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Abstract

Pollution of aquatic ecosystems often results in adverse environmental disturbances,
including individual and/or sub-individual changes in fish. The aim of the present study was
to examine possible reproductive health effects in male and female, based on a histological
assessment of Clarias gariepinus sampled in Bagoue River impacted by mercury from the
artisanal gold mining. Fish were collected between August 2018 and April 2019 during two
seasons from four stations differently impacted. A histological assessment was done on three
target fish organs (liver, ovary and testis). Water and sediment samples were analysed for
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total mercury (T-Hg) concentration. Histological alterations were semi-quantitatively
assessed, and the results were classified according to the severity of the histological response
identified. Microscopic assessment revealed alterations of the gonads and liver tissues. A
higher incidence of reaction pattern (Regressive changes, Inflammation and Circulatory
disturbance) was found in liver tissues than in gonads tissues (Regressive changes). T-Hg
levels were higher upstream than downstream in ovaries and testis tissues. Paradoxically, the
lesions observed in these organs were more pronounced downstream than those found in fish
from upstream during rainy season. According to total index, the organs examined
downstream suffered severe damage unlike upstream sites. Also, comparison of degree of
alteration between testes and ovaries indicates a greater impact of ovarian structures
especially on downstream sites. The effect of anthropogenic impact appears to be visible
downstream as the concentration of chemical pollutants and exposure time determine the
severity of the damage. Alterations in ovarian follicles, spermatogenic cells and liver tissues
may reflect damage to the process of gametogenesis, which may reduce the reproductive
capacity of individuals over the long term.
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1. Introduction

The primary goal of environmental management and conservation of ecosystems is to prevent
adverse biological and ecological effects caused by pollution. Indeed, human activities,
including mining, waste incineration and the burning of fossil fuels, have led to the
increased mobilization of mercury in the environment. Recent data suggest that
artisanal gold mining and coal combustion account for about two-thirds of mercury’s
anthropogenic emissions (Barst, 2015). The mercury emitted is introduced into the
atmosphere and deposited in aquatic and terrestrial ecosystems (UNEP, 2002; WHO,
2007). In aquatic environments, mercury undergoes methylation and then easily
accumulates and bio amplifies in food webs, resulting in high concentrations in fish
(Osman and Wener, 2010). Its presence in the fish’s body may alter certain tissues and
creates physiological dysfunction (Mc Hugh et al., 2013; Funmilayo et al., 2019).

Various biochemical and biological parameters have been used to assess the consequences of
environmental toxicants on fish, but histology is able to enhance and add quality to the
research carried out by describing cellular changes (VanDyk et al., 2007) and to quantify the
results (Bernet et al., 1999; Marchand et al., 2009). Lower level responses such as the
prevalence of histopathological symptoms in fish is indicative of the general quality of the
environment and can be related to contamination levels of pollutants such as heavy metals.
These pollutants induce pathological changes in fish. The histological assessment of fish
tissue has relevance as a bio-assessment tool and serves as a method to determine preserved
biochemical and physiological changes, caused by pollutants as they occur in situ (Short and
Meyers, 2001).

In West Africa, Cote d’Ivoire is known as one of the main countries where artisanal gold
mining is growing so rapidly (Kone, 2017) especially in the North of the country. Mercury is
widely used by rural communities engaged in this activity as indicated in the report on the
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mapping of the illicit gold trade in Cote d’Ivoire, Mali and Burkina (Zuzia et al., 2017).
Consequently, these artisanal activities of gold extraction are viewed as a major source of
pollution of Bagoue River, particularly in the downstream sections, where illegal gold mining
IS more intense.

The degradation of water quality of Bagoue River by chemical pollutant restricts its uses and
can render a whole water body not only useless, but hazardous to both aquatic life and to the
people who use it as main water resource. Several recent studies have been conducted on this
basin (N’da et al., 2015; Berte et al., 2019; Mason et al., 2019). But none of them addressed
the health aspect of the fish. The present research was therefore undertaken to assess the
reproductive health status of Clarias gariepinus from Bagoue River impacted by mercury
from artisanal and clandestine gold mining.

