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Editorial 

  
Carbapenems are considered last-resort antibiotics used for the treatment of mul-

tidrug-resistant (MDR) Gram negative bacterial (GNB) infection, particularly in 

hospital settings. However, the emergence of carbapenem resistant bacteria is 

threatening the effectiveness of these vital antibiotics (1). Globally, the most 

common resistance mechanism to carbapenems is the production of car-

bapenemase enzymes (2).  

The worldwide distribution of carbapenemases is dynamic, with emerging re-

sistance hotspots. The spread of carbapenem resistant bacteria is facilitated by 

factors such as travel, medical tourism, and antibiotic overuse. Globally, the 

most common carbapenemases  include K. pneumoniae carbapenemases (KPC), 

New Delhi metallo-b-lactamases (NDM), Verona integronencoded metallo-b-

lactamases (VIM), imipenemase (IMP) and oxacillinases (OXA), such as  OXA-

23, OXA-58, and OXA-48 (2). The distribution of these enzymes varies global-

ly.  NDM is prevalent in South Asia, the Middle East, and is increasingly found 

in Africa and Europe, while KPC dominates in North and South America, South-

ern Europe, and China. VIM and IMP are common in Europe, South America, 

and Asia. OXA-48 is widespread in Turkey, North Africa, and Europe, whereas 

OXA-23 and OXA-58 are frequently detected  across Asia, South America, and 

Africa (3). 

In Ethiopia, the occurrence of carbapenemase-producing GNB was first reported 

in 2017, with A. baumannii producing NDM (4). Since then, additional studies 

have revealed the presence of a variety of carbapenemases, including NDM, 

OXA-48, OXA-23, OXA-58, OXA-51-like, and KPC-42. These carbapenemases 

have been detected in a range of pathogens such as  K. pneumoniae, A. bau-

mannii, P. aeruginosa, E. coli, and other Enterobacteriaceae isolated from both 

patients and environmental samples (5-10). Among these, NDM is the most 

prevalent carbapenemase detected in Ethiopian isolates. Moreover, co-harboring 

of multiple carbapenemases, mostly in combination with NDM, has been fre-
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 quently reported, particularly in K. pneumoniae and A. bau-

mannii. This co-resistance significantly complicates treatment 

options, making it more challenging to manage infections (6, 7, 

9, 10). The few available studies in Ethiopia reported an alarm-

ing rise in carbapenem-resistant pathogens in the country and 

recommended the urgent need for enhanced surveillance, infec-

tion control measures, and antimicrobial stewardship to miti-

gate the threat of MDR infections.  Therefore, further  research 

to better understand the epidemiology of carbapenem-resistant 

bacteria in Ethiopia, and capacity-building initiatives for 

healthcare providers are crucial for early detection and effec-

tive management of MDR infections. 
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Abstract  

Background: Drug-Resistant Tuberculosis (DR-TB) is a multifaceted public health prob-

lem. Determining the common chest radiographic patterns, degree of lung damage, and 

associated factors is vital in the early detection and treatment of DR-TB. Despite the avail-

ability of x ray, there are gaps in chest radiographic patterns of DR-TB disease in Ethio-

pia.  

Objectives: This study aimed to identify common radiologic patterns among pulmonary DR

-TB patients. 

Method: A hospital-based cross-sectional study was conducted among 182 DR-TB patients 

who had an archive of baseline chest radiographs at the University of Gondar Comprehen-

sive Specialized Hospital from September 2010 to October 2020. The socio-demographic 

and radiographic patterns were depicted using descriptive statistics.  A multivariable bina-

ry logistic regression model was applied to identify associated variables with extensive DR

-TB diseases at a p < 0.05. 

Result: Out of 182 DR-TB patients, 112 (61.54%) had patchy consolidation followed by 

focal fibrotic changes (37.91%) and focal nodular opacities (26.92%). Of all DR-TB pa-

tients, 19% had extensive pulmonary DR-TB disease. Patients’ marital status was signifi-

cantly associated with extensive (advanced) DR-TB disease. The odds of having advanced 

TB disease were 0.15 among those with single marital status (AOR: 0.15, 95% CI: 0.03, 

0.68). 

Conclusion: This study highlighted that the most common chest radiographic feature of 

DR-TB was patchy consolidation followed by fibrosis and focal nodular opacities. Addi-

tionally, the study showed that close to one out of five DR-TB patients had extensive 

(advanced) DR-TB disease. Marital status had a significant association with extensive 

(advanced) DR-TB disease. 
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Introduction 

 
Public health in resource-limited countries and the Tuberculo-

sis (TB) Elimination Program are endangered by the emer-

gence of drug-resistance tuberculosis (DR-TB). Disease man-

agement is difficult given the difficulty of diagnosis, complex-

ity of treatment, deep adverse drug events and drug cost, high 

disease burden, and limited access to well-equipped health 

care facilities (1, 2). Tuberculosis is the leading cause of death 

in the world among infectious diseases (3, 4). If treatment is 

not initiated soon after diagnosis, a person with TB disease 

may infect an average of 10–15 other people every year (5).  

Ethiopia is one of the 30 countries with a high burden of TB, 

TB/HIV, and DR-TB, with an annual estimated incidence of 

177 per 100,000 carrying drug-susceptible TB (6). In addition, 

the burden of DR-TB reported among TB patients in Ethiopia 

is increasing from time to time (7, 8). 

Diagnosis of DR TB relies on both laboratory studies (acid-

fast staining, cultures, and different molecular tests) and imag-

ing modalities including x-ray. Despite confirmative diagnosis 

of TB and DR-TB, early suspicions of DR-TB by chest imag-

ing are highly desirable to guide the diagnostic process (9). 

Chest radiograph plays a major role in the detection, screen-

ing, and surveillance of DR TB as it is widely available and 

cheap (10). It can generally enable detection of different mor-

phologies of lesions such as nodules, cavities, consolidation, 

fibrotic and bronchiectatic changes, pleural effusion, and 

thickening, as well as the site of involvement and number of 

lesions. It can also help in the follow-up of TB patients' treat-

ment response (11). Despite the relatively low sensitivity and 

specificity of plain chest radiography, it is very helpful and 

commonly used in planning the management of complicated 

TB including DR-TB. Moreover, chest radiography entails 

reduced radiation exposure and affordable cost compared with 

Computer Tomography (CT) scans (18).  

Radiological manifestations of pulmonary tuberculosis depend 

on several host factors that include prior exposure to TB, age, 

and underlying immune status. In people with normal immune 

function, radiological manifestations can be logically divided 

into two different forms of primary and post-primary disease 

that develop in individuals with and without prior TB expo-

sure (12). Primary DR-TB chest radiographic patterns resem-

ble those of primary drug-susceptible TB features, like consol-

idation and pleural effusion. On the other hand, secondary DR 

TB presents as an imaging feature of reactivation TB and cavi-

tary consolidation (13, 14). In immunocompromised cases like 

Human Immunodeficiency Virus (HIV) positive DR-TB pa-

tients, hilar and mediastinal lymphadenopathies and miliary 

spread were the most common chest radiographic findings (1).   

As the burden of DR- TB is high in Ethiopia, familiarity with 

the radiographic patterns of  DR-TB can enable early detec-

tion, recognition, and treatment follow-up of the DR-TB dis-

ease.  In addition, knowing the prevalence and associated fac-

tors for extensive (advanced) DR-TB disease will help the 

treating health care workers to quickly triage and implement 

patient-centered care. Despite the value of chest radiography in 

early detection and, follow-up, there has been no study of 

chest radiographic patterns of DR-TB disease in Ethiopia to 

date. This research aimed to explore the common radiological 

findings, the proportion of extensive disease, and associated 

factors among confirmed pulmonary DR-TB patients at the 

University of Gondar Comprehensive specialized hospital, 

Northwest Ethiopia. 

 

Method 

 
Study design, period, and setting 

An institution-based cross-sectional study was conducted to 

determine common chest radiographic patterns and associated 

factors of drug resistant tuberculosis disease among DR-TB 

patients from November 01, 2020 to February 20, 2021. The 

study was done in the DR-TB treatment center at the Universi-

ty of Gondar Comprehensive Specialized Hospital with eligi-

ble patients admitted between September 2010 to October 

2020. At the hospital, DR-TB treatment is based on the recom-

mendations of the Ethiopian Federal Ministry of Health Na-

tional DR-TB Guidelines, which are based on recommenda-

tions from WHO guidelines. Eligible patients should have at 

least bacteriological evidence of rifampicin resistance (RR-

TB) confirmed by Gene Xpert/MTB-RIF, a Line Probe Assay, 

culture and drug sensitivity tests, the clinical judjment of the 

DR-TB clinical panel team based on multiple treatment fail-

ures, or a history of contact with someone having DR-TB. All 

the DR-TB patients in the hospital have a baseline chest x-ray 

film before initiating second-line anti-TB treatment. In the 

Department of Medical Imaging, the hospital has multimodal 
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 imaging instruments including radiography (previously ana-

log now replaced by digital), ultrasound, CT, and Magnetic 

Resonance Imaging (MRI). 

Source and study population 

The source population of this study was comprised of all 

adult (above 18 years old) DR-TB patients who registered 

and started second-line DR-TB treatment at the University of 

Gondar Comprehensive Specialized Hospital from September 

2010 to October 2020. The study population consisted of 

those pulmonary DR-TB patients who had a documented 

baseline chest radiograph and started treatment at University 

of Gondar Comprehensive Specialized-Hospital. 

Sample size and sampling procedures 

All pulmonary DR-TB patients who were treated at the Uni-

versity of Gondar Comprehensive Specialized Hospital DR-

TB clinic within the study period and have documented base-

line chest radiographic films were included in this study.  

Inclusion and exclusion criteria 

All confirmed adult pulmonary DR-TB patients with at least 

one chest radiograph from their baseline evaluation were 

initially included in this study, but those with poor quality 

chest radiographs for which interpretation was difficult were 

ultimately excluded. The total number of DR-TB patients 

included in the study was 182. Data was collected by a final 

year radiology resident and a senior radiologist confirmed the 

quality of radiographs and interpretations. 

Variable of the study  

The dependent variable in this study was extensive 

(advanced) DR-TB disease measured as the presence or ab-

sence of any of the following: bilateral cavitary lung lesions, 

extensive parenchymal damage, diffuse chronic changes, 

multi-lobar consolidation, diffuse nodular opacities, or dif-

fuse patchy consolidations and military nodules on chest radi-

ograph (WHO operational definition) (15). 

Cavity: is a gas-filled space surrounded by a complete wall 

that is three millimeters or greater in thickness.  

Consolidation: is homogenous, ill-defined, or fluffy opacity 

that obscures vessels having air bronchograms with preserved 

lung volume and bounded by a fissure.  

Pleural effusion: is homogenous increased lower lung zone 

opacity in the lateral costophrenic sulcus with concave inter-

face towards the lung (meniscus sign).   

Infiltrates: are reticulonodular lesions; a combination of 

reticular and nodular lesions.  

Hilar lymphadenopathy: is considered when there is hilar 

enlargement, increased hilar density, lobulations of the con-

tour, and distortion of the main bronchi.  

Fibrotic changes: are old pleural and pulmonary scars, thin 

linear shadows with pleural thickening, and tenting of the 

diaphragm when these shadows extend to the pleural surface. 

 Bronchiectasis: refers to parallel linear shadows represent-

ing walls of cylindrically dilated bronchi seen in length and 

multiple peripherally located thin-walled cysts that tend to 

cluster in the distribution of the bronchovascular bundle. The 

explanatory variables in this study were sex, age, residence, 

occupation, religion, educational status, cigarette smoking 

history, alcohol drinking history, number of previous TB 

treatment cycles, baseline sputum smear results, baseline 

sputum smear grading, co-morbidities, and nutritional status. 

Data collection procedures 

After ethical approval, medical charts were collected from 

the DR-TB clinic and patient information was collected from 

charts. Chest radiographic findings were interpreted from the 

attached radiographs by a radiologist and recorded. Data 

completeness was verified each day. 

