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Beta hemolytic and beta-lactam antibiotic-resistant strain of 

Lysinibacillus sphaericus isolated from a tea growing region of 

West Bengal, India  
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Abstract. Nandi S, Bhattacharya M. 2025. Beta hemolytic and beta-lactam antibiotic-resistant strain of Lysinibacillus sphaericus 
isolated from a tea growing region of West Bengal, India. Asian J Trop Biotechnol 22: 1-6. River water and soil are primary sources of 
bacteria. Some of them often acquire pathogenicity under stressful environmental conditions. Regarding the pathogenicity of a 
bacterium, hemolysin is the most virulence factor. In this study, 16 isolates possess beta-hemolytic abilities out of 32 isolated copper 
tolerant bacteria. One of the strains was identified as Lysinibacillus sphaericus (NJCT1) using 16S rRNA sequencing. Lysinibacillus 

sphaericus is rarely pathogenic in humans but is known for its larvicidal and antagonistic activity in bacteremia-associated infections in 
immunocompromised patients. Kaljani River basin, the lifeline for the rapidly growing population in the tea-producing region of West 
Bengal, India, is the source of Gram-positive bacteria used in this study. Due to its pathogenic character, it can create a health problem 
for the locals if they use the river water frequently. The antibiotic susceptibility study, which involved testing the bacterial strain against 
a panel of commonly used antibiotics, showed that L. sphaericus (NJCT1) is resistant to 7 antibiotics (colistin, penicillin-g, amoxicillin, 
ceftazidime, cefuroxime, rifampin, and methicillin). This bacterial strain exhibited resistance against the β-lactam drug class, whereas 
complete susceptibility was recorded against drug classes like fluoroquinolones. As the most sensitive drug, fluoroquinolones could 
solve the problem caused by L. sphaericus isolated from the Kaljani River. 

Keywords: Antibiotic sensitivity, bacteremia, Lysinibacillus sphaericus, pathogenicity, tea garden  

INTRODUCTION 

Under stressful conditions, microorganisms might 

become pathogenic. Bacteria often secrete extracellular 

proteins like coagulases, cytolysins, and enterotoxins to 

minimize competition, harm their adjacent cells, and 

exploit the nutrients (Tomita and Kamino 1997). 

Hemolysins have received the most attention among these 

toxins because their activity could be easily detected in 

mammalian erythrocytes. Red Blood Cells (RBC) could be 

lysed in the presence of hemolysins. Hemolysins can 

destroy cellular membranes, damage nearby tissues, cause 

cell lysis, and thus can be regarded as a crucial determinant 
of virulence in infection models of laboratory animals 

(Bhakdi et al. 1994; Tomita and Kamio 1997).  

Alpha (α), beta (β), and gamma (γ) are three distinct 

types of hemolysin enzymes produced by bacteria. In some 

studies, distinctiveness between α and β hemolysis is 

essential to evaluate probiotics safety (Jeon et al. 2017). 

Still, other phenotypes are not crucial as they only indicate 

the virulence potential of those phenotypes (Ramachandran 

2013). Bacterial isolates from environmental samples have 

rarely been tested for hemolysins (Albarral et al. 2016). 

However, in medical sectors, beta hemolysis is one of the 

important phenotypic features for identifying any bacteremia 
or septicemia-causing pathogenic bacteria, especially for 

group A and group B Streptococcus spp. (Nizet 2022).  

Viable bacteria inside the blood are called 'bacteremia'. 
Bacteremia could originate from daily activities like oral 

hygiene or after undergoing some medical procedures. 

Asymptomatic bacteremia can enter the human bloodstream 

and lead to infections with symptoms of fever, 

hypotension, and chills. This disease can be life-threatening 

for those suffering from immune system disorders (Smith 

and Nehring 2017). Bacteremia is now one of the most 

common causes of death in non-coronary Intensive Care 

Units (ICU). It could be treated using antibiotics for patients 

with such infections. People with organ transplants, last-

stage renal disease, diabetics, rheumatoid arthritis, and 
chemotherapy receivers are more likely to develop 

bacteremia-associated deadly infections, and antibiotics are 

effective in alleviating these infections. However, the 

efficacy of antibiotics seems to be in jeopardy since many 

bacteria have developed partial or total resistance against 

them. Excessive and misuse of antibiotics are the causes of 

bacterial resistance. Research policies and development 

efforts are required to find an effective solution to this 

problem of bacterial resistance (Larsson and Flach 2022). 

River water is a significant reservoir of pathogenic 

bacteria. Previous studies have been done mainly on the 

enteric bacteria. Investigations on enteric bacteria are 
focused on their prevalence and antimicrobial assessment 

(Langendorf et al. 2015; Getie et al. 2019; Denku et al. 

2022). Previous reports showed that patients who had 

undergone splenectomy, long-term intravenous drug users, 
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and people living with HIV commonly reported coping 

with bacteremia-based issues caused by these bacteria 

(Wenzler et al. 2015; Kinoshita et al. 2023; Meng et al. 

2023). Rivers and its tributaries serve as water sources for 

the inhabitants of tea garden-dominated districts in the 

northern part of West Bengal. The river's water is used for 

drinking, other domestic purposes, and irrigation. The river 

also is a source of livelihood for fishermen living on both 

sides of the river. Several deaths have been reported in this 

region due to diseases caused by poor water quality (Sarkar 
2012). Not only that, bacteremia-related diseases are now 

becoming a headache for the people living in this area. 

Therefore, the current study is critical, as people living in 

tea gardens adjoining the Kaljani River basin may 

unknowingly interact with beta-hemolytic bacteria 

regularly. Immuno-compromised individuals and people 

with external dermal wounds would be more susceptible to 

beta-hemolytic bacteria, resulting in bacteremia-associated 

disorders. Hence, the present investigation highlights the 

antibiotic susceptibility and resistance attributes of a beta-

hemolytic strain, Lysinibacillus sphaericus (NJCT1), 
persisting in the Kaljani River basin.  

MATERIALS AND METHODS 

Study area and sample collection  

Soil samples were collected from 14 tea gardens and 14 

river beds near West Bengal, India's Indo-Bhutan border, 

covering Jalpaiguri, Alipurduar, and Kalimpong Districts. 

All collections were carried out from February 2022 to 

September 2023 in the early morning. In this research, the 

studied strain was isolated from the Kaljani River basin 

(26°34'30′'N & 89°25'29′'E to 26°34'27′'N & 89°25'22′'E), 

located in the Kalchini Sub-division under Alipurduar 
District of West Bengal, India. Nimtijhora tea garden is 

situated in the Kaljani River basin and is one of the primary 

water sources for tea garden workers (Figure 1). This 

collection was done in the early morning of September 

2022. Top soil samples were collected in a zigzag pattern, 

and about 10 samples were collected from this site and the 

distance of each sampling was about 100 meters. The 

collections were kept in sterile vials and instantly preserved 

inside an ice box during transportation to the laboratory, 

ensuring their integrity. The samples were mixed uniformly 

before laboratory experiments. 

Isolation of pure bacteria 

500 mg of each sample was taken into a sterile 

eppendorf containing 1 mL of distilled water to make soil 

suspensions. 500 µL of suspension was inoculated into 20 

mL of nutrient broth, followed by 24 hours of incubation at 

35°C (Saha et al. 2021). As the collection area is contaminated 

with dolomite debris and mining effluents, and copper is 

one of the predominant metals present in dolomite, the 

primary goal was to isolate copper-tolerant bacteria. The 

copper-tolerant bacteria were isolated by spread plate 

method on nutrient agar plates with different copper salt 
solutions ranging between 0.05 and 0.20 mg/mL and then 

incubated at 35°C. After 24 hours of incubation, distinct 

colonies were isolated and were streaked repeatedly to get 

the pure isolates. Morphological characters were done 

using a microscope. 

Pathogenicity test  

All the obtained isolates were assessed for pathogenicity 

through a blood agar test. 5% goat blood was added to 50% 

cooled blood agar base media, and the plates were prepared 

carefully without bubble formation. Isolates were individually 

streaked on the plates, followed by twenty-four hours of 
incubation at 35°C (Rosa-Fraile and Spellerberg 2017). 

 

 

 
 
Figure 1. Map of the study area in Nimtijhora Tea Garden, Alipurduar, West Bengal, India  
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Molecular characterization 

The isolated beta-hemolytic strain was characterized by 

16S rRNA gene sequencing. For this purpose, the 16S 

rDNA region was isolated from 24-hour-old cultures. The 

isolated region of the studied strain was further amplified 

and purified through column purification. The purified 

product sequence was analyzed using Snager's method by 

Eddison Life Science (India). The sequencing data result 

was then compared using BLAST analysis against the 

available sequence data in the NCBI database.  

Antibiotic susceptibility test of studied strain 

Antibiotic susceptibility profiling against selected 

strains was done using the Kirby Bauer disc diffusion 

procedure by Robert et al. (2009), according to the 

National Committee for Clinical Laboratory Standards 

(NCCLS). Then, 24 hours of the culture of strain was 

spread on Muller Hinton agar media using a sterile 

spreader. Natural, semi-synthetic, and synthetic antibiotics 

were selected to assess the sensitivity of the bacterial strain. 

Natural antibiotics include streptomycin, bacitracin, 

penicillin–g, colistin, pristinamycin, vancomycin, kanamycin, 
polymixin-b, spectinomycin; semi-synthetic antibiotics 

include amoxicillin, ceftazidime, cefoxitin, cefuroxime, 

imipenem, and azithromycin. synthetic antibiotics include 

teicoplanin, nitrofurantoin, tetracycline, tigecycline, rifampin, 

methicillin, linezolid, erythromycin, ofloxacin, fusidic acid, 

gemifloxacin, ciprofloxacin, enoxacin, co-trimoxazole, 

fosfomycin, clindamycin, gentamycin and novobiocin. The 

diameter of inhibition zones was measured in 'mm' and 

tabulated. They were further classified as susceptible, 

resistant, and intermediate towards antibiotics to determine 

their sensitivity. 

RESULTS AND DISCUSSION 

Bacteria isolation 

After 24 hours of incubation on nutrient agar plates 

containing different ranges of copper salt concentrations, 

distinct colonies were observed on the plates made with 

0.20 mg/mL copper salts. About 32 pure isolates with 

various morphological characters were obtained. Gram 

staining analysis showed that 28 isolates were Gram-

positive bacilli and 4 were Gram-negative cocci. 

Pathogenicity test  

A blood agar test was conducted to determine the 

hemolytic capabilities of the isolates. A clear halo zone 
around the streaked lines of isolates depicted beta 

hemolysis (Figure 2). Green or brown color formation 

around the streaked line in the media depicted alpha 

hemolysis, whereas no halo zone or color formation 

confirmed gamma hemolysis. After 24 hours of incubation, 

16 isolates showed clear zones around the streaked lines 

and exhibited beta-hemolytic capabilities, whereas the rest 

were gamma-hemolytic. 

Molecular characterization 

Through 16S rDNA identification, analyzed sequenced 

data showed a 1204 base pair and 99.24% homology with 

L. sphaericus, thus confirming the identity of one of the 

isolated beta-hemolytic strains. Further, the obtained 

sequence data was deposited in GenBank, and an accession 

number OP810683 was procured (Nandi et al. 2024). The 

previous case studies related to L. sphaericus showed that 

this isolate is a potential threat. 

Antibiotic susceptibility test of studied strain 
Among all the beta-hemolytic strains, L. sphaericus 

(NJCT1) was selected to evaluate its antibiotic susceptibility 

profiling. In this study, the antibiotic sensitivity of L. 

sphaericus (NJCT1) was assessed against 33 standard 

antibiotics (Figure 3; Table 1).  

 

 

 
 
Figure 2. Clear halo zone around streak line of studied strain 
(NJCT1) on blood agar plate depicting beta hemolysis 

 

 

 
 
Figure 3. Antibiotic susceptibility of Lysinibacillus sphaericus 
(NJCT1) against several antibiotics  
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Table 1. Antibiotic susceptibility profile of Lysinibacillus 
sphaericus (NJCT1) 

 

Drug class Antibiotic S/R/I 

β lactam/ 
cephalosporin 

Penicillin- G R 
Methicillin R 
Amoxicillin R 
Cefuroxime R 

Ceftazidime R 
Cefoxitin S 

Sulfonamide Co-trimoxazole S 
Fluoroquinolones Ofloxacin S 

Ciprofloxacin S 
Enoxacin S 
Gemifloxacin S 

Aminocoumarin Novobiocin S 
Anti-mycobacterial Rifampin R 

Aminoglycoside Gentamycin S 
Glycylcycline Tigecycline S 
Macrolide Erythromycin S 

Azithromycin S 
Pristinamycin S 

Fosfomycin Fosfomycin S 
Glycopeptide Teicoplanin S 

Vancomycin S 

Lincomycin Clindamycin S 
Tetracycline Tetracycline S 
Oxazolidinones Linezolid S 
Nitrofurantoin Nitrofurantoin S 
Fusidane Fusidic acid S 
Polypeptide Polymixin-B I 

Colistin (Polymixin-E) R 
Bacitracin I 

Carbapenems Imipenem S 
Aminoglycosides Streptomycin S 

Spectinomycin S 
Kanamycin S 

Note: 0.0-4.9 mm = Resistant (R); 5.0-9.9 mm = Intermediate (I); 
10mm< = Susceptible (S) 
 
 

Based on the National Committee for Clinical 
Laboratory Standards (NCCLS), the results showed L. 

sphaericus (NJCT1) had complete resistance against 7 

antibiotics, namely 2 natural (colistin, penicillin-g); 3 semi-

synthetic (amoxicillin, ceftazidime and cefuroxime); and 2 

synthetic antibiotics (rifampin and methicillin). Based on 

the inhibition, L. sphaericus (NJCT1) showed intermediate 

resistance against 2 natural antibiotics (bacitracin and 

polymixin-b), and the rest were susceptible. Ciprofloxacin, 

gemifloxacin, ofloxacin, and enoxacin, belonging to the 

fluoroquinolones class, showed a 21 mm inhibition zone, 

the most sensitive antibiotic for L. sphaericus.  

Discussion 

In this study, 32 copper-tolerant bacteria have been 

isolated from river beds and tea gardens near the Indo-

Bhutan border of West Bengal, India. Several bacteria 

possess beta-hemolytic abilities. Bacteria mainly possess 

three different types of hemolytic activities. Beta (β) 

hemolysis is indicated by total lysis of red blood cells, and 

hence, it is called "true lysis," visible as a clear and 

transparent area in blood agar culture. Alpha (α) hemolysis 

caused the increase of methemoglobin, indicated by a 

brown or green area in the blood agar culture, suggesting 

that there is no lysis of hemoglobin but just a reduction of 

hemoglobin to methemoglobin. Gamma (γ) hemolysis or 

non-hemolysis indicates no cell damage or transformation 

in the agar plates. One of the isolates, L. sphaericus, with 

beta-hemolytic activity, was found in the Kaljani River 

basin. This isolate, which exhibits the highest activity, is an 

antagonist in rare cases of infection caused by bacteremia 

in patients with weakened immune systems. However, it is 

rarely pathogenic in humans. These findings could have 
significant implications for understanding and potentially 

treating such infections. 

Lysinibacillus sphaericus (NJCT1), a Gram-positive 

bacillus spore-forming bacteria, might produce cytolytic 

toxin, a common toxin produced by Gram-positive bacteria 

(Masignani et al. 2006; Ramachandran 2013). Under 

extreme environmental conditions, Bacillus spp. also 

produces some toxins as a survival strategy. Bacteria 

mainly produce cytotoxin to access nutrients or eliminate 

competition from their surroundings (Harding et al. 2011). 

L. sphaericus was previously called Bacillus sphaericus, 
which is known for its insecticidal activity and hemolysin 

encoding genes, which include hylA, hylC, hylD, and xhlA 

are the crucial factors for this activity (Gómez-Garzón et al. 

2017). Bacillus is not known for its pathogenicity. 

However, some Bacillus, such as L. sphaericus, could be 

an opportunistic pathogen due to its ubiquity and ability to 

cause severe human infections. The most commonly 

observed systematic infection due to Bacillus spp. is 

'bacteremia", which is generally associated with 

intravascular catheterization. Neutropenic patients, 

neonates, and intravenous drug users suffer the most from 
disseminated Bacillus spp infection. Various antibiotics 

were prescribed to treat L. sphaericus, as the obtained 

bacteria mixed with different blood cultures from different 

patients revealed susceptibility to various antibiotics 

(Wenzler et al. 2015).  

Bacteremia can be life-threatening to 

immunocompromised people and is now a common 

problem with people dealing with some serious health 

issues. The water from the Kaljani River supports the 

livelihood of people and animals residing in the tea 

gardens. Infection of L. sphaericus originating from the 

Kaljani River could be dangerous. A detailed antibiotic 
study was conducted to understand the potential treatment 

of infection. The findings showed that L. sphaericus in this 

study is resistant to 5 out of 6 antibiotics belonging to the 

β-lactam drug class.  

β-lactams (penicillin, cephalosporins, and monobactams) 

have been at the top of the antibiotic market since the 

beginning due to their efficiency against bacterial infections 

linked to other species that look like losing their edge, as 

bacteria have seemingly grown resistance against them in 

recent days. β-lactamase is the enzyme secreted by bacteria 

to attack the ring of β-lactam antibiotic, thus aiding in 
developing resistance in bacteria against this drug class 

(Pandey and Cascella 2019). Complete resistance was 

obtained against polymixin-e (colistin), and polymixin-b 

has an intermediate resistance, which can be a concern to 

clinical approaches as nowadays polymixins are regarded 
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as a gateway in multidrug resistance conditions (Poirel et 

al. 2017). Complete resistance of rifampin expressed that it 

might not inhibit the DNA-dependent RNA polymerase of 

the isolate, which generally aids in bactericidal activity 

(Campbell et al. 2001).  

Resistance capability in bacteria is often associated with 

an isolate's heavy metal resistance pattern, as several 

studies stated the existence of both heavy metal and 

Antibiotic Resistance Genes (ARGs) in a bacterium, 

specifically with the occurrence of genes imparting heavy 
metal tolerance in the chromosome and antibiotic 

resistance in the plasmid. Further, the co-existence of 

heavy metal and antibiotic tolerance genes in plasmid 

conferring resistance to both stress factors has also been 

reported (Murray et al. 2024). A plasmid harboring heavy 

metal tolerance genes is more likely to possess ARGs than 

plasmids lacking heavy metal resistance genes. In this 

regard, L. sphaericus isolated from the Kaljani River grew 

at 0.20 mg/mL copper stress, illustrating its copper 

resistance capability. Wu et al. (2022) stated that isolates 

capable of tolerating copper up to 0.12 mg/mL are 
considered resistant and have copper detoxifying abilities. 

The resistance potential of L. sphaericus may contribute to 

its various antibiotics. Li et al. (2017) reported that 

resistance genes against multiple antibiotics, i.e., beta-

lactam and polymyxin, are associated with heavy metal 

tolerant genes.  

The result showed that fluoroquinolones were the most 

susceptible against L. sphaericus (NJCT1). This outcome is 

identical to the well-known occurrence of 12 L. sphaericus 

bacteremia infection cases in a Children's Cancer Hospital 

in Italy, reported in 10 years. Verification of 12 out of 469 
cases (around 2%) of bacteremia infections, who were also 

cancer patients or were in the process of bone-marrow 

transplant were successfully treated with ciprofloxacin, 

which belongs to the fluoroquinolone drug class 

(Castagnola et al. 2001). This 2% success rate is significant 

as it demonstrates the potential of ciprofloxacin in treating 

L. sphaericus infections. Amoxicillin was recommended 

and had positive outcomes for two other immunosuppressed 

patients suffering from acute sepsis and dialysis-associated 

peritonitis (Wenzler et al. 2015; Kinoshita et al. 2023). 

However, L. sphaericus (NJCT1) in this study showed 

unusual in-vitro resistance against amoxicillin. Meng et al. 
(2023) reported that an HIV patient infected by the L. 

sphaericus (FY22) strain was treated with levofloxacin and 

vancomycin had an effective result. This study also 

observed the susceptibility of L. sphaericus (NJCT1) 

towards vancomycin.  

