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The rate of rape and other sexually induced crimes is
rapidly on the increase worldwide with weak empirical
confirmational tools, and expensive financial

Received: 10-01-2024 implications This is further compounded by poor proof
Accepted: 19-04-2024 of the time of the committal of the crime and its
Published: 02-05-2024 attendant effect on the parameter of interest. This

called for a cheap and accurate approach involving
the use of biochemical parameters indicative of
seminal fluids on fabrics and other ancillary materials
found in a crime scene. This study was therefore
KeyWOde. Semen, Seminal Enzymes, PSA, EleCtl’OlyteS, Semen- designed to validate Al Suitab'e Semina' f|u|d
Stain Fabrics, Rape, Forensic. biochemical approach to detecting seminal stained
fabrics and the attendant circadian rhythm effects.
Seminal fluid biochemical parameters used for the
study include prostate-specific antigen, gamma-
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access publication under the terms and conditions of the Creative zinc, and inorganic phosphorus. These parameters
Commons Attribution Interna_tional License (CC BY 4.0). were analyzed using WHO-approved methods after the
http://creativecommons.org/licenses/by/4.0/ extraction phase from dried stained fabrics. Forty (40)

participants were recruited for the study divided into
two groups; nocturnal and diurnal. The mathematical
and empirical analysis data were analyzed using One-
way ANOVA (Post Hoc) on an SPSS 25 version
platform. The result showed a significant increase (p<
0.05) in seminal PSA, GGT, and ACP in the semen-
stained fabrics when compared to distilled water-
stained fabrics. In a similar vein, there was a
significant increase in seminal ACP and PSA
concentrations in the nocturnal group when compared
to the diurnal, whereas seminal GGT decreased. In
conclusion, this study has shown that semen-stained
fabric can be detected for the presence of seminal
fluids using seminal PSA, ACP, and GGT. Also, the
effect of circadian rhythm should be considered during
result interpretation.

Cite this article. Agoro ES, Alabrah PW, Amaihunwa KC. Circadian Rhythm Effects on the Extraction and ldentification of Semen

on Semen-Stained Fabrics Using Seminal Fluid Biochemistry. Alg J Med App Sci. 2024;7(2):308-314.

https://doi.org/10.54361/ajmas.2472015

INTRODUCTION

Semen is a gray, opalescent, and turbid fluid that is secreted by male gonads, and released during ejaculation [1]. It is a
blend of cells, sperm, and a combination of inorganic and organic substances [2]. Average male ejaculate approximately
3.5 ml of seminal fluid. Every milliliter can generate around 10-50 million sperm cells [2]. These figures may differ
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with the age of the male and are adversely affected by medical conditions, genetic history, diet, smoking habits, and the
use of illegal drugs [1].

In this context, seminal biochemistry involves the organic and inorganic molecules found in semen excluding sperm
and other cellular components. Seminal fluid is made up of a lot of biochemical parameters inclusive of enzymes,
hormones, lipids, proteins, and sugar. These molecules play vital roles in the sustenance of sperm and fertility in general.
Some are in abundance in the fluid and others in trace quantity. This study employed those in abundance in the seminal
fluid such as zinc, magnesium, inorganic phosphate, gamma-glutamyl transferase (GGT), acid phosphatase (ACP), and
prostate-specific antigen (PSA). These seminal biochemicals are found in seminal fluids in higher concentrations
compared to blood and are easily measured for clinical or research purposes.

Seminal fluid parameters are also of importance to the practice of forensic science. Forensic science encompasses the
application of scientific knowledge and its techniques for jurisprudence and criminal justice. This includes evidence
recognition, collection, processing, and interpretation for legal purposes [3]. Physical evidence is of great importance to
the courts of law. Indeed, such evidence can be more valuable than an eyewitness account in particular cases [4-5]. One
of the physical types of evidence commonly encountered and recovered from crime scenes is human body fluid like
semen.

The detection of seminal fluid on fabric is a pointer to the occurrence of sex, masturbation, or maybe a spontaneous
emission. This could form a fulcrum upon which investigations involving the occurrence of rape or other sex-induced
crimes are carried out. Detecting and validating the presence of seminal fluid on fabric or clothing is quite difficult and
complex. There are various methods which include alternate light source (ALS), sperm microscopy, rapid stain
identification series (RSID), and DNA. These investigations could be preliminary or confirmatory, however, some are
quite expensive, and beyond the reach of underdeveloped and developing nations due to the high, and complex
technological involvements. In a similar vein, the methods enumerated above could be inconsistent and at variance with
the investigation at hand due to some external, and internal factors.

