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Effect of aqueous fruit extract of Ficus polita (Vahl) on body weight and sexual maturity in rabbits (Oryctolagus cuniculus Linnaeus, 1758) in Côte d'Ivoire 
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ABSTRACT
	Aims: To evaluate the effect of aqueous fruit extract of Ficus polita on body weight and sexual maturity in rabbits.
Study design:  Experimental Design
Place and Duration of Study: Laboratory of Histology, Embryology and Cytogenetics, Unit of Medical Sciences of Abidjan and Laboratory of Biological Sciences, Unit of Pharmaceutical and Biological Sciences, Felix Houphouët-Boigny University, between February and June 2024.
Methodology: A phytochemical screening of this extract was first carried out. Acute oral toxicity was then assessed in accordance with OECD Guideline no. 425. For the weight gain and sexual maturity efficacy test, rabbits were divided into five groups of three animals each and treated orally every other day for 45 days. Group 1 received distilled water. Group 2 received the reference molecule, Tadalafil (1 mg/kg b.w.). Groups 3, 4, and 5 were treated with the aqueous fruit extract of Ficus polita at doses of 200, 300, and 600 mg/kg b.w., respectively. Weighings and blood samples for testosterone measurement were taken every 15 days. Sperm collection by epididymal puncture and testicular dissections for histological observations were performed at the end of the study.
Results: Phytochemical screening revealed the presence of alkaloids, saponosides, flavonoids, catechin tannins, anthraquinones, cardiotonic glycosides, indoles, leucoanthocyanins, anthracenosides, sterols, and terpenes in the fruit extract of Ficus polita. The body weight of rabbits given doses of 200 and 600 mg/kg. of extract increased significantly after 15–30 days of treatment. Testosterone levels were significant after 45 days of treatment in rabbits receiving the extract at 200 mg/kg, with a peak of 0.38 ng/mL. A significant increase in sperm concentration was observed in all treated rabbits, with a maximum value of 1746.6 ± 55.17106 spz/mL in the group treated with 600 mg/kg of extract.
Conclusion: This study showed that the aqueous fruit extract of Ficus polita had beneficial effects on rabbit growth and improved sperm quality.
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1. INTRODUCTION

Promoting animal production in developing countries requires further research into producing feed and herbal medicines to boost livestock farming. The costs of feed inputs and medicines fluctuate with global crises, which has a significant impact on local industries (Djinandji et al., 2022). The use of plant resources offers immeasurable benefits. Traditionally, livestock were fed fodder and treated with medicinal plants without any biological safety measures. However, studies have shown that certain plants contain secondary metabolites that can affect the health and reproduction of livestock. In addition to reproduction, numerous studies have established protective effects on the cardiovascular, urogenital, nervous, digestive, and immune systems (Silié et al., 2021; Kouadio et al., 2022).
The use of aromatic and medicinal plants from tropical areas is an alternative for substitution or supplementation with high nutritional value (Adandé et al., 2017). It also enables the production of treatments for medical prophylaxis against parasitic and infectious diseases, etc. (Affasinou et al., 2024). To this end, a list of tropical plants that can be used as fodder has been provided by Lebas (2021). The impact of diet on the growth of farm animals and the development of their reproductive systems has been proven by various studies. According to Kastelic (2013), supplementation after weaning at 6 months in cattle resulted in an average daily gain of 1 to 1.6 kg and early puberty at 9 months compared to 10 months in non-supplemented subjects. However, from an anatomical perspective, a significant accumulation of fat in the scrotum has been observed, causing an increase in temperature that affects sperm quality. Brito et al. (2002) suggested supplementation before the age of 6 months to achieve better results without affecting semen quality.
Ethnobotanical studies have shown that plants are also used to correct organic dysfunctions in animals and humans. In the field of reproduction, Moyabi et al. (2021) identified plants used by populations in the Oumé region in Central-Western Côte d'Ivoire to correct infertility in couples. Another study highlighted the follicle-stimulating properties of Cissus aralioides, a tropical plant, on rats (Coulibaly et al., 2023). Ficus polita is a tree species belonging to the Ficus genus, widespread in tropical Africa, from Senegal to Uganda. It is used as food for livestock and local populations and in traditional medicine to treat digestive, parasitic, metabolic, and infertility disorders (Kamga, 2015). This plant has several virtues, but its properties on infertility have been little studied.
Stimulating livestock with irregular cycles improves reproduction by optimizing litters and synchronizing births. Rabbit farming is expanding rapidly thanks to advances in genetics, nutrition, and veterinary medicine (Akoutey et al., 2012). Stimulating rabbit growth will reduce the weaning-to-breeding interval, which is of economic interest. This study aims to evaluate the effect of aqueous fruit extract of Ficus polita on body weight and sexual maturity in rabbits (Oryctolagus cuniculus).

