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ABSTRACT

Background: Many toxicity studies have shown that heamatological and histological alterations
are widely used as good bioindicators in determining the effect of toxicants on fish. This study in-
vestigated the acute toxicity effects of the leaf extract of Thevetia peruviana on full blood count
parameters and some organs of Clarias gariepinus juveniles".

Methods: One hundred and twenty C. gariepinus mixed sex juveniles were exposed to acute con-
centrations (0.63, 1.25, 2.50, 5.00, and 10.00g/L ) of leave extract of 7. peruviana in twelve 20 L
capacity rectangular glass tanks with six treatments and bi-replicated. Blood for full blood count
was collected through cardiac puncture while gills and liver were excised and analyzed for histo-
pathological alterations.

Results: PCV, RBC, Hb, Neu, and Lym of C. gariepinus juveniles inversely decreased while
WBC directly increased with acute concentrations of 7. peruviana leaves extract. The microscopic
examination of the gills revealed concentration-dependent histo-architectural alterations expressed
as epical clubbing, haemorrhage, desquamation, atrophy, and complete erosion of secondary lamel-
lae. The liver showed moderate to severe concentration-dependent histopathological lesions typi-
fied by hypertrophy, atrophy, necrosis, kupffer cell proliferation, and hepatocellular degenerations.

Conclusion: Given the alterations in the blood, gills and liver noted in this study, the invasive
growth of the T. peruviana plant should be controlled to minimize unwanted fish kill.

Keywords: Acute toxicity, Full blood count, Histopathology, Thevetia peruviana, Clarias gariepi-
nus
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1.0 INTRODUCTION

Plant extracts are used worldwide to manage different
human ailments [1] and obnoxiously used by fishers as
fishing gear to kill or collect fish, especially in develop-
ing countries, including Nigeria [2]. Although biode-
gradable phytochemicals of many plant extracts are safe
for human consumption, most are traditionally used as
fish poison [3]. Studies have shown that plant extracts
(Tephrosia vogelii 4], Balanites aegyptiaca 5], and Al-
bizia gummifera [6]) safe for human consumption [7]
have phytochemicals that are noxious to fish. In Nigeria,
common plants used as fish poison include Tephrosia
candida, Datura innoxia, Psychotria microphylla, and B.
aegyptiaca [3, 8, 9, 10]. Acute toxicity causes rapid dam-
age to organisms by poisoning in a single large dose,
short time duration spanning 96 hours [11]. The incipient
LCs lethal concentration for 50% of individuals in short-
time exposure is recommended as the most used criterion
of toxicity study [11].

The experimental plant (7. peruviana) is an evergreen
ornamental shrub [12] commonly found in the tropics. It
is, however, native to Mexico and Central America [13].
In Nigeria, T. peruviana thrives well near rivers, streams,
lakes, and ponds where the leaves and fruits fall into the
water. Also, being an ornamental plant grown around
residential areas, the plant parts are indiscriminately
dumped into the aquatic bodies through anthropogenic
activities [14]. This unwholesome human action may pol-
lute the aquatic environment and possibly cause fish kills
and decimate biodiversity [15].

In recent times, haematological variables have been used
as a good bioindicator in determining the effect of pollu-
tants in fish since blood responds to low levels of pollu-
tants in the aquatic environment [16]. Blood is essential
in diagnosing fish’s structural and functional status ex-
posed to synthetic chemicals, phytochemicals, or environ-
mental pollutants [17]. Studies have shown alterations in
the blood parameters of various fish due to exposure to
pollutants. Iftikhar and Hasmi [18] reported a decrease in
red blood cells (RBC) and haemoglobin (Hb) with an in-
crease in white blood cells (WBC) after exposing Cypri-
nus carpio to concentrations of sulfamethoxazole. Simi-
larly, Bazari et al. [19] reported significant changes in
haematological parameters (haematocrit, Her), Hb, mean
corpuscular volume (MCV), and WBC) of Acipencer
baerii after exposure to Aloe vera extract. Histopatholog-
ical changes have been widely used as biomarkers in de-
termining the effects of pollutants on fish [20]. Studies

have shown structural changes in fish organs due to expo-
sure to chemical or organic pollutants. Abalaka et al. [21]
reported hyperemia and severe oedema with lamellae fis-
sion of the gills of C. gariepinus exposed to stem bark
ethanol extract of Adenium obesum. Audu et al. [22] re-
ported an increase in gills histopathological alterations
(mild, moderate to severe lamellae cell depletion) in C.
gariepinus juveniles with increased concentration of tu-
ber peel extract of Tacca leontopetaliodes. Similar histo-
pathological changes have been reported in the gills of O.
niloticus fingerlings after exposure to acute concentra-
tions of B. aegyptiaca [23].

