
  
 

 

 

May 2019
ISSN 1996-0778 
DOI: 10.5897/AJBR
www.academicjournals.org 

OPEN ACCESS

African Journal of 

Biochemistry Research



About AJBR 

 

African Journal of Biochemistry Research (AJBR) provides rapid publication (monthly) of articles 

in all areas of Biochemistry such as Nutritional biochemistry, Analytical biochemistry, Clinical 

Biochemistry, Human and Plant Genetics, Molecular and Cell Biology, Enzymology, Toxicology, 

Plant Biochemistry, Biochemistry Education etc. The Journal welcomes the submission of 

manuscripts that meet the general criteria of significance and scientific excellence. Papers will 

be published shortly after acceptance. All articles are peer-reviewed. 

 

      Indexing 
 

CAB Abstracts, CABI’s Global Health Database, Chemical Abstracts (CAS Source Index), 

Dimensions Database, Google Scholar, Matrix of Information for The Analysis of Journals 

(MIAR), Microsoft Academic 

 
   Open Access Policy 

 

Open Access is a publication model that enables the dissemination of research articles to the 

global community without restriction through the internet. All articles published under open 

access can be accessed by anyone with internet connection. 

 

The African Journal of Biochemistry Research is an Open Access journal. Abstracts and full texts 

of all articles published in this journal are freely accessible to everyone immediately after 

publication without any form of restriction. 

 

Article License 

 

All articles published by African Journal of Biochemistry Research are licensed under 

the Creative Commons Attribution 4.0 International License. This permits anyone to copy, 

redistribute, remix, transmit and adapt the work provided the original work and source is 

appropriately cited. Citation should include the article DOI. The article license is displayed on the 

abstract page the following statement: 

  

This article is published under the terms of the Creative Commons Attribution License 4.0 

Please refer to https://creativecommons.org/licenses/by/4.0/legalcode for details about  

Creative Commons Attribution License 4.0 

  

 

 

http://www.cabi.org/publishing-products/online-information-resources/cab-abstracts/
https://www.cabi.org/publishing-products/online-information-resources/global-health/
http://cassi.cas.org/publication.jsp?P=eCQtRPJo9AQyz133K_ll3zLPXfcr-WXfdoMbKrr8Jb219KPjRndpwjitW1Fy6Huw4mqMpyiClxsGDeMtod1OF-xCUdRl9AbqMs9d9yv5Zd-KZIEiSrxdxSOGaTRa1jGbMs9d9yv5Zd86zU-DwCTivN4IXVDe9-HO
https://app.dimensions.ai/discover/publication?search_text=African%20Journal%20of%20Biochemistry%20Research&search_type=kws&full_search=true&and_facet_journal=jour.1039416
https://scholar.google.com/citations?hl=en&view_op=list_hcore&venue=av22dbw1nyIJ.2017
http://miar.ub.edu/issn/1996-0778
http://miar.ub.edu/issn/1996-0778
https://academic.microsoft.com/#/detail/2764667937
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/licenses/by/4.0/deed.en_US


 

Article Copyright 

 

When an article is published by in the African Journal of Biochemistry Research, the author(s) of 

the article retain the copyright of article. Author(s) may republish the article as part of a book or 

other materials. When reusing a published article, author(s) should; Cite the original source of 

the publication when reusing the article. i.e. cite that the article was originally published in 

the African Journal of Biochemistry Research. Include the article DOI Accept that the article 

remains published by the African Journal of Biochemistry Research (except in occasion of a 

retraction of the article) 

The article is licensed under the Creative Commons Attribution 4.0 International License. 

 

A copyright statement is stated in the abstract page of each article. The following statement is an 

example of a copyright statement on an abstract page. 

Copyright ©2016 Author(s) retains the copyright of this article. 

  

Self-Archiving Policy 

 

The African Journal of Biochemistry Research is a RoMEO green journal. This permits authors to 

archive any version of their article they find most suitable, including the published version on 

their institutional repository and any other suitable website. 

Please see http://www.sherpa.ac.uk/romeo/search.php?issn=1684-5315 

  

Digital Archiving Policy 

 

The African Journal of Biochemistry Research is committed to the long-term preservation of its 

content. All articles published by the journal are preserved by Portico. In addition, the journal 

encourages authors to archive the published version of their articles on their institutional 

repositories and as well as other appropriate websites. 

https://www.portico.org/publishers/ajournals/ 

  

Metadata Harvesting 

 

The African Journal of Biochemistry Research encourages metadata harvesting of all its content. 
The journal fully supports and implement the OAI version 2.0, which comes in a standard XML 
format. See Harvesting Parameter 
 

 

 

 

 

http://www.sherpa.ac.uk/romeo/search.php?issn=1684-5315
http://www.portico.org/digital-preservation/
https://www.portico.org/publishers/ajournals/
http://www.academicjournals.org/oai-pmh


 

Memberships and Standards 

 

 

Academic Journals strongly supports the Open Access initiative. Abstracts and full texts of all articles 

published by Academic Journals are freely accessible to everyone immediately after publication. 

 

 

All articles published by Academic Journals are licensed under the Creative Commons Attribution 4.0 

International License (CC BY 4.0). This permits anyone to copy, redistribute, remix, transmit and adapt 

the work provided the original work and source is appropriately cited. 

 

 

Crossref is an association of scholarly publishers that developed Digital Object Identification (DOI) system 

for the unique identification published materials. Academic Journals is a member of Crossref and uses 

the DOI system. All articles published by Academic Journals are issued DOI. 

 

Similarity Check powered by iThenticate is an initiative started by CrossRef to help its members actively 

engage in efforts to prevent scholarly and professional plagiarism. Academic Journals is a member of 

Similarity Check. 

 

CrossRef Cited-by Linking (formerly Forward Linking) is a service that allows you to discover how your 

publications are being cited and to incorporate that information into your online publication platform. 

Academic Journals is a member of CrossRef Cited-by. 

 

 

Academic Journals is a member of the International Digital Publishing Forum (IDPF). 

The IDPF is the global trade and standards organization dedicated to the development 

and promotion of electronic publishing and content consumption. 

 

 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.crossref.org/
http://www.crossref.org/crosscheck/index.html
http://www.crossref.org/citedby/index.html
http://www.crossref.org/citedby/index.html
http://idpf.org/


 
Contact  

 
Editorial Office: ajbr@academicjournals.org 

 

Help Desk: helpdesk@academicjournals.org 

 

Website: http://www.academicjournals.org/journal/AJBR 

 

Submit manuscript online http://ms.academicjournals.org 
 
 
 

Academic Journals 
73023 Victoria Island, Lagos, Nigeria 

ICEA Building, 17th Floor, 
Kenyatta Avenue, Nairobi, Kenya. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Editor 

mailto:ajbr@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/AJBR
http://ms.academicjournals.me/


 

Prof. Johnson Lin  
School of Biochemistry, Genetics, Microbiology and Plant Pathology 
University of KwaZulu-Natal (Westville) 
Private Bag X 54001, Durban 
Republic of South Africa 

  

Editorial Board Members 
 
 
Dr. Ahmed Malki 
Biochemistry Department 
Faculty of Science 
Alexandria University 
Alexandria, 
Egypt. 
 