Furthermore, there are also challenges and difficulties encountered in tracing or retrieving seminal fluid from clothing,
the effect of the time of emissions, cases of azoospermia or aspermia, and the admissibility of evidence in the court of
law [6-7]. Time of emission is also crucial in the determination of seminal fluid biochemical parameters due to the peak
and other variations associated with circadian rhythms. This could affect the affirmation of semen-stained fabrics. This
study is therefore designed to address the above by evolving parameters, and methods that are cheap, reproducible,
accurate, and admissible in the court of law. Also, the effect of time of emission on the identification of semen-stained
fabrics using seminal fluid biochemistry will be interrogated.

METHODS

Study area/sample size

The study was conducted at the Federal University Otuoke in Otuoke town. Otuoke is a town in Ogbia Local
Government Area of Bayelsa state, Southern Nigeria. The biochemical investigations were carried out at the Eni-yimini
Laboratories (eL) LTD, Yenezue-Gene Epie, Yenagoa, Bayelsa State.

The study employed the G-Power software for the generation of the sample size. A total of forty (40) students consented
and were consequently recruited into the study. The study was divided into two groups; nocturnal (midnight) and diurnal
(noon) emissions of equal sample size.

Ethical approval/selection criteria

The ethical clearance and experimental protocol were approved and granted by the Department of Biochemistry, Federal
University Otuoke, Bayelsa State. Individual consents were also extracted from the subjects before the study with an
elaborate education of the thematic basis of the study.

All the students recruited were healthy and fit as established by the university physician after thorough physical
examinations and medical laboratory evaluations. Students with a history of seminal disorders or who have been
operated upon for reproductive ailments were excluded from the study. The research utilized mainly students from the
Department of Biochemistry between the age range of 20 to 30 years old.

Collection of samples/ Sample Preparation

Sterile sample containers were given to forty male volunteers a day for the study. The subjects were asked to produce
the semen into the containers using masturbation. The containers were then transported to the laboratory for the seminal
dissemination of the various fabrics used for the study. Semen-stained fabrics were kept dry before the preparation for
the extraction phase and then analytical.
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The area of the fabrics stained with semen was marked with water-insoluble inks and then excised carefully (Figure 1).
The excised portions were subsequently soaked in 5 mL of distilled water for 30 mins. The resultant mixtures were spun
for 10 mins at 2000 rpm, the supernatant was decanted, then the residue was used for the biochemical analysis.

Figure 1. Pictorial representations of semen-stained cloth

Laboratory analysis

Agappe reagents (UK) were used for the estimation of seminal inorganic phosphate, magnesium, and zinc
concentrations. Also, Biosystem Kits (UK) was used for the estimation of the seminal acid phosphatase (ACP) and
gamma-glutamyl transferase activities. In a similar vein, an Accubind ELISA kit (USA) was used for the estimation of
seminal total prostate-specific antigen (tPSA) concentration using a microplate.

Statistical analyses

Data were analyzed with the Statistical Package for Social Sciences (SPSS) program (SPSS Inc., Chicago, IL, USA,
Version 18-21) and Microsoft Excel. One-way ANOVA (Post Hoc) was used in comparing the means of the various
seminal biochemical parameters used for the study.

RESULTS

The result section of this study elaborated on the comparisons of biochemical parameters found in abundance in
seminal fluids in the various groups. These presentations were captured in tables, whereas the graphical patterns of
these parameters were presented in figures.

Table 1 parameters (zinc, magnesium, inorganic phosphate) were not significant (p< 0.05) when compared within and
between the groups.

Table 1. Mean concentrations of some studied electrolyte concentrations of the various groups

Parameters Distilled water Semen-stained A | Semen-stained B | F-test P-values
Mg (mmol/L) 0.4995+ 0.0082 0.3143+ 0.0997 0.3848+ 0.2208 1.786 0.222
134.4120+ 249.7815+
Zn (mmol/L) 221.0250+ 1.6329 97 4589 513376 3.566 0.072
P (mmol/L) 0.0525+ 0.0050 0.7738+ 0.8279 2.4467+ 2.0525 2.565 0.180
Semen-Stained A- Nocturnal emission; Semen-Stained B- Diurnal emission. Mg- Magnesium, Zn- Zinc, P- Inorganic Phosphorus. P<0.05 -
Significant

Table 2 shows a significant increase (p < 0.05) in GGT activity in semen stain B when compared to semen stain A and
distilled water. In a similar vein, there was a significant increase in ACP and PSA activities in group A when compared
to that of B and distilled water. A comparison between semen-stained A and B, revealed a significant increase in
concentrations of PSA and ACP in A when compared to B, whereas GGT was on the contrary.

