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ABSTRACT: This study aims at valorizing the leaves of Hymenocardia acida Tul., 

a medicinal plant traditionally used in the Republic of Congo and other African 

countries, for healing cough and respiratory infections. The aqueous extract, 

prepared by decoction, showed a low acute toxicity in mice (LD50 > 5000 mg/kg). 

The phytochemical screening revealed the presence of flavonoids, condensed 

tannins, saponins, mucilages, reducing sugars, and anthraquinones. The oral 

administration of the extract at 200 mg/kg and 500 mg/kg significantly inhibited 

ammonia-induced cough in guinea pigs, with a prolonged reaction latency and a 

reduction of post-exposure cough bouts, comparable to the effect of 

dextromethorphan (0.5 mg/kg). Conversely, no significant effects were observed on 

cigarette smoke-induced cough. The extract also exhibited an in vitro antibacterial 

activity against a clindamycin-resistant strain of staphylococcus aureus, at 

concentrations of 1% and 10%, but no activity was observed against Escherichia 

coli. These findings validate the traditional use of Hymenocardia acida Tul. and 

highlight its natural antitussive and antibacterial potential. 

INTRODUCTION: Respiratory infections 

constitute a major global public health issue, 

accounting for more than 4 million deaths 

worldwide each year and ranking as the third most 

deadly disease in the world.  
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Moreover, they are also the leading cause of death 

in developing countries, including the Republic of 

the Congo 
1, 2

.  

Furthermore, although resulting from 

miscellaneous causes (infection, irritation, allergy, 

etc.), cough is the most frequent symptom of 

respiratory diseases. Indeed, it is a major cause of 

outpatient pediatric visits, affecting 50 to 70% of 

children under one year old and 30 to 60% of 

school-aged children 
3
. Indeed, for the treatment of 

respiratory infections and coughs, modern medicine 
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provides us with antibiotics and cough 

suppressants, which are very often available over 

the counter. 

However, the frequent and sometimes inappropriate 

use of antibiotics has led to the emergence of 

bacteria resistant to certain conventional 

antibiotics, thus complicating the treatment of 

common infections and increasing morbidity and 

mortality worldwide 
4, 5

. In fact, approximately 

80% of the African population relies on traditional 

medicine 
6
. In the Republic of Congo, numerous 

medicinal plants, including Hymenocardia acida 

Tul., are traditionally used in the management of 

various respiratory disorders 
7
. 

In this context, Hymenocardia acida Tul., whose 

antitussive and antimicrobial properties are widely 

recognized in traditional medicine, represents a 

promising opportunity for the development of local 

therapeutic alternatives that are more accessible, 

safer, and better adapted to the needs of the 

population 
8
. 

Accordingly, the present study was conducted to 

address the following research question: does the 

aqueous leaf extract of Hymenocardia acida Tul. 

exhibit antitussive activity and inhibitory effects on 

the growth of certain bacteria responsible for 

respiratory infections, while remaining non-toxic at 

high doses? 

MATERIALS AND METHODS: 

Plant Material: The leaves of Hymenocardia 

acida Tul. were collected in May 2024 in the 

Republic of Congo, in the village of Makana 2 

(Latitude: −4.3375570; Longitude: 15.0910900), 

Pool Department, on the outskirts of Brazzaville. 

Botanical identification was carried out by a 

qualified specialist, the Professor Jean Marie 

Moutsambote, thereby ensuring the authenticity 

and reliability of the plant material used. This 

identification was further confirmed by comparison 

with a reference specimen deposited at the National 

Herbarium of Belgium. The specimen was 

originally collected in the Republic of Congo, in 

the Mouyondzi district, specifically in the village of 

Kolo, by Markström on November 17, 1975 

(specimen no. 036; catalogue BR0000021701283). 

Extraction: The leaves of H. a. T. were air-dried 

and subsequently ground into a fine powder.  

Fifty grams of the powder were mixed with 500 

mL of distilled water and heated at 70 °C for 25 

minutes. The mixture was then filtered through 

absorbent cotton, and the resulting filtrate was 

evaporated at 70 °C in a drying oven. The dry 

residue obtained was collected and stored in a 

sterile flask. For experimental use, this residue was 

reconstituted in distilled water, taking into account 

the desired final concentrations required for the 

assays 
7
. After each preparation of the aqueous 

extract, the extraction yield was calculated using 

the formula presented below: 

Yield = (Mass of the extract) / (Mass of the powder from the 

leaves) x 100 

Experimental Animals: To conduct this study, 

female albino mice weighing between 20 g and 23 

g and aged at least three months were used. In 

addition, guinea pigs of both sexes, with body 

weights ranging from 440 g to 500 g and aged at 

least four months, were included. All animals were 

fed with a paste composed of wheat flour and soy 

flour mixed with commercial livestock feed, 

supplemented with a small amount of palm oil and 

salt. Water was provided ad libitum throughout the 

experimental period. 

