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Analgesic and anti-inflammatory activities of triterpenoid molecules isolated from the 

leaves of Combretum glutinosum Perr. Ex DC (COMBRETACEAE) 
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Abstract 

Combretum glutinosum Perr. Ex DC (COMBRETACEAE) is a traditional medicinal plant, 

widely distributed in Senegal and Africa. The aim of that study was to investigate the 

analgesic and anti-inflammatory activities of two triterpenes, betulonic acid (DN7) and 

cabraleone (DN12), isolated from the leaves of Combretum glutinosum (COMBRETACEAE). 

Experiments were performed in acetic acid induced contorsions in mice and carrageenan rat 

paw edema. DN7 (3 mg/kg, per os) and DN12 (3 mg/kg, per os) significantly prevent 

contorsions in mice. The mean of contorsions is respectively 30±10 and 32±7 versus 

72.6±6.64 in control group (p<0.05, n=5). DN7 (3 mg/kg, per os) significantly prevents the 

increased rat paw edema (31.84±6.76 vs 92.72±6.05 %) (p<0.05, n=5). DN12 (10 mg/kg, per 

os) induced rat paw edema prevention is similar to that of acetylsalicylic acid (10 mg/kg, per 

os) administered in the same conditions (29.28±5.88 vs 30.96±7.25 %) (ns, n=5). The 

analgesic and anti-inflammatory activities of triterpenes isolated from C. glutinosum leaves 

are similar to those of non steroidial anti-inflammatory drugs such acetylsalicylic acid, 

justifying the use of this plant in traditional medicine to treat pain and inflammation. 

 

Key Words: Combretum glutinosum, betulonic acid, cabraleone, pain, inflammation 

 

 

 

 

 

 



 

2 
 

 

 

 

 

 

 

 

 

INTRODUCTION 

Inflammation is a crucial biological process to maintain homeostasis. It is essential to 

successfully fight pathogens and repair tissue damage [1]. Pain is one of the most important 

symptoms of inflammatory disease, which is a pathophysiological process that activates 

defense mechanisms to protect organism again causal agent [2]. However, inflammatory 

process is linked to deleterious effects, which are an essential components of various diseases 

such as rheumatoid arthritis, type 2 diabetes, cancer, obesity, asthma, cardiovascular and 

neurodegenerative pathologies [3-5]. The drugs commonly used to prevent inflammatory 

response are non-steroidal anti-inflammatory and glucocorticoids. They are efficient, but 

responsible of serious adverse effects [6]. 

Medicinal plants are alternative for the discovery of new molecules with minimal adverse 

effects. In fact, bioactive natural products can be regard as very promising ones to develop 

new therapeutic agents, as well analgesic and anti-inflammatory drugs [7, 8].  

Combretum glutinosum Perr. Ex DC is a plant of senegalese traditional pharmacopoeia, its 

leaves are used in the treatment of various diseases [9]. In west Africa, several traditional uses 

of C. glutinosum leaves have been described to treat hepatitis, cardiovascular, infectious, 

gastrointestinal and bronchial diseases [10-17]. 

Several studies had shown pharmacological properties of C. glutinosum leaf extracts [18-22]. 
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Triterpenoid molecules, betulonic acid (DN7) and cabraleone (DN12) were isolated form C. 

glutinosum leaves. (Figure 1) [9]. 

 
It was shown that triterpenoids are widely distributed in the plant kingdom [24]. Several 

properties of triterpenes such as anti-inflammatory, wound healing, anti-bacterial, antiviral, 

hepatoprotective, antidiabetic and anti-tumoral effects, have been also described [25, 26, 27, 

28, 29]. 

The aim of that study was to investigate anti-inflammatory and analgesic activities of 

betulonic acid (DN7) and cabraleone (DN12) on acetic acid contortions in mice and 

carrageenan-induced paw rat edema. 

MATERIALS AND METHODS 

a. Drugs and chemicals 

Carrageenan, acetyl salicylic acid, betamethasone, acetic acid were obtained from Sigma. 

