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ABSTRACT 
 

Aim: This study investigated the influence of an aqueous stem bark extract of Terminalia catappa 
on pregnant wistar rats and brain glucose-6-phosphate dehydrogenase (G-6PDH) activity.  
Study Design: Forty-five adult female wistar rats at proestrus sexual cycle were caged overnight 
with sexually mature male rats of the same strain. The presence of sperm in the vagina lavage 
obtained the following morning confirmed coitus and was designated as day zero of pregnancy. 
The pregnant rats were randomly divided into five groups of nine each after confirmation of 
pregnancy.  
Place and Duration of Study: This study was carried out in the Animal Holdings of the 
Department of Anatomy, University of Ilorin, Ilorin, between March 2014 and May, 2014. 
Methodology: The Group A (control) animals were given feed and water liberally throughout the 
study. Group B received 400 mgkg/bwt of extract between 1-20 day, Group C received                          
400 mgkg/bwt between extract 1-6 day, Group D received 400 mgkg/bwt extract between 7-12 day 
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and Group E received 400 mgkg/bwt extract between 13-20 day of gestation. The rats were 
sacrificed on day 20 of gestation, foetal morphologic measurements were taken as well as adult 
brain G-6PDH activity assayed. 
Results: There was no statistical difference between the control and experimental groups of foetal 
body weight, crown-rump length, tail length, foetal brain weight and placental weight. Also, the adult 
brain G-6PDH activity level was not statistically different when the control and experimental groups 
were compared. 
Conclusion: The dose of extract at 400 mgkg/bwt consumed during pregnancy, was  considered  
as  relatively  safe,  as  it  did  not  cause abnormalities in foetus or influence changes in brain G-
6PDH activity in adult rats.  
 

 
Keywords: Terminalia catappa L; Glucose-6-phosphate dehydrogenase (G-6PDH); brain. 
 
1. INTRODUCTION 
 
Terminalia catappa is a large, deciduous tree 
with smooth grey bark and whorled branches that 
form a canopy and  is found mainly in tropical  
regions of Asia, Africa, and Australia measuring 
25-40 m or 82-130 ft tall [1]. It is commonly 
referred to as tropical almond, India almond, sea 
almond [2]. The extract from various part of the 
plant is use in treatment of different ailment. The 
extract of the leaves shows antioxidatve, anti-
inflammatory and hepatoprotective actions [3]. It 
is also used for the prevention of diabetes [4,5], 
bacterial infection [6] and cancer [7].  
 
The use of plants for medicinal purpose is no 
longer new to man, since the practice has 
existed for many centuries [8]. Many plants are 
known for medicinal purposes in Africa, but only 
a few have been described or studied. The safety 
concern of some of this medicinal plants has 
always been relegated to the background even 
by pregnant women; this has often led to many 
teratologic conditions. 
 
The brain is the control centre for movement, 
sleep, hunger, thirst, and virtually every other 
vital activity necessary to survival. The brain 
control human emotions such as love, hate, fear, 
anger, elation, and sadness [9]. It also receives 
and interprets the countless signals that are sent 
to it from other parts of the body and from the 
external environment [9]. 
 
The brain is sensitive to oxidative stress injury, it 
has high rate of oxidative metabolic activity, high 
content of polyunsaturated fatty acids and 
relatively low antioxidant capacity compared to 
other tissues [10,11]. The brain cells are 
damaged or destroyed by oxidized compounds 
called free radicals that are generated in the 
body by stress, exercise, oxidation of food and 
other chemical reactions that occur in the cell 

[12]. As a result of depleted number of brain cells 
due to action of free radicals, neurodegenerative 
diseases such as Alzheimer’s, Parkinson’s, 
Huntington’s and stroke occur. However, 
excessive free radicals can be removed by the 
action of Glucose-6 phosphate dehydrogenase 
(G-6PDH).  
 
G-6PDH is a cytoplasmic enzyme that catalyses 
the first step in the pentose phosphate pathway, 
which produces NADPH [13]. NADPH is the 
principal intracellular reductant and its production 
is mainly dependent on glucose-6-phosphate 
dehydrogenase. NADPH is a coenzyme that is 
essential for the protection and repair of oxidative 
damage in cell. Even the entire antioxidant 
system and other processes requiring reduction 
rely on the supply of NADPH [14]. Brain G-6PDH 
protects against endogenous oxidative DNA 
damage and neurodegeneration in aging mice 
[15]. G-6PDH play embryoprotective role in 
developmental oxidative stress and chemical 
teratogenesis [16]. 
 
