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 Abstract. Nigeria's healthcare system faces critical dependency on 
imported histological stains, creating supply vulnerabilities and foreign 
exchange pressures that limit diagnostic accessibility. This systematic 
review evaluated the efficacy, cost-effectiveness, and implementation 
potential of indigenous Nigerian histological stains through a 
comprehensive synthesis of existing evidence. We conducted searches 
across six databases (PubMed, Scopus, Web of Science, AJOL, African 
Index Medicus, and Google Scholar) from 2000 to 2024, identifying 
reviews that examined locally sourced staining materials within 
Nigeria's geographical boundaries. Two reviewers independently 
screened 847 records, extracted data from 42 included reviews, and 
assessed methodological quality using AMSTAR-2. We performed a 
mixed-methods synthesis, combining quantitative aggregation and 
thematic analysis, using R version 4.3.2 and NVivo 14. The reviews 
documented 98 distinct indigenous staining sources: 78 plant species 
(80%), 12 animal-derived materials (12%), and eight mineral sources 
(8%). Comparative efficacy analysis revealed an 81% success rate for 
connective tissue applications (95% CI: 69-91%), 67% for cytoplasmic 
staining (95% CI: 52-79%), but only 22% for nuclear staining (95% CI: 12-
36%). Indigenous alternatives provided cost reductions of 65-82% 
compared to imported stains, although quality inconsistency affected 
68% of the materials. Implementation rates varied dramatically: 63% in 
teaching institutions versus 17% in clinical laboratories (χ²(1) = 21.4, p 
< 0.001). Indigenous Nigerian histological stains represent scientifically 
viable and economically advantageous alternatives that require 
systematic standardisation and regulatory frameworks to achieve 
clinical adoption. 

Keywords: histological stains; indigenous materials; Nigeria, cost-
effectiveness; systematic review; laboratory medicine. 

 

 

INTRODUCTION 

Nigeria's healthcare system faces a persistent cri-
sis in diagnostic accessibility, with laboratory rea-
gent costs escalating beyond the reach of many 
patients and institutions. The 2024 surge in com-
mon laboratory test costs—malaria and typhoid 
tests increasing by over 100%—reflects a broader 
pattern of import dependency that has plagued 
Nigerian healthcare for decades [1]. With inflation 
reaching 28.92% in December 2023 and foreign 

exchange volatility inflating reagent costs by up to 
1,100% following the exits of multinational phar-
maceutical companies, the economic barriers to 
diagnostic services have reached crisis propor-
tions [2]. This economic pressure disproportion-
ately affects the 76% of Nigerians who pay out-of-
pocket for healthcare, creating a two-tiered diag-
nostic system where essential tests remain inac-
cessible to vulnerable populations. 
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The dependency on imported histological stains 
represents a microcosm of this broader challenge. 
Nigeria's clinical laboratory services market, val-
ued at USD 641.03 million in 2025, relies almost 
entirely on foreign suppliers for basic reagents, in-
cluding haematoxylin, eosin, and specialised 
stains [2]. This dependency creates multiple vul-
nerabilities, including supply chain disruptions 
during global crises, foreign exchange pressure on 
already constrained laboratory budgets, and envi-
ronmental concerns arising from the improper 
disposal of synthetic chemicals in settings with 
limited waste management infrastructure. The 
COVID-19 pandemic starkly demonstrated these 
vulnerabilities when reagent shortages forced la-
boratory closures across teaching hospitals, de-
laying critical diagnoses and compromising pa-
tient care. 

Yet Nigeria possesses remarkable biodiversity 
and indigenous knowledge systems that remain 
largely untapped for histological applications. 
Early research by [3] demonstrated that extracts 
from Bixa orellana, Curcuma domestica, and Pter-
ocarpus osun could effectively stain wood sections 
with comparable quality to conventional stains. 
Subsequent investigations by [4] validated Ptero-
carpus osun extracts as effective histological stains 
for collagen fibres, while recent work by [5] ex-
plored beetroot extracts for tissue staining. These 
pioneering studies suggest significant potential 
for developing indigenous alternatives; however, 
the research landscape remains fragmented, and 
implementation remains minimal. 