Data processing and analysis 

The collected data was entered into Epi-data 4.6.0.0 and ex-

ported to SPSS version 20 statistical software for cleaning, 

coding, recoding, and analysis. Descriptive statistics were 

derived for frequency and percent for categorical variables, 

means with Standard Deviation (SD) and presented in texts, 

tables, and graphs. COR and AOR were assessed to identify 

the associated factors of extensive (advanced) DR-TB at  p < 

0.05. Model fitness was assessed by using the Hosmer and 

Lemeshow test and reported adequate when p > 0.05. 

 
Result 

 
Socio-demographic and clinical characteristics 

In this study, a total of 182 DR-TB patients were included, of 

which 109 were males. Age ranged from 18 - 73 years with a 

mean and standard deviation (SD) of 34.32 ± 0.89 years. All 

patients had been previously treated for TB at least once (all 

are secondary DR-TB). Of the total, 74.72% of patients had a 

documented positive baseline sputum smear result. A quarter 

of patients, 47 (25.3%) were HIV co-infected:- of these, only 

28 had CD4 counts at the start of DR-TB treatment (Table 

1). 
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 Table 1: Socio-demographic and clinical characteristics of DR-TB patients at the University of Gondar Comprehensive Specialized 

Hospital (N=184), September 2010 to October 2020. 

 Variables Category Extensive (advanced ) DR-TB Disease 

Yes No Total Percentage 

Sex Male 17 92 109 59.89% 

Female 14 59 73 40.10% 

Age in years 18-44 years 28 114 142 78.02% 

45-64 years 7 29 36 19.78% 

≥ 65 years 0 4 4 2.19% 

Residency Urban 14 58 72 39.56% 

Rural 21 87 108 59.34% 

Occupation Unemployed 34 137 171 93.95% 

Employed 1 8 9 4.94% 

Religion Orthodox 33 136 169 92.85% 

Muslim 2 9 11 6.04% 

Educational status Primary & below 24 98 122 67.03% 

Secondary & above 9 33 42 23.07% 

Marital status Married 19 52 71 39.01% 

Never married 6 56 62 34.06% 

Divorced & widowed 10 39 49 26.92% 

Cigarettes smoking history Yes 1 13 14 7.69% 

No 34 134 168 92.30% 

Alcohol drinking history Yes 0 10 10 5.49% 

No 35 137 172 94.50% 

History of TB treatment in number ≤ one 24 102 126 69.23% 

> one 11 45 56 30.79% 

Anatomical site of DR-TB affected Only pulmonary 26 121 147 80.76% 

Disseminated 9 26 35 19.23% 

Baseline sputum smear result Positive 25 111 136 74.72% 

Negative 10 32 42 23.07% 

Baseline sputum smear grading No bacilli (0) 10 32 42 23.07% 

Scanty +1 10 47 57 31.31% 

+2 and 3+ 13 55 68 37.36% 

Co-morbid conditions Diabetic mellitus 0   4 4 2.19% 

CVD 0   2 2 1.09% 

HIV 10   37 47 25.82% 

Have the patient started ART (N=47) Yes 9 34 43 23.62% 

No 1 3 4 2.19% 

CD4 count at the start of DR-TB treatment 

(cells/mm3) (N=28) 

<= 50 1 2 3 1.64% 

51-100 1 2 3 1.64% 

101-200 2 7 9 4.94% 

>200 1 12 13 7.14% 

* CVD (Cardiovascular Disorders), HIV (Human Immunodeficiency Virus), ART (Anti-retro Viral Therapy), CD4 (Cluster of Differentiation 4), 
mm (millimeter) 
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 Radiologic pattern and prevalence of extensive (advanced) 

DR-TB 

Of all 182 DR-TB patients, 61.54% patients had patchy con-

solidation, 37. 91% had focal fibrotic changes and 26.92% of 

them had focal nodular opacities (Figure 1). In those patients 

with a single cavity, the mean and SD cavity diameter was 

3.27 ± 0.23 cm. The smallest cavity had a diameter of 1.0 cm 

and the largest had 6.0 cm. Among those DR-TB patients who 

had multiple cavities, the mean and SD diameter size was 4.22 

± 1.47cm with the smallest and largest cavity size of 2.0 cm 

and 6.0 cm diameter respectively. 

 

Figure 1: Radiographic findings of DR-TB patients at the University of Gondar Comprehensive Specialized Hospital (N=184),  

September 2010 to October 2020. 

 The prevalence of advanced DR-TB disease was 19% (95% 

CI: 13, 25). Of those patients with extensive (advanced) DR-

TB, 13 (7.14%) had diffuse chronic changes, 13 (7.14%) had 

diffuse nodular opacities, 11 (6.04%) had multiple cavities, 3 

(1.65%) had bilateral cavities, 2 (1.10%) had diffuse patchy 

consolidation and only one (0.55%) patient had miliary nod-

ules. There was no patient with multi-lobar consolidation. 

The common findings in the chest radiograph were patchy 

consolidation 112 (61.54%) followed by focal fibrotic chron-

ic changes 69 (37.91%), focal nodular opacities 49 (26.92%), 

and single cavity 37 (20.33%) respectively. The right and left 

upper lung zones were the most affected anatomical sites by 

DR-TB (Table 2). 

 Findings No. of 
pa-
tients 

Right 
upper 
zone 

Right 
middle 
zone 

Right 
lower 
zone 

Left 
upper 
zone 

Left 
middle 
zone 

Left 
lower 
zone 

Patchy consolidation 112 51 26 15 45 18 14 
Lobar consolidation 6 1 1 1 1 2 1 

Single cavity 37 12 7 0 14 2 2 

Multiple cavities 11 6 2 1 4 6 2 

Focal nodular opacities 49 26 12 0 21 12 7 

Focal chronic changes (fibrosis) 69 38 10 0 35 6 4 

Focal chronic changes (bronchiectasis) 32 14 5 1 23 6 3 

Focal chronic changes (cysts) 23 12 3 3 10 5 3 

Focal chronic changes (collapse) 17 7 2 0 7 2 3 

Table 2: Radiological findings of DR-TB patients at the University of Gondar Comprehensive Specialized Hospital (N=184),  

September 2010 to October 2020.   
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 Associated factors for extensive (advanced) DR-TB dis-

ease 

In this study, we have assessed the association between ex-

tensive (advanced) DR-TB disease and socio-demographic, 

behavioral, and clinical characteristics. From the chi-square 

test, sex, marital status, educational level, residency, previous 

TB treatment history, anatomical site of DR-TB involvement, 

baseline sputum smear results, baseline sputum culture re-

sults, co-morbidity, and baseline sputum grading satisfied the 

assumption and fitted in the multivariable binary logistic re-

gression model. We used the backward logistic regression 

selection method to identify those variables that were signifi-

cantly associated with extensive (advanced) DR-TB disease 

at a p-value of <0.05. From the multivariable binary logistic 

regression model, only marital status was significantly asso-

ciated with extensive (advanced) DR-TB disease. (Table 3). 

Table 3: Multivariable binary logistic regression of DR-TB patients at the University of Gondar Comprehensive Specialized  

Hospital (N=184), September 2010 to October 2020. 

 Variables  Category Extensive (Advanced) DR-TB Disease AOR(95% CI) P. value 

Yes No 

Sex 
  

Male 17 92 0.38 (0.15, 0.98) 0.045 

Female 14 59 1 

Age in years Mean + SD 33.6±9.9 34.46+12.52 0.99 (0.94, 1.04)   

Marital status Married 19 52 1   
0.018 Never married 6 56 0.96 (0.34,2.75) 

Divorced & widowed 10 39 0.17 (0.94,0.74) 

Residency 
  

Urban 14 58 0.62 (0.23,1.66) 0.34 

Rural 21 87 1 

Educational status Primary & below 24 98 0.66 (0.20,2.22) 0.51 

Secondary & above 9 33 1 

Co-morbidity disease Yes 10 45  1 0.57 

No 25 102 1.34 (0.49,3.66) 

Previous TB treatment history ≤1 24 102 2.98 (0.94,9.45) 0.064 

>1 11 45 1 

Site of TB pulmonary only 26 121 1 0.48 

Disseminated 9 26 0.67 (0.22,2.05) 

Baseline sputum culture Positive 19 95 1 0.45 

Negative 9 32 0.67(0.24,1.90) 

Co morbidity Yes 10 45 1 0.57 

No 25 102 1.34(0.49,3.66) 

Smear grading No bacilli 10 32 1 0.77 

Scanty &+1 10 47 1.19(0.37,3.84 

+2 & +3 13 55 1.46(0.51,4.13) 

Hosmer and Lemeshow test (p-value=0.78), AOR (Adjusted Odds Ratio), CI (Confidence Interval), TB (Tuberculosis), SD (Standard Deviation) 

  

Discussion 

 
In this study, the four most common radiological findings 

were patchy consolidation (61.54%), fibrotic changes 

(37.91%), focal nodular opacities (26.92%), and single cavi-

ty (20.33%). Out of 182 patients included in this study, 118 

patients had consolidation (either patchy or lobar), which 

was predominantly found on the right and left upper lung 

zones accounting for 52 (44.06%) and 46 (38.93%) cases 

respectively. Those zonal distributions, bilateralism, and 

preference towards the upper lung zones were noted similar-

ly in studies done in Indonesia and Iran (11, 16). Even 

though consolidation was the most prevalent finding in our 

study, it was lower than study reports from Indonesia and 

Iran (11, 16). This difference might be due to the smaller 

    Mihiretie SA. et al. Ethiop. J. Health Biomed Sci., December 2024. Vol. 14, No. 2                                                        Page  6 of 9                                                                       

file:///C:/Users/Abebech.Molla.UOG/Desktop/MS%20Vol.14%20No.2%202024/MS855_Temesgen%20etal.docx#_ENREF_11#_ENREF_11
file:///C:/Users/Abebech.Molla.UOG/Desktop/MS%20Vol.14%20No.2%202024/MS855_Temesgen%20etal.docx#_ENREF_16#_ENREF_16
file:///C:/Users/Abebech.Molla.UOG/Desktop/MS%20Vol.14%20No.2%202024/MS855_Temesgen%20etal.docx#_ENREF_11#_ENREF_11
file:///C:/Users/Abebech.Molla.UOG/Desktop/MS%20Vol.14%20No.2%202024/MS855_Temesgen%20etal.docx#_ENREF_16#_ENREF_16


 

9 

 sample size or repeated TB treatments where the prevalence 

of fibrotic lung was higher and may lower the proportion of 

consolidation. Additionally, the long delay time in the diagno-

sis and initiation of treatment may result in ongoing chronic 

inflammation and as a result, causing fibrosis of the lung to be 

the second most common imaging feature in our cases. One 

can also consider the late presentation of our patients as a fac-

tor in the disease process that culminates in pulmonary fibro-

sis. The treatment failure rate in our country is high compared 

with that in other countries and several patients are subjected 

to repeated treatment. Moreover, cultures are done in only a 

few centers and most patients are subjected to repeated treat-

ment with conventional anti- tuberculosis drugs if they do not 

respond to the initial treatment. 

The prevalence of hilar lymphadenopathy (LAP) (10.99%) 

was lower than in the report from Iran (16). The reason behind 

this discrepancy might be the use of highly sensitive imaging 

like CT or digital x-ray which was not routinely taken for all 

of our patients.  

Of all 182 adult DR-TB patients in this study, 19% had exten-

sive (advanced) disease. Of those with extensive (advanced) 

DR-TB disease, diffuse chronic changes and diffuse nodular 

opacities were the dominant findings. This might be due to 

late presentations and/or due to repeated exposure to conven-

tional anti-TB regimens before the diagnosis of DR-TB. Mul-

tiple cavities were the third main findings following diffuse 

chronic changes and diffuse nodular opacities. But multiple 

cavities were less prevalent compared with other studies 

which showed multiple cavities were common radiological 

findings (9, 17). Based on the 2020 WHO and Ministry of 

Health Ethiopia PMDT guideline, DR-TB patients with exten-

sive (advanced) disease are not eligible for the shorter all-oral 

bedaquiline containing regimen. This implies that nearly one 

out of five DR-TB patients in this study were not eligible to 

benefit from this regimen. This short regimen is expected to 

reduce the duration of treatment from 18 or more months to 9-

12 months, decreasing the rate of patients lost to follow-up, 

increase successful treatment outcomes, and improve pro-

grammatic including drug supplies and procurements than 

longer regimens (15, 18, 19). 

