
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: matthew.nwokike@gmail.com; 
 
 
 

European Journal of Medicinal Plants 
 
32(6): 15-21, 2021; Article no.EJMP.70644 
ISSN: 2231-0894, NLM ID: 101583475 

 
 

 

 

Examining the Androgenic Effect of Different 
Imperata Cylindrica Extracts on Diabetic Wistar Rats 

 
M. O. Nwokike1*, S. I. Ghasi2, A. O. Ogbonna3, C. A. Anusiem2, C. C. Ofor1, 

E. C. Ogbuagu2, M. N. Ezenwaeze4 and Akpotu E. Ajirioghene5 
 

1
Department of Pharmacology and Therapeutics, Ebonyi State University, Abakaliki, Nigeria. 

2Department of Pharmacology and Therapeutics, University of Nigeria, Enugu, Nigeria. 
3
Government House Medical Centre, Enugu, Nigeria. 

4Department of Pharmacology and Therapeutics, Enugu State University College of Medicine, Enugu, 
Nigeria. 

5
PAMO University of Medical Sciences, Port-Harcourt, Nigeria. 

 
Authors’ contributions  

 
This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: 10.9734/EJMP/2021/v32i630396 
Editor(s): 

(1) Dr. Paola Angelini, University of Perugia, Italy.  
(2) Prof. Marcello Iriti, Milan State University, Italy. 

Reviewers: 
(1) Indla Ravi, Kerala University Of Health Sciences, India. 

(2) Harsh Joshi, India. 
Complete Peer review History: https://www.sdiarticle4.com/review-history/70644 

 
 
 

Received 20 May 2021  
Accepted 27 July 2021 

Published 03 August 2021 

 
 

ABSTRACT 
 

This was an experimental study that evaluated the effect of aqueous, methanol and chloroform root 
extracts of Imperata cylindrica on serum levels of testosterone in male Wistar rats. Shade dried 
Imperata cylindrica roots were pounded and crude extracts prepared using distilled water, 
methanol and chloroform. Diabetes mellitus was induced with alloxan monohydrate and the 
diabetic rats were divided into six groups (n=8) and kept in separate cages. Group A rats were 
Non-Diabetic Rats Treated With Distilled Water. In Group B were placed Alloxan-Induced Diabetic 
Rats Treated with Distilled Water. Groups C, D and E contained Alloxan-Induced Diabetic Rats 
Treated with 200 mg/Kg body weight water, chloroform and methanol Imperata cylindrica root 
extracts in the given order. Group F was the Positive Control with Alloxan-Induced Diabetic Rats 
Treated with Glibenclamide [0.5 mg/kg body weight]. This treatment was carried out for 28 days 
sequentially. An analysis of the serum obtained from the rats after 28 days indicate that the 
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extracts increased testosterone levels to varying degrees with the methanol extract producing the 
highest activity of 27.42 percent. This increase is from 3.23±0.04 ng/ml at baseline to 4.45±0.11 
ng/ml after 28 days (p 0.0001). The increase due to aqueous extract was equally very statistically 
significant (p 0.0001) as the baseline concentration of testosterone, 3.35±0.08 ng/ml was increased 
by 23.70% to 4.39±0.32 ng/ml. The chloroform extract proved to be the least active of the extracts 
as it only increased the testosterone level by 11.76% from 3.15±0.19 ng/ml at baseline to 
3.57±0.09 ng/ml after 28 days (p=0.0213). This was about two and half times lower than the 
methanol extract that elicited highest activity among the extracts and about four times less than the 
effect produced by the Group F rats treated with 0.5 mg/kg body weight of glibenclamide. The 
testosterone levels of Group F rats after 28 days increased to the levels seen in the normal control 
group that did not receive alloxan, from 3.17±0.12 to 5.51±0.25 ng/ml, a 42.47% change. This 
result indicates that methanol is the best extractant of the three solvents analyzed. 
 