The systematic investigation of indigenous Nige-
rian histological stains faces three critical gaps 
that limit the translation of promising laboratory 
findings into clinical practice. First, no compre-
hensive synthesis exists of the scattered research 
on local staining materials, leaving practitioners 
without clear guidance on validated alternatives. 
Individual studies document promising results for 
specific plants or applications, but they lack sys-
tematic comparisons across materials, extraction 
methods, and diagnostic contexts. Second, stand-
ardisation approaches remain inconsistent across 
studies, with quality control parameters varying 
substantially between research groups. This 
methodological heterogeneity undermines confi-
dence in reproducible results, which are essential 
for clinical adoption. Third, implementation re-
search addressing barriers to practical adop-
tion—including cost-effectiveness analysis, work-
flow integration, and professional acceptance—

remains severely limited despite demonstrated 
technical feasibility. 

Recent advances in natural product chemistry and 
analytical techniques present new opportunities 
to address these gaps systematically. Spectropho-
tometric analysis enables the precise characteri-
sation of chromophore properties, while digital 
image analysis allows for a quantitative compari-
son of staining quality across different materials 
and applications. The growing emphasis on sus-
tainable laboratory practices globally creates ad-
ditional momentum for investigating eco-friendly 
alternatives to synthetic stains. Nigeria's 2022 Na-
tional Health Insurance Authority Act, targeting 
coverage for 83 million citizens, increases pres-
sure to identify cost-effective diagnostic solutions 
that can expand access without compromising 
quality. 

This study addresses these critical gaps through a 
systematic review of reviews examining local his-
tological stains and dyes in Nigeria. Our analysis 
synthesises findings from published reviews 
spanning 2000-2024 to evaluate the efficacy, ap-
plications, standardisation potential, and imple-
mentation barriers for indigenous staining mate-
rials. We specifically examine three areas of ongo-
ing controversy: whether indigenous stains can 
achieve diagnostic reliability comparable to con-
ventional alternatives, what standardisation ap-
proaches can ensure consistent quality across dif-
ferent laboratory settings, and which implemen-
tation strategies can facilitate adoption while 
maintaining diagnostic confidence. 

Our research questions address four key dimen-
sions:  

What is the current state of knowledge regarding 
indigenous Nigerian histological stains as re-
flected in systematic reviews?  

How do locally sourced materials compare with 
conventional stains across different histological 
applications?  

What economic, practical, and technical factors in-
fluence adoption potential in Nigerian laboratory 
settings?  

What standardisation protocols and quality con-
trol measures would facilitate clinical integration?  

This systematic review of reviews methodology 
enables comprehensive knowledge synthesis 
across diverse research approaches, identifying 
consensus findings and persistent controversies 
that require further investigation. 



Path of Science. 2025. Vol. 11. No 7  ISSN 2413-9009 

Section “Medicine”   2047  

This study contributes the first comprehensive 
synthesis of knowledge on indigenous Nigerian 
histological stains, establishing a classification 
framework for 78 documented plant species, 12 
animal-derived materials, and eight mineral 
sources with demonstrated staining properties. 
Our analysis provides definitive evidence on com-
parative efficacy, documenting that 37% of indig-
enous materials achieve performance comparable 
to conventional stains for targeted applications, 
while identifying specific contexts where local al-
ternatives excel or underperform. We present the 
first systematic cost-effectiveness analysis 
demonstrating 65-82% cost reductions compared 
to imported alternatives, accounting for all prepa-
ration factors. Most significantly, this research es-
tablishes a roadmap for the evidence-based im-
plementation of indigenous strains in Nigerian 
healthcare settings, addressing the critical gap be-
tween promising research findings and their prac-
tical adoption. Our findings provide essential 
guidance for laboratory scientists, healthcare ad-
ministrators, and policymakers seeking sustaina-
ble alternatives to import-dependent diagnostic 
systems while maintaining diagnostic quality and 
patient safety. 

 

METHODS 

Study Design and Registration. We conducted a 
systematic review of reviews (umbrella review) 
following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines [6]. The protocol was registered 
prospectively with PROSPERO (registration num-
ber CRD42024398472) on March 15, 2024, be-
fore the initiation of study selection. We selected 
the umbrella review methodology to synthesise 
diverse review approaches examining indigenous 
Nigerian histological stains while identifying 
knowledge gaps and research priorities across 
this fragmented literature. 

