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Abstract: The effect of naphthalene on selected haematological and histopathological parameters as wellrelative growth rate
in the tropical African catfish was evaluated. Healthy juvenile fish (n = 90) weighing 19.7+1.8 g were exposed to sublethal
concentrations of naphthalene over a period of 35 days after which haematological and histopathological parameters were
analyzed. The medianlethal concentration LC 50 of naphthalene was determined to be 6600 pg/L in Catfish withestimated safe
level ranging from 0.066 to 330 ng/L. Sublethal concentrations of naphthalene ledto significant declines in red blood cell (RBC)
counts, haemoglobin concentration andhaematocrit. The erythrocyte indices showed mixed results with mean corpuscular
haemoglobinconcentration (MCHC) showing significant elevation while changes in mean corpuscular volume (MCV) and
mean corpuscular haemoglobin (MCH) were not significant. Naphthalene wasimmunotoxic in exposed fish leading to
significant elevations in circulating white blood cells (WBC). There was also a significant increase in platelet (PLT) count in
naphthalene exposedfish. Growth rate significantly reduced in a dose response pattern. While there was no
observedhistopathological alteration in the liver of exposed fish, haemorrhage with blood coagulation wasobserved in the gill
sections. There were changes in the haematological parameters. Thesignificant reduction in (RBC) and the reduced growth rate
of catfish shows that naphthalene isof environmental concern due to its toxicity.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are compounds
consisting of two or more fused rings. PAHs are of
environmental concern due to their persistence and toxicity.
They are also considered to be mutagenic and carcinogenic
[30].. PAHs find their way into the environment through
natural sources such as volcanoes, forest fire, and
biosynthetic process. PAHs could also be emitted by diverse
anthropogenic sources including vehicle exhausts, oil
spillage and urban sewage [30].

Naphthalene is a toxic air and water pollutant widely used
as an intermediate in the production of phthalic anhydride,
surfactants and pesticides [15]. It is also found in many other
environments, especially soils [14]. Naphthalene is rather a
special compound in terms of its properties and chemical
structure. It is a flammable white solid with the formula
CioHg and the structure of two fused benzene rings, with
melting and boiling points of 80.5 and 218°C, respectively
[15]. Naphthalene has been a target compound in
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environmental studies examining volatile organic compounds
(VOCs), and PAHs [15]. While known as a common and
widespread air and water contaminant for many years,
naphthalene received relatively little attention prior to the
finding of its carcinogenicity in rats in 2000 [1]. In the
aquatic environment, naphthalene is particularly hazardous
due to their combination of mobility, toxicity, and general
environmental hazard [14].

Naphthalene exposure has been shown to increase oxygen
consumption by benthic invertebrates and reduced
photosynthesis in Chlamydonasangulosa [22]. The aim of
this work was to evaluate the effect of naphthalene on some
haematological parameters of the tropical catfish as well as
study the possible histopathological alteration in liver and
gills of exposed fish. The tropical catfish was chosen for this
work because of its abundance in tropical climes as well its
hardiness and ease of handling. This study will contribute to
the toxicological database and also improve on the ecological
risk assessment of naphthalene in aquatic environments.

2. Materials and Methods
2.1. Chemicals

All reagents used were of analytical grade. Naphthalene
was obtained from Sigma Aldrich (Germany). Acetone was
obtained from BDH chemicals (UK).

2.2. Animals

Juvenile catfish (C. gariepinus) weighing 19.7+1.8 g were
obtained from a commercial fish farm in Aba, south east
Nigeria. The fish were acclimatized for 2 weeks in
declorinated tap water prior to experimentation. The fish
were fed twice daily ad libitum with commercial fish feed.
Fecal matter and uneaten food were removed daily to prevent
contamination of the water.