Bacterial Strains: Bacteria responsible for 

respiratory infections, namely Staphylococcus 

aureus and Escherichia coli, were used to evaluate 

the in vitro antibacterial activity of the aqueous 

extract of H. a. T. 

Acute Toxicity Assessment: The acute toxicity of 

the aqueous extract of H. a. T. was evaluated in 

accordance with the method described in OECD 

Guideline No. 425 (2022), 
9
 with slight 

modifications. In compliance with OECD 

requirements, the limit test procedure was applied 

at doses of 2000 mg/kg and 5000 mg/kg. 

For the limit test at the 2000 mg/kg dose, a female 

albino mouse was fasted for 3 hours and 

subsequently weighed to determine the exact 

volume of extract to be administered. The aqueous 

extract was then administered orally at a dose of 

2000 mg/kg. Following administration, signs of 

toxicity, including mobility, posture, and fecal 

output, were carefully monitored for 4 consecutive 

hours. After confirming the survival of this animal, 

the same procedure was successively repeated in 
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two additional mice. These three animals 

constituted group 1. Each mouse in group 1 was 

subsequently weighed every two days, at the same 

time as the initial weighing, over a 14-day period in 

order to detect any delayed toxic effects. The same 

experimental procedure was applied for the limit 

test at the 5000 mg/kg dose, thereby constituting 

group 2. In addition, three mice receiving distilled 

water at a dose of 10 mL/kg, administered orally by 

gavage, were used as the control group. 

To check for changes in behavior, we looked for 

signs of increased drowsiness or unusual agitation. 

The reactivity was assessed by observing the 

reaction to the sound of a finger click. The 

evacuation was assessed by observing changes in 

the nature, quantity, and frequency of defecation. 

The alertness was assessed by observing the 

presence or absence of a corneal reflex by gently 

touching the cornea with a moistened finger. The 

observation of the animal's reactions to slight, 

unexpected noises or movements, or to light 

pressure on the tail (stimuli), allowed us to assess 

alterations in alertness or pain sensitivity. 

Evaluation of Antitussive Activity: The 

antitussive activity of the aqueous extract was 

evaluated according to the method described by 

Loufoua et al. (2015) 
7
. The experimental animals 

were exposed to two different cough-inducing 

irritants: cigarette smoke for one group and 

ammonia for the other. To this end, four groups of 

five guinea pigs of both sexes, weighing between 

440 g and 500 g and aged at least four months, 

were constituted. Prior to experimentation, all 

animals were fasted for 18 hours in order to 

standardize their physiological conditions. 

The treatments were administered orally as follows: 

200 mg/kg of aqueous H. a. T. extract for the first 

group, 500 mg/kg for the second group, 0.5 

mL/100 g of distilled water for the negative control 

group, and 0.5 mg/kg of dextromethorphan for the 

positive control group. One hour after treatment, 

each animal was individually exposed to the cough-

inducing irritant for 10 minutes. During this phase, 

two parameters were assessed: the latency time to 

the first cough, measured using a stopwatch, and 

the total number of coughing episodes recorded 

during the 10 minutes of exposure and the 

subsequent 5 minutes following exposure. 

Evaluation of Antibacterial Activity:  

Enhanced Version: The antibacterial activity of 

the aqueous extract was evaluated using the method 

described by Sofidiyia et al. (2009). Clindamycin 

and levofloxacin were used as positive controls 

against Staphylococcus aureus and Escherichia 

coli, respectively. 

The aqueous extract was prepared at different 

concentrations (0.01%, 0.1%, 0.5%, 1%, and 10%). 

The bacterial strains were reactivated, and a 

bacterial suspension was prepared by emulsifying a 

single isolated colony in 2 mL of sterile distilled 

water contained in a hemolysis tube. The optical 

density of each suspension was measured at 625 

nm using a spectrophotometer and adjusted 

between 0.08 and 0.10 absorbance units (AU), 

corresponding to an approximate concentration of 

10^8 CFU/mL. The recorded values were 0.126 

AU for E. coli and 0.092 AU for S. aureus. 

The antibacterial activity was then determined 

using the agar well diffusion method on Plate 

Count Agar (PCA). The standardized bacterial 

suspensions were inoculated onto the surface of 

PCA plates using sterile swabbing to obtain a 

uniform bacterial lawn. 