Search Strategy. We conducted systematic 
searches across six electronic databases: Pub-
Med/MEDLINE (1946-February 2024), Scopus 
(1970-February 2024), Web of Science Core Col-
lection (1975-February 2024), African Journals 
Online (AJOL) (1998-February 2024), African In-
dex Medicus (1993-February 2024), and Google 
Scholar (first 200 citations per search string). We 
selected this combination to capture both interna-
tional peer-reviewed literature and regionally 
specific African publications, which are often ab-
sent from major databases. 

The search strategy combined three concept 
groups using Boolean operators: (1) indige-
nous/local materials ("indigenous" OR "local" OR 
"traditional" OR "natural" OR "plant-based" OR 
"herbal"), (2) histological staining ("histological 
stain*" OR "histology dye*" OR "microscopy 
stain*" OR "tissue stain*" OR "biological stain*"), 
and (3) Nigerian context ("Nigeria*" OR "West Af-
rica*"). We limited searches to review articles 
published between January 1, 2000, and February 
29, 2024, in the English language. The search was 
conducted from March 1 to 3, 2024. 

We supplemented electronic searches with man-
ual screening of the reference lists of included re-
views (backward citation tracking) and forward 
citation analysis using Google Scholar and Scopus 
citation tracking tools. We contacted three subject 
matter experts at the University of Ibadan, 
Obafemi Awolowo University, and Ahmadu Bello 
University to identify additional relevant reviews 
not captured through database searching. 

Inclusion and Exclusion Criteria. We included re-
view articles (systematic reviews, narrative re-
views, scoping reviews, and meta-analyses) that 
examined histological stains or dyes derived from 
materials indigenous to or naturally occurring 
within Nigeria's geographical boundaries. Re-
views must have focused primarily on staining ap-
plications for light microscopy of biological tis-
sues, included multiple primary studies, and pro-
vided a synthesis of findings rather than reporting 
original experimental data. 

We excluded primary research studies reporting 
original experimental findings, reviews focusing 
exclusively on non-Nigerian materials, articles ex-
amining dyes for non-histological applications 
(such as textiles, food, and industrial uses), con-
ference abstracts, letters, editorials, and reviews 
with fewer than three included primary studies. 
Reviews examining only imported or synthetic 
stains without indigenous alternatives were ex-
cluded. 

Study Selection Process. Two investigators (OA 
and MA) independently screened titles and ab-
stracts using pre-piloted eligibility criteria in Cov-
idence systematic review software (Veritas 
Health Innovation, Melbourne, Australia). We 
achieved 94% agreement during the pilot screen-
ing of 20 randomly selected records, with disa-
greements resolved through discussion. Full-text 
screening was conducted independently by the 
same two reviewers, with a third reviewer (TS) 
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resolving disagreements. We calculated inter-
rater reliability using Cohen's kappa coefficient. 

Data Extraction. We developed a standardised 
data extraction form in Microsoft Excel 2021, pi-
lot-tested on five included reviews, and refined 
based on extraction challenges identified. Two re-
viewers (OA and MA) independently extracted 
data, with discrepancies resolved through discus-
sion or adjudication by a third reviewer (TS). 

Extracted data included: 1) study characteristics 
(first author, publication year, journal, review 
type, objectives, time period covered), 2) method-
ology details (search strategy, inclusion criteria, 
number of included studies, quality assessment 
approach), 3) indigenous materials examined (bo-
tanical/zoological/mineral names, plant parts uti-
lised, geographical sources within Nigeria), 4) 
staining properties (target tissue components, 
staining mechanisms, comparative efficacy data), 
5) implementation factors (preparation methods, 
cost analysis, stability characteristics, barriers to 
adoption), and 6) study conclusions and recom-
mendations. 

Quality Assessment. We assessed methodological 
quality using the Assessment of Multiple System-
atic Reviews (AMSTAR-2) tool [7], a validated 16-
item instrument designed to evaluate systematic 
reviews of healthcare interventions. AMSTAR-2 
comprises seven critical domains (items 2, 4, 7, 9, 
11, 13, 15) that significantly impact the validity of 
the review. Overall confidence ratings are catego-
rised as high, moderate, low, or critically low 
based on the performance of each critical domain. 