Dr. Rouabhi Rachid 
Biology Department 
Tebessa University 
Algeria. 
 
Prof. Christine Clayton 
ZentrumfürMolekulareBiologie der Universität Heidelberg (ZMBH) 
Heidelberg 
Germany. 
 
Ass. Prof. Alfonso Baldi 
Dept. Biochemistry, Sect. Pathology 
Second University of Naples, 
Italy. 
 
Dr. Oluwole Ariyo 
Allen University 
USA. 
 
Prof. Belkhodja Moulay 
University of Senia Oran     
Algeria. 
 
Prof. Emmanuel Anosike 
Department of Biochemistry 
University of Port Harcourt 
Nigeria. 
  
Ahmed Ragab Gaber 
Division of Anatomy and Embryology, Zoology department,  
Faculty of Science, Beni-Suef University,  
Egypt. 

 
 

 



 

Table of Content 

 
Immunomodulatory effects of cement in exposed workers 
Moses O. Akiibinu, Taofeeq Oduola and Franklin Akinola 
 
Phytochemical, acute and subacute toxicity studies of Annona 
senegalensis Pers. (Annonaceae) root wood extracts 
Sylvain ILBOUDO, Hortense SOME, Geoffroy G. OUEDRAOGO,  
Félix B. KINI, Sylvin OUEDRAOGO and Innocent P. GUISSOU 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Vol. 13(4), pp. 38-43, May 2019 

DOI: 10.5897/AJBR2018.1021 

Article Number: 765889F60810 

ISSN 1996-0778 

Copyright © 2019 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJBR 

 

 
African Journal of Biochemistry Research 

 
 
 
 
 
 

Full Length Research Paper 
 

Immunomodulatory effects of cement in  
exposed workers 

 

Moses O. Akiibinu1*, Taofeeq Oduola2 and Franklin Akinola3 
 

1
Department of Chemistry and Biochemistry, Caleb University, Lagos, Nigeria. 

2
Department of Chemical Pathology, Faculty of Medical Laboratory Sciences, Usmanu Danfodiyo University, Sokoto, 

Nigeria. 
3
Department of Medical Laboratory Sciences, Ladoke Akintola University, Ogbomoso, Osun State, Nigeria. 

 
Received 24 December, 2018; Accepted 20 March, 2019 

 

This study was conducted to assess the immunomodulatory potentials [immunoglobulin E (IgE), 
interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α)] of cement dust in individuals 
occupationally exposed to cement. Potentials of cement particles to modulate immune responses have 
not been documented in occupationally exposed Nigerians. Twenty-nine male cement loaders who had 
direct exposure to cement dust and gases for a period of 2 to 30 years in Elephant/Lafarge Cement 
Depot Ibadan, Nigeria, were recruited for this study. Another twenty apparently healthy individuals who 
had no interaction with cement served as controls. Plasma levels of IgE, IFN-γ and TNF-α were 
determined in them using enzyme linked immunosorbent assay (ELISA) methods. The results showed 
significantly (p<0.05) higher level of plasma IgE in cement loaders compared with controls. IFN-γ 
decreased significantly (p<0.05) in cement loaders, while TNF-α did not show significant (p>0.05) 
change in the cement loaders compared with controls. There was no significant (p>0.05) correlation 
between the IgE, IFN-γ, TNF-α and period of exposure in the cement loaders. Cement dust could evoke 
IgE production and possibly inhibit certain cell types secreting IFN-γ in occupationally exposed 
workers. Clinicians and researchers may need to rule out recent exposure to cement dust when working 
on type I hypersensitivity conditions. 
 
Key words: Cement, allergen, Interferon-γ, necrotic factor-alpha. 

 
 
INTRODUCTION 
 
Cement dust basically contains calcium oxide, silicon 
oxide, aluminium oxide, iron oxide, potassium, sodium, 
sulphur, magnesium oxide, cobalt and heavy metals like 
chromium, chromium, nickel, lead and mercury (Fell et 
al., 2003; Gbadebo and Bankole, 2007). The cement dust  

has a diameter ranging from 0.05 to 5.0 μ (Abrons et al., 
1997) emitted in form of particulate matters or aerosol 
that can be ingested or inhaled by exposed individuals 
(Green, 1970). Heather (2003) reported that exposure to 
cement dust for  a  short  period  may  not  cause  serious 
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problems. However, prolonged exposure can cause 
severe irreversible damage to plants and animals. 
Pathological effects of cement dusts have been reported 
in some visceral organs including lungs, kidney and liver 
(ATSDR, 2000; Abrons et al., 1988). Other studies have 
reported increased free radical generation and inflam-
matory responses in workers exposed to cement dust. Ikli 
et al. (2003) stressed that in organs like kidneys, skin and 
liver, cellular activation in response to the cement 
particulate matters leads to inflammatory responses and 
excessive production of reactive oxygen species. Akiibinu 
et al. (2016) reported that excessive macrophage 
activation, oxidative DNA damage, kidney diseases and 
chemically-induced tumors are imminent in cement 
exposed workers. Koh et al. (2013) observed increased 
cancer incidence in the cement exposed workers. 

There are studies linking exposure to cement dust with 
changes in lung functions and inflammation of the 
peripheral lung (Mengesha and Bekele, 1997; 
Mwaiselage et al., 2005; Sauni et al., 2012). Several 
reports on respiratory diseases in long–term cement-dust 
exposed workers revealed irritation of the exposed 
mucous membranes (Schwartz, 1994; Sivicommar et al., 
2001; Zeleke et al., 2010). Other studies show that 
inhaled cement particles cause activation of alveolar 
macrophages, mesothelial cells and lung fibroblasts that 
may contribute to higher plasma levels of free radicals 
and some products of cellular activation in the cement 
exposed workers (Aminian et al., 2008; Zeleke et al., 
2010). There is increasing evidence that respiratory 
sensitization by allergens is associated with the 
preferential activation of Th-2 cells and their products, for 
example, interleukin (IL)-4, IL-5, IL-10, and IL-13; that 
favor type 1-hypersensitivity reactions and promote IgE 
antibody production (Dearman et al., 2003). Certain 
constituents of cement products including acrylates, 
nickel, cobalt, chromium and polymerization additives in 
bone cement (for example., benzoyl peroxide) have been 
implicated as triggers of eczema, wound healing 
disorders, and aseptic implant loosening (Fröschen et al., 
2018; Chen et al., 2018). 

Most of the previous studies have evaluated the effects 
of cement dust exposure on lung disorders by using 
spirometry or radiology. No one has attempted to study 
the antigenic potentials of cement particles and status of 
cellular activities in cement loaders. This study was 
therefore designed to bridge this gap in knowledge by 
determining the plasma levels of IgE, IFN-γ and TNF-α in 
Nigerian cement loaders. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
Twenty-nine cement loaders working in the Elephant/Larfage 
Cement Depot volunteered to participate in this study. These 
workers were untrained and lacked appropriate protective 
equipment that could prevent  dermal,  oral  and  lung  contact  with  
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cement particles. Another twenty apparently healthy individuals who 
had no interaction with cement served as controls. All participants 
were screened and found free from worm infections at the time of 
this study. The body weight and height of participants were taken, 
and the body mass index (BMI) calculated. Five milliliter of fasting 
blood sample was collected from each participant into lithium 
heparin bottle, centrifuged and the plasma stored at -20°C until 
ready for analysis. This study was approved by the Institutional 
Review Board (ref. no: CULREC 02/007), and informed consent 
obtained from all participants before the commencement of this 
study. 
 