 
Keywords: Comparative; aqueous; methanol; chloroform; extracts; imperata cylindrica; testosterone. 
 
ABBREVIATIONS 
 
TRT : Testosterone replacement therapy 
HRT : hormone replacement therapy  
AICR : Aqueous extract of Imperata cylindrica 
root 
UNN : University of Nigeria Nsukka  
ELISA : Enzyme-Linked Immunosorbent Assay  
FBS : Fasting blood sugar 
TT : Serum testosterone  
SEM : Standard error of mean 

 
1. INTRODUCTION 
 
Diabetes mellitus is characterized by diverse 
metabolic disorders including decreased 
testosterone levels [1] and this informed the use 
of an animal model of diabetes mellitus to 
examine three different extracts of Imperata 
cylindrica root for their effect on the testosterone 
level of Wistar rats. Alloxan monohydrate 
induces diabetes mellitus in Wistar rats because 
of its effect on the beta cells of the islets of 
Langerhans [2,3]. Methods of extraction and the 
solvent used for extraction are seen to contribute 
to the potency of plant extracts [4-9]. Aqueous 
Root extracts of Imperata cylindrica had been 
noted to stimulate increase in testosterone level 
of diabetic Wistar rats [1,10] and this demanded 
for an analysis of other extraction solvents to 
heighten the yield and potency of the extract [11]. 
Androgen deficiency and erectile dysfunction is 
widely associated and this is mainly due to a 
decreased testosterone level [12]. There is a 
need to correct this form of erectile dysfunction 
with substances that can stimulate an increase in 
testosterone level [13]. Different methods of 
treatment have been used to improve 
testosterone deficiency including testosterone 
replacement therapy at a cost of numerous side 

effects, thus requiring other potential drug 
candidates from plants [14]. The grass Imperata 
cylindrica is not only easily available but is mostly 
seen as a noxious weed [15], and proper 
utilization will increase the arsenal of plants with 
potential value as drug candidates for the 
treatment of testosterone deficiency especially 
due to diabetes mellitus.  

 
1.1 Objectives of the Study 
 
The present study examined the effect of water, 
methanol and chloroform on the extraction yield 
of Imperata cylindrica root and further 
investigated the effect of the resulting extracts on 
testosterone levels. The result of this study 
points to a solvent to be used for better yield                
and potency of Imperata cylindrica root               
extract.  

 
2. MATERIALS AND METHODS 
 
2.1 Study Design 
 

This analysis was reviewed and approved by the 
University of Nigeria Teaching Hospital-Enugu 
Health Research Ethics Committee with No. 
NHREC/05/01/2008B-FWA00002458-
1RB00002323 and designed as an in vivo 
experimental study. The roots of Imperata 
cylindrica was harvested and extracted with 
chloroform, methanol and water using standard 
procedures (4 and 17). Alloxan Monohydrate was 
used to induce diabetes mellitus [16]. The Wistar 
rats were placed into diabetic and control groups 
and treatment given with the extracts, 
glibenclamide and water for a period of twenty 
eight days in each case [1]. Blood samples were 
collected for analysis before and after each 
study. These blood samples were used for the 
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comparative analyses of the testosterone levels 
using a standard analytical procedure (17). 
 

2.2 Plant Material and Preparation of 
Extract 

 

The Imperata cylindrica roots used for this study 
were obtained from Awha Imezi in Ezeagu Local 
Government Area of Enugu State. It was 
authenticated and identified at the Department of 
Plant Science and Biotechnology, University of 
Nigeria, Nsukka. A voucher specimen has been 
kept in the herbarium with reference number: 
UNH166. Extraction of Imperata cylindrica roots 
with water, chloroform and methanol solutions 
was done to resemble as close as possible the 
way that it is used in traditional medical practice 
as described previously [1,10,17]. The yields of 
extracts are shown in Appendix A. 
 

