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Abstract 
 
Aim of the study: The ethanolic stem bark extract of Harungana madagascariensis 
(Hypericaceae), (Choisy) Poir were evaluated for their activities on Trichomonas gallinae 
(Rivolta) Stabler isolated from the pigeon (Columba livia). It was also tested for their anti-
malarial activity on N67 Plasmodium yoelii nigeriensis (in vivo) in mice and on Plasmodium 
falciparum isolates in vitro. 
Materials and methods: The anti-trichomonal screening was performed in vitro 
usingTrichomonas gallinae culture. The minimum lethal concentration (MLC) is the lowest 
concentration of the test extract in which no motile organisms were observed. The anti-
malarial effects were determined in-vivo for suppressive, curative and prophylactic activities in 
mice receiving a standard inoculum size of 1×107 (0.2 ml) infected erythrocytes of 
Plasmodium yoelii nigeriensis intraperitoneally, and the in vitro was performed against 3 
isolates of Plasmodium falciparum in a candle jar procedures. 
Results: The IC50 of the extract and metronidazole (MDZ) (Flagyl) on Trichomonas gallinae 
at 48 h are 187 and 1.56 µg/ml. The IC50 of the extract, chloroquine (CQ) and artemether 
(ART) on Plasmodium falciparum are between 0.052 and 0.517µg/ml for the extract and 
0.021 and 0.0412 µg/ml for ART and CQ, respectively. The actions of the extract in in vivo 
study on Plasmodium yoelii nigeriensis showed that in both suppressive and prophylactic 
tests the percentages chemo-suppressive were between 28.6–44.8% and 30.2–78.2% 
respectively, while only 80 mg/kg of the extract reduced the parasitaemia level when 
compared to the control and the standard drugs in curative test. 
Conclusions: Harungana madagascariensis stem bark extract therefore exhibited 
significant anti-protozoan effects against Trichomonas and Plasmodium both in vivo and in 
vitro. 
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1. Introduction 
 
1.1. Plant 
 
Harungana madagascariensis (Choisy) Poir. (Hypericaceae) is otherwise called dragon’s 
blood tree. The genus is monotypic, the single species being found in tropical Africa, 
Madagascar, Mauritius and Mascareigne Island. The local names are “Amuje”, “Aroje”, and 
“Arunje”. It is widespread and locally abundant in areas where annual rainfall exceeds 
1300mm. (Hutchinson and Dalziel, 1954; Humphries and Stanton, 1992; Csurhes and 
Edwards, 1998). The fresh stem barks of Harungana madagascariensis were collected along 



Ede and Ondo roads near the main University campus, Ile-Ife. The plant was identified by Mr. 
O.A. Oladele of the Department of Pharmacognosy, Faculty of Pharmacy, Obafemi Awolowo 
University, Ile-Ife and a voucher specimen with voucher number FHI 
107392 was kept at the herbarium of the Forestry Research Institute of Nigeria, Ibadan. 
 
1.2. Previously isolated classes of constituents 
 
Some of the constituents and isolated compounds from Harungana madagascariensis 
includes: flavonoids, alkaloids, saponins, glycosides, and tannins (Moulari et al., 2006a,b). 
Three prenylated anthranoids: harunmadagascarins C and D and kenganthranol D, three 
prenylated 1,4-anthraquinone: harunmadagascarins A and B, harunganol B and harungin 
anthrone (Kouam et al., 2006a,b, 2007), Bazouanthrone, a newanthrone derivative, has been 
isolated from the root bark of Harungana madagascariensis, together with other known 
compounds, feruginin A, harunganin, harunganol A, harunganol B, friedelan-3-one and 
betulinic acid (Ndjakou Lenta et al., 2007). 
 