In this study, the chest radiographic pattern among HIV posi-

tive and HIV negative DR-TB patients was similar. Only 28 

HIV-positive patients had CD4 counts at the time of DR-TB 

diagnosis and we could not, therefore, evaluate imaging at 

different CD4 values. Lack of CD4 count was also seen in a 

study done in Alert hospital, Addis Ababa, Ethiopia (21). 

Limitation: The inability to find an adequate number of pa-

tients, incompleteness of data, and poor quality x-ray film 

were the primary constraints for this study. 

Conclusions and recommendation: This study highlighted 

that one out of five pulmonary DR-TB patients (19%) has 

extensive (advanced) DR-TB disease. Fibrotic changes and 

patchy consolidations are the most common findings on chest 

x-ray. Marital status had a significant association with exten-

sive (advanced) DR-TB disease.  

Hilar lymphadenopathy was not common finding in our study 

compared with other previous studies so additional use of 

routine lateral chest x-ray in addition to posterioanterior chest 

radiograph may increase the detection rate of lymphadenopa-

thy. 

Abbreviations: Drug-Resistant Tuberculosis (DR-TB), Tu-

berculosis (TB),  Multidrug-Resistant Tuberculosis (MDR-

TB), Mycobacterium Tuberculosis Rifampicin-Resistant 

(MTB-RIF), World Health Organization (WHO), Adjusted 

Odds Ratio (AOR), Confidence Interval (CI), Interquartile 

Range (IQR), Standard Deviation (SD), Acquired Immune-

Deficiency Syndrome (AIDS), Human Immunodeficiency 

Virus (HIV), Computer Tomography (CT), and Magnetic 

Resonance Imaging (MRI), Rifampicin Resistance (RR-TB). 
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Abstract  

 
Background: Synthetic antioxidants used for the management of oxidative stress have been 

shown to have severe side effects. Some medicinal plants that belong to the genus Uvaria 

and Boscia contain chemicals with antioxidant properties such as flavonoids and alkaloids.  

Objective: This study was aimed to evaluate the antioxidant activities of the leaf extracts of 

Boscia coriacea Graells and Uvaria leptocladon Oliv.  

Method: Fresh leaves of B. coriacea and U. leptocladon were collected in April 2021 from 

Alie and Konso,  located in Southern Ethiopia. First, the leaves of the medicinal plants were 

dried in dark conditions. Maceration extraction method was used to extract the powdered 

leaf of Boscia coriacea and Uvaria leptocladon. The crude extract of B. coriacea was frac-

tionated using chloroform (CHCl3), methanol (CH3OH), CHCl3: CH3OH(1:1 v/v) and petro-

leum ether. The crude extract of U. leptocladon was fractionated using CHCl3, ethanol 

(C2H6OH), and ethyl acetate (C4H8O2). Evaluation of the antioxidant activity was done using 

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic 

acid (ABTS), and ferric reducing antioxidant power (FRAP) assays. Data analysis was done 

using one-way analysis of variance.  

Result: The antioxidant evaluation demonstrated that the leaf extracts of B. coriacea and U. 

leptocladon have 2,2-diphenyl-1-picrylhydrazyl and 2,2’-azinobis-(3-ethylbenzothiazoline-6-

sulfonic acid radical scavenging activity. Based on IC50 value, the CH3OH: CHCl3 (1:1) 

fraction of B. coriacea (IC50=38.2 μg/mL) and the C2H6OH fraction of U. leptocladon 

(IC50=30.5 μg/mL) are highly active in 2,2-diphenyl-1-picrylhydrazyl free radical scaveng-

ing activity. The total flavonoid content in the CH3OH:CHCl3 fraction of B.coricea and in 

the C2H6OH fraction of U.leptocladon were calculated to be 136.8±0.04 mg/g of extract and 

172.9±0.41 mg/g of extract, respectively. The total phenol content in the CH3OH: CHCl3 

fraction of B.coricea and in the C2H6OH fraction of U.leptocladon were calculated to be 145 

± 0.025 mg/g and 187.7 ± 0.055 mg/g, respectively. The CH3OH: CHCl3 (1:1) fraction of B. 

coriacea and the C2H6OH fraction of U. leptocladon  showed the highest ferric reducing 

antioxidant power. The antioxidant effects of the leaf extract of B. coriacea are due to β-

sitosterol and lucidine-type compound. The antioxidant effects of the leaf extract of U. lepto-

cladon  are attributed to β-sitosterol, β-sitosterol glucoside, and α-humulene.  

Conclusion: The leaf extracts of B. coriacea and U. leptocladon have high antioxidant activ-

ity. Further study is needed to determine the mechanism of action of compounds isolated 

from the leaf extracts of B. coriacea and U. leptocladon. 
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Introduction 

 
Oxidative stress refers to condition when an imbalance occurs 

between formations of free radicals and antioxidants (1).  Sev-

eral studies demonstrated that that oxidative stress can be in-

volved in the onset and/or progression of several diseases (i.e., 

cancer, diabetes, metabolic disorders, atherosclerosis, and 

cardiovascular disease (2). A free radical is a molecule which 

possesses an unpaired electron that makes it unstable. The 

unstable free radicals become stable when electron pairing 

occurs with biological macromolecules such as proteins and 

lipids, in healthy human cells (3). Antioxidants are chemicals 

that prevent and stabilize the damage caused by free radicals 

by supplying electrons and converting them into waste by-

products (3).  Synthetic antioxidants that are used for the man-

agement of oxidative stress have been shown to have severe 

side effects (4). For this reason, searching for safe and effec-

tive natural antioxidants is needed. 

Medicinal plants are major sources of chemicals with bioac-

tive compounds. Some medicinal plants that belong to the 

genus Uvaria and Boscia have antioxidant properties (5, 6). 

The commonly mentioned phytochemicals that are found in 

leaf extracts of plants that belongs to the genus Boscia include 

flavonoids, alkaloids, saponins, steroids, and cardiac glyco-

sides (6-9). The major phytochemicals in the leaf extracts of 

Uvaria species include: phenol, steroid, alkaloids, saponins, 

flavonoids and terpenoids (9-14). 

The genus Boscia belongs to the family Capparidaceae and the 

genus Uvaria belongs to the family Annonaceae, which are 

widely distributed in Ethiopia (15). For instance Boscia co-

ricea is found in Bale, Sidamo, Kefa, Konso, Gamo Gofa and 

Hararge regions of Ethiopia. Uvaria leptocladon is found in 

Sidamo, Kefa, Konso (Alie), and Gamo Gofa regions of Ethi-

opia (15). Thus, the objective of this study was to evaluate the 

antioxidant activities of the leaf extracts of B. coriacea Graells 

and U. leptocladon Oliv. 

 

Material and Method 

 

Plant collection 

Fresh leaves of B. coriacea and U. leptocladon were collected 

from Konso and Alie, located in the Southern Nation, Nation-

alities, and People Region, Ethiopia, in April 2021. The plant 

materials were authenticated by one of the authors of this man-

uscript (Mr. Melaku Wondafrash a Botanist at the Department 

of Plant Biology and Biodiversity Management, Addis Ababa 

University), and a voucher specimen of each plant (ST001 and 

ST002, representing B. coriacea and U. leptocladon, respec-

tively) was deposited at the National Herbarium, College of 

Natural and Computational Sciences, Addis Ababa University 

(AAU).  

Extraction  

First, the leaves of the plants dried in dark condition. Then, the 

extraction of the powdered leaf of B. coriacea (1 kg) and U. 

leptocladon (1 kg) was done using 10 liters of 80% methanol 

by maceration extraction method. Filtration of the mixture was 

performed using Whatmann no.1 filter paper. Rotary evapora-

tor (PHOENIX instrument, RE-100D) was used to evaporate 

the CH3OH from the filtrate. A lyophilizer equipment (Christ, 

ALPHA 2-4-LD plus, Germany) was used to remove the water 

component of the mixture.  

The crude leaf extracts of the two plants were fractionated in 

the Department of Chemistry, CNCS, AAU. The crude extract 

of B. coriacea was fractionated using chloroform (CHCl3), 

methanol (CH3OH), CHCl3: CH3OH (1:1 v/v) and petroleum 

ether. The crude extract of U.leptocladon, was fractionated 

using CHCl3, ethanol (C2H6OH), and ethyl acetate (C4H8O2). 

All the extracts were stored at -20°C until the experiments 

were conducted. The isolation and characterization of com-

pounds were done at the Department of Chemistry, CNCS, 

AAU. The characterization of compounds was done using nu-

clear magnetic resonance spectrometry (1H NMR and 13C 

NMR). 

2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 

assay 

The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-

ing assay was carried out according to Brand-Williams et al 

(1995) (16) and Molyneux (2004) (17) with modification. 

Stock solutions of the plant extracts, 1mg/mL diluted to differ-

ent concentrations ranging from 0.02 to 0.20 mg/mL (0.02, 

0.04, 0.08, 0.12, 0.16 and 0.20 mg/mL). Five mL of 1 mM 

DPPH in CH3OH was added to the different concentrations of 

extracts. Then, the mixture was shaken and allowed to stand in 

dark condition. After 30 minutes, absorbance was read at 517 

nm against a blank containing CH3OH using spectrophotome-
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 ter (UV-UV/Vis/NIR spectrophotometer, Perkin Elemer, 

Lambda 950). Ascorbic acid was used as positive control with 

similar concentrations of the leaf extracts. The experiment was 

done in triplicate.  

The following formula was used to calculate the percent (%) 

inhibition of DPPH (17):- 

Scavenging effect (%) = [(A0 –A/A0)] × 100                   

Where, 

A0 = absorbance of the blank solution (DPPH without extract)  

A = absorbance of the extract + DPPH 

2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)  

The 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid 

(ABTS) radical scavenging activity of the leaf extracts of B. 

coriacea and U. leptocladon was determined using the method 

described by Re et al (1999) (18). First ABTS radical was pro-

duced by reaction of 7 mM solution of ABTS in water with 

2.45 mM potassium persulphate (K2O8S2) (1:1). The mixture 

was held in darkness at 27°C for 16 h. After 16 h, the ABTS 

radical solution was further diluted with distilled water until 

the initial absorbance was reached 0.7 at 734 nm. Stock solu-

tions of 1mg/ml of the extract was diluted to different concen-

trations ranging from 0.025 to 0.2 mg/mL (0.025, 0.05, 0.1, 

0.15, and 0.2 mg/mL). Then, 1.9 ml of ABTS working solution 

was mixed with 0.1 ml of the extract or standard. Ascorbic 

acid was used as standard. Absorbance was taken at 734 nm 

using spectrophotometer (UV-UV/Vis/NIR spectrophotometer, 

Perkin Elemer, Lambda 950). The experiment was done in 

triplicates. 

The following formula was used to calculate the percent (%) 

inhibition of ABTS (18):- 

% ABTS inhibition= [(Abblank –Absample)] x 100 

                                        Ab blank 

Where, 

Ab blank=the absorbance of the blank solution (ABTS without 

the extract)  

Ab sample=the absorbance of the extract + ABTS 

Ferric Reducing Antioxidant Power (FRAP) assay 

The ferric reducing antioxidant power of the leaf extracts of B. 

coriacea and U. leptocladon was determined using the method 

described by Benzie and Strain (1996) (19). First, stock solu-

tions of 300 mM acetate buffer, 10 mM TPTZ (2, 4, 6-

tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM 

FeCl3·6H2O solution were prepared. Then, fresh FRAP solu-

tion was prepared by mixing 25 ml acetate buffer, 2.5 ml TPTZ, 

and 2.5 mLFeCl3·6H2O. Then, the FRAP solution was incubat-

ed at 37°C for 30 min. After 30 min of incubation at 370C, 100 

μL of the plant extract (0.1 mg/mL) was allowed to react with 

2900 μL of the FRAP solution for 30 min in the dark. Finally, 

absorbance was read at 593 nm using spectrophotometer (UV-

UV/Vis/NIR spectrophotometer, Perkin Elemer, Lambda 950). 