2. material and methods

2.1 Plant material

The plant material consists of fresh fruits of Ficus polita, harvested in the Haut Sassandra Classified Forest, located approximately 60 km from the city of Daloa in Côte d’Ivoire, between 6º51' and 7º24' North latitude and 6º59' and 7º10' West longitude. Samples of the harvested material were sent to the National Floristic Center of Felix-Houphouët-Boigny University of Abidjan, and were compared to authentic specimens registered under number HUCJ012770.


2.2 Animals

Wistar rats (Rattus norvegicus) aged 10 to 12 weeks and subadult male New Zealand rabbits aged two months, apparently healthy, were used in this study. The rats were divided into groups of three, while the rabbits were housed in individual cages. These animals were acclimatized for two to three weeks before the start of treatment. They were fed pellets and had free access to water. The building that housed them was lit by daylight and naturally ventilated.

2.3 Extract preparation

The freshly harvested Ficus polita figs were washed, crushed and dried away from sunlight to protect them from microorganisms, dust, insects and other pests. The resulting material was ground, and the powder was used to obtain the extract used for the experiment. Thus, 500 g of the plant's fruit powder was homogenized in distilled water in a jar and left to stand for 24 hours. After homogenization, the homogenate obtained was collected in a square of clean cloth. The four edges of the cloth were tightly joined to form a bundle, which was then twisted to securely tie the edges of the cloth and completely contain the homogenate. The bundle was finally wrung out by hand, protected by gloves, by pressing. The collected solution was filtered twice on cotton wool and then once on Wattman filter paper (3 mm). The filtrate obtained was poured into a crystallizing dish and placed in an oven at a temperature of 45°C for 72 hours, yielding a brown-colored powder (Zirihi et al., 2003). This powder, which was the aqueous fruit extract of Ficus polita, was weighed and stored at 4°C after the extraction yield had been determined.

2.4 Phytochemical screening

The phytochemical screening of the aqueous fruit extract of Ficus polita was carried out using the techniques described by Wagner and Bladt (2001). Chemical groups such as sterols and terpenes, alkaloids, polyphenols, saponosides, tannins, cardiotonic glycosides, flavonoids, leucoanthocyanins, anthraquinones, indoles, and anthracenosides were investigated.

2.5 Acute toxicity study

The acute toxicity study of the aqueous fruit extract of Ficus polita was conducted in accordance with OECD Guideline No. 425 (OECD, 2022). Two groups of three rats weighing 134 to 146 g were formed. The first group received orally the maximum dose of 5000 mg/kg body weight (b.w.) of extract, while the control group received distilled water. Before administration of the extract, these animals were fasted for three hours. After treatment, the rats were again deprived of food for 3 to 4 hours. They were then observed individually for the first 30 minutes and regularly for the first 24 hours after treatment, with particular attention during the first 4 hours, and daily for 14 days. The main signs of toxicity sought were apathy, excitement, breathing difficulties, refusal to eat, mouth and/or nose bleeding, convulsions, tremors, diarrhea, coma, and death.

2.6 Study of the effect of Ficus polita fruit extract on rabbit body weight and sexual maturity

2.6.1 Treatment of animals

Fifteen (15) subadult rabbits were divided into five groups of three and treated daily for 45 days. Group 1 (negative control group) received distilled water orally. Group 2 (positive control group) was treated orally with tadalafil (reference molecule) at a dose of 1 mg/kg b.w. Groups 3, 4, and 5, named FP 200, FP 300, and FP 600, were treated orally with aqueous fruit extract of Ficus polita at doses of 200, 300, and 400 mg/kg b.w., respectively. Blood samples were taken from the rabbits' ears before treatment (T0) and after 15 (T1), 30 (T2) and 45 (T3) days to measure testosterone levels. The animals were also weighed at the start of the treatment period (T0) and then every 15 days (T1, T2 and T3) at the same time (9 a.m.). Weighing the rabbits allowed to monitor their body weight. At the end of the treatment, the rabbits were anesthetized and their reproductive organs were dissected. Sperm was collected to determine sperm parameters. The testicles were also collected and fixed in 10% saline formalin for histological study.