2.3 Chemicals and Reagents 
 

Alloxan monohydrate and Glibenclamide were 
purchased from Bristol chemicals Lagos, Nigeria. 
The ACCU-CHEK Active glucometer [Roche 
Diagnostics GmbH], ELISA Kit [Abcam] and 
other chemicals and reagents (Bristol Chemicals, 
Nigeria) were of analytical grade. 
 

2.4 Animals Grouping and Treatment 
 

Two hundred adult male Wistar rats (150 to 
200grams) obtained from the animal house of the 
University Of Nigeria College Of Medicine, were 
kept in cages for one week acclimatization with 
access to standard animal diet and water ad 
libitum. Eighty of these rats were fasted for 10 
hours. A single intraperitoneal dose of                 
Alloxan monohydrate, 150 mg/kg body weight 
was administered as a 5% w/v in distilled water 
to the rats for the induction of Diabetes               
mellitus. The induced rats were tested for 
sufficient levels of hyperglycaemia at 4 weeks 
post injection after which forty rats with blood 
glucose levels above 200mg/dl and eight normal 
rats in which diabetes mellitus were not induced 

were selected for treatment with extracts of 
Imperata cylindrica. The forty eight rats were 
randomly divided into 6 groups of 8 animals each 
and treated with one of the following: distilled 
water (10 ml/kg b.w.); aqueous extract of 
Imperata cylindrica roots (200 mg/kg b.w.); 
methanol extract of Imperata cylindrica roots 
(200 mg/kg b.w.), chloroform extract of Imperata 
cylindrica roots (200 mg/kg b.w.) and 
glibenclamide (0.5 mg/kg b.w.) for 28 days 
consecutively (Appendix B). On the 29th day the 
animals were sacrificed and whole blood 
collected by cardiac puncture from each animal 
into clean dry test tubes. The blood samples 
were allowed to stand for about 30 minutes to 
clot and serum separated with Pasteur pipettes 
into sterile sample tubes for the testosterone 
assay which was carried out using an Enzyme-
Linked Immunosorbent Assay [ELISA] Kit 
[Abcam] [1,10,18]. 

 
2.5 Statistical Analysis 
 
The obtained values from this study are 
expressed as mean ± standard error of mean 
[SEM] of all the observations [19.20]. Student t – 
test was performed to compare the results 
obtained from each treatment group and p-value 
of <0.05 was taken as indicating a statistically 
significant difference [21-23].  

 
3. RESULTS 
 
3.1 Outcome of Treatment with Water, 

Methanol and Chloroform Extracts of 
Imperata cylindrica 

 
A study of the yield of water, methanol and 
chloroform extracts of Imperata cylindrica 
(Appendix A) show that methanol yielded the 
greatest amount of extract (15.3%.) of Imperata 
cylindrica root of the three solvents used (Table 
1), followed by the chloroform (12.7%.) and water 
(7.0%). 

 
Table 1. The result of treatment with water, methanol and chloroform extracts of Imperata 

cylindrical 

 
Solvent Yield (% ) 

Water 7.0 % 

Methanol 15.3%. 

Chloroform 12.7%. 
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Table 2. The result of treatment with water, methanol and chloroform extracts of Imperata 
cylindrica root on testosterone levels ng/ml 

 
Group Baseline mean± 

sem 
28days mean± 
sem 

% activity 
change 

P-value 

A. Normal control 5.62±0.39 5.32±0.24 -5.64 0.5962 
B. Diabetic control 3.26±0.13 3.57±0.05 8.68 0.0612 
C. Aqueous extract 
(200mg/kg b.w.) 