In conclusion, bacteremia-associated infections are 

becoming a threat nowadays. Even though some significant 

infections associated with L. sphaericus have been 

reported, a detailed antibiotic study is essential to reduce 

the bacterial pool and, consequently, infections. Evaluating 

potential threats is greatly assisted by determining 
pathogenic phenotypes of environmental strains, identifying 

potential adaptations, and initiating clinically relevant 

bacteria. Antibiotic assessment of the L. sphaericus strain 

isolated from the Kaljani River basin can be a future 

approach to control the possible threat posed by this 

species through its beta-hemolytic abilities.  
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Abstract. Srikandace Y, Wahhaab A, Rakhmat AF, Kamarisima, Putri SP, Aditiawati P. 2025. Bacterial diversity of Spheciospongia spp. 
from Rancabuaya Beach, West Java, Indonesia, using the NGS approach. Asian J Trop Biotechnol 22: 7-15. For the first time, the 
bacterial community associated with Spheciospongia spp. from Rancabuaya Beach in Garut was identified using Next-Generation 
Sequencing (NGS). The study focused on the bacterial diversity present on the sponge's body surfaces (SEK1, SEK2), within their inner 
tissues (SEN1, SEN2), and in the surrounding seawater (SW). The results revealed that SW had the highest number of species, with 198 

detected, followed by SEN2 and SEN1, with 193 and 165 species, respectively. In contrast, SEK1 and SEK2 contained 32 and 26 
bacterial species, respectively. The analysis also showed that SW possessed the highest diversity and evenness indices at the genus level, 
with values of 2.95 and 0.79, respectively, indicating the absence of a dominant genus. Conversely, SEK1 and SEK2 exhibited low 
evenness indices (0.33 and 0.24) and low variety indices (0.80 and 0.54), indicating that the community lacks a balance of species. 
SEN1 and SEN2 demonstrated moderate genus diversity, but their evenness and dominance varied. The dominant phyla across all 
samples were Proteobacteria and Bacteroidota. Notably, the NGS method identified several actinomycete genera for the first time, 
including Micrococcus, Leucobacter, Egibacter, Lawsonella, Nakamurella, and Corynebacterium. A recent study confirmed that NGS 
provides a rapid, sensitive, and high-quality method for determining microbial communities. 

Keywords: Actinobacteria, diversity, dominance, evenness, indices, next-generation sequencing, Spheciospongia 

INTRODUCTION 

Mangrove sponges play a crucial role in the ecosystem 

by providing habitats, shelter, and food sources for marine 

microorganisms. Sponge-associated microbial communities 

are diverse and exhibit mutualistic relationships with one 

another, acting as symbionts or pathogens (Bibi et al. 

2020). This mutualistic relationship involves the sponge 

supplying organic particles as nutrition for microorganisms, 

while microorganisms produce metabolites that inhibit 

pathogen growth on the sponge (Li et al. 2023; Mehbub et 

al. 2024). The sponge can also produce bioactive compounds 

as nutrition for microorganisms and to prevent pathogens 
(Varijakzhan et al. 2021; Hong et al. 2022). Microorganisms 

associated with sponges can account for up to 40% of the 

body weight of particular sponge species, with their 

population densities being 100 to 10,000 times higher than 

in surrounding seawater (Sugden et al. 2022). These 

microbial communities, often located within the sponge's 

mesohyl, support the sponge's metabolism and produce 

beneficial molecules, including antimicrobials and other 

biologically active substances (Dat et al. 2021; Sugden et 

al. 2022).  

The bacterial communities associated with various 
sponge species have been the subject of numerous studies, 

employing both culture-dependent and culture-independent 

methods. Approximately 1% of the bacteria can be 

effectively cultured in the laboratory, while other bacteria 

have been discovered through culture-independent approaches 

based on the 16S rRNA gene (Ito et al. 2019; Ahmad et al. 

2024). Actinomycete bacteria are important microorganisms 

and are still being explored to uncover their potential 

compounds. Due to the challenges of isolating and culturing 

actinomycetes in the laboratory, Next-Generation Sequencing 

(NGS) facilitates the identification of additional actinomycete 
species and the development of suitable media to isolate 

them from sponges. NGS has enhanced our understanding 

of sponge symbiont diversity, revealing that unculturable 

bacteria can make up 99% of any environment (Bibi et al. 

2020; Abbas and Mahmoud 2022).  

The NGS approach enables the investigation of microbial 

communities from various geographical locations, providing 

deeper insights into the diversity of bacterial populations 

(Waterworth et al. 2021). Moreover, NGS is a powerful 

tool for studying bacteria, providing an in-depth, unbiased, 

and accurate analysis of bacterial communities, revealing 

complex interactions, diverse species, and functional roles 
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(Tan et al. 2015). It provides a far more detailed and 

comprehensive picture of the microbial world than 

traditional methods, driving discoveries in microbiology 

and ecology (Satam et al. 2023). NGS enables the 

exploration of new Actinomycetes or Streptomyces species 

by allowing researchers to perform comprehensive 

metagenomic surveys, identify novel genes, and discover 

previously unknown bacterial strains that may produce 

bioactive compounds (Alam et al. 2021). Several structural 

profiles of bacterial communities in sponges have been 
identified through NGS using the Illumina platform. The 

bacterial diversity in the freshwater sponges Eunapius 

carteri and Corvospongilla lapidosa had 14 phyla, with 

over 2,900 OTUs for C. lapidosa and 980 OTUs for E. 

carteri (Gaikwad et al. 2016). The sponge Callyspongia 

sp., from the Thousand Islands, Indonesia, exhibited a low 

abundance of Actinomycetes (0.09%) and was dominated 

by Proteobacteria, which comprised 82% of the community 

(Retnowati et al. 2021). The bacterial community associated 

with the sponge Haliclona oculata (Linnaeus, 1759) 

includes 17 phyla, while Amphius huxleyi contains 13 
phyla. Proteobacteria are the dominant phylum in both 

sponge species, though other phyla are present in varying 

abundances (Dat et al. 2021). Therefore, the Illumina 

platform is chosen for its high throughput, accuracy, and 

cost-effectiveness, making it ideal for studying the diverse 

bacterial communities found in sponges and other 

environments. 

The bacteria associated with marine sponges are well-

documented, but the symbiotic bacteria found in coastal 

sponges remain largely unexplored. Rancabuaya Beach in 

Garut, West Java, has limited human activity, making it an 

ideal site for study. Spheciospongia spp. can be easily 

found attached to coral rocks. This beach, situated adjacent 

to the Indian Ocean, boasts coral reefs, powerful waves, a 

gently sloping seabed, and a pristine white sand shoreline 

with crystal-clear and blue water. Thus, the current study 

aimed to investigate the bacterial community of the 

widespread coastal water and the surface of 

Spheciospongia spp. through the NGS method. This 

culture-independent and high-throughput method offers an 

efficient and powerful approach to uncovering the hidden 
biodiversity of these bacteria. 

MATERIALS AND METHODS  

Study area 

Recent research was conducted at Rancabuaya Beach in 

the Garut District of West Java, Indonesia (Figure 1). 

Procedures 

Sponge and water sampling  

The samples were taken from the supralittoral to 

mesolittoral zones using no specialized equipment and 

were transferred into sterile plastic containers. Beach water 

was also collected and placed in a 1 L sterile bottle. All 
samples were stored in a cooler bag, transported to the 

laboratory, and processed immediately. Collecting sponges 

did not require permission from the authorities, as it 

pertained to species that were neither endangered nor 

protected.

 
 
 

 
 
Figure 1. The location of the sampling site is in Rancabuaya Beach, Caringin, West Java, Indonesia 
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DNA extraction from sponges 

Total genomic DNA was extracted from two sponges 

and seawater samples using a combination of bead-beating 

and the phenol: chloroform: isoamyl alcohol method 

(Djurhuus et al. 2017). The surfaces and inside of the 

sponge bodies were cut, crushed, and dissolved in artificial 

sterile seawater. The samples were then centrifuged at 8000 

rpm for 5 minutes to separate the crushed sponge material 

from the sterile seawater containing bacteria, resulting in 

four sponge samples: SEK1, SEK2, SEN1, and SEN2. All 
samples were concentrated by centrifugation at 8000 rpm 

for 5 minutes. The pellets from each sample were dissolved 

in 1 mL of sterile Phosphate-Buffered Saline (PBS). 

Bacterial DNA was extracted from the pellets using the 

phenol-chloroform: isoamyl method. The recovered DNA 

was resuspended in 20 µL of TE buffer (pH 8.0). The 

integrity of the DNA was assessed by agarose gel 

electrophoresis. Purity (measured as the λ 260 nm/280 nm 

ratio) and quantity were evaluated using a NanoDrop 2000 

spectrophotometer (Thermo Fisher Scientific, Waltham, 

MA, USA). The DNA samples were stored at -20°C for 
PCR amplification. The purification of PCR products was 

performed using the Promega Wizard PCR Clean-Up 

Protocol procedure. DNA was visualized using electrophoresis 

with a 2% agarose gel in 1X TBE buffer and a 1 kbp DNA 

ladder marker (Promega). 

16S rRNA amplification 

The 16S rRNA genes were amplified by polymerase 

chain reaction (PCR) using primers 27F 

(GAGTTTGATCCTGGCTCAG) and 1492R 

(GGTTACCTTGTTACGACTT) in the first-stage PCR. 

The PCR mixture consisted of 12.5 µL GoTaq Green 
Master Mix (Promega), 1 µL 1492r primer (10 pM), 1 µL 

27f primer (10 pM), 1 µL sample DNA, and 25 µL 

Nuclease-Free Water (NFW) in a final volume of 50 µL. 

PCR products were purified using the QIAquick PCR kit 

(Qiagen, Germany) according to the manufacturer's 

instructions. The cycling conditions are as follows: initial 

denaturation at 95°C for 5 minutes, followed by 30 cycles 

of denaturation at 95°C for 1 minute, annealing at 55°C for 

1 minute, and extension at 72°C for 1 minute, with a final 

extension of 5 minutes at 72°C. The gene‐specific sequences 

of 16S V3 and V4 regions were submitted for amplicon 

sequencing using the Illumina MiSeq platform. The 
construction of a 16S rRNA library and subsequent 

Illumina NGS sequencing analysis were conducted by 

Macrogen Korea, utilizing the purified PCR products as a 

template. Furthermore, the second-stage PCR reaction 

utilized the Nextera XT DNA Library Preparation Kit 

following the two-step cycling standard protocol 

recommended by the manufacturer.  

Data analysis 

Sequencing data analysis: OTU clustering and taxon 

annotation 

Based on the unique barcode of each sample, paired-
end reads were assigned. The samples were then truncated 

by removing the barcode and primer sequences, and the 

reads were merged using FLASH v1.2.7. OTUs were 

performed with QIIME2 2017.4. Raw sequence data were 

demultiplexed and quality filtered using the q2-demux 

plugin, then denoised using DADA2. The sequences were 

clustered into Operational Taxonomic Units (OTUs) with a 

similarity of ≥97%. The most frequent sequence within 

each OTU was selected and screened to obtain the 

representative sequence. All Amplified Sequence Variants 

(ASVs) were aligned using MAFFT. Taxonomy assigned 

to ASVs using feature classifier q2 (Bokulich et al. 2018).  

Diversity, evenness, and dominance index calculation 

The diversity index (H' ), evenness index (E), and 

dominance index were calculated using the equation formula 

(Roswell et al. 2021) and classified according to Table 1. 

 

H'  

 

 
 

 

RESULTS AND DISCUSSION 

Sponges collection  

The sponges collected belong to Spheciospongia, as 

shown in Figure 2. The condition of the coastal waters was 

characterized by clear blue water, an odorless quality, a 

salinity ranging from 2.70 to 3.10 ‰, and a pH of 8.22. 

Spheciosponga sp.1 exhibited a light brown underside and 

a green upper surface, with body surface and internal 

tissues designated SEK1 and SEN1 samples. Spheciospongia 

sp.2 displayed a bright yellow upper and lower body 
surface, with its body surface and internal tissues 

categorized as SEK2 and SEN2 samples. Seawater samples 

were coded SW. 
 
 

 
Table 1. Diversity index value criteria 
 

Index Value Criteria 

Diversity H'<1 Low 
 1<H’<3 Moderate 
 H'>1 High 

Evenness E<1 Low 
 1<E<3 Moderate 
 E>1 High 
Dominance D<1 Low 
 1<D<3 Moderate 
 D>1 High 
   
H': Diversity Index 
S: No. of species 

ni: Individual number 
N: Total individual 
number 

E: Evenness Index 
H': Diversity Index 

ln: Natural logarithm 
S: No. of species 

D: Dominance Index 
ni: Individual number 

N: Total individual 
number 



 ASIAN J BIOTECHNOL 22 (1): 7-15, June 2025 

 

10 

  
 

Figure 2. The sponge collection from Rancabuaya beach: A. Spheciospongia sp.1; B. Spheciospongia sp.2 
 

 

 
 
Figure 3. Rarefaction curves showing observed species richness 
in samples 
 
 

 
 

Figure 4. Number of phyla to genera of bacteria observed in samples 

 

 

 
 

Figure 5. The relative abundances of 15 dominant phyla  

Bacterial diversity associated with Sphesiospongia spp 

The rarefaction curve displayed a horizontal asymptote, 

indicating that the number of bacterial species (OTUs) 

detected in each sample had high sequence coverage 
(Figure 3). In SW, the highest number of bacterial species 

was detected, totaling 198 species, followed by SEN2 with 

193 species and SEN1 with 165 species. Meanwhile, 

samples SEK1 and SEK2 contained 32 and 26 bacterial 

species, respectively. The highest abundance of bacteria 

was found within the sponge, with SEN1 and SEN2 

accounting for 83.76 and 88.13% of the total bacterial 

population, respectively. Bacterial abundance was low on 

the SEK1 and SEK2, but the highest abundance was 

observed in SW. Clear saturated plains with adequate 

coverage and complete sorting (100%) from all samples. 

According to Willis (2019), A rarefaction curve that 
approaches a horizontal asymptote, indicating sufficient 

sampling, can be used to evaluate the observed species 

richness. 

Figure 4 depicts the diversity of microbial communities 

in different sponge samples. The SW sample contained 7 

phyla, 8 classes, 13 orders, 27 families, and 39 genera. The 

SEK1 and SEK2 samples had 3 and 1 phyla, 4 and 2 

classes, 7 and 6 orders, 10 and 9 families, and 10 and 8 

genera, respectively. In the SEN1 and SEN2 samples, 6 and 

13 phyla, 10 and 16 classes, 29 and 42 orders, 42 and 68 

families, and 41 and 65 genera were identified. These 
findings suggest that sponges create a suitable environment 

for bacterial growth, resulting in a rich diversity of 

microbial communities, particularly in the SEN1 and SEN2 

samples. These results suggest that sponges serve as a rich 

organic source in their body tissues, creating a suitable 

habitat for bacteria. This is evidenced by the higher number 

of genera identified in the SEN1 and SEN2 samples. 

The relative abundance of the top 15 bacterial taxa at 

the phylum level is shown in Figure 5. Other identified 

phyla were categorized as Others, while Unclassified was 

used for unknowns. The predominant phylum found in all 
samples was Proteobacteria, with the following percentages: 

SW (80.78%), SEK1 (99.77%), SEK2 (100%), SEN1 

(54.49%), and SEN2 (89.27%). In the SW sample, the three 

dominant phyla were Proteobacteria (80.78%), Bacteroidota 

(13.47%), and Actinobacteria (5.03%). All SEK samples 

were also primarily dominated by Proteobacteria. In 

contrast, the SEN samples were characterized by three 

dominant phyla: Proteobacteria, Bacteroidota, and Firmicutes. 

Specifically, SEN1 contained Proteobacteria (54.49%), 

Bacteroidota (38.19%), and Firmicutes (5.10%), while 

A B 



SRIKANDACE et al. – Bacterial diversity of marine sponge 

 

11 

SEN2 had Proteobacteria (89.27%), Bacteroidota (1.90%), 

and Firmicutes (5.90%). No 100% phyla abundance was 

detected in SEN1 (97.78%) and SEN2 (97.07%), possibly 

due to insufficient amplification or detection of some 

fragments of DNA, which could have led to the loss of 

some sequence information. NGS technology may 

introduce errors, deletions, insertions, and substitutions. 

These mistakes may show discrepancies between the actual 

and observed sequences (Das et al. 2023). Therefore, to 

detect sequence variants, NGS shows a confidence interval 
of approximately 98-100% for the identified taxonomy, 

which may influence the abundance of the detected 

microorganisms (Rojahn et al. 2022). Proteobacteria is the 

largest phylum in the bacterial domain, while Firmicutes, 

Bacteroidetes, and Actinobacteria are the dominant phyla 

associated with eukaryotes (Taylor et al. 2007). 

The dominant class of bacteria across all samples in 

Figure 6 belonged to the Proteobacteria phylum, specifically 

Gammaproteobacteria, with the following percentages: SW 

(71.90%), SEK1 (99.26%), SEK2 (99.85%), SEN1 

(54.06%), and SEN2 (84.53%). Alphaproteobacteria were 
detected only in the SW sample (5.03%), ranking as the 

fourth most dominant class after Bacteroidia (13.47%) and 

Actinobacteria (8.88%). In SEK1 and SEK2, small 

percentages of Actinobacteria were detected (0.51% and 

0.15%), making them the second dominant class in those 

samples. For SEN1, the second and third most common 

classes were Bacteroidia (38.19%) and Actinobacteria 

(0.40%). In SEN2, the second and third most prevalent 

classes were Actinobacteria (4.70%) and Bacteroidia 

(1.90%).  

Gammaproteobacteria emerged as the dominant class 
compared to Alphaproteobacteria due to their paraphyletic 

nature, while Alphaproteobacteria are monophyletic (Orata 

et al. 2018). This makes Gammaproteobacteria the largest 

and most diverse group within the Proteobacteria phylum 

(Orata et al. 2018; Nguyen et al. 2023). Furthermore, 

Bacteroidetes bacteria are often detected in sponges, but 

their functions in host development remain largely unknown 

(Li et al. 2021). In marine sponges, Actinobacteria represent 

a diverse group of microorganisms capable of producing 

bioactive substances that help protect the sponge from 

predators (Retnowati et al. 2021). 

Figure 7 shows that in the SW sample, three dominant 

orders were identified: Oceanospirillales (26.92%), 

Alteromonadales (20.57%)-with the 

Pseudoalteromonadaceae family making up 11.22%—and 

Flavobacteriales (13.38%). In the SEK1, SEK2, and SEN2 

samples, Alteromonadales was the most prevalent order, 

with percentages of 84.64, 91.12, and 74.79%, respectively. 

In contrast, two dominant orders were found in SEN1: 
Flavobacteriales (37.93%) and Alteromonadales (32.26%). 

Additionally, several bacterial orders, including 

Rhodobacterales, Burkholderiales, Nitrosococcales, 

Rhizobiales, Micrococcales, and Caldalkalibacillales, were 

not present in SW but were found in SEK and SEN. 

Seawater is primarily composed of bacteria from the 

orders Alteromonadales, Flavobacteriales, Rhodobacterales, 

Sphingobacteriales, Verrucomicrobiales, and Vibrionales 

(Rygaard et al. 2017; Rufino and Procópio 2021). These 

dominant bacterial orders require a variety of mineral 

sources for their growth. Seawater contains essential 
minerals such as magnesium (Mg), calcium (Ca), potassium 

(K), chromium (Cr), selenium (Se), zinc (Zn), and vanadium 

(V). Additionally, these bacteria play a crucial role in the 

decomposition of organic matter, contributing to the 

nutrient availability in seawater. The concentration of these 

inorganic materials tends to increase with sea depth (Nani 

et al. 2016). 

The Pectobacteriaceae (13.52%), a family of 

Enterobacterales, is the most prevalent in SW, as shown in 

Figure 8. The Pseudoalteromonadaceae family is the most 

abundant in SEK1 and SEK2, accounting for 81.29% and 
86.24%, respectively. Flavobacteriaceae is the most 

prevalent family in SEN1 (38.15%), whereas 

Pseudoalteromonadaceae again accounts for the highest 

percentage in SEN2 (70.12%). Only in SEN and SEK were 

the families Rhodobacteraceae, Alcaligenaceae, and 

Shewanellaceae present. Pseudoalteromonadaceae and 

Flavobacteriaceae are commonly found in marine water 

and sponges (Delgadillo-Ordoñez et al. 2022). 

