as D. anisandra, D. 

carbonaria, D. viginiana (Fareed et al., 2022). It can be found in more than two 

hundred plant species. The richest source is Betulaceae family. Betulin has been 

reported to display activities e.g., anti-tumor, anti-proliferative, anti-viral, and anti-

inflammatory (Hordyjewska et al., 2019).  

1.5 Compound DG05 (betulinic acid) 

DG05 was obtained as colorless needles. Its IR spectrum (Figure 19) displayed 

absorption bands at 1686, and 3424 cm-1, indicating the presence of the carboxyl and 

the hydroxy groups, respectively. 

The 1H NMR spectrum of DG05 (Figures 20a-20b), similar to that of DG03, 

exhibited a pair of broad singlets at δ 4.63 (H-29a), 4.76 (H-29b) ppm, representing the 

isopropenyl group, and a doublet of doublets at δ 3.21 (J= 11.2, 5.2 Hz) ppm, 

corresponding to a hydroxymethine proton (H-3). The significant difference between 

the two spectra was the number of methyl singlets observed for DG03 and DG05, 

Figure 17. DART-TOF Mass spectrum of compound DG04 
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which was seven and six, respectively. In the 13C NMR spectrum (Figures 22a-22b), 30 

carbon signals were observed. The two signals at δ 110.2 and 149.8 ppm were 

indicative of the isopropenyl group while that at δ 79.1 ppm represented the 

hydroxy substituted C-3. The most downfield signal at δ 180.3 ppm suggested the 

presence of a carboxylic group. 

All the above information indicated that DG05 was betulinic acid. This 

deduction was supported by the DART-TOF mass spectrum (Figure 25), which 

displayed a pseudomolecular peak [M+H]+ at m/z 457.3672, corresponded to the 

molecular formula of C30H48O3, confirming the identity of DG05 as betulinic acid. The 

structure of the compound is shown below. 1H and 13C NMR assignments of DG05 

and those previously reported for betulinic acid are presented in Table 15. 
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Table 15. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG05 and 
betulinic acid (in CDCI3) 

Position 
Compound DG05 Betulinic acid* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1  38.8  38.7 
2  27.5  27.4 
3 3.21 (dd, 11.2, 5.2) 79.1 3.19 (dd, 10.0, 4.7) 78.9 
4  39.0  38.8 
5 0.70 (br d) 55.4  55.3 
6  18.4  18.3 
7  34.4  34.3 
8  40.8  40.7 
9  50.6  50.5 
10  37.3  37.2 
11  20.9  20.8 
12  25.6  25.5 
13  38.5  38.4 
14  42.5  42.4 
15  29.8  30.5 
16  32.2  32.1 
17  56.4  56.3 
18  49.4  46.8 
19 3.02  

(ddd, 10.8, 10.8, 4.8) 
47.0 2.99  

(ddd, 11.0, 11.0, 5.5) 
49.2 

20  150.5  150.3 
21  30.6  29.7 
22  37.1  37.0 
23 0.98 (s) 28.1 0.93 (s) 27.9 
24 0.77 (s) 15.4 0.75 (s) 15.3 
25 0.84 (s) 16.1 0.82 (s) 16.0 
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Table 15. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG05 and 
betulinic acid (in CDCI3) (continued) 

Position 
Compound DG05 Betulinic acid* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
26 0.95 (s) 16.2 0.96 (s) 16.1 
27 0.99 (s) 14.8 0.97 (s) 14.7 
28  180.3  180.5 
29 4.63 (br s), 4.76 (br s) 109.8 4.60 (d, 1.5), 4.73 (d, 1.5) 109.6 
30 1.71 (s) 19.5 1.68 (s) 19.4 

* 1H (400 MHz) and 13C (100 MHz); Siddiqui et al., 1988. 