1.3. Uses in traditional medicine 
 
Traditionally, the leaves and stem bark are used for the treatment of anaemia, the stem bark 
is also used for nephrosis, malaria, gastro-intestinal disorders and fever (EMEA, 1999; Tona 
et al., 2000; Erah et al., 2003; Kamanzi Atindehou et al., 2004). Aqueous leaf extract has 
been shown to have anti-microbial activity on different strains of bacteria (Bacillus subtilis, 
Staphylococcus aureus, Eschericia coli and Salmonella typhi), thus substantiating its 
use for gastro-intestinal disorders (Okoli et al., 2002). The stem bark extract inhibited 
Entamoeba hystolytica growth at a concentration of less than 10µg/ml (Tona et al., 2000). 
The stem bark extract also exhibited more than 70% inhibition of acetylcholine and potassium 
chloride solution-induced contractions on isolated guinea-pig ileum. Harungana 
madagascariensis is a component of Jubi Formula, an herbal preparation which was found to 
restore the pack cell volume (PCV) and haemoglobins (Hb) concentration in anaemia 
conditions and is a potential substitute for blood transfusion (Erah et al., 2003). Lukwa et al. 
(2001) made an ethnobotanical survey on some herbal remedies used by traditional healers 
in Mola, Kariba district of Zimbabwe for the treatment and prevention of malaria, Harungana 
madagascariensis is one of the plants used for the treatment of malaria. Earlier studies of 
Harungana madagascariensis were based on the leaves, (Madubunyi et al., 1995; Kamanzi 
Atindehou et al., 2004; Okoli et al., 2002; Moulari et al., 2006a,b; Kouam et al., 2007). Nwodo 
(1989) and Kouam et al. (2006a,b) have, however, examined the effect of crude extracts and 
isolated compounds from a hexane extract of the stem bark of Harungana madagascariensis, 
for their analgesic, anti-inflammatory, alpha-glucosidase inhibition and anti-oxidant activities 
respectively. The most recent work of Ndjakou Lenta et al. (2007) showed the anti-plasmodial 
effects of six isolated compounds from the root bark of Harungana madagascariensis in vitro. 
Many isolated compounds from natural products have been tested in vitro for anti-malarial 
properties; and found to exhibit potent activities (Rukunga and Simons, 2006). Studies have 
shown that in vivo examinations of the same compounds are without such activities (Khalid et 
al., 1989; Bray et al., 1990). To complement these studies, we therefore, investigated the 
activities of Harungana madagascariensis stem bark on Trichomonas gallinae (in vitro) and 
malaria (in vivo and in vitro), in order to authenticate its efficacy in traditional medicine. 
 
2. Materials and methods 
 
2.1. Plant materials and preparation of the extracts 
 
The ethanolic extraction was made by soaking 325 g of the dried powdered stem bark in 
70:30 ethanol:water for 24 h. After maceration, the extract was evaporated in vacuo in a 
rotary evaporator to dryness, yielding 9 g of the brown crude extract. 
 
2.2. Parasites 
 
Trichomonas gallinae was obtained from the gut of a local pigeon bred and maintained in the 
Drug Research and Production Unit. The N 67 chloroquine (CQ) sensitive strain of 
Plasmodium yoelii nigeriensis was donated generously by the Malaria Research and 
Reference Reagent Resource Center (MR4) Manassas, VA, USA, and was obtained from the 
Institute of Medical Research and Training courtesy of Dr. O.G. Ademowo. The Plasmodium 



falciparum was obtained from the patients that visited Clinical Pharmacology Unit, University 
Teaching Hospital, College of Medicine, Ibadan. 
 
2.3. Animals 
 
Mice of either sex, weighing between 18 and 220 g were used. The animals were maintained 
at 25 + 1 °C under natural 12 h daylight/night conditions for at least 5 days before the 
experiment. All the animals were fed with standard diet in the Department of Pharmacology 
Animal House and water was given ad libitum. 
The “principle of laboratory animal care” (National Institute of Health-NIH publication No. 85-
23) guidelines and procedures were followed in this study (NIH publication revised, 1985). 
 