Ferrous sulfate (FeSO4) was used as standard (different concen-

trations ranging from 10 to 80 μg/mL). The experiment was 

performed in triplicates. Results are expressed in μM Fe (II)/g 

dry mass. The following formula was used to calculate the 

FRAP of the crude extracts and fractions of the leaf extracts of 

B. coriacea and U. leptocladon (20):- 

FRAP value (μM Fe (II)/g dry mass) = c × V × t∕m                           

Where, FRAP value (c) is the FeSO4 concentration (μmol/mL) 

calculated from the FeSO4 calibration curve, V is the extract 

volume (mL), t is the dilution factor, and m is the mass of the 

extract (g). 

Determination of total phenolic content 

Total phenolic content of the leaf extracts of B. coriacea and U. 

leptocladon was determined by using the Folin-Ciocalteau 

method (21). The reaction mixture was prepared by mixing 1.25 

mL of 10% Folin-Ciocalteau reagent (diluted with distilled wa-

ter 1:10 v/v), 1.25 mL of sodium carbonate (7.5%) and 0.25 mL 

of extract in CH3OH (0.1 mg/mL). Then, the mixture was incu-

bated for 45 min under dark condition. The absorbance was 

measured at 760 nm using spectrophotometer (UV-UV/Vis/NIR 

spectrophotometer, Perkin Elemer, Lambda 950). Gallic acid 

was used as standard (different concentrations ranging from 20 

to 140 μg/mL). The experiment was done in triplicates. Results 

were expressed in mg Gallic acid equivalents (GAE) per gram 

dry extract weight. The following formula was used to calculate 

the total phenol content in the crude extracts and fractions of the 

leaf extracts of B. coriacea and U. leptocladon (21):- 

C=c.V/m                                 

Where, C=total phenolic content mg GAE/g dry extract, 

c=concentration of Gallic acid calculated from the Gallic acid 

calibration curve in mg/mL, V=volume of extract (mL), and 

m=mass of extract (g). 

Determination of total flavonoid content 

Total flavonoid content in the leaf extracts of B. coriacea and 

U. leptocladon was determined by using aluminum chloride 

colorimetric assay (22). Sodium nitrate (0.15 mL of 5 %) was 

added to 0.25 ml extract in CH3OH (0.1 mg/mL). After 5 min, 
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 0.15 mL of 10 % AlCl3 was added and left for 5 min. Then, 1 

mL of 1 M NaOH was added into the solution and filled with 

CH3OH to make final volume to 5 mL. Finally, the solutions 

were allowed to stand for 30 minutes in the dark at room tem-

perature. Absorbance of the mixture was measured at 510 nm 

using spectrophotometer (UV-UV/Vis/NIR spectrophotome-

ter, Perkin Elemer, Lambda 950). Quercetin was used as 

standard (different concentrations in MeOH ranging from 25 

to 150 μg/mL).  The experiment was performed in triplicates. 

Total flavonoid content was expressed in mg quercetin equiv-

alent (QE) per gram dry extract weight (mg/g). The following 

formula was used to calculate the total flavonoid content in 

the crude extracts and fractions of the leaf extracts of B. cori-

acea and U. leptocladon (22):- 

C=c.V/m                      

Where, C=total flavonoid content mg QE/g dry extract, 

c=concentration of quercetin calculated  from the quercetin 

calibration curve (mg/mL), V=volume of extract (mL), and 

m=mass of extract (g). 

Data analysis 

The DPPH and ABTS radical scavenging activities of the leaf 

extracts of B. coriacea Graells and U. leptocladon Oliv were 

expressed as IC50 and mean percent inhibition ± SD (mean ± 

SD). The FRAP of the leaf extracts was expressed as μM Fe 

(II)/g dry extract (mean ± SD). Total phenol content was ex-

pressed as mg Gallic acid equivalent per gram of dry extract 

(mean ± SD). Total flavonoid content was expressed as mg 

quercetin equivalent per gram of dry extract (mean ± SD). 

P<0.05 was considered statistically significant. Analysis of 

the difference between the antioxidant activities of the differ-

ent groups was performed using one-way analysis of variance 

(ANOVA) with post hoc comparison (Tukey’s test).  

Ethical consideration 

Ethical clearance (IRB/03/14/2022) was obtained from the 

Institutional Review Board (IRB) of the College of Natural 

and Computational Sciences, Addis Ababa University.  

Result 

DPPH radical scavenging activity of the leaf extract of B. 

coriacea  

The different concentrations of B. coriacea (the crude extract 

and fractions of B. coriacea) had dose dependent DPPH anti-

oxidant activities. The CH3OH:CHCl3 fraction of B. coriacea 

leaf extract (IC50=38.2 μg/mL) demonstrated the highest 

DPPH radical scavenging activity as compared with the other 

three fractions of B. coriacea leaf extract (CHCl3, CH3OH, 

and Petroleum ether fractions) (Table 1). The Petroleum ether 

fraction of B. coriacea showed the lowest DPPH radical scav-

enging activity (IC50=1149 μg/mL). 

  
Concentrations 
(μg/mL) 

Percent inhibition of DPPH (%) (mean±SEM) 

Crude extract 
of B. coriacea 

CH3OH: CHCl3 

fraction of 
B.coriacea 

CH3OH fraction 
of B.coriacea 

CHCl3 fraction 
of B.coriacea 

Petroleum ether 
fraction of 
B.coriacea 

Ascorbic acid 

20 38±0.63 

bcdef* 

47±0.005 

acdef* 

23±0.22 

abdef* 

21±0.01 

abcef* 

16±0.01 

abcdf* 

45±0.005 

abcde* 

40 45±0.37 

bcdef* 

51±0.04 

acdef* 

25±0.01 

abdef* 

23±0.16 

abcef* 

17±0.05 

abcdf* 

55±0.003 

abcde* 

80 52±0.61 

bcdef* 

55 ±0.04 

acdef* 

27±0.72 

abdef* 

25±0.01 

abcef* 

18 ±0.05 

abcdf* 

65±0.01 

abcde* 

120 58±0.021 

bcdef* 

60±0.006 

acdef* 

30±0.01 

abdef*  

27±0.03 

abcef*  

20 ±0.05 

abcdf*  

75±0.02 

abcde* 

160 65±0.6 

cdef* 

65±0.005 

cdef* 

32±0.01 

abdef* 

29±0.14 

abcef* 

21 ±0.05 

abcd* 

85 ± 0.02 

abcde* 

200 71.4±0.63 

bcdef* 

69±0.01 

acdef* 

34±0.02 

abdef* 

31±0.03 

abcef*  

22 ±0.6 

abcd* 

98.9±0.02 

abcde* 

IC50  (μg/mL) 74.2 

bcdef* 

38.2 acdef* 462 abdef* 590  abcef* 1149  abcdf* 30.5 abcde* 

Table 1: DPPH free radical scavenging activity by the crude extract and fractions of the leaf extract of B. coriacea 

Note: SEM stands for standard error of the mean. * indicates the mean difference is significant at p<0.05. a: compared with  crude extract of B. 

coriacea, b: compared with CH3OH: CHCl3 fraction, c: compared with CH3OH fraction, d: compared with CHCl3 fraction, e: compared with 

Petroleum ether fraction, f: compared with ascorbic acid. 
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 DPPH radical scavenging activity of the leaf extract of U. 

leptocladon  

The different concentrations of U. leptocladon (the crude ex-

tract and fractions of U. leptocladon) had dose dependent 

DPPH antioxidant activities. The C2H6OH fraction of U. lep-

tocladon leaf extract (IC50=30.5 μg/mL) demonstrated the 

highest DPPH radical scavenging activity as compared with 

the other two fractions of U. leptocladon leaf extract (CHCl3 

and C4H8O2 fractions) (Table 2). The C4H8O2 fraction of U. 

leptocladon showed the lowest DPPH radical scavenging ac-

tivity (IC50=1175 μg/mL). 

Table 2: DPPH free radical scavenging activity by the crude extract and fractions of the leaf extract of U. leptocladon 

  
Concentrations 
(μg/mL) 

Percent inhibition of DPPH (%) (mean±SEM) 

Crude extract of 
U.leptocladon 

CHCl3 fraction of 
U. leptocladon 

C4H8O2 fraction 
of U. leptocladon 

C2H6OH fraction 
of U. leptocladon 

Ascorbic 
acid 

20 45±0.01 

bcd* 

23 ±0.02 

acde* 

15±0.24 

abde* 

48±0.01 

abce* 

45± 0.005 

bcd* 

40 53±0.04 

bcde* 

27 ±0.02 

acde* 

16±0 

abde* 

52±0.02 

abce* 

55±0.003 

abcd* 

80 63±0.01 

bcde* 

32 ±0.005 

acde* 

17±0.006 

abde* 

56±0.03 

abce* 

65±0.01 

abcd* 

120 71±0.08 

bcde* 

36±0.01 

acde* 

18±0.03 

abde*  

60±0.11 

abce* 

75±0.02 

abcd* 

160 80±0.01 

bcde* 

41 ±0.02 

acde* 

19±0.005 

abde* 

65±0.008 

abce* 

85 ±0.02 

abcd* 

200 91±0.005 

bcde* 

46 ±0.02 

acde* 

20±0.04 

abde* 

69±0.39 

abce* 

98.9±0.02 

abcd* 

IC50 (μg/mL) 33.5 bcde*  238 acde* 1175 abde* 30.5 abc* 30.5 abc* 

Note: SEM stands for standard error of the mean. * indicates the mean difference is significant at p<0.05. a: compared with  crude 

extract of U.leptocladon. b: CHCl3 fraction, c: compared with C4H8O2 fraction, d: compared with C2H6OH fraction, e: com-

pared with ascorbic acid. 

 DPPH radical scavenging activity of Isolated compounds 

The antioxidant activity of the compounds isolated from leaf 

extracts of B. coriacea and U. leptocladon was shown in Ta-

ble 3. The antioxidant effects of the leaf extract of B. coriacea 

is due to β-sitosterol and lucidine-type compound. The anti-

oxidant effects of the leaf extract of U. leptocladon is attribut-

ed to β-sitosterol, β-sitosterol glucoside, and α-humulene. 

The highest DPPH antioxidant activity was shown by the 

lucidine type compound (IC50=48.5 μg/mL). 1-tricontanol 

demonstrated the lowest antioxidant activity (IC50=572.2 μg/

mL). 

ABTS radical scavenging activity 

ABTS radical scavenging activity by the leaf extract of B. 

coriacea 

Table 4 shows ABTS radical scavenging activity of the crude 

extract and fractions of the leaf extract of B. coriacea. The 

findings revealed that the different concentrations of B. coria-

cea (the crude extract and fractions of B. coriacea) had dose 

dependent ABTS antioxidant activity. 

The CH3OH: CHCl3 fraction of B. coriacea leaf extract 

(IC50=70 μg/mL) demonstrated the highest ABTS radical 

scavenging activity as compared with the other three fractions 

of B. coriacea (CHCl3, CH3OH, and Petroleum ether frac-

tions) (Table 4). The Petroleum ether fraction of B. coriacea 

showed the lowest ABTS radical scavenging activity 

(IC50=382.6 μg/mL).  
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Table 3: Antioxidant activity by the compounds isolated from leaf extracts of B. coriacea and U. leptocladon using  
DPPH radical scavenging assay 

  

Concentrations 

(μg/mL) 

Percent inhibition of DPPH (%) (mean±SEM) 

β-sitosterol β-sitosterol 

glucoside 

α-humulene Lucidine type 

compound 

1-tricontanol Ascorbic 

acid 

20 26±0.06 

bcdef* 

30 ±0.03 

acdef* 

23±0 

abdef* 

40±0.005 

abcef* 

5±0.17 

abcdf* 

45±0.008 

abcde* 

40 31±0.01 

bcdef* 

35 ±0.01 

acdef* 

28±0.08 

abdef* 

48±0.003 

abcef* 

8±0.003 

abcdf* 

55±0.008 

abcde* 

80 41±0.005 

bcdef* 

50 ±0.05 

acdef* 

38±0.003 

abdef* 

61±0.33 

abcef* 

11±0.02 

abcdf* 

65.7±0.005 

abcde* 

120 55 ±0.05 

bcdef* 

65 ±0.003 

acdef* 

53±0.008 

abdef* 

72±0.006 

abcef* 

14± 0.003 

abcdf* 

76.8±0.008 

abcde* 

160 70±0.005 

bcdef* 

80 ±0.01 

acdef* 

68±0.01 

abdef* 

85±0.003 

abcef* 

17±0.003 

abcdf* 

90 ±0.006 

abcde* 

200 85±0.01 

bcdef* 

95±0.003 

acdef* 

83±0.006 

abdef* 

96.7±0.008 

abcef* 

20±0.01 

abcdf* 

98.6±0.005 

abcde* 

IC50 (μg/mL) 99 

bcdef* 

77.6 

acdef* 

105.6 

abdef* 

48.5 

abcef* 

572.2 

abcdf* 

29.3 

abcde* 

Note: a: compared with β-sitosterol, b: compared with β-sitosterol glucoside; c: compared with α-Humelene; d: compared with 
lucidine type compound; e: compared with 1-tricontanol; f: compared with ascorbic acid. SEM stands for standard error of 
the mean. * indicates the mean difference is significant at p<0.05. 