3.35±0.08 4.39±0.32 23.70 <0.0001 

D. Chloroform extract 
(200mg/kg b.w.) 

3.15±0.19 3.57±0.09 11.76 0.0213 

E. Methanol extract 
(200mg/kg b.w.) 

3.23±0.04 4.45±0.11 27.42 <0.0001 

F. Glibenclamide 
(0.5 mg/kg body weight) 

3.17±0.12 5.51±0.25 42.47 <0.0001 

Values are expressed as mean ± SEM, n=8 

 

3.2 Outcome of Treatment with Water, 
Methanol and Chloroform Extracts of 
Imperata cylindrica on Serum 
Testosterone Levels of Diabetic 
Wistar Rats 

 
The average testosterone level in the normal 
untreated rats was 5.62±0.39 ng/ml at the start of 
the study and remained virtually unchanged at 
5.32±0.24 ng/ml twenty eight days later (Table 
2). This was a 5.6 percent decrease compared to 
the baseline value and was statistically 
insignificant (p=59762). The testosterone levels 
in the diabetic control group were significantly 
decreased to 3.26±0.13 ng/ml following induction 
with alloxan. This value did not witness any 
significant change over time as the testosterone 
concentration on the 28th day was found to be 
3.57±0.09 ng/ml (p=0.0612), representing an 
8.68% increase in activity. The three different 
root extracts of Imperata cylindrica, aqueous, 
chloroform and methanol, increased the 
testosterone levels of diabetic rats to varying 
degrees with the methanol extract producing the 
highest activity of 27.42 percent from 3.23±0.04 
ng/ml at baseline to 4.45±0.11 ng/ml after 28 
days (p<0.0001). The increase due to aqueous 
extract was equally very statistically significant 
(p<0.0001) as the baseline concentration of 
testosterone, 3.35±0.08 ng/ml was increased by 
23.70% to 4.39±0.32 ng/ml. The chloroform 
extract proved to be the least active of the 
extracts as it only increased the testosterone 
level by 11.76% from 3.15±0.19 ng/ml at 
baseline to 3.57±0.09 ng/ml after 28 days 
(p=0.0213). This was about two and half times 
lower than the methanol extract that elicited 
highest activity among the extracts and about 
four times less than the effect produced by the 

positive control group that were treated with 
glibenclamide 0.5 mg/kg body weight (p<0.0001). 
This dose of glibenclamide increased the 
testosterone level in 28 days to the levels seen in 
the normal control group that did not receive 
alloxan, from 3.17±0.12 to 5.51±0.25 ng/ml, a 
42.47% change. 
 