 1H and 13C NMR assignments of DG05 were done with the assistance of 2D 

NMR experiments including NOESY (Figure 21), HSQC (Figure 23) and HMBC (Figure 

24a-24c). The signal assignments for proton and carbon of DG05 as shown in Table 

15 are almost in full agreement with the previously reported ones except for the 

reversed assignments for the two methylene carbons at positions 15 and 21 (DG05: δ 

29.8 and 30.6 ppm; reported values: δ 30.5 and 29.7 ppm), as well as the two 

methine carbons at positions 18 and 19 (DG05: δ 49.4 and 47.0 ppm; reported 

values: δ 46.8 and 49.2 ppm). The signal assignments for these carbons were 

evidenced by three-bond correlations observed in the HMBC spectrum. The 

differentiation of signals for C-15 and C-21 could be deduced from the correlation 

between the proton signal at δ 0.99 (Me-27) ppm and the carbon signal at δ 29.8 (C-

15) ppm, while that for C-18 and C-19 from the correlation between the proton 

signal at δ 1.71 (Me-30) ppm and the carbon signal at δ 47.0 (C-19) ppm. Important 

correlations observed in the HMBC and NOESY spectra of DG05 are shown in Figure 

18. 
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Figure 18. HMBC and NOESY Correlations of DG05 

→ HMBC correlations of DG05 

 NOSEY correlations of DG05  

Figure 19. IR spectrum of compound DG05 
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Figure 20b. 1H NMR (40O MHz) spectrum of compound DG05 (in CDCl3) (expanded) 
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Figure 20a. 1H NMR (40O MHz) spectrum of compound DG05 (in CDCl3) 
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Figure 21. 1H-1H NOESY spectrum of compound DG05 
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Figure 22a. 13C NMR (100 MHz) spectrum of compound DG05 (in CDCl3) 
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Figure 22b. 13C NMR (100 MHz) spectrum of compound DG05 (in CDCl3) (expanded) 
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Figure 23. HSQC spectrum of compound DG05 
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Figure 24a. HMBC spectrum of compound DG05 
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Figure 24b. HMBC spectrum of compound DG05 (expanded) 
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Figure 24c. HMBC spectrum of compound DG05 (expanded) 
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Many Diospyros species are sources of betulinic acid, for example, D. 

anisandra, D. carbonaria, D. crassiflora, D. glans, D. kaki, D. mespiliformis, and D. 

viginiana (Fareed et al., 2022). It has a high potential in killing cancer cells. Other 

bioactivities of betulinic acid are antiviral, antibacterial, anthelmintic, and anti-

inflammatory effects (Mullauer et al., 2010). 

1.6 Compound DG06 (betulinaldehyde) 

DG06 was obtained as white amorphous powder. The IR spectrum of DG06 

(Figure 26) showed absorption bands at 1711 and 3401 cm-1, indicating the presence 

of the aldehyde and hydroxy groups in the molecule, respectively. 

The 1H and 13C NMR spectra of DG06 were similar to those of DG05, suggesting 

that the two compounds were structurally related. The 1H NMR spectrum of DG06 

(Figures 27a-27b) showed six methyl singlets at δ 0.76 (Me-24), 0.84 (Me-25), 0.92 

(Me-23), 0.97 (Me-26), 1.26 (Me-27), 1.70 (Me-30) ppm, a pair of broad singlets at δ 

Figure 25. DART-TOF Mass spectrum of compound DG05 
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4.64 (H-29a), 4.76 (H-29b) ppm, and a doublet of doublets at δ 3.19 (J= 11.2, 4.8, H-3) 

ppm. The most downfield signal at δ 9.69 ppm, which was absent in the spectrum of 

DG05, indicated the presence of the formyl group. Its 13C NMR spectrum (Figures 

28a-28b) exhibited 30 carbon signals. In terms of chemical shift values, almost all of 

these signals corresponded to those in the spectrum of DG05, except for the most 

downfield one at δ 206.8 ppm which was significantly different from that observed 

for DG05 (δ 180.3 ppm). This signal represented the aldehyde carbon, instead of the 

carboxyl carbon of DG05. Therefore, DG06 was proposed to be betulinaldehyde, a 

derivative of betulinic acid which contained an aldehyde group instead of a carboxyl 

group. 

 The NMR spectral data of DG06 were found to be in consistence with those 

of betulinaldehyde (Theerachayanan et al., 2007), the structure of which is shown 

below. The IR data also supported this structure. Comparison of their 1H and 13C NMR 

assignments is presented in 

Table 16. 
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Table 16. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG06 and 
betulinaldehyde (in CDCI3) 