This study investigates the acute toxicity effects of the
leaf extract of 7. peruviana on blood parameters and his-
tology of the gills and liver of C. gariepinus juveniles
since many plants have toxic extracts that fishermen ob-
noxiously use to catch fish. Literature has shown a dearth
of information on the toxicity effect of 7. peruviana ex-
tract on the blood and organs of C. gariepinus juveniles.
It is, therefore, pertinent to determine the acute toxicity of
the leaf extract on the pollution-prone tissues (blood,
gills, and liver) of C. gariepinus juveniles.

2.0 METHODOLOGY

2.1 Collection, Preparation, Maceration, and Prepara-
tion of Stock Solution of Leaves of Thevetia peruviana
Fresh leaves of T. peruviana were collected from the Pan-
thera Spot of Zoology Undergraduate Research Laborato-
ry, University of Jos Plateau State, Nigeria. The leaves
were prepared by washing them in clean water several
times to remove soil and dirt. The leaves were dried at
room temperature for three (3) days. About 1kg of dried
leaves was pulverized into a fine powder, sieved with a
30 um mesh size sieve, and stored in an airtight poly-
thene bag. After the determination of definitive concen-
trations of the plant material through preliminary range
finding tests, the powder of each definitive concentration
was weighed using a weighing machine (Mettler Toledo
PB602 model), and the stock solution of each concentra-
tion was prepared by macerating in 1L of dechlorinated
municipal water for 24 hours [24]. The mixture was fil-
tered through a funnel chocked with non-absorbent cotton
wool into the appropriate experimental tanks for a 96hr
acute exposure test.

2.2 Research Design of the Experiment

Twelve 20L capacity glass tanks and 120 C. gariepinus
juveniles were used for the acute toxicity experiment.
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Each glass tank was inoculated with 1L each of graded
concentrations (0.63, 1.25, 2.50, 5.00, and 10.00g/L ) of
the dissolved test plant in 9L of dechlorinated municipal
water and 10 C. gariepinus juveniles were introduced
into each. The other two tanks containing 10L each of
dechlorinated municipal water and stocked with 10 C.
gariepinus juveniles were not inoculated with the plant
extract served as the control. The entire setup consisted of
a non-renewable randomized block design bioassay, and
each was replicated.

2.3 Monitoring of Water Quality Parameters

The monitored water quality parameters of the test tanks
and control consist of temperature, dissolved Oxygen
(DO), free carbon dioxide (CO,), hydrogen ion concen-
tration (pH), and total alkalinity (TA) following standard
procedures of APHA [25].

2.4 Procedure for Conducting Acute Toxicity Test

Preliminary range-finding tests [26] were conducted to
determine the definitive concentrations of the leaf extract
of T. peruviana that could cause 50% mortality in C.
gariepinus juveniles. A Series of preliminary trials [26]
was conducted on 27 C. gariepinus juveniles in three test
tanks labeled A, B, and C. Each test tank was stocked
with three (3) C. gariepinus juveniles and exposed to dif-
ferent concentrations of the leaf extract in three experi-
mental trials, after which acute test concentrations of
0.63, 1.25, 2.50, 5.00, and 10.00g/L of the leaves extract
of T. peruviana were determined as the definitive acute
concentrations.