2.4. Anti-trichomonal test 
 
Trichomonas gallinae was cultured in Ringer-Egg-Serummedium according to the method of 
Boeck and Drbolav (1925) as cited by Levine (1961). The anti-trichomonal screening was 
performed in vitro according to the method of Meingasser and Thurner (1979) as reported by 
Oyedapo et al. (2004). Trichomonas culture was distributed into micro well plates and 
solutions of the test substances were added to make concentrations of 250, 500, 1000, 2000 
and 4000 µg/ml.Metronidazole (MDZ) was used as reference substance in the following 
concentrations: 0.62, 1.25, 2.5, 5, 10 and 20 µg/ml. 50 µl of extract and 150 µl of the culture 
solution were pipetted into the micro wells and incubated at 37 C for 24 and 48 h. Wet mount 
microscopic observation was done for each time set. The experiments were done in 
triplicates. The minimum lethal concentration (MLC) is the lowest concentration of the test 
extract in which no motile organisms were observed. A graph of % inhibition of parasites 
growth against the concentration of the extract and the standard agents were plotted and the 
IC50 (the inhibitory concentration that suppressed the growth of the parasites population by 
50%) were extrapolated. 
 
2.5. Anti-malarial tests 
 
The anti-malarial effects were determined according to Peters and Robinson (1992), Ryley 
and Peters (1970) and Peters (1965), respectively for suppressive, curative and prophylactic 
tests, and the in vitro was performed according to WHO (1987).  
The evaluation of blood schizonticidal activity on an early suppressive infection (4-day test), 
prophylactic and curative tests The blood schizonticidal activity of the extracts (20, 40 and 80 
mg/kg/day); chloroquine (5 mg/kg/day) as standard drug and normal saline (0.9%) as control 
were assessed in parasitized albino mice receiving a standard inoculum size of 1×107 (0.2 ml) 
infected erythrocytes of Plasmodium yoelii nigeriensis intraperitoneally on day zero. In the 
suppressive test, the administration of drugs took place from Day 0 to Day 3. On Day 4, blood 
smears were made from the tail of the mouse and percentage parasitemia determined. In 
prophylactic test, another group of animals were first treated with the extracts and 
pyrimethamine (1.2 mg/kg) daily for 3 days, and were inoculated with parasites after 
treatment, 72 h after infection, parasitaemia were determined. However in curative test, the 
animals were infected with same parasites and were allowed to be established for 72 h after 
which treatment was given for 5 days and parasitaemia was determined. 
 
2.6. In vitro method 
 
The extract (10mg) was weighed and dissolved in 0.5 ml of sterile distilled water to give a 
stock concentration of 5mg/ml. Chloroquine and artemether (ART) stock concentration were 
0.5 mg/ml. From these stock solutions, a 10-fold dilution was made with RPMI 1640 medium 
(without bicarbonate). 100 µl aliquots of diluted extract dispensed into 96-well plates gave 
0.07, 0.21, 0.62, 1.85, 5.60, 16.7, and 50.0 µg/ml as final concentration, while CQ and 
ART gave 10 times lower than that of the extract. Fifty microlitres of RPMI 1640 medium plus 
bicarbonate and serum A+ as complete serum were aliquoted into all the wells. Twenty-five 
microlitres of infected red cell of each isolates were separately added. The starting 
parasitaemia was between 2.5–5.0%. However, the negative controls were without the 
extract. After this, the plates were covered, shaken gently and incubated in a desiccator at 37 
°C for 27–30 h. After incubation, the contents of both the controls and tested wells were 
harvested and the deposited red cells were transferred to a slide to form a thick film. The film 



was dried and stained with Giemsa and the parasites were assessed for growth. The 
numbers of schizonts with three or more nuclei out of a total of 200 asexual parasites were 
noted. A graph of %inhibition of parasites growth against the concentration of the extract and 
the standard agents were also plotted and the IC50 were determined. 
 
2.7. Data and statistical analysis 
 
Data are expressed as mean ± S.E.M. and analyzed using one way analysis of variance 
(ANOVA) followed by Dunnett Test for comparing pairs of data. The significant level was set 
at p < 0.05. The IC50 values were calculated using the Microsoft Excel program. 
 