Table 4: ABTS radical scavenging activity by crude extract and fractions of the leaf extract of B. coriacea 

 Concentration 
(μg/mL) 

Percent ABTS inhibition (mean±SEM) 

Crude extract 
of B. coriacea 

CH3OH: CHCl3 

fraction of B. 
coriacea  

CH3OH frac-
tion of B. cori-
acea 

CHCl3 fraction 

of B. coriacea 
Petroleum ether 
fraction of B. 
coriacea 

Ascorbic acid 

25 38±0.03 bcdef* 40±0.05 

acdef* 

34±0.01 

abdef* 

22±0.02 

abcef* 

21±0.02 

abcdf* 

49±0.03 

abcde* 

50 45±0.03 

bcdef* 

46±0.08 

acdef*  

41±0.01 

abdef*  

25±0.01 

abcef* 

24±0.04 

abcdf* 

58±0.01 

abcde* 

100 56±0.03 

cdef* 

56±0.02 

cdef* 

49±0.01 

abdef* 

29±0.006 

abcef* 

28±0.01 

abcdf* 

72±0.02 

abcde* 

150 68±0.03 

bcdef* 

66±0.02 

acdef* 

57±0.01 

abdef* 

33±0.03 

abcef* 

32±0.01 

abcdf* 

89±0.3 

abcde* 

200 81.3±0.05 

bcdef* 

76.7±0.02 

acdef* 

66±0.05 

abdef* 

37±0.01 

abcef* 

36±0.01 

abcdf* 

99±0.08 

abcde* 

IC50 (μg/mL) 74 bcdef* 70 acdef* 106.2 abdef* 370 abcef* 382.6 abcdf*  24 abcde* 

Note: SEM stands for standard error of the mean. * indicates the mean difference is significant at p<0.05. a: compared with  crude 

extract of B. coriacea, b: compared with CH3OH: CHCl3 fraction, c: compared with CH3OH fraction, d: compared with 

CHCl3 fraction, e: compared with Petroleum ether fraction, f: compared with ascorbic acid. 

 ABTS radical scavenging activity the leaf extract of U. 

leptocladon 

Both the crude extract and fractions of the leaf extract of U. 

leptocladon showed ABTS radical scavenging activity (Table 

5). The findings revealed that the different concentrations of 

U. leptocladon (the crude extract and fractions of U. lepto-

cladon) had dose dependent ABTS antioxidant activities. 

The C2H6OH fraction of U. leptocladon leaf extract 

(IC50=24.4 μg/mL) demonstrated the highest ABTS radical 

scavenging activity as compared with the other two fractions 

(CHCl3 and C4H8O2 fractions) (Table 5). The C4H8O2 fraction 

of U. leptocladon showed the lowest ABTS radical scaveng-

ing activity (IC50=658.6 μg/mL). 
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Table 5: ABTS radical scavenging activity by crude extract and fractions of the leaf extract of U. leptocladon 

 
 

Concentrations 

(μg/mL) 

   Percent inhibition of ABTS (%) (mean±SEM) 

Crude extract of 

U. leptocladon  

CHCl3 fraction  of 

U. leptocladon 

C4H8O2 fraction  

of U. leptocladon 

C2H6OH fraction  

of U. leptocladon 

Ascorbic 

acid 

25 49±0.01 

bcd* 

41±0.02 

acde* 

18±0.02 

abde* 

48±0.03 

abce* 

49±0.03 

bcd* 

50 57±0.03 

bcde* 

51±0.006 

acde* 

20±0.01 

abde* 

58±0.01 

abc* 

58±0.01 

abc* 

100 71±0.3 

bcde* 

61±0.01 

acde* 

22±0.6 

abde* 

68±0.005 

abce* 

72±0.02 

abcd* 

150 87±0.04 

bcde* 

71±0.02 

acde* 

25±0.03 

abde* 

78±0.05 

abce* 

89±0.3 

Abcd* 

200 96±0.04 

bcde* 

83±0.03 

acde* 

27±0.01 

abde* 

90±0.14 

abce* 

99±0.08 

abcd* 

IC50 (μg/mL) 25.2 

Bcde 

54.9 

acde* 

658.6 

abde* 

24.4 

abc* 

24 

abc* 

Note: SEM stands for standard error of the mean. * indicates the mean difference is significant at p<0.05. a: compared with  crude 

extract of U.leptocladon. b: CHCl3 fraction, c: compared with C4H8O2 fraction, d: compared with C2H6OH fraction, e: com-

pared with ascorbic acid. 

 FRAP of the leaf extracts of B. coriacea and U. leptocladon 

The FRAP of the leaf extracts of B. coriacea and U. lepto-

cladon was calculated based on the standard curve of FeSO4. 

The ability of the crude leaf extracts of B. coriacea and U. 

leptocladon to reduce TPRZ-Fe (III) complex to TPTZ-Fe 

(II)) were found to be 887.6 ± 0.41 μM Fe(II)/g dry mass and 

1680 ± 0.13 μM Fe(II)/g dry mass, respectively. The 

MeOH:CHCl3 fraction of B. coriacea (940.1 ± 2.87μM Fe

(II)/g dry mass) and the C2H6OH fraction of U. leptocladon 

(1842.6 ± 0.85 μM Fe(II)/g dry mass) had the highest ferric 

reducing potential (Table 6). 

Table 6: FRAP of the leaf extract of B. coriacea and U. leptocladon  

 Plant name Plant extract/fractions μM Fe(II)/g dry mass (mean ± SEM) 

B. coriacea Crude extract 815.3±0.24 bcdefghi* 

CH3OH:CHCl3 fraction 940.1±1.65 acdefghi* 

CH3OH fraction 389.4±0.04 abdefgh* 

CHCl3  fraction 374.9± 0.04 abcfghi* 

Petroleum ether fraction 374.8±0.04 abcfghi* 

U. leptocladon Crude extract 1680± 0.07 abcdeghi* 

C2H6OH fraction 1842.6±0.07 abcdefhi* 

CHCl3 fraction 809.6±0.05 abcdefgi* 

C4H8O2 fraction 388.8± 0.04 abdefgh* 

Note: a: compared with crude extract of B. coriacea; b: compared with CH3OH: CHCl3 fraction of B. coriacea; c: CH3OH fraction 

of B. coriacea; d: CHCl3 fraction of B. coriacea; e: Petroleum ether fraction of B. coriacea; f: crude extract of U. lepto-

cladon; g: C2H6OH fraction of U. leptocladon; h: CHCl3 fraction of U. leptocladon; i: C4H8O2 fraction of U. leptocladon.  * 

indicates the mean difference is significant at p< 0.05. SEM stands for standard error of mean. 
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 Determination of total phenol and flavonoid content 

The crude extract of B. coriacea and U leptocladon had total 

phenol contents of 137.7 and 147.7 mg/g of dry extract, re-

spectively (Table 7). The highest total phenol content was 

obtained in the CH3OH: CHCl3 (145.00 mg/g of dry extract) 

and C2H6OH (187.70 mg/g of dry extract) fractions in the B. 

coriacea and U leptocladon, respectively. Meanwhile the least 

concentrations of total phenol were found in the petroleum 

ether (11.60 mg/g of dry extract) and C4H8O2 (10.90 mg/g of 

dry extract) fractions, respectively. 

The total flavonoid content was highest in the crude extracts 

of both B. coriacea (111.70 mg/g of dry extract) and U. lepto-

cladon (138.80 mg/g of dry extract). Among the fractions, the 

highest total flavonoid content was obtained in the 

CH3OH:CHCl3 (136.80 mg/g of dry extract) and C2H6OH 

(172.90 mg/g of dry extract) fractions in the B. coriacea and 

U leptocladon, respectively. In contrast, the least concentra-

tions were found in the petroleum ether (0.75 mg/g of dry 

extract) and C4H8O2 (4.24 mg/g of dry extract) fractions, re-

spectively (Table 7). 

Table 7: Total phenolic and total flavonoid content of the leaf extracts of B. coriacea and of U. leptocladon 

 Plant name Test sample Total phenolic content (mg /g 

dry extract) (mean ± SEM) 

Total flavonoid content (mg/g 

dry extract) (mean ± SEM) 

B. coricea  Crude extract 137.7± 0.34 bcdefghi* 111.7±0.051 bcdefghi* 

CH3OH: CHCl3 fraction 145± 0.01 acdefghi* 136.8±0.03 acdefghi* 

CH3OH fraction 24.8± 0.01 abdefghi* 9.75±0.01 abdefghi* 

CHCl3 fraction 12.3±0.01 abcfghi* 3.8±0.03 abcefgh* 

Petroleum ether fraction 11.6± 0.03 abcfgh* 0.75±0.005 abcdfghi* 

U. leptocladon Crude extract 147.7± 0.01 abcdeghi* 138.8± 0.05 abcdeghi* 

C2H6OH fraction 187.7±0.03 abcdefhi* 172.9±0.23 abcdefhi* 

CHCl3 fraction 41.3±0.06 abcdefgi* 22.05±0.03 abcdefgi* 

C4H8O2 fraction 10.9 ±0.005 abcdfgh* 4.24 ± 0.15 abcefgh* 

Note: a: compared with crude extract of B.coriacea; b: compared with CH3OH: CHCl3 fraction of B.coriacea; c: CH3OH fraction of 

B. coriacea; d: CHCl3 fraction of B.coriacea; e: Petroleum ether fraction of B. coriacea; f: crude extract of U. leptocladon; g: 

C2H6OH fraction of U. leptocladon; h: CHCl3 fraction of U. leptocladon; i: C4H8O2 fraction of U. leptocladon. * indicates the 

mean difference is significant at p<0.05. SEM stands for standard error of mean. 

  

Discussion  

 
This study showed that the leaf extracts of B. coriacea and U. 

leptocladon have potent DPPH and ABTS radicals scaveng-

ing effects. Based on the IC50 value, the ability of DPPH radi-

cal scavenging activity of antioxidants can be classified in to 

five groups:- highly active (IC50  < 50 μg/mL); active (IC50 

50-100 μg/mL); moderate (IC50 101-250 μg/mL); weak (IC50 

250 to 500 μg/mL) and inactive (IC50 >500 μg/mL) (23).  

Accordingly, the crude extract of U. leptocladon (IC50=33.5 

μg/mL), the CH3OH:CHCl3 fraction of B. coriacea 

(IC50=38.2 μg/mL), the C2H6OH fraction of U. leptocladon 

(IC50=30.5 μg/mL) and the lucidine type compound 

(IC50=48.5 μg/mL) are highly active in their DPPH radical 

scavenging activity. Whereas, β-sitosterol glucoside 

(IC50=77.6 μg/mL) and the crude extract of B. coricea 

(IC50=74.2 μg/mL) demonstrated to be active against the 

DPPH radical. β-sitosterol (IC50=99 μg/mL) and α-humulene 

(IC50=105.6 μg/mL) had moderate DPPH scavenging activi-

ty. In contrast to the other compounds, 1-Tricontanol was 

inactive against DPPH radical (IC50=572.25 μg/mL). The 

results of this study substantiate previous studies that investi-

gated the antioxidant activities of the leaf extracts of other 

Boscia species such as B. senegalensis and B. Arabica (6, 8) 

and Uvaria species such as U. chamae (14). 