2. Method
2.1. Site Selection and Characterization

The Bagoue River basin, tributary of the Niger stream, is situated in the North of CGe
d’Ivoire between longitudes 5°40'-7°10'W and latitudes 9°15'-10°50'N. Four sites were
investigated in the River. The first site (Tk) was located in Kanakono, 24 km east of Tengrela
region at downstream. Geographical coordinates are 6°13'W and 10°18'N. It was considered
to be the most impacted by gold mining because this activity takes place not only on the main
course of the River, but in its immediate environment. Therefore, this section of the River
collects the drainage from most of the waste related to gold mining. The Samorossoba site
(Ks) is still going up the River towards Kouto, which is still downstream. Kouto is an
extension of gold mining activities from Tengrela region. This site is located at the
geographic coordinates of 6°21'W and 9°52'N. The two others sites (Bs and Bg) were located
respectively at Samorosso and Guinguereni villages at upstream in Boundiali region. The
geographical coordinates of Bs site are 6°30'W and 9°34'N, while those of the Bg site are
6°35'W and 9°32'N. They were chosen as reference sites because of their remoteness from the
areas of intense artisanal mining on the River (Figure 1).
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Figure 1. Map of the Bagoue River watershed in Cote d’Ivoire with sampling position sites
2.2 Data Sampling and Processing
2.2.1 Water and Sediment Sampling

The study was conducted during the rainy season (August and November 2018), period of
flooding, and during the dry season (January and April 2019), period of intense use of
mercury for gold amalgamation. Water samples were collected using sterile gloves (Ghestem
et al., 2008) at a depth of 10 cm (CCME, 2011), filtered through a 45 pm porous filter and
packaged in 1000 ml sterilized vials. Sediment samples were excavated from an area of 25
cm X 25 cm (Donkor and Adimado, 2016) with hands (Niane et al., 2014 ; Mason et al.,
2019), with depth penetration of 8 cm (CCME, 2011). They were then stabilized by addition
of 1 percent concentration hydrochloric acid (AFNOR, 1997). All samples were kept in
relabelled polyethylene vials, wrapped in aluminium foil and stored at 4<C to the laboratory
according to CEAEQ (2015) and AFNOR (1997).

2.2.2 Fish and Tissues Collection

African catfish as an important commercial value and has been selected as sentinel species of
pollution. It resides and leads its entire life cycle in the River. Clarias gariepinus is an
omnivorous specie which bio-accumulates chemicals pollutants. This specie is well
distributed in the Bagoue River. African catfish specimens were caught by professional
fishermen using gill nets and longlines. Only live fish were taken into account for the study. A
total of 42 fish (27 males and 15 females) were examined during the rainy season and 19 (11
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males and 8 females) during the dry season. Each specimen was weighed, standard length
measured and sex determined after dissection.

For the T-Hg analysis, liver and gonads were collected and individually wrapped in
aluminium foil. They were then packaged in small plastic bags by type of organs. Labels have
been worn on these bags. All samples were stored in an ice chest at 4<C and transported to the
laboratory.

For the histopathological analysis, 24 (12 males and 12 females) specimens were tested
during the rainy season and 19 (11 males and 8 females) during the dry season. A5 mm piece
of liver tissue was sampled centrally, around the main portal vein. A5 mm midsection of the
gonads were sampled. These samples were stored in pillboxes containing 10% of a
formaldehyde solution and transported to the laboratory.

2.2.3 Mercury Analysis

T-Hg was tested in the samples (water, sediment, liver and gonads) in a unit of the National
Agricultural Development Support of Abidjan (Cote d’Ivoire). T-Hg was analysed by atomic
absorption spectrophotometry equipped with a cold vapour system (VGA 77). All analyses
were done in triplicate.