Wells were then created in the agar and filled with 

100 µL of the different concentrations of the 

aqueous extract (0.01%, 0.1%, 0.5%, 1%, and 

10%). Sterile distilled water was added to a 

dedicated well (100 µL) to serve as a negative 

control. Simultaneously, antibiotic discs 

corresponding to the positive controls were 

carefully placed on the agar surface. 

The plates were kept at cold temperature for 15 

minutes to allow diffusion of the extracts into the 

medium, then incubated at 37 °C for 24 hours. 

After 24 hours of incubation, the antibacterial 

activity against E. coli and S. aureus was evaluated. 

Activity was considered significant when zones of 

inhibition (halos) with a diameter greater than or 

equal to 6 mm were observed around the wells or 

discs. 

Phytochemical Screening of the Aqueous 

Extract of Hymenocardia acida Tul. Leaves: To 

determine the phytochemical composition of the 

aqueous extract of H. a. T., a qualitative 
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phytochemical screening was performed targeting 

seven major classes of bioactive compounds of 

pharmacological interest, namely alkaloids, 

catechins, flavonoids, saponins, mucilages, 

reducing compounds, and anthraquinones. Classic 

colorimetric and precipitation tests were employed 

as described by Sofowora (1996), 
11

 Kouchadé et 

al. (2017),
12

 and Nsonde et al. (2018) 
13

. 

Alkaloid Test: Five milliliters of the aqueous 

extract were dispensed into three test tubes. 

Subsequently, 1 mL of 1 N hydrochloric acid was 

added to each tube, followed by a few drops of 

Dragendorff’s, Bouchardat’s, and Mayer’s 

reagents.  

The presence of alkaloids was indicated by the 

formation of a red precipitate with Dragendorff’s 

and Bouchardat’s reagents, or a yellowish to brown 

precipitate with Mayer’s reagent. 

Condensed Tannins Test: Five milliliters of a 

10% decoction were mixed with 1 mL of 

concentrated hydrochloric acid. The mixture was 

boiled for 15 minutes and then filtered. The 

formation of a red precipitate soluble in isoamyl 

alcohol indicated the presence of condensed 

tannins. 

Flavonoid Test: In a test tube, 5 mL of a 10% 

decoction were mixed with 5 mL of hydrochloric 

acid solution, 1 mL of isoamyl alcohol, and a few 

magnesium shavings. The presence of flavonoids 

was confirmed by a color change in the upper 

layer: orange-pink for flavones, purplish-pink for 

flavanones, and red for flavonols. 

Mucilage Test: One milliliter of the 10% 

decoction was mixed with 5 mL of alcohol in a test 

tube. The formation of a flaky precipitate after 10 

minutes indicated the presence of mucilages. 

Reducing Compounds Test: Five milliliters of the 

10% aqueous decoction were evaporated to dryness 

in a water bath. One milliliter of Fehling’s solution 

was added to the residue. The appearance of a 

brick-red precipitate indicated the presence of 

reducing compounds. 

Saponin Test: Two milliliters of the aqueous 

extract were placed in a test tube and distilled water 

was added to obtain a final volume of 5 mL. The 

tube was shaken lengthwise for 15 seconds and 

then allowed to stand for 20 minutes. A positive 

result was recorded when the height of the 

persistent foam exceeded 1 cm. 

RESULTS: 

Extraction Yield: Table 1 presents the 

relationship between the mass of powdered dry 

leaves of Hymenocardia acida Tul. (H. a. T.), the 

mass of dry aqueous extract obtained, and the 

extraction yield achieved by decoction. The yields 

ranged from 9.65% to 15.76%, with a mean yield 

of 11.36 ± 2.55%. The mean mass of dry extract 

obtained was 6.35 ± 4.74 g, corresponding to an 

average mass of powdered dry leaves of 55.41 ± 

43.58 g. 