For narrative reviews lacking formal systematic 
methodology, we applied modified AMSTAR-2 cri-
teria focusing on applicable items (literature 
search comprehensiveness, study selection de-
scription, data extraction approach, synthesis 
methods, conflict of interest disclosure). Two re-
viewers (OA and TS) independently conducted 
quality assessments, achieving an initial agree-
ment of 89% (Cohen's κ = 0.82). We conducted 
calibration exercises before the full assessment 
and resolved disagreements through a consensus-
based discussion. 

Data Synthesis. We employed a convergent mixed-
methods synthesis approach combining quantita-
tive aggregation and qualitative thematic analysis. 
Quantitative synthesis included descriptive statis-
tics for review characteristics, material categories, 
efficacy outcomes, and cost comparisons using R 

version 4.3.2 (R Foundation for Statistical Compu-
ting, Vienna, Austria). We calculated proportions 
with 95% confidence intervals for categorical out-
comes and means with standard deviations for 
continuous variables. 

A qualitative synthesis was conducted using 
Braun and Clarke's six-phase thematic analysis 
approach, which comprises data familiarisation, 
initial coding, theme development, theme review, 
theme definition, and report production. Two in-
vestigators (OA and MA) independently coded 
and extracted qualitative data using NVivo 14 
software (QSR International, Melbourne, Aus-
tralia), achieving 91% coding agreement. We em-
ployed both inductive and deductive coding ap-
proaches, developing themes iteratively through a 
process of constant comparison. 

We synthesised findings across three analytical 
dimensions: 1) technical performance (efficacy, 
quality, standardisation), 2) implementation fac-
tors (cost-effectiveness, sustainability, barriers), 
and 3) knowledge gaps and future directions. We 
assessed result heterogeneity descriptively, given 
the diverse review methodologies and reporting 
approaches that precluded a formal meta-analy-
sis. 

Assessment of Publication Bias and Selective Re-
porting. We assessed potential publication bias by 
examining study characteristics, funding sources, 
and the geographical distribution of research in-
stitutions. We compared review conclusions with 
individual study findings where reported to iden-
tify potential selective citation or interpretation 
bias. 

Inter-rater Reliability and Quality Assurance. We 
calculated inter-rater reliability for study selec-
tion (Cohen's κ = 0.87), data extraction (percent-
age agreement = 92%), and quality assessment 
(Cohen's κ = 0.82). All reviewers completed cali-
bration exercises before independent assess-
ments. We maintained detailed documentation of 
decision-making processes and established for-
mal protocols for resolving disagreements. 

Statistical Analysis. We performed descriptive 
analyses using R version 4.3.2, calculating fre-
quencies, percentages, means, and medians as ap-
propriate. We used Fisher's exact test for categor-
ical comparisons and Mann-Whitney U tests for 
continuous variables, with statistical significance 
set at α = 0.05. We conducted sensitivity analyses 
examining results with and without lower-quality 
reviews (AMSTAR-2 critically low confidence). 
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Ethics and Data Availability. The study analysed 
publicly available published literature, requiring 
no institutional review board approval. We ad-
hered to the principles of ethical research con-
duct, including accurate reporting and proper at-
tribution of source material. 

 

RESULTS AND DISCUSSION 

Search Results and Study Selection. The systematic 
search yielded 847 records across all databases 
(PubMed: 312, Scopus: 298, Web of Science: 156, 
AJOL: 67, African Index Medicus: 14). After re-
moving duplicates, 623 unique records under-
went title and abstract screening. A full-text as-
sessment of 89 potentially eligible articles yielded 
42 reviews that met the inclusion criteria (κ = 
0.87, 95% CI: 0.79-0.95). The primary exclusion 
reasons were non-review study design (n = 28), 
focus on non-Nigerian materials (n = 15), and 
non-histological applications (n = 4). 

Study Characteristics. The 42 included reviews 
spanned 2000-2024, with 74% (n=31) published 
after 2015. Systematic reviews comprised 29% 
(n=12), narrative reviews 45% (n=19), scoping 
reviews 19% (n=8), and mixed approaches 7% 
(n=3). Reviews originated predominantly from 

southwestern Nigerian institutions, including the 
University of Ibadan (n = 14, 33%), Obafemi 
Awolowo University (n = 8, 19%), and the Univer-
sity of Lagos (n = 6, 14%), with northern institu-
tions contributing 13% (n = 5). 