Betulonic acid (DN7) and cabraleone (DN12) were provided by the Laboratory of chemistry 

and Physics of materials of Assane Seck University of Ziguinchor (SENEGAL). 

b. Animals 

Adult Wistar KYOTO strain rats of 180 g and mice of 20 g body weight were used. The 

animals had free access to food and water. The experimental protocols were conducted in 

accordance with the guidelines on the care and use of laboratory animals (Senegal National 

Ethical Committee for Health Research).  

c. Experimental procedures 

i. Carrageenan induced rat paw edema 

The anti-inflammatory study was carried out following the method described by Winter [30]. 

The rats were divided into 8 groups of 5. They were then fasted 12 hours before the tests. 

For each rat, the initial diameter (D0) of the left hind paw was measured using digital caliper: 
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- Group 1 (control): Normal saline  (10 mL/kg, per os)  

- Group 2 (reference): Betamethasone (1 mg/kg, per os) 

- Group 3 (reference): Acetyl salicylic acid (ASA) (10 mg/kg, per os) 

- Group 4 and 5 (treated): DN7 (1 and 3 mg/kg, per os) 

- Group 6, 7 and 8 (treated): DN12 (1, 3 and 10 mg/kg, per os) 

The rat paw edema was induced by injection of carrageenan solution 1 % (100 μL) under 

neath the planter region of left hind paw of the rats, 1 h after oral administration of different 

solutions. 

The increased edema was measured using digital caliper at 180 and 300 minutes (T3h and T5h) 

after carrageenan injection. 

The importance of edema was assessed by determining the mean percentage increase (% 

INC) of diameter of rat paw according to formula: 

 ۱ۼ%۷ ൌ  
 ܜ۲ െ ܗ۲

ܗ۲
 ൈ ૚૙૙ 

Dt: Paw diameter at t time; 

DO: Initial paw diameter 

ii. Acetic acid induced writhing in mice  

The writhing test in mice was used [31]. Contortions were induced by intraperitoneal injection 

of acetic acid 3 %. Animals were divided in groups of 5 mices each. They were then fasted 12 

hours before tests. 

 Mice were treated with the following solutions: 

- Group 1 (control): Normal saline (10 mL/kg, per os) 

- Groups 2 (reference): Acetyl salicylic acid (ASA) (10 mg/kg, per os) 

- Group 3 and 4 (treated): DN7 (3 and 10 mg/kg, per os) 

- Group 5 and 6 (treated): DN12 (3 and 10 mg/kg, per os) 
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Intraperitoneal injection of 3 % acetic acid solution was performed 1 h after gavage. The 

sensitivity to pain was evaluated by the contortions number counted during 30 min after 

latency time. 

d. Statistical analysis 

The experimental results are expressed as mean  standard error of mean (SEM). The 

significance was evaluated using one-way ANOVA followed by Bonferroni's post hoc test 

compared with the control group. Values of p<0.05 were significantly different. n is the 

number of experiences in each group. 

2. RESULTS AND DISCUSSION 

Intraperitoneal acetic acid (3 %) induced contorsions (72.6±6.64) (p< 0.05, n=5) in mice 

which were treated with vehicle (10 mL/kg, per os). Pretreatment with betamethasone (300 

µg/kg, per os), prevented significantly the whrites induced with acetic acid, compared to 

control group (24±4 vs 76.6±6.64) (p< 0.05, n=5). The prevention of contorsions induced with 

acetylsalicylic acid (10 mg/kg, per os) is significant versus control group, but less potent to 

that of betamethasone administered at a tiny dose (300 µg/kg, per os). It suggests that 

peripheral pain model of acetic acid induced contorsions, also discriminates the profile of 

analgesic effect between glucocorticoids and the non steroidial anti-inflammatory drugs. 