TABLE 1: RELATIONSHIP BETWEEN THE MASS OF POWDERED DRY LEAVES OF HYMENOCARDIA ACIDA 

TUL. (H. A. T.), THE MASS OF DRY AQUEOUS EXTRACT OBTAINED, AND THE EXTRACTION YIELD 

ACHIEVED BY DECOCTION 

Test Mass of pulverizeddry leaves (g) Mass of dry extract obtained (g) Yield (%) 

1 100 9.77 9.77 

2 100 11.36 11.36 

3 50 7.88 15.76 

4 20 2.05 10.25 

5 7.07 0.682 9.65 

Mean 55.41 6.35 11.36 

Standard deviation 43.58 4.74 2.55 

 

Acute Toxicity: 

Observation of the General Condition of Mice 

and Effects on Mortality: Table 2 presents the 

behavioral and physiological observations recorded 

in mice during the first four hours following the 

administration of the different treatments. The 

results indicate that oral administration of the 

aqueous extract of H. a. T. leaves at both tested 

doses did not alter the general condition of the 

animals and did not induce mortality. However, a 

reduction in fecal output and an absence of urine 

were observed in mice treated with the aqueous 

extract compared with those in the control group. 
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TABLE 2: BEHAVIORAL AND PHYSIOLOGICAL OBSERVATIONS OF MICE DURING THE FIRST FOUR 

HOURS AFTER ADMINISTRATION OF THE DIFFERENT TREATMENTS 

Parameters Control group Group 1 (H.a.T. at 2000 mg/kg) Group 2 (H.a.T. at 5000 mg/kg) 

Mobility Normal Normal Normal 

Ptosis Absent Absent Absent 

Convulsions Absent Absent Absent 

Vomiting Absent Absent Absent 

Feces 1–5 stools (formed) 0–1 stool (formed) No stools 

Urination Present at 2 h Absent Absent 

Vocalization Absent Absent Absent 

Piloerection Absent Absent Absent 

Alertness Present Present Present 

Sleep Absent Absent Absent 

Aggressiveness Absent Absent Absent 

Number of deaths 0 0 0 

Posture Normal Normal Normal 

Pain sensitivity Present Present Present 

 

Effect of the Aqueous Extract of H.a.T. Leaves 

on the Body Weight of Mice: Fig. 1 illustrates 

changes in the relative body weights of mice over a 

14-day observation period. Compared with Day 0, 

both the control and treated groups exhibited 

variations in body weight. However, according to 

the Mann–Whitney U test, no significant 

differences were observed between the control 

group (distilled water, 10 mL/kg) and the treated 

groups from Day 0 to Day 14. Nevertheless, a 

suggestive, although not statistically significant, 

trend was observed in the group receiving the 

H.a.T. extract at a dose of 2000 mg/kg, with mice 

appearing to gain slightly more weight than those 

in the control group from Day 6 to Day 14. 

Furthermore, mice treated with the H.a.T. extract at 

5000 mg/kg also showed a sudden, but non-

significant, increase in body weight on the final day 

of the experiment. 

 
FIG. 1: CHANGES IN THE RELATIVE WEIGHTS OF MICE FROM DIFFERENT GROUPS DURING THE 14 

DAYS OF OBSERVATION. NS: NOT SIGNIFICANT 

Evaluation of Antitussive Activity: 

Against Ammonia-induced Cough: Fig. 2 
illustrates the effects of the aqueous extract of 

H.a.T. on cough latency and the number of cough 

bouts in guinea pigs exposed to ammonia. 

Regarding reaction latency, the results show that 

the group treated with the aqueous extract of H.a.T. 

at 500 mg/kg (26.71 ± 10.14 s) and the group 

treated with dextromethorphan (DM) at 0.5 mg/Kg 

(25.33 ± 3.18 s) exhibited highly significant 

prolongations of latency compared with the group 

receiving distilled water (D.W) at 0.5 mL/100 g 

(0.67 ± 0.37 s), with p = 0.008 (Mann–Whitney U 

test). In contrast, the group treated with the aqueous 

extract of H.a.T. at 200 mg/kg (1.67 ± 0.73 s) 

showed a significant but more limited increase in 

latency (p = 0.032). For the number of cough bouts 

during ammonia exposure, no significant 
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differences were observed between any of the 

treated groups and the group receiving distilled 

water (p > 0.05 for all comparisons), although the 

latter exhibited a slightly higher mean value (0.53 ± 

0.45) compared with the other groups (0.00 ± 0.00). 

Finally, with regard to the number of post-exposure 

cough bouts, a highly significant difference was 

observed between all treated groups (0.00 ± 0.00) 

and the negative control group (2.00 ± 0.63), with p 

= 0.008. 