Free radicals scavenging activity of plants is mainly related 

with their total phenol content (24). Therefore, the high inhi-

bition of ABTS and DPPH by the leaf extract of B. coriacea 

and U. leptocladon noted in this study could be due the high 
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 total phenol and flavonoid contents of the plants. Similarly, 

the highest inhibition of ABTS and DPPH by the 

CH3OH:CHCl3 fraction of B. coriacea and the C2H6OH frac-

tion of U. leptocladon could be due the highest total phenol 

and flavonoid contents.  

Antioxidant activity of medicinal plants is associated with 

steroids, alkaloids, phenols, flavonoids, and tannins that they 

possess (25-27). Therefore, the antioxidant activities of the 

crude leaf extracts of B. coriacea Graells and U. leptocladon 

Oliv observed in this study might be due to the presence of 

alkaloids, phenols, flavonoids, and tannins in the leaf extracts 

(9). 

The ability of FRAP of antioxidants can be classified into five 

groups as follows (28):- a) Very low:  with FRAP value <10 

μmol/g; (b) Low: with FRAP value from 10 to 50 μmol/g; (c) 

Good: with FRAP value from 50 to 100 μmol/g; (d) High: 

with FRAP value from 100 to 400 μmol/g; Very high: with 

FRAP value >400 μmol/g. Accordingly, the crude extract of 

B. coriacea (FRAP value=887.6 μmol/g); the crude extract of 

U. leptocladon (FRAP value=1735.6 μmol/g); the 

CH3OH:CHCl3 fraction of B. coriacea (FRAP value=940.1 

μmol/g); the C2H6OH (FRAP value=1828.2 μmol/g) and 

CHCl3 fractions of U. leptocladon (FRAP value= 809.6 μmol/

g)  have very high FRAP. Taken together, the leaves extracts 

of the medicinal plants can be source of potent antioxidant 

drugs. 

 

Conclusion and recommendation 

 

The study demonstrated that the leaf extracts of B. coriacea 

and U. leptocladon have strong antioxidant activity. Further 

study is needed to determine the mechanism of action of the 

compounds isolated from the leaves extracts of B. coriacea 

and U. leptocladon.   
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Abstract  

 

Background: The palmaris longus muscle, located in the superficial anterior compartment 

of the forearm, plays a crucial role in wrist flexion.  

Objective: This study aimed to investigate the anatomical variation (presence or absence) 

of the palmaris longus using the Anatomage Table 10.0, a cutting-edge virtual dissection 

tool.  

Method: The research was conducted at the University of Global Health Equity's simula-

tion laboratory in Rwanda from June 10 to June 15, 2024. Five cadavers (2 female, 3 

male) with varying resolutions were used to examine the muscle's anatomy. Prior to data 

collection, instructors received training, and a pilot study ensured the reliability and valid-

ity of the research. Virtual dissection and labeling of the palmaris longus muscle and cor-

responding nerves were performed, while preserving key anatomical structures. 

Result: The study revealed a bilateral absence of the palmaris longus muscle in one cadav-

er.  

Conclusion: Our findings on palmaris longus muscle variability highlight the significance 

of anatomical variations in treatment outcomes and patient care, contributing to the grow-

ing understanding of their clinical implications. This variability is crucial for surgeons and 

clinicians to consider when performing forearm surgeries and diagnosing conditions like 

carpal tunnel syndrome. 
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Introduction 

 

The palmaris longus muscle, slender and fusiform in shape, 

lies within the forearm's superficial anterior compartment. It 

originates from the common flexor origin near the medial 

epicondyle, inserts into the palmar aponeurosis, and is 

innervated by the median nerve. It is positioned between the 

flexor carpi radialis and flexor carpi ulnaris muscles and 

partially overlaps the course of the median nerve (1-3).  

Like the plantaris muscle, the palmaris longus exhibits 

considerable morphological variability (4). These variations of 

the palmaris longus muscle can include complete agenesis, 

differences in the location and form of the fleshy portion, 

abnormalities in attachment, duplication or triplication, 

accessory tendinous slips, and substitutions by elements with 

similar form or position (5-7).  

The variability of the palmaris longus is significant clinically 

as it can lead to conditions such as compartment syndrome of 

the forearm and wrist, carpal tunnel syndrome, or Guyon's 

syndrome. Its anatomic variability can also contribute to 

diagnostic challenges for radiologists (8, 9). Furthermore, the 

palmaris longus serves as a key anatomical landmark for 

surgeries on the forearm and wrist. Its tendon is widely used 

in reconstructive plastic surgery for tendon grafting and 

procedures like lip augmentation (10). The palmaris longus 

also plays a role in ptosis correction (8, 9) and the 

management of facial paralysis (11).  

The Anatomage method revolutionizes human anatomy visu-

alization through its virtual dissection table, providing users 

with an unprecedented level of accuracy and creating a para-

digm shift in anatomy learning. This fully interactive, life-

sized touch screen experience mirrors the conditions of work-

ing with a fresh cadaver, using genuine patient data at life-like 

proportions.  The Anatomage Table features a life-sized virtu-

al human cadaver displayed on a 2.13×0.67 m screen, offering 

the ability to digitally dissect the body. By utilizing advanced 

imaging technologies such as CT scans, X-rays, ultrasound, 

and MRIs, all integrated into a user-friendly touchscreen inter-

face, the table transforms the study of human anatomy. Users 

can explore and peel back layers of the digital body, removing 

structures from the surface to deeper layers. This allows for 

the removal of skin to expose muscles, bones, internal organs, 

nerves, and blood vessels. The table enables students and users 

to study anatomical structures from multiple perspectives, lay-

ers, and scales, promoting a deeper understanding of how the 

body’s parts and organs are interconnected. Anatomage also 

provides access to anatomical data from both male and female 

cadavers, sourced from the Visible Human Project (VHP) and 

the Visible Korean Human (VKH). Additionally, as it is high-

lighted in studies such as García et al. (2018) ("Possibilities for 

the use of Anatomage (the anatomical real body-size table) for 

teaching and learning anatomy with the students") (11). 

To our knowledge, this is the first study to analyze palmaris 

longus muscle variability using the Anatomage Table. The aim 

of this case study is to enhance understanding of the 

anatomical differences and variability of the palmaris longus 

muscle to improve surgical procedures and clinical practices. 

Based on the Anatomage table study, we found that variations 

in the presence or absence of the palmaris longus muscle exist 

among individuals. These variations can significantly impact 

the planning and execution of surgical procedures involving 

the forearm and hand, such as carpal tunnel release. The 

findings underscore the importance of understanding the 

anatomical differences and variations in the palmaris longus 

muscle to help surgeons navigate and avoid complications 

during surgeries in the palmar region. 

 

Material and Method 

 

Study Area and Period 

This study was conducted within the simulation laboratory at 

the University of Global Health Equity in Rwanda. The re-

search took place from June 10 to June 15, 2024, utilizing the 

Anatomage virtual dissection table 10.0. 

Study Design 

An observational study design was conducted using an Anato-

mage virtual dissection Table. 

Sample Population 

The sample population included all cadavers integrated with 

the Anatomage Table, consisting of five cadavers (two female 

and three male). The three cadavers, Hans, Carl and Carla, 

have a resolution of 0.66mm, 0.66 mm and 1.00 mm while the 

remaining two, Victor and Vicky have a resolution of 0.80mm 

in all dimensions (0.80mm, 0.80mm, 0.80mm).  
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 Data Collection 

Training and Pilot Study 

Before data collection, simulation laboratory instructors un-

derwent two days of training to learn how to use the Anato-

mage Table and identify anatomical structures such as nerves 

and muscles. To ensure the reliability and validity of the re-

search instruments, a pilot study was conducted at the Uni-

versity of Global Health Equity. This pilot study focused on 

the pyramidalis muscle of the abdominal wall, one of the 

variable muscles, using the Anatomage Table. It involved 

two cadavers, representing about 30% of the total sample 

size, and helped identify areas requiring modification. 

Data Collection Procedures 

The present study utilized Anatomage Table 10.0 to examine 

variations in the anatomy of the palmaris longus muscle. The 

latest version, Anatomage Table 10.0, presents meticulously 

segmented representations of real human anatomy from five 

cadavers, including a new male cadaver named Hans, recon-

structed from a 70-year-old lung cancer patient. Hans pro-

vides unique insights into geriatric anatomy, showcasing 

detailed muscular and vascular systems (see Fig. 1). 

Data collection involved peel of the skin, fascia, and muscles 

of the thoracic wall and upper limb. Additionally, the skull 

and lower limb were entirely removed from the cadavers. 

These virtual dissection procedures were performed using 

the Anatomage Table's dissection tools. The brachial plexus 

and its terminal branches, including the ulnar and median 

nerves, and the bony structures of the upper limb, thoracic 

wall, and vertebral columns, were preserved intact. Moreo-

ver, the palmaris longus muscle, along with its origin and 

insertion, was left untouched. 

Following the isolation of the palmaris longus muscle and 

corresponding nerves, these structures were labeled using the 

Pen Tool of the Anatomage Table. The pictures were then 

saved on the Anatomage Table and exported to a personal 

computer for further assessment. 

 

Figure 1: List of cadavers of Anatomage Table with their corresponding resolution and sex (The names are fictional and  

were randomly assigned by the Anatomage Table company)  

  

Result 

 

Since 2020, the University of Global Health Equity in 

Rwanda has utilized the Anatomage Table, including its 

latest version, Anatomage Table 10, across various educa-

tional disciplines such as gross anatomy, histology, physiol-

ogy, pathology and radiology. During musculoskeletal stud-

ies, muscle origins and insertions were extensively explored 

using the Anatomage Table 10. In a notable discovery dur-

ing virtual dissection, a bilateral absence of the palmaris 

longus muscle was observed in one male cadaver named 
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 Carl (Fig. 6). However, in the remaining four cadavers on 

the Anatomage table, the palmaris longus muscle was clear-

ly distinct in both right and left forearms. Located medial to 

the median nerve and lateral to the ulnar nerve, the relation-

ship between the palmaris longus and these nerves in the 

cadavers Victor, Vicky, Hans, and Carla is detailed in Fig. 

2, 3, 4, and 5, respectively. 

 

Figure 2: Representation of the relationship between the palmaris longus and the median nerve of a cadaver named Carla.  

The palmaris longus tendon essentially crosses over the median nerve. 

 

Figure 3: Representation of the relationship between the palmaris longus and the median nerve of a cadaver named Hans.  

The palmaris longus tendon essentially crosses over the median nerve. 
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Figure 4: Representation of the relationship between the palmaris longus and the median nerve of a cadaver named Vicky.  

The palmaris longus tendon essentially crosses over the median nerve.  

 

Figure 5: Representation of the relationship between the palmaris longus and the median nerve of a cadaver named Victor.  

The palmaris longus tendon essentially crosses over the median nerve.  
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Figure 6: Representation of the bilateral absence of the palmaris longus muscle, highlighting the location of  

median and ulnar nerve of a cadaver named Carl. 

  

Discussion  

  
A recurring theme in anatomy education is the presence of 

anatomical variations. During demonstrations, scholars often 

inquire if these variations are reflected among the cadavers 

included in the Anatomage table. Our study sheds light on 

this question by quantifying the proportion of such variations 

within the palmaris longus muscle. We discovered that 20% 

of the cadavers (1 of the 5) exhibited a bilateral absence of 

the palmaris longus muscle. 

The palmaris longus, plantaris, pyramidalis, peroneus tertius, 

and psoas minor muscles are well-recognized for their 

variability among humans. The palmaris longus, 

characterized by its short belly and long tendon, 

has been described as a phylogenetically degenerate 

metacarpophalangeal joint flexor (14, 15). Found only in 

mammals, this muscle thrives in species that rely heavily on 

their forelimbs for movement (16). More specifically, the 

palmaris longus muscle is well developed in species with a 

high ratio of upper limb weight to body weight. As this ratio 

is quite low in humans, the palmaris longus is less developed 

and its role in the functioning of the hand is reduced. As a 

result, it may exhibit morphological variation (17). In 

humans, the absence of the palmaris longus is possibly 

dictated by heredity through a mechanism yet to be fully 

understood (18).  