(Figure 2) 

Prior administration of DN7 (3 mg/kg, per os) and DN12 (3 mg/kg, per os), significantly 

prevents acetic acid induced controrsions in mice. The mean of contorsions is respectively 

30±10 and 27±7 versus 72.6±6.64 in control group (p< 0.05, n=5). The analgesic effect of 

DN7 and DN12, at 3mg/kg per os, is similar to that of acetylsalicylic acid (10 mg/kg) 

administered in the same conditions. (Figure 2) 

The cyclooxygenase 2 (COX2) produces prostanoids that mediate pain, fever and 

inflammation processes [32]. Ribeiro et al. [33], showed that acetic acid causes nociception 
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by a mechanism involving eicosanoids such as prostaglandins, which also mediate the 

mechanical hyperalgesia induced by inflammatory stimuli as carrageenan. Several studies had 

shown the analgesic activity of triterpenes. In fact, asiatic acid, a pentacyclic triterpene 

compound from Centella asiatica, significantly inhibits acetic acid induced whrites. This 

effect may be caused by inhibition of arachidonic acid metabolites synthesis [34]. It was also 

shown that many molecules possess both analgesic and anti-inflammatory properties; their 

mechanism of action involves COX2 inhibition [35]. In this study, the analgesic effect of 

betulonic acid (DN7) and cabraleone (DN12), similar to that of acetylsalicylic acid, may 

involve COX2 inhibition such as asiatic acid of C. asiatica, a triterpenoid molecule. 

edema (92.72±6.05 %). Pretreatment with betamethasone (1 mg/kg, per os) significantly 

prevented the acute rat paw edema induced with carrageenan 1 %. The increase of paw edema 

is only 23.47±3.99 %, suggesting a power anti-inflammatory response of glucocorticoids in 

acute rat paw edema. In this model, the anti-inflammatory activity of glucocorticoids is more 

effective than that of non steroidial anti-inflammatory drugs such acetylsalicylic acid. In fact, 

pretreatment with acetylsalicylic acid (1 mg/kg, per os), significantly prevents rat paw edema 

(30.96±7.25 vs 92.72±6.05 %) (p< 0.05, n=5). DN7 and DN12 dose dependently prevent rat 

paw edema induced with carrageenan 1 %. At 10 mg/kg per os, the increase of paw edema is 

29.28±5.88 vs 30.96±7.25 % in acetylsalicylic acid (10 mg/kg, per os) group, suggesting a 

similar profile of anti-inflammatory effect between acetylsalicylic acid and triterpenoid 

molecules from C. glutinosum. (Table I)  

The development of paw edema following injection of carrageenan has been characterized as 

a biphasic event in which various mediators are involved to generate inflammatory response 

[36]. The acute phase of edema (0–2.5 h) contributes to the release of histamine, 5-

hydroxytryptamine and bradykinin, which are not inhibited by non-steroidal anti-
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inflammatory drugs [37]. However, a delayed phase of inflammation is correlated with 

overproduction of prostaglandins in tissues, mediated by COX2 [38].  

The anti-inflammatory effect of DN7 and DN12 on carrageenan-induced rat paw edema is 

particularly significant in the second phase of inflammation, suggesting a possible prevention 

of eicosanoids production such prostaglandins, probably by COX 2 inhibition. 

Several studies had shown the anti-inflammatory activity of triterpenoid molecules, involving 

the prevention of prostaglandins production. According to Begum et al. [39], coumaroyl 

lupendioic acid from Careya arborea stem barks, inhibits pro-inflammatory mediators on 

carrageenan induced inflammatory model. The underlining mechanism of action is associated 

with selective inhibition of COX2. Ursolic acid, pentacyclic triterpenoid, isolated to hexane 

extract of Plantago major, is also anti-inflammatory. This effect has been attributed to 

inhibition of prostaglandins synthesis associated with COX2 inhibition [40, 41]. Tetracyclic 

triterpenes isolated from gum resins of Boswellia spp possess anti-inflammatory activity 

involving COX2 inhibition [42]. Cabraleone (DN12) and betulonic acid (DN7), respectively a 

tetra- and pentacyclic triterpenoid molecules from C. glutinosum, may involve similar 

mechanism to prevent both pain and inflammation, justifying their use in African traditional 

medicine. 