2.2.4 Gonad and Liver Histology
Tissue processing and analysis

The histological analysis was carried out in the Pathological Anatomy Laboratory of the
Medical Sciences Training and Research Unit (Felix Houphoué& Boigny University, Abidjan,
Cote d’Ivoire). The mid-sections of the gonads (males and females) and liver were fixed in a
10% formaldehyde solution since the sampling sites. The tissues were then dehydrated
through a graded series of methanol, cleared with toluene, and embedded in paraffin. The
tissues were cut into a series of 5 um sections (Agbohessi et al., 2015) using a LEICA RM
2125 RTS-branded Microtom and a paraffin section was mounted on every 50 um. For the
histological analysis, slides were stained with hematoxylin-eosin (HE). Hematoxylin is a
basic dye that colours the cell nucleus blue/purple. On the other hand, eosin is an acid dye
that colours the cytoplasm pink. The cuts were mounted between blade and slat with
synthetic resin (Eukitt). The blades were examined using MOTIC B 113-branded photonic
microscope at a range of magnifications (4-10X).

Histopathological assessment

A semi-quantitative assessment protocol was used to quantify histopathological alterations
observed in the sections of each organ as in Pdévé et al. (2017). A qualitative
histopathological assessment was done jointly using a photonic microscope. Tissue sections
were scanned on 4 and 10X magnification. The results were semi-quantitatively assessed
using part of a scoring system (van Dyk et al. 2009a; van Dyk et al. 2009b), modified from
the protocol by Bernet et al. (1999) as in Peébeet al. (2017). Thus, three organs indices were
calculated: liver index (IL), testis index (IT) and ovary index (lo). These organs indices were
calculated for each specimen. Mean of each organ index was calculated according to
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sampling sites and climatic seasons. The sum of the three organ indices yielded a total fish
index value. According to Bernet et al. (1999), the formula used to calculate these indices is:

lorg = Z Z (ctalt X walt)

rp alt

Where rp = reaction pattern, alt = alteration, a = score value and o = importance factor. These
indices were used to compare the occurrence severity of gonad and liver histological
alterations between the fish from each site and each season according to a classification
system (Van Dyk et al., 2009a; Van Dyk et al., 2009b):

Class 1 (index < 10): Normal tissue structure with slight histological alterations.
Class 2 (index 10-25): Normal tissue structure with moderate histological alterations.
Class 3 (index 26-35): Pronounced alteration of organ tissues.

Class 4 (index > 35): Severe alteration of organ tissues.

In addition to the indices calculated for the extent (score value) and pathological importance
(importance factor) of the alterations, the prevalence of histopathological features was
assessed. The prevalence of every alteration was calculated as a percentage occurrence of an
alteration within all of the fish at each site and climatic season:

Prevalence of histological alteration = (number of fish with the alteration/total number of fish
examinated) =< 100.

To compare the overall health status based on the histological alterations, a total index (I1)
was calculated according to Bernet et al. (1999), by summing up all of the organs indices of
individual fish. It was calculated as follows:

IT=1lg+ 1
Where |7 = total index, lg = gonad (testis and ovary) index and 1 = liver index.
2.3 Factor Condition
The total length and weight of each sampled fish were recorded to calculate the Fulton

conditioning factor according to the following formula (Agbohessi et al., 2015):

K=o 100
T

Where K = factor condition, W = body weight (g) and LS = standard length (cm). The
condition index was determined to assess the influence of mercury in fish’s body on its
physiological condition.

2.4 Statistical Analysis

The results were expressed as mean zstandard deviation. Mercury level, condition factor and
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semi-quantitative histopathological results were tested among climatic season using the
non-parametric Mann-Whitney U-test. Statistical differences were considered to be
significant at p < 0.05. The same data were statistically compared among stations using a
Kruskall-Wallis test. Significance was tested at an alpha value of 5%. All statistical analyses
were performed using XLSTAT 2016 and PAST3 softwares.

\\ MacrOthi“k Agquatic Science and Technology

3. Results
3.1 Mercury Loads
3.1.1 Water and Sediment

Data collected at each site for T-Hg analysis in water and sediment (Figure 2) showed no
statistical variation (Kruskall-Wallis, P > 0.05) among sites for both aquatic matrix. On the
other hand, by comparing the levels of T-Hg in water and sediment, a very significant
difference (Mann-Whitney, p < 0.05) between the two components of the River was noted.
The average concentrations of metal in sediment were higher than those of water at each
sampling site. Average concentrations vary from 0.089 mg.kg™* (Tk site) to 0.044 mg.kg™ (Bs
site) in sediment while values are between 0.70.10° mg.L™ (Tk site) and 0.64.10° mg.L* (Bg
site) in water.
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Figure 2. T-Hg levels in water (a) and sediment (b) at sampling sites from Bagoue River