Table 2: Multiple comparisons of seminal enzymes and antigen between the studied groups.

Parameter Distilled water Semen-stained A Semen-stained B F test P value

GGT(U/L) 0.000 + 0.000 0.0046 £ 0.0037° 0.0700+0.05062° 6.913 0.015

ACP(U/L) 0.449040.0083 1.6232+0.70872 1.3120+0.4266° 6.489 0.018
PSA (ng/ml) 3.2695+0.0082 287.4410+0.00002 76.7655+21.55910 561.705 0.000

Semen-Stained A- Nocturnal emission; Semen-Stained B- Diurnal emission. GGT- Gamma-glutamyl transferase; ACP- Acid phosphatase; PSA-
Prostate specific antigen, P<0.05 — Significant.

Agoro et al. Alg J Med App Sci. 2024;7(2):308-314

310


https://journal.utripoli.edu.ly/index.php/Alqalam/index

AlQalam
Alq J Med App Sci l
\ N
https://journal.utripoli.edu.ly/index.php/Algalam/index elSSN 2707-7179

Figures 2-7 are the presentation of the comparative patterns of the various seminal parameters measured across the study
groups.
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Figure 2. Mean concentrations of Magnesium across the study groups.
1- Distilled water; 2- Semen-Stained A; 3- Semen-Stained B.
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Figure 3. Mean concentrations of Zinc across the study groups
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Figure 4. Mean concentrations of Inorganic Phosphorus across the study groups
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Figure 5. Mean activities of GGT across the study groups of PSA
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Figure 6. Mean activities of ACP across the study groups
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Figure 7. Mean concentrations of PSA across the study groups
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DISCUSSION

The study revealed a non-significant difference in the studied electrolyte concentrations across the groups (Table 1;
Figure 2-4). Irrespective of the non-significant posture, the presence of the study electrolytes was detected in the study
matrices. The significant presence of the electrolytes in the matrices creates a major difficulty in its utilization for semen-
stained fabric identification. This has demonstrated that the concentrations of magnesium, zinc, and inorganic phosphate
cannot be used to detect rape cases and other sexually induced crimes. In a similar vein, the nocturnal and diurnal
effects on seminal electrolytes analyzed were not significantly different, and hence cannot be factored in when
considering the time effect.

Supporting the above discourse, zinc is naturally present in water, the average concentration is 0.6 — 5.0 ppb, and that
of magnesium is between 40mg/L — 50mg/L, whereas the amount of inorganic phosphate in water is mostly within
1Img/L [8]. As posited by WHO on the concentrations of the studied electrolytes in water, coupled with that of detergent
and the fabrics itself. The utilization of electrolytes in forensics is quite remote considering the combinational
propensity. The need for seminal electrolyte tagging could be the only solution to the conundrum.

Furthermore, the statistical results showed that seminal activities of GGT, ACP, and PSA were significantly increased
in the semen stains (A &B) when compared with the control (distilled water) (Table 2; Figure 5-7). The result of this
study is suggestive of the suitability of PSA, ACP, and GGT in the detection of seminal fluids on fabrics both at nocturnal
and diurnal. Seminal PSA, GGT, and ACP are enzymes and antigens produced by the testis and secreted in semen.
Their presence is indicative of seminal fluids, though are also indicative of some other intracellular and extracellular
fluids with considerably lower concentrations. This finding follows a handful of other studies [9-15].

The effects of circadian rhythm on the studied biochemical were interrogated. This will aid in the understanding of the
expected concentrations of the studied parameters as they affect the time of ejaculation. The study presented that there
was a significant increase in ACP and PSA activities during nocturnal ejaculation when compared to diurnal, whereas
GGT was on the contrary. Other parameters measured were not significant (Table 1-2, Figure 1-6). This depicts that
ACP and PSA were more elevated at night, whereas GGT at the daytime. The variation could be due to circadian rhythm.
Studies have implicated circadian rhythm in several biochemical parameter alterations and are now considered in drug
administration, and also sampling. A study observed a diurnal fall in PSA concentration in the afternoon [16]. Growth
hormones, insulin, leptin, ghrelin, adiponectin, and melatonin have been seen to fall in the daytime, whereas they peak
at night [17-21]. These findings are in line with the results of this study, hence circadian rhythm should be considered
in forensic sampling especially cases involving hormones, enzymes, and antigens that will be used for the identification
of seminal fluid stains.