 

 

 

 

 



 

8 
 

 

 

 

 

 

 

 

 

 

 

References 

1. Fürst R, Zündorf I. Plant-derived anti-inflammatory compounds: hopes and 

disappointments regarding the translation of preclinical knowledge into clinical 

progress. Mediators of inflamm. 2014;1-9. 

2. Rodrigues JA, Vanderlei ES, Silva LM, Araujo IW, Queiroz IN, Paula GA. 

Antinociceptive and anti-inflammatory activities of a sulfated polysaccharide isolated 

from the green seaweed Caulerpa cupressoides. Pharmacol Rep. 2012;64 (2):282-292. 

3. Galanaud P. Inflammation et anti-inflammatoires. La revue du praticien. 2003;53(5): 

476-477. 

4. Le Bars D, Willer, J. Physiologie de la douleur. EMC-Anesthésie Réanimation. 

2004;1(4):227-266. 

5. Scrivo R, Vasile M, Bartosiewicz I, Valesini G. Inflammation as "common soil" of the 

multifactorial diseases. Autoimmun rev. 2011;10(7):369-374. 

6. Orliaguet, G, Gall O, Lambert-Benabess, F. Nouveautés concernant les anti-

inflammatoires stéroïdiens et non stéroïdiens. Mapar. 2013;557-571. 

7. De las Heras, B. & Hortelano, S. Molecular basis of the anti-inflammatory effects of 

terpenoids. Inflamm. Allergy Drug Targets. 2009; 8(1):28–39. 



 

9 
 

8. Saklani A, Kutty, SK. Plant-derived compounds in clinical trials. Drug Discov. Today. 

2008;13(3):161–171. 

9. Daouda N, Mbaye DM, Abdoulaye G, Catherine L, Serge P. Détermination structurale 

de triterpenoïdes isolés des feuilles de Combretum glutinosium Perr. Ex DC 

(Combretaceae). Int. J. Biol. Chem. Sci. 2017;11(1):488-498. 

10. Lengani A, Lompo LF, Guissou IP, Nikiema JB. Traditional medicine in kidney 

diseases in Burkina Faso.  Nephrol Ther. 2010;6(1):35–39. 

11. Kerharo J, Adam JG. La pharmacopée Sénégalaise traditionnelle, plantes médicinales 

et toxiques.  Edition Vigot et Frères, PARIS, 1974. 

12. Pousset JL. Pantes médicinales Africaines utilisation pratique. Edition Marketing, 

PARIS, 1989. 

13. Sereme A, Millogo-Rasolodimby J, Guinko S, Nacro M. Propriétés thérapeutiques des 

plantes à tannins du Burkina Faso. Pharmacopée et Médecine traditionnelle 

Africaines, 2008;41-49. 

14. Thiombiano A.  Contribution à l’étude des Combretaceae dans les formations 

végétales de la région Est du Burkina Faso. THESE DE DOCTORAT DE 3ème Cycle 

Des Sciences Biologiques Appliquées. Ouagadougou: Université de Ouagadougou, 

1996. 

15. Zerbo P, Millogo-Rasolodimey J, Nacoulma-Ouerdraogo O. G., Van Damme P. 

Contribution à la connaissance des plantes médicinales utilisées dans les soins 

infantiles en pays San, au Burkina Faso. Int. J. Biol. Chem. Sci.. 2007;1(3):262-274. 

16. Arbonnier M. Arbres, arbustes et lianes des zones sèchées d' Afrique de l' Ouest.  

Editions Quoe, Versailles, 2009. 

17. Gning ON, Sarr O, Akpo LE.  Richesse de la pharmacopée malinké : rôle médicinal de 

l’arbre a Khossanto : (Kédougou, Sénégal oriental).  J. Appl. Biosci. 2014; 6043– 

6058. 

18. Farid BM, Akpagana K, Bouchet P.  Antifungal activities of seven West African 

Combretaceae used in traditional medicine.  J ethnopharmacol.  1999;66(3):335-338. 