Pectobacteriaceae are typically found in brackish water and 

river systems (Hugouvieux-Cotte-Pattat et al. 2024).  

 

 
 

 
 
Figure 6. The relative abundances of 15 dominant classes 

 

 
 
Figure 7. The relative abundances of 15 dominant orders  
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Figure 8. The relative abundances of 15 dominant families  

 
 
Figure 9. The relative abundances of 15 dominant genera  

 

 
 

The abundance of Pectobacteriaceae along river courses 

is due to the suitability of temperature, nitrate availability, 

and dissolved organic carbon concentration in the water. 
Pectobacteriaceae are prevalent in freshwater environments, 

often causing disease outbreaks in aquatic plants (Ben 

Moussa et al. 2022). Pseudoalteromonadaceae exhibit 

versatile metabolic capabilities, making them highly 

adaptable to various ecological habitats, and play a crucial 

role in the marine environment. Ecologically, 

Pseudoalteromonas forms a biofilm in ecosystems and 

engages in predator-like interactions within microbial 

communities as a defense mechanism (Bowman 2007). 

Flavobacteriaceae is a group of bacteria found in soil, 

freshwater, and marine environments. This group is well 
known for its motility, which is associated with fish 

diseases. Several species within this family also have the 

potential for bioremediation of chemical compounds and 

organic materials, such as hydrocarbons. However, some 

species are pathogenic to fish (Skovhus et al. 2007). 

SW was primarily dominated by Dickeya, which makes 

up 15.69% of the bacterial community in Figure 9. In 

contrast, SEK1, SEK2, and SEN2 were dominated by 

Pseudoalteromonas, comprising 82.26, 88.55, and 77.27%. 

Bizionia sp., found only in SEN1, accounted for 

approximately 38.39%. Dickeya was exclusively found in 

SW and was not present in sponges. In addition to beach 
water, Dickeya can be found in river water, as well as in 

sponges and lake water (Watanabe et al. 2015; Laport et al. 

2019; Hugouvieux-Cotte-Pattat et al. 2024). 

Pseudoalteromonas spp. exclusively found in marine 

environments and are associated with eukaryotic hosts, 

including shellfish, pufferfish, tunicates, and sponges. The 

widespread presence of Pseudoalteromonas spp. across 

different habitats demonstrated adaptive strategies and 

survival capabilities (Holmström and Kjelleberg 1999; 

Sonnenberg and Haugen 2021). Additionally, Bizionia 

argentinensis sp. nov. and other Bizionia spp. have been 
isolated from Terra Nova Bay in the Ross Sea, and marine 

bacteria Cliona sp. were isolated from the marine sponge 

Grantia celata and Arctic Fjord seawater (Bercovich et al. 

2008; Li et al. 2015; Savoca et al. 2019). 

Structure the community of bacteria at the genus level  

The diversity, evenness, and dominance indices provide 

insights into community structure. The bacterial diversity 
index across all samples ranged from low to moderate 

(Table 2). In SW, there was a high genus population 

evenness (0.79), with no single genus dominating, indicating 

a stable community. In contrast, low evenness values were 

observed in SEK1 (0.33), SEK2 (0.24), and SEN2 (0.31), 

accompanied by a high dominance index (0.60-0.79). 

Meanwhile, SEN1 exhibited moderate evenness (0.51) and 

a low dominance value (0.25). According to Strong (2016), 

the Shannon-Wiener diversity index (H') is categorized as 

low diversity (H'<1), moderate diversity (1≤H'≤3), and 

high diversity (H'>3). The evenness index (E') is classified 
as low (E<0.4), moderate (0.4≤E≤0.6), and high (E>0.6). 

The dominance index is categorized as low (0≤D≤0.3), 

moderate (0.3≤D≤0.6), and high (0.6≤D≤1). 

Actinomycetes diversity in sponges and coastal water 

The most abundant actinobacteria families in the 

sponge and coastal waters varied. Actinomycete genera 

were more prevalent and detected in sponge bodies than in 

seawater, likely due to differences in nutrient availability. It 

indicated that the same sponge symbiont bacteria or 

actinomycetes vary even within the same habitat. 

Actinomycetes were more prevalent in the Sponge's Inner 

Tissue (SEN) and seawater (SW). A few actinomycetes 
were observed on the sponge body's surface (SEK) (Figure 

10).  
 
 

Table 2. Diversity index of the bacteria community associated 
with sponges at the genus level 
 

Index SW SEK1 SEK2 SEN1 SEN2 

Diversity 2.95 0.80 0.54 1.92 1.28 
Category Moderate Low Low Moderate Moderate 
Evenness 0.79 0.33 0.24 0.51 0.31 

Category High Low Low Moderate Low 
Dominance 0.07 0.68 0.79 0.25 0.60 
Category Low Moderate High Low Moderate 
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Figure 10. The abundance of the actinobacteria community: A. SW, SEK, SEN; B. two genera belonging to Micrococcaceae in SW; and 

C. Four genera to certain families in SEN 
 
 

 

The SW sample consisted of 4 families, with 2 

genera—Leucobacter and Micrococcus—belonging to the 

Micrococcaceae family. In SEK, only Micrococcaceae was 
identified (see Suppl). Nine families were discovered in the 

SEN sample, with the Micrococaceae and Nocardiaceae 

families being the most abundant. A recent study reveals 

that Micrococcus, Leucobacteria, Egibacter, Lawsonella, 

Nakamurella, and Corynebacteria were discovered using 

the NGS method. Not all genera could be identified among 

all the Actinobacteria families identified in this study.  

Micrococcaceae are widely recognized as originating 

from various terrestrial environments, marine sponges, 

cyanobacterial layers, and marine sediments (Palomo et al. 

2013). Additionally, Micrococcaceae have been identified 

in several sponge species, including Callyspongia aerizusa, 
Haliclona atra, H. fascigera, Biemna sp., Paratetilla sp., 

Pseudoceratina sp., Scopalina hapalia, Plakortis kenyensis, 

and Tetrapocillon minor, all found at a depth of 10 meters 

in Tanzania (Helber et al. 2018). The abundance of 

Corynebacteriaceae exceeds 50% in sediments compared to 

seawater (Sulardiono et al. 2018). A similar study showed 

approximately 6% Corynebacteriaceae and 1% Nocardiaceae 

in the sponge Callyspongia sp. collected from a depth of 16 

meters off Panggang Island in the Thousand Islands, 

Indonesia (Retnowati et al. 2021). In addition, Nocardiaceae 
have been reported in various environments and are 

commonly isolated from freshwater, saltwater, dust, soil, 

and decaying organic matter (Brown-Elliott et al. 2006). A 

recent study demonstrates that NGS technology can 

effectively identify rare actinobacteria groups associated 

with Spheciospongia spp. that use traditional culturing 

methods. Additionally, utilizing NGS technology to 

describe bacterial diversity has significantly improved the 

understanding of the community structure within sponge-

associated bacteria, especially actinobacteria. 

In conclusion, the highest bacterial abundance was 

found in the internal tissue of the sponge (SEN), compared 
to the sponge surface (SEK) and the surrounding seawater 

(SW). The two main phyla detected were Proteobacteria 

and Bacteroidota, with the predominant classes being 

Gammaproteobacteria and Bacteroidia. The dominant 

families associated with sponges and seawater included 

Micrococcaceae, Corynebacteriaceae, and 

Pseudonocardiaceae. The NGS method was the first to 

A B 

C 
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identify genera such as Corynebacterium, Leucobacter, 

Egibacter, Lawsonella, and Nakamurella. Many 

prokaryotes associated with the sponge remain unculturable 

and previously unknown. However, NGS techniques now 

enable the determination of bacterial diversity and the 

development of media for isolating specific bacteria from 

sponges. This approach also facilitates the exploration of 

these bacteria, particularly actinomycetes, as potential 

producers of bioactive compounds. 
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Abstract. Amballi AA, Olooto WE, Kosoko OT, Owagboriaye FO. 2025. Genomic, hormonal, and anthropometric factors as crucial 
contributors to male infertility in Abeokuta, Southwestern Nigeria. Asian J Trop Biotechnol 22: 16-22. The failure to get pregnant 
despite regular, unprotected sexual intercourse among couples has psychosocial and socioeconomic impacts. This study aims to 
investigate the contributions of anthropometric, genomic, and hormonal factors to male infertility. Hence, 48 infertile men and 12 men 
with proven fertility, aged from 26 to 55 years, were selected as cases and controls, respectively. Anthropometric measurements (height 

and weight) were done, Body Mass Index (BMI) was computed, and serum Follicle-Stimulating Hormones (FSH), Luteinizing 
Hormones (LH), and testosterone were measured. Semen was obtained for seminal fluid analysis and phenotyping assay. There is no 
significant change in the anthropometric indicators (height, weight, BMI); 4.2% of the infertile men were normospermic, 20.8% were 
azoospermic, and 75% were oligospermic. There was an increase in FSH, LH, and testosterone in all the infertile subgroups and a 
significant decrease (p < 0.05) in sperm count in infertile males. While 70% of sperm cells exhibited fast movement in the controls, 
sperm movement was 9.5, 5.5, and 15% normal, slow, and non-motile, respectively, among infertile men. The percentage of deletions in 
Azoospermia Factor a (AZFa) region using sY84 and sY86 was 66.7%, and none in the control group. It can be concluded that high 
plasma levels of gonadotrophins, low sperm count, and high levels of testosterone are pathognomonic of male infertility. While the 

deletion of AZFa region is conclusively indicative of infertility, its non-deletion does not conclusively indicate fertility; thus, factors 
other than hormonal abnormalities are associated with male infertility. 

Keywords: Obesity, phenotyping, semen quality, testicle 

INTRODUCTION 

The inability to achieve pregnancy despite regular, 

adequate (3-4 times per week) unprotected sexual exposure 

over 2 years is a complex disorder with both genetic and 
environmental causes (Gunes et al. 2016). The acceptability 

of identifiable underlying causative factors and sharing of 

contributory factors between men and women has eroded 

the primitive African taboo and beliefs that infertility is 

mainly a female problem rather than male or both. These 

beliefs were extended to outcomes of fertility in which case 

the blames of having female children was placed on the 

woman as being a weaker partner with resultant matrimonial 

neglect and option of taking up new wives. While in some 

cases taking up another wife results in having a male child, 

in other cases it results in having more female children, 
pointing to the superior role of fathers in determining the 

sex of children rather than mothers. 

Factors of etiological importance in male infertility 

include congenital abnormalities, prolonged exposure of 

testes to excessive heat, chronic alcoholism, drugs (cocaine, 

marijuana, cimetidine, spironolactone, nitrofurantoin, etc.), 

endocrine disorders, erectile or ejaculatory dysfunction, 

infection (urinary tract infection, sexually transmitted 

infection), lifestyle choices, such as diet and exercise, 

obesity, testicular failure, varicocele, poor semen quality, 

and idiopathic (ASRM 2015; Barak et al. 2016). Idiopathic 

causes represent unexplained causes of azoospermia or 

oligospermia and constitute majority of cases. More studies 
of the idiopathic group revealed that infertility can be 

secondary to genetic abnormalities involving the sex 

chromosomes such as chromosomal translocations, presence 

of an extra X chromosome as observed in Klinefelter 

syndrome (XXY), cystic fibrosis, Noonan syndrome, and 

partial deletions of portions of Y-chromosome primarily 

affecting the Azoospermia Factor (AZF) regions, resulting 

in abnormal spermatogenesis and male infertility (Sokol 

2001; Chen 2007; Dhanoa et al. 2016; Kuroda et al. 2020). 

Interactions between genetic factors and environmental 

factors influence sensitivity to environmental stressors like 
exposure to Endocrine-Disrupting Chemicals (EDCs) and 

alter gene expression thereby impairing reproduction and 

fertility. The importance of the human Y-chromosome in 

male fertility was revealed by result from several studies 

indicating that one or more genes located on the long arm 

of the Y-chromosome are or are most probably involved in 

spermatogenesis. Deletions of small portions of Y-

chromosome responsible for spermatogenesis are believed 

to be an important azoospermia factor (He et al. 2017).  
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Partial deletion within the male-specific region of the 

Y-chromosome, known as Y-chromosome microdeletions 

(YCMs), is present in as many as 5 and 10% of severe 

oligospermic and azoospermic men, respectively 

(Rabinowitz et al. 2021). These microdeletions are 

distinguished by the segment of the Y-chromosome that is 

absent. Four subsidiary non-overlapping sub-regions were 

identified as AZFa (located in the most proximal segment 

of Yq11, AZFb (located in the middle segment of Yq11), 

AZFc (located in the distal segment of Yq11), and AZFd 
(located between AZFb and AZFc). Patients with complete 

AZFa deletion present with Sertoli cell-only syndrome 

(Foresta et al. 2001; Ferlin et al. 2003), while those with 

AZFd microdeletions may have mild oligospermia or 

normal sperm count but abnormal sperm morphology 

(Ceylan et al. 2009).  

The reported prevalence of YCMs within the world’s 

populations of infertile men displays vast heterogeneity 

based on region and ethnicity (Rabinowitz et al. 2021). In 

Africa and Asia, YCMs are a common cause of male 

infertility, with prevalence of between 10 and 15%, but less 
than 5% in other populations. The most common deletions 

occurring in the AZFc region of the Y-chromosome (Trinh 

et al. 2023). A study reported that complete Y-chromosome 

microdeletions are rare in men with sperm count ˃ 1 

million sperm/mL (Khon et al. 2019). Routine screening for 

Y-chromosome microdeletions should be done only if sperm 

concentration is ≤ 1 million sperm/mL (Khon et al. 2019). 

Both Y-chromosome microdeletion and chromosomal 

abnormalities increase in prevalence as sperm 

concentrations decrease and azoospermic men have been 

reported to have the greatest frequency of genetic 
abnormalities (Liu et al. 2020). 

Nigeria has many regions and ethnic groups. Thus the 

frequency of AZF microdeletions is expected to vary among 

Nigerians in different regions. Therefore, it is important to 

understand the frequency and pattern of Y-chromosome 

microdeletion, in addition to the effect of body mass index 

and hormonal disruption, among infertile men in 

southwestern Nigeria. This is important because idiopathic 

causes are also important to be investigated in a country 

with diverse ethnic groups. 

MATERIALS AND METHODS 

Study area 
The study was carried out in Abeokuta, Ogun state, 

Nigeria, among male subjects attending the infertility clinic 

of the State Hospital, Sokenu, Abeokuta, Ogun state, Nigeria. 

Procedure 

Study design 

The study is a case-control and cross-sectional study 

that included diagnosed male infertility, while control 

subjects were male with proven fertility. 

Study population 

In this study period, 48 infertile males and 12 men who 

have proven evidence of fatherhood and whose wives have 

given birth to 2 or more children were selected as cases and 

controls, respectively. The test subjects were randomly 

recruited among people that attended the Infertility Clinic 

of Ogun State Hospital, Ijaye, Abeokuta, for the purpose of 

impaired fertility. In contrast, the control subjects were 

recruited, in a similar manner, among male staff of the 

hospital. Structured questionnaires were administered to 

both test and control subjects to obtain their biodata such as 

age, social status, and dietary habits. 

Inclusion and exclusion criteria 
Subjects included in the study were male subjects 

diagnosed with infertility (primary or secondary), age range 

26-55 years. Excluded from the study were male subjects 

less than 26 years and above 55 years in age; those having 

physical abnormalities (testicular atrophy, hypoplastic 

testes, varicocoele); those diagnosed with other chronic 

conditions such as coronary heart disease, diabetes mellitus, 

hypertension, and stroke; heavy cigarette smokers; chronic 

alcoholics; and drug addicts.  

Medical history and clinical examination 

Medical history was taken for demographic and other 
characteristic purposes, and clinical examination was carried 

out on all the tests and controls to detect physical 

abnormalities in their genitalia and scrotum. 

Anthropometric measurement 

Anthropometric measurements (height and weight) were 

done using standard methods (Olooto et al. 2016). Body 

Mass Index (BMI) was computed using the formula BMI = 

weight in kilograms/height in metres squared (kg/m2). 

Tests and controls were categorized based on BMI as 

underweight (˂18.5); healthy weight (18.5-24.9); overweight 

(25-29.9); class I obesity (30.0-34.9); class II obesity (35-
39.9); and class III obesity (≥40.0) respectively (WHO 2004). 

Sample collection and storage 

Seminal fluid 

The participants were advised to abstain from sexual 

intercourse (oral, anal, vaginal) for a period of 2-7 days 

prior to sample collection in order to improve sperm 

concentration. Semen was collected from the test and 

control subjects by masturbation, in a private room close to 

the laboratory in order to shorten the time intervals 

between collection and analysis, hence, to limit the 

exposure of the semen to temperature fluctuations. The 

collection was done in a clean, dry, wide-mouthed glass 
bottle that is non-toxic to spermatozoa. The collected 

semen was analyzed within one hour of collection. 

Neubauer hemocytometer chamber was used to estimate 

the sperm count. Sperm analysis (total sperm cell count, 

cellular morphology, viscosity, white blood cell count and 

percentage motility) was carried out according to the World 

Health Organization guidelines (WHO 2010). The seminal 

fluid was categorized as aspermia (no ejaculate), azoospermia 

(no sperm cell), oligospermia (<20 × 106 sperm/mL), and 

severe oligospermia (<5 × 106 sperm/mL) (WHO 2010). 
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Blood sample 

Next, 10 mL of venous blood sample was aseptically 

collected from each participant’s antecubital vein (tests and 

controls), transferred into a clean, plain, labelled bottle; 

allowed to clot; and then centrifuged at 6000 rpm for 5 

minutes at room temperature to obtain the serum. The clear 

serum was separated and kept at -20°C till assayed.  

Hormonal assays 

The hormones (LH, FSH and testosterone) were 

estimated by radioimmunoassay (RIA) method using Enzyme-
Linked Immunosorbent Assay (ELISA) kits supplied by 

Immunometrics (UK) Limited. FSH, LH and testosterone 

assessments were done using the methods of Fahie-Wilson 

(Fahie-Wilson et al. 2000) and genomic analysis was done 

using the method described by Wang et al. (2012). 

Phenotyping assay 

Aberrant sperm cells were examined after smearing of 

semen and staining with New Zealand methylene blue to 

detect abnormalities of germ cells using the Diff Quick 

Method laid down (Lee et al. 2002). 

PCR amplification of the AZFa gene (SY84 and SY86) 
DNA was extracted by a salting-out method from 

leukocytes of peripheral blood samples and amplified using 

PCR (Miller et al. 1988). The PCR reaction was performed 

with the Solis Biodyne 5X HOT FIREPol Blend Master 

mix. Thermal cycling was conducted in a Peltier thermal 

cycler (PTC100) (MJ Research Series) at 95°C for 15 

minutes to carry out initial denaturation. This is followed 

by 35 amplification cycles at 95°C for 30 seconds; at 61°C 

for 60 seconds for annealing, and at 72°C for 90 seconds to 

carry out extension; and at a temperature of 72°C for a 

period of 600 seconds to carry out final extension. The 
amplification product was separated on a 1.5% agarose gel, 

electrophoresis was carried out at 80V for 1 h 30 mins, and 

DNA bands were visualised by ethidium bromide staining 

using 100bp DNA ladder (Solis Biodyne) as DNA molecular 

weight marker. Two Sequence-Tagged Sites (STS) markers 

on the long arm of Y-chromosome were used for the 

detection of interstitial microdeletions for AZFa (Krausz et 

al. 2014). The markers used are SY84 and SY86, with the 

sequences and sizes of their base pair shown in Table 1. 

Data analysis 

Data were analysed using SPSS version 21.0. The 

variables were all expressed as the mean and standard error 
of mean (Mean ± SEM). A bar chart was used to describe 

variables. An independent student t-test was performed to 

compare means of variables between the test and control 

groups. Differences amongst variables were considered 

significant at p < 0.05.  