Despite many literatures supporting the 
medicinal use of Terminalia catappa, there exist 
claims among local folks of possible teratogenic 
effects when taken during pregnancy. That was 
the reason this study was aimed to investigate 
the influence of aqueous stem bark extract of 
Terminalia catappa on pregnant wistar rats and 
brain of G-6PDH activities.  
 
2. MATERIALS AND METHODS 
 
Forty-five female (having an average weight of 
220 g) and ten male albino Wistar rats (having an 
average weight of 230 g) were procured from 
department of anatomy, Ladoke Akintola 
University of Technology. The animals were 
acclimatized for two weeks at the animal 
holdings of Anatomy department, University of 
Ilorin, Ilorin before the commencement of the 
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experiment. They were exposed to normal 
laboratory conditions of temperature, light and 
humidity. The rats were fed with Growers mash 
produced by Bendel feeds and water ad 
libitum.The animals were given adequate care in 
accordance with the Principle of Laboratory and 
Animal Care prepared by the National Academy 
of Sciences and published by the National 
Institute of Health [17]. All the rats were carefully 
assessed and screened at the end of the 
acclimatization period. The investigation was 
conducted in accordance with the principles and 
guidelines for animal research. 
 
2.1 Plant Materials and Extraction 
 
Terminalia catappa linn stem bark was obtained 
from Mission hill orchard, Ugwolawo, Kogi State 
and authenticated by botany department of 
university of Ilorin. The stem bark of Terminalia 
Catappa was properly washed in tap water and 
shade dried for two weeks. The dried stem bark 
of Terminalia Catappa was grinded into powder 
form using mechanical blender. The aqueous 
extract was prepared by maceration following the 
method of previous investigator [18]. 
 
2.2 Mating of the Female Rats 
 
Vaginal smear test was carried out between           
8:00 am and 9:00 am on daily basis prior to 
mating; this was done to know the phase of 
oestrous cycle of female rats before introducing 
the male rats [19]. The presence of 
predominantly round nucleated epithelial cells 
indicated the pro-estrus stage. Female rats that 
were in their pro-estrus phase were kept together 
with adult male rats between 4:00 pm and               
8:00 am the next day. Mating was confirmed by 
the presence of spermatozoa in the vagina 
lavage on the following morning and the day was 
taken as day zero of pregnancy [20]. 
 
2.3 Experimental Design 
 
Forty-five confirmed pregnant rats were randomly 
divided into five (5) groups of nine rats each;  
 

Group A: (control): received only distilled 
water 

Group B:  received 400 mgkg/b.wt of extract 
between 1-20 days of gestation 
orally. 

Group C:  received 400 mgkg/b.wt of extract 
between 1-6 days of gestation 
orally. 

Group D: received 400 mgkg/b.wt of extract 
between 7-12 days of gestation 
orally. 

Group E: received 400 mgkg/ b.wt of extract 
between 13-20 days of gestation 
orally. 

 
2.4 Termination of Treatment 
 
On the 20th day of gestation, the rats were 
sacrificed by cervical dislocation; laparotomy was 
performed and the foetuses were excised. Foetal 
parameters such as foetal weight, tail length, 
crown-rump length and placental weight were 
measured. The crania of the adult rats were open 
by mid-sagittal incision and brain were removed, 
blotted dry with a filter paper and weighed. The 
adult brain was homogenized in 10 volumes of 
ice cold (0-4°C) medium containing 50 mM Tris-
Hcl, pH 7.4 and 300mM sucrose, using a 
homogenizing machine. The homogenates were 
centrifuged at 5000 rpm for 10 minutes; the 
supernatant was immediately used for G6PDH 
activity measurement. 
 
G6PDH assay was done using the method of 
Beutler [20]. This method measures the rate of 
reduction of NADP⁺ to NADPH when 
homogenate is incubated with Glucose 6-
Phospate (G6P). The assay mixture consist of 
0.02M Glucose 6-Phosphate (0.1 ml), 0.02 mM 
NADP⁺ (0.1 ml), (0.1M) Mgcl₂, Tris buffer pH 8.0 
(0.68 ml) and homogenate (0.2 ml). The assay 
was monitored at the wavelength of 340 nm over 
a 5 minute time course on the 
spectrophotometer. A full scale reading of 1.0 
absorbance unit was maintained for the 
spectrophotometer. 
 