3. Results 
 
Results of the anti-protozoan activity of HMSE on trichomonads and malaria parasites 
showed an inhibitory effect on the parasites growth. The in vitro activities were expressed in 
Tables 1 and 2; Figs. 1 and 2. The IC50 of the extract and MDZ (Flagyl) on Trichomonas 
gallinae at 24 and 48 h are 1000.0 and 1.87 µg/ml at 24 h and 187.0 and 1.56 µg/ml at 48 h, 
respectively. The IC50 of the extract, CQ and ART on Plasmodium falciparum are between 
0.052 and 0.517 µg/ml for the extract and 0.021 and 0.0412 µg/ml for ART and CQ 
respectively. The actions of the extract in in vivo study on Plasmodium yoelii nigeriensis were 
indicated in Tables 3–5. In both suppressive and prophylactic tests the percentage chemo- 
suppressive was between 28.6–44.8% and 30.2–78.2%, respectively. However, in curative 
test, only 80mg/kg of the extract reduced the parasitaemia level as compared to the control 
and the standard drugs. 
 
4. Discussion 
 
Plants are often considered to be useful against infectious diseases, which are used as 
alternatives to synthetic compounds without regard to different etiological agents (viral, 
bacterial, fungus and protozoa) in traditional medical practice. The wide reports of Harungana 
madagascariensis plant parts that are used in various infectious disorders points to the fact 
that the plant constituents could be potential anti-infective candidates for the treatment of 
viral, bacteria, fungi, and protozoa (Madubunyi et al., 1995; Okoli et al., 2002; Kamanzi 
Atindehou et al., 2004;Moulari et al., 2006a,b; Kouam et al., 2007). 
Our experiments demonstrate that phyto-chemical constituents present in the stem bark 
extract of Harungana madagascariensis used in traditional medicine to treat infectious 
diseases, exhibited anti-protozoan activity against Trichomonas gallinae in vitro and 
Plasmodium parasites both in vivo and in vitro. This however, supports the reports of Gessler 
et al. (1995), Tona et al. (2000) and Ndjakou Lenta et al. (2007) that showed the leaves and 
root bark extracts from Harungana madagascariensis, which inhibited another protozoan 
Entamoeba hystolytica growth in an investigation on the putative anti-amoebic and 
Plasmodium falciparum isolates respectively. Although, anti-protozoan effects of different 
parts (leaves, seeds and root extracts) of Harungana madagascariensis have been evaluated 
by various authors (Tona et al., 2000; Kamanzi Atindehou et al., 2004 and Ndjakou Lenta et 
al., 2007), no activity on the stem bark or any part of the plant have been reported in vivo. All 
the works cited are in vitro studies. In addition, other forms of protozoa (amoebasis, 
leishmaniasis, trypanosomiasis) have been tested against different extracts of this 
plant, while trichomonads remain the only protozoa. These two reasons prompted the 
objective of this study. 
Trichomoniasis and malaria have important medical, social and economic implications. 
Premature labour, premature ruptures of placental membranes and low birth-weights have 
been reported in infected pregnant women. T. vaginalis can augment the predisposition of 
individuals to human immunodeficiency viruses (HIV) (Petrin et al., 1998). Metronidazole is 
the recommended treatment for trichomoniasis. Tinidazole (Fasigyn) is an alternative drug. 
Adverse reactions to high doses and also allergic reactions to metronidazole have been 
reported (Narcisi and Secor, 1996). Multiple drug resistances to these routine drugs are on 
the increase, it has been shown that 5% of the population has shown resistance to 
metronidazole (Lossick, 1989) and the frequency of chloroquine resistance ranged from 18% 
to 62% (Rowland et al., 1997). 