Ethical consideration 

Ethical approval was achieved from the ethical 

committee of State Hospital, Sokenu, Abeokuta, Ogun 

state, Nigeria, based on the recommendations Declaration 

of Helsinki. The approval number is SHA/RES/VOL 

2/187. After explaining the procedures involved in the 
research to each participant, informed consent was also 

obtained from them before the commencement of the 

study. 

RESULTS AND DISCUSSION 

The results of this study are presented in the following 

tables and figures. Table 2 shows the anthropometric 

measurements of both test and control subjects. There was 

no statistically significant difference (p > 0.05) between the 

two groups. Table 3 shows the serum hormone levels in 

both test and control subjects. The values of LH, FSH and 

testosterone were observed to be non-significantly (p ˃ 
0.05) higher among the test subjects than among the control 

subjects. 

 

 
Table 2. Anthropometric measurements of both test (infertile 
men) and control subjects 
 

Parameters Test Control t-value p-value 

Age (Yrs) 42.89 ± 6.03 42.0 ±4.71 0.476 0.64 
Weight (Kg) 64.79 ±4.76 64.33 ±3.34 0.310 0.76 
Height (m) 1.60 ±0.04 1.63 ±0.04 0.233 0.82 
BMI (kg/m2) 24.35 ±1.81 24.10 ±1.62 0.439 0.66 

Note: Values are mean ± SEM, level of statistical significance 

was considered at p < 0.05 
 
 
Table 3. Serum hormone levels in both test (infertile men) and 
control subjects 

 

Parameter 
Test 

N=48 

Control 

N=12 

t-

value 

p-

value 

LH (miu/mL) 8.27±4.86 6.6±3.08 2.74 0.48 
FSH (miu/mL) 3.60±1.73 3.25±0.78 3.00 0.21 
Testosterone (ng/mL) 4.30±0.81 3.65±0.07 3.75 0.39 

Note: Values are mean ± SEM, level of statistical significance 
was considered at p < 0.05 

 
 

 
Table 1. STS markers of AZF regions with sequences and their product size 

 

STS marker Locus (region) Sequence 5’-3’ Size of PCR product Base Pair (BP) 

SY84 AZFa F- AGA AGG GTC TGA AAG CAG GT 326 
R- GCC TAC TAC CTG GAG GCT TC 

SY86 AZFa F- GTG ACA CAC AGA CTA TGC TTC 320 

R- ACA CAC AGA GGG ACA ACC CT 

Note: STS: Sequence Tagged Sites; F: Forward primer; R: Reverse primer 
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Figure 1 shows sperm count among the test group and 

the control group. It shows a higher sperm count among the 

control group (79.0 × 106 cells/mL) than values obtained in 

the test group (15.05 × 106 cells/mL)  

Figure 2 shows sperm cell viability among the control 

and test subject groups. It shows that 85 and 15% of the 

sperm cells produced by the control group are viable sperm 

cells and dead cells, respectively, as compared to the 40% 

and 60% living and dead cells, respectively, observed in 

infertile test group. 
Figure 3 shows morphological abnormalities among the 

tests group and the control group. Abnormal sperm cells 

were observed in 45% of the tests (infertile men) compared 

to 20% in the control group.  

Table 4 shows the motility profile of sperm cells among 

the test and control subjects. Hence, 70% of the control 

group exhibited significant fast motility among while 11% 

of the tests exhibited significant fast motility. Table 4 in the 

Sperm Cell Motility Profile shows the same p-value (at 

0.001), but the t-value varies, as in the results in the test 

and control columns. 
Table 5 shows the proportion of the AZFa gene that had 

a microdeletion among the control and test groups. No 

microdeletion of the AZFa gene was observed in the 

control group (0.0%), while 33.3% of the test group had it. 

Figure 4 shows the electrophoresis results of the blood 

cells of subjects for the analysis of microdeletions in the 

AZFa region using sY84 Amplifying at 326bp. Lane M 

consists of a 100bp DNA marker base-pair ladder as a 

negative control, lanes A and B represent the control group, 

while lanes C, D, and E represent the test group.  
 
 

 
 
Figure 3. Bar chart showing the difference in sperm cell 
morphology among the test and control subject groups. Values are 
expressed as mean ± SEM 

 
 

  
Figure 1. Bar chart showing total sperm count in the test and 
control subject groups. Values are expressed as mean ± SEM 

Figure 2. Bar chart showing comparative sperm cell viability 
among the control and the test subjects group. Values are 
expressed as mean ± SEM 

 
Table 4. Motility profile of sperm cells among the control and subject groups 
 

Motility Test Control t- value p-value 

Rapidly progressively motile (%) 11.00±10.00 70.00±10.00 2.34 0.0007 
Slowly progressively motile (%) 13.3±9.83 9.5±3.53 1.74 0.0010 
Non-progressive motile (%) 16.7±16.02 5.50±3.54 1.26 0.0013 
Non motile (%) 59.0±1.45 15.0±1.62 2.96 0.0006 

Note: Values are mean ± SEM, level of statistical significance was considered at p < 0.05 

 
Table 5. Proportion of micro-deletions of AZFa gene among the control and the subject groups 
 

AZFa gene 

Control Test 

Present Absent Present Absent 

Number 

(n) 

Percentage 

(%) 

Number 

(n) 

Percentage 

(%) 

Number 

(n) 

Percentage 

(%) 

Number 

(n) 

Percentage  

(%) 

sY84 12 100.0 0 0.0 16 33.3 32 66.7 
sY86 12 100.0 0 0.0 16 33.3 32 66.7 
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Figure 4. Electrophoresis pattern of blood cells of subjects for 
microdeletions in the AZFa region using sY84 amplifying at 
326bp 

 
 
Figure 5. Electrophoresis pattern of blood cells of subjects for 
microdeletions on AZFa region using sY86 amplifying at 320bp 

 

 

Figure 5 shows the electrophoresis results of blood cells 

of subjects for the analysis of microdeletions in the AZFa 
region using sY86 Amplifying at 320bp. Lane M consists 

of a 100bp DNA marker base-pair ladder as a negative 

control; lanes A and B represent the control group, while 

lanes C, D, and E represent the test group. 

Discussion 

Results obtained in this study revealed no significant 

difference in the anthropometric indices between the test 

and controls (Table 2), corroborating earlier reports 

(Oztekin et al. 2020). There are controversial reports on the 

impact of obesity on male infertility. Contrasting reports 

are being made; while some report impaired semen 
parameters and impaired fertility, others do not show an 

impact (Ameratunga et al. 2023). A study reported that 

obesity impacts male fertility by causing multifaceted 

reproductive disruptions (Chaudhuri 2022), while another 

study reported that body mass index has no effect on semen 

parameters but correlates negatively with hormones 

(Oztekin et al. 2020). These variations in hormones were 

due to fat accumulation in adipose tissues. The obtained 

results in this study indicate that infertility is not related to 

anthropometric variations in the test group but rather due to 

hormone and semen qualities.  

The importance of hormonal evaluation in male 
infertility cannot be overemphasized. Some researchers had 

reported this in a study where male sex hormones, 

especially testosterone, were found to be the key players in 

male-related infertility (Nunes et al. 2023). Determining 

the levels of testosterones and gonadotropins (FSH, LH) in 

infertile men presenting with oligospermia and azoospermia 

has been emphasized (Concepción-Zavaleta et al. 2022), to 

provide evidence-based information on the functionality 

status of the hypothalamic-pituitary-testicular axis. This 

leads to possible need to evaluate the adrenal, thyroid, and 

lactotrophs in patients with central hypogonadism. Another 

study on the importance of hormonal evaluation in infertile 

men with non-obstructive azoospermia recommended that 
estradiol should be measured when there is an alteration in 

testosterone concentration (Salama and Blgozah 2020). 

Elevated levels of serum prolactin have a detrimental effect 

on male reproduction through inhibition of the pulsatile 

release of gonadotropins from the anterior pituitary gland 

(Dabbous and Atkin 2018). From this study, a non-

significant (p > 0.05) increase in the serum levels of LH, 

FSH and testosterone was observed in the test group when 

compared to the control group (Table 3). A similar finding 

was reported in a previous study (Deventhiran et al. 2017). 

The observed increase in LH, FSH and testosterone levels 
indicates physiologic or compensatory responses to 

azoospermia and oligospermia and reflects problems at the 

gonadal level. 

The total sperm count recorded among the control and 

the test groups revealed a higher count among the control 

group (79.0 × 106 cells/mL) than values obtained in the test 

group (15.05 × 106 cells/mL) (Figure 1). Also, 4.2% (2 out 

of 48) of the studied infertile males were observed to be 

normospermic, 20.8% (10 out of 48) were azoospermic, 

while 75% (36 out of 48) were oligospermic. This finding 

is supported by a previous study where sperm count was 

found to decline significantly in infertile men and adversely 
affect fertility (Levine et al. 2023). 

Sperm vitality (the percentage of viable sperm cells) 

has also been described as an important factor in male 

infertility. The result obtained from this study revealed that 

85% of the sperm cells produced by the control group are 

living and viable as compared to the 40% of living sperm 

cells observed in the infertile test group (Figure 2). Also, 

60% of the sperm cells produced by the test group were 

observed to be dead, as compared to 15% of dead sperm 

cells observed among the control group. This corroborates 

a previous study, which reported a high rate of abnormal 
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semen quality in male partners of infertile couples (Bani et 

al. 2023).  

A study (Agarwal et al. 2022) has emphasized the 

importance of sperm morphology in semen analysis for 

evaluating male fertility. For sperm morphology, results 

from this study show abnormal sperm cells in 45% of the 

tests (infertile men) compared to 20% observed among the 

control group (Figure 3). The observed morphologic 

abnormalities will assist in deciding the assisted 

reproductive treatment modalities to be adopted for the 
affected couples in order to achieve pregnancy in their 

female partner. 

Semen analysis for motility assessment classifies 

spermatozoa as “rapidly progressive”, “slowly progressive”, 

“non-progressive”, and “immotile” (Sikka and Ayaz 2018). 

While the most common cause of male infertility is low 

sperm count, some men are infertile because of poor sperm 

motility. In this study, it was observed that 11% of infertile 

men exhibited rapidly progressive spermatozoa motility, 

13.3% exhibited slowly progressive spermatozoa motility, 

16.7% exhibited non-progressive spermatozoa motility, and 
59% exhibited non-motility among the test group. In 

comparison, 70% exhibited rapidly progressive motility, 

9.5% exhibited slowly progressive motility, 5.5% exhibited 

non-progressive motility, and 15% exhibited non-motility 

among the controls (Table 4). The observed differences in 

motility between the two groups were significant (p < 0.05) 

and thus constituted a major factor responsible for the 

observed infertility in this group of people. The 

significance of the mobility of sperm in semen analysis has 

been reported in a previous study (Dcunha et al. 2020). 

Accumulating molecular studies have shown that the 
deletion of AZFa, AZFb, and AZFc is the most common 

genetic microdeletion in Y-chromosome of infertile males 

throughout the world (Liu et al. 2019). In this study, the 

percentage of Y-chromosome deletions in AZFa region 

using sY84 and sY86 was observed to be 33.3% (Table 5). 

This result corroborates that of Ilango and Poongothai 

(2017), who reported Y-chromosome deletion at AZFa 

portion in 53% of the studied infertile male subjects. This 

finding indicates that problems associated with male 

infertility are not limited to structural and hormonal 

abnormalities but are also due to genetic factors. Small Y-

chromosome microdeletions have been reported among 2% 
of men with normal fertility and 7% of infertile men (16% 

in azoospermia or severe oligozoospermia) (Liu et al. 

2019). This suggests that the presence of Y-chromosome 

microdeletion is not an absolute indicator or marker of 

infertility.  

In conclusion, based on the findings from this study, it 

could be concluded that male infertility is not limited to 

hormonal and sperm quality abnormalities, but Y-

chromosome abnormalities. Still, Y-chromosome deletion 

is a factor to be considered, especially in idiopathic male 

infertility. Screening for Y-chromosome microdeletions in 
infertile men as a routine diagnostic tool will be of 

immense assistance in the management options available 

for azoospermic and oligozoospermic patients. 
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Abstract. Ajuzieogu CA, Onu GO, Onyekachi EO. 2025. Diversity, abundance, and enzyme activity of Actinomycetes recovered from 

tropical freshwater sediment for potential biotechnological applications. Asian J Trop Biotechnol 22: 23-29. Actinomycetes are a set of 

Gram-positive bacteria known for their ability to produce a wide variety of secondary metabolites, including antibiotics and enzymes. 

This study assessed the diversity of Actinomycetes in tropical freshwater sediment and their amylase production potential. Sediment 

samples were obtained from four points (shore, middle, downstream, and upstream) within a tropical freshwater system. 

Physicochemical analysis, bacterial isolation, and enumeration were conducted following standard methods. Tentative identification of 

isolates was done using culture-dependent methods. Results showed that the sediment samples belonged to the loam soil textural class; 

upstream sediment recorded the highest pH and total organic carbon content (6.3 and 0.98%, respectively), and middle sediment 

recorded the highest nitrate content (9.632 mg/kg). In comparison, sediment from the shore recorded the lowest pH (5.70) and highest 

phosphate level (8.716 mg/kg). The highest total culturable heterotrophic counts were observed in sediment from the middle point. A 

total of 9 Actinomycetes species were recovered, out of which six (6) were positive for amylase activity. The isolates were tentatively 

identified as Micrococcus spp., Streptomyces sp., Streptomyces coelicolor, and Actinomyces viscosus. This study revealed that tropical 

freshwater sediments harbor a diverse and abundant bacterial community, particularly Actinomycetes, with possible potential for 

biotechnological exploration.  

Keywords: Actinomycetes, amylase, API CORYNE, freshwater sediment, Streptomyces coelicolor 

INTRODUCTION 

Actinomycetes are Gram-positive bacterial species 

belonging to the Phylum Actinobacteria. Their DNA has a 

high Guanine-Cytosine (GC) content, up to more than 70% 

in Streptomyces and Frankia and as high as 51% in certain 

Corynebacteria. Recently, some freshwater-dwelling species 

with considerably low GC content have been reported (De 

Simeis and Serra 2021). The majority form branching 

mycelia and produce spores, which help them survive 

under diverse environmental conditions (Kontro et al. 

2022). 

Their ability to produce a myriad of biologically active 

compounds has made them impactful in medicine and 

biotechnology. The biotechnological significance of 

Actinomycetes was first discovered in the 1940s with 

Selman Waksman's uncovering of streptomycin. This was 

the first antibiotic effective against tuberculosis (Ahmad et 

al. 2019). This breakthrough led to more exploration of 

Actinomycetes for other biologically active compounds. 

Currently, over two-thirds of natural antibiotics are 

recovered from Actinomycetes, particularly from the genus 

Streptomyces (Law et al. 2019).  

The use of enzymes, particularly of Actinomycetes 

origin, in food production and other industrial processes is 

fast advancing to fulfill the demands of the textile, food 

processing, and pharmaceutical industries. Amylase, which 

is one of the enzymes produced by Actinomycetes, is one 

of the frequently exploited enzymes in several starch 

industries and has several industrial applications in the 

manufacturing of syrup, re-sizing clothing fabrics, 

detergent formulations to enhance cleaning performance 

(i.e., the alkaliphilic Actinomycetes strains), and others. 

Amylase represents about 25% of the global enzyme 

market demand (Praveen Kumar et al. 2015; Miao et al. 

2018; Shigeri et al. 2019).  

Increasing concern about contamination of aquatic and 

soil ecosystems has led to several studies on the use of 

Actinobacteria for bioremediation purposes (Alvarez et al. 

2017). Although there are extant techniques to remediate 

contaminated ecosystems, they are not completely 

successful, especially with respect to inorganic compounds 

(John et al. 2022). Oftentimes, these compounds are only 

partially degraded, generating metabolites (intermediates) 

that could be more harmful than the parent compound. 

Owing to the presence of Actinomycetes in soil and water 

and their functional capacity to maintain ecological balance 

(i.e., breaking down inorganic and organic compounds in 

their habitat), they are an excellent option for 

bioremediation. Jagannathan et al. (2021) reported that 

several Streptomyces strains, including Streptomyces 

espinosus, produce tyrosinase enzymes, which are important 

for eliminating phenols (a common ingredient in pesticides 

and petroleum products) that contaminate water supplies. 
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Compared to widely used tyrosinase, which was previously 

isolated from mushrooms, Streptomyces-derived tyrosinase 

was more effective (Roy et al. 2014).  

According to past literature, the majority of Actinomycetes 

are recovered from soil, aquatic, and extreme ecosystems 

such as deep oceans and deserts (Ezeobiora et al. 2022), 

resulting in several bioactive compounds such as anticancer 

agents, antifungals, antibiotics, enzymes, and other 

therapeutically valuable compounds (Sarkar and Suthindhiran 

2022). However, as interest in microbial diversity has 

expanded, researchers have increasingly switched focus to 

less explored environments, including aquatic ecosystems 

such as freshwater sediments (Selim et al. 2021). 

Zothanpuia et al. (2018) highlighted the significance of 

freshwater sediments as untapped reservoirs of diverse 

microbial communities, including Actinomycetes. They 

identified a plethora of Actinomycetes species in 

freshwater sediments collected from various water bodies 

in India. Interestingly, many of the recovered strains 

expressed unique metabolic capabilities and potential for 

producing novel bioactive compounds with enzyme and 

antimicrobial activities. Their study unveiled the 

significance of exploring the unexploited diversity of 

Actinomycetes in aquatic ecosystems and the vast 

biotechnological potential awaiting discovery. 

Similarly, Sarkar and Suthindhiran (2022) reviewed the 

diversity and biotechnological potential of Actinomycetes 

isolated from different marine environments. Their study 

revealed the presence of novel Actinomycetes species, 

some of which exhibited promising antimicrobial and 

enzyme-producing potential. Their study underscored the 

value of exploring indigenous microbial resources for 

biotechnological applications. 

Despite these notable contributions, there remains a 

significant gap in our understanding of Actinomycetes 

diversity in tropical freshwater sediments, especially in 

regions like Niger Delta, Nigeria. Most research in this area 

has focused on temperate or subtropical regions, neglecting 

the unique environmental conditions and microbial 

communities present in tropical ecosystems (Olanrewaju 

and Babalola 2018). 

Hence, this research aimed to assess the diversity of 

Actinomycetes in tropical freshwater sediments and their 

enzyme (amylase) production potential for biotechnological 

exploration. 

MATERIALS AND METHODS  

Study area 

This study was conducted at the Department of 

Microbiology, Federal University Otuoke, Bayelsa State, 

Nigeria, which is situated at coordinates: Latitude 

4°.47'27.91" N and 4°.47'44.37" N of the Equator and 

Longitude 6°19'19.4" and 6°19'52.12" E of the Greenwich 

Meridian.  

Sample collection 

Freshwater sediments were collected from Otuoke 

River, in Ogbia Local Government Area, Bayelsa State, 

Nigeria, at coordinates: Latitude 4°.57'16.83" N and 

6°.18'35.87" E. The samples were collected from four 

different points 50 meters apart (i.e., upstream, middle, 

downstream, and shore) in Otuoke River, Bayelsa State. 

The sediment samples were collected from each point at a 

depth between 0-15 cm using a grab sampler, placed in 

sterile glass containers, and transferred into an ice pack 

(Song et al. 2023). These were transported to the laboratory 

for further analysis. 

Physio-chemical analysis 

The conductivity and pH were measured using a 

HANNA Conductivity meter (HI 9835) and a digital 

Oakton pH meter (model PCD 650), respectively. The pH 

and conductivity meters were standardized with buffer 

solutions (4 & 7) and conductivity standard solutions, 

respectively. The tip of the probe in each case was rinsed 

with deionized water and cleaned with a paper towel. The 

probe was then immersed in the sample, and the 

corresponding steady reading was taken in each case. 

Nitrate, phosphate, and total organic carbon were determined 

following the method adopted by APHA (2017). 

Determination of nitrate  

This was done following the method adopted from 

(APHA 4500-NO3-B). Next, a sample cell was filled with 

10 mL of the sample, and the contents of one Nitra Ver 5 

Nitrate Reagent powder pillow were added (the prepared 

sample). A second sample cell was filled with the sample 

(the blank) used in zeroing the equipment. The prepared 

sample was then placed into the cell holder and resulting in 

parts per million (ppm) nitrate nitrogen (NO3-N) being 

read. The equipment used was a DR 5000TM UV 

spectrophotometer. 