 
Determination of IgE, TNF-α and IFN-γ 
 
Plasma level of IgE was determined using commercially prepared 
ELISA kits (cat. numbers T1244A) by Calbiotech Inc., 1935 Cordell 
Ct., El Cajon, CA 92020. Plasma levels of TNF-α and IFN-γ were 
determined using commercially prepared ELISA kits (cat. numbers 
EKHU-0162 and EKHU-0110 respectively) by Melsin Medical Co. 
Limited, Jilin Province, China. The methods employed for the 
determination of IgE, TNF-α and IFN-γ was provided by the 
manufacturers of the ELISA kits. 
 
 
Statistical analysis 
 
All statistical analyses were performed using Statistical Package for 
Social Sciences (SPSS), version 21.0. The data were expressed as 
Mean±SD. Student T-test was used for comparison of analytes in 
cement loaders and controls. Pearson correlation coefficient (r) was 
calculated and P values less than 0.05 were considered significant. 
 
 

RESULTS AND DISCUSSION 
 

There were no significant (p>0.05) differences in the 
values of age, weight, height and BMI of the cement 
loaders and controls recruited for this study (Table 1). 
Plasma IgE increased significantly (201.9±137.3 iu/ml 
versus 54.7±45.3 iu/ml; p=0.003) in cement loaders 
compared with controls (Figure 1). IFN-γ decreased 
significantly (65.4±14.9 pg/ml versus 151.6±78.4 pg/ml; 
p<0.001) in cement loaders compared with controls 
(Figure 2). Level of TNF-α did not show significant 
(84.4±50.8 pg/ml versus 109.9±72.0 pg/ml; p=0.24) 
difference in the cement loaders compared with controls 
(Figure 3). There was no significant (p>0.05) correlation 
between the IgE, IFN-γ, TNF-α and period of exposure in 
the cement loaders (Table 2). 

Workers in cement industries are exposed to different 
levels of dust. A geometric mean dust exposure of 38.6 
mg/m

3 
was reported in the crusher section followed by 

18.5 mg/m
3 

in the packing section, while the guards are 
exposed to only 0.4 mg/m

3
 (Mengesha and Bekele, 1997; 

Mwaiselage et al., 2005; Zeleke et al., 2010). Koike et al. 
(2008) and Fell et al. (2010) stressed that particulate 
matters can enhance antigen-related airway inflammation 
and immunoglobulin production. The cement packers 
(loaders) recruited for this study lacked protective gargets 
and are therefore prone to both dermal and lung 
exposure more than other workers in cement industry. 
Significantly higher level of plasma IgE observed in these  
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Table 1. Physical characteristics of cement loaders and controls. 
 

Parameter Controls (N=20) Cement Loaders (N=29) p-value 

Age (years) 46.17±15.03 51.76±8.81 0.217 

Weight (kg) 69.56±9.84 66.62±11.93 0.376 

Height (m) 1.68±0.07 1.69±0.07 0.703 

BMI (kg/m
2
) 24.64±3.54 22.89±3.38 0.187 

 
 
 

 
 

Figure 1. Levels of plasma IgE in cement loaders and controls. 

 
 
 

 
 

Figure 2. Levels of plasma IFN-y in cement loaders and controls. 



Akiibinu et al.          41 
 
 
 

 
 

Figure 3. Levels of plasma TNF-alpha in cement loaders and controls. 

 
 
 

Table 2. Correlation between the levels of IgE, TNF-α and IFN-γ and 
period of   exposure (p/exp) in cement loaders (N=29) 
 

Parameter r-value p-value 

IgE/p/exp -0.046 0.815 

IgE/TNF-α 0.186 0.335 

IgE/IFN-γ -0.060 0.757 

 
 
 
cement loaders could be due to allergic reactions induced 
by the cement particles. This study agrees with 
Ogunbileje and Akinosun (2011) who reported 
significantly higher level of IgE in some cement factory 
workers. Shankar et al. (2017) stressed that 
postcementation hypersensitivity is an unpleasant 
sensation experienced by their patients. Rahmani et al. 
(2018) reported allergy and other complication like 
hypertension, diabetes and backache in workers exposed 
to cement dust. Other previous studies show that dermal 
exposure to chromium content of cement causes skin 
irritation and activate keratinocytes in allergic contact 
dermatitis (Kanerva et al., 2000; Gueniche et al., 1994; 
Estlander et al., 2000; Kvitko, 2001; Thomas et al., 2000; 
Lejding et al., 2018). The chromium induces two types of 
hypersensitivity reactions: type I, anaphylactic type, and 
type IV, the delayed-type hypersensitivity (Thomas et al., 
2000). Mowitz et al. (2016) reported that potassium 
dichromate and ethylenediamine dihydrochloride and/or 
amines used as additives in cement  also  induce  contact 

allergy in the cement exposed workers. Dearman et al. 
(2003) reported that allergic sensitization induced by 
chromate is associated with preferential activation of Th-2 
cells and their products that favor immediate type 
hypersensitivity reactions, promoting IgE antibody 
production and clinical manifestations of allergic 
responses. Sarma (2009) also reported frequent allergic 
reaction among construction workers using cement. 
Other reports show that exposure to cement enhances 
IgG, IgA (Nigam et al., 1994; Aminian et al., 2008) and 
IgM production (Karnik et al., 1991). This chromate 
sensitization was found reduced with the usage of 
chromate-reduced cement (Geier et al., 2017). Possible 
inhibitory effects of some heavy metal constituents of 
cement (for example, nickel, chromium, lead and 
mercury) on tissue macrophages and natural killer cells 
might account for the lower level of IFN-γ observed in this 
study. This finding seems to agree with Castranova 
(2004) who reported inhibitory effects of heavy metals on 
oxidative metabolic processes  in  alveolar macrophages.  



42          Afr. J. Biochem. Res. 
 
 
 
However, our report contradicts that of Carlsten et al. 
(2007) who reported significantly higher serum IFN-γ in 
cement-dust exposed apprentices. There was no 
significant change in the level of TNF-α induced by 
cement in the exposed workers. This could be due to the 
effects of some inhibitory factors antagonizing the 
activation of macrophages. In a research by Algan et al. 
(1996), it was stated that exposure of macrophages to 
polymethylmethacrylate (a component of cement) 
particles leads to a significant release of TNF-α after a 
long time of contact. 