2.5 Statistical Analysis 
 
Data was analysed using Analysis of Variance 
(ANOVA) and students t-test (Tukeys test) with 
the statistical software SPSS version 20.0 at 
95% confidence interval. Values were reported 
as mean ± S.E.M and p<0.05 was considered 
statistically significant. 
 
3. RESULTS 
 
Result gotten has shown in Table 1, indicated 
that there was no significance difference 
(p>0.05) in body weight of foetuses when control 
(Group A) was compared with the experimental 
groups. Even when the body weight of foetuses 
was compared between the experimental groups 
(Group B, C, D &E) there was no significant 



 
 
 
 

Amedu et al.; EJMP, 11(2): 1-7, 2016; Article no.EJMP.21425 
 
 

 
4 
 

difference (p>0.05). Also from Table 1, the 
crown-rump length, tail length and placenta 
weight of the foetuses were compared between 
their control groups (Group A) and the 
experimental groups (Group B, C, D &E), the 
result indicates that there were no significant 
difference (p>0.05). 
 

The result of foetal brain weight as seen in  Table 
1 indicates no significant difference (p>0.05) 
when foetal brain weight of experimental groups 
(Group B, C, D &E) were compared with the 
control as well as in between themselves. 
 

Fig. 1 presents the glucose-6-phosphate 
dehydrogenase enzyme activity in the brain of 
rats administered extract Terminalia catappa. 

The activity of glucose-6-phosphate 
dehydrogenase was not significantly different 
(p>0.05) when experimental groups (Group B, C, 
D & E) were compared with the control group. 
Even when the level of G-6PDH was compared 
between the experimental groups there was no 
significant difference (p>0.05). 
 
4. DISCUSSION 
 
Teratogens are substances that cause significant 
abnormalities either structural or functional 
following foetal exposure during pregnancy [21]. 
Several studies have demonstrated a correlation 
between intrauterine growth retardation and 
Teratogenesis. Parameters used in assessing

 
Table 1. Foetal weight, crown-rump length, tail length and placenta weight foetal brain weight 

of rat foetuses 
 

Parameters Group A Group B Group C Group D Group E 
Foetal weight (g) 4.98±0.03 4.86±0.11 4.77±0.002 4.78±0.09 4.82±0.022 
Crown-rump length (cm) 4.0±0.06 3.46±0.12 4.0±0.06 4.0±0.09 4.7±0.06 
Tail length (cm) 1.07±0.03 0.97±0.07 1.03±0.09 1.07±0.07 1.10±0.06 
Placenta weight (g) 0.26±0.02 0.26±0.02 0.28±0.01 0.28±0.02 0.28±0.02 
Foetal brain weight (g) 0.81±0.04 0.78±0.04 0.80±0.06 0.79±0.09 0.79±0.06 

Values presented as mean±SEM; n=8; No significant difference between parameters in control and  
experimental groups 

 

 
 

Fig. 1. Activities of glucose-6-phosphate dehydrogenase (G-6PDH) in the brain of pregnant 
Wistar rats following the administration of aqueous stem bark extracts of Terminalia catappa  
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foetal growth and morphological development 
include: body weight, crown-rump length, tail 
length and placental weight [22-26]. From the 
result of this study (in Table 1), the foetal body 
weight, crown-rump length, tail length, foetal 
brain weight and placental weight appeared 
statistically the same in both control and 
experimental groups. This possibly indicated that 
the extract administered to the rats may not be 
teratogenic as earlier suspected or the dose 
administered not potent enough to cause 
abnormalities in foetuses. 
 
Enzymes are biocatalyst that regulates the rates 
at which all physiological processes take place 
[27,28]. The presence and maintenance of a 
complete and balanced set of enzymes is 
essential for the breakdown of nutrients to supply 
energy and chemical building blocks; the 
assembly of those building blocks result into 
proteins, DNA, membranes, cells and tissues 
[29]. 
 
G-6PDH is a cytoplasmic enzyme that catalyses 
the first step in the pentose phosphate pathway, 
which produces NADPH [13]. This enzyme act by 
removing free radicals that causes damage to 
cells. In the brain, low level of G-6PDH result in 
oxidative damage, depletion of brain cells which 
eventually causes neurodegenerative diseases 
[15]. G-6PDH is present in cells but not uniformly 
expressed in all cells, with basal activity varying 
up to 10 folds in different organs and tissues [30].  
In this study, the result obtained (Fig. 1) indicates 
uniformity in the level of G-6PDH enzyme activity 
when control and experimental groups were 
compared. This indicates that the extract 
administered do not influence (increase or 
decrease) the level of G-6PDH activity in the 
experimental groups; since the level of enzyme 
activity in both the control and the experimental 
groups are the same. It could also mean that the 
dose 400 mgkg/b.wt administered might not have 
been enough to influence (increase or decrease) 
the level of G-6PDH activity in experimental 
groups. 
 