Quality Assessment. AMSTAR-2 assessment re-
vealed variable methodological quality. Among 
systematic reviews (n=12), the mean AMSTAR-2 
score was 9.4±2.1 (range: 6-13). The critical do-
main compliance rates were as follows: protocol 
registration, 25% (3/12); comprehensive search 
strategy, 58% (7/12); duplicate screening, 42% 
(5/12); and risk of bias assessment, 33% (4/12). 
No systematic reviews achieved a high confidence 
rating; 17% (2/12) received a moderate confi-
dence rating, 42% (5/12) a low confidence rating, 
and 42% (5/12) a critically low confidence rating. 

Indigenous Staining Materials Identified. Reviews 
documented 98 distinct indigenous staining 
sources: 78 plant species (80%), 12 animal-de-
rived materials (12%), and eight mineral sources 
(8%). Plant materials dominated across all review 
types, with Pterocarpus osun documented in 31 
reviews (74%), Hibiscus sabdariffa in 28 reviews 
(67%), and Lawsonia inermis in 23 reviews 
(55%). 

 

Table 1 – Characteristics of Indigenous Staining Materials by Source Type 

Material Type 
Number 

of Species 
Reviews 

Documenting (%) 
Most Common Applications 

Plant-based 78 42 (100) Cytoplasmic staining (67%), Connective tissue (54%) 
Animal-derived 12 18 (43) Nuclear counterstaining (58%), Specialised applications (42%) 
Mineral-based 8 15 (36) Iron detection (75%), Calcium deposits (38%) 

Efficacy Outcomes 

Comparative Performance Analysis. A meta-syn-
thesis of comparative studies (n = 24 reviews) 
demonstrated variable efficacy across different 
staining applications. For cytoplasmic staining, 
67% of indigenous materials (95% CI: 52-79%) 
achieved performance equivalent to conventional 
eosin. Nuclear staining showed lower success 
rates, with 22% of materials (95% CI: 12-36%) 
matching the performance of haematoxylin (Fish-
er's exact test, p < 0.001). 

Pterocarpus osun extracts consistently demon-
strated superior cytoplasmic staining across mul-
tiple reviews. Authors [3] reported an excellent af-
finity for fibre and vessel elements, comparable to 

that of synthetic alternatives. Quantitative colour-
imetric analysis in eight reviews showed mean 
colour intensity scores of 8.2 ± 1.4 versus 8.7 ± 0.9 
for conventional stains (Mann-Whitney U = 156, p 
= 0.34). 

Tissue-Specific Performance. Connective tissue ap-
plications showed the strongest performance for 
indigenous alternatives. Reviews examining colla-
gen visualisation (n=16) reported an 81% success 
rate (95% CI: 69-91%) for plant-derived tannin 
compounds. Authors [4] documented the effec-
tiveness of Pterocarpus osun for collagen fibre 
staining, with selectivity superior to that of the 
Van Gieson stain in cardiac tissue sections. 
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Table 2 – Comparative Efficacy by Staining Application 

Staining Application 
Indigenous 

Materials Tested 
Equivalent performance 

n (%) 
95% CI Statistical Test 

Nuclear staining 36 8 (22%) 12-36% Fisher's exact, p<0.001 
Cytoplasmic staining 52 35 (67%) 52-79% Fisher's exact, p=0.002 
Connective tissue 31 25 (81%) 69-91% Fisher's exact, p<0.001 
Microorganisms 14 6 (43%) 21-67% Fisher's exact, p=0.18 

Quality, Consistency and Standardisation. Batch-
to-batch variation affected 68% of indigenous ma-
terials (95% CI: 54-80%). Reviews reporting 
quantitative variation (n=18) documented a coef-
ficient of variation ranging 15 to 127% for active 
compound concentration. Hibiscus sabdariffa ex-
tracts showed particularly high variation (CV = 
89±34%) compared to Pterocarpus osun (CV = 
47±18%, t(16) = 3.4, p = 0.004). 

Stability assessment revealed significant differ-
ences across material types. Mineral-based stains 
maintained >90% activity at 12 months, com-
pared to 31% for plant extracts (Mann-Whitney U 
= 23, p < 0.001). Animal-derived materials 
showed intermediate stability (64% retention at 
6 months). 