Conclusively, cement dust could evoke IgE production 
and possibly inhibit certain cell types secreting IFN-γ in 
occupationally exposed workers. Clinicians and 
researchers may need to rule out recent exposure to 
cement dust when working on type I hypersensitivity 
conditions. 
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Considered safe because being from natural origin, plant products can exhibit toxic effects during their 
use. To ensure safe use of Annona senegalensis Pers. (Annonaceae), plant widely used for its 
therapeutic potential, the phytochemical and safety profiles of its root wood were investigated. Standard 
tube characterization tests were used to highlight phytochemical groups of root wood of the plant. 
Acute and subacute toxicity tests were carried out in Medical Research Institute (NMRI) mice following 
the Organization for Economic Cooperation and Development (OECD) test guidelines. The 
phytochemical screening showed the presence of sterols and triterpens, polyphenols, reducing 
compounds, and flavonoids in root wood of Annona senegalensis (A. senegalensis). In toxicological 
studies, the results indicate that the aqueous extract has a low acute toxicity with an LD50 greater than 
5000 mg/kg b.w. The results of subacute toxicity study indicate that the mice receiving 300 mg/kg b.w. of 
extract experienced mildly decreased body weights in comparison with the control in non-significant 
manner, especially at the fourth week. After 28 days of treatment, apart aspartate aminotransferase 
(AST), no significant changes were found in the blood serum biochemical parameters such as total 
proteins, alanine aminotransferase (ALT), glucose, creatinin, and lipid levels of the treated mice in 
comparision with the control group. In view of the current results, A. senegalensis root wood aqueous 
extract would be considered as safe in both acute and subacute exposure. However, long-term toxicity 
studies are needed for further toxicological profile elicitation of the plant, and a possible reinforcement 
of clinical relevance of the results of laboratory studies. 
 
Key words: Annona senegalensis, blood chemistry, Medical Research Institute (NMRI) mice, phytochemical 
compounds, sex-related toxicity, traditional medicine. 

 
 
INTRODUCTION 
 
A wide range of plant species has been used by man 
since the dawn of medicine for his health care. Because 
traditional herbal medicine play significant and increasing 

roles in global healthcare in Asia, Africa, Americas, 
Australasia, and Europa (WHO, 2005), there is a real 
surge    on    the    practice    over    the    world.    At   the  



 
 
 
 
International Conference on Traditional Medicine for 
South-East Asian Countries in February 2013, the WHO 
Director-General, Margaret Chan, stated that ―traditional 
medicines, of proven quality, safety, and efficacy, 
contribute to the goal of ensuring that all people have 
access to care. For many millions of people, herbal 
medicines, traditional treatments, and traditional 
practitioners are the main source of health care, and 
sometimes the only source of care‘‘ (WHO, 2013). This 
assertion is consistent with WHO estimate which indicate 
that approximately 80% of the populations of developing 
countries still rely on a traditional system of medicine 
based on herbal drugs for primary healthcare (OMS, 
2002). 

In addition to their established pharmacological 
properties, one of reasons of the resurgence of interest in 
plant-based treatments is that herbal medicines, being 
―natural‖, are considered as harmless (Ekor, 2014). 
Despite this positive perception of herbal treatments, their 
safety has most often not been evaluated per modern 
standards (Cheng and Leung, 2012; Pelkonen et al., 
2014), and cases of contamination, adulteration, toxicity, 
or poisoning are regularly detected (Vanherweghem et 
al., 1993; Liu et al., 2014).  

Until now, only a few quality toxicological studies have 
been carried out on the most widely used herbs; it is 
estimated that toxicological data are still missing for up to 
90% of traditional Chinese herbal medicines (Cheng and 
Leung, 2012), and the situation appears even worse for 
herbs used in developing countries, notably in African 
traditional medicine (Kahumba et al., 2015; Poivre et al., 
2017). 

Annona senegalensis from Annonaceae family is one 
of the multiple medicinal plants widely used for their 
therapeutic potentials. The results of 
ethnopharmacological studies support this folk use of the 
plant. Indeed, Okhale et al. (2016) reported the use of all 
parts of A. senegalensis for the treatment of different 
ailments including yellow fever, tuberculosis, small pox, 
snake bites, hernia, necrotizing venoms, erectile 
dysfunction, difficulty in swallowing, infectious diseases, 
gastritis, male sexual impotence, diabetes. These popular 
uses are consistent with the numerous pharmacological 
properties of the plant (Okhale et al., 2016; Ngbolua et 
al., 2017) including anticonvulsant (Konaté et al., 2012; 
Igwe and Nwobodo, 2014), antibacterial (Jada et al., 
2014, 2015), anthelminthique (Nguessan et al., 2017), 
antidrepanocytary (Mpiana et al., 2012), anti-
inflammatory (Yeo et al., 2011), antivenous (Adzu et al., 
2005; Oladele et al., 2014; Emmanuel et al., 2014), 
antitripanosomal (Kabiru et al., 2010), and anti-
hyperglycemic (Nanti et al., 2018) activities.  
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Phytochemical screening of several organs of the plant 
revealed presence of numerous secondary metabolites 
as alkaloids, glycosides, tannins, flavonoids, 
carbohydrates and saponins in root (Igwe and Nwobodo, 
2014; Ijaiya et al., 2014), sterols and/or triterpenes, 
anthocyanes, glucids, coumarins, flavonoids and 
alkaloids in root barks (Konaté et al., 2012), polyphenols, 
sterols and polyterpenes, flavonoids, quinonic 
compounds, alkaloids, and catechic tannins in leaves 
(Ijaiya et al., 2014; Nanti et al., 2018). Furthermore, 
extracts of several parts of the plant, with the exception of 
the root woods ones, have undergone toxicological 
investigations (Konaté et al., 2012; Okoye et al., 2012; 
Rukayyah and Onyinyechi, 2016; Nanti et al., 2018). 
Phytochemical and toxicological data on root wood are 
therefore very scarce. The objectives of the present study 
was to estabilish the phytochemical profile of A. 
senegalensis root wood, and to evaluate the acute and 
subacute oral toxicity of its aqueous extract in vivo in 
experimental animal. 
 
 

MATERIALS AND METHODS 
 

Plant  
 

The roots of A. senegalensis were collected in May 2013 in the field 
of the experimental station of the Research Institute for 
Development of Gampéla, located at 25 km at East of 
Ouagadougou, Burkina Faso capital. The geographical coordinates 
of the harvest site are 12° 25 ' North latitude and 1° 21' West 
longitude. A sample of harvested plant was identified and 
authenticated at the ‗‗Laboratoire de Biologie et d‘Ecologie 
Végétales de l'Université Ouaga 1 Pr Joseph KI-ZERBO‘‘ where the 
voucher specimen has been deposited under number 6794.  

The roots were washed, separated from their bark and the wood 
was dried in shade under ventilation and then powdered using a 
mechanical grinder (Gladiator Est. 1931 Type BN 1 Mach. 40461 
1083). The powder obtained was used for phytochemical 
characterization and preparation of extracts for biological 
investigation. Prior the operations of extraction for phytochemical 
and biological further investigations, the plant powder was submited 
to the relative humidity rate (RHR) determination. Thus, 1 g (Wi) of 
root wood powder has been placed in a oven (110°C) during 1 h in 
order to get a constant dry weight (Wf). The operation is repeated 
independently five times to allow the calculation of the average 
RHR according to the formula (Reeb and Milota, 1999): 
  

        
     

  
     

 
Where, Wi and Wf are the respective initial final weights of powder. 
 