The seasonal variation of T-Hg levels in water and sediment samples are reported in Figure 3.
Data showed significant seasonal fluctuations (Mann-Whitney, p < 0.05) in sediment levels of
T-Hg. Average concentration in sediment was higher during dry season (0.089 mg.kg™?) than
rainy season (0.040 mg.kg™). But in water, no significant seasonal difference (Mann-Whitney,
p > 0.05) was observed in T-Hg content.
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Figure 3. Seasonal variation of T-Hg levels in water (a) and sediment (b) from Bagoue River.
WS = wet season; DS = dry season; * indicate a significant difference (p<0.05)

3.1.2 Fish Tissues

Spatial variations of T-Hg levels recorded in the Bagoue River were showed in Figure 4. The
distribution of pollutant in organs of Clarias gariepinus at the sites indicated a significant
variation (Kruskall-Wallis, P < 0.05) for the testis and ovary. Average concentrations of the
metal were higher at upstream sites (Bs and Bg) than downstream sites (Tk and Ks) for both
organs. Bg site recorded value of 0.1440.11 mg.kg? wet weight and 0.2840.43 mg.kg™

respectively in testis and ovary against the values of 0.03#0.01 mg.kg? (Tk site) and
0.02540.01 mg.kg? (Bs site).
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Figure 4. Spatial variation of T-Hg levels in Testis (a), Ovary (b) and Liver (c) of Clarias
gariepinus from Bagoue River. * indicate a significant difference between sites (p<0.05)

In terms of climatic seasons, only the ovary showed a significant difference (Mann-Whitney,

p < 0.05) (Figure 5). Mercury content was higher during dry season (0.16320.0304 mg.kg™?)
than rainy season (0.03140.021 mg.kg™).
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Figure 5. Seasonal variation of T-Hg level in Testis (a), Ovary (b) and Liver (c) of Clarias

3.2 Gonad and Liver Histopathology

3.2.1 Histopathology of Testis

Description and prevalence of histological alterations

gariepinus. WS = wet season; DS = dry season; * indicate a significant difference (p<0.05)

A total of five regressive alterations were identified in testis tissues. These are fibrosis,
detachment of lobe basal membrane, decrease in the number of germ cells, disorganization of
lobular structures and vacuolation of testicular parenchyma. When lobular structures become
disorganized, the seminiferous tubes are devoid of germs cells (Figure 6a). The detachment of
the basal membrane is related to a detachment of germ cell cohorts from the underlying
epithelium and their dispersion in the light of the seminiferous tube (Figure 6b). The decrease
in the number of germ cells observed follows an early degeneration of these cells (Figure 6c).
In the case of fibrosis, the interstitial scarring tissues persist (Figure 6d).
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Figure 6. Light micrographs of testis section of Clarias gariepinus collected in the Bagoue
River from August 2018 to April 2019: a) Disorganization of lobular structures; b)
Detachment of lobe basal membrane (blue arrow); ¢) Decrease in the number of germ cells; d)
Interstitial fibrosis (black star) (a, b, d: X4; c: X10)

Testicular abnormalities were identified in all the selected target organs of the studied specie.
60% of alterations were observed at downstream sites compared to 20% at upstream sites
during the rainy season. These percentages did not vary significantly during the dry season.
However, variances in the nature of the alterations were reported from a season to another at
the sites. Of the five regressive alterations identified, the detachment of lobe basal membrane
was the alteration with the highest prevalence (100%) rate during the rainy season in fish
sampled at Tk site, whereas the fish sampled at the others sites displayed the lowest
percentage. On the other hand, during dry season, interstitial fibrosis was frequently observed
(100%) in samples from the same site (Tk) as in those of others sites.