Total Organic Carbon (TOC) 

The TOC method was adopted from APHA 5310B 

(high-temperature combustion method). The sample is 

homogenized, and a micro portion is injected into the 

reaction chamber packed with heated barium chromate. 

The water was then vaporized, and the organic carbon was 

oxidized to H2O and CO2. The CO2 from the oxidation of 

inorganic and organic carbon is taken in the carrier gas 

stream and measured by means of an infrared analyzer.  

Phosphate determination 

The method for phosphate determination was adopted 

from APHA 4500-P. Next, 10 mL of the sample was added 

to the sample cell, and the content of one Phosphate 

Reagent Powder Pillow was added (the prepared sample). 

A second sample cell was filled with the sample (the blank) 

used in zeroing the equipment. The prepared sample was 

then placed into the cell holder, and the result in ppm was 

read. The equipment used was a DR 5000TM UV 

spectrophotometer.  

Isolation and enumeration of bacteria 

Isolation and enumeration were done according to the 

method of Adeyemo et al. (2021). Freshwater sediment 

samples were serially diluted up to 10-5. Then, a 0.1 mL 
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aliquot of each dilution (10-4 and 10-5) was inoculated using 

the spread plate method on starch casein agar and nutrient 

agar plates in duplicates. The plates were incubated for 5 

days at 37±2°C. After incubation, the morphological 

characteristics of the colonies were examined and recorded, 

and all discrete colonies were counted and expressed in 

colony-forming units per gram (CFU/g). Different colonies 

were subcultured on starch casein agar and later incubated 

for another 48 hours at 37°C to obtain pure cultures, which 

were preserved on nutrient agar slants at 4±2°C for further 

analyses.  

Screening of Actinomycetes for amylase activity  

Isolates were screened for amylolytic properties by 

starch hydrolysis test on starch agar plates following the 

procedure described by Praveen Kumar et al. (2015). The 

streaked isolates were incubated at 30±2°C for 7 days. 

After the incubation, 1% iodine solution (freshly prepared) 

was flooded on the starch agar plates, and a clear zone of 

hydrolysis was considered as amylase producers.  

Biochemical characterization of the isolates 

Gram staining and other biochemical tests, such as 

catalase, citrate, Triple Sugar Iron (TSI), motility, indole, 

and urease (MIU), were performed on the isolates 

following the standard procedures of Cheesbrough (2010). 

Gram staining 

A thin smear of the bacterial culture was prepared on a 

clean, grease-free glass slide and allowed to air dry. The 

smear was heat-fixed by passing the slide through the 

flame. The smear was flooded with crystal violet for 60 

seconds before rinsing gently with distilled water. Lugol's 

iodine solution was added and allowed to sit for 60 seconds 

before rinsing gently with distilled water. The smear was 

decolorized with 95% ethanol for 30 seconds before rinsing 

with distilled water. It was then counter-stained with 

safranin for 60 seconds before rinsing with distilled water 

and air dried. Gram-stained slides were examined under a 

microscope with a ×100 objective lens using oil immersion. 

Catalase test 

A drop of aqueous hydrogen peroxide solution was 

placed on a grease-free slide, and a loopful of the test 

organism was smeared on it. The mixture on the slide was 

observed for the production of gas bubbles, which 

indicated a positive reaction result.  

Citrate utilization test 

This test determined the ability of bacteria to use citrate 

as their sole carbon source. Each isolate was inoculated on 

a freshly prepared Simmons’ citrate agar slant and 

incubated at 37°C for 12-24 hours. A change of color from 

blue to green indicated a positive result, while no color 

change indicated a negative result.  

Triple Sugar Iron (TSI) agar test 

This test was carried out to differentiate bacteria based 

on their ability to ferment sugars (glucose, lactose, and 

sucrose) and produce hydrogen sulfide. During the test, the 

butt of the TSI agar slant was stabbed with an inoculating 

needle containing the test organism, then streaked on the 

surface of the slant. The slant was incubated at 37°C for 

18-24 hours. After which, it was observed for color change 

and gas production. The result was interpreted as follows: 

yellow slant/yellow butt: glucose, lactose, and/or sucrose 

fermentation; red slant/yellow butt: glucose fermentation 

only; red slant/red butt: no sugar fermentation; black 

precipitate in the butt: hydrogen sulfide production; cracks 

or bubbles: gas production. 

Motility-Indole-Urea (MIU) test 

This test was carried out to determine bacterial motility, 

indole production, and urease activity in a single test. Next, 

using a sterile inoculating needle, the MIU medium was 

stabbed with the test organism. The test tube was incubated 

for 24-48 hours at 37°C. Next, the test tubes were observed 

for motility by checking for diffusion of growth away from 

the stab line after the incubation period. A few drops of 

Kovac's reagent were added to the medium to test for 

indole production. The tube was also observed for a color 

change in the medium, indicating urease activity. The 

results were interpreted as follows: Motility is positive if 

there is a diffuse growth spreading away from the stab line 

and negative if growth is only along the stab line. 

Indole production was considered positive if a red or 

pink color appeared after adding Kovac's reagent, and 

negative if there was no color change. Urease production 

was considered positive if the medium turned pink, and 

negative if there was no color change. 

Identification of the isolates using the (Analytical Profile 

Index (API) CORYNE, BioMerieux, France) test kit 

The API CORYNE strip consists of 20 microtubes 

containing dehydrated substrates for the demonstration of 

enzymatic activity or the fermentation of carbohydrates 

(CHO). The addition of a dense test suspension of bacteria 

rehydrates the enzymatic substrates. The metabolic end 

products produced during incubation are detected through 

spontaneous colored reactions or by the addition of 

reagents. The fermentation tests are inoculated with an 

enrichment medium (containing a pH indicator), which 

reconstitutes the CHO substrates. Color changes in the pH 

indicator detect fermentation of CHO. 

To carry out the fermentation tests, about 0.5 mL of 

bacterial suspension was transferred to an ampoule containing 

2 mL of GP medium. After homogenization, this new 

suspension was distributed into the fermentation tubes and 

overlaid the cupules with mineral oil. The same was done 

for the urea hydrolysis tube. The strip was then incubated 

at 37°C for 24 hours. Blood agar was also incubated as a 

control.  

The readings, except for the esculin, urease, and gelatin 

tests, were done after adding the appropriate reagents. The 

fermentation reactions were considered positive when they 

turned yellow. 

The reactions are read according to the Reading Table 

and the identification is obtained by referring to the 

Analytical Profile Index or using the APIweb, API 

identification software. 
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RESULTS AND DISCUSSION 

Physico-chemical characteristics  

The physico-chemical properties of the sediment 

samples are presented in Table 1. Upstream sediment 

recorded the highest pH and TOC values (6.30 and 0.98%), 

while shore sediment recorded the lowest pH (5.70) and the 

highest phosphate concentration (8.716 mg/kg). Sediment 

from the middle recorded the highest nitrate (9.632 mg/kg) 

and conductivity (115 µs). 

Bacterial counts from sediment samples across different 

microbiological media 

The results revealed that middle sediment recorded the 

highest total culturable heterotrophic bacterial counts 

(TNTC) on Nutrient agar, followed by upstream sediment 

(1.46 × 10-7CFU/g). At the same time, sediments from 

downstream and shore were too few to count (TFTC), as 

shown in Table 2. 

Enzyme (amylase) activity of isolates  

Table 3 presents the enzyme activities of the isolates. 

Six (6) isolates were positive for amylase production 

(Figure 1). 

 

 
 

Figure 1. A. Positive Amylase activity of Micrococcus sp. 

(SMCR2); B. Negative amylase activity of Streptomyces sp. (SD C)  

Biochemical characteristics and analytical index profile 

(API) identities of isolates 

The biochemical characteristics and API tests tentatively 

identified the isolates as Micrococcus roseus, Micrococcus 

luteus (Schroeter, 1872) Cohn, 1872, Micrococcus sp., 

Actinomyces sp., Actinomyces viscosus (Howell et al., 

1965) Georg et al., 1969, Streptomyces coelicolor, and 

Streptomyces sp. (Tables 4 and 5). 

 

 

 

Table 2. Enumeration of bacterial isolates on various 

microbiological media  

 

Sample code 

Total culturable 

heterotrophic 

bacteria counts 

(CFU/g) on NA 

Actinomycetes 

count (CFU/g) on 

SCA 

SS TFTC 3.4 × 10-7 
SM TNTC 6.2 × 10-7 
SD TFTC 1.6 × 10-7 
SU 1.46 × 10-7 TFTC 
Note: NA: Nutrient agar; SCA: Starch casein agar; TFTC: Too 

few to count (less than 30 colonies); TNTC: Too numerous to 

count (greater than 30 colonies and above); SS: sediment from 

shore; SM: Sediment from middle; SD: Sediment from 

downstream; SU: Sediment from upstream, CFU/g: Colony 

forming unit per gram 

 

 

 

Table 3. Amylase activity of the isolates 

 

Isolate code Amylase activity 

SM CR2 + 
SM CR - 
SS WR + 
SD C - 
SM CI + 
SD CM - 
SM CE + 
SS W + 
SM Y + 
Note: +: positive; -ve: negative  

 

 

Table 1. Physicochemical characteristics of sediment samples 

 

Parameters Analysis method SU SM SD SS 

Phosphate (mg/kg) APHA 4500-P 2.404 2.152 2.132 8.716 

Nitrate (mg/kg) ASTM D3867-04 6.624 9.632 3.600 2.488 

pH ASTM D1293-99 6.30 6.10 6.20 5.70 

Conductivity (µs) ASTM D 1125 107 115 95 101 

TOC (%) APHA 5310B 0.98 0.86 0.69 0.80 

 PSD     

Sand (%) Sieve 35.30 28.20 37.70 27.70 

Clay (%) Sieve 5.50 7.90 4.20 8.30 

Silt (%) Sieve 59.10 61.40 57.30 62.00 

Note: SS: Sediment from shore; SM: Sediment from the middle; SD: Sediment from downstream; SU: Sediment from upstream; PSD: 

Particle size distribution 



 

Table 4. Biochemical characterization of the bacterial isolates 

 

Isolate code Shape Color Citrate Catalase Slant 
TSI 

Butt 
Gas H2S Motility 

MIU 

Indole 
Urease 

Tentative identity of  

organism 

SM CR2 Cocci Purple -ve +ve Yellow Red -ve -ve +ve -ve +ve Micrococcus sp. 

SM CR Rods Purple +ve +ve Red Yellow -ve -ve -ve +ve -ve Streptomyces sp. 

SS WR Rods in diploid Purple -ve +ve Yellow Red -ve -ve +ve -ve +ve Streptomyces sp. 

SD C Filamentous rods with spores Purple -ve +ve Yellow Yellow -ve -ve -ve -ve +ve Streptomyces sp. 

SM CI Cocci Purple -ve +ve Red Red -ve -ve -ve -ve +ve Micrococcus sp. 

SD CM Filamentous rods Purple -ve +ve Red Red -ve -ve -ve -ve +ve Actinomyces sp. 

SM CE Cocci Purple -ve +ve Red Yellow +ve -ve +ve -ve +ve Micrococcus sp. 

SS W Cocci in clusters Purple -ve +ve Yellow Yellow -ve -ve +ve -ve +ve Micrococcus roseus 

SM Y Cocci Purple -ve +ve Red Yellow -ve -ve -ve -ve +ve Micrococcus luteus 

Note: +ve: Positive; -ve: Negative; TSI: Triple Sugar Iron (Cheesbrough 2010) 
 

 

 

Table 5. Identification of bacterial isolates using the Analytical Profile Index test 
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SS WR - + - + + - NT NT - + + + - - - - + - + - + 99.9% Streptomyces coelicolor 

SD CM - - + - + + + - - - - - + - + - + - - - + 98.4% Actinomyces viscosus 

Note: +: Positive; -: Negative; IND: Indole; URE: Urease; GLU: Glucose; MAN: Mannitol; LAC: Lactose; SAC: Saccharose; MAL: Maltose; SAL: Salicin; XYL: Xylose; ARA: Arabinose; 

GEL: Gelatin; ESC: Esculin; GLY: Glycerol; CEL: Celliobiose; MNE: Mannose; MLZ: Melezitose; RAF: Raffinose; SOR: Sorbitol; RHA: Rhamnose; TRE: Trehalose; CAT: Catalase; NT: Not 

tested (Soto et al. 1994) 
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Discussion 

The variations observed in phosphate, nitrate, pH, 

conductivity, and TOC across different sediment locations 

indicate diverse microenvironments that influence microbial 

diversity. Nitrate concentrations were notably higher in 

sediment from the middle, suggesting that this area may 

have a higher level of nutrient influx or retention compared 

to the shore and downstream sediments. The sediments 

from the shore and middle had the highest phosphate and 

nitrate content levels, respectively (Table 1), which are 

conducive for microbial growth (high bacterial population), 

as shown in Table 2, supporting previous studies that link 

higher nutrient levels with increased microbial activity 

(Francioli et al. 2016; Maron et al. 2018). On the other 

hand, the lower pH observed in shore sediment could be 

attributed to a higher accumulation of organic matter, such 

as decaying plant material and other organic debris around 

shore areas, which usually undergo microbial decomposition, 

resulting in the production of organic acids such as humic 

and fulvic acids, which can lower the pH of the sediment 

alongside other ongoing anthropogenic activities (Lalas et 

al. 2018; Yang et al. 2019).  

The particle size distribution results showed that silt 

was the dominant fraction in all samples, which is 

consistent with findings by Xia et al. (2020), who stated 

that fine particles like silt provide a greater surface area for 

microbial colonization and are usually associated with the 

relative abundances of some fungi and filamentous bacteria 

such as Actinobacteria. The combination of these 

physicochemical properties possibly contributed to the 

microbial diversity and abundance observed in the 

sediments. 

The diversity, abundance, and amylase activity of 

isolates recovered in this study emphasize the rich 

microbial ecosystem within these sediments, highlighting 

their potential as a source of novel bioactive compounds 

with significant biotechnological value (Praveen Kumar et 

al. 2015; Zothanpuia et al. 2018; Shigeri et al. 2019; 

Ribeiro et al. 2023). 

The bacterial counts from the sediment samples 

revealed significant variations in microbial abundance, 

especially between different points and media types. The 

highest count was observed in the middle sediment on 

SCA, which aligns with the nutrient-rich nature of this 

location as indicated by its higher nitrate content (Table 2). 

This finding is particularly enlightening as it is consistent 

with the findings of Li et al. (2023), who reported that 

microbial biomass and composition in sediment were 

strongly influenced by nitrogen inundation (nutrient 

availability). The lower microbial population observed in 

downstream sediment suggests a less favorable environment 

for heterotrophic bacteria and Actinomycetes or starch-

degrading bacteria, possibly due to lower organic carbon, 

nitrate, and phosphate content (Tables 1 and 2). Similar 

observations were reported by Zanane et al. (2018), where 

the presence of Actinomycetes recovered in their study was 

majorly influenced by the prevailing physicochemical 

properties (e.g., organic carbon, pH, moisture, and others).  

The biochemical characterization and API tentative 

identification of the isolates further emphasize the diversity 

of the bacterial community within the sediment samples. 

The prevalence of Micrococcus and Streptomyces species 

is notable, as these genera are well-known for their 

resilience in diverse environments and their ability to 

produce antibiotics, enzymes, and other secondary 

metabolites (Barka et al. 2016). The identification of S. 

coelicolor with a 99.9% similarity identity is consistent 

with previous studies that recovered this species from 

diverse soil and sediment environments (Patin et al. 2017). 

Streptomyces species are renowned for their secondary 

metabolite production, including antibiotics, which 

highlights the potential biotechnological applications of 

these isolates (Alam et al. 2022). The presence of 

Actinomyces viscosus, known for its role in soil health and 

organic matter decomposition, further supports the rich 

microbial diversity observed in these sediments (Ataikiru et 

al. 2020). The overall identification results are consistent 

with those of Ribeiro et al. (2020), who reported similar 

bacterial diversity in tropical sediments, with a significant 

presence of Actinomycetes and other gram-positive 

bacteria. 

In conclusion, this study highlights the rich bacterial 

diversity and abundance present in tropical freshwater 

sediments, especially among Actinomycetes, which were 

found to be abundant and diverse across the different 

sediment locations within the freshwater system. The 

variations in physicochemical properties, especially pH, 

nutrient content, and particle size distribution, played a 

significant role in shaping the bacterial community. The 

identification of species with known biotechnological 

potential (amylase activity), such as S. coelicolor and M. 

luteus, emphasizes the value of these sediments as sources 

of novel bioactive compounds. These findings provide a 

foundation for future research aimed at exploring the 

biotechnological applications of these microorganisms, 

particularly in the development of new antibiotics, 

enzymes, and other secondary metabolites, and for their 

molecular identification, as this gives a more accurate 

identification of microorganisms compared to culture-

dependent identification methods used in this study.  
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Abstract. Amos-Tautua BM, Ajoko IT, Bunu SJ. 2025. Molecular docking studies of phytochemicals from Triumfetta cordifolia and 
Spondias mombin against COX-1 and COX-2 enzymes. Asian J Trop Biotechnol 22: 30-40. Triumfetta cordifolia A.Rich. and Spondias 
mombin Jacq. are plants with a long history of traditional use as anti-inflammatory agents are the subjects of this study. The study employs 
molecular docking to evaluate the inhibitory potential of phytochemicals identified by GC-MS from the leaf extracts of T. cordifolia and S. 

mombin against aspirin-acetylated cyclooxygenase-1 (PDB ID: 3N8Y) and celecoxib-bound COX-2 (PDB ID: 3LN1) using the Schrodinger 
suite. About six major phytochemical compounds including apigenin, catechin, quercetin, luteolin, kaempferol, and myricetin, were 
analyzed for their drug likeliness based on Lipinski's rule. All studied phytochemicals complied with Lipinski’s Rule of Five, indicating 
favorable drug-likeness and potential oral bioavailability. Molecular docking results revealed strong binding affinities, with apigenin (-8.66 
kcal/mol) and catechin (-8.64 kcal/mol) exhibiting the highest binding scores for COX-1, surpassing diclofenac (-7.20 kcal/mol). Similarly, 
quercetin (-8.06 kcal/mol) and luteolin (-8.14 kcal/mol) demonstrated strong interactions with COX-2, outperforming aspirin (-6.47 
kcal/mol). Ligand-protein interaction analysis confirmed the presence of key hydrogen bonds and hydrophobic interactions, reinforcing the 
stability of these compounds within the active sites of COX enzymes. These findings underscore the strong inhibitory potential of the 
phytochemicals from T. cordifolia and S. mombin possess strong inhibitory potential against COX-1 and COX-2, highlighting their promise 

as natural anti-inflammatory agents. 

Keywords: Anti-inflammatory, cyclooxygenase, in silico analysis, phytochemicals bindings, Spondias mombin, Triumfetta cordifolia 

Abbreviations: cLogP: calculated LogP, HAC: Heavy Atom Count, HBA: Hydrogen Bond Acceptors, HBD: Hydrogen Bond Donors, 
LE: Ligand Efficiency, MW: Molecular Weight, STD: standard compounds 

INTRODUCTION 

Inflammation is a fundamental biological response to 

infection, injury, and harmful stimuli, involving complex 

biochemical and cellular processes. It is also a defense 

response of the body characterized by pain, redness, heat, 

swelling, and loss of function (Bandaru et al. 2021). 
Inflammation is orchestrated by immune cells, cytokines, 

and lipid mediators, particularly prostaglandins, which play 

a crucial role in pain and fever regulation (Maddipati 

2020). Two forms of COX enzymes have recently been 

identified (Bandaru et al. 2021). In addition, the 

cyclooxygenase enzymes (COX-1 and COX-2) are central 

to prostaglandin synthesis, with COX-1 involved in 

physiological homeostasis and COX-2 predominantly 

expressed during inflammation (Ali et al. 2023). 

