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A good number of plants have been investigated worldwide to evaluate their pesticidal and

piscicidal activities. This study evaluated the phytochemical constituents and acute toxicity

K?X;:qus Extract of root of Flute(.i.Pumpkin (T elfai{fa occidei?talis) on Clarias gariepinus juvenile under
v’ Fish, laboratory conditions. Phytochemical constituents of the root of 7. occidentalis were
v Fluted Pumpkin, screened. Juveniles of C. gariepinus were exposed to extract water with varying
v’ Phytochemical, concentrations of 7. occidentalis root extract of 25 mg L', 50 mg L, 75 mg L! and 0 mg
v Toxicity. L! (control). The acute concentration levels of the toxicant caused changes in the histology

of the gill and liver of the exposed fish. In conclusion, the aqueous root extract of T.

occidentalis is capable of interfering with the histological parameters of C. gariepinus
tunjimorufl@gmail.com juveniles. It is suggested that the culturing of 7. occidentalis along water banks with
Phone: +2348022429983 presence of C. gariepinus should be monitored.

1. Introduction

Plant extracts are considered promising agents because of their eco-friendliness, high efficiency, ease
of availability, rapid biodegradability and reduced toxicity to non-targeted animals [1, 2]. To date, a
large variety of plants have been studied around the world to determine their pesticidal and piscicidal
properties [1]. Plant extracts are referred to piscicides if they exert toxicological effects on fishes and
cause death to these aquatic animals [3]. Plant piscicides are obtained from a variety of plants belonging
to different families and species that may vary considerably not only for their taxonomic variations but
also for the plant parts used (leaves, barks, fruits, roots and seeds), mode of use, mode of extraction and
species of target fishes [4]. Fluted pumpkin (7elfaira occidentalis), a vegetable leaf commonly used in
traditional medicine has many benefits [5]. Reports have also shown that leaves of 7. occidentalis have
chemo suppressive properties [6]. The bioactive substance of 7. occidentalis has been validated by cell
culture studies and clinical trial of its immense pharmacological potentials [7]. T. occidentalis is
popularly used in ethnobotany as antidiabetic, antihypertensive, antitumuoric, antioxidant,
immunodulator, antibacterial, antihypercholesterolemic, antiparasitic, anti-inflamatory, and in the
treatment of central nervous system-related disorders including convulsion [6]. Aqueous extract of T.
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occidentalis leaves have hepatoprotection against garlic induced oxidative stress [8], while its aqueous
and ethanolic extracts have hypoglycemic properties both in normoglycemic and alloxan-induced
diabetic rats [9]. Relative to most vegetable, its protein is very high [10]. Leaves of 7. occcidentalis are
rich in minerals, anti-oxidants and vitamins such as thiamine, riboflavin, nicotinamide and ascorbic acid
[11]. Its young leaves are rich in magnesium and iron and can be used for treating anemia due to its
heamatinic properties [12]. T. occidentalis roots have however been reported to be toxic despite its vast
usefulness both in traditional parlance and from scientific report [13].

In Nigeria 7. occidentalis is mostly cultivated on water banks of most catfish ponds [12], where
Clarias gariepinus is an important contributor to both inland fisheries and aquaculture [14]. The aquatic
environs, as well as the plants along the banks, make up the fish environment, therefore the ability of C.
gariepinus to grow is reliant on the conditions of its surroundings [7]. In order to satisfy the high demand
of the leaf and vegetable seed of 7. occidentalis, it is cultivated along water banks especially those for
commercial production of C. gariepinus [7]. The pond supplies the needed water for its growth through
irrigation, especially in the dry season [15]. In this system, the excretory product of the fish is broken
down by micro-organisms and the resultant product inputted into the hydroponic system for plant growth
[16]. As the plant utilizes these metabolites, it purifies the water which in turn is used in the aquaculture
system for fish production. However, the phytochemicals from the roots of T occidentalis especially
those from older and dried up plants cultivated for three to five years may be washed into the body of
the water with the rains through the irrigation channels and surface run-offs [17]. Phytochemicals are
often sources of bioactive compounds essential in drug discoveries [18]. Flavonoids have been reported
to have antioxidant and vasodilatory activity which is beneficial in cardiovascular disorder such as
hypertension [19]. Terpenoid compounds (including the monoterrpenoids and diterpenoids), have been
shown to produce beneficial effects on the cardiovascular system [20].