 

Animals   
 

Toxic effects of the aqueous extract of root wood of A. senegalensis 
were  assessed  in vivo in NMRI mice. Mice (average weight of 31 ±
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5 g), procured from the ―Centre International de Recherche-
Développement sur l‘Elévage en zone Subhumide‖ (CIRDES), 
Burkina Faso, were used for the study. All animals were maintained 
in a controlled temperature room of 22 ± 3°C with a 12 h dark/light 
cycle. Animals had free access to water and standard laboratory 
pellet enriched with protein (29%). The protocol of experimentation 
using animals was carried out in accordance with protocols already 
validated by the Research Institute of Health Sciences (IRSS, 
Burkina Faso) and that meet international standards as described in 
OECD Guidance Document No. 19 (Guidance Document on the 
Recognition, Assessment and Use of Clinical Signs as Humane 
Endpoints for Experimental Animals Used in Safety Evaluation) 
(OECD, 2000).  
 
 
Plant extracts preparation 
 
Extraction for phytochemistry 
 
The extracts for phytochemical screening were obtained by 
successive leaching of dried root wood powder from A. 
senegalensis with solvents of increasing polarity (dichloromethane, 
aqueous methanol solution (80: 20 v/v) and distilled water). Thus, 
10 g of the dry vegetable drug was macerated for 24 h with 100 mL 
of dichloromethane and then leached with the same solvent until 
exhaustion. The pomace was then dried in a ventilated oven at 
40°C. On the dry pomace, the same extraction process was carried 
out with an aqueous methanol solution (80: 20 v/v), then with 
distilled water. A portion of the hydro-methanolic fraction was 
hydrolyzed in an acidic medium for the characterization of the total 
o-glycoside genins. Four fractions of extracts were thus obtained for 
the screening of the phytochemical groups of the sample. 
 
 
Acid hydrolysis of the hydro-methanol extract 
 
A volume of 50 mL of the hydro-methanolic extract was placed in a 
250 mL flask. A volume of 25 mL of a 10% hydrochloric acid 
solution was added to the extract. The acid mixture is boiled under 
reflux for 30 min. After cooling, 25 mL of distilled water was added 
to the contents of the flask and the whole was transferred to a 100 
mL separatory funnel. The solution was extracted by liquid-liquid 
partition into a separatory funnel with 4 × 15 mL of 
dichloromethane. The organic phases were combined and dried 
over anhydrous sodium sulfate. The dehydrated organic phase was 
filtered on Whatman paper. The filtrate was then concentrated by 
half under reduced pressure on a rotavapor-type evaporator 
(Rotavapor - Büchi 461). 
 
 
Extraction for toxicity tests 
 
For toxicity tests purpose, an aqueous extract of dried root wood 
powder from A. senegalensis was prepared in the distilled water. 
Thus, 100 g of powder sample was mixed with distilled water (1000 
mL) in a sterile flask. The mixture was homogenized with a glass 
rod and left to macerate with mechanical stirring at room 
temperature for 24 h. After 24 h, the aqueous maceration was 
filtered and then centrifuged (2000 trs/min, 5 min). The supernatant 
was collected, concentrated and frozen before lyophilised. The total 
weight of lyophilized extract was measured for the calculation of the 
extraction yield (Y) by the following formula: 
 

      
  

         
     

 
Where RHR is relative humidity rate of the plant powder, Wp and We  

 

 
 
 
are the respective initial powder and final lyophilized extract 
weights. 

 
 
Phytochemical screening 

 
Phytochemical tests were performed according to the method of 
Ciulei (1982) adapted at the Laboratory of Phytochemistry from the 
Institute of Research in Health Science (IRSS), Ouagadougou 
(Ouedraogo et al., 2016). Fractions of extracts obtained by 
successive leaching of plant material were tested for the presence 
of alkaloids (Mayer, Wagner, and Dragendorf tests), flavonoids 
(Reaction of Shibata or cyanidine test), anthracenosides (reaction 
of Bornträger's), carotenoids (reaction of Carr Price's), coumarins 
(reaction of Feigl), sterols and triterpenes (reaction of Liebermann-
Burchard's), tannins (Ferric chloride test), reducing compounds 
(Fehling liqueur test), leucoanthocyanosides (Bate-Smith test), and 
saponosides (foam test).  

 
 
Acute toxicity test 

 
Acute oral toxicity test refers to those adverse effects occurring 
following administration of a single dose of a substance, or multiple 
doses given within 24 h. It was performed on both male and female 
NMRI mice in accordance with Organization for Economic 
Cooperation and Development (OECD) test guideline 423 (OECD, 
2001). Briefly, after a 3 h fastening period, the extract was 
administered orally by gavage in single dose to the mice according 
to the sequential procedure. While conducting the test, 2000 mg/kg 
body weight (b.w.) of extract was chosen as the starting dose. 
Animals were observed individually during the 2 h post-treatment to 
the end of which they were fed. They are then observed at least 
once daily for 14 days period for mortality and signs of toxicity such 
as changes in skin and fur, eyes, mucus membranes, convulsion, 
salivation, diarrhoea, lethargy, sleep and coma. Water consumption 
was monitored daily for each cage up to two weeks. Body weight 
and food consumption were recorded the first, second, third, 
seventh and fourteenth days. On the 14th day, after weighing, all 
the mice were euthanized using ketamine, then their internal organs 
removed, examined and weighted. A control group of male and 
female mice received a single dose of distilled water orally and 
have been monitored for 14 days as well as the treated group. 

 
 
Sub-acute toxicity test 

 
Subacute systemic toxicity is defined as adverse effects occurring 
after multiple or continuous exposure to a substance between 24 h 
and 28 days (De Jong et al., 2012). The sub-acute oral toxicity 
study was carried out according to OECD guideline 407 (OECD, 
2008) with slight modification. Male mice were randomly divided 
into three groups of 5 animals each, each group kept in separate 
polypropylene cages. Group 1 served as control and received a 
daily administration of vehicle (distilled water). Groups 2 and 3 
received extract doses of 30 and 300 mg/kg body weight, 
respectively. The extract and vehicle were administered daily at the 
same time for 28 days. All animal‘s were closely observed for the 
first 1 and 4 h of dosing to examine any adverse toxic signs, 
behavioural changes and at least twice a day for morbidity and 
mortality. Body weight and food consumption were recorded once 
weekly. Water consumption was monitored daily for each cage (5 
mice per cage) up to 4 weeks. On the 29th day, after over-night 
fastening, all the mice were anaesthetized using ketamine and 
blood samples collected via cardiac puncture into dry tube 
(vacutainers) for each animal. 
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Table 1. Qualitative phytochemical analysis of root wood powder from A. senegalensis. 
 