Semi-quantitative analysis

The results of the semi-quantitative testis analysis were presented in Table 1. A significant
difference in testis index (Kruskall-Wallis, p < 0.05) was observed during rainy season among
the sites. The testis alterations observed in the fish sampled at downstream sites were much
more pronounced than those found in fish from upstream sites. During the rainy season, the
testis alterations reached class 2 (10 < It < 25) in Clarias gariepinus sampled at the sites
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impacted by artisanal gold mining, compared to upstream sites where they reached class 1 (It
< 10). No significant differences of testicular index were observed between wet and dry
seasons (Mann-Whitney, p > 0.05).

Table 1. Testis index (It) in Clarias gariepinus at sampling sites and seasons

Climatic seasons Sites Testis index (It)
Tk 1645.65%
Ks 1642.82°
Wet season
Bs 14.540.72
Bg 5.542.12P
Average 1345.04
Tk 16.540.7
Ks 20+11.31
Dry season Bs 23.54.7
Bg 13.542.12
Average 18.3744.32

a and b indicate a significant difference between sites (p<0.05) during Wet season.
3.2.2 Histopathology of Ovary
Description and Prevalence of histological alterations

Five types of alterations, all classified as regressive changes were identified in African catfish
females. These are preovulatory atretic follicles, necrosis, fibrosis, large interfollicular spaces
and melano-macrophage centers (MMC). Preovulatory follicle necrosis is observed by
disintegration (mortification) of vitellogenic protein inclusions in the perinuclear zone
(Figure 7a). In the case of follicular atresia, it is characterized by an early degeneration of the
follicles (Figure 7a). Ovarian connective tissue fibrosis has also been observed (Figure 7b).
The large interfollicular spaces induce the reduction of egg density of ovarian tissue (Figure
7¢). Melanomacrophage centers are characterized by clusters of known phagocytic cells
through large amounts of generally dark pigments seen in fish ((Figure 7d).

52



ISSN 2168-9148

\ MacrOthi“k Agquatic Science and Technology

Institute ™ 2021, Vol. 9, No. 1

. <

Figure 7. Light micrographs of ovary sections of Clarias gariepinus from Bagoue River
showing: a) Peri-vitellogenic necrosis (black arrow) and preovulatory atretic follicles (yellow
star); b) Fibrosis (white star); c) Large interfollicular spaces (black star); d)
Melanomacrophage centers (red star); X10

Four alterations (80% of prevalence) were identified downstream while in the upstream, all
alterations were observed for both seasons. The most prevalent alterations in fish sampled at
downstream have been the presence of MMC (40%) and interfollicular spaces (66.66%)
which were observed during the wet season. At the upstream sites, for the same season,
necrosis (100%), fibrosis (55.66%) and atretic follicles (100%) were the most frequently
alterations observed. During the dry season, all ovarian samples displayed MMC and
interfollicular spaces at downstream sites (Tk, Ks) subject to the influence of gold mining,
while upstream, 50% of the ovary samples showed alterations such as fibrosis, atretic
follicles and interfollicular spaces.

Semi-quantitative analysis

A significant difference in ovary index (Kruskall-Wallis, p < 0.05) was observed between
sites during the rainy season (Table 2). The ovary alterations reached class 3 (26 <Io <35) in
fish from Tk site, and class 2 from Ks and Bs sites, compared to Bg site where they were
classified as class 1 during the rainy season. However, during the dry season, these
pathological lesions did not vary significantly (Kruskall-Wallis, p > 0.05) according to the
sites. Similarly, no significant statistical variation (Mann-Whitney, p > 0.05) was reported
between seasons at each site. A comparison between the testes and ovaries alterations at each
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site indicated that the ovarian structures were more impacted than the testis structures notably
on the Tk site (Mann-Whitney, p < 0.05).

Table 2. Ovary index (lo) in Clarias gariepinus at sampling sites and seasons

Climatic seasons Sites Ovary index (l10)
Tk 32.542.122
Ks 12.540.7°
Wet season b
Bs 16+11.31
Bg 9.540.7°
Average 17.62+10.62
Tk 15.542.12
Ks 1144.24
Dry season Bs 21.5#+12.02
Bg 11.540.7
Average 14.8744.85

a and b indicate a significant difference between sites (p<0.05) during Wet season.
3.2.3 Histopathology of Liver
Description and Prevalence of histological alterations