Histopathological investigations have long been recognized to be reliable biomarkers of stress in fish
for several reasons [21]. The gill surface is more than half of the entire body surface area. In fish, the
internal environment is separated from the external environment by only a few microns of delicate gill
epithelium and thus, the bronchial function is very sensitive to environmental contamination. Gills are
the first organs which come in contact with environmental pollutant, highly vulnerable to toxic chemicals
because firstly, their large surface area facilitates greater toxicant interaction and absorption and
secondly, their detoxification system is not as robust as that of liver [22]. Gills have been frequently
used in the assessment of impact of aquatic pollutants in marine as well as in fresh water habitats [23].
The liver was examined because it plays a primary role in the metabolism and excretion of xenobiotic
compounds with morphological alterations occurring in some toxic conditions [24]. This study was
therefore aimed at evaluating the phytochemical constituents and histopathological effect of aqueous
root extract of T occidentalis on gills and liver of C. gariepinus under laboratory conditions

2. Methodology
2.1 Sample collection and preparation

Fluted pumpkin (7. occidentalis) roots were collected from Akinkugbe Farm in Ondo state, Nigeria.
The plant was authenticated by a plant taxonomist at Herbarium Unit of the Department of Plant Biology,
Faculty of Life Sciences, University of Ilorin, Ilorin, Nigeria and was assigned a voucher number
UIAQF/PB/1111. The root of the 7. occidentalis was air-dried under room temperature. The air-dried
root was pounded using a mortar. 50g of 7. occidentalis was then weighed using a sensitive scale into
three glass bottles which was prepared by cold maceration in 500ml of ethyl-acetate added to each bottle
and kept for 72 hours. The mixture was decanted and filtered; the filtrate was concentrated in a distiller
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to get the crude extract and was stored at room temperature. The experimental protocol and procedures
used in this study were approved by the University of Ilorin, Ilorin, Nigeria; Ethical Review Committee
and conform with the Guide to the care and use of Animals in Research and Teaching (Ethical Principles
for Medical Research: Declaration of Helsinki).

2.2 Qualitative phytochemical screening

The qualitative analyses of the plant constituents were carried out according to the method of
Sofowora [25]. The presence of flavonoids, alkaloids, tannins, saponins and terpenoids were tested. To
determine flavonoids (Sodium hydroxide test), 100 mg of sample was homogenized by 2ml of methanol
and centrifuged for 10 minutes at 10,000 rpm and the supernatant was collected. 200ul of the plant
extracts were made up to 1.5 ml using distilled water and added 75ul of 5% NaNO>. The reaction mixture
was kept to stand for 5 min and 150 pl of 10% AICI3; was added to it. The mixture was mixed well and
allowed to stand for 5 minutes at room temperature. Thereafter, 0.5ml of 1M NaOH was added and the
OD observed against to reagent blank at 510nm. The appearance of a yellow colour indicated the
presence of flavonoids.

For the determination of Alkaloids, 5g of sample was mixed with 25 ml of 10% acetic acid in
ethanol. The mixture was enclosed and kept for 2 h. Mixture was filtered and filtrate placed on water
bath to a quarter of its original volume. Concentrated NH4OH was added in drops to the extract when
precipitation was finished. The solution was allowed to stand, washed with diluted NH4OH, filtered,
and the collected dehydrated residue was weighed [26].

