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Ⅰ. Introduction

About 2,500 to 2,700 different species are included in the 
existing large taxonomy of Boraginaceae (1, 2). Four subfamilies 
have traditionally been recognized for the Boraginaceae 
family: Cordioideae, Ehretioideae, Heliotropioideae, and 
Boraginoideae (3). Current molecular research includes two 
additional subfamilies, Lennoaceae and Hydrophyllaceae 
inside the Boraginaceae, challenging frequently family 
divides. Within Cordiaceae, Varronia is proposed as a distinct 
genus (4). There are four natural species of Varronia on the 
Galápagos archipelago (5). Approximately 125 species make 
up the genus Varronia, which is native to the Neotropics and 
is categorized under the Cordiaceae family (formerly thought 
to be a part of the Boraginaceae family) (6) (Figure 1).

Varronia was once thought to be synonymous with Cordia 
(7). It has been determined that the genus Varronia is the 
sister group of the remaining species in the genus Cordia (8). 
Varronia spinescens is synonymized with numerous terms, 
notably Cordia spinescens L and Quarena spinescens (https:// 
www.catalogueoflife.org/annual-checklist/2014/details/species/i
d/16703224).

Varronia exhibits shrubs with many stems that have clearly 
serrated edges and craspedodromous venation, displaying the 
three primary forms of inflorescences: spicate, cymose, and 
capitate (4). Six different types of pollen are also found in 
Varronia (9).

Several species of the Boraginaceae family, which is 
distributed around the world, live in xeric and seasonally dry 
environments in both tropical and temperate biomes (10). 
Varronia is monophyletic, according to phylogenetic studies, 
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Figure 1. Cordia spinescens. Source: http://n2t.net/
ark:/65665/3710c0632-a578-476a-a2c5-11690243993a.
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but no single analysis included more than 17 species (3).
The total content of phenolic compounds represents great 

diversity in Boraginaceae family. Similarly, the Varronia 
species shows different flavanones and flavonoids (11, 12). 
Scaevola spinescens is confirmed as a rich source of total 
phenolic content with diverse antioxidant properties (13), 
variations in bioactive compounds exist among plant parts (2). 
The composition of chemicals by plants can be influenced by 
various factors such as seasonal, temperature, brightness, 
water supply, nutrient content, epidemic infection and genetics 
(14). Several studies state that the Boraginaceae family is 
strongly recommended for use in medicine (15). Symphytum 
officinale L., often known as comfrey, is widely accessible as 
over-the-counter preparations for use by practitioners, health-
care professionals, and consumers. It is believed to be 
effective in treating wounds, musculoskeletal problems, and a 
variety of other conditions (16). Comfrey has been used as a 
lotion to treat rheumatism because of its anti-inflammatory 
properties (17). Greek indigenous Rindera graeca closely 
related to Varronia is rich in bioactive components that have 
antioxidant properties, including rutin, quercetin-3-rutinoside- 
7-rhamnoside, and rosmarinic acid. It is also reported to 
contain Echinatine which is a pyrrolizidine alkaloid having 
pharmacological potential (18). The leaf extracts of Scaevola 
spinescens has the ability to inhibit Cutibacterium acnes 
which cause acne vulgaris, an infectious disease that effect 
mainly teenagers (19). Additionally, it has been stated that the 
most effective anti-human cytomegalovirus is Scaevola 
spinescens (20).

Certain phenolic components found in Varronia curassavica 
leaf ethanol extract have antioxidant properties against 
reactive oxygen species (ROS) and synthetic radicals (21), 
ROS are chemicals that the body produces and are linked to the 
aging process (22). Recently there has been a general increasing 
trend in the demand for nutritional plants in the world (14). The 
primary goals of this review are to examine the reproductive 
behavior, examine the phytochemical content, and evaluate the 
potential health benefits of Varronia spinescens.

Ⅱ. Evaluating the Chemical 
Diversity of Cordia Species

Primary classifications for quinones found in Cordia 

species include meroterpenoid hydroquinones, meroterpenoid 
benzoquinones, and meroterpenoid naphthoquinones (23, 24). 