 
FIG. 2: EFFECTS OF AQUEOUS EXTRACT OF H.A.T. ON REACTION LATENCY AND NUMBER OF COUGH 

BOUTS IN GUINEA PIGS EXPOSED TO AMMONIA. THE RESULTS ARE EXPRESSED AS MEAN ± ES WITH N 

= 5. NS: NOT SIGNIFICANT, **: SIGNIFICANT, ***: VERY SIGNIFICANT 

Against Cigarette Smoke-Induced Cough: Fig. 3 
illustrates the effects of H.a.T. aqueous extract on 

reaction latency and the number of cough bouts in 

guinea pigs exposed to cigarette smoke. No 

significant differences were observed between the 

treated groups and the control group for any of the 

parameters measured. However, a trend toward 

statistical significance (p = 0.056) was noted for the 

group receiving 500 mg/kg of H.a.T. aqueous 

extract, characterized by a reduction in the number 

of cough bouts during and after exposure, 

compared to the negative control (distilled water, 

0.5 mL/kg). 

 
FIG. 3:  EFFECTS OF H.A.T. AQUEOUS EXTRACT ON REACTION LATENCY AND THE NUMBER OF COUGH 

BOUTS IN GUINEA PIGS EXPOSED TO CIGARETTE SMOKE. THE RESULTS ARE EXPRESSED AS MEAN ± ES 

WITH N = 5, NS: NOT SIGNIFICANT 

Evaluation of Antibacterial Activity: The results 

of the evaluation of the antibacterial activity of the 

aqueous extract of Hymenocardia acida Tul. leaves 

against Staphylococcus aureus and Escherichia coli 

are presented in Table 3 and illustrated in Fig. 4. 

Inhibition of bacterial growth was assessed based 

on the presence and diameter of inhibition zones 

surrounding the wells containing the extract or the 

disc impregnated with the reference antibiotic 

(positive control). 
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Regarding S. aureus, inhibition zones were 

observed at extract concentrations of 1% and 10%, 

as well as with clindamycin. At 10%, the inhibition 

zones measured 14 mm vertically, 13 mm 

horizontally, and 14 mm obliquely. At 1%, the 

recorded diameters were 7 mm in both the vertical 

and horizontal directions and 8 mm obliquely. For 

clindamycin, all three measurements were 16.8 

mm. 

In contrast, no inhibition zone was observed for 

Staphylococcus aureus at concentrations below 1%. 

Regarding E. coli, no inhibition zone was observed 

at any extract concentration, with the exception of 

the positive control (levofloxacin), which exhibited 

an inhibition zone of 19.4 mm (vertical, horizontal, 

oblique). 

TABLE 3: COMPARATIVE TABLE OF INHIBITION ZONES PRODUCED BY THE AQUEOUS EXTRACT OF 

H.A.T. AGAINST STAPHYLOCOCCUS AUREUS AND ESCHERICHIA COLI 

Treatments S. aureus (Inhibition diameter, mm) E. coli (Inhibition diameter, mm) 

Distilled water (100 µL) No inhibition zone No inhibition zone 

H.a.T. extract 0.01% (100 µL) No inhibition zone No inhibition zone 

H.a.T. extract 0.1% (100 µL) No inhibition zone No inhibition zone 

H.a.T. extract 0.5% (100 µL) No inhibition zone No inhibition zone 

H.a.T. extract 1% (100 µL) 7 mm (vertical), 7 mm (horizontal), 8 mm 

(oblique) 

No inhibition zone 

H.a.T. extract 10% (100 µL) 14 mm (vertical), 13 mm (horizontal), 14 mm 

(oblique) 

No inhibition zone 

Positive control (clindamycin / 

levofloxacin) 

16.8 mm (vertical, horizontal, oblique) 19.4 mm (vertical, horizontal, 

oblique) 

  

  
FIG. 4: RESULTS OF THE EVALUATION OF THE ANTIBACTERIAL ACTIVITY OF THE AQUEOUS EXTRACT 

OF H.A.T. LEAVES, TESTED AT DIFFERENT CONCENTRATIONS ON S. AUREUS AND E. COLI 

Phytochemical Screening of the Aqueous Leaf 

Extract of Hymenocardia acida Tul.: Table 4 
presents the results of the phytochemical screening 

of the aqueous extract of Hymenocardia acida Tul. 

leaves. The analysis of the extract revealed the 

presence of saponins, condensed tannins, flavonol-

type flavonoids, reducing compounds (particularly 

reducing sugars), mucilages, and anthraquinones. 

However, tests for alkaloids were negative, 

confirming their absence (–) in the extract. 
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TABLE 4: RESULTS OF THE PHYTOCHEMICAL 

SCREENING OF THE AQUEOUS EXTRACT OF 

H.A.T. LEAVES 

Secondary metabolites Results 

Saponins + 

Condensed tannins + 

Flavonoids (flavonols) + 

Mucilages + 

Alkaloids – 

Reducing compounds (reducing sugars) + 

Anthraquinones + 

+ : Presence; - : Absence 

DISCUSSION: 

Extraction Yield: In our study, the mean yield 

obtained was 11.36 ± 2.55 %, which is slightly 

lower than the 11.4 % w/w reported by Sofidiya et 

al. (2010), 
14

 who carried an aqueous extraction of 

the same plant’s leaves. That marginal difference 

could be explained by variations in extraction 

methods used or environmental conditions. 