Of the twelve 20 L capacity glass tanks, five test tanks
labeled Al, A2, A3, A4, and A5 were filled with graded
test concentrations (0.63, 1.25, 2.50, 5.00, and 10.00g/L)
of the plant extract. Tank A6 (control) was filled with
only 10 L of dechlorinated municipal water (0.00g/L). To
each test tank, a batch of 10 mixed-sex C. gariepinus ju-
veniles was exposed by immersion. The setup was repli-
cated in tanks B1, B2, B3, B4, and B5, while B6 served
as the replicate control. An acute toxicity test was con-
ducted on 120 C. gariepinus juveniles in twelve (20 L
capacity) rectangular glass tanks (40x25x20cm) arranged
in a randomized block design with six treatments and two
replicates [27]. Fifty (50) C. gariepinus juveniles (mean
weight 35.2042.41g and mean total length
25.26+2.16cm) were randomly introduced into tanks Al,
A2, A3, A4, and A5 (10 fish per test tank), containing the
definitive concentrations (0.63, 1.25, 2.50, 5.00 and
10.00g/L) of leaves extract of T. peruviana. Tank A6, the
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control (0.00g/L) with ten juveniles of C. gariepinus, was
not inoculated with the plant material. The setup was
replicated in Tanks B1, B2, B3, B4, B5 and B6 (control).
The experimental fish (C. gariepinus mixed-sex juve-
niles) were initially starved for 24 hr before exposure to
the test plant. Fish were not fed during the acute toxicity
tests, and the test concentrations were not renewed. The
photoperiod was natural (12 light/12 darkness). The acute
toxicity test lasted for 96 hr [28].

2.5 Collection of Blood

At the end of the 96hr exposure to the acute concentra-
tions of the leaves extract of 7. peruviana, 1ml of blood
was collected from the juveniles in each test concentra-
tions tank and the control via cardiac puncture using a
Iml hypodermic syringe [29]. The blood obtained was
transferred into heparinized tubes [Ethylene Diamine Tet-
ra Acetic Acid (EDTA)] and analyzed for full blood
count at the haematology laboratory of the National Vet-
erinary Research Institute (NVRI), Vom Plateau State,
Nigeria.

2.6 Excision of Organs of Clarias gariepinus Juveniles

After the 96hr toxicity test, one fish (C. gariepinus) from
each treatment and control tank was handpicked and dis-
sected to remove the gills and liver. Each excised organ
was rinsed with distilled water to wash off blood traces.
The organ was preserved in a 10ml specimen bottle con-
taining Sml of formal saline and analyzed for histopatho-
logical alterations.

2.7 Procedure for Examination of Full Blood Count
Indices of Blood Samples

Haematological examination for packed cell volume
(PCV), white blood cells (WBC), red blood cells (RBC),
haemoglobin (Hb), and differential white blood count
(TWBC) of the test animal exposed to acute concentra-
tions of the leaves extract of 7. peruviana was based on
the standard operational procedure (SOP) of Blaxhall and
Daisley [30]. The microhaematocrit method was used for
the examination of PCV. Also, the cyanmethemoglobin
method was used to determine the haemoglobin concen-
tration, while the Hemocytometer method was used to
determine WBC and RBC counts.

2.8 Procedure for Histological Examination of Organs
(Gills and Liver) of Clarias gariepinus Juveniles

The paraffin wax method and haematoxylin-eosin stain-
ing techniques of tissue processing described by Drury
and Wallington [31]; Avwioro [32] were adopted for his-
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topathological examinations of the gills and liver of the
test fish. The organs were fixed in 10% formalin for
three days, cut into thin slices 5x2x1mm thick, and then
processed with the SPIN Tissue Processor (STP) 120
(Thermo scientific model). The tissues were buffered in
10% formalin before passing through these grades of
hydrocarbons for two hours each: 70% Alcohol, 80%
Alcohol, 90% Alcohol, 95% Alcohol, Absolute Alcohol
I, Absolute Alcohol II, Absolute Alcohol III, Xylene I,
Xylene I, Paraffin Wax Oven I, and Paraffin Wax Oven
II.