Overexpression of COX-2 has been implicated in various 

chronic diseases, including arthritis, cancer, and 

cardiovascular disorders (Chen et al. 2021).  
The most common Non-Steroidal Anti-Inflammatory 

Drugs (NSAIDs) used to inhibit COX enzymes and 

alleviate inflammation are ibuprofen, naproxen, diclofenac, 

indomethacin, and ketoprofen (Ghosh et al. 2015). These 

drugs inhibit the expression of cyclooxygenase 2 (COX-2) 

enzymes responsible for the biosynthesis of prostaglandin 

E2 (PGE2) (Jemal 2019). However, their long-term use is 

associated with significant risks, including gastrointestinal 

ulceration and renal toxicity. These adverse effects are 

primarily due to the non-selective inhibition of 

cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-
2) enzymes, leading to a decrease in protective 

prostaglandins in the gastrointestinal tract and kidneys (Tai 

and McAlindon 2021). In addition, these drugs are very 

expensive. This has driven interest in plant-derived 

bioactive compounds as safer alternatives with selective 

COX-2 inhibition, potentially reducing adverse effects. 

Plant-derived bioactive compounds have emerged as a 

promising avenue in this regard, offering the potential for 

selective COX-2 inhibition with fewer adverse effects 

(Nwankwo et al. 2021; Bunu et al. 2023). Many natural 

compounds, such as flavonoids, alkaloids, and polyphenols, 

have demonstrated anti-inflammatory properties by selectively 
targeting COX-2 while sparing COX-1 (Nasim et al. 2022).  

Molecular docking is a widely used computational 

approach that predicts the binding interactions between 

small molecules and target proteins, aiding in drug 

discovery and lead optimization (Agu et al. 2023). The 

primary objective of ligand-protein docking is to identify 
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the most probable binding conformation between a ligand 

and a target protein (Saravanan et al. 2022). These 

predictions play a crucial role in aiding researchers to 

design potent drugs capable of effectively interacting with 

the target protein. Moreover, molecular docking can be 

used to optimize lead compounds by guiding the rational 

design of chemical modifications that enhance binding 

affinity, selectivity, and pharmacokinetic properties (Pinzi 

and Rastelli 2019; Baba and Bunu 2025). In-silico 

approaches facilitate the rapid screening of numerous 
therapeutic candidates within a virtual framework, thereby 

reducing the need for extensive animal experimentation and 

addressing associated ethical considerations. Additionally, 

these computational insights enable the identification of 

high-potential lead molecules for further confirmation 

through laboratory-based in vitro and in vivo investigations 

(Puspa et al. 2024). 

Triumfetta cordifolia A.Rich. and Spondias mombin 

Jacq. are medicinal plants known for together diverse 

pharmacological properties, including antidiabetic, 

antioxidant, and anti-inflammatory (Ajaegbu et al. 2022; 
Ajoko et al. 2023). Phytochemical analysis of these plants 

has revealed the presence of flavonoids, alkaloids, tannins, 

phenolic compounds, and terpenoids (Ikponmwosa-Eweka 

and Omoregie 2024; Ajoko et al. 2020). Previous reports 

have indicated the possibility of anti-inflammatory properties 

in T. cordifolia and S. mombin (Ajoko et al. 2023; Amos-

Tautua et al. 2025). However, until now, no detailed 

molecular docking analysis has been carried out to 

investigate the therapeutic potential of these plants.  

Therefore, this study aims to address this gap by 

conducting a molecular docking analysis on T. cordifolia 
and S. mombin against cox-1 and cox-2 enzymes. To the 

best of our knowledge, this report represents the first  

attempt to conduct a molecular docking analysis of these 

plants with cox-1 and cox-2. The findings will provide 

valuable insights into their potential as lead compounds for 

drug development. 

MATERIALS AND METHODS  

Collection of plant materials  

Spondias mombin and T. cordifolia leaves were 

collected from Yenagoa (4°55'36.30" N, 6°16'3.50" E) and 

Amassoma (4°58'13.15" N, 6°06'32.94" E), respectively, in 

Bayelsa State, Nigeria (Figure 1). Prof. K.K. Ajibesin 
identified both plants from the Department of 

Pharmacognosy and Herbal Medicine, Niger Delta 

University, Nigeria. 

Molecular docking  

Six major bioactive compounds (Figure 2) identified by 

HPLC analysis from T. cordifolia and S. mombin leaf 

extracts as earlier reported in our studies (Ajoko et al. 

2023; Amos-Tautua et al. 2025) were selected and subjected 

to molecular docking (in-silico) analysis with the X-ray 

crystal structures of aspirin-acetylated COX-1 (PDB ID: 

3N8Y) and celecoxib-bound COX-2 active site (PDB ID: 
3LN1) enzymes (Sidhu et al. 2010; Wang et al. 2010), 

retrieved from the Protein Data Bank (PDB) 

(https://www.rcsb.org/). Aspirin and diclofenac (anti-

inflammatory) were used as standard controls. The ligands 

and the target protein were prepared using the Maestro 

Molecular Modeling Suite 2020. The canonical smiles of 

the bioactive compounds were retrieved from the PubChem 

database and were converted to a 3-D structure using the 

LigPrep wizard of Schrödinger's Maestro. 
 
 
 

 
 
Figure 1. Location of study area in Bayelsa State, Nigeria, i.e., Yenagoa (point 1) indicating the collection site of Spondias mombin, and 
Amassoma (point 2) indicating the collection site of Triumfetta cordifolia  
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Luteolin Apigenin
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Figure 2. Bioactive compounds identified by HPLC analysis from Triumfetta cordifolia and Spondias mombin leaf extracts 
 
 
 

Preparation of the proteins' crystallographic structures 

was accomplished using the protein preparation module of 

Schrödinger's Maestro molecular modeling suite. In this 

management, bond orders were assigned, water molecules 

were deleted beyond 5 Å from het groups, and het state was 

left in default pH (7.0 ± 2.0) using Epik. Lastly, grid 

generation was done, and the bounding box was set, which 

can cover the whole target site for docking simulation. 

After the completion of the pre-requisite steps, the docking 

simulations were carried out in the SP glide of 

Schrödinger's Maestro Suite (Maestro 2020). The 
phytocompounds were selected based on Lipinski's rule of 

five parameters, such as molecular weight, LogP, number 

of hydrogen bond donors, number of hydrogen bond 

acceptors, and HAC (Table 1). 

RESULTS AND DISCUSSION 

Drug-likeness analysis of compounds 

Drug-likeness characteristics play a crucial role in 

assessing the quality of emerging anti-inflammatory 

compounds. Lipinski's Rule of Five is a widely accepted 

criterion used to assess the drug-likeness of compounds. It 

evaluates Molecular Weight (MW), Hydrogen Bond 

Acceptors (HBA), Hydrogen Bond Donors (HBD), and 
calculated LogP (cLogP) to predict oral bioavailability 

(Haritha 2024). According to Lipinski's 5 rules (Lipinski 

2004), an oral drug should have a Molecular Weight (MW) 

not exceeding 500 mg/mol, hydrogen bond acceptors not 

exceeding 10, hydrogen bond donors not exceeding 5, and 

a LogP value less than 5. Generally, a molecule is 

considered non-oral active if two or more of these rules are 

broken (Afroz Shoily et al. 2025). Interestingly, in our 

study, all six compounds from T. cordifolia and S. mombin 

have good drug-likeness parameters since they follow 

Lipinski's RO5 as indicated in Table 1. This compliance 

suggests that these compounds possess good 

pharmacokinetic properties, which is promising for their 

development as orally active anti-inflammatory agents. 

Binding affinity analysis 

The binding affinity of phytochemicals to COX-1 

(3N8Y) and COX-2 (3LN1) was evaluated using molecular 

docking scores. The docking results were represented in the 

form of e-negative values (Table 2). In the docking studies, 

higher negative e-values represent high binding affinity 

between the receptor and ligand molecules, indicating the 

higher efficiency of the bioactive compounds (Jemal 2019). 
As shown in Table 2, all the phytochemicals except 

myricetin displayed stronger binding than the standards 

diclofenac (-7.20 kcal/mol) and aspirin (-5.71 kcal/mol for 

COX-1 enzyme. Similarly, for 3LN1, all the phytochemicals, 

including myricetin, outperformed aspirin (-6.47 kcal/mol). 

These results suggest that certain phytochemicals could 

act as potential COX inhibitors, potentially outperforming 

conventional NSAIDs. These results highlight that 

phytochemicals, particularly apigenin, catechin, quercetin, 

and luteolin, exhibit superior binding affinity, suggesting 

their potential use as natural anti-inflammatory agents. The 

interaction with COX-2, a preferred target for selective 
inhibition to reduce gastrointestinal side effects, also 

suggests that luteolin and quercetin may have favorable 

pharmacological properties (Rouzer and Marnett 2020). 

The high binding affinity of these compounds suggests that 

they may interfere with the enzymatic activity of COX-1 

and COX-2, thereby reducing inflammation through 

prostaglandin inhibition (Verma et al. 2020). Furthermore, 

the interaction profiles of these phytochemicals indicate 

their potential to serve as selective COX-2 inhibitors, 

minimizing the adverse effects commonly associated with 

non-selective NSAIDs. The docking results of bioactive 
compounds are shown in Figures 3, 5, 7, and 9. 
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Table 1. Lipinski's properties of the selected phytocompounds 
from extracts of Triumfetta cordifolia and Spondias mombin 

 

Ligand 
PubChem 

ID 
MW HBA HBD cLogP HAC 

Aspirin 2244 286.2 4 1 0.52 13 
Diclofenac 3033 296.10 3 2 3.67 19 
Apigenin 5280443 270.24 5 3 3.07 20 

Catechin 9064 290.27 6 5 1.92 21 
Kaempferol 5280863 286.20 6 4 2.80 21 
Luteolin 5280445 286.20 6 4 2.80 21 
Myricetin 5281672 318.20 8 6 2.26 23 
Quercetin 5280343 302.20 7 5 2.53 22 

 
 

Table 2. Docking scores and ligand efficiency of selected 

phytochemicals and standards on COX-1 and COX-2 

 

 COX-1(3N8Y) COX-2 ( 3LN1) 

Ligand Docking 

Score 

(kcal/mol) 

Ligand 

Efficiency 

Docking 

Score 

(kcal/mol) 

Ligand 

Efficiency 

Aspirin -5.71 -0.44 -6.47 -0.50 

Diclofenac -7.20 -0.38 -8.20 -0.43 
Apigenin -8.66 -0.43 -7.40 -0.37 
Catechin -8.64 -0.41 -7.75 -0.37 
Kaempferol -8.24 -0.39 -7.38 -0.35 
Luteolin -7.33 -0.35 -8.14 -0.39 
Myricetin -6.28 -0.27 -6.54 -0.28 
Quercetin -7.63 -0.35 -8.06 -0.37 

Ligand efficiency of standards and phytochemicals  
Ligand efficiency is a measurement of the binding 

energy per atom of a ligand to its binding partner, such as a 

receptor or enzyme (Hopkins et al. 2014). A "good" ligand 

efficiency is normally counted to be about -0.3 kcal/mol 

per heavy atom. This underscores that a molecule with a 

higher LE value achieves a substantial level of binding 

affinity relative to its molecular size, making it a more 

needed lead compound in drug discovery. The ligand 

efficiency values for the studied phytochemicals and 

standard drugs are presented in Table 3. The LE values 

were calculated using the Equation 1: 
 

 
 

The docking scores and ligand efficiency values that 

reveal important trends in the binding interactions between 

selected phytochemicals and standard drugs (aspirin and 

diclofenac) with COX-1 (3N8Y) and COX-2 (3LN1) 

enzymes are presented in Table 2. Aspirin demonstrates 

moderate binding affinity (-5.71 for COX-1 and -6.47 for 

COX-2), which aligns with its established mechanism of 

reversible COX-1 inhibition and irreversible COX-2 

acetylation. In contrast, diclofenac shows significantly 

stronger binding (-7.20 for COX-1 and -8.20 for COX-2), 
consistent with its well-documented potency as a COX-2-

preferential anti-inflammatory agent (Na'imah 2019; Bunu 

et al. 2023). Among the phytochemicals, apigenin and 

catechin exhibit particularly high docking scores for COX-

1 (-8.66 and -8.64, respectively), indicating robust binding 

interactions. These computational findings are supported by 

experimental studies demonstrating the COX-1 inhibitory 

activity of such flavonoids (Ribeiro et al. 2015). Similarly, 

luteolin and quercetin display notable binding affinity for 

COX-2 (-8.14 and -8.06, respectively), reinforcing their 

potential as COX-2 inhibitors, as evidenced by previous 

research on their anti-inflammatory properties (Li et al. 2016). 

The ligand efficiency metric, which accounts for 

molecular size, offers valuable insights into drug-like 

characteristics. While diclofenac shows stronger absolute 

binding, its ligand efficiency (-0.38 for COX-1, -0.43 for 
COX-2) is lower than that of aspirin (-0.44, -0.50), 

reflecting its larger molecular structure. Apigenin 

demonstrates well-balanced ligand efficiency (-0.43 for 

COX-1, -0.37 for COX-2), suggesting it as a promising 

lead compound. In contrast, myricetin's relatively low 

ligand efficiency (-0.27 to -0.28) may be attributed to its 

higher molecular weight and polarity, factors known to 

limit bioavailability potentially. The data reveal distinct 

selectivity patterns: most phytochemicals, including apigenin 

and catechin, preferentially bind COX-1, while luteolin and 

quercetin show greater affinity for COX-2. This variability 
in selectivity among flavonoids has been previously 

documented (Yang et al. 2023) and mirrors the COX-2 

preference observed with diclofenac, a clinically used 

COX-2 preferential NSAID. Additional support comes 

from studies linking apigenin COX-1 inhibition to 

antiplatelet effects (Zaragozá et al. 2022) and quercetin's 

COX-2 binding to macrophage suppression (Xiao et al. 

2011), both validating the current docking results. 

On the other hand, kaempferol and luteolin displayed 

moderate ligand efficiency, suggesting they could serve as 

promising drug candidates with further structural optimization. 
Higher ligand efficiency values indicate that a compound 

binds strongly with minimal structural complexity, making 

it a preferable candidate for further drug development. 

Apigenin and catechin, which showed relatively high ligand 

efficiency, could be explored for structural modifications to 

enhance their specificity and potency against COX-2, 

reducing off-target effects typically associated with 

NSAIDs (Listyani et al. 2024).  

Ligand-protein amino acid interactions with 3N8Y and 

3LN1 

The affinity between proteins and ligands is fundamental 

to many biological processes, as it dictates molecular 
recognition through specific physical and chemical 

interactions (Akhtar et al. 2024). The results of the 

molecular interactions of ligands (T. cordifolia and S. 

mombin leaf extract compounds) with COX-1 and COX-2 

are presented in Tables 3 and 4. The binding interactions 

include hydrogen bonding, hydrophobic interactions, polar 

contacts, and π-π stacking, all of which contribute to ligand 

stability within these enzymes' active sites. 

Table 3 shows the ligand-protein amino acid interactions 

with COX-1. The 2D structures of Figures 3 and 5 show all 

forms of interactions, while the 3D interactions (Figures 4 
and 6) show the H-bonding interactions with respective 

receptor (protein) residues. This can be compared with the 

standard, along with binding affinity (docking scores). The 

COX-1 standard NSAIDs, aspirin and diclofenac, did not 
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exhibit hydrogen bonding interactions but relied 

predominantly on hydrophobic interactions, particularly 

with residues such as VAL-116, LEU-352, and ALA-537. 

The strong hydrophobic interactions observed with the 

phytochemicals, especially apigenin and catechin, indicate 

their ability to fit into the COX-1 active site and possibly 

act as competitive inhibitors (Shahwan et al. 2023). 

Furthermore, π–π stacking interactions were observed in 

catechin and luteolin with TYR-385 and TYR-355. 

Catechin, luteolin, and myricetin exhibit hydrogen bond, 
hydrophobic bond, polar, and π-π stacking interactions, 

whereas apigenin, kaempferol, and quercetin exhibit only 

hydrogen bond, hydrophobic bond, and polar interactions. 

Apigenin and kaempferol formed hydrogen bonds with 

MET-522 and TYR-385, both of which are crucial for the 

catalytic function of COX-1. Similarly, myricetin exhibited 

the highest number of hydrogen bonds, interacting with 

TYR-385, TYR-355, and ARG-120, suggesting enhanced 

stability within the enzyme's active site. Catechin formed a 

hydrogen bond with MET-522, and quercetin also formed 

hydrogen bonds with MET-522, TYR-355, reinforcing 
their potential to disrupt the enzyme's activity. 

 

 
Table 3. Ligand-protein amino acid interactions with COX-1 (3N8Y) 

 

Ligand 

Type of interaction & protein residues 

H-bonding Hydrophobic Polar 
π–π 

stacking 

Aspirin  - VAL-116, LEU-352, LEU-359, ALA-537, LEU534, TRP-387 SER-353, SER-530 - 
Diclofenac  - VAL-116, LEU-534, ALA-527, MET-522, LEU-531, TYR-355 SER-353, SER-530 - 
Apigenin MET-522, TYR-385 ILE-523, LEU-359, VAL-116, ALA-527 SER-353, SER-530 - 
Catechin MET-522 MET-113, LEU-531, ALA-527, TYR-355 SER-353, SER-530 TYR-385 
Kaempferol TYR-385, MET-522 ALA-527, ILE-532, VAL-116, LEU-531 SER-353, SER-530 - 
Luteolin TYR-385 LEU-359, VAL-349, VAL-116, PHE-516 SER-353, SER-530 TYR-355 
Myricetin TYR-385, TYR-355, 

ARG-120 

LEU-352, VAL-349, LEU-534, PHE-205, ALA-527, ILE-523 SER-353, SER-530 
TYR-355 

Quercetin TYR-385, MET-522 VAL-116, LEU-531, ALA-527, PHE-518 SER-353, SER-530 - 

 

 
Table 4. Ligand-protein amino acid interactions with COX-2 (3LN1)  

 

Ligand 

Type of interaction and protein residues 

H-

bonding 
Hydrophobic Polar 

π–π 

Stacking 
π– Cation 

Aspirin - LEU-338, VAL-335, MET-508, VAL-509, 
ALA-513, LEU-517 

SER-339, SER-516 - - 

Diclofenac TYR-371 PHE-504, MET-508, VAL-509, ALA-513, 
LEU-517, VAL-335 

SER-339, SER-516 TRP-373 - 

Apigenin ARG-106 LEU-517, ALA-513, VAL-335, ALA-502 SER-339, SER-516, HIE-75, GLN-178 - - 
Catechin LEU-338 TYR-341, VAL-102, LEU-345, VAL-335 SER-339, SER-516, HIE-75, GLN-178 - ARG-106 
Kaempferol - VAL-509, ALA-502, LEU-517, VAL-335 SER-339, SER-516, HIE-75, GLN-178 - ARG-106 
Myricetin LEU-338 TYR-341, VAL-335, ALA-513, LEU-517 SER-516, GLN-178, SER-339, -HIE-75 - - 
Luteolin LEU-338 TYR-341, VAL-335, ALA-513, LEU-517 SER-339, SER-516, HIE-75, GLN-178 - ARG-106 
Quercetin LEU-338 TYR-341, ILE-503, VAL-335, LEU-517 SER-339, SER-516, HIE-75, GLN-178 - ARG-106 

 
 

 
Figure 3. 2D interactions of standard compounds with 3N8Y. A. Aspirin, B. Diclofenac 

A B 
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Figure 4. 3D interactions with COX-1(3N8Y). Standard 
compounds: A. Aspirin; B. Diclofenac 

 
 
 

Table 4 shows the ligand-protein amino acid interactions 

with COX-2 (3LN1). The 2D structures of Figures 7 and 9 

show all forms of interactions, while the 3D interactions 

(Figures 8 and 10) show the H-bonding interactions with 

respective receptor (protein) residues. Aspirin exhibited 

strong hydrophobic interactions with amino residues such 

as LEU-338, VAL-335 and MET-508 but lacked hydrogen 

bonding, which may explain its relatively weaker binding 

affinity. Diclofenac, in contrast, formed a hydrogen bonding 

with TYR-371 and a π-π stacking interaction with TRP-
373, contributing to its enhanced stability within the active 

site. Among the phytochemicals, apigenin interacted with 

ARG-106 via hydrogen bonding, as well as hydrophobic 

interactions with LEU-517, ALA-513, and VAL-335. 