Cordiaquinones, a class of meroterpenoid compounds, have 
been found and isolated from a number of Cordia species 

(25). Different Cordia species provide distinct Cordiaquinones 
(26, 27), including A, B, and C, identified as meroterpenoid 
naphthoquinones in Cordia corymbose (28).

Currently, twenty-two Cordia species have yielded seventy 
quinones, among which Cordiachromes A, B, and C are 
isolated meroterpenoid quinones (29). An aromatic precursor 
unit and precursor chemicals like geranyl pyrophosphate are 
involved in the formation and biosynthesis of Cordiachromes 
(30). Among the numerous biological activities that 
Cordiachromes display are leishmanicidal (31) and antifungal 
qualities (32). Research has indicated that Cordiaquinol J and 
C can be isolated from wood of the Cordia fragrantissima 
plant. It has been observed that Leishmania guyanensis 
promastigotes are effectively inhibited by Cordiaquinol J and 
C (33).

Additionally, many phenols, polyphenols, and terpenoid 
benzoquinones of Cordia spinescens have been isolated and 
identified (34). From the leaves of Cordia spinescens, 
researchers extracted three chemical compounds, including 
magnesium lithospermate, calcium rosmarinate, and mag-
nesium rosmarinate. These substances have potential anti-HIV 
properties (35). Typical compounds found in Cordia species as 
shown in Figure 2. 

Ⅲ. Reproductive Strategies and Floral 
Morphology of Varronia spinescens

The species in question is classified as heterostyly due to 
the presence of a heteromorphic incompatibility system (37). 
Heterostyly has reciprocal positioning of stigma and another 
heights in various floral morphologies, similar to distyly and 
tristyly (38), promising successful pollination (39). 

In Varronia spinescens, a distylous plant with reciprocal 
sexual organ placements, heterostyly encourages cross- 
pollination. By allowing a wide variety of pollinators to 
coexist, strong reciprocity preserves its sexual diversity (37). 
These sexual polymorphisms particularly geitonogamy are 
thought of as floral designs that improve precise cross- 
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pollination and reduce the risk of missed mating opportunities 
due to self-interference (38). Varronia curassavica’s repro-
ductive system displays protogyny and heterostyly. As 
pollinators, insects such as Diptera, Hymenoptera, and 
Lepidoptera support biodiversity and the organism’s ability to 
survive (40). 

Ⅳ. Exploring Therapeutic Potential: 
Bioactive Substances in Different 

Varronia Species

A comparison and analysis of 17 species of Boraginaceae 
shows that they are a good source of biologically active 
compounds (41). Varronia multispicata is an important plant 
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Figure 2. Typical compounds found in Cordia species.
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in folk medicine for many health conditions since it has 
historically been utilized for respiratory, digestive, inflam-
matory, and infectious disorders (42). In the essential oils of 
Varronia multispicata and other Varronia species, sesqui-
terpenes were found to be the most common class of 
component (43, 44). Several species of Varronia, including 
Varronia spinescens, were traditionally used against the bites 
of snakes because the mentioned secondary metabolites, such 
as flavonoids, and retinoids, have been studied for their 
inhibitory capacity against certain toxins, specifically 
phospholipases A2 from snake venom (45). This inhibition is 
significant as phospholipases A2 is a key enzyme in the toxic 
effects of snake venom (46).

The identified flavanones and chalcones in the leaves of 
Varronia dardani have the potential to be the source of the 
spasmolytic effect (47) by blocking the actions of the 
enzymes catechol-O-methyltransferase and monoaminooxidase 
A; additionally certain flavonoids also attach to the GABAA 
receptor (48). Its essential oils has strong antibacterial and 
antifungal properties (49).

Research conducted on Varronia leucocephala reveals that 
Cordiaquinone J produces reactive oxygen species (ROS), 
which is an antiproliferative impact. These outcomes include 
the induction of cell necrosis and apoptosis (50).