Tissues were embedded in molten paraffin wax and
cooled rapidly on the cooling component. Tissues were
sectioned using a rotary microtome (MICROM HM340E
ThermoScientific)) set at four micromes, picked on
slides before staining. Haematoxylin and eosin staining
techniques were used in staining the tissues. Tissue sec-
tions were dewaxed and hydrated by passing through
two changes of xylene and descending grades of alcohol
(100%, 80%, 70%) for three min each and then into the
water before staining in Harris’ haematoxylin solution
for 5 min and washed in running water. Tissues were
differentiated in 1% acid alcohol, washed well in water,
blued in Scott’s tap water substitute for 5 min, and rinsed
briefly in distilled water. Each tissue was then counter-
stained in 1% aqueous eosin for 2 min, washed well in
water, dehydrated in descending grades (100%, 80%,
70%) of alcohol before clearing in xylene, and mounted
in Destrene, Plasticiser, and Xylene (DPX). Sections
were then placed in slide carriers and placed in a 40°C
oven to dry overnight. Each tissue was read microscopi-
cally. Photographs of the prepared sections were taken
using a mounted photo-microscopic camera.

2.9 Statistical Analysis

The statistical package of IBM SPSS (version 2.0) soft-
ware was used to perform the statistical analyses. Data
were analyzed by one-way variance analysis (ANOVA).
Mean differences within groups were separated using
Tukey’s multiple comparisons test. The level of signifi-
cance was determined at P=0.05 level of probability.

3.0 RESULTS
3.1 Water Quality Parameters of Experimental Tanks

The mean temperature of treatment tanks slightly in-
creased with a decrease in the leaf extract’s concentra-
tion but statistically did not show a significant difference
(P>005) when compared with the control. For the dis-

solved oxygen, though it inversely decreased with con-
centration, it significantly differed (P<005) compared
with the control. pH, TA, and Free CO, indicated a direct
concentration-dependent increase across the treatment
tanks with an apparent significant difference (P<005)
compared with the control group (Table 1).

3.2 Full Blood Count Indices of C. gariepinus Juve-
niles Exposed to Leaves Extract of 7. peruviana

The blood indices showed no significant difference
(P>005) between all the test tanks compared with the
control. Results showed that the WBC count increased
progressively as the concentration of 7. peruviana in-
creased. The remaining full blood count indices (PCV,
RBC, Hb, Neu, and Lym) inversely decreased with an
increase in the concentration of the leaf extract of 7. pe-
ruviana (Table 2).

3.3 Gill Histopathology of C. gariepinus Juveniles Ex-
posed to Leaves Extract of 7. peruviana

The gills of the juveniles in the control tank showed nor-
mal features characterized by the presence of secondary
lamellae (black arrow) radiating from the primary lamel-
lae (white arrow) with even gaps between secondary la-
mellae. The gills micrographs showed progressive con-
centration-dependent histo-architectural alterations typi-
fied by shortening and epical clubbing and desquamation
of secondary lamellae, haemorrhage, and atrophy of the
primary lamellae. Concentration 0.65 g/L. showed short-
ening of secondary lamellae (black arrow), while a high-
er concentration (1.25 g/L) was characterized by epical
clubbing of secondary lamellae (black arrow). Gills ex-
posed to concentrations of 2.50 and 5.00 g/L of the
leaves extract showed fusion of secondary lamellae
(white arrow) and mild haemorrhage in primary lamellae
(circle outline), respectively. The test gills in the sub-
stance with the highest concentration (10.0 g/L) showed
complete erosion of secondary lamellae and severe
haemorrhage in primary lamellae (Plate 1).

3.4 Histopathology of Liver of C. gariepinus Juveniles
Exposed to Leaves Extract of 7. peruviana

The fish’s liver in the control tank showed normal his-
tological features, including hepatocytes (White arrows)
showing polyhedral outlines and sinusoids (Yellow ar-
rows). The liver in the treatment concentrations of 7.
peruviana leaves extract showed moderate to severe con-
centration-dependent histopathological lesions such as
hypertrophy (Yellow arrow) evident by enlargement of
hepatocytes, atrophy, necrosis, Kupffer cell proliferation,
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Table 1. Mean Water Quality Parameters of Experimental Tanks with C. gariepinus juveniles Exposed to Acute Toxicity Tests of Leaves Ex-