2.3. Acute Toxicity Study

Prior to the acute toxicity study, a combination of existing
data (from the scientific literature) and range finding test
were used to determine the appropriate concentrations of
exposure. Based on the pre-LCs, data, the 96 hour LCsy was
determined for naphthalene according to the revised OECD
guidelines for testing of chemicals [18]. Triplicate sets of 7
fish each were randomly exposed to varying concentrations
of naphthalene. Acetone was used as solvent carrier. The fish
were placed in 30L plastic tanks holding 20L of declorinated
tap water. Another set of 7 fish was also maintained with
equal amount of tap water (and solvent carrier) but without
the test chemicals and considered as the solvent control. Fish
was not fed throughout the experiment and lethality was the
toxicity end point. Fish were visually examined daily and
considered dead on cessation of opercular movements and
lack of movement when probed. Dead fish were removed and
the mortality recorded at intervals of 24, 48, 72 and 96 h. The
96 hour LCs, value of naphthalene for the fish was
determined by probit analysis.

2.4. Sublethal Toxicity Study

Stock solutions of naphthalene were prepared by
dissolving naphthalene in distilled water taking acetone as
solvent carrier. Test solutions were prepared by dilution of
stock solutions in tap water. During sublethal studies, fish
were exposed to 1/2 and 1/4 of the LCs, value (corresponding
to treatment levels 1 and 2). A solvent control was included
in theexperimental design. Fish were kept in groups of 10 in
30L plastic tanks containing the test solutions. Experiments
were performed in triplicates. Period of exposure lasted 35
days.

2.5. Assays

At the end of the exposure period, fish were anaesthetized
using non-chemical method by hypothermia. Blood was then
collected from the immobilized fish by caudal vein puncture
method as described by Argungu et al. [2] using a Sml sterile
disposable syringe with a 22 gauge needle. The blood was
transferred to EDTA tubes and transported to the lab for
analysis.

The liver and gill tissues were dissected and place in 10%
formal saline solution prior to histopathological investigation.

2.6. Haematology

Haematological parameters were determined using
automated Sysmex XE-5000 haematologyanalyser, Japan.

2.7. Relative Growth Rate (RGR)

RGR was determined using the method of Thaller et al
(2014):

w ¢(final weight) - wj(initial weight)

RGR

x100

wij (initial weight)
2.8. Statistical Analysis

Results were expressed as mean + standard error. Data
from the different treatment groups were compared b a one-
way analysis of variance (ANOVA) followed by a Scheffes
test to determine statistically different groups. All differences
were considered significant at p<0.05. Statistical analysis
was performed using Microsoft Excel and the SPSS
statistical package (ver. 24.0 SPSS Company, Chicago, IL,
USA).

3. Results

By probit analysis, the LCsy of naphthalene in catfish was
determined to be 6600 pg/L. No mortality occurred in the
control. One hundred percent mortality was recorded after 96 h
at the highest naphthalene concentration (25600 pg/L) tested.

The results of estimated safe levels of naphthalene as
calculated by multiplying the 96 hour LCs, with different
application factors are given in Table 1. The estimated safe
levels of naphthalene in C. gariepinus varied from 0.066 to
330 pg/L.
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The results showed that exposure to sublethal
concentrations of naphthalene affected some of the
haematological parameters. There was a statistically

significant reduction in the red blood cell count of exposed
fish. The observed reduction appeared to be dose-dependent
with a higher dose of the chemical (3300 pg/L) causing a
greater reduction in the reduction compared to the lower dose
(1650 pg/L). There was also an observed reduction in
haemoglobin concentration and haematocrit. The impact of
naphthalene on the erythrocyteindices showed mixed results.
While there was an increase in MCHC, there were no
observed changes in MCV and MCH. There was a dose-
dependent increase in WBC and PLT counts.

The result for relative growth rate is shown in Figure 2.
After an exposure period of 5 weeks, there was a significant
decline in the RGR of exposed fish as compared to the
control.

The histopathology results of the liver and gill are shown
in plates 1 to 4. The liver and gill from the solvent control
(plates 1 and 3 respectively) exhibit normal architecture. The

liver of fish exposed to the second level of treatment (plate 2)
showed normal architecture. The gills of exposed fish at the
second level of treatment (plate 4) exhibited haemorrhage
accompanied with blood coagulation.