4. DISCUSSION 
 

The Medicinal and therapeutic effects of several 
plants which are used in traditional medicine are 
usually attributed to their methods of extraction 
[11].This informed the use of Water, methanol 
and chloroform for the extraction of Imperata 
cylindrica roots to get the best yield of extract 
with the hope that this will enhance the potency 
of the extract [11]. A Wistar rat model for the 
induction of Diabetes mellitus was used in this 
study because Diabetes mellitus is characterized 
by diverse metabolic disorders including 
decreased testosterone levels [1]. Intra 
peritoneal injection of Alloxan monohydrate was 
made as Alloxan is known to cause tremendous 
damage to pancreatic β-cells leading to the 
induction of diabetes mellitus in the animals [2,3]. 
Forty eight rats were selected for the study and 
placed into six groups of eight rats each 
[Appendix B].Treatment with the plant extracts 
and glibenclamide was administered once in a 
day for 28 days consecutively. Whole blood was 
collected by cardiac puncture from each animal 
into clean dry test tubes 24 h after the last 
treatment for the measurement of the 
Testosterone concentrations using a standard 
procedure [18]. Analysis of the extraction yield of 
Imperata cylindrica using water, methanol and 
chloroform (Appendix A) show that methanol is 
the best extractant (15.3%.) of Imperata 
cylindrica root of the three solvents used followed 
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by chloroform (12.7%.) and water (7.0%). 
Comparison of the effects of different extracts of 
roots of Imperata cylindrica on the testosterone 
levels of alloxan-induced diabetic rats show 
variations in the serum testosterone 
concentrations of the diabetes induced and the 
diabetic treated Wistar rats. The three different 
root extracts of Imperata cylindrica, aqueous, 
chloroform and methanol, increased the 
testosterone levels of diabetic rats with the 
methanol extract producing the highest activity of 
27.42 percent from 3.23±0.04 ng/ml at baseline 
to 4.45±0.11 ng/ml after 28 days (p 0.0001). The 
increase due to aqueous extract was equally 
very statistically significant (p=0.0001) as the 
baseline concentration of testosterone, 
3.35±0.08 ng/ml was increased by 23.70% to 
4.39±0.32 ng/ml. The chloroform extract proved 
to be the least active of the extracts as it only 
increased the testosterone level by 11.76% from 
3.15±0.19 ng/ml at baseline to 3.57±0.09 ng/ml 
after 28 days (p=0.0213). This was about two 
and half times lower than the methanol extract 
that elicited highest activity among the extracts 
and about four times less than the effect 
produced by the positive control group that were 
treated with glibenclamide 0.5 mg/kg body weight 
(p 0.0001). This dose of glibenclamide increased 
the testosterone level to the levels seen in the 
normal control group that did not receive alloxan, 
from 3.17±0.12 to 5.51±0.25 ng/ml, a 42.47% 
change in 28 days. The negative control diabetic 
group did not show any significant change in 
testosterone level during the twenty eight days of 
treatment. The results are indicative of a general 
positive effect of treatment with the extracts of 
Imperata cylindrica roots on testosterone level of 
diabetic Wistar rats. The administration of 
Imperata cylindrica roots extracts to Alloxan 
induced hyperglycaemic rats demonstrated an 
increase in testosterone levels as compared with 
Alloxan induced negative control rats [1,10]. 
Testosterone is involved in developing male 
secondary sex characteristics such as the growth 
of body hair and facial hair, the deepening of the 
voice, and increased penis and testes size, 
sperm production and sex drive [24]. Low 
testosterone levels in male subjects is associated 
with diminished sexual function, erectile 
dysfunction, reduced sperm count, loss of 
muscle mass or hair and reduced sex drive [25]. 
Testosterone can be synthesised and 
Testosterone Replacement Therapy (TRT) is 
often used to supplement the natural 
testosterone production [26], but this is generally 
only recommended as a short-term treatment 
because it comes with a high risk of side effects 

[27-29]. Plant extracts that boost testosterone 
synthesis are a plus to pharmacotherapy as 
potential candidates for the treatment of sexual 
dysfunction in males. This research discovered 
that the solvent used for extraction is significant 
for the effect of the extract on diabetic Wistar 
rats. It demonstrated that methanol extract of 
Imperata cylindrica root increased the level of 
testosterone in testosterone compromised 
Alloxan treated Wistar rats better than the 
aqueous and chloroform extracts. 
 

5. CONCLUSION 
 
The results of this study show that the used 
solvents took an important role in the yield of 
extracts and the tested biological activity. 
Methanol was identified as the most effective 
solvent for the extraction, resulting in the highest 
extraction yield (15.3%) followed by chloroform 
(12.7%) and water (7.0%). Therefore, methanol 
is recommended as the optimal solvent to obtain 
high content of Imperata cylindrica extract. 
Though chloroform produced a greater yield of 
extract (12.7%.) than water (7.0%), the effect of 
the aqueous extract on testosterone level at a 
dose of 200mg/kg body weight was greater              
than that of the chloroform extract. Further 
phytochemical analysis will compare the yield of 
these extracts to identify the active 
phytonutrients with effect on testosterone levels 
of diabetic Wistar rats. 
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 

 
CONSENT 
 
It is not applicable. 