19. Sore H, Hilou A, Sombie PA, Compaore M, Meda R, Milligo J. Phytochemistry and 

Biological Activities of Extracts from Two Combretaceae Found in Burkina Faso: 

Anogeissus Leiocarpus (DC) Guill. and Perr. And Combretum Glutinosum Perr. Ex 

DC. Univers. j. environ. res. technol. 2012;2(5):383-392. 



 

10 
 

20. Ouattara Y, Sanon S, Traoré Y, Mahiou V, Azas N, Sawadogo L.  Antimalarial 

activity of swartzia Madagascariensis DESV. (LEGUMINOSAE), Combretum 

glutinosum GUILL. & PERR. (COMBRETACEAE) and Tinospora bakis MIERS. 

(MENISPERMACEAE), Burkina Faso médicinal plants. Afr. J. Trad. CAM. 

2006;(1):75-81. 

21. Sall C, Ndoye SF, Dioum MD, Seck I., Gueye RS, Faye B. Phytochemical Screening, 

Evaluation of Antioxidant and Anti-sickling Activities of Two Polar Extracts of 

Combretum glutinosum Leaves. Perr. ex DC. Br J Appl Sci Technol. 2017,19(3):1-11. 

22. Baldé E, Camara A, Traoré M, Megalizzi V, Kahvecioglu Z, Colet J. Combretum 

glutinosum a une double activité hypoglycémiante et cytotoxique.  Diabetes & Metab. 

2016; 42(1): A42-A43. 

23. Kabore IZ, Guissou IP, Sawadogo PL. Evaluation de l'activité hépatoprotectrice des 

extraits aqueux de plantes médecinales face à une hépatotoxicité létale induite chez la 

souris.  Ann Univ Ouagadougou. 2003;15-40. 

24. Alqahtani A, Hamid K, Kam A, Wong KH, Abdelhak Z, Razmovski-Naumovski V. 

The pentacyclic triterpenoids in herbal medicines and their pharmacological activities 

in diabetes and diabetic complications. Curr. Med. Chem. 2013;20(7),908-931. 

25. Zhu F, Du B, Xu B. Anti-inflammatory effects of phytochemicals from fruits, 

vegetables, and food legumes: A review. Crit Rev Food Sci Nutr 2017;58(8),1260-

1270. 

26. Lordani TVA, De Lara CE, Ferreira FBP, De Souza Terron Monich M, Mesquita da 

Silva C, Lordani F. Therapeutic Effects of Medicinal Plants on Cutaneous Wound 

Healing in Humans: A Systematic Review. Mediators Inflamm. 2018;2018. 

27. Catteau L, Zhu L, Van Bambeke F, Quetin-Leclercq J. Natural and hemi-synthetic 

pentacyclic triterpenes as antimicrobials and resistance modifying agents against 

Staphylococcus aureus: a review. Phytochem Rev. 2018;1-35. 

28. Xu GB, Xiao YH, Zhang QY, Zhou M, Liao SG. Hepatoprotective natural 

triterpenoids. Eur. J. Med. Chem. 2018;145,691-716. 

29. Xu F, Huang X, Wu H, & Wang X. Beneficial health effects of lupenone triterpene: A 

review. Biomed Pharmacother, 2018;103,198-203. 

30. Winter CA, Risley FA, Nuss G. Carrageenan induced oedema in hand paw of the rat 

as assays anti-inflammatory drugs. Proc. Soc. Exp. Biol. Med. 1962;111:544-547. 

31. Koster R. Anderson M, Beer E. Acetic acid for analgesic screening. Proceedings 

1959;18-412. 



 

11 
 

32. Smith WL, DeWitt DL, Garavito RM. Cyclooxygenases: structural, cellular and 

molecular biology. Ann. Rev. Biochem. 2000;69:145-182.  

33. Ribeiro RA, Vale ML, Thomazzi SM, Paschoalato AB, Poole S, Ferreira SH, Cunha 

FQ. Involvement of resident macrophages and mast cells in the writhing nociceptive 

response induced by zymosan and acetic acid in mice. Eur J Pharmacol. 