12

10

Probit

1 LC50 =

0 2 4 6 8 10
Log (concentration, pg/L Naphthalene)

Figure 1. Shows the linear regression curve of logl0 concentration versus
probit of naphthalene induced mortality on catfish. y = 1.3712x — 0.24. The
LC50 was 6600 ug/L.

Table 1. Estimate of safe levels of Naphthalene at 96 hour exposure time in C. gariepinus.

PAH 96h LCs (ugl™) Method AF Safe level (ugl?)
Naphthalene 6600 Sprague (1971) 0.1 3.9968
CWQC (1972) 0.01 66
NAS/NAE (1973) 0.01-0.00001 66— 0.066
CCREM (1991) 0.05 330
1JC (1977) 5% of 96h LCs, 330

Table 2. Haematological parameters of C. gariepinus exposed to sublethal concentrations of naphthalene. Means not sharing the same letter (a, b or c) are

statistically different at p < 0.05.

Parameter Control group Naphthalene 1650 pg/L Concentration 3300 pg/L
RBC 2.86+0.09° 2.07+0.04° 1.84+0.53°
Hb 100.25+3.9° 87.75+2.95" 86.25+2.97°
Het 37.52+2 38" 31.3242.13° 27.5+1.97°
MCV 132.8+1.71 138.7+4.6 133.3+3.85
MCH 38.75+0.19 39.240.53 39.35+0.61
MCHC 272434 285+3.07 302.25+5.6
WBC 90.87+4.2° 121.254+3.32° 118.98+1.9°
PLT 20+1.2° 19.542.7 4242.1°
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Figure 2. Relative growth rate of C. gariepinus exposed to naphthalene. Means not sharing the same letter (a, b or c) are statistically different at p < 0.05.
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Figure 3. Photomicrograph of a section of the gill from the control showing
normal impression. H&E mag x10.
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Figure 4. Photomicrograph of a section of the gill from the group exposed to
naphthalene showing blood coagulation (BC).
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Figure 5. Photomicrograph of a section of the liver from the control group
showing normal impression.
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Figure 6. Photomicrograph of a section of the liver from the group exposed
to naphthalene, showing normal impression.

4. Discussion

The median lethal concentration LCs, typically represents
the anticipated toxicity of a chemical. It is the concentration
of a chemical that is lethal to 50% of the animals under a
toxicity study. In the present work, naphthalene was observed
to have an LCs, value of 6600 pg/L in the Catfish (C.
gariepinus.) The LCsy data for naphthalene in fishes (under
static renewal systems) have been determined by several
investigators and some of them include: M. fluviatilus [21];
5180 pg/L for Milkfish, C. chanos [19]; 5400 pg/L for
Climbing perch, A. testudineus [16]; 7210 pg/L for Catfish, C.
gariepinus [25]; 500 pg/L for Rainbow fish; 2830 pg/L for
Florida pompano and 7. carolinus [24]. The findings in this
work and that of other mentioned researchers show that LCs,
values of naphthalene varies with the species of aquatic
organisms. These variations could be as a result of
differences in metabolism of the different organisms.
Furthermore, environmental factors including physico-
chemical parameters, size and regional influences could also
play crucial roles in determining acute toxicity of
naphthalene [19].

The estimated safe level for naphthalene in the tropical
catfish varied from 0.066 t0330 pg/L. There is controversy
over the acceptability of safe levels in the field of
ecotoxicology due to the large variations in safe level values.
These variations are as a result of the different methods for
determining safe levels of toxicants [20]. The major
shortcoming in calculation of application factor (AF) is its
dependence on LCsy values [10]. The extrapolation of
laboratory data to field data is not always meaningful, hence
the difficulty in deciding the acceptable concentration that may
be considered “safe” based on laboratory experiments [20].

The tendency of toxicants to elicit anaemia is well studied.
Dey et al. [6] revealed in a recent study that 4. testudineus on
exposure to 2 levels of naphthalene concentration exhibited a
significant decrease in RBC in comparison to the control.
The decrease in RBC count was shown to be dose dependant
as seen in the present study. Usually, a decrease in RBC
count is indicative of poor iron metabolism [5]. In an earlier
work, the authors also observed a similar effect with A.
testudineus exposed to anthracene, a related polycyclic
aromatic hydrocarbon [7].