Similarly, catechin engaged in multiple hydrophobic 

interactions with TYR-341, VAL-102, and LEU-345, 

alongside a unique π-cation interaction with ARG-106, 

enhancing its binding stability. 
 
 
 

 
 

 
 
Figure 5. 2D interactions of phytochemicals present in both plants with COX-1(3N8Y). A. (apigenin, catechin, kaempferol, luteolin, 
myricetin, quercetin)   

A B C 

D E F 

A B 
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Figure 6. 3D interactions of phytochemicals present in both plants with COX-1 (3N8Y). A. Apigenin; B. Catechin; C. Kaempferol; D. 
Luteolin; E. Myricetin; F. Quercetin 

 

 
 

Figure 7. 2D interactions of standard compounds with COX-2 (3LN1)  

 
 

 
 

Figure 8. 3D interactions with COX-2 (3LN1). Standard 
compounds: A. Aspirin; B. Diclofenac 

 

Hydrophobic synergy is the main aspect of the firmness 

of proteins. Hydrogen bonding further maintains protein 

firmness, yet to a minimized degree than hydrophobic 

synergy (Bandaru et al. 2021). The presence of strong 

hydrophobic interactions and hydrogen bonding in both 
COX-1 and COX-2 binding studies suggests that these 

phytochemicals have high affinity for their target enzymes. 

In addition, analysis of the binding interactions of these 

phytochemicals and standard NSAIDs suggests that 

myricetin demonstrates the highest potential for COX 

inhibition due to its extensive hydrogen bonding and 

hydrophobic interactions. Apigenin and catechin also 

exhibited strong interactions with key COX-1 and COX-2 

residues, suggesting their dual-inhibition potential. The 

ability of these compounds to engage in multiple interaction 

types, including π–π stacking, hydrophobic contacts, and 
hydrogen bonding, reinforces their suitability as alternative 

anti-inflammatory agents (Deogratias et al. 2022; Prohens 

et al. 2025). 

A B C 

D E F 

A B 

A B 
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Figure 9. 2D interactions of phytochemicals present in both plants with COX-2 (3LN1). A. Apigenin, B. Catechin, C. Kaempferol, D. 

Luteolin, E. Myricetin, F. Quercetin 
 

 

 

 
 
Figure 10. 3D interactions of phytochemicals present in both plants with COX-2 (3LN1). A. Apigenin; B. Catechin; C. Kaempferol; D. 
Luteolin; E. Myricetin; F. Quercetin  

A B C 

D E F 

A B C 

D E F 



 ASIAN J BIOTECHNOL 22 (1): 30-40, June 2025 

 

38 

 
 
Figure 11. Binding modes with COX-1 (3N8Y). A.1. Phytochemicals: apigenin, catechin, kaempferol, luteolin, myricetin, quercetin; 
A.2. Standard compounds (aspirin, and diclofenac); A.3. Combined binding pose. Binding modes with COX-2 (3LN1), B.1. 
Phytochemicals; apigenin, catechin, kaempferol, luteolin, myricetin, quercetin; B.2. Standard compounds: aspirin and diclofenac; B.3. 
Combined binding poses 
 
 

Figure 11 illustrates the interaction patterns of selected 

phytochemicals and reference compounds with the two 

COX enzyme structures (3N8Y and 3LN1). For COX-1 

(3N8Y), phytochemicals such as apigenin, catechin, 

kaempferol, luteolin, myricetin, and quercetin are predicted 

to bind at the enzyme's active site, forming hydrogen bonds 

with key residues (Arg120, Tyr355, Ser530) essential for 

COX-1 inhibition. Notably, quercetin and myricetin interact 

with the catalytic Tyr385, interfering with arachidonic acid 

metabolism (Bai and Zhu 2010). Meanwhile, apigenin and 

kaempferol bind near the hydrophobic region (Val523, 
Leu352), resembling the mechanism of selective COX-1 

inhibitors like celecoxib (Mandery et al. 2010). Research 

supports that these flavonoids act as competitive inhibitors, 

with quercetin exhibiting stronger binding due to its 

additional hydroxyl groups (Wang et al. 2020). In contrast, 

aspirin inhibits COX-1 irreversibly by acetylating Ser530, 

targeting the enzyme's channel entrance (Roth et al. 2020), 

while diclofenac binds to Arg120/Tyr355, mimicking 

arachidonic acid (Giménez-Bastida et al. 2019), with its 

carboxylate group playing a key role in ionic interactions. 

The combined binding pose suggests a potential synergistic 

effect, where phytochemicals like quercetin and diclofenac 
may simultaneously block catalytic and allosteric sites, 

enhancing inhibition. 

For COX-2 (3LN1), a mutated form of the enzyme, 

binding affinities may vary. For example, luteolin exhibits 

stronger interactions due to increased conformational 

flexibility (Song et al. 2022), while catechin (being less 

polar than myricetin) favors hydrophobic subsites like 

Leu384. Aspirin shows reduced efficacy in 3LN1 because 

of Ser530 mutations (Giménez-Bastida et al. 2019), and 

diclofenac maintains binding but with diminished affinity 

due to disrupted salt bridges in the altered active site 

(Sharma et al. 2012). The combined binding strategy 
suggests that pairing kaempferol with aspirin could help 

overcome mutation-induced resistance. This analysis 

highlights the distinct binding mechanisms of phytochemicals 

and standard drugs, emphasizing their potential for 

synergistic COX-2 inhibition and drug resistance mitigation. 

Interactions of flavonoids with COX-1 and COX-2 

Flavonoids are a diverse class of polyphenolic 

compounds present in fruits, vegetables, and medicinal 

plants, and have gained considerable attention for their 

anti-inflammatory properties. Their effects are primarily 

attributed to interactions with cyclooxygenase enzymes, 

COX-1 and COX-2, which play a crucial role in 

A.1 B.1 

A.2 B.2 

A.3 B.3 
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prostaglandin synthesis and the regulation of inflammation. 

Studies have demonstrated that specific flavonoids inhibit 

both COX-1 and COX-2 enzymes, leading to a decrease in 

pro-inflammatory prostaglandin production. For instance, 

Ribeiro et al. (2015) reported that flavonoids possessing a 

catechol moiety effectively inhibit COX enzymes and 

modulate cytokine production in human whole blood. Their 

findings indicated that flavonoids containing a catechol 

group in the B ring were particularly effective in 

simultaneously inhibiting the production of inflammatory 
prostaglandin E₂ (PGE₂) and pro-inflammatory cytokines, 

emphasizing the importance of specific structural features 

in their anti-inflammatory efficacy. This suggests that 

specific structural features, such as the catechol moiety, are 

critical determinants of their anti-inflammatory efficacy. 

Further studies have highlighted that the presence of a 4-

oxo group in the C-ring, along with a 3′,4′-dihydroxy 

(catechol) structure in the B-ring, enhances the suppression 

of COX-2 transcriptional activity. These structural attributes 

contribute to the flavonoids' ability to modulate inflammatory 

responses effectively (Shamsudin et al. 2022). Beyond 
direct enzymatic inhibition, flavonoids such as nobiletin, 

amentoflavone, and apigenin have been observed to 

modulate COX-2 gene expression in various cellular 

systems. This dual ability to suppress COX-2 expression 

and inhibit its enzymatic activity underscores the 

multifaceted role of flavonoids in modulating inflammatory 

responses. The modulation of cyclooxygenase-2 (COX-2) 

expression by flavonoids is indeed context-dependent, 

varying with experimental conditions. A study by Chagas 

et al. (2022) investigated the effects of nine flavonoids on 

COX-2 expression in intestinal epithelial cells (IEC18). 
Under basal conditions, certain flavonoids increased COX-

2 expression and activated NF-κB-dependent gene 

transcription. However, upon lipopolysaccharide (LPS) 

stimulation, the impact of flavonoids on COX-2 levels 

varied: some increased, others decreased, and some had no 

effect. This variability underscores the complex interactions 

between flavonoids and inflammatory pathways, influenced 

by the specific flavonoid structure and the cellular 

environment (Chagas et al. 2022). The structural 

characteristics of flavonoids significantly influence their 

interaction with cyclooxygenase (COX) enzymes, 

particularly in their anti-inflammatory activities. However, 
it's important to note that not all flavonoids uniformly 

inhibit COX enzymes. Some, such as myricetin and 

quercetin, have been reported to stimulate COX activity 

under certain conditions, indicating that the interaction 

between flavonoids and COX enzymes can be complex and 

context-dependent (D'Ambrosio et al. 2021). Hence, 

flavonoids' anti-inflammatory efficacy is closely linked to 

their structural characteristics, particularly the presence of 

catechol groups and other functional moieties that influence 

their interaction with COX enzymes. 

In conclusion, the findings from this study highlight the 
potential of phytochemicals from T. cordifolia and S. 

mombin as promising COX-1 and COX-2 inhibitors. All 

tested compounds complied with Lipinski's Rule of Five, 

indicating their suitability for oral administration with 

favorable pharmacokinetic properties. Molecular docking 

results revealed that apigenin, catechin, quercetin, and 

luteolin exhibited strong binding affinities to COX-1 and 

COX-2, in some cases outperforming the standard NSAIDs, 

as aspirin and diclofenac. The ligand efficiency analysis 

further suggested that apigenin and catechin could serve as 

lead compounds due to their optimal balance between 

molecular size and binding affinity. These phytochemicals 

interacted with key residues via hydrogen bonding, 

hydrophobic forces, and π-π stacking, enhancing their 

stability within the enzyme active sites. These findings 
suggest that phytochemicals from T. cordifolia and S. 

mombin possess strong inhibitory potential against COX-1 

and COX-2, highlighting their promise as natural anti-

inflammatory agents. The need for further in vitro and in 

vivo studies is recommended to confirm their pharmacological 

efficacy and therapeutic potential. 

While docking scores provide valuable insights into 

molecular interactions, they cannot fully predict in vivo 

effectiveness because they do not account for critical 

factors such as metabolic stability and cellular uptake. To 

verify these computational results, further experimental 
studies, such as enzymatic inhibition assays, are essential. 

These findings indicate that phytochemicals, particularly 

apigenin and quercetin, exhibit strong potential as COX 

inhibitors, with binding efficiencies rivaling conventional 

drugs. Further research into their selectivity could pave the 

way for more precise anti-inflammatory treatments. 
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Abstract. Amballi AA, Olooto WE, Aladesusi MO, Ogunfolu IA, Onayemi AA. 2025. High macronutrient dietary composition modifies 
biophysical and biochemical indices in male Wistar rats. Asian J Trop Biotechnol 22: 41-47. Nutrition is one of the most important 
factors to achieve and maintain a healthy status. This requires a balanced diet in terms of both the macronutrients and micronutrients. In 
Nigeria, there is a gradual transition from the traditional diet to Western diet. This is increasing the burden of non-communicable diseases 
and macronutrients play a major role. This study was designed to evaluate the effects of macronutrient composition on biophysical and 

biochemical indices using Wistar rat (Rattus norvegicus (Berkenhout, 1769)) as a pilot study. Twenty-five male Wistar rats weighing 26-46 
g were randomly divided into 5 groups. Dietary composition was done, the rats were given feed and water ad libitum, weighing was done 
weekly for 8 weeks, and fasting blood samples were collected. Fasting blood glucose, lipid profile, liver and kidney function tests were 
conducted. In this study, the macronutrient caused increased body weight across all the groups with highest increase in the High Fat Diet 
(HFD) group, a tendency to cause increased body weight or obesity. Fasting Blood Sugar (FBS) was observed to increase significantly only 
in the HFD group, a tendency to cause Diabetes mellitus. A non-significant increase across the test groups was observed in the liver 
enzymes and total protein while a significant increase in albumin level was observed. However, no change was observed in the bilirubin 
levels across the test groups. A significant increase occurred in urea and creatinine in the HFD rats. Lipid profile in this study showed 

significant increase in triglycerides, cholesterol and low-density lipoprotein and a significant decrease in high-density lipoprotein among 
HFD-fed rats. The atherogenic and coronary risk indices were also significantly increased in HFD fed rats. No significant difference in the 
electrolytes. This study showed that HFD can predispose to risk factors of non-communicable diseases. Liver and kidney functions are not 
significantly disrupted. 

Keywords: Health status, lipid profile, nutrition, obesity, Western diet 

INTRODUCTION 

Nutrition is one of the most important factors to achieve 

and maintain a healthy state. This requires the habitual 

intake of an adequate and balanced diet, which includes 

both the macronutrients and micronutrients. The 

macronutrients are needed in large amount in our body 

while the micronutrients are needed in little amounts, 
however they both have specific functions to maintain a 

good health status. The macronutrients (carbohydrates, 

proteins and lipids) majorly supply energy (calories) to the 

body and each has other specific functions while 

micronutrients are vitamins and minerals with their specific 

functions. Furthermore, the importance of hyperlipidaemia 

in health status must be emphasized because it plays a 

major role in the pathogenesis of cardiovascular disease. 

For clinical evaluation of cardiovascular disease it is 

important to estimate plasma lipid profile as well as the 

artherogenic and coronary risk indices (AI and CRI). 
The principal energy source for normal cellular 

activities is derived from three major calorigenic nutrients 

(carbohydrates, proteins, and lipids), food fibers, and other 

organic compounds (Carreiro et al. 2016; Savarino et al. 

2021). Lipids give about 9 kcal per gram; proteins and 

carbohydrates each give 4 kcal per gram; while fibers give 

less calories due to their low digestibility and absorption in 

the gastrointestinal tract (GIT) (Carreiro et al. 2016; El-

Zayat et al. 2019; Morris and Mohiuddin 2023).  

Changes in body weight over time are a measure of an 

imbalance between the energy content of ingested foods 
and energy expended on life maintenance and physical 

activities. The rate of calories released from foods for 

cellular and physical activities is a function of the rate of 

glucose, amino acids, and fatty acid production, which are 

combustible metabolic fuels needed for energy generation. 

The availability of these units of metabolic fuel is 

dependent on factors like the glycemic index of ingested 

macronutrients, GIT motility and transition period, 

absorptive state of GIT epithelial surfaces, presence of anti-

nutrients in ingested foods, availability of micronutrients 

that serve as cofactors for metabolically active enzymes, 
the rate of gastric emptying, and health status of individuals. 

The changes in body weight over time causes underweight, 

overweight or obesity, which are results of either undernutrition 

or overnutrition. The indicators of nutritional status 

(underweight, overweight and obesity) are changing in 
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Low-to-Middle-Income-Countries (LMICs) (Ahmed et al. 

2020). Both undernutrition and overnutrition appear to be a 

growing burden on LMICs (Abdullah 2015). This growing 

burden is due to transition from traditional diet (high-fiber 

diets) to western-style diet (fast foods rich in sugar and fat). 

Unhealthy dietary habit is a major contributor to the burden 

of non-communicable diseases. Non-communicable diseases 

such as chronic respiratory diseases, cardiovascular disease, 

cancer, and diabetes mellitus are the primary causes of 

death in African countries with lower incomes, such as 
Nigeria (Gowshall and Taylor-Robinson 2018; Mapis 2020). 

Obesity among children is a growing concern, and children 

in LMICs are exposed to an unhealthy diet high in sugar 

and fat (Jaacks et al. 2017). These children face the danger 

of developing chronic diseases later in life. 

Excessive intake of protein, carbohydrate, or fat in the 

form of energy-dense, highly processed foods and a lack of 

physical activity contribute to obesity-related diseases and 

obesity (e.g., insulin resistance, hyperlipidemias, cardiovascular 

disease, and cancer) (Seidelmann et al. 2018). In this 

circumstance, changes in energy balance, and biochemical 
entities are expected. A study in a Nigerian community has 

reported that dietary indiscretion (Western-style fast foods), 

poor health care funding, endemic poverty and lack of 

quality care to those with Non-Communicable Diseases 

(NCDs) are factors causing the increasing prevalence of 

NCDs in Nigeria (Oso 2023). Other studies have 

highlighted the level of financial hardship experienced by 

households with NCDs in Nigeria due to out-of-pocket 

expenses and lost productivity (Odunyemi et al. 2023). 

The prevalences of hypertension, diabetes and 

dyslipidaemia vary amongst rural, semi-urban, and urban 
settings and were reported as 35.3%, 4.6% and 41.3% 

respectively in a community in Lagos State (Nigeria) (Idris 

et al. 2020). This highlights the need for researchers to 

tackle NCD burden. Non-Communicable Diseases (NCDs) 

cause about 71% of all deaths globally (equivalent to 41 

million) each year and represent the leading cause of death 

worldwide (GBD 2016), and the four top killers are 

cardiovascular disease, cancer, respiratory diseases, and 

diabetes mellitus (GBD 2016; Bigna and Noubiap 2019). 

The threatening burden of NCDs in Sub-Saharan Africa has 

also been emphasized by some researchers (Gouda et al. 

2019). The incidence of NCDs in Sub-Saharan Africa has 
been on an alarming increase in the past decades. It has 

been ascribed to the deliberate adoption of a Western diet 

pattern instead of a traditional diet (high-fiber diets), rich 

dietary pattern by Africans in general. Hence, adopting a 

healthy dietary pattern may aid in lowering the development 

of non-communicable disease (Ruthsatz and Candeias 

2020). Important efforts are therefore needed to curb the 

burden of NCDs (Bigna and Noubiap 2019) and improve 

the well-being of people living with NCDs in the region. 

However, in the environment of this study which is a 

typical Nigerian community, there is no comprehensive 
study done to assess the effects of macronutrient dietary 

composition on biophysical and biochemical indices, which 

could be useful in guiding health policy makers and 

healthcare givers to improve the well-being of people 

living with NCDs and the public. This is the purpose of this 

study, although Wistar rats were used in this study because 

of the limiting factors in making use of humans.  

MATERIALS AND METHODS 

Procedures 

Procurement and care of animals 

Twenty-five healthy three-week-old male Wistar rats 

(Rattus norvegicus (Berkenhout, 1769)) weighing 26-46 g 

were procured from animal house at the Federal University 

of Agriculture Abeokuta. They housed (5 rats per cage) in 

the animal house of the Department of Anatomy, Olabisi 
Onabanjo University, under controlled lighting (12 h 

light/dark cycle, lights on 6:00). Each cage was floored 

with wood-shaven to accommodate animal urine and feces. 

All rats were provided with water and standard rat chow ad 

libitum for a week of acclimatization prior to the dietary 

manipulation. Handling of the rats conformed to the 

National Research Ethics Committee Guidelines (NREC 

2019). 

Experimental design 

The study is a longitudinal study involving a total of 25 

male Wistar albino rats. The rats were then randomly 
divided into five groups after a week of acclimatization 

namely: controls, High Carbohydrate Diet (HCD), High 

Protein Diet (HPD), High Fat Diet (HFD) and an equal 

proportion of carbohydrate, protein, and fat (MN) groups. 

Each group contains 5 male Wistar rats as described: 

Group 1: Fed on standard rat chow and water ad libitum, 

Group 2: Fed on a high carbohydrate diet (powder form) 

consisting of 75% carbohydrate, Group 3: Fed on a high 

protein diet (powder form) consisting of 75% protein, 

Group 4: Fed on a high fat diet (semi-solid oily form) 

consisting of 75% fat, Group 5: Fed on a diet (powder 
form) consisting of 25% each of fat, protein, and 

carbohydrate. 

The rats were allowed access to water ad libitum and 

the compounded feeds as indicated in group 2-5 for 8 

weeks. 

DIETS’ composition and feeding 

The composition of the diets was based on the 

guidelines for nutrient requirements of laboratory animals 

(Chukwudike et al. 2017). The feeds for the control and test 

groups were prepared from ingredients purchased from 

Forlard feed mills in Sagamu, Ogun State, Nigeria, 

according to the composition shown in Table 1. 