Fraction Phytochemical groups Result 

Dichloromethane fraction 

Alkaloids bases - 

Flavonic aglycones - 

Genin of anthracenosides - 

Carotenoids  - 

Coumarins  - 

Sterols and triterpenes + 
   

Hydro-methanolic fraction 

Polyphenols (tannins) + 

Reducing compounds + 

Leucoanthocyanosides - 

Saponosides - 
   

Hydrolysat of hydro-methanolic 
fraction 

Flavonic aglycones + 

Sterols and triterpenes + 

Coumarins - 
   

Aqueous residual fraction 

Reducing compounds + 

Polyphenols (tannins) - 

Saponosides - 
 

+ = Present; - = Absent 

 
 
 
Blood analysis 

 
The blood samples in dry vacutainers were centrifuged at 3000 rpm 
for 10 min using a table centrifuge (ROTOFIX 32A, Mettich 
Zenfrifugen, Germany); the sera obtained were used for 
biochemical assays. Blood chemistry tests were performed on an 
automatic biochemistry analyzer (Automate Jenway 6400). Serum 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
creatinin (CREAT), lipides, total proteins, and glucose were 
determined.  

 
 
Effects on vital organs 

 
After blood collection, internal organs including heart, lungs, liver, 
kidneys, and spleen were collected carefully from sacrificed animal. 
The surface of isolated organs were dehydrated with cotton wool 
and weighed on a analytical balance (Sartorius, model 1702). Each 
weighed organ was standardized for 100 g body weight of each 
mouse weighed to determine relative organs weights. After that, a 
gross examination (macroscopic analysis) of the target organs of 
the control and treated animals was done to check any significant 
change in texture and shape. 

 
 
Statistical analysis 

 
Results are expressed as means ± standard deviation (SD). If 
applicable, means and standard deviations were calculated 
separately for males and females. The data were processed with 
Graph Pad Prism.5. The statistical significance of difference 
between treated and control groups were analyzed using one-way 
analysis of variance (ANOVA), followed by Dunett‘s multiple 
comparison tests. Differences were considered to be statically 
significant at p<0.05.  

RESULTS 
 

Phytochemical screening 
 

The relative humidity rate (RHR) was 3.96 ± 0.03% and 
the average yield (Y) was 6.89 ± 0.22%. The extract and 
its lyophilizate gave a bitter taste. 

The phytochemical screening on A. senegalensis root 
wood powder (dichloromethane, MeOH/water solution 
and water) extracts indicated the presence of sterols and 
triterpenes, polyphenols (tannins), reducing compounds, 
and flavonic aglycones. The results are presented in 
Table 1. 
 
 

Acute toxicity study of the plant extract  
 

Mice mortality record 
 

After 2000 mg/kg single dose administration of A. 
senegalensis extract, there was no animal death in the 
first step of the study. Further more, upon the 14-day 
observation period, no sign of toxicity was noted in the 
wellness parameters of the animals. A similar observation 
was made in the second step study. The results of acute 
toxicity study are presented in Table 2. According to the 
OECD acute toxic class method, the oral LD50 of the 
tested extract is estimated to 5000 mg/kg b.w. 
 
 

Effect of oral acute administration of extract on mice 
food and water intake 
 

The  food  intake  of  both  control and  treated  mice  was 
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Table 2. Mortality of male and female mice in acute oral toxicity study. 
 

Dose 

(mg/kg b.w.) 

No. of death / Initial No. of male mice No. of death / Initial No. of female mice 

First step Second step First step Second step 

0 0/3 0/3 0/3 0/3 

2000 0/3 0/3 0/3 0/3 

 
 
 

 
 

Figure 1. Food intake evolution on control and mice acutly exposed to A. senegalensis root wood extract. 

 
 
 

 
 

Figure 2. Water intake evolution on control and mice acutly exposed to A. senegalensis root wood extract. 

 
 
 
increased continioustly with respect to their initial food 
intake (Figure 1). This observation was the same in both 
male and female mice. In male mice receiving the plant 
extract, there was a decrease in food consumption 
compared to controls. This decline of food intake ranged 
from 0.5 to 1 g. Unlike males, no significant changes in 
food consumption were observed in treated  female  mice  

compared to controls. 
The results of the water consumption are as shown in 

Figure 2. Compared to the values recorded in the 
controls, it is noted that the aqueous extract of A. 
senegalensis root wood, at a single dose of 2000 mg/kg 
b.w. did not affect water intake, either in male mice or in 
female mice. 
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Figure 3. Mean body weight of both control and acute treated male mice.  

 
 
 

 
 

Figure 4. Mean body weight of both control and acute treated female mice. 

 
 
 

Effect of oral acute administration of extract on mice 
body and organs weights 
 
Body weight: The body weight of all the both male and 
female mice increased with respect to their initial value. 
From 2nd to 14th, the male mice received extract at dose 
of 2000 mg/kg b.w. single exhibited significant (p < 0.05) 
loss in body weight gain comparatively to control group 
(Figure 3). For female, no significant differences (p > 
0.05) were observed in the body weight of extract treated 
mice compared to their respective control measurements 
(Figure 4). 
 
Organs relative weight: At a single oral dose of 2000 
mg/kg, the results showed there was no significant 
difference (p ˃ 0.05) in the relative organ weights of the 
extract treated mice with respect  to  the  mice  of  control  

group (Table 3). 
 
 
Sub-acute toxicity 
 
There was no change in normal behavioral pattern of 
animals treated with extract, and no sign and symptoms 
of toxicity were observed during the daily observations 
which were done continuously upon the 28 days of the 
study.  
 
 
Effect of oral subacute administration of extract on 
mice body and organs weights 
 
Body weight: The results of recorded body weights of 
the mice treated with  root  wood  aqueous  extract  of  A. 
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Table 3. Mean relative organ weights after an acute treatment with A. senegalensis root wood aqueous extract. 
 

Dose 

(mg/kg b.w.) 
Sex 

Organs relative weight (meam ± SD) 

Heart Lung Liver Kidneys Spleen 

0 
M 0.400 ± 0.033 0.434 ± 0.048 4.634 ± 0.307 1.422 ± 0.175 0.500 ± 0.142 

F 0.406 ± 0.055 0.444 ± 0.058 4.446 ± 0.335 1.350 ± 0.136 0.536 ± 0.143 
       

2000 
M 0.386 ± 0.038 0.432 ± 0.029 4.578 ± 0.396 1.436 ± 0.124 0.511 ± 0.033 

F 0.410 ± 0.071 0.428 ± 0.050 4.514 ± 0.312 1.366 ± 0.162 0.486 ± 0.140 
 
 
 

 
 
Figure 5. Mean body weight of both control and treated mice with A. senegalensis root wood aqueous 
extract. 

 
 
 

Table 4. Mean relative organ weights of mice after 28 days treatment with A. senegalensis root wood aqueous extract. 
  

Dose  

(mg/kg b.w.) 

Relative organ weights (meam ± SD) 

Heart Lung Liver Kidneys Spleen 

0 0.402 ± 0.037 0.474 ± 0.200 4.234 ± 0.340 1.402 ± 0.054 0.536 ± 0.159 

30 0.396 ± 0.023 0.476 ± 0.170 4.150 ± 0.460 1.350 ± 0.025 0.526 ± 0.091 

300 0.398 ± 0.043 0.458 ± 0.140 4.176 ± 0.440 1.346 ± 0.033 0.535 ± 0.037 
 
 
 

senegalensis (doses of 30 and 300 mg/kg b.w.) are 
presented in Figure 5. For control as well as treated mice, 
the results show a steady increase in the body weight 
(from ≈ 31 to ≈ 38 g) upon the 28 days of study. 
According to Figure 5, mice treated with extract at the 
daily dose of 30 mg/kg for 28 days showed increased 
body weight gain in comparison with the control in a non-
significant fashion, the second and third weeks. The mice 
receiving 300 mg/kg showed non-significant decrease of 
body weight gain in comparison with the control, 
especially at the fourth week. 
 