The appearance of an orange-yellow precipitate indicated the presence of alkaloid. Alkaloid content

was determined by:
% Alkaloid =Weight of precipitatex100

Weight of original sample

For the determination of tannins (FeCls test), 100 mg of sample was homogenized by 2ml of
methanol. Centrifuged for 10 minutes at 10,000 rpm and collected the supernatant. To 1ml of supernatant
mixed with 0.5 ml Folin’s phenol reagent and 35% Na>COs of 5Sml added and the mixture was kept at
room temperature for 5 minutes. The blue color of reaction mixture was observed at 640 nm by
UV/visible spectrophotometer. Content of tannin was calculated by calibration curve equation
(y=1.501x+0.102; R?=0.996) of gallic acid and the results expressed as (mg/g) [27].

For the determination of saponins (Frothing test), an aqueous solution of the extract was shaken and
a froth that persisted on warming indicated the presence of saponins. Determination of terpenoids
involved the homogenization of 100 mg of sample by 2ml of methanol. Centrifuged for 10 minutes at
10,000 rpm, collected the supernatant. In 100ul of supernatant, added 3ml of the chloroform. Added
200ul of the concentrated sulphuric acid and solution kept at room temperature for 1.5-2hour in dark,
for the duration of incubation a reddish-brown color precipitate was formed. Supernatant was decanted
without disturbing the precipitate. 3ml of the 95% methanol added and vortex thoroughly until all the
precipitate completely mix in methanol. The absorbance was observed at 538 nm against blank, i.e. 95%
methanol. Linalool was used as the standard for estimation. Terpenoid content was calculated by the
calibration curve equation (y=1.018x+0.047; R2=0.997) of linalool and results expressed in mg/g [28].

2.3 Fish collection and acclimatization

One hundred and twenty (120) juveniles C. gariepinus with mean weight of 13.13+2.27 g were
purchased from Mars Fish Farm, Ilorin, Kwara State, Nigeria. Fish were not fed for six hours after
transportation after which they were fed using 1.8 mm skretting catfish food (40% crude protein) twice
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(morning and evening) in the subsequent days. The tank was half filled with tap water, which had been
allowed to stand for 24hours for dechlorination. The water in the tank was replenished with tap water
and uneaten food and fecal matter were siphoned out. Dead fish were removed to minimize
contamination of water. Feeding of fish was stopped 24hours prior to exposure of acute toxicity of 7.
occidentalis root extract.

2.4 Experimental design

The following concentrations were prepared based on the range finding test [29]:

1 litre =1000g;

Iml = Img;

250ml of the toxicant in 10 liters of water = 25mgL"!
500ml of the toxicant in 10 liters of water = 50mgL"!
750ml of the toxicant in 10 liters of water =75mgL"!

Pre-test was conducted to determine the concentration range to be used for the acute toxicity test. One
fish was put in a tank at a time and was observed to determine the time mortality occurred. The
concentrations of serial dilutions used were arrived at after the fish survived beyond 2 hours on exposure
to the toxicant.

Completely randomized design was used, 12 plastic tanks of 35 liters capacity measuring
45.8cmx32.3cmx23.7cm containing 10 liters of water each was used. Three tanks served as control
while the remaining nine tanks served as treatment for the test fish. Ten (10) juveniles C. gariepinus
were randomly distributed to each of the plastic tank and impounded with 10 liters of tap water. Before
the commencement of the experiment, the tap water sample was made to stand for two days to reduce
the concentration of chlorine. Water quality parameters such as temperature, dissolved oxygen, pH,
nitrate (ppm), and nitrite was monitored daily throughout the 96hour exposure using thermometer, digital
DO and pH meters.

2.5 Histopathological examination

Fish from each of the test concentrations (75, 50 and 25 mg L") were sacrificed and dissected to
excise gills and liver. Excised organs were carefully washed of blood stains and kept in specimen bottles
containing 0.005 L formal saline [30]. Histopathological examinations were conducted at the Central
Research Laboratory, University of Ilorin, Kwara State, Nigeria. Routine paraffin wax method and
haematoxylin-eosin staining technique of tissue processing [31] were adopted for the examinations of
the excised organs (gills and liver) of C. gariepinus exposed to aqueous root extract of 7. occidentalis.
Transverse sections of 2-5um thick were dried at 60°C and stained with toluidine blue then mounted
with DPX [29]. Microphotographs were taken using binocular light microscope equipped with AIPTER-
AHDZ600 camera (at x400 magnification).