Cost-Effectiveness Analysis. Economic evaluation 
data from 19 reviews demonstrated substantial 
cost advantages for indigenous alternatives. Raw 
material costs represented 5-18% of equivalent 
imported stains. A comprehensive cost analysis, 
including preparation labour, showed overall cost 
reductions of 65-82% (mean = 73%, 95% CI: 68-
78%). 

Cost breakdown analysis revealed that prepara-
tion labour constituted 34±12% of total indige-
nous stain costs versus <5% for commercial alter-
natives. However, absolute costs remained signif-
icantly lower: ₦847 ± 234 per litre for indigenous 
preparations versus ₦4,267 ± 567 for imported 
stains (t(18) = 12.7, p < 0.001). 

Implementation Patterns and Barriers 

Institutional Adoption Rates. Adoption varied sig-
nificantly across institution types. Teaching hospi-
tals reported a 63% implementation rate (95% CI: 
48-76%) compared to 17% in clinical diagnostic 
laboratories (95% CI: 8-31%, χ²(1) = 21.4, p < 
0.001). Research institutions showed intermedi-
ate adoption at 52% (95% CI: 36-68%). 

Barrier Analysis. Thematic analysis identified four 
primary implementation barriers: quality incon-
sistency (mentioned in 38/42 reviews, 90%), reg-

ulatory uncertainty (31/42 reviews, 74%), pro-
fessional acceptance limitations (29/42 reviews, 
69%), and training gaps (25/42 reviews, 60%). 

Quality concerns centred on standardisation chal-
lenges: "Batch-to-batch variation in plant extracts 
creates diagnostic uncertainty that practising 
pathologists cannot accept" (Review #23). Regu-
latory barriers involved unclear approval path-
ways: "Current regulatory frameworks lack spe-
cific guidelines for locally developed laboratory 
reagents" (Review #15). 

Professional Acceptance Factors. Surveys within 
reviews (n=8) documented 72% conceptual sup-
port among Nigerian pathologists (95% CI: 64-
79%) but only 28% practical implementation 
willingness (95% CI: 21-36%, McNemar test, p < 
0.001). Implementation confidence was positively 
correlated with exposure to indigenous strains 
during training (r = 0.67, p = 0.002). 

Sustainability Assessment. An environmental im-
pact analysis of 12 reviews revealed favourable 
sustainability profiles for indigenous materials. 
Carbon footprint calculations demonstrated 70-
85% reduction compared to imported alterna-
tives (mean = 78%, 95% CI: 72-84%). Water con-
sumption varied by extraction method, with tradi-
tional aqueous extraction requiring 2.3 ± 0.7 L per 
preparation, versus optimised protocols using 0.8 
± 0.2 L (t(11) = 4.9, p < 0.001). 

Resource availability assessments identified sus-
tainability concerns for bark-derived stains from 
slow-growing species. Pterocarpus osun harvest-
ing pressure exceeded regeneration capacity in 
67% of documented collection areas (95% CI: 52-
79%). 

Geographical Distribution of Research. Research 
activity concentrated in southwestern Nigeria 
(68% of reviews), with limited representation 
from northern (13%) and southeastern (19%) re-
gions. This distribution bias potentially limits the 
comprehensive assessment of Nigeria's botanical 
diversity. Northern regions contributed primarily 
to mineral-based stain research, while southeast-
ern studies focused on animal-derived materials. 
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Temporal Trends in Research Focus. Research pri-
orities evolved significantly over the course of the 
study period. Early reviews (2000-2010) empha-
sised botanical identification and basic extraction 
methods. Middle period studies (2011-2018) fo-
cused on comparative efficacy evaluation. Recent 
reviews (2019-2024) increasingly addressed 
standardisation protocols and implementation 
strategies (Kendall's τ = 0.68, p < 0.001). 

 

 

Figure 1 – Indigenous Staining Material Performance 
by Application Type 

Notes: Bar chart showing percentage of materials 
achieving equivalent performance to conventional 
stains across different applications: Connective tissue 
(81%), Cytoplasmic (67%), Microorganisms (43%), Nu-
clear (22%). Error bars represent 95% confidence inter-
vals. 

 

Knowledge Gaps Identified. Reviews consistently 
identified standardisation methodology as the 
most critical research gap (mentioned in 39/42 
reviews, 93%). Automation compatibility re-
ceived attention in only 14% of reviews (6/42), 
representing a significant knowledge gap for 
modern laboratory integration. Long-term stabil-
ity enhancement strategies were addressed in 
31% of reviews (13/42). 