Acute Toxicity: Up to the tested oral dose of 5000 

mg/kg, the aqueous extract induced neither 

mortality nor any clinical signs of severe toxicity. 

These results align with those obtained by Sofidiya 

et al. (2010), 
15

 who, utilizing an aqueous extract of 

H.a.T. leaves, observed no mortality up to 3200 

mg/kg, as well as those reported by Koffi et al. 

(2022), who noted an oral LD50 exceeding 12,000 

mg/kg for the aqueous extract of H.a.T. roots 
15

. 

Furthermore, despite the absence of mortality, 

some slight physiological changes were observed in 

the animals administered with the extract; notably, 

a decrease in stool output and an absence of urine 

during the first four hours post-administration, as 

well as a non-significant weight gain at the 

conclusion of the study. The reduced fecal 

excretion could be related to the plant's 

antidiarrheal properties. Indeed, Koné et al. (2005) 

confirmed through an ethnobotanical survey that 

H.a.T. is traditionally used to treat diarrhea in Ivory 

Coast, 
16

 an observation supported by the 

ethnobotanical survey conducted by Loufoua et al. 

(2015) in Congo 
7
. From a pharmacological 

perspective, Usman et al. (2021) demonstrated that 

the methanolic extract of H.a.T. bark possesses 

significant antidiarrheal properties 
17

. Furthermore, 

this seems corroborated by the presence of catechin 

tannins, which are well-known for their astringent 

and consequently antidiarrheal properties, 
18

 

identified within our extract. Regarding the anuria, 

no chemical class revealed by the phytochemical 

screening of our extract exhibits antidiuretic 

properties; this may ultimately be attributed to 

random fluctuations or to secondary metabolites 

not targeted during the phytochemical screening. 

Concerning the weight gain in the extract-treated 

groups, this is inconsistent with the ethnobotanical 

use of H.a.T., reported for the management of 

obesity in Cameroon by Epoh et al. (2020), 
19

 

particularly as Wang et al. (2024) and Wink (2015) 

reported that certain flavonols reduce adipose tissue 

accumulation and improve insulin sensitivity 
20, 21

. 

Phytochemical Screening: The phytochemical 

screening of the aqueous extract of H.a.T. leaves 

revealed the occurrence of saponins, catechuic 

tannins, and anthraquinones, thus corroborating the 

observations of Iyadi et al. (2003); 
22

 the presence 

of flavonol-type flavonoids, consistent with the 

results of Sofidiya et al. (2009); 
10

 the presence of 

reducing compounds (reducing sugars), in 

alignment with the findings of Agbidye et al. 

(2020) who detected them in the methanolic extract 

of H.a.T. leaves; 
23

and the presence of mucilages, 

which is neither confirmed nor refuted by any 

existing literature, suggesting that few, if any, 

studies have yet specifically investigated their 

occurrence in Hymenocardia acida Tul.; 

conversely, the absence of alkaloids was noted, 

contradicting Danladi et al. (2021) who had 

reported the contrary for the same plant 
24

. This 

absence represents a particularly noteworthy result. 

Indeed, by employing phytochemical screening 

methodologies based on chromogenic and 

precipitation reactions, similar to those conducted 

in the present study, Nsonde Ntandou et al. (2005) 

and Nkundineza et al. (2021) demonstrated the 

presence of alkaloids in the aqueous extract of 

Cassia alata leaves as well as in the aqueous 

extract of Brenaniabrieyi bark 
25, 26

. Furthermore, 

several secondary metabolites identified in H.a.T. 

could be the underlying drivers of the antibacterial 

and/or antitussive activities, as confirmed by 

various experimental studies. Flavonoids exhibit 

proven antibacterial activity along with a 

demonstrated antitussive effect 
27, 28, 29

. Alkaloids 

also exhibit these two pharmacological profiles, 

reported respectively by Wélé et al. (2010) for the 

antibacterial effect, and by Liu et al. (2015) and 

Loufoua et al. (2015) for the antitussive effect 
7, 30, 

31
. Mucilages are described as active against 

specific bacterial strains and furthermore exert an 
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antitussive effect 
32, 33

. Saponins possess a dual 

activity as well: antibacterial and antitussive 
34, 35, 

36
. Condensed tannins have demonstrated 

antimicrobial efficacy and antitussive activity 
37, 38, 

39
.
 