CONCLUSION

The study revealed a significant increase in seminal PSA, GGT, and ACP in semen-stained fabrics, whereas the
electrolytes studied were not significant. Furthermore, the effect of circadian rhythm was elucidated. Nocturnal
ejaculation tends to have higher concentrations of seminal PSA and ACP compared to diurnal, whereas GGT was on
the contrary. Based on the findings, seminal PSA, ACP, and GGT could be used to identify semen stain fabrics in rape
and other sex-indued cases.

Acknowledgments

Special appreciation to the team from Eni-yimini Laboratories LTD for the laboratory analytical component of the
study. Also, an applause to my 2022 project students of the Department of Biochemistry, Federal University Otuoke
for the crucial roles they played in sample production, collection, and other ancillary activities.

Conflicts of Interest
The authors declare no conflicts of interest.

REFERENCES

1. Kumar N, Singh U. Forensic Analysis of Semen: A Review. International Journal of Information and Computing Science,
2018, 5(9): 81-86.

2. Puga Molina, LC, Luque GM, Balestrini PA, Marin Briggiler Cl, Romarowski A. Molecular Basis of Human Sperm
Capacitation. Frontiers in Cell and Developmental Biology, 2018,6: 72

3. Lee H, Palmbach, T, Miller M. Henry Lee's crime scene handbook. Academic Press, Massachusetts, US, 2001. 157-185.

4. Wells G, Olson E, Charman S. Distorted retrospective eyewitness reports as functions of feedback and delay. Journal of
Experimental Psychology, 2003;9(1): 42-52.

5. Spellman B, Tenney E. Credible testimony in and out of court. Psychonomic Bulletin & Review, 2010, 17: 168-173.

Agoro et al. Alg J Med App Sci. 2024;7(2):308-314 313


https://journal.utripoli.edu.ly/index.php/Alqalam/index

AlQalam

Alq J Med App Sci l
.\ SR

https://journal.utripoli.edu.ly/index.php/Algalam/index elSSN 2707-7179

6. Viner TC, Kagan RA, Johnson JL. Using an alternate light source to detect electrically singed feathers and hair in a forensic
setting. Forensic Science International, 2014.234: 25-29.

7. Kobus HJ, Silenieks E, Scharnberg J. Improving the Effectiveness of Fluorescence for the Detection of Semen Stains on
Fabrics. Journal of Forensic Sciences, 2002, 47(4): 1-5

8. World Health Organization (2003). Laboratory Manual for the Examination of Human Semen and Semen—Cervical
Mucus Interaction, 4th edition. Cambridge, UK: Cambridge University Press, 2003, pp. 60.

9. Sidney K. Identification of Seminal Stains. Journal of Criminal Law & Criminology, 1947, 38:1; 79-83.

10. Fisher RS. Acid Phosphatase Test as Evidence of Rape', New Eng. J. Med., 1947. 240:738

11. Kaye, Sidney, (1949), 'Acid Phosphatase Test for Identification of Seminal Stains', J. Lab. Clin. 34:728 (1949).

12. Eeva LA. Method for Identification of Seminal Stains by Paper Chromatography. J. Forensic Sci., 1960, 5:102-109.

13. Nicholls L. The Scientific Investigation of Crime. Butter Worth & Co., (Publishers) Ltd., 1956, pp 197-213

14. Hochmeister M, Budowle B, Rudin O, Gehrig CH, Porer U, Thali M, Dirnhofer R. Evaluation of Prostate-Specific Antigen
(PSA) Membrane Test Assays for the Forensic Identification of Seminal Fluid', J Forensic Sci. 1999, 44:1057-1060

15. Lovgren J, Valtonen-Andre C, Marsal K, Lilja H, Lundwall A. Measurement of Prostate- Specific Antigen and Human
Glandular Kallikrein 2 in Different Body Fluids. J. Androl ,1999, 20:348-355

16. Uzun H, Arpa M. The impact of diurnal variation of PSA on timing of measurement in prostate biopsy. Prostate, 2019,
79(14):1666-1672.

17. Gnocchi D, Bruscalupi G. Circadian Rhythms and Hormonal Homeostasis: Pathophysiological Implications. Biology
(Basel), 2017, 4;6(1):10.

18. Ozgelik F, Erdem M, Bolu A, Giilsiin M. Melatonin: genel ozellikleri ve psikiyatrik bozukluklardaki rolti. Psikiyatr Guncel
Yaklasimlar, 2013, 5:2.