A variety of histopathological abnormalities were displayed in liver tissue. These included
primarily regressive changes (melanomacrophage centers, nuclear pleomorphisms, cell
necrosis, intracellular deposits and vacuolization), but also inflammation (perivascular
inflammatory infiltration) and circulatory disturbance (blood vessel congestion) (Figure 8).
The alteration associated with infiltration (Figure 8b) is characterized by a deposition of
substances from perivascular fibrillary. In the case of nuclear pleomorphism (Figure 8c), liver
cells are coated in different shapes with irregular nuclei in size and shape. Liver cell necrosis
reflect early degeneration processes (Figure 8d). Intracellular deposits (Figure 8e) are
deposits due to altered debris between other cells. Blood vessel congestion (Figure 8f) is an
abnormality characterized by concentric fibrosis of cellular debris.
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Figure 8. Light micrographs of liver sections of African catfish from Bagoue River showing:

a) Melanomacrophagic centers (white star); b) Perivascular inflammatory infiltration (white

arrow); ¢) Nuclear pleomorphisms; d) Cell necrosis; €) Intracellular deposits; f) Blood vessel
congestion (white star); X10

The greatest number of liver alterations (71.42%) were observed at Tk site, during both
seasons. Fish sampled from Bs site and Ks site displayed the lowest number of liver
alterations (2 alterations, i.e. 28.57%) respectively during rainy and dry seasons. Regressive
changes were found to be more prevalent from all samples sites, compared to any other of the
reaction patterns. Liver necrosis was prevalent in more than 40% of samples regardless of the
site and seasons.

Semi-quantitative analysis

The results of semi-quantitative assessment of the liver alterations in African catfish from
Bagoue River were showed in Table 3. The Kruskall-Wallis test applied revealed a significant
difference (p < 0.05) between sites during the dry season. The liver index (li) (30 at Tk site
and 21 at Ks site) was higher downstream than upstream (10 at Bs site and 15 at Bg site).
These index did not vary (Mann-Whitney, p > 0.05) between seasons as well as between male
and female.
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Table 3. Liver index (I1) in Clarias gariepinus at sampling sites and seasons

Liver index (Ir)

Climatic seasons Sites

Male Female
Tk 11.543.53 13+1.41
Ks 154424 14.546.36
Wet season Bs 10+1.41 10.546.31
Bg 19.542.12 1245.65
Average 144422 12.545.17
a
Tk 30441 234565
a
Ks 214565 27.540.7
Dry season b
Bs 10+44.24 1044.24
b
Bg 1542.82 15.549.19

Average 1948.60 21.2535.17

a and b indicate a significant difference between sites (p<0.05) during dry season.
3.3 Overall Health Status of Fish

The total index was calculated by sex and season for all sampling sites (Table 4) in order to
determine and compare the general health status of fish.

Table 4. Total Index (I1) in Clarias gariepinus for each sampling site and climatic seasons

Total index (I1)

Climatic seasons Sites Male Fernale
Tk 27.543.18 45.5+13.78
Ks 3140.70 27+1.41

Wet season Bs 24.543.18 26.5143.88
Bg 2549.89 21.5+1.76

Average 2742.97 30.12+10.54

Tk 46.549.54 38.545.30
Ks 4140.7 38.5+11.68

Dry season Bs 33.549.54 40.5+1.76

Bg 28.540.06 2742.82
Average 37.3737.96 36.1246.15

No significant differences (Kruskall-Wallis, p > 0.05) were reported in Clarias gariepinus
health between the prospected sites regardless of climatic seasons. Seasonally, a similarity in
total index was also observed between the rainy and dry seasons (Mann-Whitney, p > 0.05).
Also, the comparison of total index between the sexes did not reveal any variation between
male and female of this species regardless of the climatic season (Mann-Whitney, p > 0.05).
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Overall, the total index was ranked between level 3 (26 < It < 35) and level 4 (It > 35) in both
sexes and both seasons at the sites. These levels suggest that organ tissues have undergone
severe to very severe alterations.
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3.4 Factor Condition

Means of Clarias gariepinus condition index values are given in Table 5. Average condition
coefficient (K) data are greater than 1 for each site and season. No significant differences in
the condition index (Kruskall-Wallis, p > 0.05) were observed between fish sampled at
different sites. Similarly, the Mann-Whitney test did not reveal any significant seasonal
variation in the condition index.