2.6  Statistical analysis

The data obtained for physico-chemical parameters were subjected to descriptive statistics and one-
way analysis of variance. The significantly different means were further separated using Duncan
Multiple Range Test using SPSS version 20.

3. Results and Discussion
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3.1 Phytochemical analysis

Phytochemical analysis of the aqueous root extract of 7. occidentalis revealed the presence of
flavonoids, alkaloids, tannins, saponins and terpenoids (Table 1). This result corroborated the findings
of other authors where these phytochemical compounds exhibited antimicrobials activities [32]. The
presence of flavonoids indicates the natural occurring phenolic compound, with beneficial effects in diet
as antioxidants and neutralizing free radicals [33]. Alkaloids are used in medicines for reducing headache
and fever. Tannins are group of polymeric phenolic compound, which could cause local tumors.
Saponins have the properties of precipitating and coagulating red blood cells, anti-inflammatory [34].
Terpenoids were detected in Moringa pterygosperma which were reported to be active against
antibacterial activity [35].

Table 1. Phytochemical composition of aqueous root extract of fluted pumpkin

Phytochemical constituents Present or absent
Flavonoids (NaOH test) +
Alkaloids +
Tannins (FeCl; test) +
Saponins (Frothing test) +
Terpenoids +

Key: + present; - absent

3.2 Effect of fluted pumpkin extracts on physicochemical parameters of water

The mean values recorded for the various concentrations compared with those of the control are
presented in Table 2. Values of dissolved oxygen with the same superscript for 0 concentration and 25
mg L! are not significantly different (P > 0.05) but vary significantly (P < 0.05) from values obtained
from concentration of 50 and 75 mg L-'. Values of dissolved oxygen with same superscript for
concentrations 50 and 75 mg L! are not significantly different. Values of pH for concentrations 0 mg L
1,25mg L', 50 mg L' and 75 mg L! are not significantly different at (P > 0.05). The values of the water
temperature for concentrations of 0 mg L', 25 mg L1, 50 mg L' and 75 mg L! are not significantly
different. The values of nitrate for concentrations 25 mg L' and 50 mg L' are not significant but vary
significantly from concentrations 0 mg L' and 75 mg L!. The values of nitrate for concentrations of 0
mg L' and 75 mg L! are significantly different. The values of nitrite at concentrations of Omg/L, 25 mg
L, 50 mg L and 75 mg L"! are not significantly different. Statistical analysis showed that the values
of temperature, pH and nitrite parameters were within the acceptable range for the fish survival and may
not be responsible for the observed disorders [36]. Gaunder [37] recommended pH range of 6.5-9.0.
Similarly, Claude [38] recommended a temperature range of 25° C-32 °C for culture fish species.

Results of the phytochemical analysis show that the root extracts contain toxicants such as an
alkaloid which have stimulating effects on the gills thus simulating increased opercula beat which
impaired respiration and osmo-regulation [39]. Annune et al. [40] reported that rotenone was extremely
toxicant to fish in low concentration. The presence of saponin in the extract impaired the oxygen intake
of the exposed fish due to its haemolytic nature[41, 42], lowering the surface tension of the restricted
extract and presence of colloidal substances within them [43]. Tannins were reported to be hepatoxic
and nephrotoxic due to their ability to precipitate exogeneous and endogenous proteins [25]. This is in
disagreement with Sun et al. [44] observation that tannins are beneficial for the remedy of cancer and
ulcerated tissues. Islary et al. [45] opined that alkaloid is a capable remedial bioactive substance in plants.
Consumption of high alkaloids containing food may cause paralysis and rapid heartbeat which is not
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good for health. Gemede and Ratta [46] stated that intake of a high dose of alkaloids will lead to the
damage of blood vessels, muscles and other soft tissues and death.
Table 2. Physico-chemical parameters of water

Concentration Dissolved pH Temperature Nitrate Nitrite
(mgL™) oxygen °0)

0 5.62+0.25% 7.59+0.08* 25.17+0.15? 33.33+2.89¢ 1.00£0.00?