Macroscopic effects of A. senegalensis extract on 
vital organs: Macroscopic examination of vital organs 
such as heart, lung, liver, kidney, and spleen of control 
and treated animals with root wood aqueous extract show 

that extract does not affect vital organs as there was no 
change in color and aspect of different organs. 
 
Relative organ weights: After 28 days daily dosing of 
mice with A. senegalensis extract or distilated water and 
animal organs were preleved and weighted. Table 4 
shows the results. No significant differences were 
observed in the weights of all organs compared to their 
respective control measurements. 
 
 
Effect of oral administration of A. senegalensis root 
wood aqueous extract on water and food 
consumption 
 
Food intake: During the 28 days of study, the food intake  
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Figure 6. Food intake in subacute toxicity study. 
 
 
 

 
 

Figure 7. Food intake in subacute toxicity study. 
 
 
 

of both control and treated mice was increased 
continiously with respect to their initial food intake (Figure 
6). During the first week, a clear decrease in food 
consumption was noted in mice receiving the plant 
extract compared to controls. This decline of food intake 
ranged from 1.24 to 1.54 g at 30 and 300 mg/kg/day, 
respectively.  
 
Water consumption: The results of daily water intake 
measure during the 28 days of the study period are 
presented in Figure 7. The average water consumption of 
treated groups showed a decrease, especially during the 
fourth week, in comparison with the control but in a non-
significant manner. 
 
 
Effect of extract on biochemical parameters of mice  
 
Table 5 shows the results of  biochemical  parameters  of  

treated animals and control ones. Except for AST, A. 
senegalensis root wood aqueous extract did not cause 
significant changes in blood serum biochemical 
parameters such as total proteins, alanine 
aminotransferase, glucose, creatinin, and lipid levels 
when compared with control group. Both dose of extract 
(30 and 300 mg/kg b.w.) induced significant changes (p < 
0.05) in AST value of treated mice comparatively to 
control animals. 
 
 
DISCUSSION 
 
A. senegalensis is a plant widely used in several 
countries of South-Saharan Africa and even outside the 
continent, in human or veterinary medicine. Numerous 
ethnomedicinal uses have been attributed to different 
parts of the plant, as well as its use as food and food 
additives   (Okhale   et  al.,  2016).  A.  senegalensis  root 
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Table 5. Biochemical parameters for mice after 28 days treatment with Lannea microcarpa trunks barks aqueous extract.  
 

Dose  

(mg/kg b.w.) 

Biochemical parameter 

ALT (U/L) AST (U/L) CREAT (mmol/L) Glucose (mmol/L) Proteins (g/dl) Lipids (mg/dl) 

0 38.03 ± 5.91 4.86 ± 0.67 0.94 ± 0.16 7.49 ± 2.52 4.55 ± 0.18 539.90 ± 66.79 

30 39.28 ± 4.30 8.42 ± 1.81** 1.25 ± 0.17 8.87 ± 2.94 6.04 ± 0.28 370.09 ± 56.59 

300 43.25 ± 6.42 9.68 ± 1.41** 1.15 ± 0.10 9.16 ± 2.80 5.22 ± 1.08 425.52 ± 75.65 

 
 
 
wood is used as a toothpick in Burkina Faso (Nacoulma, 
1996) and Central African Republic (Ake et al., 1978) for 
smoking cessation. Generally, the resurgence of interest 
in plant-based treatments seems to have various origins: 
it may come from patients disappointment with standard 
treatments (in terms of efficacy and/or safety), from the 
rewarding feeling of active participation in the choice of 
therapeutic means, from the beliefs that the use of herbs 
is associated with a healthier lifestyle, and that herbal 
medicines, being ―natural‖, are therefore harmless (Ekor, 
2014). However, although often perceived as innocuous 
by the general public, herbal substances harbor 
phytochemicals responsible of toxic effects (Babu et al., 
2016; Poivre et al., 2017; Hudson et al., 2018). However, 
both phytochemical and toxicological investigations on 
root wood are very scarce. For safe use of A. 
senegalensis root wood, it was necessary to establish its 
toxicological and phytochemical profiles. 

In the present study, the relative humidity rate (RHR) of 
the powder from the root wood of the plant were 
determined. This parameter, which measures the water 
content of the drug, was less than 10%. This indicates 
that the powder of the plant can be stored for a long time 
in good conditions without major risk of deterioration of 
chemical principles (Paris and Moyse, 1965; WHO, 
1998). The extraction yield measuring the solvent 
efficiency to extract specific components from the original 
material (Fayera et al., 2018) was 6.89 ± 0.22%. Igwe 
and Nwobodo (2014) obtained a yield of 30% by 
extracting A. senegalensis root with water. The yield 
obtained is slightly upper relative to that reported by Adzu 
et al. (2005) with A. senegalensis root bark extracted with 
methanol (5.58%).  

Chemical constituents determine the biological 
activities of the plant, whether the activity is a toxicity or a 
pharmacological property. Many plants produce toxic 
secondary metabolites as natural defence from adverse 
conditions. In some toxicologically and medicinally 
relevant plant species, these toxic substances are not 
distinguished from therapeutically active ingredients 
(Ifeoma and Oluwakanyinsola, 2013). In the present 
study, qualitative phytochemical analysis made for the 
root wood of A. senegalensis revealed the presence of 
sterols and triterpenes, polyphenols (tannins), reducing 
compounds, and flavonic aglycones. Konaté et al. (2012) 
had shown the presence of sterols and/or triterpenes, 
anthocyanes, glucids, coumarins, flavonoids and alkaloids 

in root bark of A. senegalensis from Burkina Faso. 
Comparing the present results with those of Konaté et al. 
(2012), one can speculates that root bark is qualitatively 
richer in chemical groups than root wood. Indeed, in 
addition to the chemical groups present in the wood, the 
barks also contain anthocyanins, coumarins, and 
alkaloids. However, the wood contains tannins that are 
not highlighted in bark. Either one or combination of 
detected chemicals may be responsible of biological 
activities of root wood. 

In view of the strong traditional use of the root, this 
study investigates the safety of this part of the plant by 
determination of eventual detrimental effects. For the 
toxicological investigation, the oral administration of a 
single dose of aqueous extract in both male and female 
mice at 2000 mg/kg b.w. is performed. No effect on 
mortaly, examined clinical sign, water consumption and 
relative organic weight are observed. Absence of 
mortality permits to estimate the madian lethal dose 
(DL50) at 5000 mg/kg b.w. in accordance with the 
Guideline 423 of OECD (2001). With such madian lethal 
dose, aqueous extract of A. senegalensis is classified to 
belong to substance unlikely to present acute hazard 
according to the Globally Harmonized System of 
Classification and Labeling of Chemicals of the United 
Nations (ONU, 2017). These results is in agreement with 
those of previous studies which has noted the absence of 
mortality by intraperitoneal single dose of 3000 mg/kg 
b.w. (Konaté et al., 2012) and oral single dose of 5000 
mg/kg b.w. (Nanti et al., 2018) with root bark of the plant. 
In male mice, a mild decrease in food consumption was 
noted comparatively to control male mice. Interestingly, 
the decrease in food intake is correlated with a reduction 
in weight gain upon exposure to aqueous extract of root 
wood of A. senegalensis. Such results was not observed 
by Nanti et al. (2018) in rat. These authors showed that 
single oral doses of aqueous extract of A. senegalensis 
root barks (550, 1,750, and 3,000 mg/kg b.w.) 
administered to the rats, did not induce significant 
variation of weight in these animals after two weeks of 
monitoring. 