Table 5. Length, weight and condition factor (K) of Clarias gariepinus caught in Bagoue
River from August 2018 to April 2019

Sites Wet season Dry season

Length (cm)  Weight (g) K Length (cm) Weight (g) K

Tk 29.264.91 279.5496.41 1.1030.21 32.248.25 4214346.51  1.1240.14
Ks 32.264/.50 4445426538 1.15#.06 22.3534.33  142.5497.83 1.1440.13
Bs 30.5349.77 398.874448.24 1.0940.10 29.8247.12 342.254221.94 1.1640.12
Bg 29.2148.56 359.334379.91 1.1440.05 25.3337.90 247.07252.77 1.1640.16

4. Discussion

The present study is the first to focus on the target fish reproduction disturbances and also on
different types of gonad and liver alterations. Mercury was targeted because of its intensive
and majority use in the exploitation of artisanal gold mines in the Bagoue watershed,
especially in the Tengrela region at downstream (Kone, 2017).

In the studied organs, level of T-Hg was significantly elevated in the ovary and testis from
upstream sites. Several factors such as organ-specific biological activity and metabolism
actively contribute to changes in the rates of incorporation of toxic metals into the body’s
various tissues (Gorski et al., 2003). Also, interactions between the physical and chemical
characteristics of environment influence the retention of chemical pollutants by biological
organisms (Kainz et al., 2003; Mille et al., 2018). There was also a seasonal difference in
T-Hg content in ovary. The high level of the metal in this organ during the dry season could
be due to its high accumulation in the aquatic environment, especially in sediment during this
period. Moreover, the significant seasonal changes in ovary tissue may be due to differences
in water quality, maturity state of gonads, environmental conditions (Heba and Mohamed,
2019). According to Thomassin and Touze (2003) the tendency of metal to bio accumulate in
gonads during dry season could be explained by its ability to bind to proteins transferred for
gametic metabolism.

For the specie studied, all germ cell stages involved in gametogenesis were observed in males
and females. However, in males, structural abnormalities of testicular tissues have been
observed. Indeed, the effects of pollutants on the fish testis are widely documented in the
literature (Linares et al., 2005; Schwindt et al., 2008; Drevnick et al., 2008; Castro-Gonzdez
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and Méndez-Armenta, 2008; Agohessi et al., 2015; Oreins, 2016; Sayed and Younes, 2017;
Pdévecet al., 2017; Van Dyk, 2018; Funmilayo et al., 2019; Heba and Mohamed, 2019).
Alteration due to the overall disorganization of seminiferous tubes structure and fibrosis (the
highest prevalence rate) could be explained by damage to the interstitial cells surrounding the
seminiferous tubes. A relationship between heavy metals and the presence of testis tubules
damages has been reported in other studies (Pieterse, 2004; Linares et al., 2005; Funmilayo et
al., 2019). Alteration of testicular cells can affect reproductive performance by disrupting the
production of sex hormones and producing poor quality sperm (Pieterse, 2004; Linares et al.,
2005).

As in testis, several alterations were observed in ovarian tissue. Among the alterations of
major factor, atretic follicles, fibrosis and necrosis were widespread in gonadal tissues.
According to Mehta et al. (2015), atresia may be due to environmental stress. It is an
abnormality of endocrine disruption induced by chemicals of a polluting nature (Leino et al.,
2005). But follicular atresia may be associated with other factors, including overcrowding
(Levavi-Sivan et al., 2004; Unal et al., 2007), lack of males (Tripel and Harvey, 1990) or
nutritional deficiencies (Cerda et al., 1995). Atresia is a process of irreversible degeneration
by which the oocyte loses its integrity and is eliminated before ovulation. Therefore, atretic
follicle may be one of the causes of the decline in reproductive success. The effect of
pollutants on reproductive success is corroborated by some authors (Roex et al., 2001; Daouk
et al., 2011). The melanomacrophage centers (MMCs) examined in this study act as focal
deposits for resistant intracellular bacteria, of all chronic infections that can develop and are
associated with severe inflammatory lesions. In a state of environmental stress, these MMCs
are growing size and have been proposed as effective indicators for water quality (Steinel and
Bolnick, 2017; Sayed and Younes, 2017). Histological effects similar to those found in the
present study have been described by authors in fish exposed to doses of insecticides or
heavy metals (Marty et al., 2003; Agbohessi et al., 2015; Oreins, 2016; Ahamad et al., 2019;
Funmilayo et al., 2019). Alterations in ovarian follicles and spermatogenic cells may reflect
damage to the process of gametogenesis and may affect the number of gametes produced,
which may reduce the reproductive capacity of individuals over the long term
(Arellano-Aguilar and Maci1’as-Garci’a 2008).