 
ETHICAL APPROVAL 
 
This analysis was reviewed and approved by the 
University of Nigeria Teaching Hospital-Enugu 
Health Research Ethics Committee with No. 
NHREC/05/01/2008B-FWA00002458-



 
 
 
 

Nwokike et al.; EJMP, 32(6): 15-21, 2021; Article no.EJMP.70644 
 
 

 
20 

 

1RB00002323 and designed as an in vivo 
experimental study. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Nwokike MO, Ghasi SI, Ogbonna AO, 
Anusiem CA. The effect of imperata 
cylindrica root aqueous extracts on serum 
testosterone levels of hyperglycemic rats. J 
Pharma Pharma Sci. 2020;4:187.  
DOI: 10.29011/2574-7711.100087 

2. Osasenaga Macdonald, Ighodaro Abiola, 
Mohammed Adeosun, Oluseyi Adeboye 
Akinloye. Alloxan-induced diabetes, a 
common model for evaluating the 
glycemic-control potential of therapeutic 
compounds and plants extracts in 
experimental studies. Medicina. 2017 
;53:365-374.  

3. Rohilla A, Ali S. Alloxan induced diabetes: 
Mechanisms and effects. International 
Journal of Research in Pharmaceutical and 
Biomedical Sciences. 2012;3:819–823. 

4. Zhang QW, Lin LG, Ye WC. Techniques 
for extraction and isolation of natural 
products: a comprehensive review. 
Chinese medicine. 2018;13:20.  
Available:https://doi.org/10.1186/s13020-
018-0177-x  

5. Li P, Xu G, Li SP, Wang YT, Fan TP, Zhao 
QS, Zhang QW. Optimizing ultra 
performance liquid chromatographic 
analysis of 10 diterpenoid compounds in 
Salvia miltiorrhiza using central composite 
design. J Agric Food Chem. 2008 
;56(4):1164–1171. [PubMed] [Google 
Scholar]  

6. Li P, Yin ZQ, Li SL, Huang XJ, Ye WC, 
Zhang QW. Simultaneous determination of 
eight flavonoids and pogostone in 
Pogostemon cablin by high performance 
liquid chromatography. J Liq Chromatogr 
Relat Technol. 2014;37(12):1771–
1784. [Google Scholar]  

7. Yi Y, Zhang QW, Li SL, Wang Y, Ye WC, 
Zhao J, Wang YT. Simultaneous 
quantification of major flavonoids in 
“Bawanghua”, the edible flower of 
Hylocereus undatus using pressurised 
liquid extraction and high performance 
liquid chromatography. Food Chem. 

2012;135(2):528–533. [PubMed] [Google 
Scholar]  

8. Zhou YQ, Zhang QW, Li SL, Yin ZQ, 
Zhang XQ, Ye WC. Quality evaluation of 
semen oroxyli through simultaneous 
quantification of 13 components by high 
performance liquid chromatography. Curr 
Pharm Anal. 2012;8(2):206–213. [Google 
Scholar]  

9. Du G, Zhao HY, Song YL, Zhang QW, 
Wang YT. Rapid simultaneous 
determination of isoflavones in Radix 
puerariae using high-performance liquid 
chromatography-triple quadrupole mass 
spectrometry with novel shell-type 
column. J Sep Sci. 2011;34(19):2576–
2585. [PubMed] [Google Scholar] 

10. Nwokike MO, Ghasi SI, Anusiem CA, 
Ogbonna AO. Effect of imperata cylindrica 
roots extracts on some cardio-vascular 
parameters of diabetic wistar rats. J 
Pharma Pharma Sci. 2020;4:190.  
DOI: 10.29011/2574-7711.100090 

11. World Health Organization. General 
guidelines for methodologies on research 
and evaluation of traditional medicine, 
Switzerland; 2000.  

12. Guay A, Seftel A.D., Traish A. 
Hypogonadism in men with erectile 
dysfunction may be related to a host of 
chronic illnesses. Int J Impot Res. 2010 
;22:9-19.  

13. Luo Y, Zhang H, Liao M, Tang Q, Huang 
Y, Xie J, et al. Sex hormones predict the 
Incidence of erectile dysfunction: From a 
population-based prospective cohort study 
(FAMHES). Journal of Sexual Medicine; 
2015.  
DOI: 10.1111/jsm.12854  

14. Zhang X. Traditional medicine: Its 
importance and protection. In: Protecting 
and Promoting Traditional Knowledge: 
Systems, National Experiences and 
International Dimensions. Part 1. The Role 
of Traditional Knowledge in Healthcare and 
Agriculture, Twarog, S. and P. Kapoor 
(Eds.). United Nations Publications, New 
York. 2004;3-6. 