2.6.2 Testosterone dosage

Total testosterone and its bioavailable and free fractions were measured in serum or plasma. Whole blood was collected in dry red-capped tubes and allowed to clot. After coagulation, the coagulum obtained was centrifuged and the serum was collected in Eppendorf tubes for testosterone measurement, which was performed using an immunochromatographic analyzer (Wondfo Finecare). This was a fluorescence-based immunological assay, specifically using the sandwich immunoassay method. It consisted initially of thoroughly mixing 75 µL of serum with the detection buffer containing testosterone-specific antibodies, and then placing 75 µL of the resulting mixture into the test cartridge. The mixture migrates by capillary action to the nitrocellulose membrane containing specific antibodies. The detected antigen-antibody complexes are immobilized by the antibody contained on the membrane. Thus, the intensity of the detector antibody signal reflects the level of antigen (testosterone) present in the sample.

2.6.3 Sperm analysis

The semen was collected using the flotation method after the epididymis was ligated at both ends, removed, and rinsed with distilled water. The epididymis was cut into several pieces, after which its contents were poured into a 0.9% sodium chloride (NaCl) physiological saline solution. Sperm analysis was performed according to the protocol described by WHO (2021). Sperm parameters such as concentration, vitality, motility, and morphology were determined.

2.6.4 Histological study of the testicles

The histological study of the testicles was performed using standard histology techniques. Thin sections were made from samples previously fixed in 10% saline formalin. These sections were stained with hematoxylin and eosin and then observed under a photonic microscope.

2.7 Statistical analysis

Statistical analysis of the results was performed using Graph Pad Prism 10.0 (Microsoft USA) software. All values were expressed as means ± SEM (standard error of means). Differences between means were determined using one-way analysis of variance (ANOVA), followed by Dunnett’s multiple comparison test. Significant differences between means were identified at the theoretical threshold of α = 5%. Thus, the differences were significant when the p-value was less than 5% (P < .05), and not significant when the p-value was more than 5% (P > .05).

3. results

3.1 Phytochemical screening

The phytochemical screening of the aqueous fruit extract of Ficus polita revealed the presence of polyphenols, flavonoids, saponins, sterols and terpenes, catechin tannins, cardiotonic glycosides, indoles, anthraquinones, and leucoanthocyanins. Quinones, anthocyanins, and phlobatannins, on the other hand, were absent from this extract (Table 1).

Table 1. Results of tube reactions for the detection of chemical groups in the aqueous fruit extract of Ficus polita.

	Compounds
	Reaction/Reagents
	Results

	Polyphenols
	Ferric chloride (FeCl3) reagents
	+

	Saponins
	Foam index
	+

	Sterols and polyterpenes
	Liebermann-Bouchard reaction
	+

	Flavonoids
	Reaction to cyanidin
	+

	Quinone compounds
	Borntraegen reagent
	-

	Phlobatanins
	HCl
	-

	Alkaloids
	Nessler's reagent
	+

	Catechin tannins
	Hydrochloric acid
	+

	Anthraquinones
	KOH
	+

	Anthracenosides
	Borntraeger
	+

	Anthocyanins
	H2SO4/Al(OH)3
	-

	Indoles
	Salkowski
	+

	Cardiotonic glycosides
	Keller killiani
	+

	Leucoanthocyanins
	Cyanidin
	+


(+): presence of the chemical group sought; (-): absence of the chemical group sought.


3.2 Acute toxicity

The acute oral toxicity study of the aqueous fruit extract of Ficus polita, administered at a dose of 5000 mg/kg b.w., revealed no signs of toxicity or death in rabbits. (Table 2). In addition, no difference in weight loss or gain was observed between the test and control animal groups. At the end of the 14-day observation period, no deaths or behavioral changes were recorded in the test animals.

Table 2. Effect of the aqueous fruit extract of Ficus polita on selected physiological parameters in rats.