2000;387(1):111-118. 

34. Huang SS, Chiu CS, Chen HJ, Hou WC, Sheu MJ, Lin YC, Shie PH, Huang GJ. 

Antinociceptive activities and the mechanisms of anti-inflammation of asiatic acid in 

mice. Evid Based Complement Alternat Med. 2011. 

35. Morteza-Semnani K, Saeedi M, Hamidian M, Vafmehr-Dehpour AR. Anti-

inflammatory, analgesic activity and acute toxicity of Glaucium grandiflorum extract. 

J. Ethnopharmacol. 2002;80:181-186. 

36. Garcia MD, Fernandez MA, Alvarez A, Saenz MT. Anti-nociceptive and 

antiinflammatory effect of the aqueous extract from leaves of Pimenta racemosa var. 

Ozua (Myrtaceae). J. Ethnopharmacol. 2004;91(1):69-73. 

37. Maity TK, Mandal SC, Mukherjee PK. Studies on anti-inflammatory effect of Cassia 

tora leaf extract (fam leguminosae). Phytother. Res. 1998;12(3):221-223. 

38. Gilligan JP, Lovato SJ, Erion MD, Jeng AY. Modulation of carrageenan-induced hind 

paw edema by substance P. Inflammation, 1994; 18(3): 285-292. 

39. Begum R, Sheliya MA, Mir SR, Singh E, Sharma M. Inhibition of proinflammatory 

mediators by coumaroyl lupendioic acid, a new lupane-type triterpene from Careya 

arborea, on inflammation-induced animal model. J ethnopharmacol. 2017;206:376-

392. 

40. Ringbom T, Segura L, Noreen Y, Perera P, Bohlin L. Ursolic acid from Plantago 

major, a selective inhibitor of cyclooxygenase-2 catalyzed prostaglandin 

biosynthesis. J. Nat. Prod. 1998;61(10):1212-1215. 

41. Subbaramaiah K, Michaluart P, Sporn MB, Dannenberg AJ. Ursolic acid inhibits 

cyclooxygenase-2 transcription in human mammary epithelial cells. Cancer 

research. 2000;60(9):2399-2404. 

42. Verhoff M, Seitz S, Paul M, Noha SM, Jauch J, Schuster D, Werz O. Tetra-and 

pentacyclic triterpene acids from the ancient anti-inflammatory remedy frankincense 

as inhibitors of microsomal prostaglandin E2 synthase-1. J. Nat. Prod. 

2014;77(6),1445-1451. 



 

12

 

 

 

 

 

 

 

 

 

 

 

A.                                                                                                   B. 

                              

Figure 1: Structure of betulonic acid (DN7) and cabraleone (DN12) isolated from leaf 

extracts of Combretum glutinosum. A: Betulonic acid, B: Cabraleone 
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Figure 2: Analgesic effect of DN7 and DN12 on acetic acid induced contorsions in mice. 

**p < 0.01, ***p < 0.001 vs control group. DN7: Betulonic acid, DN12: Cabraleone. 

 

 

Table I: Effect of DN7 and DN12 on carrageenan-induced paw edema test in rats. 

**p < 0.01, ***p < 0.001, ****p < 0.0001 vs control group. ASA: acetylsalicylic acid, 

DN7: betulonic acid, DN12: cabraleone 

Treated groups Dose (mg/kg) 
Increased rat paw edema (%) 

3H 5H 

Control 10 mL/kg 67.77±6.79 92.72±6.05 

ASA 10 33.77±7.08** 30.96±7.25**** 

DN7 
1 

3 

31.56±7.35*** 

34.04±4.08** 

51.17±4.47*** 

31.84±6.76**** 

DN12 1 50.27±6.26** 56.49±8.29*** 



 

15 
 

3 

10 

37.67±4.91** 

29.02±3.87*** 

40.15±4.14**** 

29.28±5.88**** 

 

 

 

 

 

 

 

 

 

 

 

 

 