Liver tissues also underwent qualitative and semi-quantitative histological analysis. The
detoxifying function of the liver makes it particularly exposed to contaminants. That justifies
its use as a reference for the analysis of damage caused by chemical compounds (Amaral et
al., 2002). Various liver lesions were examined with a higher prevalence and a more
pronounced state of alteration in the present study. The high level of mercury in liver could
explain these results. Indeed, liver histological changes associated with mercury or other
pollutants exposure have been sufficiently documented in many studies (Schwindt et al., 2008;
Marchand et al., 2009; Vergilio et al., 2012; Van Dyk et al., 2012; Oliva et al., 2013;
Maceda-Veiga et al., 2013; Stentiford et al., 2014; Dane et al., 2017; Lukhwareni et al., 2018).
Most of the alterations identified in liver are reversible. But the persistence of stressors
disrupts the function of nutrient synthesis while a correlation has been established between
hepato-somatic and gonado-somatic relationships. This correlation reflects the use of liver
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reserves during the maturation of gonads (Bouhali et al., 2015).

Based on liver and gonad histology, the total index above 35 in African catfish at downstream
sites suggests that the organs examined suffered severe damage unlike upstream sites where
mild to moderate alterations have been observed. Paradoxically, mercury levels were higher
in gonads from upstream sites. This data therefore suggests a combined effect of several
chemical parameters in severe tissue damage of gonads from downstream. The analysis of the
general health indicates a marked deterioration. The effect of anthropogenic impact appears
to be visible downstream as the concentration of chemical pollutants and exposure time
determine the severity of the damage (Vergilio et al., 2012). The qualitative or quantitative
indicator of fish health used in this study has been widely discussed in the literature and its
selection reflects the overall organizational health of fish (Van dyk et al., 2009b; Van dyk et
al., 2012; Agohessi et al, 2015). Taking into consideration the histological results, response
between both sexes suggests that ovary appeared to be more sensitive than testes to chemical
contamination as heavy metals. These results are contrary to those evoked by Ibtissem et al.
(2009) in the Bizerta Lagoon, Tunisia.

The results of the condition factor suggest that at the current state of pollution, the effect of
mercury and correlatively the over pollutants has not reached the individual level in the fish
population. Nevertheless, exposure of fish to mercury can disrupt food search and the rate at
which prey is caught (Barst, 2015). Likewise, mercury has the ability to cause oxidative
stress in fish (Scheuhammer et al., 2012). In terms of fish reproduction, it is able to affect
organs such as the hypothalamus and pituitary gland that produce reproductive hormones
(Scheuhammer et al., 2012).

5. Conclusion

Fish histology was used as a tool to monitor the health status in an area where the continued
use of mercury occurs by implementing qualitative and quantitative assessment methods. The
results showed the existence of various alterations in the tissues of organs studied both
downstream and upstream area. Furthermore, this work suggests that the exposure to mercury,
pollutant with reproductive disruptor ability has a spatial distribution which approves the
utility of C. gariepinus as a fish sentinel model in Bagoue River. It can also be concluded that,
despite the alterations identified in the histological assessment, the organs of Bagoue River
fish seem to be in a functional state, and therefore the fish health in this population seems not
to be severely compromised. But in order to prevent any health risks, we suggest an analysis
of all the chemical pollutants that could alter the fish reproductive organs in the Bagoue River.
Ultimately, given the high health risks associated with the consumption of contaminated fish,
an analysis of mercury levels in the local population body is necessary.
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