	Signs of toxicity
	Treatment

	
	Group 1 (distilled water)
	Group 2 (5000 mg/kg b.w. of F. polita extract)

	Excitation
	N
	N

	Stool consistency (diarrhea)
	N
	N

	Breathing disorder
	N
	N

	Refusal of food
	N
	N

	Number of deaths
	0
	0

	Bleeding from the mouth or nose
	A
	A

	Tremor
	N
	N

	Coma
	A
	A

	Drowsiness
	N
	N


N=Normal; A=Absent.

3.3 Weight variations in rabbits

The effect of the aqueous fruit extract of Ficus polita on the body weight of rabbits is shown in Fig. 1. The results indicate that the body weights of the rabbits in different groups were statistically identical before treatment (T0). Fifteen days (15) after the start of treatment (T1), rabbits that received Ficus polita extract at doses of 200 and 600 mg/kg b.w. gained significantly (P < .01 and P < .001) more weight than untreated rabbits (negative control). However, animals treated with the reference product (tadalafil) and Ficus polita extract at 300 mg/kg b.w. showed no significant difference in body weight compared to the untreated group. After 30 days of treatment (T2), the same trend was observed with a decrease in significance (P < .05 and P < .01) in the weight of rabbits treated with Ficus polita extract at 200 and 600 mg/kg compared to that of untreated rabbits. At the end of the experimental period (T3), the weights of all the rabbits in the different groups were statistically identical.

Fig. 1. Change in body weight of rabbits during treatment.
FP 200, FP 300 and FP 600: rabbit groups treated with Ficus polita extract at doses of 200, 300 and 600 mg/kg b.w. Values are expressed as means ± SEM (standard error of means), n= 3. The symbol (*) indicates statistical significance. *P < .05; **P < .01; ***P < .001: significant difference compared to the negative control group.

3.4 Variation in testosterone levels in rabbits

Fig. 2 shows the effect of the aqueous fruit extract of Ficus polita on testosterone levels in rabbits. The results show that testosterone levels in the treated rabbit groups were virtually the same as the negative control group during treatment. However, at the end of the experimental period (T3), the testosterone level of rabbits treated with Ficus polita extract at a dose of 200 mg/kg b.w. reached a peak of 0.38 ng/mL. This was significantly higher (P < .05) that observed in the untreated rabbits (negative control group).






Fig. 2. Variation in circulating testosterone levels in different groups of rabbits during treatment.
FP 200, FP 300 and FP 600: rabbit groups treated with Ficus polita extract at doses of 200, 300 and 600 mg/kg b.w. Values are expressed as means ± SEM (standard error of means), n= 3. The symbol (*) indicates statistical significance. * P < .05: significant difference compared to the negative control group.

3.5 Variation in rabbit sperm parameters

Semen analysis showed a significant increase (P < .05 and P < .01) in sperm concentration in all treated rabbit groups, with a maximum value of 1746.6 ± 55.17 10⁶ spz/mL in the group treated with 600 mg/kg b.w. of aqueous fruit extract of Ficus polita (FP 600). The minimum value (787 ± 16.9 10⁶ spz/mL) was obtained in the untreated group (negative control group). Vitality remained consistent in the FP 200 group (73.3%), while it varied slightly in the positive control (63.3%) and FP 600 (68.33%) groups compared to the negative control (73.3%). Low vitality values were obtained in animals from the FP 300 group. Total motility (P+NP) was high in the positive control group (83.2% motile spermatozoa), and low in the negative control group (58.2% motile spermatozoa). With regard to morphological abnormalities, there was no significant difference between the treated groups and the negative control group (Table 3).

Table 3. Sperm parameters of rabbits.
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	Sperm parameters

	
	Concentration
106Spz/mL
	Vitality
%
	Mobility
	Morphology

	
	
	
	P
	NP
	I
	N
	AT
	AQ
	API

	Negative control
	787 ± 16.9
	73.3 ± 2.3
	36.6 ± 9.4
	21.6 ± 2.3
	43.3 ± 9.4
	22.6 ± 5.1
	34.3 ± 6.5
	21.3 ± 1.2
	21.3 ± 1.2

	Positive control 
	1073.3 ± 52.4*
	63.3 ± 4.7ns
	46.6 ± 9.4 s
	36.6 ± 9.4ns
	33.3 ± 4.7ns
	19 ± 2.8*
	48 ± 7.07ns
	17 ± 0.8ns
	21 ± 0.8ns