25 5.54+0.93* 7.62+0.15" 25.07+0.12° 45.00£5.00°  53.33+10.4°

50 5.3240.57°  7.82+41.03*  26.26+0.27°  4833+2.89"  1.02+0.04"

75 4.43+0.93° 7.84+0.22° 25.73+1.02° 53.33£10.41*  1.10£0.21*

Key: Means along the column having the same superscripts are not significantly different at (p>0.05)

3.3 Histopathological effects

The effects of toxicants that cannot be quantitatively measured may be described. For instance, the
general effects of toxicants on the tissues of organisms can be described by carrying out
histopathological analysis of the suspected tissues of a particular organ. In this study, the effects of each
of the aqueous concentration on histopathological analysis of C. gariepinus were described. Several
histopathological changes were observed in the gills and livers of C. gariepinus (Fig. 1-8). The degree
and levels of lesions were found to be more in fish treated with higher concentrations of aqueous root
extracts of 7. occidentalis because changes were dose-dependent. Fig. 1 shows the photomicrograph of
the gill filament of a control fish with normal appearance of gill without observable lesions. Fig. 2 is the
photomicrograph of the gill filament of the fish exposed to 25 mg L' T occidentalis showing moderate
diffused lamellae hyperplasia. Fig. 3 presents the photomicrograph section of gill of the fish exposed to
50 mg L' T. occidentalis showing mild lamellae hyperplasia. Fig. 4 is the photomicrograph section of
gill of the fish exposed to 75 mg L! T. occidentalis showing marked lamellae and hyperplasia. Fig. 5
shows photomicrograph section of liver of the fish exposed to 25 mg L' T. occidentalis with vacuolation
and patchy necrosis of hepatocytes. Fig. 6 presents the photomicrograph section of liver from a control
fish showing normal liver appearance with no observable lesion. Fig. 7 is the photomicrograph section
of liver of the fish exposed to 50 mg L' T. occidentalis showing diffuse hepatocellular degeneration and
necrosis. Fig. 8 shows the photomicrograph section of liver of the fish exposed to 75 mg L' T.
occidentalis, with centrilobular vacuolation, patchy necrosis of hepatocytes, mononuclear cellular
infiltrates, multifocal degeneration and necrosis of hepatocytes, diffuse and individualization of swelling
of hepatocytes necrosis of cryptal and surface enterocyte.

Figure 1. Photomicrograph section of gill of a control Clarias gariepinus showing normal appearance
of gill with no observable lesion ((Hematoxylin and eosin, x40)
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Figure 2. Photomicrograph section of gill of Clarias gariepinus exposed to 25 mg L™! Telfairia
occidentalis showing moderate diffused lamellae hyperplasia (Hematoxylin and eosin, x40)

MLH

Figure 3. Photomicrograph section of gill of Clarias gariepinus exposed to 50 mg L' Telfairia
occidentalis showing mild lamellae hyperplasia (Hematoxylin and eosin, x40)

Figure 4. Photomicrograph section of gill of Clarias gariepinus exposed to 75 mg L™ Telfairia
occidentalis showing marked lamellae and hyperplasia (Hematoxylin and eosin, x40)
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Figure 5. Photomicrograph section of liver of Clarias gariepinus exposed to 25 mg L Telfairia
occidentalis showing vacuolation and patchy necrosis of hepatocytes

Figure 6. Photomicrograph section of liver from a control of a control Clarias gariepinus
showing normal liver appearance with no observable lesion (Hematoxylin and eosin x 40)