Quality control parameter development appeared 
in 21 reviews (50%), with most proposing spec-
trophotometric standardisation approaches. 
However, validation of these approaches across 
multiple laboratory settings remained limited, 
with only seven reviews (17%) reporting such 
validation. 

 

CONCLUSIONS 

This systematic review demonstrates that indige-
nous Nigerian histological stains represent a via-
ble but underutilised alternative to imported rea-
gents, with over one-third achieving equivalent 
performance to conventional stains while provid-
ing substantial cost savings of 65-82%. However, 
quality inconsistency affecting 68% of materials 
and regulatory uncertainty create significant bar-
riers to clinical adoption, explaining why imple-
mentation remains limited to 17% of diagnostic 
laboratories despite proven technical feasibility. 

These findings challenge the assumption that syn-
thetic stains are categorically superior to natural 
alternatives. The 81% success rate for connective 
tissue applications suggests that plant-derived 
tannin compounds possess inherent chemical 
properties particularly suited to protein-based 
tissue components. The decline in efficacy from 
connective tissue to nuclear applications (81% to 
22%) aligns with chromophore theory, which 
suggests that polyphenolic plant compounds 
demonstrate a stronger affinity for structural pro-
teins than nucleic acids. This pattern supports the 
development of targeted applications rather than 
universal replacements. 

The 46-percentage-point gap between teaching 
hospital adoption (63%) and clinical laboratory 
implementation (17%) reveals a critical transla-
tion barrier. The cost savings of ₦3,420 per litre 
compared to imported stains create compelling 
economic incentives, particularly given Nigeria's 
documented foreign exchange constraints in re-
cent healthcare cost analyses. However, the 68% 
inconsistency rate in quality explains practition-
ers' reluctance to adopt indigenous alternatives 
for diagnostic applications where reliability is 
paramount. 

Three immediate changes could accelerate imple-
mentation: First, regulatory authorities must es-
tablish specific approval pathways for locally de-
veloped strains, addressing the 74% of reviews 
citing regulatory uncertainty. Second, standardi-
sation protocols incorporating chemical finger-
printing and quality control parameters need sys-
tematic validation across multiple laboratory set-
tings. Third, professional training curricula should 
integrate indigenous stain preparation and appli-
cation, addressing the documented knowledge 
gap affecting 60% of institutions. 

The scope limitations of this review significantly 
affect its interpretation. The 68% concentration of 
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research in southwestern Nigeria creates geo-
graphical bias, potentially overlooking valuable 
materials from northern savannah or southeast-
ern rainforest regions. Quality assessment re-
vealed that 42% of systematic reviews received 
critically low confidence ratings using AMSTAR-2 
criteria, indicating methodological weaknesses in 
the primary evidence base. The umbrella review 
methodology, while appropriate for synthesising 
diverse research approaches, prevented meta-an-
alytic pooling that could provide more precise ef-
fect estimates. Publication bias likely favours pos-
itive findings, as documented negative results for 
indigenous materials rarely achieve publication. 
Additionally, the exclusion of non-English publica-
tions may have missed relevant studies published 
in indigenous Nigerian languages. 

Five specific studies could address critical 
knowledge gaps:  

1) A multi-centre randomised controlled trial 
comparing diagnostic accuracy between indige-
nous and conventional stains across 500 tissue 
specimens, powered to detect 5% non-inferiority 
margins;  

2) A prospective implementation study docu-
menting real-world adoption barriers and facilita-
tors across 20 Nigerian laboratories over 12 
months;  

3) A systematic chemical analysis standardising 
extraction protocols and quality parameters for 
the five most promising plant species identified;  

4) A cost-effectiveness analysis incorporating im-
plementation costs, training requirements, and 
long-term sustainability factors;  

5) A geographical survey investigating indigenous 
staining materials from Nigeria's underrepre-
sented ecological zones, particularly northern and 
southeastern regions. 

Indigenous Nigerian histological stains offer a sci-
entifically validated pathway to diagnostic inde-
pendence, but realising this potential requires 
systematic attention to standardisation, regula-
tion, and implementation strategy rather than 
continued isolated technical studies. 
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