	FP 200
	1250 ± 50*
	73.3 ± 5.7ns
	46.6 ± 11.5ns
	28.3 ± 14ns
	47.3 ± 12.7ns
	40 ± 3.4ns
	41.3 ± 7.5ns
	21.6 ± 2.08ns
	23.3 ± 1.5ns

	FP 300
	1403.3 ± 45.9*
	53.33 ± 2.08**
	42.6 ± 2.5ns
	33 ± 2.6ns
	31.6 ± 2.8ns
	23.6 ± 1.1ns
	42.6 ± 8.08ns
	17.6 ± 1.5ns
	19.6 ± 1.5ns

	FP 600
	1746.6 ± 55.17**
	68.33 ± 2.8ns
	37 ± 2.6ns
	26.3 ± 7.7ns
	36.6 ± 5.7ns
	28.6 ± 5.7ns
	24.6 ±  2.5*
	22 ± 1.7ns
	21.3 ± 1.1ns


FP 200, FP 300 and FP 600: rabbit groups treated with Ficus polita extract at doses of 200, 300 and 600 mg/kg b.w. P: progressive mobility; NP: non-progressive mobility; I: immobile; N: normal; AT: head abnormality; API: intermediate piece abnormality; AQ: tail abnormality. Values are expressed as means ± SEM (standard error of means), n= 3. The symbol (*) indicates statistical significance. * P < .05; **P < .01: significant difference compared to the negative control group. ns: not significant.

3.6 Histological observations of rabbit testicle sections

Sections of rabbit testicles stained with hematoxylin and eosin (HE) showed varying degrees of sexual maturity. In the negative control group, two-thirds of the males had homogeneous, full seminiferous tubules, while the remaining one-third showed mosaic heterogeneity, characterized by a mixture of full seminiferous tubules and tubules with a lumen (Fig. 3). Observation of testicle sections also revealed that the seminiferous tubules with lumen contained spermatocytes of different stages, but no spermatozoa. However, in the groups treated with the aqueous fruit extract of Ficus polita at doses of 200, 300, and 600 mg/kg b.w., several lines of male sex cells with spermatozoa were observed in the tubal lumen.
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Fig. 3. Cross sections of rabbit testicles (HE x 100 and x 400).
a, b, c, d: Cross-section of rabbit testicle from negative control group. a: testicular lobule (HE x 100) with full seminiferous tubule and necrotic interstitial tissue; b: full seminiferous tubule and Leydig cells (HE x 400); c: simultaneous presence of full and empty seminiferous tubules (HE x 100); d: full and empty seminiferous tubules showing no spermatozoa. e, f: Testicle section of rabbit from FP 200 group; e: presence of empty seminiferous tubule (HE x 100); f: spermatozoa in the lumen (HE x 400). g, h: Testicle section of rabbit from FP 600 group. g: presence of numerous spermatozoa in the lumen (HE x 400); h: regular arrangement of spermatocytes and spermatogonia.