Position 
Compound DG06 Betulinaldehyde* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
1  38.7  38.6 
2  27.3  27.3 
3 3.19 (dd, 11.2, 4.8) 79.0 3.20 (q) 78.9 
4  38.9  38.8 
5 0.68 (br d) 55.3  55.2 
6  18.3  18.2 
7  34.3  34.3 
8  40.8  40.8 
9  50.5  50.4 
10  37.2  37.1 
11  20.8  20.7 
12  25.5  25.5 
13  38.7  38.7 
14  42.6  42.5 
15  29.3  29.2 
16  28.8  28.8 
17  59.4  59.3 
18  48.1  48.0 
19 2.87 (ddd, 11.2, 11.2, 

5.6) 
47.6 2.80 (m) 47.5 

20  149.8  149.7 
21  29.9  29.8 
22  33.2  33.2 
23 0.92 (s) 28.0 0.84 (s) 27.9 
24 0.76 (s) 15.4 0.68 (s) 15.3 
25 0.84 (s) 15.9 0.75 (s) 15.8 
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Table 16. 1H (400 MHz) and 13C (100 MHz) NMR assignments of compound DG06 and 
betulinaldehyde (in CDCI3) (continued) 

Position 
Compound DG06 Betulinaldehyde* 

δH (ppm), (mult., J in Hz) δC (ppm) δH (ppm), (mult., J in Hz) δC (ppm) 
26 0.97 (s) 16.2 0.90 (s) 16.1 
27 1.26 (s) 14.3 1.19 (s) 14.2 
28 9.69 (s) 206.8 9.60 (s) 206.7 
29 4.64 (br s),4.76 (br s) 110.2 4.56 (d, 2.0), 4.69 (d, 2.0) 110.1 
30 1.70 (s) 19.0 1.62 (s) 19.0 

* 1H (400 MHz) and 13C (100 MHz); Theerachayanan et al., 2007. 

  

Figure 26. IR spectrum of compound DG06 
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Figure 27b. 1H NMR (40O MHz) spectrum of compound DG06 (in CDCl3) (expanded) 
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Figure 27a. 1H NMR (40O MHz) spectrum of compound DG06 (in CDCl3) 
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Figure 28b. 13C NMR (100 MHz) spectrum of compound DG06 (in CDCl3) (expanded) 
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Figure 28a. 13C NMR (100 MHz) spectrum of compound DG06 (in CDCl3) 
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Betulinaldehyde has been found in Diospyros plants including D. anisandra, 

D. carbonaria, D. discolor, D. glans, and D. viginiana (Fareed et al., 2022). It has been 

reported to exhibit various biological activities such as antimycobacterial activity 

against Mycobacterium tuberculosis and Plasmodium falciparum (Amiri et al., 2020). 
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2. Biological Activities of Isolated Compounds 

 The isolated compounds DG01-DG05 were investigated for their biological 

activities. Owing to the limited quantity obtained, DG06 was not included in this 

study. The results and detailed discussion are given below. 

2.1 Cytotoxic Activity 

Cytotoxicity of compound DG01-DG05 against two human cancer cell lines, 

U87 (glioblastoma) and MDA-MB231 (breast cancer), and a normal human cell line, 

EA.hy926 (endothelial cells) were evaluated by using MTT assay with doxorubicin as 

the positive control. All experiments were performed in triplicate except for those 

dealing with DG04, which were not repeated, because of insufficient quantity of the 

compound. The results represented by graphs plotted between the percentage of 

cell viability and logarithm of the concentration, are shown in Figures 29-31. IC50 

values of the compounds for each of the tested cells, extrapolated from the graphs, 

are shown in Table 17. 

 

 

 

 

 

 

 

 Figure 29. Cytotoxicity of tested compounds on glioblastoma U87 cells 
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Figure 30. Cytotoxicity of tested compounds on breast cancer MDA-MB231 cells 

 

Figure 31. Cytotoxicity of tested compounds on normal endothelial EA.hy926 cells 
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Table 17. Cytotoxic activity of compounds DG01-DG05 

Compound 
IC50 (µM) 

U87 MDA-MB231 EA.hy926 

DG01 (friedelin) >100 (~533.2) * >100 (~118.5) * 32.44 

DG02 (epifriedelanol) >100 (~160.3) * >100 (~144.2) * 72.78 
DG03 (lupeol) 13.16 34.41 10.67 

DG04 (betulin) 15.39 74.49 19.08 
DG05 (betulinic acid) 8.31 43.88 8.29 

Doxorubicin 0.63 1.89 2.38 

* Extrapolated IC50 (maximum tested concentration = 100 µM). 