The essential oils (EOs) extracted from seven varieties of 
Varronia curassavica plants showed efficacy against the 
damaging agricultural disease caused by Phytomonas serpens. 
In one study, it was discovered that VC-202 was the most 
successful essential oil at eliminating Phytomonas (51) and 
the level of cytotoxic effect of the plants against murine 
macrophages increased with increase in plant age (52). 
Additionally, Varronia carassavica essential oil has anti- 
inflammatory and phytotherapeutic properties (44). Rodrigues 
and co-workers reported promising antiglycation potential of 
the components brickellin and cordialin A in the extract from 
Varronia curassavica, indicating potentially important thera-
peutic applications (53).

Varronia globosa is a traditional remedy for a variety of 
ailments (54), and its essential oil has shown antibacterial 
activity against significant medically relevant bacterial and 
fungal species (55). An eco-friendly pesticide against Tribolium 
confusum in stored goods appears to be possible with the 
essential oil of V. globosa, particularly anethole (56). In 

addition, its roots contained meroterpenoid benzoquinones that 
showed strong cytotoxic action against a range of cancer cell 
types (57).

It implies that Varronia schomburgkii extract may have 
cosmetic uses for skin care, especially in terms of enhancing 
skin brightness or lightening (58, 59). Moreover, its extracts 
show anti-aging and anti-free radical characteristics, as well as 
stimulating the auto-synthesis of reduced glutathione (60). 
Furthermore, Varronia schomburgkii’s essential oil functions 
as a natural antifungal remedy that is especially successful 
against strains of Candida (61).

Ⅴ. Conclusion

Boraginaceae includes more than 2,500 species distributed 
around the world. One of its species, Varronia spinescens, a 
distylous plant with heterostyly, is significant in ecological, 
pharmacological, and evolutionary contexts. Seasonally, dry 
and xeric environments are ideal for the growth of Varronia 
spinescens. Successful cross-pollination is encouraged by its 
distinct floral morphology and heterostylous reproductive 
system. Reciprocity in the locations of sexual organs promotes 
diversification and maintains the survival of the plant. 
Notably, this species harbors a wide variety of phytochemicals 
that may have therapeutic applications. This review highlights 
the ecological significance, medicinal value, and phylogenetic 
importance of Varronia spinescens and related genera urging 
further exploration of its potential in various fields.

Acknowledgement

This research was supported by “Regional Innovation 
Strategy (RIS)” through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education (MOE) 
(2021RIS-001).

References

1. Hasenstab-Lehman KE. (2015) Systematics, Inflorescence 
Evolution, and Leaf Anatomy in the Neotropical genus 
Varronia (Boraginaceae). The Claremont Graduate University 
ProQuest Dissertations Publishing. 



Varronia spinescens 43

2. Nguyen KQ, Scarlett CJ, Vuong QV. (2021) Assessment 
and comparison of phytochemicals and antioxidant 
properties from various parts of the Australian maroon 
bush (Scaevola spinescens). Heliyon. 7, e06810.

3. Miller JS. (2007) New boraginales from tropical America 
5: New names and typifications for neotropical species of 
Cordia and Varronia. Novon. 17, 372~5.

4. Miller JS, Gottschling, M. (2007) Generic Classification in 
the Cordiaceae (Boraginales): Resurrection of the Genus Varr
onia P. Br. vol. 56 https://www.jstor.org/stable/25065747?se
q=1&cid=pdf-

5. Weeks A, Baird KE, McMullen CK. (2010) Origin and 
evolution of endemic Galápagos Varronia species 
(Cordiaceae). Mol Phylogenet Evol. 57, 948~54.

6. Silva TS, Tölke ED, Melo JIM. (2023) A contribution of 
leaf anatomy to the taxonomy of Varronia P. Browne 
(Cordiaceae, Boraginales). Flora. 304, 152299.

7. Feuillet C. (2008) Folia Taxonomica 11. Conspectus of 
Varronia (Cordiaceae: Boraginales) In The guiana shield 
with three new combinations. J Bot Res Inst Tex. 2, 
837~42.

8. Gottschling M, Miller JS. (2006) Clarification of the taxo-
nomic position of Auxemma, Patagonula, and Saccellium 
(Cordiaceae, Boraginales). Syst Bot. 31, 361~7.