In contrast, regarding anthraquinones, only 

antibacterial activity has been reported; 
40

 no data 

pertaining to an antitussive effect was identified in 

the available literature. Finally, reducing sugars 

appear to exert a hormetic-type antibacterial effect, 
41

 whereas no antitussive activity has been reported 

in the consulted literature. 

Evaluation of Antitussive Activity: 

Against Ammonia-induced cough: The results 

obtained highlight significant effects of the aqueous 

extract of Hymenocardia acida Tul. on the latency 

of the reaction to ammonia and the frequency of 

cough bouts following exposure to ammonia, as 

well as a non-significant difference between all 

experimental groups and the negative control group 

regarding the number of cough bouts in the 

presence of ammonia. 

The administration of the aqueous extract at 500 

mg/kg (Lot 2) prolonged the latency period prior to 

the ammonia-induced reaction very significantly 

(26.71 ± 10.14 seconds; p = 0.008), with 

performances comparable to the positive control 

group treated with dextromethorphan (25.33 ± 3.18 

seconds; p = 0.008). This similarity suggests that 

the high-dose extract may exert an inhibitory effect 

on cough receptors (TRPs, RARs, or even C-

fibers), possibly via bioactive compounds such as 

flavonoids, mucilages, saponins, condensed 

tannins, and mucilages known for their antitussive 

properties. In contrast, the effect observed for Lot 1 

(200 mg/kg) remained significant but more modest 

(1.67 ± 0.73 seconds; p = 0.032), indicating a 

potential dose-dependent relationship. These data 

substantiate the hypothesis that the concentration of 

the extract directly influences its antitussive 

efficacy. 

After exposure to ammonia, the highly significant 

difference between the negative control (2.00 ± 

0.63 cough bouts) and all other groups (0.00 ± 

0.00; p = 0.008) underscores the marked protective 

effect of the aqueous extract of H.a.T. This result 

reinforces the idea of a long-lasting action of the 

extract, comparable to that of dextromethorphan. 

The non-significant difference in cough bouts 

between all groups during ammonia exposure 

suggests that the extract does not have an 

immediate inhibitory effect on the triggering of the 

ammonia-induced cough reflex. This stands in 

contrast to the results of Ge et al. (2015),
42

 who, 

having evaluated the antitussive activity of aqueous 

extracts of the leaves of three Elaeagnus species 

(E. pungens, E. lanceolata and E. henryi) in mice 

for ammonia-induced cough, stated that all the 

aqueous extracts induced a period of cough latency 

and reduced the frequency of cough in a dose-

dependent manner during exposure to ammonia; all 

the more so as the chemical analysis by HPLC-

DAD of the three Elaeagnus species suggested the 

presence of flavonoid compounds, also found in 

our extract. 

Against Cigarette Smoke-Induced Cough: The 

results obtained with this test highlight non-

significant effects of the aqueous extract of H.a.T. 

on reaction times and the number of cough bouts in 

guinea pigs exposed to cigarette smoke, with a 

trend toward significance for group 2 (500 mg/kg) 

regarding the number of cough bouts during and 

after exposure to cigarette smoke (p-values = 

0.056). 

The results obtained do not allow us to conclude 

that the aqueous extract of H.a.T. is significantly 

effective against cigarette smoke-induced cough, 

although a trend is observed. These results are 

similar to those obtained by Zhong et al. (2015),
43

 

who, although not using the same method as ours, 

had demonstrated that the aqueous extract of 

Schisandra chinensis did not have a significant 

effect on cough induced by cigarette smoke and 

that only the ethanolic and hydroethanolic extracts 

had significantly reduced the frequency of 

coughing; which could indicate that the aqueous 

extract, administered orally, would be less effective 

against cough induced by cigarette smoke than 

other extracts. It is noteworthy that, given the trend 

toward significance for Lot 2 (500 mg/kg) 

regarding the number of cough bouts during and 

after exposure to cigarette smoke, our extract could 

potentially have a dose-dependent effect and could 

consequently be more effective at higher doses. 

In summary, the difference in efficacy of our 

aqueous extract between the two cough models 

could be due to the fact that cigarette smoke 
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activates a greater number of receptors than 

ammonia, thus making the cough more difficult to 

inhibit. These observations suggest that the 

aqueous extract of H.a.T. could constitute an 

interesting alternative to synthetic antitussives. 