4. DICUSsION

Several primary and secondary metabolites were identified in the aqueous fruit extract of Ficus polita (Vahl) during this study. The three major groups defined by Rutz et al. (2022), namely phenolic compounds (flavonoids), nitrogenous compounds (alkaloids), and terpenic compounds, were identified. These molecules have antioxidant, anti-inflammatory, antibacterial (Sofowora, 2010; Roy et al., 2022), anti-infertility (Mishra et al., 2024; Abdi et al., 2025) properties. Other authors have highlighted antimicrobial, anti-cancer, and cardioprotective properties in medicinal plants of the Ficus genus in general (Silié et al., 2021; Kouadio et al., 2022). Flavonoids in the phenol group have antioxidant properties and regulate gonadotropin hormone levels (Abdi et al., 2025). They are thought to have a corrective and protective effect on disorders linked to male and female infertility (polycystic ovary syndrome, endometriosis and uterine implantation abnormalities, oligospermia) due to their antioxidant power (Mishra et al., 2024; Abdi et al., 2025). The levels of these metabolites vary from one plant to another in terms of quantity and quality. It would have been wise to determine them during this work, but the phytochemical screening carried out made it possible to inventory the secondary metabolites present in this extract.
The acute oral toxicity study of the aqueous fruit extract of Ficus polita, administered at a dose of 5000 mg/kg body, did not show any signs of toxicity or death in rabbits. This suggest that the lethal dose 50 (LD50) of this plant extract is greater than 5000 mg/kg b.w. In accordance with OECD Guideline No. 425, which sets out the criteria for classifying test substances, the aqueous fruit extract of Ficus polita is classified in Category 5. This category has relatively low acute toxicity, but under certain conditions, it may be dangerous to vulnerable populations (OECD, 2022).
The body weight of rabbits increased significantly in the FP 200 and FP 600 groups after 15 to 30 days of treatment compared to the negative control group. However, no significant variation was observed in the FP 300 group. These differences could be explained by the organoleptic qualities of Ficus polita fruit. Nasir et al. (2020) showed that Ficus polita figs are highly nutritious and rich in energy (234 kcal/100 g), fiber (56.69%), and trace elements (potassium, sodium, calcium, magnesium, iron, zinc, manganese, cobalt). The significant increase in sperm concentration and vitality in the treated groups of rabbits could be explained by this high trace element content. The group that received 600 mg/kg b.w. of Ficus polita extract (FP 600) had the highest sperm concentration (1,746.6 million sperm per mL). In this study, sperm concentrations in rabbit groups treated with the aqueous fruit extract of Ficus polita were higher than those reported by Alvarino (2000) and Saihia et al. (2015), who estimated an average of between 280 and 1050 million sperm per mL and 473.7 million sperm per mL in rabbits, respectively. With regard to sperm vitality, the results were best in the group that received 200 mg/kg b.w of extract (FP 200), with 73.3 ± 5.7% of live sperm and 74.3% motility. This result is higher than that reported by Saihia et al. (2015), which was 69.7% vitality.
The morphological parameters of the spermatozoa, as determined by the shape of their heads, midpieces and flagella, showed little variation in the rabbit groups. On average, 69.26% of spermatozoa were abnormal, which is a significantly higher proportion than the 18.2% reported by Benchiekh (1995) in New Zealand quails. This observation warrants further investigation, as certain molecules such as phytosterols have been shown to be harmful to reproduction in quails by reducing testicle size and libido (Qasimi et al., 2017). From a hormonal perspective, the results showed that testosterone levels gradually increased during the treatment period, reaching a peak of 0.38 ng/mL in rabbits that were given 200 mg/kg b.w. of Ficus polita extract at the end of the experiment. This may be due to the presence of compounds in this plant extract, such as flavonoids, saponins, alkaloids, and phenols which have androgenic properties (Padashetty and Mishra, 2007) and may stimulate testosterone production directly.
Histological analysis of rabbit testicle sections showed different levels of sexual maturity in the different groups. In the negative control group, testicular sections showed full seminiferous tubules, indicating sexual immaturity. The germinal epithelium appeared to be undifferentiated.
In contrast, the presence of light in the seminiferous tubules of rabbits in the treated groups could be indicative of advanced sexual maturity. The results showed that many lines of male sex cells with spermatozoa were observed in the lumen of the seminiferous tubules of rabbits treated with the aqueous fruit extract of Ficus polita at 200 and 600 mg/kg b.w. This suggests that the plant extract stimulated the germ epithelium of the treated rabbits and, consequently, their sexual maturity. These observations corroborate those of Van der Host et al. (2019), who described distended seminiferous tubules containing a large volume of fluid and irregular layers of spermatocytes and spermatogonia in mature nude rats. Dong et al. (2022) found that the diameter of seminiferous tubules was larger in younger subjects and decreased with aging. They also observed a decrease in sperm volume and motility, as well as a reduction in the number of Sertoli and Leydig cells, leading to a decrease in circulating testosterone levels.

5. ConclUsION

The effect of the aqueous fruit extract of Ficus polita has been shown to be beneficial for rabbit growth and spermatogenesis. Animals treated with this plant extract at a dose of 600 mg/kg b.w. experienced rapid growth and improved sperm quality. The organoleptic qualities recognized in Ficus polita figs are thought to have promoted significant growth and early sexual maturity. The production of feed supplements for livestock farming should be promoted in developing countries in order to reduce input production costs.
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Acronyms, Abbreviations

bw: body weight
FP: Ficus polita
HE: hematoxylin and eosin
LD50: lethal dose 50 
OECD: Organization for Economic Co-operation and Development
SEM = Standard error of means
WHO: World Health Organization 
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