19. Sato T, Ida T, Kojima M. Role of biological rhythms in the performance of physical activity. J Phys Fit Sports Med., 2017,
6(3):125-34

20. Dickmeis T. Glucocorticoids and the circadian clock. J. Endocrinol., 2009, 200:3-22.

21. Kalsbeek A, van Heerikhuize JJ, Wortel J, Buijs RM. A diurnal rhythm of stimulatory input to the hypothalamo-pituitary-
adrenal system as revealed by timed intrahypothalamic administration of the vasopressin V1 antagonist. J. Neurosci. 1996;
16:5555-5565.

Fludly dadatal) LaadY) Jo (o gial) Jilad) il g adidiu) o da ol gl Ao lud) iy < il
s siall Jilall 4 gaadl sl aladindy g giall
3) i ggabal 1S 48 985 A€ 2ol T 39wl g i ex! 98T (g sl g (rrar- )

L (Ll Y5 Al il o i s dlall ol s o sle IS ¢ el (el 5 lasSl (il ) ale andl!
Lo Lkl Y 5 o) gl (1l )5S 5ally 0 5 oLl (il pal ?
QH ‘l:xhl\ii_j!} 645).\‘ ‘e}M\z\:ﬂS 4m.ﬂ\4:1§[}mb ‘e}hj\@S ss\:\:\H\ Q\):\f\i.d\ ?Jh: ?“53

aldiall

DY) A el Al @ gl Caniia g alladl elail qaen 8 A s L) adl gall 3 230 el (a0 e g eV Janae 3 3y
=i 138 5 Bl Ao Caaliadl) W 5l g day ol S ) 5 e AN Cana a5 138 a8ldY 5 el Adaall) ALl
6 AY) sac Ll o) gall 5 A58Y) e 4 giall Jil sasll 3 5a 5 e Ja 3 Al sl el aladin) el 305 pan ) e g L)
Laa¥) g Sl (g saad) Jiladl Coiliall e sl xgill daa (e @Rl Al jall 038 avanal o3 ST dy a7 s 853 52 5l
Aatise Al yall 8 Aeadied) (5 sial) Jilall AiliaS sll laleal) Jais Amloaal) dpa o) gud) Ao bl pliy) ol 65 5 & sial) dadalall
Glalaall 028 M(Jtﬁ)ﬂﬂ\ P J}é.u‘,ﬂ\‘g scﬂ.'a)'“ ce‘,:\.m:\.'\id\ c‘;.‘a.aal\ )...\S\A.u)ﬂ\ ‘dyU)SALAIAJ\)M\)S cg:;)ﬂ\ Gl gyl
& )liia (40) Ol i o3 Adbaall 45 slall A58V (e 2l A0 ) Als pe 2y Aallal) da ) daliie (g Baaizall (3 5kl aladi il
Post ) slai¥! salal ANOVA plasi iy oyl g —abypl) Julaill il Jalas o5 2 5led 5 Al ¢yt sana ) (pauila 4l jall
il 45 5L L2818 ACPs GGT 5 PSA (8 (p<0.05) s sime 53 5 il &yl [SPSS 25 el dain e (HoC
de sanall 3 4y siall PSA s ACP <l 3:S 5 35S 5l ) ellia il o) siall L e g laall elally 45 glal) AL 45 jlia (5 siall
Osbel gasil) (e CadSH (S a3l Al o2 < jelal Qlial) b (o siall GOT Ll cpn & e jledl) e sanall ga 4 ylaally L1
sl L A gl gl Ao L) g ) 0 8l sty (lal GGT 5 ACP (PSA alaainly &y siall il ssdl 5 s o1 (g siall Jillly
L)

(5‘;.)"5‘” hll claie V) ‘L__S}Ld\ Jaldly 4.::‘9.\..4.4; Qi s&lﬁ:\s‘j)ﬁj «PSA Aw.‘\.d\ Cilay 3y ‘L__SJ:‘A‘ JaLd ;\J‘.ﬁ\ &ﬂ%&“

Agoro et al. Alg J Med App Sci. 2024;7(2):308-314 314


https://journal.utripoli.edu.ly/index.php/Alqalam/index
https://books.google.com/books?id=QBW1LBr-gpUC&q=Laboratory+Manual+for+the+Examination+of+Human+Semen+and+Semen%E2%80%93Cervical+Mucus+Interaction&pg=PP1
https://books.google.com/books?id=QBW1LBr-gpUC&q=Laboratory+Manual+for+the+Examination+of+Human+Semen+and+Semen%E2%80%93Cervical+Mucus+Interaction&pg=PP1