tract of 7. peruviana

Parameter Concentration (g/L) P.
10.00 5.00 2.50 1.25 0.63 0.00 Value
Temp °C 19.75+ 0.75 19.50+1.04 19.50£0.28 19.25+0.62  19.25+£0.47  19.00£0.91 0.268
pH 8.50+ 0.06 8.53+0.00 8.53+0.03 8.17+0.08 7.05+0.02 6.52+0.00 0.001
TA (mg/L) 53.00+3.62  44.50+2.39 42.00£5.11  40.75£1.49  37.25+#3.17 36.00+£3.29  0.001
Free CO, (mg/L) 40.50+11.37  37.75+12.45 34.50£9.36  28.50+6.06  27.00£5.58  26.50£5.92  0.001
DO (mg/L) 0.00+0.00 0.30+0.00 0.50+0.00 0.70+0.00 0.90+0.00 3.30+0.12 0.030

Footnote: + SE

Table 2. Mean Full Blood Count Indices of C. gariepinus Juveniles Exposed to Acute Concentrations of Leaves Extract of 7. peruviana for 96 hr

Conc. (g/L) Haematological Parameters
PCV (%) WBC(X10°’mg/L)  RBC (X10°mg/L) Hb (Mg/L) Neu (%) Lym (%)

10.00 21.50£0.50  4.95+0.65 1.95+0.35 7.20+0.20 72.50+7.50 19.00+1.00
5.00 21.50+3.50  4.75+1.25 2.00£0.50 7.20+1.10 76.00+4.00 20.50+1.50
2.50 24.00£0.00  4.40+0.60 2.30+0.40 8.05+0.05 77.00+2.00 22.50+2.50
1.25 26.00£1.00  4.30+0.10 2.35+0.35 8.65+0.45 77.50+2.50 22.50+7.50
0.63 28.00£2.00  3.95+0.65 2.65+0.15 9.40+0.70 79.50+1.50 23.00+2.00
0.00 29.50+1.50  3.85+0.15 2.75+0.05 9.70+0.50 81,0+1.00 27.50+1.00
P. value 0.085 0.833 0.516 0.700 0.670 0.489

Plate 1. Gills of C. gariepinus exposed to Acute Concentrations of Thevetia
peruviana Leaves Extract.

A. Control (0.00 g/L): normal gill histology with free radiating secondary
lamellae (black arrow) from primary lamellae (white arrow). B. 0.63 g/L:
shortening of secondary lamellae (black arrow). C. 1.25 g/L: epical clubbing
of secondary lamellae (black arrow). D. 2.50 g/L: mild haemorrhage in prima-
ry lamellae (circle outline) and fusion of secondary lamellae. E. 5.00 g/L: mild
desquamation (circle outline) and fusion of secondary lamellae. F. 10.0 g/L:
erosion of secondary lamellae (black arrow), atrophy (white arrow), and severe
haemorrhage (circle outline) in primary lamellae. H & E: X100.

and hepatocellular degeneration. The lowest concentra-
tion (0.65 g/L) of the leaf extract showed moderate en-
largement of hepatocytes (Yellow arrow) and hepatic
atrophy (White arrow), evidenced by increased hepatic
spaces. In leaves extract concentration of 1.25 g/L, there
were mild hepatic necrosis (White arrowheads) and mild

Plate 2. Liver of C. gariepinus exposed to acute concentrations of 7. peruviana
leaves extract.

A. Control (0.00 g/L): normal hepatic parenchyma evident by normal appear-
ance of hepatocytes (White arrow) with normal sinusoids (Yellow arrow). B.
0.63 g/L: moderate enlargement of hepatocytes, hypertrophy (Yellow arrow),
and hepatic atrophy (White arrow) evident by increased hepatic spaces. C.
1.25 g/L: mild hepatic necrosis (White arrowheads) and mild Kupffer cell
proliferation (White arrow). D. 2.50 g/L: moderate hepatocellular degenera-
tions evident by progressive loss of hepatocytes cellular outline (circle-
outline). E. 5.00 g/L: mild hepatocellular necrosis (circle-outline) and in-
creased Kupffer cell proliferation (Yellow arrow). F. 10.0 g/L: Severe atrophy
(brace) and severe necrosis (circle-outline). H & E: X400.