The body weight decrease in this study may be the 
consequence of plant extract compounds actions on the 
digestive system of the test animals. Indeed, tannins, 
water-soluble polyphenols highlighted in A. senegalensis 
root wood by this study, have been reported to be 
responsible  for  decreases  in  feed  intake,  growth  rate,  



 
 
 
 
feed efficiency, net metabolizable energy, and protein 
digestibility in experimental animals (Chung et al., 1998). 
They are the ability to form indigestible complexes with 
the nutrients of foods such as iron and food proteins 
(Butler, 1992), or with the proteins of the organism such 
as digestive enzymes (Kumar and Singh, 1984). This 
results in an inhibition of the absorption of complexed 
nutrients and the decrease in the activity of digestive 
enzymes with consequent reduction of nutritional 
efficiency. The action of these compounds can be 
maintained for up to 15 days after ingestion of the 
product containing them (FAO, 1992). Note that this 
action of the extract is practically absent in female mice, 
since the weight loss is not significant with animals of this 
sex. Such a dimorphic biological reaction to a chemical is 
a common phenomenon reported by previous work 
(Nicolson et al., 2010). 

In the sub-acute toxicity study, the daily oral 
administration of root wood aqueous extract from A. 
senegalensis at doses of 30 and 300 mg/kg /day b.w. 
during four weeks did not cause any death or clinical 
signs of toxicity in mice. During the study period, a steady 
increase in the body weight was observed in both treated 
and control animal groups. Measures of animal growth 
are routinely evaluated in toxicology studies and are key 
to interpretation of compound-related effects (Hoffman et 
al., 2002). After 28 days of treatment, the mice which 
receiveid extract at dose of 300 mg/kg/day b.w. 
experienced mildly decreased body weights in 
comparison with the control in non-significant manner, 
especially at the fourth week. This drop in weight is not 
sufficient to conclude to a toxicity of the extract. 
Interestingly, the food intake and water consumption 
were similar in the treated groups comparatively to the 
control one. 

Macroscopic examination of vital organs such as heart, 
lung, liver, kidney, and spleen of control and treated 
animals show that the extract does not induce change in 
color and aspect of different organs. In addition, no 
significant differences were found in the organ weights of 
the treated animals in comparison with the control 
groups. As organ weight evaluation is an essential part of 
the toxicologic and risk assessment of chemicals from 
miscellaneous sources (Michael et al., 2007), the results 
suggest a possible absence of extract-related organs 
toxicity.  

In addition to organs macroscopic examinations and 
the determination of their relative weight, blood 
biochemical parameters are commonly used as indicators 
of organ damages in toxicity study. The results of 
subacute toxicity study indicate that, with the exception of 
the AST value, no significant changes were found in the 
blood serum biochemical parameters such as total 
proteins, alanine aminotransferase, glucose, creatinin, 
and lipid levels of the treated mice in comparision with 
the control groups. Rukayyah and Onyinyechi (2016) 
showed that a subacute intraperitoneal  administration  of  
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dried carpels methanol/water (1:1) extract of A. 
senegalensis did not induce significant increase in the 
serum level of ALP and ALT in mice, a concentration 
dependent decrease of AST. Alanine amino 
transaminase (ALT) and Aspartate amino transaminase 
(AST) are largely used for the assessment of liver 
damage by drugs or any other hepatotoxin (Ramaiah et 
al., 2011). Although both Aspartate and Alanine 
aminotransferases are highly concentrated in the liver, 
AST is also diffusely represented in the heart, skeletal 
muscle, kidneys, brain and red blood cells, while ALT has 
low concentrations in skeletal muscle and kidney. An 
increase in ALT serum levels is, therefore more specific 
for liver damage (Giannini et al., 2005). Furthermore, the 
liver is well designed for its central role in carbohydrate, 
protein and fat metabolism. While ALT and AST are used 
for specific damaging reaction of liver to toxic, blood 
proteins, glucose, and lipids level can serve to assess 
global hepatic functional status. No change was noted in 
bood glucose concentration. These results are similar to 
those of Nanti et al. (2018) who noted that A. 
senegalensis root bark extract, at the oral single doses of 
50, 200, and 300 mg/kg b.w., does not significantly alter 
blood glucose values 180 min after the treatement. 
However, it should be noted that the study design was 
different, the present study repeated administration in 
mice while that of Nanti et al. (2018) was single-dose in 
rats. In the present study, with the absence of significant 
changes in blood level of both ALT, proteins, glucose, 
and lipids, one can speculate that aqueous extract of root 
wood of A. senegalensis, at up to daily dose of 300 
mg/kg/day b.w. for 28 days, is safe to the liver in mice. 
However, these results must be supplemented by 
anatomopathological analyses and long-term toxicity 
studies (subchronic and chronic) before reaching 
unequivocal conclusions. 

Serum creatinine, an endogenous cation produced 
mainly by muscle metabolism, is the most widely used 
marker to assess renal injury (Tschuppert et al., 2007). In 
the present study, no significant change in creatinine 
values was found when comparing treated and control 
groups. This would suggest a safety of aqueous extract 
of root wood of A. senegalensis for mice kidneys at the 
tested doses, even if these results deserve to be 
confirmed by anatomopathological examinations. 
 
 
Conclusion 
 
In the present study, phytochemical profile and 
toxicological effect of A. senegalensis were investigated. 
In the present study, phytochemical profile and 
toxicological effect of root wood from A. senegalensis 
were investigated. Phytochemical screening revealed 
several chemical groups in the root wood of A. 
senegalensis. The results show that the aqueous extract 
did not induce mortality in both male and female mice  up  
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to the dose of 2000 mg/kg b.w. However, a sex-related 
dimorphic profile in the adverse reactions of the extract 
has been noted. Indeed, male mice showed a significant 
decrease in body weight correlated with loss of food 
intake. This weight loss could be attributable to the toxic 
action of certain compounds of the extract such as 
tannins. The subacute toxicity test showed that the 
aqueous extract of wood from the root of the plant exhibit 
no significant toxic effect up to a dose of 300 mg/kg/day 
b.w. In view of the current results, subject to results of 
hematological and anatomopathological analysis, the root 
wood aqueous extract of A. senegalensis would be safe 
in both acute and subacute exposure conditions. For 
further clinical relevance of the results, toxicity study must 
be extended to long term toxicity test as subchronic (90 
days repeated administration) and chronic (at least 6 
months repeated administration in rodent) toxicity study. 
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