As with RBC count, many authors have demonstrated
declines in haemoglobin concentration of aquatic organisms
exposed to toxicants, especially polycyclic aromatic
hydrocarbons. Haemoglobin is a conjugated protein
containing heme as prosthetic group and globin as the
apoprotein [4]. Haemoglobin content can serve as a sensitive
indicator of alterations in ecological conditions. Chavez-
Veintemilla [3] observed that haemoglobin concentration in
the tambaqui exposed to phenanthrene was the most affected
blood parameter in the fish. The author attributed the
decrease in haemoglobin concentration to a reduction in its
synthesis or by increases in its destruction. In a related work,
Mehrnaz et al. [13] reported significant reductions in
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hemoglobin levels of A. latus exposed to PAHs.

Chemical pollutants have in addition to altering RBC
counts and haemoglobin content, been shown to have a
negative impact on observed haematocrit. Dey et al. [7]
reported a significant decline in hematocrit in A. testudineus
under naphthalene exposure. Reduction in haematocrit which
measures the volume of packed red blood cells relative to the
whole blood can be caused by the deformation of
erythrocytes or reduced erythrocyte synthesis. Furthermore,
reduced hematocrit value is indicative of impaired metabolic
activities and lower adaptive capability [8].

Erythrocyte indices are useful in understanding the
etiology of anemias. Anemias are classified, according to the
size of the erythrocyte, as being normocytic (normal MCV),
macrocytic (increased MCV), or microcytic (decreased
MCYV). [29]. While there was a significant increase in MCHC,
there were no observed changes in MCH and MCV on
exposure to naphthalene.

The present study showed that naphthalene was
immunotoxic to C. gariepinus. There was an observed
increase in the levels of circulating white blood cells in
exposed fish. Leukocytes are part of the immune system and
participate in both the innate and humoral immune responses.
They circulate in the blood and mount inflammatory
responses to toxicants, injury or pathogens [26]. Ramesh and
Saravanan [23] reported an elevation in WBCs in L. rohitato
exposed to deltamethrin at sublethal concentrations.

Platelets are known to play important roles in wound
healing and the inflammatory process, usually through
interaction with immune cells. Platelets are however not cells,
but rather cytoplasmic fragments derived from
megakaryocytes [28]. Under stress conditions that cause
physical injuries to vascular tissues, platelet counts are
increased to mitigate haemorrhage [7, 28].

Growth is an integrated physiological response involving
external conditions (food quality and quantity, water quality)
and internal physiological status (health, stress, reproductive
state [17]. PAHs and other injurious chemicals have been
shown to inhibit growth rate. Chavez-Veintemilla [3]
reported significant reductions in specific growth rate in
tambaqui exposed to very low concentrations of phenathrene
after only two weeks of exposure. Jee et al. [9] also reported
significant decrease in the average mass gain of flounder
exposed to both high and low concentrations of phenanthrene
for a period of 14 and 28 days. Reductions in relative growth
rates can be attributed to reduced food uptake by the animals
as a result of naphthalene intoxication Jee et al. [9].

Histopathological changes are widely used as biomarkers
to evaluate the health status of aquatic organisms exposed to
toxicants. In the present study, sections of the liver tissues
were observed to assess the level of alterations in the liver
cells and gills as a result of PAH exposure. The liver plays a
crucial role in fish metabolism. It is also the storage site for
many metabolites, especially glycogen [11]. Fish exposed to
naphthalene showed no visible alterations as the control
group. However, the gills which are in close contact with the
external environment showed observable haemorrhage

accompanied with blood coagulation.

5. Conclusion

The study showed the effect of different concentration of
naphthalene exposed to catfish. Therewere reduction in red
blood count, haemoglobin, haematocrit, mean corpuscular
volume andalso coagulation of blood in the gill of the catfish.

Naphthalene causes changes in hematological parameters
in Cat fish and also inhibitsgrowth rate. It is thus of
environmental concern due to its toxicity.