9. Nowicke Joan W, Miller JS. (1990) Pollen morphology of 
the Cordioideae (Boraginaceae): Auxemma, Cordia, and 
Patagonula. In: Hesse M, Ehrendorfer F. editors. 
Morphology, Development, and Systematic Relevance of 
Pollen and Spores. Springer Vienna. 103~21.

10. Gottschling M, Miller JS, Weigend M, Hilger HH. (2005) 
Congruence of a phylogeny of Cordiaceae (Boraginales) 
inferred from ITS1 sequence data with morphology, 
ecology, and biogeography. Ann Missouri Bot Gard. 92, 
425~37.

11. Petreska Stanoeva J, Stefova M, Matevski V. (2023) 
Extraction, distribution and diversity of phenolic 
compounds in most widespread Boraginaceae species 
from macedonia. Chem Biodivers. 20, e202201149.

12. Sharma RA, Singh B, Singh D, Chandrawat P. (2009) 
Ethnomedicinal, pharmacological properties and chemistry 
of some medicinal plants of Boraginaceae in India. J Med 

Plant Res. 3, 1153~75.

13. Vuong QV, Sadeqzadeh E, Hirun S, et al. (2014) Phenolic 
compounds, antioxidant and anti-cancer properties of the 
australian maroon bush Scaevola spinescens (Goodeniaceae). 
J Bioanal Biomed. S12, 002.

14. Gobbo-Neto L, Lopes NP. (2007) Plantas medicinais: 
Fatores de influÎncia no conteÞdo de metab×litos 
secundÅrios. Quim Nova. 30.

15. Jin J, Boersch M, Nagarajan A, Davey AK, Zunk M. 
(2020) Antioxidant properties and reported ethnomedicinal 
use of the genus Echium (Boraginaceae). Antioxidants. 9, 
1~19.

16. Frost R, MacPherson H, O’Meara S. (2013) A critical 
scoping review of external uses of comfrey (Symphytum 
spp.). Complement Ther Med. 21, 724~45.

17. Gy SL. (2005) Gyógynövény-ismereti tájékoztató: 
gyógyszerészeknek, orvosoknak, kertész- és agrármérnö-
köknek, biológiatanároknak. Schmidt und Company.

18. Ganos C, Aligiannis N, Chinou I, et al. (2020) Rindera 
graeca (Boraginaceae) phytochemical profile and biolo-
gical activities. Molecules. 25.

19. Cock IE. (2022) Growth inhibitory properties of Scaevola 
spinescens R.Br. leaf extracts against the acne vulgaris 
causing bacterium cutibacterium acnes. Phcog Commun. 
12, 97~102.

20. Semple SJ, Reynolds GD, O’leary MC, Flower RLP. 
(1998) Screening of australian medicinal plants for 
antiviral activity. J Ethnopharmacol. 60, 163~72.

21. Veloso G, Assis R, Pereira J, et al. (2023) Scavenging 
activity on reactive oxygen species with biological 
relevance by varronia curassavica. Orbital. 15, 111~7. 

22. Finkel T, Holbrook NJ. (2000) Oxidants, oxidative stress 
and the biology of ageing. Nature. 408, 239~47. 

23. Silva A, Pinto F, Canuto K, et al. (2021) Anti- 
inflammatory meroterpenoids of Cordia glazioviana 
(Boraginaceae). J Braz Chem Soc. 32, 1424~34. 

24. Dettrakul S, Surerum S, Rajviroongit S, Kittakoop P. 
(2009) Biomimetic transformation and biological activities 
of globiferin, a terpenoid benzoquinone from Cordia 
globifera. J Nat Prod. 72, 861~5.



바이오산업연구 제11호, 2023년 12월44

25. Yajima A, Saitou F, Sekimoto M, Maetoko S, Yabuta G. 
(2003) Synthesis and absolute configuration of cordia-
quinone K, antifungal and larvicidal meroterpenoid 
isolated from the Panamanian plant, Cordia curassavica. 
Tetrahedron Lett. 44, 6915~8.

26. Ioset JR, Marston A, Gupta MP, Hostettmann K. (1998) 
Antifungal and larvicidal meroterpenoid naphthoquinones 
and a naphthoxirene from the roots of Cordia linnaei. 
Phytochemistry. 47, 729~34.