Standard textbooks of surgery estimate a 15% absence rate 

for the palmaris longus muscle; however, this figure varies 

considerably across different ethnic groups (19, 20). In the 

current Anatomage-based study, we found that the palmaris 

longus muscle was bilaterally absent in one out of five 

cadavers examined, representing 20% of the cases. A cross-

sectional study of 300 Caucasian subjects (150 males and 150 

females) aged 18 to 40 years revealed unilateral and bilateral 

absence rates of 16% and 9%, respectively (21). In contrast, a 

study of 329 Chinese subjects in Singapore found a unilateral 

absence rate of 3.3% and a bilateral absence rate of 1.2%, 

with an overall absence of 4.6% (22).   

Moreover, a study conducted in Nigeria reported that about 

31.3% of participants lacked the palmaris longus muscle on 

either side, with 12.5% exhibiting unilateral absence and 

about 18.8% showing bilateral absence (23). A comparative 

study in Northern Iran reported an overall prevalence of right-

sided, left-sided, bilateral, and total absence of the palmaris 

longus muscle at 4.1%, 5.2%, 3.9%, and 13.2%, respectively 

(24).  
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 Our study is limited by the small sample size of cadavers avail-

able on the Anatomage Table. While the observed absence is 

consistent with findings from many other studies, it cannot be 

deemed statistically significant given the availability of small 

number of cadavers. 

 

Conclusion  

 

The findings of our Anatomage table study revealed a bilateral 

absence of the palmaris longus muscle in Caucasian cadaveric 

specimen. This morphological variability is clinically signifi-

cant for diagnosing and treating conditions like carpal tunnel 

syndrome and is relevant for surgical procedures.  
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Abstract  

 
Background: Cement is pivotal in advancing Nigeria's economic and infrastructural devel-

opment amid rapid urbanization, where the demand for robust infrastructure underscores its 

integral contribution to meeting developmental requirements. While respiratory concerns 

have been extensively studied, the impact on the liver with the central role of detoxification 

remains a critical yet under explored dimension of occupational health.  

Objective: Thus, this study investigated the hepatic effect of cement dust exposure among 

occupationally exposed individuals in North Central Nigeria. 

Methods: A comparative cross-sectional study was conducted at Kwara State University 

Malete, Kwara State, North Central Nigeria, to compare the hepatic profiles of 60 individu-

als occupationally exposed to cement with 60 non-exposed who served as controls between 

June and October, 2022. Ethical approval was obtained from the Kwara State Ministry of 

Health, and informed consent was secured from each participant. Five (5) milliliters of 

blood were collected, and hepatic profiles were analyzed using standard spectrophotometric 

methods. Both descriptive and inferential statistics were used to investigate the comparison 

and correlation between the duration of exposure to cement dust and hepatic profiles among 

the study participants. 

Results: The study revealed a significant increase in alanine aminotransaminase (ALT) and 

alkaline phosphatase (ALP) activities among individuals exposed to cement (ALT: 30.58 ± 

11.54, ALP: 181.68 ± 26.25) compared to non-exposed controls (ALT: 19.90 ± 7.26; ALP: 

163.68 ± 29.92) at a significance level of p < 0.05. Additionally, the duration of cement dust 

exposure demonstrated a significant positive correlation with gamma-glutamyl transferase 

(GGT) activity (r = 0.363; p = 0.004). Conversely, no significant positive correlation was 

observed between the duration of cement dust exposure and the activities of aspartate ami-

notransferase (AST) (r = 0.190; p = 0.147), ALT (r = 0.016; p = 0.904), ALP (r = 0.178; p 

= 0.175), and direct bilirubin (r = 0.057; p = 0.664). Furthermore, the duration of cement 

dust exposure showed a negative and non-significant correlation with total protein (r = -

0.098; p = 0.455), albumin (r = -0.097; p = 0.461), and total bilirubin (r = -0.156; p = 

0.233). 

Conclusion: The study suggests that occupational exposure to cement dust may pose a risk 

of developing hepatotoxicity in the future. 
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 ingestion of cement dust, thereby causing damages such as 

gastrointestinal and liver damage. Hence, this study evaluated 

the hepatic profile among cement occupationally exposed 

individuals to ascertain possible occupational hazards and 

proper management of already exposed individuals.   

 

Material and Method 

 

Study Area 

This study was conducted at Kwara State University 

(KWASU) Malete, located in Moro Local Government Area 

of Kwara State, and lies within latitude 8.6563°N to 8.8136°N 

and longitudes 4.2359°E to 4.5410°E. KWASU has over 

30,000 population including undergraduate  and graduates 

students. It is located about 25 km north of Ilorin, the Kwara 

State capital. Though a relatively virgin area, it is highly vul-

nerable to unplanned expansions due to its proximity to the 

state capital and recently the siting of the KWASU campus, 

which facilitates continuous construction involving cement-

occupation exposed individuals both in Malete and KWASU 

campus. The University provides Health facility accessible to 

both workers and students and the Medical Laboratory Sci-

ence Department has standard equipment that aids sample 

processing, storage, and analysis [10]. The built up area 

gained an astronomical increase (180%) between 2005 and 

2015 while forest lost significantly (34%) within the same 

periods, with most of the gains occurring in 2010 and 2015 

after the establishment of KWASU. The climate of Kwara 

State exhibits both wet (rainy)and dry seasons in response to 

the South West Monsoon wind and the North East continental 

wind which are the major prevailing winds that blow across 

the state. The wet or rainy season begins towards the end of 

April and last till October. The dry season begins in Novem-

ber and end in April. The temperature of the state ranges from 

33°C to 35°C from November to January and from 34°C to 

37°C from February to April.The total annual rainfall ranges 

from 990.3mm to1318mm. The rainfall exhibits double maxi-

mal pattern.Relative humidity ranges from 75% to 88% from 

May to October and 35% to 80% during the dry season. 

Study Design and period  

A comparative cross-sectional study involving cement-

exposed workers and unexposed individuals was conducted 

between June and October, 2022 in KWASU Malete, Kwara 

State. 

 

Introduction 

 

Cement dust is mineral dust that contains chemical compo-

nents such as silicon, calcium, aluminum, chromium, and iron 

[1]. This dust is formed in several parts of cement manufac-

turing and processing, including raw material extraction, 

crushers, rotary kilns, cranes, mills, storage silos, packing 

areas, and so on. According to Schenker et al. [2], cement is a 

crucial part of concrete that creates the foundation for build-

ings and roadways, and most of the professionals involved 

with the use of these materials include tillers, plaster of Paris 

(POP) installers, construction site workers, and so on. Cement 

dust contains 60–70% calcium oxide, 17–25% silicon oxide 

(SiO2), and 3-5% aluminum oxide, along with iron oxide, 

chromium, potassium, sodium, sulphur, and magnesium oxide 

[3]. 

According to the Occupational Safety and Health Administra-

tion, nearly two million workers are exposed to cement dust 

every day [4]. This dust may enter the human body via the 

respiratory and gastrointestinal systems, causing harmful ef-

fects [5]. Cement dust inclusion particles, diffuse edema, he-

patic sinusoidal lining cell proliferation, sarcoid granulomas, 

and perisinusoidal and portal fibrosis have all been observed 

in the hepatocytes of cement mill workers. These changes 

have been linked to liver lesions caused by breathed cement 

dust [6]. Other organs that might be damaged include the res-

piratory tract, which is characterized by diseases such as pul-

monary embolism, osteo-pulmonary tuberculosis, silicosis, 

renal diseases, and skin problems that include palm keratini-

zation [7]. The level of toxicity found in short-term exposure 

may be remedied, but the long-term toxicity is associated with 

undesirable health consequences [7].  

The vast majority of cement workers in Nigeria and other de-

veloping nations are unaware of the importance of taking spe-

cific precautions to protect their health. Frequently, they are 

hired without the essential prerequisite training and sent to the 

job site with or without personal protective equipment [8]. 

Thus, industrial workers' knowledge and awareness of occu-

pational hazards and how working in excessively dusty condi-

tions affects health and safety is woefully inadequate [9].  

A nonchalant attitude towards the use of personal protective 

devices by cement handlers leads to overly inhalation and 
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 The sample size was calculated using  the formula for compar-

ative survey 

n = (Za/2 + Zβ)
2 x P1 (1-P1) + P2 (1-P2)         [11] 

                   (p1- p2)2 

Where; 

P1= proportion of occupational cement exposure in Ekpoma, 

Nigeria = 4% [12]. 

P2 = proportion of non-exposed controls  

Zα/2 = the standard normal deviation (1.96) 

Zβ = power of the test 

n = sample size 

n = (Za/2 + Zβ) 2 x P1 (1-P1) + P2 (1-P2) / (P1-P2)2  

The sample size was calculated to be 59 and was increased to 

60 to increase the power of the study.  

Hence, a total of 120 subjects comprising 60 Cement occupa-

tionally exposed individuals and 60 healthy individuals were 

recruited for this study. 

Study Population 

The study population includes male and female cement occupa-

tionally exposed individuals aged 18 and 50 years and non-

exposed age-matched individuals in Malete, Kwara state.  

Ethical Approval 

Approval for this research was obtained from the Ethical Re-

view Committee of the Kwara State Ministry of Health, Ilorin, 

with reference number ERC/MOH/2022/05/034 in accordance 

with the 1975 Helsinki Declaration as revised in 2000. In-

formed consent was obtained from all participants included in 

the study. 

Inclusion Criteria 

Male and female human subjects aged 18–50 years. 

Subjects whose duration of exposure to cement is 1 year and 

above [12].  

Exclusion Criteria 

Subjects whose exposure duration is less than a year. 

Subjects at the extremes of age. 

Pregnant women. 

Sampling Technique 

A convenient random sampling technique was used for the 

recruitment of study participants, while a detailed questionnaire 

was provided and given to each participant to fill out.  

Data Collection and Sample Analysis 

A 5 ml venous fasting blood sample was collected from the 

superficial vein of the antecubital fossa of each participant and 

dispensed into a plain bottle. The sample was allowed to clot 

and spun at 3000 rpm for 5 minutes to obtain serum. The 

serum was then separated into another sterile plain tube, 

which was then used to estimate the serum ALP, serum ALT, 

serum AST, serum GGT, total protein, bilirubin, and albumin 

using appropriate methods. 

Laboratory Procedure 

Serum Albumin Estimation by Dye Binding Method as 

described by Doumas et al. [13]. 

Principle 

In the presence of bromocresol green at a slightly acidic pH, 

serum albumin produces a color change of the indicator from 

yellow-green to green-blue. The absorbance of the color pro-

duced is measured in a colorimeter at 630 nm, and the inten-

sity of the blue-green color is proportional to the concentra-

tion of albumin in the sample. 

Quantitative determination of serum total protein by di-

rect biuret method as described by Tietz [14].  

Principle 

Protein in serum reacts with cupric ions in an alkaline medi-

um to form a blue-colored complex. The intensity of the blue 

color is proportional to the protein concentration. 

Quantitative Estimation of AspartateAminotransferase 

Activities by the Enzymatic Method as Described by Lo-

rentz [15]. 

Principle 

Aspartate aminotransferase catalyzes the reversible transami-

nation of L-aspartate and alpha-ketoglutarate to oxaloacetate 

and L-glutamate. The oxaloacetate is then reduced to malate 

in the presence of malate dehydrogenase with the concurrent 

oxidation of NADH to NAD. 

Quantitative Estimation of Serum Alanine Aminotrans-

aminase Activities as Described by Reitman and Frankel 

[16]. 

Principle 

ALT catalyzes the reversible transfer of an amino group 

from alanine to alpha-ketoglutarate, forming glutamate and 

pyruvate. The pyruvate produced is reduced to lactate by 

lactate dehydrogenase and NADH. The rate of decrease in 

NADH concentration measured photometrically is propor-

tional to the catalytic concentration of ALT present in the 

sample. 

Quantitative Estimation of Serum Alkaline Phosphatase 

as Described by King and Armstrong [17]. 