This problem of resistance alone is enough to search for new agents from plants used in 
traditional medicine for the treatment of these ailments (Rukunga and Simons, 2006). 
The activity of the extract on trichomonads is weak compared to metronidazole. However, the 
IC50 of the extract at 48 h was highly reduced; an indication that the extract contact time with 
the parasite is a factor for its effectiveness. On malaria parasites also, the IC50 of the extract 
was highly comparable with that of chloroquine and artemether, however, the positive control 
drugs are 10 times more potent than the extract against the two parasites tested. Rukunga 
and Simons (2006) classified the in vitro activity of natural products having anti-plasmodial 
effects into three categories. The first category deals with plant extracts exhibiting high anti-
plasmodial action (IC50 less than or equal to 10 µg/ml). The second groups are moderately 
active with IC50 greater than 10 but less than 100 µg/ml, while the third category was termed 
as low active group as their IC50 is greater than 100 µg/ml. The results of this study fall in the 
first category indicating that the extract has a high anti-plasmodial activity against malaria, but 
exhibited weak effect on trichomonads. These observations indicated that a difference in the 
parasites genus has an effect on the response to the test substance. In the three models of 
malaria treatment employed in our in vivo study, the results showed that the extract also 
inhibited the multiplication of malaria parasites in rodents in various degrees. It was clearly 
shown that the extract had no significant effect in curative treatment, but is highly effective 
through suppressive and prophylactic mode of therapy. This could therefore be the mode of 
treatment employed in traditional medicine. Many compounds from natural products have 
been shown to exhibit potent in vitro anti-malarial activities (Rukunga and Simons, 2006). 
However, various studies have indicated that in vivo examinations of the same compounds 
are without such activities (Khalid et al., 1989 and Bray et al., 1990). 
Till date no single report is available on the in vivo effect of the stem bark extract against 
Plasmodium in rodents. The current study reports for the first time, the in vivo efficacy of the 
plant to justify the traditional uses against malaria and Trichomonas gallinae as anti-protozoal 
agent. These activities on malaria and trichomonads pathogens like those reported against 
fungi and bacteria organisms could then explain the usefulness of the plant in the treatment of 
fever, tuberculosis, diarrhea, dysentery, syphilis, gonorrhea, parasitic skin diseases and 
wounds. From the phytochemical studies, anthraquinone, anthranoids, courmarins, and 
triterpenoids are the compounds that were detected. The Hypericaceae family is well known 
for the production of various phenolic compounds such as anthraquinones, xanthones, 
coumarins, biflavonoids and anthrone derivatives (Iinuma et al., 1995) which are known to 
exhibits antimicrobial activities (Rabanal et al., 2002). It is possible that these bioactive 
compound(s) found in the stem bark could be responsible for these activities. 
 
5. Conclusion 
 
Harungana madagascariensis stem bark extract had significant anti-trichomonal and anti-
malarial activities thus indicating their positive role, and justifying the ethnomedicinal use of 
the plant parts in traditional medicine. 
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Table 1 
An in vitro anti-trichomonads activity of metronidazole (MDZ) as positive control, and the stem 
bark (HMSE) extract of Harungana madagascariensis on Trichomonas gallinae (24 and 48 h) 
Percentage of the number of surviving trichomonads (%mortality/inhibition of Trichomonas gallinae growth) 
Concentration (µg/ml)            24 h                                                               48 h 
                                               Flagyl MDZ             HMSE                            Flagyl MDZ                        HMSE 
0                                             0.0                           0.0                                 0.0                                        0.0 
0.62                                        11.1±5.5                  –                                    28.2±1.3                                – 
1.25                                        25.1±4.6                  –                                    38.0±1.9                                – 
2.5                                          94.4±2.5                  –                                    95.5±3.6                                – 
5.0                                          100.0                       –                                    100.0                                     – 
10                                           100.0                       –                                    100.0                                     – 
20                                           100.0                       –                                    100.0                                     – 
250                                         ND                          14.6±2.2                         ND                                        66.2±1.5 
500                                         ND                          33.4±2.6                         ND                                        76.1±0.7 
1000                                       ND                          48.1±3.8                         ND                                        84.3±0.9 
2000                                       ND                          88.8±0.9                         ND                                        97.6±0.3 
4000                                       ND                          100.0                              ND                                       100.0 
ND: not determined. 
 