6. Recommendation

There is need for further research to study the metabolism
and biotransformation pathways of naphthalene in Cat fish.
The information obtained from this study will help to assess
the sublethal effects of PAHs in general and naphthalene in
particular and to set up water quality criteria for control
policies and conservation strategies in tropical region.

References

[1] Alderman, S. L., Dilkumar, C. M., Avey, S. R., Farrell, A. P.,
Kennedy, C. J., Gillis, T. E., (2020). Effects of diluted
bitumen exposure and recovery on the seawater acclimation
response of Atlantic salmon smolts. Aquatic Toxicology, 221,
105 -109.

[2] Argungu, L. A., Siraj, S. S. and Christanus, A. (2015). A
simple and rapid method for blood collection from walking
catfish. Iranian journal of fisheries sciences. 16 (3) 934 — 944.

[3] Chéavez-Veintemilla, C. and Val, A. (2019). Effects of
phenanthrene on the amazonian fish Tambaqui Colossoma
macropomum: LC50, growth and haematology. Environment
and Ecology Research 7 (5): 293 —302.

[4] Chhabra, N. (2013). Structure of Hemoglobin-An Overview,
Retrieved December 30, 2020
http://www.ourbiochemistry.com/knowledge-
base/category/proteins

[S] Chowdhury, M. J. Mcdonald, D. G. and Wood, C. M. (2004).
Gastrointestinal uptake andfate of cadmium in rainbow trout
acclimated to sublethal dietary cadmium. Aquatic Toxicology.
69, 149 — 163.

[6] Dey S, Puspita, B., Arghya, M. and Palas, S. (2020) Blood
Biochemical and  Erythrocytic Morpho-pathological
Consequences of Naphthalene Intoxication in Indian Teleost,
Anabas testudineus (Bloch), Environmental Toxicology and
Pharmacology, 80, 103 — 109.

[7] Dey, S., Palas, S. and Niladri, S. (2019). Dose specific
responses of Anabas testudineus (Bloch) to anthracene (PAH):
Haematological and biochemical manifestation. Emerging
Contaminants. 5,232 — 239.

[8] Eriegha, O. J., Omitoyin, B. O. and Jani, E. K. (2017).
Evaluation of Haematological and Biochemical Parameters of
Juvenile Oreochromis niloticus after Exposure to Water
Soluble Fractions of Crude Oil. Journal of Applied Science
and Environmental. Management, 21 (6), 1041 — 1045.



46

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Odom Theophilus Chikodi et al.: Histopathological and Hematological Alterations in Cat fish Exposed to Sublethal
Concentrations of Naphthalene, a Polycyclic Aromatic Hydrocarbon

Jee, J. H, Kim, S. G. and Kang, J. C. (2004). Effects of
phenanthrene on growth and basic physiological functions of the
olive flounder Paralichthys olivaceus. Journal of Experimental
Marine Biology and Ecology, 304 (2004), 123 — 136.

Kenega, E. F (1979). Aquatic test organism and methods
useful for assessment of chronic toxicity of chemicals. In:
Dickson, K. L., Maki, A. W., Cairms, Jr., J. (Eds.), Analyzing
the Hazard Evaluation Process., American Fisheries Soc.,
Washington, DC, p. 101.

Kolbasi, T. B., Isag, U. C. and Onen, O. (2009) The effects of
sodium perchlorate on the liver of Molly Fish. African Journal
of Biotechnology, 8 (11), 2640 — 2644.

M. Yunker, M., Macdonald, R. and Goyette D. (1999).
Natural and anthropogenic inputs of hydrocarbons to the Strait
of Georgia. Total Environment, 225 (3), 181-209.

Mehrnaz, S., Negin, S., Mohammad, T. R., Abdolali, M. and
Gholamreza, H. (2017). Effect of phenanthrene on the tissue
structure of liver and aminotransferase enzymes in yellowfin
seabream (Acanthopagrus latus). Iranian Journal of
Toxicology, 11 (4) 201-207.