Principle 
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ALP catalyzes the hydrolysis of the colorless organic phos-

phate ester substrate, p-Nitrophenyl phosphate, to the yellow-

colored product p-Nitrophenol and phosphate in an alkaline 

medium of pH 10.3 and the presence of magnesium ions. The 

increase in the rate of absorbance is proportional to the activi-

ty of ALP in the sample.  

Quantitative estimation of serum bilirubin as described by 

Jendrassik and Grof [18]. 

Principle for Total Bilirubin 

Sulfanlic acid reacts with sodium nitrate to form diazotized 

sulfanilic acid. Total bilirubin reacts with diazotized sulfanilic 

acid in the presence of TAB to form azobilirubin. 

Principle for Direct Bilirubin 

Sulfanlic acid reacts with sodium nitrate to form diazotized 

sulfanilic acid. Direct bilirubin reacts with diazotized sulfan-

ilic acid to form azobilirubin. 

Quantitative Estimation of Serum Gamma Glutammy 

Transferase Activities Using Szasz Methodology [19].   

Principle 

GGT catalyzes the transfer of a gamma-glutamyl group from 

the colorless substrate, gamma-glutamyl-p-nitroaniline, to the 

acceptor glycylglycine with a production of the colored prod-

uct, p-nitroaniline.  

Statistical Analysis 

A statistical package for social science (version 20) was used 

for the statistical analysis. All measured data were presented 

as mean ± standard deviation. An independent t-test was used 

to compare the hepatic profile variables between cement-

exposed workers and unexposed controls, and the level of 

significance was considered at P < 0.05. 

 

Result 

 

A total of 60 occupationally exposed and 60 unexposed indi-

viduals were recruited for this study (Table 1).The mean age 

was 27.27 ± 7.38  years, with most participants aged 19-30 

(55.3%). Over half were single (67.5%), and the majority 

identified as Yoruba (73.3%). Half (50%) had a tertiary edu-

cation with 95% employed full-time. A 50% of the partici-

pants had no cement dust exposure, 77.5% never smoked, and 

85.8% never consumed alcohol.  

 
Variables                   Category Frequency 

N=120 

Percentage 

(%) 
Age (Years)                19-30 67 55.8 
                                    31-40 39 32.5 

                                    41-50 12 10 

                                    51-60 2 1.7 

Mean ± SD 27.27±7.38   

Marital Status             Single 81 67.5 

                                    Married 39 32.5 

Ethnicity                     Yoruba 88 73.4 

                                    Hausa 25 20.8 

                                    Others 7 5.8 

Educational Status     Tertiary 60 50 

                                    Secondary 26 21.7 

                                    Primary 25 20.8 

                                    None 9 7.5 

Occupation                 Students 53 44.2 

                                   Bricklayer 31 25.8 

                                   Cement Loader 19 15.8 

                                    Others 17 14.2 

Occupation Options  Full-Time 114 95.0 

                                  Part-Time 6 5.0 

Duration of Cement       Nil 

Dust Exposure (Years) 

60 

  

50 

                                      1-4 24 20 

                                      5-10 20 16.7 

                                      11-20 9 7.5 

                                     21-30 7 5.8 

Cigarette Smoking       Never 93 77.5 

                                     Daily 11 9.2 

                                     Before 8 6.7 

                                    Others 8 6.6 

Alcohol Intake             Never 103 85.8 

                                     Daily 7 5.8 

                                     Others 10 8.3 

Table 1: Socio-Demographic Characteristics of the Study  

Participants in Malete, Kwara State, Nigeria, 2022 

There was a statistically significant difference when ALT 

(p=0.000) and ALP (p=0.002) were compared between ce-

ment occupationally exposed individuals and healthy non-

exposed individuals at p < 0.05. There was no statistically 

significant difference when AST (p = 0.064), GGT (p = 

0.838), total protein (p = 0.213), albumin (0.964), total bili-

rubin (p = 0.086), and direct bilirubin (p = 0.779) were com-

pared between cement occupationally exposed individuals 

and healthy non-exposed individuals at p < 0.05 (Table 2).  
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 Table 2: Comparison of Hepatic Profiles of Cement Occupationally Exposed and Non-Exposed Individuals in  

Malete, Kwara State, Nigeria, 2022 

 Parameters Cement-expose 

individuals 

Non-exposed 

individuals 

T-value P-value 

AST (U/L) 27.72±11.85 24.02±7.91 1.888 0.064 

ALT (U/L) 30.58±11.54 19.90±7.26 5.758 0.000* 

ALP (U/L) 181.68±26.25 163.68±29.92 3.279 0.002* 

GGT (U/L) 21.95±6.49 21.65±7.76 0.205 0.838 

Total Protein (g/L) 67.87±8.51 69.73±6.86 -1.260 0.213 

Albumin (g/L) 39.85±3.97 39.88±3.67 -0.046 0.964 

Total Bilirubin (µmol/L) 3.72±2.09 3.18±1.40 1.727 0.089 

Direct Bilirubin (µmol/L) 1.18±0.82 1.22±0.81 -0.282 0.779 

(*) means significant at p <  0.05. 

 dal lining cells, sarcoid granulomas, and perisinusoidal and 

portal fibrosis have all been observed in the hepatocytes of 

cement mill workers [21]. These changes have been linked to 

hepatic lesions caused by inhaled cement dust [9]. 

In this study, we observed that ALT significantly increased at 

in cement occupationally exposed individuals compared to 

non-exposed individuals. This finding is consistent with the 

studies of Al Salhen et al. [22] and Richard et al. [1], who 

reported significant increases in ALT activities in cement han-

dlers. ALT is of value as it indicates the existence of liver 

diseases, as this enzyme is present in large quantities in the 

liver. It increases in serum when cellular degeneration or de-

struction occurs in this organ [23]. Higher plasma ALT activi-

ties in cement handlers have also been reported by Malekirad 

et al. [24] and Owonikoko et al. [25]. However, this finding 

disagrees with the findings of Mojiminiyi et al. [26], who re-

ported a decrease in ALT activity in cement handlers. 

We also observed an insignificant increase in aspartate trans-

aminase (AST) of cement occupationally exposed individuals 

compared to non-exposed individuals. This is consistent with 

previous studies by Festus et al. [12]. However, our findings 

disagree with Al Salhen et al. [22] and Richard et al. [1], who 

reported a significant increase in AST activities in cement 

handlers, and Mojiminiyi et al. [26], who reported a general 

decrease in AST activity in cement handlers. Also, Akhter et 

al. [27] reported non-significantly lower AST activities in the 

case group compared to the control group of cement factory 

workers.  

Furthermore, our study demonstrated that alkaline phospha-

tase (ALP) significantly increased in cement occupationally 

Table 3 showed that the duration of cement dust exposure 

showed a positive correlation with AST (r = 0.190; p = 

0.147), ALT (r = 0.016; p = 0.904), ALP (r = 0.178; p = 

0.175), GGT (r = 0.363; p = 0.004) and direct bilirubin (r = 

0.057; p = 0.664). Duration of Cement Dust Exposure 

showed a negative correlation with Total Protein (r = -0.098; 

p = 0.455), Albumin (r = -0.097; p = 0.461), and Total Bili-

rubin (r = -0.156; p = 0.233).  

Table 3: Relationship between Duration of Cement Dust 

Exposure and Hepatic Profile in Cement Occupationally 

Exposed Individuals in Malete, Kwara State, Nigeria, 2022 

 Duration of Cement Dust Exposure 

Variables  Correlation P-value 

AST (U/L)           0.190 0.147 

ALT (U/L)           0.016 0.904 

ALP (U/L)           0.178 0.175 
GGT (U/L)           0.363 0.004* 
Total Protein (g/L)          -0.098 0.455 
Albumin (g/L)          -0.097 0.461 
Total Bilirubin (µmol/L)          -0.156 0.233 

Direct Bilirubin (µmol/L)           0.057 0.664 

(*) means significant at p < 0.05 

 

Discussion  

 

The cement industry is regarded as a major polluter due to 

the dust and particle matter released during the various 

stages of cement manufacture. Workers are typically ex-

posed to dust via dermal and respiratory pathways, as well 

as, to a lesser extent, ingestion [20]. Cement dust inclusion 

particles, diffuse swelling, proliferation of hepatic sinusoi-

    Busari AO. et al. Ethiop. J. Health Biomed Sci., December 2024. Vol. 14, No. 2                                                        Page  5 of 9                                                                       



 

36 

 exposed individuals compared to non-exposed individuals. 

The increase in alkaline phosphatases in plasma caused by 

exposure to cement dust agrees with the findings of Orman et 

al. [28], Al Salhen et al. [22], and Richard et al. [1]. Con-

versely, our study disagrees with Festus et al. [12], who re-

ported no significant change in ALP, and Mojiminiyi et al. 

[26], who reported a decrease in ALP activity in cement han-

dlers. Alkaline phosphatases comprise a group of enzymes 

that catalyze the hydrolysis of phosphate esters in an alkaline 

environment, generating an organic radical and inorganic 

phosphate [29]. In healthy adults, this enzyme is mainly de-

rived from the liver, and its increased serum level is seen in 

liver disease associated with extra or intra-hepatic obstruction, 

obstructive jaundice, infectious mononucleosis, biliary cirrho-

sis, and cholestasis [30] [31]. 

In addition, there was no significant change observed in GGT 

between cement occupationally exposed individuals com-

pared to non-exposed individuals. This is in contrast to the 

study of Zawilla et al. [32], who reported a significant in-

crease in GGT in occupationally exposed individuals. The 

reason for variation in the studies could be due to the duration 

of exposure to cement dust on Gamma Glutamyl Transferase, 

which showed a significant positive correlation in the present 

study. This suggests that long-term or chronic exposure to 

cement dust could have deleterious effects on Gamma Glu-

tamyl Transferase. 

Total protein and albumin were observed to be insignificantly 

decreased in cement occupationally exposed individuals com-

pared to non-exposed individuals at which agrees with 

Sameen [33] and Ogunbileje and Akinosun [34], who report-

ed no significant difference in total protein and albumin levels 

in cement-exposed workers in Al-Ramadi city, Iraq, and Ni-

geria, respectively. However, our findings are in discordance 

with Oluwayemisi [35], who reported a significant decrease in 

total protein and albumin. 

Moreso, no significant difference was observed in total and 

direct bilirubin of cement occupationally exposed individuals 

and non-exposed individuals. This agrees with the study of 

Ashwini et al. [36], Idris et al. [37], and Ogeniyi et al. [38], 

who reported no significant difference in total and conjugated 

bilirubin in cement handlers compared with non-cement han-

dlers and with an insignificant perturbation in liver function. 

This observation is in discordance with the findings of Rich-

ard et al.  [1], who reported an increase in the level of total 

and conjugated bilirubin in cement handlers. Similarly, Krish-

na et al. [39] reported a significant increase in plasma biliru-

bin levels of cement handlers; however, Mojiminiyi et al. [26] 

reported a general decrease in plasma total and conjugated 

bilirubin levels of cement factory workers compared with 

those of the control subjects.  

The findings of this study have shown that occupational expo-

sure to cement dust can be a potential for future development 

of hepatotoxicity, as ALT and ALP levels were significantly 

increased. Due to the high concentration of ALT in the liver, 

it is useful in detecting the presence of liver disease. It rises in 

serum levels when this organ experiences cellular degenera-

tion or injury [40–50]. Increased Alanine aminotransaminases 

and alkaline phosphatase activities indicate toxicity and liver 

injury.  

 

Conclusion 

 

Cement-exposed individuals exhibited elevated levels of liver 

enzymes such as Alanine transaminase and alkaline phospha-

tase, suggesting potential liver impairment. Liver dysfunction 

typically manifests when 60% of hepatocytes are affected. 

This increase in enzyme levels may indicate potential hepato-

toxic complications. 

 
Recommendation 

 

The observations from our study emphasize the need for ade-

quate safety and precautionary measures among cement-

exposed individuals. 

Limitations 

A limitation of this study is the relatively small sample size, 

which may limit the generalizability of the findings. Further 

research with a larger sample size is warranted to confirm 

these results. 
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