Kupffer cell proliferation (White arrow) in the hepatic
cells. The liver exposed to 2.50 g/L of T. peruviana
leaves extract showed moderate hepatocellular degenera-
tions evident by progressive loss of the cellular outline of
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hepatocytes (circle-outline). Mild hepatocellular necrosis
(circle-outline) and increased Kupffer cell proliferation
(Yellow arrow) were noted in the liver exposed to 5.0 g/
L of the test leaves extract and 10.0 g/L) of the leaves
extract. In comparison, the highest concentration (10.0 g/
L) of the leaf extract showed severe atrophy (brace) and
severe necrosis (circle-outline).

4.0 DISCUSSION

This study examined the impact of leaf extract of 7. pe-
ruviana on full blood count parameters and histopatholo-
gy of gills and liver of C. gariepinus juveniles. Determi-
nation of water quality parameters in aquatic toxicology
study is vital given its role in the survival of fish [33]
since the life processes of fish depend entirely on the
aquatic environment. The almost constant water tempera-
ture and the inverse increase in dissolved oxygen of the
experimental tanks with a concentration of the leaf ex-
tract in this study are similar to the findings of Reboucas
[34]; Wakawa and Audu [23]. The decrease in dissolved
oxygen with an increased concentration of 7. peruviana
leaves extract could be due to its degrading effect on the
oxygen molecules [35]. The mean pH range recorded in
this study is within the physiological range of 6.5-8.5
[36] required to produce aquatic fauna. This observation
is in tandem with the report of Olowolafe and Olufayo
[37] after exposing C. gariepinus to extracts of Vernonia
amygdalina. The progressive direct increase in TA and
free CO, -with concentration of 7. peruviana leaves ex-
tract could be due to the increased fertility and oxygen
consumption effects of the leaves extract on the water
quality. Haematological indices are essential in diagnos-
ing the physiological statuses of animals exposed to con-
taminants or pollutants [35, 38]. In this study, the steady
increase in WBC counts could be attributed to an attempt
by the juveniles to combat the pollutant to improve their
health status. This result corroborates the findings of
Adewoye [39] on haematological and biochemical altera-
tions in C. gariepinus exposed to Tephrosia vogelii. In
this investigation, other studied haematological indices
(PCV, RBC, Hb, Neu, and Lym) progressively decreased
with increased concentrations of the leaf extract. A simi-
lar outcome has been reported by Orji et al., [9], Olowol-
afe and Olufayo [37], and Ojutiku et al., [40]. The reduc-
tion in the blood parameters of the current study might be
due to abnormal functioning of the hematopoietic system
due to the stressful condition caused by leaf extract of T.
peruviana on the test fish.

Organ histology has been a good indicator of xenobiotic
exposure and is a vital tool in assessing the level of pol-
lution in animal organs [41]. The histological alterations
recorded in the gills and liver of C. gariepinus juveniles
in this study could indicate the toxic effects of the leaf
extract of 7. peruviana. This result corroborates the find-
ings of Akindoye et al., [42]. Similarly, the progressive
increase in histological distortions of the gills and liver
with an increase in the concentration of the leaf extract of
T. peruviana in the present study is similar to the find-
ings of Audu et al., [24]. In the same vain, the haemor-
rhage in the primary lamellae, desquamation of second-
ary lamellae, atrophy of primary lamellae, and complete
erosion of secondary lamellae noted in this work are sim-
ilar to the report of Audu et al., [14] after exposing the
gills, and liver of O. niloticus fingerlings to concentra-
tions of leaves extract of B. aegyptiaca. Histological ab-
errations in the liver, such as hypertrophy, atrophy, ne-
crosis, Kupffer cell proliferation, and hepatocellular de-
generations recorded in the present study also corroborat-
ed the findings of Audu et al., [14]; Wakawa and Audu
[23].

This study showed that leaf extract of 7. peruviana
caused dose-dependent alterations in the full blood count
parameters, gills, and liver of C. gariepinus juveniles
resulting in direct, consequential effects on the fish
health. Fish exposed to higher concentrations of T. peru-
viana leaves extract tend to have more deleterious effects
than those exposed to lower concentrations. The invasive
growth and indiscriminate dumping of 7. peruviana
leaves should be discouraged, avoided, or minimized to
avert the unwanted killing of fish and other.
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