Food and energy intake 

Hence, 24 hours of total food intake were recorded 

daily, and body weight of rats in each group was measured 

weekly. Food intake (FI) values were calculated as the 

difference between the total food given (initial diet, Di) and 

the amount of food remaining per day (final diet, Df) 

divided by the number of rats in the cages: (FI (g) = (Di -

Df) * 0.2) (Malta et al. 2014). Energy intake was calculated 

based on weekly food intake (g/100g body weight) and diet 

density (kcal/g). 
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Table 1. Nutrient requirement of laboratory rats 
 

Ingredients 

(dry matter) 
Control 

(g/kg) 

HCD 

group 

(g/kg) 

HPD 

group 

(g/kg) 

HFD 

group 

(g/kg) 

MN 

group 

(g/kg) 
Maize 654.0 g 750.0 g 100.0 g 100.0 g 250.0 g 
Soyabean meal 50.0 g 20.0 g 400.0 g 20.0 g 150.0 g 
Fish meal 72% 20.0 g 10.0 g 200.0 g 10.0 g 20.0 g 
FF soya 40.0 g 10.0 g 50.0 g 10.0 g 30.0 g 
GNC 60.0 g 20.0 g 100.0 g 10.0 g 50.0 g 
Soya oil 70.0 g 70.0 g 50.0 g 750.0 g 250.0 g 
Corn bran 10.0 g 20.0 g 24.0 g 24.0 g 70.05 g 
PKC 30.0 g 34.0 g 10.0 g 10.0 g 100.5 g 
Bone meal 25.0 g 25.0 g 25.0 g 25.0 g 30.0 g 
Limestone 5.0 g 5.0 g 5.0 g 5.0 g 10.0 g 
Lysine 7.0 g 7.0 g 7.0 g 7.0 g 10.0 g 
Methionine 4.5 g 4.5 g 4.5 g 4.5 g 5.0 g 
Toxin binding 1.0 g 1.0 g 1.0 g 1.0 g 1.0 g 
Enzyme binding 1.0 g 1.0 g 1.0 g 1.0 g 1.0 g 
Salt 2.5 g 2.5 g 2.5 g 2.5 g 2.5 g 
Vitamin premix 20 g 20 g 20 g 20 g 20 g 
Metabolizable 
energy (Kcal/kg) 

3484.05 3490.95 2962.15 7589.15 4253.79 

Crude protein 
(%) 

16.69 10.47 40.69 3.80 16.58 

 

Specimen collection, preparation, and storage  

At the expiration of 8 weeks, the rats were fasted over-

night. Blood samples were collected through periorbital 

/orbital venous plexus bleeding into heparinized and plain 

bottles, centrifuged at 10,000 rpm for five minutes to 

obtain the plasma and serum respectively which were 

stored at -20°C until assayed. 

Biochemical parameters 

The collected specimens were analyzed for the 

biochemical parameters notably FPG, triglycerides, total 

cholesterol, HDLC, aspartate transaminase (AST), alanine 

transaminase (ALT), alkaline phosphatase (ALP), total 
protein, albumin, bilirubin, urea, and creatinine according 

to standard procedures (Jendrassik and Grof 1938; Kadish 

and Sternberg 1969; Anon 1970; Wybenga et al. 1971; 

Friedewald et al. 1972; Schettler and Nussel 1975; Nägele 

et al. 1984). The LDLC, and globulin were computed for 

all samples. 

Data analysis 

The statistical analysis on descriptive statistics and bar 

charts was done using SPSS software version 25 to 

describe and represent the variables studied. The obtained 

data showed normal distribution (p = 0.764), and thus an 
independent t-test was considered to compare the 

differences in mean between two groups while one-way 

ANOVA was used to compare differences in mean between 

more than two groups. The level of statistical difference 

was set at p < 0.05. 

RESULTS AND DISCUSSION 

Effects of dietary composition on weight 

The result of the effects of dietary composition on 

weight among control and treatment groups, using the 

differences between initial weight as at week 0 and the 

final weight as at the end of week 8 across groups I-V, 

showed a weight increase (Table 2). The percentage 

increment in the weight in each group was observed to be 

280% in the group fed on normal rat chow, 300% in the 

HCD-fed group, 250% in the HPD-fed group, 350% in the 
HFD-fed group, and 250% in the equal proportion diet fed 

group (Figure 1). 

Effects of dietary composition on plasma hepatorenal 

markers 

The result of plasma glucose showed an increase in 

FPG among HFD-fed rats and a decrease in FPG among 

HPD-fed rats. The result of hepatic function markers 

showed a non-significant (p > 0.05) increase in plasma AST, 

ALT, ALP and total protein, while a significant increase in 

albumin level was observed among all text groups when 

compared to the group fed on normal rat chow (Table 3). 
Also, a little or no change was observed in plasma total and 

conjugated bilirubin concentration among the test groups 

(Table 3). However, a significant increase (p < 0.05) in 

plasma urea (p = 0.000) and creatinine (p = 0.030) 

concentrations was observed among HPD- and HFD-fed 

rats when compared to rats fed on normal chow (Table 3), 

indicating a possible impairment in chronic fat diet. 

Effects of dietary composition on plasma lipid and 

lipoproteins 

The result of lipid profile showed a significant increase 

(p < 0.05) in plasma cholesterol (p = 0.000), triglycerides 
(p = 0.000), LDLC (p = 0.000), and a significant decrease 

(p < 0.05) in plasma HDLC (p = 0.000) among HFD-fed 

rats (Table 4). A significant (p < 0.05) decrease in plasma 

cholesterol (p = 0.000), triglycerides (p = 0.000), and 

LDLC (p = 0.000) was also observed among HPD and 

HCD-fed rats (Table 4). Atherogenic and coronary risk 

indices were observed to be significantly increased (p = 

0.000; p < 0.05) among HFD-fed rats when compared to 

other groups (Table 4). 
 

 
Figure 1. Percentage weight changes among the different groups. 
Group I = Normal rat chow, Group II = High carbohydrate diet 
(75%), Group III = High protein diet (75%), Group IV = High fat 
diet (75%), Group V = Equal proportion of carbohydrate, protein, 

and fat diet (25% each). Values are expressed as mean ± standard 
deviation (mean) and are statistically significant at p < 0.05 
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Table 2. The effects of dietary composition on weight among control and treatment groups 
 

Weight G I G II G III G IV G V F P value 

Week 0 42.2±5.97 43.2±6.91 43.2±14.72 41.6±10.01 43.4±4.16 1.39 0.253 
Week 1 57.6±14.60 58.0±8.51 65.2±11.61 66.2±16.02 55.0±9.08 5.58 0.001* 
Week 2 73.0±25.18 72.6±9.40 68.0±35.33 77.2±16.99 66.2±12.70 7.69 0.000* 
Week 3 95.2±30.79 91.6±11.44 96.8±10.03 89.4±20.88 84.0±16.63 15.29 0.000* 
Week 4 112.2±34.45 116.2±10.76 116.0±7.97 106.2±23.97 100.0±14.99 24.45 0.000* 

Week 5 126.4±18.22 135.8±14.18 130.2±10.03 141.8±36.40 123.8±31.67 29.64 0.000* 
Week 6 141.4±20.39 147.0±20.62 138.2±6.98 158.2±37.52 136.2±32.09 32.76 0.000* 
Week 7 156.8±24.99 160.4±23.27 146.0±7.38 173.2±37.84 151.6±38.66 37.50 0.000* 
Week 8 161.6±25.43 174.2±24.85 149.4±9.04 185.4±41.69 154.0±43.30 37.67 0.000* 

Note: Group I = Normal rat chow, Group II = High carbohydrate diet (75%), Group III = High protein diet (75%), Group IV = High fat 
diet (75%), Group V = Equal proportion of carbohydrate, protein, and fat diet (25% each). Values are expressed as mean ± standard 
deviation (mean) and are statistically significant at p < 0.05. Weights of the rats were taken using a digital precision scale 
 

 
 
Table 3. The effects of dietary composition on plasma hepatorenal markers among the control and treatment 
 

Parameters G I G II G III G IV G V F P value 

FPG (mg/dl) 85.60±11.70 82.00±14.77 77.13±22.84 127.25±28.04 80.78±7.29 5.63 0.000 
AST (IU/L) 37.00±12.12 34.00±6.48 33.80±3.77 34.00±1.15 34.20±8.32 1.86 0.140 

ALT (IU/L) 19.20±7.53 17.00±4.08 18.80±2.59 19.36±7.53 17.40±4.67 0.25 0.910 
ALP (IU/L) 15.20±3.63 14.00±3.65 17.40±2.97 24.67±5.77 17.60±4.72 2.18 0.090 
TP (mg/dL) 7.98±1.75 8.08±1.09 8.66±1.00 10.10±0.95 8.48±2.10 0.85 0.510 
Alb (mg/dL) 3.92±0.38 4.00±0.89 4.30±0.51 5.10±0.26 4.46±0.44 3.67 0.010 
TB (mg/dL) 0.04±0.01 0.04±0.01 0.05±0.01 0.05±0.15 0.04±0.01 2.10 0.100 
CB (mg/dL) 0.02±0.01 0.03±0.01 0.03±0.01 0.03±0.01 0.03±0.01 0.78 0.540 
Urea (mg/dL) 39.4±5.28 35.0±6.27 42.2±15.71 46.00±13.53 34.40±6.43 5.40 0.000 
Creat (mg/dL) 0.9±0.03 0.7±0.04 1.3±0.05 1.6±0.06 0.7±0.02 3.18 0.030 

Note: Group I = Normal rat chow, Group II = High carbohydrate diet (75%), Group III = High protein diet (75%), Group IV = High fat 
diet (75%), Group V = Equal proportion of carbohydrate, protein, and fat diet (25% each). Values are expressed as mean ± standard 
deviation (mean) and are statistically significant at p < 0.05 
 
 
 
Table 4. The effects of dietary composition on plasma lipid and lipoproteins among the control and treatment groups 
 

Parameters G I G II G III G IV G V F P value 

Chol (mg/dL) 146.2±64.4 120.0±16.2 87.8±21.1 244.0±14.0 92.60±23.51 14.79 0.000 
Trig (mg/dL) 89.6±62.3 71.3±21.1 72.5±20.1 126.0±16.9 38.20±9.31 8.06 0.000 
HDL (mg/dL) 48.8±21.6 45.5±6.1 44.3±7.8 43.3±4.6 29.6±4.33 12.70 0.000 
LDL (mg/dL) 79.48±32.5 60.24±3.4 75.7±33.3 100.0±2.5 55.60±12.93 11.10 0.000 
AI 1.63±0.12 1.32±0.01 1.71±0.03 4.05±0.06 1.89 74.27 0.000 

CRI 2.99±0.05 2.64±0.04 3.04±1.63 5.64±0.14 3.32 10.03 0.000 

Note: Group I = Normal rat chow, Group II = High carbohydrate diet (75%), Group III = High protein diet (75%), Group IV = High fat 
diet (75%), Group V = Equal proportion of carbohydrate, protein, and fat diet (25% each). Values are expressed as mean ± standard 
deviation (mean) and are statistically significant at p < 0.05 
 

 

 
Table 5. The effects of dietary composition on plasma electrolytes among the control and treatment groups 

 

Parameters G I G II G III G IV G V F P value 

Potas (mEq/L) 5.0±0.80 5.2±0.25 4.9±0.94 4.6±0.10 4.7±0.42 0.64 0.640 
Sodiu (mEq/L) 143.4±7.64 142.8±6.40 147.0±7.97 140.0±5.13 146.4±5.73 2.43 0.070 
Chlori (mEq/L) 100.0±6.89 100.8±7.45 98.4±10.06 102.0±2.65 101.0±7.18 0.75 0.570 
Bicar (mg/dL) 20.5±1.42 21.28±3.92 19.0±1.02 26.0±5.51 21.9±3.85 0.60 0.670 
Ph 7.18±0.85 7.68±0.32 7.02±0.84 8.20±0.10 7.46±0.56 0.19 0.940 

Note: Group I = Normal rat chow, Group II = High carbohydrate diet (75%), Group III = High protein diet (75%), Group IV = High fat 
diet (75%), Group V = Equal proportion of carbohydrate, protein, and fat diet (25% each). Values are expressed as mean ± standard 
deviation (mean) and are statistically significant at p < 0.05 
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Effects of dietary composition on plasma electrolytes 

The plasma electrolyte result revealed a non-significant 

decrease (p > 0.05) in potassium (p = 0.064) and sodium (p 

= 0.070) and a non-significant increase (p > 0.05) in 

plasma chloride (p = 0.057), bicarbonate (p = 0.067), and 

pH (p = 0.094) among HFD-fed rats compared to rats in 

other groups. However, the values are within normal ranges 

(Table 5). 

Discussion 

In human, the ideal carbohydrate intake is 40-70% of 
total energy intake, protein is 0.80 g/kg body weight, and 

total fat is 20-35% of total calories (Liu Ann et al. 2017; 

Shafiee 2019). Chronic administration of HFD has been 

reported to result in increased body weight, obesity and 

increased blood glucose (Putri et al. 2021). In this study, an 

increase in body weights was observed across all the 

groups but was most obvious in the HFD-fed group (Table 

2). The percentage increment in body weight was 280% in 

normal rat chow, 300% in HCD, 250% in HPD, 350% in 

HFD and 250% in the equal proportion diet group (Figure 

1). The observed increase in body weight among HFD-fed 
rats confirms the existence of obesity in this group as 

facilitated by the development of a positive energy balance 

leading to an increase in peripheral and visceral fat 

deposition and ultimately obesity. This finding corroborates 

reports from similar studies (Abi et al. 2020). The observed 

relatively low weight among HPD-fed group reflects a 

reduction in food and calorie intake due to increased satiety 

as determined by a marginal increase in satiety hormones 

secretion (GIP, and glucagon-like peptide-1) and reduction 

in ghrelin secretion, an anorexigenic hormone (Anyakudo 

and Adeniji 2020). The sustained satiety induces a negative 
energy balance, thereby promoting weight loss. 

The macronutrient components of diet determine the 

digestibility and availability of end-products for oxidative 

generation of energy for cellular activities. Results from 

this study revealed an increase in FPG among HFD-fed rats 

and a decrease among HPD-fed rats when compared to 

other groups (Table 3). This corroborates a report from a 

previous study (Lozano et al. 2016). The observed increase 

in FPG among HFD-fed rats reflects existing visceral 

adiposity, some degree of insulin resistance, hyperinsulinemia, 

reduced fatty acid synthesis, increased basal lipolysis and 

consequent increase in fatty acid delivery to the liver. The 
observed little or no change in glucose concentration 

among HPD-fed rats reflects compensatory metabolic 

changes through glycogenolysis and gluconeogenesis 

involving lactate, glycerol, glucogenic amino acids, and 

odd-chain fatty acids to maintain glucose homeostasis. 

However, excess amino acids from HPD are oxidatively 

converted to glucose. 

Excessive dietary components are absorbed through the 

intestinal mucosa to reach the liver through the portal vein, 

hence making the hepatocytes vulnerable to lesions. The 

presence of liver lesions or damage involving hepatocyte 
destruction with plasma membrane disruption is confirmed 

using plasma ALT, AST, and ALP activities, with ALT 

being more liver-specific and related to hepatic fat 

deposition and insulin resistance (Liu et al. 2021). Result 

from this study revealed a non-significant (p > 0.05) increase 

in plasma AST, ALT and ALP activities among rats fed on 

HCD, HPD, HFD and equal proportions of the macronutrients 

when compared with the control group, with highest 

activities among the HFD-fed group (Table 3). The 

increase in plasma ALT, AST and ALP among HFD-fed 

rats corroborates results from similar studies in rats (dos 

Santos Lacerda et al. 2018; Lasker et al. 2019). The 

observed increase in plasma ALT, AST and ALP among 

HFD-fed rats maybe due to an associated development of 
non-alcoholic fatty liver disease with disruption of liver 

functions and loss of hepatocellular integrity. Also, an 

increase in plasma total protein and albumin concentrations 

was observed among all test groups when compared to the 

group fed on normal rat chow (Table 3). A similar increase 

in plasma total protein and albumin concentrations has 

been reportedly found among HPD-fed rats (El-Deen et al. 

2018).  

Bilirubin is a product of the degradation of red blood 

cells in the liver, spleen, and bone marrow. The removal of 

this degradation product (bilirubin) from the body is done 
by bilirubin metabolism and its excretion by the liver. 

Hyperbilirubinemia results when there is a disease affecting 

liver function. In this study, no obvious changes in plasma 

total and conjugated bilirubin concentration were observed 

among the test groups when compared to normal rat chow-

fed group (Table 3).  

As a measure of the excretory function of the kidney, 

plasma urea and creatinine are widely used markers of 

adequate glomerular filtration. High plasma concentration 

of creatinine indicates a falling glomerular filtration rate 

and consequent decreased capability of the kidneys to 
excrete waste products. Result from this study, revealed a 

non-significant decrease (p > 0.05) in plasma urea and 

creatinine concentrations among HCD-fed rats and a 

significant increase (p < 0.05) in plasma urea and creatinine 

concentrations among HPD and HFD-fed rats when 

compared to rats fed on normal chow (Table 3). These 

findings agree with earlier reported findings by researchers 

(dos Santos Lacerda et al. 2018; El-Deen et al. 2018). This 

suggests that chronic exposure to HPD and HFD may 

predispose to renal dysfunction and exposure to HCD is 

safer. 

Poor diet as indicated by hypertriglyceridemia, 
hypercholesterolemia and increase LDLC has been 

reported to be a major risk factor for some chronic diseases 

such as Cardiovascular Disease (CVD) (Hedayatnia et al. 

2020). Results from this study showed a significant 

increase (p < 0.05) in plasma cholesterol, triglycerides, 

LDLC and a significant decrease (p < 0.05) in plasma HDLC 

among HFD-fed rats (Table 4). This finding corroborates 

reports from similar studies (Lasker et al. 2019). This may 

be due to high monounsaturated and saturated fat content 

of the HFD, increased de novo fatty acid synthesis, 

increased uptake and esterification of dietary fatty acids 
and a decrease in fatty acid oxidation. A significant (p < 

0.05) decrease in plasma cholesterol, triglycerides, and 

LDLC was also observed among HPD-fed rats (Table 4). 

This finding is in contrast to a previous study (Tischmann 

et al. 2019). This observation reflects increased amino acid 
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contribution to energy generation, and compensatory 

increase in lipolysis as an alternative calorie generation due 

to decreased supply from dietary glucose. 

Considering the impact of HCD on lipid profile, a 

decrease was observed in cholesterol, triglycerides, and 

LDLC concentrations among HCD-fed rats when compared 

with the rats fed on normal chow (Table 4). In contrast, an 

increase in plasma total cholesterol and triglyceride 

concentrations was reported by researchers in a previous 

study (Semiane et al. 2017). In determining the atherogenic 
effect of the administered feed, a significant increase (p < 

0.05) in atherogenic (p = 0.000) and coronary risk indices 

(p = 0.000) was observed among HFD-fed rats when 

compared to other groups (Table 4). This indicates an 

increased chance of developing cardiovascular complications 

following ingestion of HFD by the rats. 

Plasma electrolyte level reflects the hydration status, 

and its measurements are useful in investigating conditions 

that cause electrolyte imbalances, such as dehydration, 

kidney disease, lung diseases, endocrine (glandular) or 

heart conditions where high or low levels can be observed. 
Results from this study revealed a non-significant decrease 

(p > 0.05) in plasma potassium and sodium; and a non-

significant increase (p > 0.05) in plasma chloride, bicarbonate, 

and pH among HFD-fed rats when compared to rats in 

other groups; however, the values are within normal ranges 

(Table 5). The observed changes in plasma electrolytes 

may be due to alterations in plasma tonicity and urinary 

excretion of electrolytes. This study has the support of a 

previous study on humans which reported the deleterious 

effects of excessive intake of carbohydrate on human 

health (Clemente-Suárez et al. 2022). Similarly diet low in 
fat had been reported to lower deaths from breast cancer 

and has a beneficial effect on human health (Billingsley et 

al. 2018). However, the place of protein in NCDs appears 

to be beneficial too (Azzini et al. 2022). 

In conclusion, this study showed that HFD can 

predispose to obesity and Diabetes mellitus. Also the HFD 

fed rats developed disruption of lipid profile causing 

dyslipidemia and a significant increase in both Atherogenic 

and coronary risk indices. All these are risk factors for non-

communicable diseases. The liver and kidney function 

markers did not show significant deleterious effects on the 

rats and electrolytes were not significantly affected, this 
study has shown that macronutrient with high fat 

composition can predispose to many risk factors of non-

communicable disease. The findings in this pilot study 

highlight the need for further studies using humans in a 

large population. 
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