However, further analyses on the mechanism of 

action of the molecules involved, as well as studies 

on more diverse animal models and over prolonged 

exposure durations, would be necessary to confirm 

these preliminary results. 

In this study, we induced cough in two ways. The 

difference in response to treatment with the extract 

between the two types of cough lies in the 

pathophysiological mechanisms of cough induction 

and thus reveals a mechanism of action specific to 

ammonia-induced cough. 

Ammonia cough is an acute and violent irritation of 

the upper and lower respiratory tract, which can 

lead to bronchospasm or pulmonary edema, 

especially at high concentrations 
7, 42

. Smoker's 

cough, on the other hand, even though ammonia is 

present, is generally chronic, linked to the paralysis 

of cilia and an overproduction of mucus, resulting 

in wheezing, crackling sounds, and morning 

expectoration, and can progress to COPD 
43

. 

It is possible that the extract does not act through a 

local antiinflammatory mechanism, but rather acts 

against irritations and inhibits the cough reflex 

through a central mechanism, similar to opiates 

such as codeine. Indeed, opiates also have a central 

analgesic effect via µ-opioid receptors, 
44

 and the 

extract also has a central analgesic effect 
45

. 

Evaluation of Antibacterial Activity: The 

objective of this section was to evaluate the 

antibacterial activity of the extract against 

respiratory pathogens (E. coli and S. aureus). The 

results obtained in this study reveal, on the one 

hand, an antibacterial activity of the aqueous 

extract of Hymenocardia acida Tul. against 

Staphylococcus aureus, proportional to the 

concentration of the extract. Furthermore, although 

clindamycin exhibits a slightly greater halo of 

inhibition than the extract up to 10%, this strain of 

S. aureus is still not susceptible to it, in accordance 

with the recommendations of EUCAST 2024 V.1.0 

June, which sets the acceptable range of the 

diameter of inhibition at 23 to 29 mm for 

clindamycin against S. aureus. On the other hand, 

no antibacterial activity was observed against 

Escherichia coli, either for the extract or for 

levofloxacin, whose halo of inhibition had a 

diameter smaller than the acceptable range (29–37 

mm) established by EUCAST 2024 V.1.0 June. 

These observations were compared to the work of 

Sofidiya et al. (2009), 
10

 who studied the activity of 

aqueous and methanolic extracts of H.a.T. 

In our study, the aqueous extract showed inhibition 

of S. aureus only at concentrations of 1% (10 

mg/mL) and 10% (100 mg/mL). In contrast, 

Sofidiya et al. (2009) reported a minimum 

inhibitory concentration (MIC) of 2.5 mg/mL 

(0.25%) for the aqueous extract 
10

. This difference 

suggests that, to achieve a similar antibacterial 

effect, our extract requires much higher 

concentrations, which could be related to a lower 

content of bioactive compounds, different 

extraction conditions, or a variation in the bacterial 

strain used. 

Regarding E. coli, our results indicate a complete 

absence of inhibitory effect, even at the maximum 

tested concentration of 10% (100 mg/mL). For 

comparison, Sofidiya et al. (2009) observed a MIC 

of 1.0 mg/mL (0.1%) for the aqueous extract and 

0.5 mg/mL (0.05%) for the methanolic extract 

against E. coli 
10

. These results demonstrate 

significantly greater antibacterial activity in their 

study, suggesting that the extract they used was 

more concentrated in bioactive compounds. The 

phytochemical analysis performed by Sofidiya et 

al. (2009) detected the presence of flavonoids, 

phenols, steroids, and triterpenoids in H.a.T. 

extracts 
10

. 

They also found that the methanolic extract had 

higher levels of bioactive compounds, with total 

phenols reaching 35.6 mg/g compared to 20.0 mg/g 

for the aqueous extract. This difference in 

composition could partly explain the superior 

efficacy of the methanolic extract, particularly 

against E. coli. As Sofidiya et al. (2009) point out, 

the low activity of the extracts against Gram-

negative bacteria is partly explained by the 

presence of an outer membrane and a periplasmic 

space 
10

. These structures limit the penetration of 

antibacterial agents, thus reducing the susceptibility 
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of E. coli compared to S. aureus, which, as a Gram-

positive bacterium, does not possess these barriers. 

CONCLUSION: This study has shown that the 

aqueous extract of H.a.T. leaves is tolerable at high 

doses and possesses both antitussive and 

antibacterial activity, which can vary depending on 

the dose or concentration of the extract and the 

preparation method used. H.a.T. is therefore a plant 

to consider for the development of antitussives and 

drugs to treat bacterial infections, particularly those 

caused by S. aureus. 
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