 
 
 
 
 
 
 
 
 



 
Table 2 
The anti-trichomonads and anti-malarial IC50 values of the extract of  
Harungana madagascariensis and standard drugs-metronidazole,  
chloroquine and artemether on both trichomonads and malarial parasites  
(in vitro) 
IC50 of HMSE and MDZ on Trichomonads gallinae at 24 and 48 h (_g/ml) 
24 h                                                           48 h 
HMSE                  MDZ                              HMSE                    MDZ 
1000.00               1.87                               187.00                   1.56 
 
IC50 of HMSE, CQ and ART on Plasmodium falciparum (µg/ml) 
HMSE                           0.052–0.517 
CQ                                0.0412 
ART                              0.021 
 
 
 
 
 

 
Fig. 1. In vitro effects of Harungana madagascariensis extract on Plasmodium  
falciparum. %Inhibition of parasite growth against the various concentrations of  
the stem bark extract of Harungana madagascariensis (HMSE) on Plasmodium  
falciparum isolates (♦-♦) 001, (■-■) 011, (▲-▲) 017 
 
 
 

 
 
Fig. 2. In vitro effects of chloroquine (CQ) and artemether (ART) against  
Plasmodium falciparum isolates. %Inhibition of parasite growth against the various 
concentrations of the standard drugs chloroquine (CQ) (■-■) and artemether (ART)  
(▲-▲) on Plasmodium falciparu  isolate. 
 



 
 
Table 3 
The suppressive (in vivo) activity of the stem bark (HMSE) extract of Harungana 
madagascariensis and chloroquine (CQ) on Plasmodium yoelii nigeriensis 
                                     Suppressive test 
                                     %Parasiteamia                                    %Chemo-supression 
Control                          34.65 ± 1.31                                        – 
20 mg/kg                       24.75 ± 2.25a,b                                   28.57 
40 mg/kg                       21.84 ± 1.61a,b                                   36.99 
80 mg/kg                       19.14 ± 1.07a,b                                   44.76 
CQ (5 mg/kg)                10.2 ± 0.3a                                          70.56 
Values are mean ± S.E.M., n=5; *p < 0.05 vs. control. 
a Significantly different from control at p < 0.05. 
b Significantly different from CQ at p < 0.05. 
 
 

 
 
Table 4 
The prophylactic (in vivo) activity of the stem bark (HMSE) extract of Harungana 
madagascariensis and pyrimethamine (PYR) on Plasmodium yoelii nigeriensis 
                                                  Prophylactic test 
                                                  %Parasiteamia                                    %Chemo-supression 
Control                                       15.35 ± 0.12                                         – 
20 mg/kg                                    10.71 ± 0.81a,b                                    30.22 
40 mg/kg                                     4.96 ± 0.83a,b                                     67.69 
80 mg/kg                                     3.35 ± 0.77a,b                                     78.16 
Pyrimethamine (1.2 mg/kg)         8.70 ± 0.53a                                        43.32 
Values are mean ± S.E.M., n=5; *p < 0.05 vs. control. 
a Significantly different from control at p < 0.05. 
b Significantly different from PYR at p < 0.05. 
 
 

 
 
Table 5 
The curative (in vivo) activity of the stem bark (HMSE) extract of Harungana 
madagascariensis and chloroquine (CQ) on Plasmodium yoelii nigeriensis 
                                              Curative test (%Parasitaemia) 
                                              D7                                           D9                              D11 
Control                                  13.5 ± 0.88                              21.65 ± 1.41             22.12 ± 2.75 
20 mg/kg                               17.10 ± 1.09a,b                       21.78 ± 1.52             32.0 ± 1.36a,b 
40 mg/kg                               15.94 ± 1.41b                          19.71 ± 1.24a           25.92 ± 1.57b 
80 mg/kg                                2.02 ± 0.43a,b                        12.63 ± 1.64a,b        10.15 ± 0.85a,b 
CQ (5 mg/kg)                         9.17 ± 1.21a                           18.10 ± 0.52             16.59 ± 1.10a 
 

Values are mean ± S.E.M., n=5; *p < 0.05 vs. control. 
a Significantly different from control at p < 0.05. 
b Significantly different from CQ at p < 0.05. 