HD

Figure 7. Photomicrograph section of liver of Clarias gariepinus exposed to 50 mg L' Telfairia
occidentalis showing diffuse hepatocellular degeneration and necrosis (Hematoxylin and eosin, x40)
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Figure 8. Photomicrograph section of liver of Clarias gariepinus exposed to 75 mg L™ Telfairia
occidentalis showing centrilobular vacuolation, patchy necrosis of hepatocytes, mononuclear cellular
infiltrates, multifocal degeneration and necrosis of hepatocytes, diffuse and individualization of
swelling of hepatocytes necrosis of cryptal and surface enterocyte (Hematoxylin and eosin, x40)

Photomicrographs of the liver of C. gariepinus exposed to varying concentrations of aqueous
extract of 7. occidentalis root extract showed histomorphology distortion of the liver’s parenchyma,
stoma and sinusoids. The parenchyma is represented by hepatocytes (H), the stoma consisting of
connective tissue and vessels while the sinusoids (S) are capillaries traveling between the hepatocytes.
Hepatocytes are 80% of the largest polyhedral cells of the liver. The hepatocytes are made up of two-
to- four nuclei which are large and spherical.

The acute exposure of C. gariepinus juvenile to concentrated grades of 7. occidentalis induced
progressive striking histological alterations in the gill (moderate diffuse lamellae hyperplasia, mild and
marked lamellae hyperplasia). Gill of fish plays important function including respiration,
osmoregulation and excretion [46] due to its contact with the immediate water environment [47]. This
proximity with the external environment predisposes it to histological damages such that the fish
becomes vulnerable to respiratory and osmoregulatory difficulties [48] especially when toxicants enter
the body and cause damage to gill membranes and affect its physiological functions [49]. Succinctly
put, fish exposed to toxicants die when their gill lamella epithelia and blood vessels are adversely
affected [50]. Therefore, the observed moderate to severe gill histo-architectural alterations (lamellar
vascular congestion, lamellar clubbing, partial to complete inter-lamellar space occlusion and lamellar
cell hyperplasia) in this study further established the toxic potential of 7. occidentalis extract. The gill
histopathogical profiles in this study corroborate lesions earlier reported in similar studies [51, 52]. The
detoxification and biotransformation gills are the primary corridor for molecular exchange between the
internal milieu of fish and their external environment such as gas transfer, acid-base regulation and ionic
regulation [14]. The filament of the gills and their secondary lamellae represent two general types of
epithelium that contain three cell epithelia, the pavement, the chloride (ionocytes or mitochondria-rich)
cells and the mucous cells, which are most prevalent [29].

The control liver had normal internal arrangement components while 7. occidentalis root extract
induced progressive striking histological alterations in the liver of the exposed fish (disorganized
hepatocytes, random vacuolation of cytoplasm, diffuse hepatocellular degeneration, necrosis,
centrilobular vacuolation, patchy necrosis of hepatocytes, multifocal degeneration, individualization of
swelling of hepatocytes, necroses of cryptal and surface enterocytes). The findings from this study are
related to previous reports on fish exposure to plant extracts [53], fenvalerate [54], aluminium [55].
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The alterations observed in the various plates are indications of its toxic effects. This is in agreement
with Omitoyin et al. [17] and Fafioye [56] who exposed C. gariepinus and O. niloticus to lethal and
sublethal concentrations of Parkia biglobosa and Raphia vinifera respectively.

Conclusion

This study has revealed that aqueous root extract of 7. occidentalis are toxic to C. garipinus at all
concentration levels. The histological analysis revealed the occurrence and degree of alterations which
were dose dependent to the concentrations of root extract of 7. occidentalis while organ samples taken
from the control groups remained normal throughout the duration of the experiment. The use of 7.
occidentalis root extract in water bodies should be checked to prevent contamination of the aquatic
environment as well as the aquatic biotas.

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest.
Compliance with Ethical Standards: This article does not contain any studies involving human subject.
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