15. Bolfrey-Arku GEK, et al. The speargrass 
(Imperata cylindrica (L) Beauv.) menace in 
Ghana: Incidence, farmer perceptions and 
control practices in the forest and forest-
savanna transition agro-ecological zones 
of Ghana .  

16. Iverson C, Christiansen S, Flanagin A, et 
al. AMA manual of style: A guide for 



 
 
 
 

Nwokike et al.; EJMP, 32(6): 15-21, 2021; Article no.EJMP.70644 
 
 

 
21 

 

authors and editors. New York, NY: Oxford 
University Press. 10th ed; 2007.  

17. Jayalakshmi S, Arjun Patra VK, Lal AK 
Ghosh. Pharmacognostical standardization 
of roots of Imperata cylindrica Linn 
[Poaceae] J. Pharm. Sci. & Res. 
2010;2:472-476. 

18. Tateiki K, Yamamoto H, Ogihara T, 
Hayashi C. Enzyme immunoassay of 
serum testosterone. Steroids. 1977;30:25.  

19. Altman DG. Practical statistics for medical 
research. New York, NY: Chapman & Hall. 
1991;4–5.   

20. Thomas JR, Nelson JK, Silverman 
SJ. Research methods in physical 
activity. Champaign, IL: Human Kinetics; 
5th ed; 2005. 

21. Andrade C. The P value and                   
statistical significance: misunderstandings, 
explanations, challenges, and alternatives. 
Indian journal of psychological medicine. 
2019;41(3):210–215.  
Available:https://doi.org/10.4103/IJPSYM.I
JPSYM_193_19 

22. Di Leo G, Sardanelli F. Statistical 
significance: P value, 0.05 threshold, and 
applications to radiomics—reasons for a 
conservative approach. Eur Radiol Exp. 
2020;4:18.  
Available:https://doi.org/10.1186/s41747-
020-0145-y 

23. Grabowski B. "P < 0.05" might not mean 
what you think: American statistical 
association clarifies P values. Journal of 
the National Cancer Institute. 2016 
;108(8):djw194.  

Available:https://doi.org/10.1093/jnci/djw19
4 

24. Sanders Stephanie Ann. "Human 
Sexuality." Redmond, WA: Microsoft 
Corporation, 2008. Microsoft ® Encarta 

®2009. © 1993-2008 Microsoft Corporation; 
2008. 

25. Lue TF. Chapter 39. Male Sexual 
Dysfunction. In: McAninch JW, Lue TF. 
Eds: Smith and Tanagho's General 
Urology, 18e. New York, NY: McGraw-Hill; 
2013. 

26. Basaria S, Coviello A, Travison T, Storer 
T, Farwell W, et al. Adverse events 
associated with testosterone 
administration. N Engl J Med. 2010 
;363:109-122. 

27. Bhasin S, Bremner WJ. Emerging issues 
in androgen replacement therapy. J Clin 
Endocrinol Metab. 1997;82:3-8. 

28. Zmuda JM, Cauley JA, Kriska A, Glynn 
NW, Guptai JP, et al. Longitudinal relation 
between endogenous testosterone and 
cardiovascular disease risk factors in 
middle-aged men: A 13-year follow-up of 
former Multiple Factor Intervention Trial 
participants. Am J Epidemiol. 1997 
;146:609-617. 

29. Basaria S, Davda M, Travison T, Ulloor J, 
Singh R, et al. Risk factors associated with 
cardiovascular events during testosterone 
administration in older men with mobility 
limitation. J Gerontol A Biol Sci Med Sci. 
2013;68:153-160. 

_________________________________________________________________________________ 
© 2021 Nwokike 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: 

https://www.sdiarticle4.com/review-history/70644 