27. Bieber LW, Krebs HC, Schafer W. (1994) Further 
meroterpenoid naphthoquinones from Cordza corymbosa. 
Phytochemistry. 35, 1027~8.

28. Bieber L, Messana I, Lins S, et al. (1990) Meroterpenoid 
naphthoquinones from Cordia corymbosa. Phytochemistry. 
29, 1955~9. 

29. Dongmo Zeukang R, Kalinski J, Tembeni B, et al. (2023) 
Quinones from Cordia species from 1972 to 2023: 
Isolation, structural diversity and pharmacological 
activities. Nat Prod Bioprospect. 13.

30. Moir M, Thomson RH. (1973) Naturally occurring 
quinones. Part XXII. Terpenoid quinones in Cordia spp. 
J Chem Soc Perkin Trans. 1, 1352~7.

31. Mori K, Kawano M Fuchino H, et al. (2008) Antileish-
manial compounds from Cordia fragrantissima collected 
in Burma (Myanmar). J Nat Prod. 71, 18~21.

32. Dahlem Junior MA, Nguema Edzang RW, Catto AL, 
Raimundo JM. (2022) Quinones as an efficient molecular 
scaffold in the antibacterial/antifungal or antitumoral 
arsenal. Int J Mol Sci. 23, 14108.

33. Ogungbe IV, Singh M, Setzer WN. (2012) Antilei-
shmanial natural products from plants. Stud Nat Prod 
Chem. 36, 331~82.

34. Nakamura N, Kojima S, Lim Y, et al. (1997) Dammarane- 
type triterpenes from Cordia spinescens. Phytochemistry. 
46, 1139~41.

35. Lim YA, Kojima S, Nakamura N, et al. (1997) Inhibitory 
effects of Cordia spinescens extracts and their con-
stituents on reverse transcriptase and protease from 
human immunodeficiency virus. Phytother Res. 11, 
490~5. 

36. Moir M, Thomson RH, Hausen BM, Simatupang MH. 

(1972) Cordiachromes: A new group of terpenoid 
quinones from Gordia spp. J Chem Soc Chem Commun. 
1972, 363~4.

37. Hernandez-Marquez A, Ishiwara RP, Santos-Gally R. 
(2022) Heterostyly, incompatibility system and pollinators 
in Varronia spinescens Borhidi (L.) (Cordiaceae). Flora. 
289, 152040.

38. Barrett SCH, Jesson LK, Baker AM. (2000) The 
evolution and function of stylar polymorphisms in 
flowering plants. Ann Bot. 85, 253~65. 

39. Armbruster WS, Bolstad G, Hansen T, et al. (2017) The 
measure and mismeasure of reciprocity in heterostylous 
flowers. New Phytologist. 215, 906~17. 

40. Hoeltgebaum MP, Montagna T, Lando A, et al. (2018) 
Reproductive biology of Varronia curassavica Jacq. 
(Boraginaceae). An Acad Bras Cienc. 90, 59~71.

41. Dresler S, Szymczak G, Wójcik M. (2017) Comparison of 
some secondary metabolite content in the seventeen 
species of the Boraginaceae family. Pharm Biol. 55, 
691~5.

42. Lopes K, Oliveira J, Sousa-Junior F, et al. (2019) 
Chemical composition, toxicity, antinociceptive, and anti- 
inflammatory activity of dry aqueous extract of Varronia 
multispicata (Cham.) borhidi (Cordiaceae) leaves. Front 
Pharmacol. 10, 1376.

43. Das Gracas M, Zoghbi B, Andrade EHA, Pereira RA, 
Oliveira J. (2010) Volatiles of the Cordia multispicata 
Cham.: A weed medicinal brazilian plant. J Essent Oil 
Res. 22, 543~5. 

44. Passos G, Fernandes E, da Cunha F, et al. (2007) Anti- 
inflammatory and anti- allergic properties of the essential 
oil and active compounds from Cordia verbenacea. J 
Ethnopharmacol. 110, 323~33.