5. CONCLUSION  
 
In conclusion, the present investigation 
demonstrates that the dose of aqueous stem 
bark extract of Terminalia catappa Linn. at                  
400 mgkg/bwt consumed during pregnancy, is  
considered   relatively  safe,  as  it  did  not  
cause  teratogenic abnormalities or influence the 
brain G-6PDH activity in adult.  
 

CONSENT  
 
It is not applicable. 
 
ETHICAL APPROVAL  
 
All  authors  hereby  declare  that  "Principles  of 
laboratory animal care" (NIH publication No. 85-
23,  revised  1985)  were  followed,  as  well  as 
specific  national  laws  where  applicable.  All 
experiments have been examined and approved 
by the appropriate ethics committee. All authors  
hereby  declare  that  all  experiments  have  
been  examined  and  approved  by  the  
appropriate ethics committee and have therefore 
been  performed  in  accordance  with  the  
ethical standards  laid  down  in  the  1964  
Declaration  of Helsinki. 
 
ACKNOWLEDGEMENTS 
 
We wish to express our sincere appreciation to 
Dr B U Enaibe and Mrs Sarah Amedu for their 
technical assistance throughout this study. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Pankaj O, Robert EP. West Indian almond 

Terminalia catappa L. Combretaceae. 
Encyclopedia of fruit and nuts- Janick J 
and Paull R E, CABI, Wallingford, United 
Kingdom. 2008;273-276. 

2. United States department of Agriculture, 
GRIN Taxonomy for plants. 

3. Kinoshita S, Inoue Y, Nakama S, Ichiba T 
and Aniya Y. Antioxidant and 
hepatoprotective actions of medicinal herb, 
Terminalia catapps L. from Okinawa Island 
and its tannin corilagin. Phytomedicine, 
2007;4(11):755–762. 

4. Nagappa NA, Thakurdesai PA, Venkat N, 
Rao Singh J. Antidiabetic activity of 
Terminalia catappa Linn fruits. Journal of 
Ethnopharmacology; 2003. 

5. Ahmed SM, Swamy BM V, Dhanapal PGR, 
Chandrashekara VM. Anti-diabetic activity 
of Terminalia catappa Linn. leaf extracts in 
alloxan-induced diabetic rats. Iran. J. 
Pharmacol. Therapeut. 2005;4:36-39. 

6. Neelavathi P, Venkatalakshmi P, Brindha 
P. Antibacterial activities of aqueous and 



 
 
 
 

Amedu et al.; EJMP, 11(2): 1-7, 2016; Article no.EJMP.21425 
 
 

 
6 
 

ethanolic extract of Terminalia capatta 
leaves and bark against some pathogenic 
bacteria. Int J Pharm Pharm Sci. 2013; 
5(1):114-120 

7. Liu TYL, Ho LK, Tsai YC, Chiang SH, 
Chao TW, Li JH, Chi CW. Modification of 
mitomycin C-induced clastogenicity 
by Terminalia catapps L. in vitro and in 
vivo.  Cancer Letters. 1996;105:113-118. 

8. Van Wyk BE, Wink M. Medicinal plants of 
the world. 1st edition, 2004. Pretoria; Briza 
Publ. 

9. Pelvig DP, Pakkenberg H, Stark AK, 
Pakkenberg B. Neurocortical glial cell 
numbers in human brain. Neurobiology of 
Aging. 2008;29(11):1754-1762. 

10. Shulman RG, Rothman D, Behar KL, 
Hyder F. Energetic basis of brain activity. 
Implications for neuroimaging. Trends 
Neurosci. 2004;27:275-285. 

11. Adeshina AJ, Fakunle PB, Shittu OR. 
Neuroprotective effect of aqueous extract 
of Garcinia kola on Monosodium 
Glutamate – Induced cerebellar cortical 
damage in adult wistar rats. EJMP. 2015; 
5(1):13-22. 