The isolated compounds used for the study could be classified into 2 groups: 

the friedelane-type triterpenoids, including DG01 and DG02, and the lupane-type 

triterpenoids, including DG03, DG04 and DG05. The data presented in Table 17. 

indicated that cytotoxicity against the cancer and normal cells of the three lupane-

type triterpenoids was stronger than that of the two friedelane-type triterpenoids. 

Compounds DG01 and DG02 exhibited no significant cytotoxic activity against both 

cancer cell lines but were cytotoxic to some extent against the normal cell line. All 

the lupane-type triterpenoids were more cytotoxic against glioblastoma U87 cells 

than breast cancer MDA-MB231 cells. The cytotoxicity against both the cancer cell 

lines of these compounds was not comparable to that of doxorubicin. Furthermore, 

their IC50 values for these cell lines were higher or close to those for the normal cell 

lines, indicating the lack of selectivity which was a drawback for drug development. 

2.2 Inhibitory Activity on T Cell Activation 

Compounds DG01, DG02, DG03 and DG05 were investigated for their inhibitory 
activity on T cell activation mediated by CD3 and CD28, using Jurkat T cells. CD3 and 
CD28 are receptors on the surface of T cells. In our body, the stimulation of CD3 by 
MHC (major histocompatibility complex) together with that of CD28 by CD80 results 
in T cell activation. Overstimulation of CD3/CD28 signaling is the cause of overactive 
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T cells which can lead to autoimmune diseases. Suppression of stimulated CD3/CD28 
signaling is considered as a strategy for the treatment of these diseases. Therefore, 
searching for compounds that exhibit an inhibitory effect on T cell activation 
mediated by CD3/CD38 can provide useful information for research and drug 
development in this therapeutic area. 

In the assay, Jurkat T cells, pre-treated with the tested compounds, were 

stimulated with anti-CD3 and anti-CD28 antibodies, and the level of Interleukin 2 (IL-

2) produced by the T cells was determined. The cytotoxicity of the tested 

compounds on Jurkat T cells was evaluated, and the results obtained are shown in 

Figure 32. The effects of the tested compound on Jurkat T cells stimulated with anti 

CD3/CD28 antibodies are shown in Figure 33. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Cytotoxicity of tested compounds on Jurkat T cells 
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Figure 33. Effects of tested compounds on Jurkat T cells  
         stimulated with anti-CD3/CD28 antibodies 

All the tested compounds did not exhibit significant cytotoxicity on Jurkat T 

cells at a concentration range of 0-1 µM. A decrease in the IL-2 level observed in this 

range was possibly due to direct inhibitory effect of the compounds, while that 

observed at a concentration more than 1 µM could be a result of the cytotoxicity. At 

a concentration of 1 µM, the lupane-type triterpenoids, DG03 and DG05, exhibited 

noticeably greater effects than the friedelane-type triterpenoids, DG01 and DG02, 

suggesting the possible relationship between the structural type of triterpenoids and 

the activity. 
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CHAPTER V 

CONCLUSION 

Investigation on chemical constituents of Diospyros gracilis stem has revealed 

six pentacyclic triterpenoids. These triterpenoids were identified to be friedelin and 

epifriedelanol, classified under the friedelane type, and lupeol, betulin, betulinic 

acid, and betulinaldehyde of the lupane type. The occurrence of the six compounds 

in Diospyros genus and their biological activities have been well-documented in the 

scientific literature. Nonetheless, this is the first report on phytochemical constituents 

of D. gracilis. 

Friedelin, epifriedelanol, lupeol, betulin, and betulinic acid were investigated 

for cytotoxic activity on glioblastoma U87 cells and breast cancer MDA-MB231 cells. 

The lupane-type triterpenoids exhibited greater effects than the friedelane-type 

triterpenoids, especially on the glioblastoma U87 cells for which their significant 

effects were demonstrated. However, this activity of all the compounds was not 

selective as their IC50 values for glioblastoma U87 cells were very close to those for 

the normal cells. 

Friedelin, epifriedelanol, lupeol, and betulinic acid were evaluated for 

inhibitory activity on T cell activation, mediated by CD3 and CD28, in Jurkat T cells. 

The results indicated that the lupane-type triterpenoids exhibited greater inhibitory 

effects on IL-2 production in activated T cells than the friedelane-type triterpenoids 

at a concentration of 1 µM, which was a non-cytotoxic concentration. 
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