45. Vásquez J, Alarcon J, Jimenez S, et al. (2015) Main 
plants used in traditional medicine for the treatment of 
snake bites n the regions of the department of Antioquia, 
Colombia. J Ethnopharmacol. 170, 158~166.

46. Narendra J, Chandra S, Ponnappa K, et al. (2007) Chemi-
stry and structural evaluation of different phospholipase 
A2 inhibitors in arachidonic acid pathway mediated 
inflammation and snake venom toxicity. Curr Top Med 



Varronia spinescens 45

Chem. 7, 787~800.

47. Carlos C, Alencar D, Figueiredo I, et al. (2021) 
Flavonoids from Varronia dardani (Taroda) J.S. Mill 
(Cordiaceae) and the evaluation of spasmolytic activity of 
its crude ethanolic extract. Nat Prod Res. 35, 4197~201. 

48. Hanrahan JR, Chebib M, Johnston GAR. (2011) 
Flavonoid modulation of GABAA receptors. Br J 
Pharmacol. 163, 234~45. 

49. Oliveira FAG. (2016). De. ContribuiÉÅo Ao Estudo 
FitoquÏmico Da EspËcie Varronia dardani – (Taroda) 
J.S.Mill. (Boraginaceae). Dissertation, 1~106.

50. Marinho-Filho J, Bezerra D, Araujo A, et al. (2010) 
Oxidative stress induction by (+)-cordiaquinone J triggers 
both mitochondria-dependent apoptosis and necrosis in 
leukemia cells. Chem Biol Interact. 183, 369~79. 

51. Silva K, de Carvalho Santos T, Moutinho B, et al. (2019) 
Using Varronia curassavica (Cordiaceae) essential oil for 
the biocontrol of Phytomonas serpens. Ind Crops Prod. 
139, 111523.

52. Farias J, Barros A, de Araujo-Nobre A, et al. (2023) 
Influence of plant age on chemical composition, antimi-
crobial activity and cytotoxicity of Varronia curassavica 
Jacq. essential oil produced on an industrial scale. 
Agriculture. 13, 373.

53. Rodrigues WD, Cardoso FN, Baviera AM, dos Santos 
AG. (2023) In vitro antiglycation potential of erva- 
baleeira (Varronia curassavica Jacq.). Antioxidants. 12, 
522.

54. Oza MJ, Kulkarni YA. (2017) Traditional uses, 

phytochemistry and pharmacology of the medicinal 
species of the genus Cordia (Boraginaceae). J Pharm 
Pharmacol. 69, 755~89.

55. Miguel M, Ana GB, Meraz S, et al. (2016) Antimicrobial 
activity of essential oil of Cordia globosa. Afr J Pharm 
Pharmacol. 10, 179~84. 

56. Badji C, Dorland J, Kheloul L, et al. (2021) Behavioral 
and antennal responses of Tribolium confusum to Varronia 
globosa essential oil and its main constituents: 
Perspective for their use as repellent. Molecules. 26, 
4393.

57. Alencar De Menezes JES, G.Lemos TL, L.Pessoa OD, et 
al. (2005) A cytotoxic meroterpenoid benzoquinone from 
roots of Cordia globosa. Planta Med. 71, 54~8.

58. Gupta SK, Research B, Windrose Drive E. (2004) Topcal 
Nutraceutical Compositions with Selective Body Slimming 
and Tone Firming Antiaging Benefits. 1~13 (patent).

59. Gupta SK, Research B, Windrose Drive E. (2004) On-Par 
Delivery System for Cosmetic and Pharmaceutical 
Compositions. 1~8 (patent).

60. Nancy PG, Paris FM. (2002) Cosmetic Containing Plant 
Extracts. 1~9 (patent). 

61. Scotto C, Burger P, Khodjet el Khil M, et al. (2017) 
Chemical composition and antifungal activity of the 
essential oil of Varronia schomburgkii (DC.) Borhidi 
(Cordiaceae) from plants cultivated in French Guiana. J 
Essent Oil Res. 29, 304~12. 

Received Nov. 9, 2023, Revised Dec. 6, 2023, Accepted Dec. 

13, 2023