12. Anderson JK. Oxidative stress in 
neurodegeneration: Cause or con-
sequence? Nature Rev Neurosci. 2005;5: 
18-25 

13. Nelson DL, Cox MM. Lehninger Principles 
of Biochemistry. 4ed. 2004;551. 

14. Zhang Z, Apse K, Pang J, Stanton RC. 
High glucose inhibits glucose-6-phosphate 
via cAMP in aortic endothelial cells. J.  
Med. Genet. 2000;16:431-434. 

15. Winnie Peng, Margaret ML, Peter          
GW. Brain glucose-6-phosphate 
dehydrogenase protect against 
endogenous oxidative DNA damage and 
neurodegeneration in aged mice. ACS 
Chem Neurosci. 2013;4(7):1123-1132. 

16. Nicol CJ, Zielenski J, Tsui LC, Wells PG. 
An embryoprotective role of glucose-6-
phosphate dehydrogenase in 
developmental oxidative stress and 
chemical teratogenesis. FASEB Journal; 
1999. 

17. National  Institute  of  Health  Guide  for  
the Care  and  Use  of  Laboratory  
Animals; DHEW Publication (NIH). 
Revised office of science and health.  
Reports DRR/NIH Bethesda USA; 1985. 

18. Arjariya S, Nema N, Tiwari S. The 
toxicological effect on aqueous extract of 
Terminalia catappa Linn. In Rat. Int. J. 
Res. Dev. Pharm. L. Sci. 2013;2(5):596-
601. 

19. Marcondes FK. Influence of the estrous 
cycle the respose of female rats in 
elevated plus-naze. Physio. Behav. 1998; 
74(4-5):435-440. 

20. Beutler E, Vulliamy T, Luzzatto L. 
Hematologically important mutations: 
glucose-6-phosphate dehydrogenase. 
Blood Cells Mol. Dis. 2006;22(1):49-76. 

21. Odunlade AK, Nwaoha OC, Ashade OO, 
Ojokuku SA, Taiwo IA, Adebambo AO, 
Adeoye AA. Teratogenic effect of the 
ethanolic leaf extracts of Momordica 
foetida schum (Cucurbitaceae) on the 
morphology of foetal Sprague dawley rats. 
Carib. J. Sci Tech. 2014;2:471-481. 

22. Goldman SS, Yakovac WC. Prevention of 
sailyclate teratogenicity in immobilized rats 
by CNS depressants. Proc. Soc. Exp. Biol 
Med. 1965;693-696. 

23. Davies, G. Foetal and neonatal physiology; 
A comparative study of the changes at 
birth. Year Book Publishers Inc. 1968;42-
43. 

24. Hill DD. Experimental growth retardation in 
Rhessus monkeys In: size at birth. Ciba 
foundation Symposium, 27: (New series) 
ed. K. Elliot and J. Knight. Associated 
Scientific Pub. Amsterdam. 1974;99-125. 

25. Singh S, Padmanabhan R. Effect of 
Chlorpromazine (CPZ) in developing rat 
brain: Morphological and histological 
study. Congenital Anomalies. 1978;18: 
251-256. 

26. Mesembe OE, Ivang AE, Udo-Affah G, Igiri 
AO, Fischer VA, Akpaso M, Eluwa MA, 
Akpa OA. Morphometric study of the 
teratogenic effect of artesunate on the 
central nervous system of the wistar rat 
foetus. Journal of Physiological Sciences. 
2004;19:92-97.  

27. Rodwell V. Enzymes; General properties. 
Harpers Biochemistry (24th Edition), 
Prentice-Hall Inc. 1993;64. 

28. David AJ, Adefolaju GA, Enaibe BU, Ajao 
MS, Caxton-Martins EA. LDH and G-6PDH 
activities in the ovaries of adult female 
Wistar rats following the administration of 
aqueous extracts of neem (Azadirachta 



 
 
 
 

Amedu et al.; EJMP, 11(2): 1-7, 2016; Article no.EJMP.21425 
 
 

 
7 
 

indica) leaves. African Journal of 
Biotechnology. 2009;8(7):1310-1313.  

29. Murray RK, Granner DK, Mayes PA, 
Rodwell VW. Intracellular Traffic & Sorting 
of Proteins: In Harper illustrated 
Biochemistry, 26th edition. 2003;415-433. 

30. Corcoran CM, Fraser P, Martini G, Luzatto 
L, Masson PJ. High level of human 
expression of G6PD gene in transgenic 
mice. Gene. 1996;173:241-246. 

_________________________________________________________________________________ 
© 2016 Amedu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/11989 