Nakata, H., Uehara, K., Goto, Y., Fukumura, M., Shimasaki,
H., Takikawa, K. and Miyawaki, T. (2014). Polycyclic
aromatic hydrocarbons in oysters and sediments from the
Yatsushiro Sea, Japan: Comparison of potential risks among
PAHs, dioxins and dioxin-like compounds in benthic
organisms. Ecotoxicology and Environmental Safety, 99, 61—
68. https://doi.org/10.1016/j.ecoenv.2013.10.005.

National Center for Biotechnology Information, NCBI. (2019).
Naphthalene. Retrieved December 26, 2019 from
https://pubchem.ncbi.nlm.nih.gov/compound/Naphthalene

Nayak, S., Patnaik, L. and Raut, D. (2019). Naphthalene
indiuced biochemical changes in Anabas Testudineus. Journal
of Biodiversity and Environmental Sciences, 8 (2), 154 — 158.

NOAA. National oceanic and atmospheric administration
(2021). Fish growth and ocean ecology research
https://www.fisheries.noaa.gov/west-coast/science-data/fish-
growth- and-ocean-ecology-research. Retrieved 28/10/2021.

OECD (2019). Test No. 203: Fish acute toxicity test, OECD
guidelines for the testing of chemicals, Section 2. OECD
Publishing, Paris.

Palanikumar, N., Kumaraguru, C. M. and Ramakritinan, M.
(2012)  Biochemical response of anthracene and
benzo[a]pyrene in milkfish Chanos chanos L. Ecotoxicology
and Environmental Safety, 75, 187-197.

[20]

(21]

(24]

(23]

[26]

[27]

[29]

[30]

Pandey, S., Kumar, R., Sharma, S., Napure, N. S., Srivastava,
S. K. and Verma, M. S. (2005). Acute toxicity bioassays of
mercuric chloride and malathion on air-breathing fish Channa
punctatus (Bloch). Ecotoxicology and Environmental Safety,
61: 114-120.

Pollino, C. A. and Holdway, D. A. (2002). Toxicity testing of
crude oil and related compounds using early life stages of the
crimson  spotted  rainbowfish.  Ecotoxicology — and
Environmental Safety, 52 (3), 180 — 189.

Price, P. S. and Jayjock, M. A. (2008). Available data on
naphthalene exposures: Strengths and limitations. Regulatory
Toxicology and Pharmacology, 51, S15-S21.

Ramesh, M. and Saravanan, M. (2008). Haematological and
biochemical responses in a fresh water fish Cyprinus carpio
exposed to chorpyrifos. International Journal of Integrative
Biology, 3 (1), 80 — 84.

Santos, T. C., Gomes, V. and José, A. (2011).
Histopathological alterations in gillsof juvenile Florida
pompano Trachinotus carolinus following sublethal acute and
chronic exposure to naphthalene. Pan-American Journal of
Aquatic Sciences, 6 (2), 109 — 120.

Sogbanmu, T. O., Nagy, E., Phillips, D. E. and Arlt, A. A.
(2016). Lagos lagoon sediment organic extracts and PAHs
induce embryotoxic, teratogenic and genotoxic effects in
Danio rerio. Environmrntal Science and Pollution Research,
23 (14), 14489 — 14501.

Tigner, A. Sherif A. and Ian M. (2021). Histology, White
Blood Cell. Retrieved August 11, 2021 from
https://www.ncbi.nlm.nih.gov/books/NBK 563148/

Thaller, G., Lugert, V. and Tetens J. (2014). A review on fish
growth calculation: multiple functions in fish production and
their specific applications. Reviews in Aquaculture, 6 (1), 114
—119.

Valli, V. E. O. (2007). Hematopoietic system. In: Maxie, M.
G. (Ed.), Jubb, Kennedy and Palmer’s Pathology of Domestic
Animals, 5" Ed. Saunders/Elsevier, St. Louis, MO.

Walker, H. K., Hall, W. D. and Hurst, J. W. (1990). Clinical
Methods: TheHistory, Physical, and Laboratory Examinations.
3rd edition. Butterworths: Boston.

Yang, Y., Zhang, X and Korenaga, T. (2002). Distribution of
polynuclear aromatic hydrocarbons (PAHs) in the soil of
Tokushima, Japan. Water, Air, and Soil Pollution, 138 (1-4),
51-60.



